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Chapter 1 Introduction
1-1 Scope.
This document provides recommendations (not requirements) for fire prevention and fire
protection for hydroelectric generating plants. The term “hydroelectric generating plant” also
may be referred to as “station,” “project,” “unit(s),” “facility,” or “site.”
1-2 Purpose.
1-2.1
This document provides guidance for those charged with the design, construction, and
operation of hydroelectric generating plants.
1-2.2
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This document provides fire prevention and fire protection recommendations primarily to
safeguard physical property and continuity of power production, but its application can also
enhance safety of site personnel. This document is not intended to restrict new technologies or
alternate arrangements.
1-3 Application.
1-3.1
This document is intended for use by persons knowledgeable in the application of fire
protection to hydroelectric generating plants.
1-3.2
The recommendations contained in this document are intended for new installations only, as
the application to existing installations might not be practicable.
1-3.3
It should be recognized that rigid uniformity of generating station design and operating
procedures does not exist and that each facility will have its own special conditions that impact
on the nature of the installation. Many of the specific recommendations herein may require
modification after due consideration of all local factors involved. Individual generating units,
particularly those of less than 25 MW, should be given a cost-benefit analysis to determine the
extent to which fire protection is justified.
1-4 Definitions.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Combustible. Any material that does not comply with the definition of either noncombustible
or limited combustible.
Combustible Liquid. A liquid having a flash point at or above 100°F (37.8°C). (See NFPA 30,
Flammable and Combustible Liquids Code.)
Fire Barrier. A fire barrier is a continuous membrane, either vertical or horizontal, such as a
wall or floor assembly, that is designed and constructed with a specified fire resistance rating to
limit the spread of fire and that will also restrict the movement of smoke. Such barriers may have
protected openings.
Fire Loading. The amount of combustibles present in a given area, expressed in Btu/ft2
(kJ/m2).
Fire Point. The lowest temperature at which a liquid in an open container will give off
sufficient vapors to burn once ignited. It is generally slightly above the flash point.
Fire Prevention. Measures directed towards avoiding the inception of fire.
Fire Protection. Methods of providing for fire control or fire extinguishment.
Fire Protection Rating. The time, in minutes or hours, that materials and assemblies used as
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opening protection have withstood a fire exposure as established in accordance with test
procedures of NFPA 252, Standard Methods of Fire Tests of Door Assemblies, and NFPA 257,
Standard for Fire Tests of Window Assemblies, as applicable.
Fire Rated Penetration Seal. An opening in a fire barrier for the passage of pipe, cable, duct,
etc., that has been sealed so as to maintain a barrier rating.
Fire Resistance Rating. The time, in minutes or hours, that materials or assemblies have
withstood a fire exposure as established in accordance with the test procedures of NFPA 251,
Standard Methods of Tests of Fire Endurance of Building Construction and Materials.
Flammable Liquid. Any liquid having a flash point below 100°F (37.8°C) and having a vapor
pressure not exceeding 40 psia (276 kPa) absolute pressure at 100°F (37.8°C). (See NFPA 30,
Flammable and Combustible Liquids Code.)
High Fire Point Liquid. A combustible dielectric liquid listed as having a fire point of not less
than 572°F (300°C).
Interior Finish. The exposed interior surfaces of buildings including, but not limited to, fixed
or movable walls and partitions, columns, and ceilings. Interior finish materials are grouped in
the following classes:
Class A Interior Finish. Materials having flame spread 0-25, smoke developed 0—450 when
tested in accordance with NFPA 255, Standard Method of Test of Surface Burning
Characteristics of Building Materials. Includes any material classified at 25 or less on the flame
spread test scale and 450 or less on the smoke test scale when any element thereof, when tested,
does not continue to propagate fire.
Class B Interior Finish. Materials having flame spread 26-75, smoke developed 0—450 when
tested in accordance with NFPA 255, Standard Method of Test of Surface Burning
Characteristics of Building Materials. Includes any material classified at more than 25, but not
more than 75, on the flame spread test scale and 450 or less on the smoke test scale.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Less Flammable Liquid. A combustible dielectric liquid listed as having a fire point of not less
than 572°F (300°C).
Limited Combustible. As applied to a building construction material, a material, not
complying with the definition of noncombustible material, that in the form in which it is used has
a potential heat value not exceeding 3500 Btu/lb (8.14 × 106 J/kg) (see NFPA 259, Standard Test
Method for Potential Heat of Building Materials), and complies with one of the following
paragraphs (a) or (b).
(a) Materials having a structural base of noncombustible material with a surfacing not
exceeding a thickness of 1/8 in. (3.175 mm) that has a flame spread rating not greater than 50.
(b) Materials, in the form and thickness used, other than as described in (a), having neither a
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flame spread rating greater than 25 nor evidence of continued progressive combustion, and of
such composition that the surfaces that would be exposed by cutting through the material on any
plane would have neither a flame spread rating greater than 25 nor evidence of continued
progressive combustion as tested in accordance with NFPA 255, Standard Method of Test of
Surface Burning Characteristics of Building Materials.
Materials subject to increase in combustibility or flame spread rating beyond the limits herein
established through the effects of age, moisture, or other atmospheric condition are considered
combustible.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
Noncombustible. A material that, in the form in which it is used and under the conditions
anticipated, will not aid combustion or add appreciable heat to an ambient fire. Materials when
tested in accordance with ASTM E136, Standard Test Method for Behavior of Materials in a
Vertical Tube Furnace at 750°C, and conforming to the criteria contained in Section 7 of the
referenced standard shall be considered noncombustible.
Nonflammable Fluid. A nonflammable dielectric fluid that does not have a flash point and is
not flammable in air.
Should. Indicates a recommendation or that which is advised but not required.
1-5 Units.
Metric units in this document are in accordance with the International System of Units, which
is officially abbreviated SI in all languages. For a full explanation, see ASTM E380/ANSI
Z210.1, Metric Practice Guide.
Chapter 2 Administrative Controls
2-1 General.
2-1.1
This chapter provides recommended criteria for the development of administrative procedures
and controls necessary for the execution of the fire prevention and fire protection activities and
practices for hydroelectric generating plants.
2-1.2
The administrative controls recommended in this chapter should be reviewed and updated
periodically.
2-1.3
The intent of this chapter can be met by incorporating the features of this chapter in the plant’s
operating procedures or otherwise as determined by plant management.
2-2 Management Policy and Direction.
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2-2.1
Corporate management should establish a policy and institute a program to promote the
conservation of property and continuity of operations as well as protection of safety to life by
adequate fire prevention and fire protection measures at each facility.
2-2.2
Proper preventative maintenance of operating equipment as well as adequate operator training
are important aspects of a viable fire prevention program.
2-3 Fire Risk Evaluation.
A Fire Risk Evaluation should be initiated early in the design process to ensure that the fire
prevention and fire protection recommendations as described in this document have been
evaluated in view of the plant’s specific considerations regarding design, layout, and anticipated
operating requirements. The evaluation should result in a list of recommendations based on
acceptable means for separation or control of common and special hazards, the control or
elimination of ignition sources, and the suppression of fires.
2-4 Fire Prevention Program.
A written plant fire prevention program should be established and, as a minimum, should
include the following:
(a) Fire safety information for all employees and contractors. This information should include,
as a minimum, familiarization with fire prevention procedures, plant emergency alarms and
procedures, and how to report a fire.
(b) Documented plant inspections including provisions for remedial actions to correct
conditions that increase fire hazards.
(c) A description of the general housekeeping practices and the control of transient
combustibles.
(d) Control of flammable and combustible liquids and gases in accordance with appropriate
NFPA standards.
(e) Control of ignition sources to include smoking, grinding, welding, and cutting. (See NFPA
51B, Standard for Fire Prevention in Use of Cutting and Welding Processes.)
(f) Fire prevention surveillance. (See NFPA 601, Standard for Security Services in Fire Loss
Prevention.)
(g) Fire report, including an investigation and a statement on the corrective action to be taken.
(See Appendix B.)
2-5 Testing, Inspection, and Maintenance.
2-5.1
Upon installation, all fire protection systems should be preoperationally inspected and tested in
accordance with applicable NFPA standards. Where appropriate standards do not exist,
inspection and test procedures outlined in the purchase and design specifications should be
followed.
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2-5.2
All fire protection systems and equipment should be periodically inspected, tested, and
maintained in accordance with applicable National Fire Codes®. (See Table 2-5.2 for guidance.)
Table 2-5.2 Reference Guide for Fire Equipment Inspection, Testing, and Maintenance
Item

NFPA No.

Supervisory and Fire Alarm Circuits

72

Fire Detectors

72

Manual Fire Alarms

72

Sprinkler Water Flow Alarms

13/72

Sprinkler and Water Spray Systems

15/13

Foam Systems

11A/11C/16

Halogenated Agent, Chemical, & CO2 Systems

12/12A/17

Fire Pumps & Booster Pumps
Water Tanks & Alarms

20
13/22/72

P.I.V.s and O.S. & Y. Valves

13/72

Fire Hydrants and Associated Valves

13/24

Fire Hose and Standpipes

14/1962

Portable Fire Extinguishers & Hose Nozzles

10/1962

Fire Brigade Equipment

1971/1972/1973/1974

Fire Doors

80

Smoke Vents

204M

Emergency Lighting

70

Radio Communication Equipment

1221

NOTE: Inspection intervals for unattended plants may be permitted to be extended to normal plant inspections.

2-5.3
Testing, inspection, and maintenance should be documented with written procedures, results,
and follow-up actions recorded.
2-6 Impairments.
2-6.1
A written procedure should be established to address impairments to fire protection systems,
and as a minimum this procedure should include the following:
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(a) Identification and tracking of impaired equipment.
(b) Identification of personnel to be notified (e.g., plant fire brigade chief, public fire
department, etc.).
(c) Determination of needed fire protection and fire prevention measures.
2-6.2
Impairments to fire protection systems should be as short in duration as practical. If the
impairment is planned, all necessary parts and personnel should be assembled prior to removing
the protection system(s) from service. When an impairment is not planned, or when a system has
discharged, the repair work or system restoration should be expedited.
2-6.3
Proper reinstallation after maintenance or repair should be performed to ensure proper systems
operation. Once repairs are complete, tests that will ensure proper operation and restoration of
full fire protection equipment capabilities should be made. Following restoration to service, the
parties previously notified of the impairment should be advised. The latest revision of the design
documents reflecting as-built conditions should be available to ensure that the system is properly
reinstalled (e.g., drawings showing angles of nozzles).
2-7 Fire Emergency Plan.
A written fire emergency plan should be developed, and, as a minimum, this plan should
include the following:
(a) Response to fire alarms and fire systems supervisory alarms.
(b) Notification of personnel identified in the plan.
(c) Evacuation of personnel not directly involved in fire-fighting activities from the fire area.
(d) Coordination with security forces or other designated personnel to admit public fire
department and control traffic and personnel.
(e) Fire extinguishment activities.
(f) Periodic drills to verify viability of the plan.
(g) Control room operator(s) activities during fire emergencies. Approved breathing apparatus
should be readily available in the control room area.
2-8 Fire Brigade.
2-8.1
The size of the plant and its staff, the complexity of fire-fighting problems, and the availability
and response time of a public fire department should determine the requirements for a fire
brigade.
2-8.2*
If a fire brigade is provided, its organization and training, including special fire-fighting
conditions unique to hydroelectric plants, should be outlined in written procedures.
2-8.3
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Cable tray fires, unique to hydroelectric generating plants, should be handled like any fire
involving energized electrical equipment. It may not be practical or desirable to deenergize the
cables involved in the fire. Water is the most effective extinguishing agent for cable insulation
fires but should be applied with an electrically safe nozzle. Some cables [polyvinyl chloride
(PVC), Neoprene, or Hypalon] can produce dense smoke in a very short time. In addition, PVC
liberates hydrogen chloride (HCl) gas. Self-contained breathing apparatus should be used by
personnel attempting to extinguish cable tray fires.
Chapter 3 General Plant Design
3-1 Plant Arrangement.
3-1.1 Fire Area Determination.
3-1.1.1 The hydroelectric generating plant should be subdivided into separate fire areas as
determined by the Fire Risk Evaluation for the purposes of limiting the spread of fire, protecting
personnel, and limiting the resultant consequential damage to the plant. Fire areas should be
separated from each other by approved fire barriers, spatial separation, or other approved means.
3-1.1.2 Determination of fire area boundaries should be based on consideration of the following:
types, quantity, density, and locations of combustible material; location and configuration of
plant equipment; consequences of losing plant equipment; location of fire detection and
suppression systems; and personnel safety/exit requirements. It is recommended that most fire
barriers separating fire areas be of two hours fire resistance rating. If a fire area is defined as a
detached structure, it should be separated from other structures by an appropriate distance. (See
NFPA 80A, Recommended Practice for Protection of Buildings from Exterior Fire Exposures.)
Unless consideration of the above factors indicates otherwise, it is recommended that fire area
boundaries be provided as follows:
(a) To separate cable spreading room(s) and cable tunnel(s) from adjacent areas.
(b) To separate the control room, computer room, or combined control/computer room from
adjacent areas. Where the control room and computer room are separated by a common wall, the
wall need not have a fire resistance rating.
(c) To separate rooms with major concentrations of electrical equipment, such as switchgear
room and relay room, from adjacent areas.
(d) To separate battery rooms from adjacent areas.
(e) To separate maintenance shop(s) from adjacent areas.
(f) To separate main fire pump(s) from reserve fire pump(s), where these pumps provide the
only source of water for fire protection.
(g) To separate fire pumps from adjacent areas.
(h) To separate warehouses and combustible storage areas from adjacent areas.
(i) To separate emergency generators from each other and from adjacent areas.
(j) To separate oil storage and purification rooms from adjacent areas.
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(k) To separate fan rooms and plenum chambers from adjacent areas (fire dampers may not be
advisable in emergency ventilation ducts — see Section 3-4).
(l) To separate office areas from adjacent areas.
(m) To separate telecommunication rooms from adjacent areas.
(n) To separate the intake hoist housing from generator floor area and from adjacent areas.
(o) To separate the tailrace service gallery from turbine/generator floors and governor
hydraulic equipment.
3-1.2 Outdoor Oil-Insulated Transformers.
3-1.2.1 Outdoor oil-insulated transformers should be separated from adjacent structures and from
each other by firewalls, spatial separation, or other approved means for the purpose of limiting
the damage and potential spread of fire from a transformer failure.
3-1.2.2 Determination of the type of physical separation should be based on consideration of the
following:
(a) type and quantity of oil in the transformer,
(b) size of a postulated oil spill (surface area and depth),
(c) type of construction of adjacent structures,
(d) power rating of the transformer,
(e) fire suppression systems provided, and
(f) type of electrical protective relaying provided.
3-1.2.3 Unless consideration of the factors in 3-1.2.2 indicates otherwise, it is recommended that
any oil-insulated transformer containing 500 gal (1893 L) or more of oil be separated from
adjacent noncombustible or limited combustible structures by a 2-hr rated firewall or by spatial
separation in accordance with Table 3-1.2.3. Where a firewall is provided between structures and
a transformer, it should extend vertically and horizontally as indicated in Figure 3-1.2.3.
NOTE: As a minimum, the firewall should extend at least 1 ft (0.31 m) above the top of the transformer casing
and oil conservator tank and at least 2 ft (0.61 m) beyond the width of the transformer and cooling radiators.

Table 3-1.2.3 Outdoor Oil-Insulated Transformer Separation Criteria
Transformer Oil Capacity

Minimum (Line-of-Sight)
Separation without Firewall

Less than 500 gal (1893 L)

See 3-1.2.2

500 gal to 5000 gal (1893-18,925 L)

25 ft (7.6 m)

over 5000 gal (18,925 L)

50 ft (15 m)
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Figure 3-1.2.3 Illustration of oil-insulated transformer separation recommendations.

3-1.2.4 Unless consideration of the factors in 3-1.2.2 indicates otherwise, it is recommended that
adjacent oil-insulated transformers containing 500 gal (1893 L) or more of oil be separated from
each other by a 2-hr rated firewall or by spatial separation in accordance with Table 3-1.2.3.
Where a firewall is provided between transformers, it should extend at least 1 ft (0.31 m) above
the top of the transformer casing and oil conservator tank and at least 2 ft (0.61 m) beyond the
width of the transformer and cooling radiators.
3-1.2.5 Where a firewall is provided, it should be designed to withstand the effects of exploding
transformer bushings or lightning arrestors.
NOTE: A higher noncombustible shield may be permitted to be provided to protect against the effects of an
exploding transformer bushing.

3-1.2.6 Where a firewall is not provided, the edge of the postulated oil spill (i.e., containment
basin, if provided) should be separated by a minimum of 5 ft (1.5 m) from the exposed structure
to prevent direct flame impingement on the structure.
3-1.2.7 Outdoor transformers insulated with a less flammable liquid should be separated from
each other and from adjacent structures that are critical to power generation by firewalls or
spatial separation based on consideration of the factors in 3-1.2.2, 3-1.2.5, and 3-1.2.6.
3-1.3 Indoor Transformers.
3-1.3.1 Dry-type transformers are preferred for indoor installations.
3-1.3.2 Oil-insulated transformers of greater than 100 gal (379 L) oil capacity installed indoors
should be separated from adjacent areas by fire barriers of 3-hr fire resistance rating.
NOTE: Where multiple transformers of less than 100 gal (379 L) capacity each are located within close
proximity, additional fire protection could be required based on the Fire Risk Evaluation.

3-1.3.3 Transformers insulated with less flammable liquids, having a rating above 35 KV and
installed indoors, should be separated from adjacent areas by fire barriers of 3-hr fire resistance
rating.
3-1.3.4 Where transformers are protected by an automatic fire suppression system, the fire
barrier fire resistance rating may be permitted to be reduced to 1 hr.
3-1.4 Circuit Breakers.
3-1.4.1 The preferred location for oil circuit breakers is outdoors. Consideration should be given
to dry or gas-cooled circuit breakers for indoor applications.
3-1.4.2 Oil-cooled circuit breakers should be separated from adjacent areas by fire barriers
having a 3-hr fire resistance rating.
3-1.5 Openings in Fire Barriers.
3-1.5.1 All openings in fire barriers should be provided with fire door assemblies, fire dampers,
penetration seals (fire stops), or other approved means having a fire protection rating consistent
with the designated fire resistance rating of the barrier. Windows in fire barriers (e.g., control
rooms or computer rooms) should be provided with a fire shutter or automatic water curtain.
Penetration seals provided for electrical and piping openings should be listed or should meet the
requirements for an “F” rating when tested in accordance with ASTM E814, Fire Tests of
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Through-Penetration Fire Stops. Other test methods for qualifications of penetration seals, such
as IEEE 634, Testing Fire Rated Penetration Seals, may be permitted to be considered for this
application.
NOTE: Listed penetration seals for large diameter piping might not be commercially available. In such
instances the design should be similar to listed configurations.

3-1.5.2 Fire door assemblies, fire dampers, and fire shutters used in 2-hr rated fire barriers
should be rated not less than 11/2 hr. (See NFPA 80, Standard for Fire Doors and Fire
Windows.)
3-2 Life Safety.
3-2.1
For life safety for hydroelectric generating plants, see NFPA 101®, Life Safety Code®.
3-2.2
Structures should be classified as follows, as defined in NFPA 101, Life Safety Code:
(a) General areas should be considered as special purpose industrial occupancies.
NOTE 1: Hydroelectric powerhouse structures protected in accordance with this document meet the intent of
NFPA 101, Life Safety Code, for additional travel distances for fully sprinklered facilities.
NOTE 2: NFPA 101 allows additional means of egress components for special purpose industrial occupancies.
These areas may be permitted to be provided with fixed industrial stairs, fixed ladders (see ANSI A1264.1,
Safety Requirements for Workplace Floor and Well Openings, Stairs, and Railing Systems, and ANSI A14.3,
Standard for Safety Requirements for Fixed Ladders), or alternating tread devices (see NFPA 101). Examples
of these spaces include catwalks, floor areas, or elevated platforms that are provided for maintenance and
inspection of in-place equipment.
NOTE 3: NFPA 101 allows spaces not subject to human occupancy because of the presence of machinery or
equipment to be excluded from egress capacity requirements. Examples of these spaces include:

(1) Turbine scroll cases;
(2) Generators;
(3) Access tunnels for dam inspections;
(4) Entry into draft tubes; or
(5) Penstocks.
(b) Temporary occupancies and means of egress inside the structures and piers of large “bulb”
units should be evaluated based on occupancies in special structures.
(c) Open structures and underground structures (e.g., tunnels) should be considered as
occupancies in special structures.
(d) General office structures should be considered as business occupancies.
(e) Warehouses should be considered as storage occupancies.
3-3 Building Construction Materials.
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3-3.1
Construction materials being considered for hydroelectric generating plants should be selected
based on the Fire Risk Evaluation using the following standards:
(a) NFPA 220, Standard on Types of Building Construction;
(b) NFPA 251, Standard Methods of Tests of Fire Endurance of Building Construction and
Materials;
(c) NFPA 253, Standard Method of Test for Critical Radiant Flux of Floor Covering Systems
Using a Radiant Heat Energy Source;
(d) NFPA 255, Standard Method of Test of Surface Burning Characteristics of Building
Materials;
(e) NFPA 259, Standard Test Method for Potential Heat of Building Materials.
3-3.2
Building components for all powerhouse and subsurface structures should be of
noncombustible or limited combustible materials, except as noted in 3-3.3.
3-3.3
Roof coverings should be Class A in accordance with NFPA 256, Standard Methods of Fire
Tests of Roof Coverings. Metal roof deck construction, where used, should be Class I listed or
approved.
3-3.4 Interior Finish.
3-3.4.1 Cellular or foam plastic materials should not be used in interior finish in buildings
critical to the generation processes or in subsurface structures.
3-3.4.2 Interior finish in buildings critical to power generation should be Class A.
3-3.4.3 Interior finish in buildings not critical to the generation processes should be Class A or
Class B.
3-4 Smoke and Heat Venting, Heating, Ventilating, and Air Conditioning.
3-4.1 Smoke and Heat Venting.
3-4.1.1 Smoke and heat vents are not substitutes for normal ventilation systems unless designed
for dual usage, and should not be used to assist such systems for comfort ventilation. Smoke and
heat vents should not be left open where they can sustain damage from high wind conditions.
They should be included in surveillance programs to ensure availability in emergency situations.
3-4.1.2 Heat vents should be provided for areas identified by the Fire Risk Evaluation. Where
heat vents are provided, heat generated under fire conditions should be vented from its place of
origin directly to the outdoors.
3-4.1.3 Smoke venting should be provided for areas identified by the Fire Risk Evaluation.
Where smoke venting is provided, smoke should be vented from its place of origin in a manner
that does not interfere with the operation of the plant.
3-4.1.3.1 Separate smoke ventilation systems are preferred; however, smoke venting can be
integrated into normal ventilation systems using automatic or manually positioned dampers and
Copyright 1996 NFPA

motor speed control. (See NFPA 90A, Standard for the Installation of Air Conditioning and
Ventilating Systems, and NFPA 204M, Guide for Smoke and Heat Venting.) Smoke venting also
may be permitted to be accomplished through the use of portable smoke ejectors.
3-4.1.3.2 Consideration should be given to smoke venting for the following areas: control room,
cable spreading room(s), and switchgear room.
3-4.1.3.3 In the areas with gaseous fire extinguishing systems, the smoke ventilation system
should be properly interlocked to ensure the effective operation of the gaseous fire extinguishing
systems.
3-4.1.3.4 Smoke removal system dampers, where installed, are normally operable only from an
area immediately outside of, or immediately within, the fire area served since it is desired to
have entry into, and inspection of, the fire area by fire-fighting personnel prior to restoring
mechanical ventilation to the fire area. Smoke removal system dampers may be permitted to be
operable from the control room if provisions are made to prevent premature operation. This can
be accomplished using thermal interlocks or administrative controls.
3-4.1.4 The fan power supply wiring and controls for smoke exhaust should be located external
to the fire area served by the fan or be installed in accordance with the Fire Risk Evaluation.
3-4.1.5 Ventilation exhaust systems, particularly those for subsurface portions of underground
facilities, should have fans able to continuously exhaust smoke and chemical fumes that can
result from fires or from extinguishing of fires. The design and selection of the fans and other
elements of the system should take into account additional ventilation needs for removing smoke
and high temperature gases. Therefore the fan and its associated components, along with any
ductwork, should be capable of handling high temperatures without deforming. The specific
weight and volume of the heated air during a fire and the climatic conditions should also be
considered. Total fan capacity should be provided so that ventilation requirements can be met
with the largest fan out of service.
NOTE: When fire heats air and introduces products of combustion into the air in tunnels and in underground
hydroelectric plants, the ventilation conditions that existed while the air was cold are altered. Frictional
resistance to flow of heated air containing products of combustion is much greater than frictional resistance to
flow of cold air that does not contain products of combustion. In the event of mild heating, increased
resistance to flow would decrease the rate of ventilation. Then, after the fire is contained and the air is cooled,
the air and smoke could be evacuated. Therefore, considerations for the health and safety of people
underground should cause the designers to increase the rate of evacuating hot air containing smoke. As the fire
underground increases the temperature of the air, ventilation flow can be reversed. The cooler ventilating air
may flow in one direction occupying much of the lower spaces of tunnels while plumes of heated air flow
rapidly outward from the area of the fire beneath the tunnel ceiling in the opposite direction from, and above,
the mass of cooler air. The designer should then consider the stratification of air flow, the numerous nodes or
junctures between tunnels and shafts, the likely frictional resistances with and without fire, and the placement
and capacities of the fans and fire stops. Some useful information is available in the proceedings of Session
XI, Fires, of the 2nd International Mine Ventilation Congress. The designer is advised to be thoroughly
familiar with Chapter 41, Fire and Smoke Control, in the ASHRAE Handbook.

3-4.2 Normal Heating, Ventilating, and Air Conditioning Systems.
3-4.2.1 For normal heating, ventilating, and air conditioning systems, see NFPA 90A, Standard
for the Installation of Air Conditioning and Ventilating Systems, or NFPA 90B, Standard for the
Installation of Warm Air Heating and Air Conditioning Systems, as appropriate.
3-4.2.2 Air conditioning for the control room should provide a pressurized environment to
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preclude the entry of smoke in the event of a fire outside the control room.
3-4.2.3 Plastic ducts, including listed fire-retardant types, should not be used for ventilating
systems. Listed plastic fire-retardant ducts with appropriate fire protection may be permitted to
be used in areas with corrosive atmospheres.
3-4.2.4 Fire dampers (doors) compatible with the rating of the barrier should be provided at the
duct penetrations to the fire area (see Section 3-1) unless the duct is protected throughout its
length by a fire barrier equal to the rating required of fire barrier(s) penetrated.
3-4.2.5 Smoke dampers, where installed, should be installed in accordance with NFPA 90A,
Standard for the Installation of Air Conditioning and Ventilating Systems.
3-4.2.6 The fresh air supply intakes to all areas should be located remotely from the exhaust air
outlets and smoke vents of other fire areas to minimize the possibility of drawing products of
combustion into the plant.
3-4.2.7 Fire hazards should not be located in the principal access or air supply (e.g., conduits,
shafts, tunnels) in order to avoid loss of fresh air in the event of a fire.
3-5 Drainage.
3-5.1
Provisions should be made in all fire areas of the plant for removal of all liquids directly to
safe areas or for containment in the fire area without flooding of equipment and without
endangering other areas. (See Appendix A of NFPA 15, Standard for Water Spray Fixed Systems
for Fire Protection.) Drainage and prevention of equipment flooding should be accomplished by
one or more of the following:
(a) Floor drains.
(b) Floor trenches.
(c) Open doorways or other wall openings.
(d) Curbs for containing or directing drainage.
(e) Equipment pedestals.
(f) Pits, sumps, and sump pumps.
NOTE: Draining the space above the turbine head cover by gravity may not be possible. Both ac and dc
drainage pumps discharging into piping leading to the station sump are often provided with suctions in the
well where the shaft first extends above the gland seal. In addition, gravity drainage may be impossible from
some of the enclosed volumes of “bulb” units. In such cases, accumulated liquids from oil spills and from fire
suppression should be pumped to sumps or to other containment volumes.

3-5.2
The provisions for drainage and any associated drainage facilities (pits, sumps, and sump
pumps) should be sized to accommodate all of the following:
(a) The spill of the largest single container of any flammable liquid or combustible liquid, or
both, in the area.
(b) The maximum design volume of discharge from the expected number of fire hose lines
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operating for a minimum of 20 minutes.
(c) The maximum design volume of discharge from the fixed fire suppression system(s)
operating for a minimum of 20 minutes.
NOTE: The provisions for drainage and any associated drainable facilities (pits, sumps, drains to downstream
surge chamber and/or tail tunnels or tailrace, and sump pumps) for underground power plants should be sized
to accommodate the discharge from the maximum expected discharge of fixed fire suppression system(s)
operating for a minimum of two hours.

3-5.3
Floor drainage from areas containing flammable or combustible liquids should be trapped to
prevent the spread of burning liquids beyond the fire area.
3-5.4
Where gaseous fire suppression systems are installed, floor drains should be provided with
adequate seals or the fire suppression system should be sized to compensate for the loss of fire
suppression agent through the drains.
3-5.5
Drainage facilities should be provided for outdoor oil-insulated transformers, or the ground
should be sloped such that oil spills will flow away from buildings, structures, and adjacent
transformers. Unless drainage from oil spills is accommodated by sloping the ground around
transformers away from structures or adjacent equipment, consideration should be given to
providing curbed areas or pits around transformers. The pit or drain system or both should be
sized in accordance with 3-5.2. The curbed area or pit may be permitted to be filled with
uniformly graded, crushed stone as a means of minimizing ground fires.
3-5.6
For facilities consisting of more than one generating unit, a curb or trench drain should be
provided on solid floors where the potential exists for an oil spill, such that oil released from an
incident on one unit will not expose an adjacent unit.
3-5.7
For environmental reasons, liquid discharges resulting from oil spills or operation of a fire
suppression system may have to be treated (e.g., oil separation).
3-5.8
An emergency power supply should be provided for principal drainage pumps in situations
where flooding would be dangerous.
3-6 Emergency Lighting.
3-6.1
Emergency lighting should be provided for means of egress in accordance with NFPA 101,
Life Safety Code.
3-6.2
Emergency lighting should be provided for critical plant operations areas.
3-7 Lightning Protection.
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Lightning protection, where required, should be provided in accordance with NFPA 780,
Standard for the Installation of Lightning Protection Systems.
Chapter 4 General Fire Protection Systems and Equipment
4-1 General Considerations.
All fire protection systems, equipment, and installations should be dedicated to fire protection
purposes.
4-2 Water Supply.
4-2.1
Hydroelectric plants are commonly located in remote areas adjacent to rivers or at the base of
lakes. Fire protection water supplies may be permitted to be limited to the water from the river,
lake, reservoir, or private tank(s). Consideration should be given to the special problems for this
type of water supply (i.e., freezing, low flow, heavy sediment) associated with requirements for
the fire protection systems, equipment, and installation.
4-2.2
The water supply for the permanent fire protection installation should be based on the largest
fixed fire suppression system demand plus the maximum hose stream demand of not less than
500 gpm (31.5 L/sec) for a two-hour duration.
4-2.3
If a single water supply is utilized, two independent connections should be provided. If a
situation can arise in which the primary water supply can become unavailable (e.g., dewatering
of penstocks), an auxiliary supply should be provided. Each supply should be capable of meeting
the requirements in 4-2.2.
4-2.3.1 Where multiple fire pumps are required, the pumps should not be subject to a common
failure, electrical or mechanical, and should be of sufficient capacity to meet the fire flow
requirements determined by 4-2.2 with the largest pump out of service.
4-2.3.2 Fire pumps should be automatic starting with manual shutdown. The manual shutdown
should be at the pump controllers only. (See NFPA 20, Standard for the Installation of
Centrifugal Fire Pumps.)
NOTE: For unattended stations, see Section 4-9.

4-2.3.3 If tanks are of dual-purpose use, a standpipe or similar arrangement should be provided
to dedicate the amount determined by 4-2.2 for fire protection use only. (See NFPA 22, Standard
for Water Tanks for Private Fire Protection.)
4-2.3.4 Where tanks are used, they should be filled from a source capable of replenishing the
2-hour supply for the fire protection requirement in an 8-hour period. The 8-hour (time)
requirement for refilling may be permitted to be extended if the initial supply exceeds the
minimum storage requirement on a volume per time ratio basis. It is normally preferred for the
refilling operation to be accomplished on an automatic basis.
4-2.4
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Each water supply should be connected to the station supply main by separate connections,
arranged and valve controlled to minimize the possibility of multiple supplies being impaired
simultaneously.
4-2.5
In some rivers and tributaries, the existence of microorganisms limits the use of raw water for
fire protection without treatment. Consideration of water quality can prevent long-term problems
relating to fire protection water supply.
4-2.6
Upstream water is frequently the fire protection water supply. Water for fire suppression
should not be taken downstream from any closure device in a penstock, flume, or forebay.
4-3 Valve Supervision.
All fire protection water system control valves should be under a periodic inspection program
(see Chapter 2) and should be supervised by one of the following methods:
(a) Electrical supervision with audible and visual signals in the main control room or other
constantly attended location.
(b) Locking valves open. Keys should be made available only to authorized personnel.
(c) Sealing of valves. This option should be followed only when valves are within fenced
enclosures under the control of the property owner.
4-4 Supply Mains and Hydrants.
4-4.1
Supply mains and fire hydrants should be installed on the plant site. (See NFPA 24, Standard
for the Installation of Private Fire Service Mains and Their Appurtenances.)
4-4.1.1 Remotely located plant-related facilities should be reviewed on an individual basis to
determine the need for fire protection. If excessively long extensions of underground fire mains
are necessary for fire protection at these locations, it may be permitted to supply this need from
an available service main in the immediate area.
4-4.1.2 The supply mains should be looped and of sufficient size to supply the flow requirements
determined by 4-2.2 to any point in the loop considering the most direct path to be out of service.
Pipe sizes should be designed to encompass any anticipated expansion and future water
demands.
4-4.1.3 Indicator control valves should be installed to provide adequate sectional control of the
fire main loop to minimize plant protection impairments.
4-4.2
Each hydrant should be equipped with a separate shutoff valve located on the branch
connection to the supply main.
4-4.3
It may be necessary for the fire department to draft from the river or lake adjacent to the plant.
However, the terrain and elevation above the water supply may make it difficult for drafting.
Consideration should be given to installing a dry hydrant with adequate fire apparatus access that
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will take suction from the river above the hydroelectric plant.
4-5 Standpipe and Hose Systems.
4-5.1
Standpipe and hose systems should be installed. (See NFPA 14, Standard for the Installation of
Standpipe and Hose Systems.) The standpipe and hose system is an extension of the fire main
and hydrant system. The hose stations should be capable of delivering the hose stream demand
for the various hazards in buildings.
4-5.2
Fire main connections for standpipes should be arranged so that a fire main break can be
isolated without interrupting service simultaneously to both fixed protection and hose
connections protecting the same hazard or area. For the important hazards the arrangement
should permit operation of at least two hose lines on a fire. For areas of high water demand, the
installation should meet the requirements for a Class III system. (See NFPA 14, Standard for the
Installation of Standpipe and Hose Systems.) For other areas, a Class II system may be permitted
to suffice.
4-5.3
The standpipe piping should be capable of providing minimum volume and pressure for the
highest hose stations.
4-5.4
Due to the open arrangement of these plants, the locations of hose stations should take into
account safe egress for personnel operating hose lines.
4-5.5
Spray nozzles having shutoff capability and listed for use on electrical equipment should be
provided on hoses located in areas near energized electrical equipment.
4-5.6 Hose Threads.
Hose threads on hydrants and standpipe systems should be compatible with fire hose used by
the responding fire departments.
4-6 Portable Fire Extinguishers.
For first aid fire protection, suitable fire extinguishers should be installed in accordance with
NFPA 10, Standard for Portable Fire Extinguishers.
4-7 Fire Suppression Systems and Equipment — General Requirements.
4-7.1
Fire suppression systems and equipment should be provided in all areas of the plant as
identified in Chapter 5 or as determined by the Fire Risk Evaluation. Fixed suppression systems
should be designed in accordance with the following codes and standards unless specifically
noted otherwise:
NFPA 11, Standard for Low-Expansion Foam
NFPA 11A, Standard for Medium- and High-Expansion Foam Systems
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NFPA 12, Standard on Carbon Dioxide Extinguishing Systems
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems
NFPA 13, Standard for the Installation of Sprinkler Systems
NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection
NFPA 16, Standard for the Installation of Deluge Foam-Water Sprinkler and Foam-Water
Spray Systems
NFPA 231, Standard for General Storage
NFPA 231C, Standard for Rack Storage of Materials.
4-7.2
The selection of extinguishing agent should be based on:
(a) Type of hazard.
(b) Effect of agent discharge on equipment.
(c) Health hazards.
NOTE: Personnel hazards created by the discharge of CO2 should be considered in the design of the system.
The design should take into account the immediate release of CO2 into the protected area and the possibility of
CO2 leakage, migration, and settling into adjacent areas and lower elevations of the plant. See NFPA 12,
Standard on Carbon Dioxide Extinguishing Systems, for hazards to personnel. As a minimum, if CO2 systems
are provided, they should be provided with an odorizer for alerting personnel, and breathing apparatus should
be provided for operators in areas that cannot be abandoned.

4-7.3 Fire Suppression System Safety Considerations.
It is imperative that safety in the use of any fire suppression system be given proper
consideration and that adequate planning be done to ensure safety of personnel.
Potential safety hazards could include impingement of high velocity discharge on personnel,
loss of visibility, hearing impairment, reduced oxygen levels that will not support breathing,
toxic effects of the extinguishing agent, and electric conductivity of water-based agents.
NFPA standards for the extinguishing systems used should be carefully studied and the
personnel safety provisions followed. Evacuation of a protected area is recommended before any
special extinguishing system discharges. Alarm systems that are audible above machinery
background noise, or that are visual or olfactory or a combination, should be used where
appropriate. Personnel warning signs are necessary. (See NFPA 12, Standard on Carbon Dioxide
Extinguishing Systems, and NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems.)
4-8 Fire Signaling Systems.
4-8.1
Fire detection and automatic fixed fire suppression systems should be equipped with local
audible and visual signals with annunciation in the main control room or another constantly
attended location. (See NFPA 72, National Fire Alarm Code.)
4-8.1.1 Audible fire alarms should be distinctive from other plant system alarms.
4-8.1.2 Special consideration should be given to alerting personnel in confined spaces, such as in
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scroll/spiral cases or draft tubes, that a fire alarm system has been activated.
4-8.2
Automatic fire detectors should be installed in accordance with NFPA 72, National Fire Alarm
Code.
4-8.3
The fire signaling system or plant communication system should provide the following:
(a) Manual fire alarm devices (e.g., pull boxes or page party stations) installed in all occupied
buildings. Manual fire alarm devices should be installed for remote yard hazards as identified by
the Fire Risk Evaluation.
(b) Plant-wide audible fire alarm or voice communication systems, or both, for purposes of
personnel evacuation and alerting of plant emergency organization. The plant public address
system, if provided, should be available on a priority basis.
(c) Two-way communications for the plant emergency organization during emergency
operations.
(d) Means to notify the public fire department.
4-9 Unattended Plants.
4-9.1
Hydroelectric plants that are operated unattended, or with minimal staffing, present special fire
protection concerns.
4-9.2
Consideration should be given both to the delayed response time of the fire brigade or public
fire-fighting personnel (which can be several hours) and to the lack of personnel available to
alert others on site to a fire condition.
4-9.3
The Fire Risk Evaluation should address delayed response and lack of communication. This
may establish the need to provide additional fire protection measures to prevent a major fire
spread prior to the arrival of fire-fighting personnel. The delayed response by personnel to the
site may necessitate automatic shutoff of fire pumps.
4-9.4
If automatic water-based fire suppression systems are utilized, a cycling deluge valve should
be considered. The arrangement will depend on the type of system and the hazard protected.
Thermal detection is recommended. (System design should be in accordance with NFPA 13,
Standard for the Installation of Sprinkler Systems, or NFPA 15, Standard for Water Spray Fixed
Systems for Fire Protection.)
4-9.5
Remote annunciation of the fire signaling panel to one or more constantly attended location is
critical for emergency response. The fire signaling panel should be located at the entry to the
plant.
4-9.6
Copyright 1996 NFPA

An emergency lighting system for critical operating areas that depends on batteries or fuel
supplies should be manually operated from a switch at the entry to the plant. The emergency
lighting may be permitted to consist either of fixed units or of portable lights. (See 3-6.2.)
4-9.7
It is important that the responding fire brigade or public fire-fighting forces be familiar with
access, plant fire protection systems, emergency lighting, specific hazards, and methods of fire
control. This should be reflected in the plant fire emergency plan. (See Section 2-7.)
4-9.8
The air supply and exhaust systems for the plant should be automatically shut down in the
event of a fire. Manual override should be located at the entry to the plant so that emergency
responders can activate these controls upon arrival.
Chapter 5 Identification and Protection of Hazards
5-1 General.
The identification and selection of fire protection systems should be based on the Fire Risk
Evaluation. This chapter identifies fire and explosion hazards in hydroelectric generating stations
and specifies the recommended protection criteria unless the Fire Risk Evaluation indicates
otherwise.
5-2 Turbine-Generator Hydraulic Control and Lubricating Oil Systems.
5-2.1 Hydraulic Control Systems.
5-2.1.1 Hydraulic control systems should use a listed fire-resistant fluid.
5-2.1.2 Determination of the need for fire-resistant fluid should be based on the quantity of fluid
involved in the system, whether or not equipment that utilizes this fluid will operate hot or be
exposed to external sources of ignition, and whether exposure problems are created for adjacent
equipment by the use of nonfire-resistant fluid.
5-2.1.3 If a listed fire-resistant fluid is not used, hydraulic control equipment should be
protected. Fire extinguishing systems, where installed for hydraulic control equipment, should
include protection for reservoirs, other equipment, valves, and associated piping.
5-2.2
Wherever possible, oil piping should be welded and flanged to minimize the possibility of an
oil leak due to severe vibration.
5-2.3
Oil piping should be routed away, or be shielded from, electrical equipment or other sources of
ignition.
5-2.4
Fixed fire protection for this equipment, where provided, should be as follows:
(a) Automatic wet pipe sprinkler systems utilizing a design density of 0.25 gpm/ft2 (0.17
L/sec-m2) for the entire hazard area (see 3-5.3).
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(b) Automatic foam-water sprinkler systems providing a density of 0.16 gpm/ft2 (0.11
L/sec-m2).
(c) Gaseous extinguishing systems of either the local application or total flooding types. Safety
considerations associated with these extinguishing agents should be evaluated prior to the
selection of gas-type protection systems.
NOTE: When areas or rooms are located beneath areas protected by CO2 (or other extinguishing gases),
consideration should be given in the design for the possible settling of the gas to lower levels and its effect on
personnel who may be in these areas.

5-2.5
Consideration for protection of horizontal and vertical turbine bearings should be made based
on the Fire Risk Evaluation.
5-2.6
Curbs [minimum 6 in. (0.15 m) high] or drains or both should be provided for the oil storage
and oil purification areas in accordance with Chapter 3.
5-2.7
Fire extinguishing systems, where installed for lube oil systems employing combustible-type
oil, should include protection for the reservoirs, pumps, and all oil lines, especially where unions
exist on piping and beneath any shielded area where flowing oil can collect. Facilities not
provided with curbs or drains should extend coverage for a distance of 20 ft (6 m) from the oil
lines, when measured from the outermost oil line.
5-2.8
Clean or dirty oil storage areas should be protected based on the Fire Risk Evaluation. This
area generally represents the largest concentrated oil storage in the plant. The designer should
consider, as a minimum, the installation of fixed automatic fire protection systems, and the
ventilation and drainage requirements in Chapter 3.
5-3 Generator Windings.
5-3.1
Protection of generator windings should be provided by gaseous extinguishing systems,
waterspray rings, or both. Consideration for protection should be given to the composition of the
winding insulation and the rating of the generator.
5-3.2
Gaseous suppression systems should be actuated by protective relays or fire detection systems
or both.
5-3.3
Waterspray rings should be manually actuated or automatically actuated by an interlocked
system that requires the unit to be tripped.
5-4 Control, Computer, and Communication Rooms.
5-4.1
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Control, computer, and telecommunication rooms should meet applicable requirements of
NFPA 75, Standard for the Protection of Electronic Computer/Data Processing Equipment.
5-4.2
A smoke detection system should be installed throughout these rooms including walk-in-type
consoles, above suspended ceilings where combustibles are installed, and below raised floors.
Where the only combustibles above the false ceiling are cables in conduit and the space is not
used as a return air plenum, smoke detectors may be permitted to be omitted from this area.
5-4.3
A preaction sprinkler system for the computer or telecommunications rooms should be
considered during the Fire Risk Evaluation. In addition, gaseous extinguishing systems should be
considered for areas beneath raised floors that contain cables or for areas or enclosures
containing equipment that is of high value or is critical to power generation. Individual
equipment or cabinet protection could be considered in lieu of total flooding systems.
5-4.4
Cable raceways not terminating in the control room should not be routed through the control
room.
5-5 Cable Concentrations.
5-5.1
Consideration should be given to the use of fire-retardant cable insulation such as the types
that pass the flame propagation test of the Institute of Electrical and Electronics Engineers
(IEEE-383).
5-5.2
Areas with significant concentrations of combustible cable jacketing or oil-filled cable should
be protected with automatic sprinkler or water spray systems. However, if water-type systems
cannot be used, foam or gaseous extinguishing systems should be provided.
5-5.3
Sprinkler or water spray systems should be designed for a density of 0.30 gpm/ft2 (0.20
L/sec-m2) over 2500 ft2 (232 m2). This coverage is for area protection. Individual cable tray tier
coverage could be required based on the Fire Risk Evaluation.
5-5.4 Cable with Fire-Retardant Coatings.
5-5.4.1 A suitable alternative for combustible jacket cable automatic protection would be cable
with fire-retardant coatings. The method of protection should be based on the Fire Risk
Evaluation.
5-5.4.2 Care should be exercised in selection of fire-retardant coatings to ensure that derating of
the cable is considered. Consideration should also be given to the ability to add or remove cables
and to make repairs to cables protected with fire-retardant coatings.
5-5.5
Grouped electrical cables should be routed away from exposure hazards or protected as
required by the Fire Risk Evaluation. In particular, care should be taken to avoid routing cable
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trays near sources of ignition or flammable or combustible liquids. Where such routing is
unavoidable, cable trays should be designed and arranged to prevent the spread of fire.
5-6 Cable Tunnels.
5-6.1
Where protection is required by the Fire Risk Evaluation, cable tunnels should be protected by
automatic water spray, automatic wet pipe sprinkler, or foam systems. Automatic sprinkler
systems should be designed for a density of 0.30 gpm/ft2 (0.20 L/sec-m2) over 2500 ft2 (232 m2)
or the most remote 100 linear ft (30 m) of cable tunnel up to 2500 ft2 (232 m2).
5-6.2
Portable high-expansion foam generators may be permitted to be used to supplement fixed fire
protection system(s). (See NFPA 11C, Standard for Mobile Foam Apparatus.)
5-6.3
Ventilation and drainage should be provided for these areas in accordance with Chapter 3.
5-7 Transformers.
Oil-filled main, station service, and startup transformers should be protected with automatic
water spray or foam-water spray systems.
5-8 Indoor Oil-Filled Electrical Equipment.
Automatic sprinkler, foam-water, and water spray systems should be considered for oil-filled
electrical equipment. Where the hazard is not great enough to warrant a fixed fire suppression
system, automatic fire detection should be considered. (See 4-8.2.)
5-9 Battery Rooms.
Battery rooms should be provided with ventilation to limit the concentration of hydrogen to
one percent by volume. For further information, refer to ANSI/IEEE 484, Recommended
Practice for Installation Design and Installation of Large Lead Storage Batteries for Generating
Stations and Substations.
5-10 Switchgear and Relay Rooms.
Switchgear rooms and relay rooms should be provided with smoke detection systems.
5-11 Emergency Generators.
5-11.1
The installation and operation of emergency generators should be in accordance with NFPA
37, Standard for the Installation and Use of Stationary Combustion Engines and Gas Turbines.
5-11.2
Emergency generators located within main plant structures should be protected by automatic
sprinkler, water spray, foam-water sprinkler, or gaseous-type extinguishing systems. Sprinkler
and water spray protection systems should be designed for a 0.25 gpm/ft2 (0.17 L/sec-m2)
density over the fire area.
5-11.3
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Where gaseous suppression systems are used on combustion engines, which can be required to
operate during the system discharges, consideration should be given to the supply of engine
combustion air and outside air for equipment cooling.
5-12 Air Compressors.
Automatic sprinkler protection, with a density of 0.25 gpm/ft2 (0.17 L/sec-m2) over the
postulated oil spill, should be considered for air compressors containing a large quantity of oil.
Where the hazard is not great enough to warrant a fixed fire suppression system, automatic fire
detection should be considered. (See 4-8.2.)
5-13 Hydraulic Systems for Gate and Valve Operators.
Hydraulic control systems should use a listed fire-resistant fluid. Automatic sprinkler
protection designed for a density of 0.25 gpm/ft2 (0.17 L/sec-m2) over the fire area should be
considered for hydraulic systems not using a listed fire-resistant fluid. Where the hazard is not
great enough to warrant a fixed fire suppression system, automatic fire detection should be
considered. (See 4-8.2.)
5-14 Fire Pumps.
Rooms housing diesel-driven fire pumps should be protected by automatic sprinkler, water
spray, or foam-water sprinkler systems. If sprinkler and water spray protection systems are
provided they should be designed for a density of 0.25 gpm/ft2 (0.17 L/sec-m2) over the fire
area. For automatic foam-water sprinkler systems, a density of 0.16 gpm/ft2 (0.11 L/sec-m2)
should be provided.
5-15 Storage Rooms, Offices, and Shops.
Automatic sprinklers should be provided for storage rooms, offices, and shops containing
combustible materials that present an exposure to surrounding areas that are critical to plant
operations. (For oil storage rooms, see 5-2.8.)
5-16 Warehouses.
Automatic sprinklers should be provided for warehouses that contain high-value equipment
and combustible materials that are critical to power generation or that constitute a fire exposure
to other important buildings.
5-17 Auxiliary Heating.
The storage and piping systems of fuels in the gaseous or liquefied state should comply with
NFPA 31, Standard for the Installation of Oil Burning Equipment; NFPA 54, National Fuel Gas
Code; NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum Gases; and
NFPA 8501, Standard for Single Burner Boiler Operation, as applicable.
5-18 Garages.
Vehicle repair facilities should meet the requirements of NFPA 88B, Standard for Repair
Garages.
Chapter 6 Fire Protection for the Construction Site
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6-1 Introduction.
6-1.1
Although many of the activities in hydroelectric generating plant construction are similar to
the construction of other large industrial plants, sites for hydroelectric generating plants are
frequently located in remote areas with restricted access and limited construction space.
Congested or distant construction facilities may be required, and specialized activities such as
deep excavation and tunneling may be encountered. An above average level of construction fire
protection is justified due to the life safety consideration of the large number of on-site
personnel, high value of materials, and length of construction period.
6-1.2
Major construction projects in existing plants present many of the hazards associated with new
construction while presenting additional exposures to the existing facility. The availability of the
existing plant fire protection equipment and the reduction of fire exposure by construction
activities are particularly important.
6-1.3
For fire protection for plants and areas under construction, see NFPA 241, Standard for
Safeguarding Construction, Alteration, and Demolition Operations. This chapter addresses
concerns not specifically considered in NFPA 241.
6-2 Administration.
6-2.1
The responsibility for fire prevention and fire protection for the entire site during the
construction period should be clearly defined. The administrative responsibilities should be to
develop, implement, and periodically update as necessary the measures outlined in this practice.
6-2.2
The responsibility for fire prevention and fire protection programs among various parties on
site should be clearly delineated. The fire protection program that is to be followed and the
owner’s right to administration and enforcement should be established.
6-2.3
The fire prevention and fire protection program should include a Fire Risk Evaluation of the
construction site and construction activities at any construction camp. (See Chapter 2.)
6-2.4
Written administrative procedures should be established for the construction site, and such
procedures should, as a minimum, be in accordance with Sections 2-4, 2-5, and 2-7.
6-2.5
Security guard service, including recorded rounds, should be provided through all areas of
construction during times when construction activity is not in progress. (See NFPA 601,
Standard for Security Services in Fire Loss Prevention.)
6-2.5.1 The first round should be conducted one-half hour after the suspension of work for the
day. Thereafter, rounds should be made every hour.
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6-2.5.2 Where partial construction activities occur on second and third shifts, the security service
rounds may be permitted to be modified to include only unattended or sparsely attended areas.
6-2.5.3 In areas where automatic fire detection or extinguishing systems are in service, with
alarm annunciation at a constantly attended location, or in areas of limited combustible loading,
rounds may be permitted to be omitted after the first round indicated in 6-2.5.1.
6-2.6
Construction should be coordinated so that planned permanent fire protection systems are
installed and placed in service as soon as possible, at least prior to the introduction of any major
fire hazards identified in Chapter 5. In-service fire detection and fire extinguishing systems
provide important protection for construction materials, storage, etc., even before the permanent
hazard is present. Temporary fire protection systems may be warranted during certain
construction phases. The need and type of protection should be determined by the individual
responsible for fire prevention and fire protection. Construction and installation of fire barriers
and fire doors should be given priority in the construction schedule.
6-3 Site Clearing, Excavation, and Tunneling.
6-3.1 Site Clearing.
6-3.1.1 Prior to clearing forest and brush covered areas, the owner should ensure that a written
fire control plan is prepared and that fire-fighting tools and equipment are made available as
recommended by NFPA 295, Standard for Wildfire Control. Contact should be made with local
fire and forest agencies for current data on restrictions and fire potential and to arrange for
necessary permits.
6-3.1.2 All construction vehicles and engine-driven portable equipment should be equipped with
effective spark arrestors. Vehicles equipped with catalytic converters should be prohibited from
wooded and heavily vegetated areas.
6-3.1.3 Fire tools and equipment should be used for fire emergencies only and should be
distinctly marked.
6-3.1.4 Each site utility vehicle should be equipped with at least one fire-fighting tool, portable
fire extinguisher, or backpack pump filled with 4 gal to 5 gal (15 L to 19 L) of water.
6-3.1.5 Cut trees, brush, and other combustible spoil should be disposed of promptly.
6-3.1.6 Where it is necessary to dispose of combustible waste by onsite burning, designated
burning areas should be established with approval by the owner and should be in compliance
with federal, state, and local regulations and guidelines. The contractor should coordinate
burning with the agencies responsible for monitoring fire danger in the area and obtain all
appropriate permits prior to the start of work. (See Section 6-2.)
6-3.1.7 Local conditions may require the establishment of fire breaks by clearing or use of
selective herbicides in areas adjacent to property lines and access roads.
6-3.2 Excavation and Tunneling.
6-3.2.1 Construction activities related to tunnels, shafts, and other underground excavations are
strictly regulated by federal and state agencies. Fire prevention consists of adequate ventilation,
good housekeeping, and limiting the types of fuel, explosives, and combustibles underground as
Copyright 1996 NFPA

well as adjacent to entrances and ventilation intakes. Inspection of site conditions and the testing
of air quality should be assigned to qualified personnel specifically trained in the use of those
instruments specified by the regulating agency.
6-3.2.2 Pre-excavation geologic surveys should include tests for carbonaceous or oil-bearing
strata, peat, and other organic deposits that can be a source of combustible dusts or explosive
gases.
6-3.2.3 The use of vehicles and equipment requiring gasoline, liquefied petroleum gas, and other
fuels in excavations with limited air circulation should be restricted.
6-3.2.4 A general plan of action for use in times of emergency should be prepared for every
underground excavation. (See Section 6-2.)
6-3.3 Construction Equipment.
Construction equipment should meet the requirements of NFPA 121, Standard on Fire
Protection for Self-Propelled Mobile Surface Mining Equipment, and NFPA 512, Standard for
Truck Fire Protection.
6-4 Construction Warehouses, Shops, Offices, and Construction Camps.
6-4.1
All structures that are to be retained as part of the completed plant should be constructed of
materials as required in Chapter 3 and should comply with other requirements of this document
for the completed plant.
6-4.2
Construction warehouses, offices, trailers, sheds, and other facilities for the storage of tools
and materials should be located with consideration for their exposure to major plant buildings or
other important structures. These buildings should be located according to the requirements of
NFPA 80A, Recommended Practice for Protection of Buildings from Exterior Fire Exposures,
and NFPA 299, Standard for Protection of Life and Property from Wildfire, as applicable.
6-4.3
Mobile homes should be installed and located according to the requirements of NFPA 501A,
Standard for Fire Safety Criteria for Manufactured Home Installations, Sites, and Communities.
Insulating materials utilized in mobile homes should be noncombustible.
6-4.4
Large central office or storage facilities, where provided, should be located so as not to expose
major plant buildings or other important structures. These facilities can be of substantial value,
containing high value computer equipment, irreplaceable construction records, or other valuable
contents, the loss of which could result in significant construction delays. The Fire Risk
Evaluation may indicate a need for automatic sprinklers or other protection, the desirability of
subdividing the complex to limit values exposed by one fire, or a combination of the above.
6-4.5
Construction camps comprised of mobile buildings arranged with the buildings adjoining each
other to form one large fire area should be avoided. If buildings cannot be adequately separated,
consideration should be given to installing fire walls between units or installing automatic
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sprinklers throughout the buildings.
6-4.6
Construction camp buildings should be designed and installed in accordance with NFPA 101,
Life Safety Code.
6-4.7
Area fire alarms should be connected to a constantly attended central location such as a fire
station or site manager’s office with monitoring and central alarm control. Dormitory buildings
and bunkhouses should be provided with smoke detection throughout. The alarm panels for the
individual buildings served should be located at the entrance to the building. Detector
installation should conform to NFPA 72, National Fire Alarm Code.
6-4.8
The location for central alarm control should be provided with the following:
(a) Remote fire pump start button.
(b) Manual siren start/stop button.
(c) Provision for alerting the fire crew by VHF radio, fire alert paging, etc.
(d) Monitors for communication between security guard and fire crew at place of fire.
(e) Radio link between security guards’ office and the respective fire department.
6-4.9
Warehouses and shops can contain materials whose loss or damage would cause a delay in
startup or severe financial loss. Although some of these structures are considered to be
temporary and will be removed upon completion of the plant, the fire and loss potential should
be thoroughly evaluated and protection provided where warranted. Where the Fire Risk
Evaluation indicates a need for protection for warehouses and shops the following guidelines
should apply.
6-4.9.1 Building construction materials should be noncombustible or limited combustible. (See
Chapter 3.)
6-4.9.2 Automatic sprinkler systems should be designed and installed in accordance with the
applicable NFPA standards. Waterflow alarms should be provided and located so as to be
monitored at a constantly attended location as determined by the individual responsible for fire
prevention and fire protection.
6-4.9.3 Air-supported structures are sometimes used to provide temporary warehousing space.
Although the fabric envelope may be a fire-retardant material, the combustibility of contents and
their value should be considered, as with any other type of warehouse. Because it is impractical
to provide automatic sprinkler protection for them, air-supported structures should only be used
for noncombustible storage. An additional consideration is that relatively minor fire damage to
the fabric envelope can leave the contents exposed to the elements.
6-4.10
Temporary enclosures, including trailers, inside permanent plant buildings should be
prohibited except where permitted by the individual responsible for fire prevention and fire
protection. Where the floor area of a combustible enclosure exceeds 100 ft2 (9.3 m2) or where
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the occupancy presents a fire exposure, the enclosure should be protected with an approved
automatic fire extinguishing system.
6-4.11
Storage of construction materials, equipment, or supplies that are either combustible or in
combustible packaging should be prohibited in main plant buildings unless:
(a) An approved automatic fire extinguishing system is in service in the storage area, or
(b) The loss of the materials or loss to the surrounding plant area would be minimal, as
determined by the individual responsible for fire prevention and fire protection.
6-4.12
Construction kitchens should have automatic protection installed over the fryers. Guidance is
provided in NFPA 96, Standard for Ventilation Control and Fire Protection of Commercial
Cooking Operations.
6-4.13
Vehicle repair facilities should meet the requirements of NFPA 88B, Standard for Repair
Garages.
6-4.14
The handling, storage, and dispensing of flammable liquids and gases should meet the
requirements of NFPA 30, Flammable and Combustible Liquids Code, NFPA 58, Standard for
the Storage and Handling of Liquefied Petroleum Gases, and NFPA 395, Standard for the
Storage of Flammable and Combustible Liquids at Farms and Isolated Sites.
6-5 Construction Site Laydown Areas.
6-5.1
Fire hydrant systems with an adequate water supply should be provided in laydown areas
where the need is determined by the individual responsible for fire prevention and fire
protection. (See Chapter 4.)
6-5.2
Combustible materials should be separated by a clear space to allow access for manual
fire-fighting equipment (see Section 6-8). Access should be provided and maintained to all
fire-fighting equipment including fire hoses, extinguishers, and hydrants.
6-6 Temporary Construction Materials.
6-6.1
The use of listed pressure-impregnated fire-retardant lumber or listed fire-retardant coatings
would be generally acceptable. Pressure-impregnated fire-retardant lumber should be used in
accordance with its listing and manufacturer’s instructions. Where exposed to the weather or
moisture (e.g., draft tubes, semi-spiral cases), the fire retardant used should be suitable for this
exposure. Fire-retardant coatings should not be permitted on walking surfaces or surfaces subject
to mechanical damage.
6-6.2
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Tarpaulins and plastic films should be of listed weather-resistant and fire-retardant materials.
(See NFPA 701, Standard Methods of Fire Tests for Flame-Resistant Textiles and Films.)
6-6.3
Consideration should be given to providing sprinkler protection for combustible form work
where a fire could cause substantial damage or construction delays.
6-7 Underground Mains, Hydrants, and Water Supplies.
6-7.1
Where practical, the permanent underground yard system, fire hydrants, and water supply (at
least one totally reliable source of required capacity), as recommended in Chapter 4, should be
installed during the early stages of construction. Where provision of all or part of the permanent
underground system and water supply is not practical, temporary systems should be provided.
Temporary water supplies should be hydrostatically tested, flushed, and arranged to maintain a
high degree of reliability, including protection from freezing and loss of power. Where using
construction water in permanent systems, adequate strainers should be provided to prevent
clogging of the system by foreign objects and dirt.
6-7.2
The necessary reliability of construction water supplies, including redundant pumps,
arrangement of primary and backup power supplies, and use of combination service water and
construction fire protection water, should be reviewed by the individual responsible for fire
prevention and fire protection.
6-7.3
Hydrants should be installed, as recommended by Chapter 4, in the vicinity of main plant
buildings, important warehouses, office or storage trailer complexes, important outside structures
and laydown areas with combustible construction, construction camp complexes, or combustible
concrete form work (e.g., draft tube and turbine-generator blockouts). Where practical, the
underground main should be arranged utilizing post indicator valves to minimize the possibility
that any one break will remove from service any fixed water extinguishing system or leave any
area without accessible hydrant protection.
6-7.4
A fire protection water supply should be provided on the construction site and should be
capable of furnishing the largest of the following for at least a 2-hour duration:
(a) 750 gpm (47 L/sec), or
(b) The in-service fixed water extinguishing system with the highest water demand plus 500
gpm (32 L/sec) for hose streams.
NOTE 1: The highest water demand should be determined by the hazards present at the stage of construction,
which may not correspond with the highest water demand of the completed plant.
NOTE 2: The water supply should be sufficient to provide adequate flow and pressure for hose connections at
the highest elevation.

6-7.5
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Vehicles, equipment, materials, and supplies should be placed so that access to fire hydrants
and other fire-fighting equipment is not obstructed.
6-7.6
Fixed systems should be provided as soon as construction permits. These systems should be
provided in continuous operating condition.
6-7.7
As fixed water extinguishing systems are completed, they should be placed in service, even
when the available construction phase fire protection water supply is not adequate to meet the
system design demand. The extinguishing system can at least provide some degree of protection,
especially where the full hazard is not yet present. However, when the permanent hazard is
introduced, the water supply should be capable of providing the designed system demand.
6-7.8
On sites where large differences in elevation exist between construction facilities, satisfying
pressure requirements at the highest elevation can result in hazardous pressure conditions at the
lower elevations unless some approved method of pressure regulation is included in the system.
Attempting to compensate for high-pressure conditions by partially opening dry barrel hydrants
can result in erosion at the hydrant thrust block and should be avoided.
6-8 Fire Suppression Systems and Equipment.
6-8.1
In general, fire suppression equipment should be:
(a) Provided where risk of fire exists.
(b) Suitable as to type and size for combating any likely fire.
(c) Protected from mechanical damage.
(d) Located for easy access at well-identified stations.
(e) Maintained in good operating condition.
(f) Protected from freezing.
6-8.2
Portable fire extinguishers of suitable capacity should be provided where:
(a) Flammable liquids are stored or handled.
(b) Temporary oil- or gas-fired equipment is used.
(c) A tar or asphalt kettle is used.
(d) Welding or open flames are in use.
(See NFPA 10, Standard for Portable Fire Extinguishers.)
6-8.3
First aid fire-fighting equipment should be provided. (See NFPA 600, Standard on Industrial
Fire Brigades, and NFPA 241, Standard for Safeguarding Construction, Alteration, and
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Demolition Operations.)
6-8.4
Hoses and nozzles should be available at strategic locations inside hose cabinets, hose houses,
or on dedicated fire response vehicles.
6-8.5
No fire protection equipment or device should be made inoperable or used for other purposes.
6-8.6
If fire hose connections are not compatible with local fire-fighting equipment, adapters should
be made available.
Chapter 7 Referenced Publications
7-1
The following documents or portions thereof are referenced within this recommended practice
and should be considered part of the recommendations of the document. The edition indicated
for each reference is the current edition as of the date of the NFPA issuance of this document.
7-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 10, Standard for Portable Fire Extinguishers, 1994 edition.
NFPA 11, Standard for Low-Expansion Foam, 1994 edition.
NFPA 11A, Standard for Medium- and High-Expansion Foam Systems, 1994 edition.
NFPA 11C, Standard for Mobile Foam Apparatus, 1995 edition.
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, 1993 edition.
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems, 1992 edition.
NFPA 13, Standard for the Installation of Sprinkler Systems, 1994 edition.
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1996 edition.
NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection, 1990 edition.
NFPA 16, Standard for the Installation of Deluge Foam-Water Sprinkler and Foam-Water
Spray Systems, 1995 edition.
NFPA 17, Standard for Dry Chemical Extinguishing Systems, 1994 edition.
NFPA 20, Standard for the Installation of Centrifugal Fire Pumps, 1993 edition.
NFPA 22, Standard for Water Tanks for Private Fire Protection, 1996 edition.
NFPA 24, Standard for the Installation of Private Fire Service Mains and Their
Appurtenances, 1995 edition.
NFPA 30, Flammable and Combustible Liquids Code, 1993 edition.
NFPA 31, Standard for the Installation of Oil-Burning Equipment, 1992 edition.
NFPA 37, Standard for the Installation and Use of Stationary Combustion Engines and Gas
Turbines, 1994 edition.
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NFPA 51B, Standard for Fire Prevention in Use of Cutting and Welding Processes, 1994
edition.
NFPA 54, National Fuel Gas Code, 1992 edition.
NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum Gases, 1995 edition.
NFPA 70, National Electrical Code, 1996 edition.
NFPA 72, National Fire Alarm Code, 1993 edition.
NFPA 75, Standard for the Protection of Electronic Computer/Data Processing Equipment,
1995 edition.
NFPA 80, Standard for Fire Doors and Fire Windows, 1995 edition.
NFPA 80A, Recommended Practice for Protection of Buildings from Exterior Fire Exposures,
1993 edition.
NFPA 88B, Standard for Repair Garages, 1991 edition.
NFPA 90A, Standard for the Installation of Air Conditioning and Ventilating Systems, 1993
edition.
NFPA 90B, Standard for the Installation of Warm Air Heating and Air Conditioning Systems,
1993 edition.
NFPA 96, Standard for Ventilation Control and Fire Protection of Commercial Cooking
Operations, 1994 edition.
NFPA 101, Life Safety Code, 1994 edition.
NFPA 121, Standard on Fire Protection for Self-Propelled and Mobile Surface Mining
Equipment, 1996 edition.
NFPA 204M, Guide for Smoke and Heat Venting, 1991 edition.
NFPA 220, Standard on Types of Building Construction, 1995 edition.
NFPA 231, Standard for General Storage, 1995 edition.
NFPA 231C, Standard for Rack Storage of Materials, 1995 edition.
NFPA 241, Standard for Safeguarding Construction, Alteration, and Demolition Operations,
1993 edition.
NFPA 251, Standard Methods of Tests of Fire Endurance of Building Construction and
Materials, 1995 edition.
NFPA 252, Standard Methods of Fire Tests of Door Assemblies, 1995 edition.
NFPA 253, Standard Method of Test for Critical Radiant Flux of Floor Covering Systems
Using a Radiant Heat Energy Source, 1995 edition.
NFPA 255, Standard Method of Test of Surface Burning Characteristics of Building Materials,
1996 edition.
NFPA 256, Standard Methods of Fire Tests of Roof Coverings, 1993 edition.
NFPA 257, Standard for Fire Tests of Window Assemblies, 1996 edition.
NFPA 259, Standard Test Method for Potential Heat of Building Materials, 1993 edition.
NFPA 295, Standard for Wildfire Control, 1991 edition.
NFPA 299, Standard for Protection of Life and Property from Wildfire, 1991 edition.
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NFPA 395, Standard for the Storage of Flammable and Combustible Liquids at Farms and
Isolated Sites, 1993 edition.
NFPA 501A, Standard for Fire Safety Criteria for Manufactured Home Installations, Sites,
and Communities, 1992 edition.
NFPA 512, Standard for Truck Fire Protection, 1994 edition.
NFPA 600, Standard on Industrial Fire Brigades, 1996 edition.
NFPA 601, Standard for Security Services in Fire Loss Prevention, 1996 edition.
NFPA 701, Standard Methods of Fire Tests for Flame-Resistant Textiles and Films, 1996
edition.
NFPA 780, Standard for the Installation of Lightning Protection Systems, 1995 edition.
NFPA 1221, Standard for the Installation, Maintenance, and Use of Public Fire Service
Communication Systems, 1994 edition.
NFPA 1962, Standard for the Care, Use, and Service Testing of Fire Hose Including
Couplings and Nozzles, 1993 edition.
NFPA 1972, Standard on Helmets for Structural Fire Fighting, 1992 edition.
NFPA 8501, Standard for Single Burner Boiler Operation, 1992 edition.
7-1.2 Other Publications.
7-1.2.1 ANSI Publications. American National Standards Institute Inc., 1450 Broadway, New
York, NY 10018.
ANSI A14.3, Standard for Safety Requirements for Fixed Ladders, 1984.
ANSI A1264.1, Safety Requirements for Workplace Floor and Well Openings, Stairs, and
Railing Systems, 1992.
ANSI Z210.1, Metric Practice Guide, 1993.
7-1.2.2 ASTM Publications. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19105.
ASTM E136, Standard Test Method for Behavior of Materials in a Vertical Tube Furnace at
750°C, Rev A-94.
ASTM E380 (See ANSI Z210.1), 1993.
ASTM E814, Fire Tests of Through-Penetration Fire Stops, Rev B-94.
7-1.2.3 IEEE Publications. Institute of Electrical and Electronics Engineers, 345 East 47 St.,
New York, NY 10070.
IEEE 383, Standard for Type Test of Class IE Electric Cables, Field Splices, and Connections
for Nuclear Power Generating Stations, 1974.
IEEE 484, Recommended Practice for Installation Design and Installation of Large Lead
Storage Batteries for Generating Stations and Substations, 1987.
IEEE 634, Testing Fire Rated Penetration Seals.
7-1.2.4 U.S. Government Publications. U.S. Government Printing Office, Superintendent of
Documents, Washington, DC 20402.
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29 CFR 1910.156, Fire Brigades, 1986.
29 CFR 1926, Safety and Health Regulations for Construction, Subpart S-Tunnels and Shafts,
Caissons, Cofferdams, and Compressed Air.
30 CFR 1 through 199, Mineral Resources.
7-1.2.5 ASHRAE Publication. American Society of Heating, Refrigerating, and Air
Conditioning Engineers, Inc., 1791 Tullie Circle NE, Atlanta, GA 30329.
ASHRAE Handbook - Chapter 41, Fire and Smoke Control.
7-1.2.6 Other Publication.
Proceedings of XI International Mine Ventilation Congress.
Appendix A Explanatory Material
This Appendix is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
A-1-4 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-4 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-1-4 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The authority having jurisdiction should utilize the system employed by the listing organization
to identify a listed product.
A-2-8.2
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Recommendations contained in NFPA 600, Standard on Industrial Fire Brigades, and 29 CFR
1910, Subparts E and L, should be consulted for additional information.
Appendix B
This Appendix is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
Sample Fire Report
Name of company: ____________________________________________________________
Date of fire: __________ Time of fire: __________ Operating facility: ____________
Under construction: __________________________________________________________
Plant or location where fire occurred: ____________________________________________
Description of facility, fire area, or equipment (include nameplate rating) involved: ________
__________________________________________________________________________
__________________________________________________________________________
Cause of fire, such as probable ignition source, initial contributing fuel, equipment failure
causing ignition, etc.: __________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Story of fire, events, and conditions preceding, during, and after the fire: ________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Types and approx. quantities of portable extinguishing equipment used: __________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Was fire extinguished with portable equipment only? ________________________________
Public fire department called? ____________ Employee fire brigade at this location? ____
Qualified for incipient fires? ______________ For interior structural fires? ______________
Was fixed fire extinguishing equipment installed? __________________________________
Type of fixed extinguishing system: ______________________________________________
Automatic operation: __________ , manually actuated: __________ or both: ________
Specific type of detection devices: ______________________________________________
Did fixed extinguishing system control? ____________ and/or extinguish fire? ________
Did detection devices and extinguishing system function properly? ____________________
If “no,” why not? ____________________________________________________________
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__________________________________________________________________________
Estimated direct damage due to fire: $ ________ , or between $ ____ and $ ________
Estimated additional (consequential) loss: $ __________ Nature of additional loss: ______
__________________________________________________________________________
Estimated time to complete repairs/replacement of damaged equipment/structure: __________
Number of persons injured: ______________________ Number of fatalities: __________
What corrective or preventive suggestions would you offer to other utilities who may have
similar equipment, structures, or extinguishing systems? ______________________________
__________________________________________________________________________
__________________________________________________________________________
Submitted by: ____________________________ Title: ____________________________
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1995 Edition
This edition of NFPA 901, Standard Classifications for Incident Reporting and Fire
Protection Data, was prepared by the Technical Committee on Fire Reporting and acted on by
the National Fire Protection Association, Inc., at its Annual Meeting held May 22-25, 1995, in
Denver, CO. It was issued by the Standards Council on July 21, 1995, with an effective date of
August 11, 1995, and supersedes all previous editions.
This edition of NFPA 901 was approved as an American National Standard on August 11,
1995.
Origin and Development of NFPA 901
As the objectives of fire defense management have narrowed from the control of
conflagrations early in this century toward the control of fires in rooms, the need for uniform
information about fire incidents as well as for an effective method of collecting and using that
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information has become recognized.
In 1938, a fire reporting system prepared by NFPA was published by the International City
Manager’s Association. This system served as a start toward the uniform reporting of fire
incident information.
In 1951, the NFPA Committee on Fire Casualty Statistics was formed. The report of that
Committee was adopted as NFPA 3 in May, 1953. In its introduction, that document contained
the following quote: “The absence of accurate and detailed statistics on fire casualties has
hindered attempts by educational and other means to reduce the number of deaths and injuries
from fire.”
In 1961, the NFPA Board of Directors, after two years of surveying the need, called a national
conference on fire reporting. On the recommendation of that conference, an NFPA committee
was formed in February, 1963 to devise a uniform and useful system of fire reporting adaptable
to the needs of the fire service in the United States and Canada.
From 1963 to 1969, the Committee strived to develop a uniform language for fire defense
management and issued tentative documents as work progressed.
In 1969, the five tentative documents were combined and officially adopted as the first edition
of NFPA 901. The document was updated in 1971 with minor revisions. With the 1973 edition,
data elements were added to report mobile property and details of fire casualties (deaths and
injuries). By the time of the 1976 edition, the committee was getting feedback from persons
using the data elements in reporting systems and was able to effect modifications to improve the
understanding of the data elements. Data elements were also added to report structural fire
defenses and their performance at the time of an incident.
In 1981, data elements were added for reporting pre-hospital medical care. A set of data
elements were developed to support the reporting of injuries and death to fire fighters as distinct
from civilians. During that year, data elements were also modified and added to enhance
wildland fire reporting. The 1986 edition introduced data elements for reporting hazardous
material. These were expanded to a comprehensive set of hazardous materials data elements in
the 1991 edition.
This 1995 edition reorganized the standard editorially to conform to the NFPA Manual of
Style. In addition, an attempt was made to better group the data elements as they relate to each
other. Discussion on how the data elements are intended to be used was added where
appropriate. Classifications within some of the data elements were revised to reflect changing
needs or levels of detail when capturing data or to improve their meaning and usefulness.
Technical Committee on Fire Reporting
Dal L. Howard, Chair
Los Angeles City Fire Dept., CA
Clifford S. Harvey, Secretary
Boulder Fire Dept., CO
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Delvin R. Bunton, U.S.D.A. Forest Service, OR
Frank E. Florence, Salt Lake City Fire Dept., UT
Marion A. Long, Comm of VA - Dept. of Fire Programs, VA
Rep. Nat’l Fire Information Council
Patrick E. McIntosh, Orange County Fire Dept., CA
William D. Morrison, Dallas Fire Dept., TX
Rep. Nat’l Fire Information Council
Mary Prencipe, Ontario Office of the Fire Marshal, Toronto, Canada
Philip S. Schaenman, TriData Corp., VA
Ralph E. Sellars, Jr., Factory Mutual Research Corp., MA
Linda E. Smith, U.S. Consumer Product Safety Commission, DC
Stanford D. Stewart, Federal Emergency Mgmt. Agency, MD
Rexford Wilson, FIREPRO Inst. Ltd, VT
Alternates
John R. McIntire, Los Angeles County Fire Dept., CA
(Alt. to W. D. Morrison)
Barbara J. Petrilli, Nat’l Fire Information Council, IL
(Alt. to M. A. Long)
Carl E. Peterson, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on standard
methods of compiling fire experience data by the fire service. The main purposes of this
Committee are to develop standard occupancy and cause classification for use by cities and states
in the reporting of fires, to suggest other useful information that needs to be collected, and to
develop standard forms for these purposes.

NFPA 901
Standard Classifications for
Copyright 1996 NFPA

Incident Reporting and
Fire Protection Data
1995 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 15.

Chapter 1 Introduction
1-1 Scope.
This document describes and defines data elements and classifications used by many fire
departments in the United States and other countries to describe fire damage potential and
experience during incidents. It does not provide guidelines for a reporting system or related
forms.
1-2 Purpose.
This document provides a common language for the collection of (1) pre-incident information
(such as fire defense features of a structure); (2) fire and other emergency incident data; and (3)
post-incident damage assessments. It also defines numeric classifications for various data
elements that describe fire protection and fire service information.
1-3 Objectives.
Hostile fire, medical emergencies, and the release of hazardous materials are societal problems
common to all jurisdictions regardless of size. It is only through analysis of data gathered at the
time of these incidents and subsequently that an intelligent approach to solving these problems
can be made. To this end, there must be a common language for the description of the
community and the fire protection in place as well as the emergency incident information.
Systematic methods must be available for the routine collection, processing, and use of
significant local information.
The major objectives of a uniform reporting system should be:
(a) To provide for the collection of data required for legal record purposes and control of the
fire problem.
(b) To provide local fire service management with information to indicate trends; to measure
the effectiveness of fire prevention, fire suppression, and emergency mitigation procedures
currently being used; to evaluate the impact of new materials and methods; and to indicate those
areas that may require further attention.
(c) To provide a pre-fire inventory of property in a fire service district so that future needs for
fire protection resources and codes or regulations may be anticipated and potential problems
corrected before a fire.
(d) To provide uniform data to regional, national, and international fire and emergency
organizations in order to: make the full extent of the fire and emergency problem known; reveal
facts that require action on these levels; guide the effective development and administration of
codes and standards; and guide fire prevention, fire protection, emergency medical treatment,
Copyright 1996 NFPA

and hazardous materials handling research.
A common set of definitions for reporting incident and other fire protection data, together with
a method for systematic data collection, processing, and information use, comprise a complete
reporting system. Only through such a system can a dependable body of facts — essential for a
knowledgeable and economical attack on fire, emergency medical, and hazardous materials
problems — be developed.
While some of the data elements have been primarily designed for documenting local fire
service activity, many of the data elements also are used by fire protection and fire service
agencies at all levels of government, commercial and industrial concerns, other government
agencies, and insurance companies. Communities using definitions and data elements compatible
with this document will be able to share and compare meaningful information with other
communities (jurisdictions) who follow these same standards.
1-4 Guiding Concepts for a Reporting System.
The need for information and the capability to collect data is not the same for all fire services.
Urban, suburban, rural, and wildland fire agencies may vary tremendously in the amount of data
they desire or the level of detail they need. Also, many fire service organizations will tailor their
data collection efforts to meet their local information needs. However, each reporting community
must use a uniform set of definitions and a uniform data classification structure if it is to
maintain compatibility with other communities. This compatibility allows the issues of concern
to the community to be represented and considered in broader assessments of fire and emergency
service problems.
In order to assist a fire service organization that wishes to build its own reporting system and
to realize the objectives of collecting and using data in a manner that will provide for a uniform
language between agencies, several guiding concepts have been developed. These concepts are
intended to ensure that any method used for the collection of data will be practical and
compatible whether hand written or computerized. The guiding concepts are:
1-4.1 Commitment.
Any reporting system should be based on commitment by the entire organization. Imposition
of a particular reporting system without commitment by that organization may lead to inaccurate
results and should be avoided. Training of personnel in the purposes, benefits, and procedures
are critical to its success.
1-4.2 Feedback Information.
The original data from reports, when combined and summarized, should provide meaningful
information to the reporting units. This should give them access to details that will help them
make planning decisions to optimize the allocation and location of resources and encourage
accurate input. When this kind of information is developed and used by local agencies, there is
an automatic improvement both in accuracy and completeness in the collection of data and the
agencies ability to direct its resources.
1-4.3 Simplicity.
An incident reporting system should be based on a single incident record for each fire service
incident. The contents of that record will depend on the complexity of the incident and on the
amount of follow-up information needed to understand that incident. Each report that becomes
Copyright 1996 NFPA

part of that record should be geared to what that person can gather within his/her normal duties.
The incident record should then tie the various reports together.
1-4.4 Raise Questions.
Any system should reveal areas for action and areas for additional study. Thus, a basic system
should raise important questions, not try to give answers to all preconceived questions. Special
studies should be conducted to answer “one-time” questions or areas of special concern.
1-4.5 Report Completion.
The original report(s) should be completed by the person who gathered the data. It should
reflect what was actually seen or done at the incident. To accurately describe the situation found,
the report can be written in the person’s own words, coded using the data element classifications
in this document, or a combination of both. The classification of the data can be done by the
person completing the report or by a central coding office.
1-4.6 Report All Incidents.
Every incident should be reported regardless of the type or extent of that incident. An incident
occurs when there is a response to any alarm. This includes responses to actual emergencies as
well as false calls, situations when the responding units are returned by radio, and all other
incidents whether or not any work was performed at the scene.
1-5 Fact Finding.
The traditional legal function of reporting incidents can be satisfied with a written narrative of
the basic facts, or it can be as sophisticated as an automated system from which data can be
retrieved on demand. To serve as input to a fire reporting system, however, an incident report
must be clearly structured and must use uniform definitions and terminology. The collection of
incident data requires forms or a computer, instructions on how to complete the reports so that
information collected is provided in a uniform manner, and the provision of centralized
long-term storage of the records.
1-5.1 Pre-Incident Data.
Any time a member of the fire service enters a property, the opportunity exists to collect data
about that property. The purpose of the visit may be for checking a pre-fire plan, a hazard
reduction inspection, or a fire equipment readiness evaluation (pumps, alarms, standpipes, etc.).
Many fire service agencies build and maintain a record in a file for each property within their
jurisdiction. This file should contain information about the property, its location, the use of the
property, the size and construction of any structures on the property, available fire protection
features, and known hazards.
Other data for a pre-incident data file may be available from various municipal offices such as
the assessor’s office, the building department, other inspection service offices, and the licensing
board. Census identification, if available, may be added.
A well-maintained property file can assist the fire service agency in planning and prioritizing
fire prevention activities, as well as providing tactical information at the time of an incident.
Data collected prior to an incident can also be extremely useful during an incident investigation
in understanding the condition of the property before the incident.
1-5.2 The Incident Report.
Copyright 1996 NFPA

Every time the fire service responds to an alarm, an incident occurs. The incident may be a
fire, smoke scare, medical emergency, rescue, hazardous materials situation, or other need. In all
cases an incident report should be filed.
The reporting agency should establish in its administrative policy whether information
gathered initially at the scene and included in reports is to be considered preliminary or final.
Preliminary information is generally subject to updates and supplemental reports based on
additional investigation. In this manner, the agency can clarify whether information in the report
represents an initial determination or a final determination with respect to specific data.
For example, the initial determination of how a fire started and dollar loss may be adjusted
upon further investigation. By establishing a policy (or even providing for the collection of
multiple data elements labeled “Preliminary” and “Final”), personnel will be encouraged to
complete each report without concern for whether subsequently gathered information appears to
contradict preliminary determinations.
1-5.3 Updating the Report.
Data to update the report may become available from departmental sources such as a safety
officer, fire investigator, or training officer. Other sources such as hospital personnel and
insurance adjusters may also yield helpful data. In both cases an updated report should be filed.
Information from these reports is also useful in keeping property information current.
1-6 Data Processing.
Once data has been received, it should be processed into a record useful for legal, planning,
and management purposes. The first step involves checking the reports for accuracy and
completeness and then aggregating information into a composite record. The second step
involves the creation of a file consisting of data from incident records and data gathered during
pre-incident inspections.
1-7 Data Use.
Once an incident report is complete, it has many potential uses. At the least, it should meet the
informational needs of all the sectors of the local fire service. These include information required
both from a legal standpoint and for strategic and tactical planning. A specific use would be to
provide information back to the company officers on their specific part of the protected
community. A more general use would be to spot trends in fire and other emergency incidents
and to provide information for program evaluation and corrective action on a chief officer level.
A small fire department may have too few incidents to provide meaningful statistical trends on
a local basis. Data combined from surrounding jurisdictions may show trends or allow regional
planning. As the database grows, the company officer, the fire service manager, and the chief of
the department will have increasingly better information to use in managing their local problem.
Regional and national agencies can combine the data and create useful, broad-based information.
Another vital function of a system is to provide input to those designing and marketing new
products and equipment (potential ignition sources), and to those designing and providing
interior finishes and furnishings (available fuels), so prevention efforts can focus on real fire
problems. Other standard setting and enforcement agencies can use this information to evaluate
the effectiveness of their work.
Each time a system of fire protection works well and the fire loss and danger are confined to a
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small area, a documented “success” will increase the confidence in that particular system.
Conversely, each time a system of fire protection fails, as indicated by an expensive loss,
injuries, or death, then this failure must be accurately recorded so that the confidence in that
system of fire protection can be reduced.
On a broader scale, industry, educators, medical personnel, architects, research scientists, fire
protection engineers, and fire service managers can work as a team to reduce the fire problems
and other demands for emergency services.
1-8 Standard Classifications.
To ensure the least number of errors are made when fire protection and incident data is
transcribed into numerical classifications and later processed, several classification conventions
have been used throughout this document.
1-8.1 Hierarchical Structure.
Some data elements in this document (for example, “Specific Property Use”) are broken down
into great detail. To encode the maximum level of detail may require the use of as many as three
digits. However, some agencies may wish to incorporate less detail into their fire reports.
Therefore, the classifications have been designed so that the last digit in a two-digit
classification, or even the last two digits in a three-digit classification, can be dropped while
retaining the broad meaning of the category. It is recommended, however, that as much detail be
gathered as practical for it is very difficult to gather later.
It is also possible for a user to add one or more digits to the end of any series of classifications
if they want a more detailed breakdown of a particular data element. When used, these additional
digits should subdivide the primary classification as defined in this document so they can then be
stripped off when the data is passed on to a state or national database without the loss of the
data’s integrity.
1-8.2 Unclassified Information.
Sometimes the subdivision of classifications may not contain a numeric classification for a
specific detail that is reported for a given data element. For example, in the data element “Area
of Origin,” numeric classifications “40” through “47” are provided to classify a variety of
storage areas. If a storage area is not listed in these classifications, then it is “not classified
above” and as a storage area would be classified as “49.” Classification “9” or ending in “9” is
used throughout the document to mean that details about the object, item, or fact being classified
are known but do not fit into one of the specific classifications. It is recommended that whenever
a classification ending in “9” is used, descriptive information about the item that could not be
classified be included on the incident report.
1-8.3 Insufficient Information.
In some cases there will be insufficient information to use a detailed numeric classification. In
such situations, the final digit is a zero, meaning “it is in this group but additional details that
would allow detailed classification are not known.” The final digit is not left out. For example, in
the data element “Form of Heat of Ignition,” classification “50” indicates that the heat came
from an explosive or fireworks but sufficient detail is not available to allow more detailed
classification. A classification of all zeros indicates the data is “undetermined or not reported.”
This pattern is followed where possible throughout the document.
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1-8.4 Not Applicable.
There are some data elements in this document that may not be applicable to a given incident
or to which the answer may be “none.” Where possible the numeric classification “8” has been
reserved in these data elements to classify such data.
1-8.5 “Included Are” and “Excluded Are” Statements.
Throughout the classification numbers and their descriptions for various data elements there
are specific items listed that are to be classified using that number. These are prefaced by the
term “Included are.” The list is not designed to be all inclusive but to ensure that those specific
items are classified with that number. There may also be specific items that should not be
classified using that number. These are prefaced by the term “Excluded are.” The specific item is
followed by a number in parentheses that is the classification number that should be used.
1-8.6 Agency-Specific Classifications.
Some fire service organizations may find that they have special problems not covered in
sufficient detail by the data elements or the classifications described in this document. For
example, a fire department may have an important fire problem in a particular type of tenement
building common in its area that it wishes to record. The department may wish to add its own
numeric classifications to report that problem within one of the data elements defined in this
document, or it may establish its own data element to track that problem. However, the data must
be collected in a manner that can be directly translated into the standard classifications before the
department’s data is merged with data from other departments or contributed to a state or
national database. Otherwise, the larger database will contain misclassifications leading to
confusion and errors when attempts are made to analyze the data.
1-9 Nonclassified Data.
Some data elements do not require classification to achieve uniformity. These include:
- Dates and times
- Numeric information
- Text
Careful consideration should be given to the methods used to integrate these kinds of
informational elements into any reporting system.
1-9.1 Dates and Times.
There are many points in time in the course of an incident. In a fire, for example, these include
ignition, detection, alarm, dispatch, arrival on the scene, agent application, blackout, and leaving
the scene. To avoid ambiguity and to provide additional useful information, events selected for
data collection should be accompanied by data elements that relate each event to the date and
time it occurs. Dates are generally recorded using the numeric designation for month, day, and
year, reserving two digits for each (e.g., November 21, 1995 would be recorded as 11/21/95).
Automated systems should store four digits for year to reduce date ambiguity after 1999.
Time of day is generally recorded in military time (e.g., 1:00 p.m. would be recorded as 1300)
to avoid the need for the additional am/pm designation. Recognizing that many events can cross
date boundaries, a date should accompany every recorded time. Midnight should be recorded as
0000 and is the beginning of a new day.
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1-9.2 Numeric.
Many data elements can be recorded directly with numbers (for example, number of engines
that responded or number of persons injured). Numbers are used whenever it is anticipated that
the data might later be summarized, averaged, or otherwise processed.
Three aspects of numeric data elements merit further consideration. First, unless it is obvious
from the context or the name of the data element, all numbers should be labeled with units. For
example, the spill was 50 gallons; the temperature at ground level was 30° Celsius. Where the
number can potentially have both a plus and minus value, the person reporting the data should
specifically report the sign.
Second, consider the level of desired precision. While the “Number of personnel that
responded” is obviously an integer, “Acres burned” is often reported to the nearest tenth of an
acre. To accommodate commonly encountered fractions (e.g., 1/4 or 0.25 acre), two digits
beyond the decimal point may be provided. The level of precision will vary by data element but
should be made clear to those who record the data.
Third, special consideration should be given to cases in which numeric information is not
available or is not reported. These situations must be clearly distinguished from a reported
numeric value of zero. Responding to an incident with zero personnel has a different meaning
than responding to an incident with an unreported number of personnel. If both are recorded as
zero without further distinction, incorrect conclusions may be drawn from aggregated incident
data (e.g., sums and averages).
Note that some data elements contain only digits but should not be considered numeric. In the
case of zip codes, for example, the data element should be treated as text (below) because (a) no
useful arithmetic calculations can be performed with zip codes, and (b) leading zeros that have
meaning in zip codes have no significance in numeric information and are usually eliminated.
1-9.3 Text.
Useful incident data that cannot be realistically classified or reduced to numbers must be
entered as text. These elements include not only data such as names and addresses, but also text
that supplements coded data with further details. For example, in the case of “Equipment
Involved in Ignition,” the classifications that designate the type of equipment involved can be
supplemented with text that specifies the make and model of the equipment. This can be useful
in equipment recalls at the federal level.
Chapter 2 Glossary and Abbreviations
2-1 Glossary.
The terminology used in this document provides a common language for recording fire service
data. The following terms are used as defined and discussed below.
Alarm. Any notification made to the fire department that a situation exists or may exist that
requires a response.
Area of Origin. The use of the room or area within the property where the fire originated. (See
Section 6-3.)
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Automatic. As applied to fire protection devices, a device or system providing an emergency
function without the necessity of human intervention.
Backfire. A fire set along the inner edge of a fire control line to consume the fuel in the path of
a wildland fire or change the direction of force of the fires convection column. Doing this on a
small scale and with closer control, in order to consume patches of unburned fuel and aid control
line construction, is known as “burning out.”
Building. A structure enclosed with walls and a roof and having a defined height.
Building Fire. See Structure Fire.
Burning. The process of self-perpetuating combustion, with or without an open flame.
Smoldering is burning.
Casualty (Incident). A person who is injured or killed as a result of responding to or handling
an incident or who is the reason for the incident.
Casualty (Fire). A person who is injured or killed at the scene of a fire. (Includes injuries or
deaths from natural or accidental causes sustained while involved in the activities of fire control,
rescue attempt, or escaping from the dangers of the fire.)
Census Data. Demographic population data available by statistical areas from a governmental
agency.
Char. Material that has been partially burned on the exterior of the object and has a blackened,
carbonized appearance.
Combustible. A material or structure that will release heat energy on burning.
Combustible Liquid. Any liquid having a flash point at or above 100°F (37.8°C) (closed cup).
Complex. See General Property Use.
Confine a Fire. To restrict the fire within determined boundaries established either prior to the
fire or during the fire. Wildland suppression action may be minimal and limited to surveillance
under appropriate conditions.
Contain a Fire. To take suppression action as needed that can reasonably be expected to check
the fire’s spread under prevailing conditions.
Contents Fire. See Structure Fire.
Emergency Scene. The area encompassed by the incident and the surrounding area needed by
the emergency forces to stage apparatus and mitigate the incident.
Explosion. Violent bursting caused by either a combustion process or an overpressure
condition. Typical combustion processes include ignition and burning of combustible gas, dust,
or flammable vapor mixture. These are technically “fires.” Typical overpressure conditions
include steam pressure, chemical reactions, and compressed gas container rupture. These are
technically not “fires.”
Exposure. Any fixed or mobile property threatened by a fire or other hazard in any other fixed
or mobile property.
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Exposure Fire. A fire in a building, structure, vehicle, or outside property resulting from a fire
outside that building, structure, vehicle, or outside property. A fire spreading between
occupancies within a single building is not an exposure fire. A fire that spreads from one fire
jurisdiction to another is also considered an exposure fire.
Exposure (Human). Potential for injury or death to humans.
Fatality. An injury that is fatal or becomes fatal within one year of the incident.
Fire. Any instance of destructive and uncontrolled burning, including explosion, of
combustible solids, liquids, or gases. Fire does not include the following, except where they
cause fire or occur as a consequence of fire:
(a) Lightning or electrical discharge.
(b) Rupture of a steam boiler, hot water tank, or other pressure vessel due to internal pressure
and not to internal combustion.
(c) Explosion of munitions or other detonating material.
(d) Accident involving ship, aircraft, or other vehicle.
(e) Overheat condition.
Fire Area (Structure). The space within a structure bounded by fire division assemblies
(two-hour fire rating or greater).
Fire Area (Wildland). The area within wildfire perimeter control lines.
Fire Blackout. That point in time when there is no longer any evidence of open flame or glow
of burned material.
Fire Contained. That point in time when fire spread is stopped but the fire is not necessarily
under control.
Fire Control Line. Comprehensive term for all constructed or natural barriers and treated fire
edges used to control a fire.
Fire Damage. The total damage to a building, structure, vehicle, natural vegetation cover, or
outside property resulting from a fire and the act of controlling that fire. Included are smoke,
water, backfires, fire breaks, and fire control damage.
Fire Division Assembly. A “fire-rated assembly” that has a fire resistance rating of two test
hours or longer.
Fire Division Compartment. A complete compartment surrounded on all sides by fire-rated
assemblies with a two hour fire protection rating or more. Large buildings often contain many
fire division compartments, each containing many rooms.
Fire Extinguished. That point in time when there is no longer any abnormal heat or smoke
being generated in material that was previously burning.
Fire Ground. See Emergency Scene.
Fire-Rated Assembly. An assembly (e.g., wall, floor, or roof) that has been tested using
standard test methods and has received at least a 60-minute fire resistance rating.
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Fire-Rated Compartment. A complete compartment surrounded on all sides by fire-rated
assemblies having a 60-minute fire resistance rating or more.
Fire Service Personnel. All employees, whether career or volunteer, of a fire department who
are assigned or may be assigned to perform duties at emergency incidents.
Fire Under Control. (1) That point in time when a fire is sufficiently surrounded and quenched
so that in the judgment of the commanding officer it no longer threatens destruction of additional
property. (2) In wildfire, that point in time when a control line is around a fire, any spot fires
therefrom, and any interior islands to be saved. Any unburned area adjacent to the fire side of the
control lines are burned out, and all hot spots that are immediate threats to the control line are
cooled down, until the lines can reasonably be expected to hold under foreseeable conditions.
Fire Wall. A fire division assembly of three test hours or longer fire resistance rating, built to
permit complete burnout and collapse of the structure on one side without fire extension through
the fire wall or collapse of the fire wall.
Fixed Object. An object, device, or appliance that is fastened or secured at a specific location,
e.g., a steam radiator.
Fixed Property Use. See Specific Property Use.
Flames. Products of combustion that are illuminated by the heat of combustion and accompany
the burning of most materials in normal atmospheres.
Flammable Liquid. Any liquid having a flash point below 100°F (37.8°C) (closed cup) and
having a vapor pressure not exceeding 40 psia (2068 mm Hg) at 100°F (37.8°C).
Gas. A material that has a vapor pressure exceeding 40 psia (2068.6 mm) at 100°F (37.8°C).
(Gasoline is a liquid, not a gas.)
General Property Use. The actual general (overall) use of land or space under the same
management, ownership, or within the same legal boundaries; including any structures, vehicles,
or other appurtenances thereon. (See Section 4-6.)
Grade. Reference plane representing the elevation of finished ground level adjoining the
building at the main entrance.
Hazardous Material. Any material that is an air-reactive material, flammable or combustible
liquid, flammable gas, corrosive material, explosive material, organic peroxide, oxidizing
material, radioactive material, toxic material, unstable material, or water-reactive material, and
any substance or mixture of substances that is an irritant or a strong sensitizer or that generates
pressure through exposure to heat, decomposition, or other means.
Heat of Ignition. The heat energy that brings about ignition. Heat energy comes in various
forms and usually from a specific object or source. Therefore, the heat of ignition is divided into
two parts: “equipment involved in ignition” and “form of heat of ignition.” (See Sections 6-4 and
6-5.)
Ignition. The physical and chemical processes involved in reaching a point of self-perpetuation
of fire whether or not there is an open flame.
Ignition Factor. The condition or situation that allowed a heat source and a combustible
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material to combine to initiate a fire. (See Section 6-7.)
Incident. An event to which the reporting agency responds or should have responded. Included
are “walk-ins” treated at the station. An incident may have more than one response. A rekindle is
a separate incident.
Incident Record. The official file on an incident.
Incident Report. A document prepared by fire department personnel about a particular
incident. For understanding and legal purposes, this report should be in their own words. For
summarization purposes, the information on this report can be classified into broad categories.
The incident report is always part of the incident record or file.
Injury. Physical damage to a person suffered as the result of an incident that requires (or
should require) treatment by a practitioner of medicine, a registered EMT, or a paramedic within
one year of the incident (regardless of whether treatment was actually received) or that results in
at least one day of restricted activity immediately following the incident.
Liquid. A material that has a vapor pressure not exceeding 40 psia (2068.6 mm) at 100°F
(37.8°C).
Material First Ignited. The combustible that is first set on fire by the heat of ignition. To be
meaningful, both a type of material and a form of material should be identified. (See Section
6-6.)
Mobile Property Type. Property that was designed to be movable whether or not it still is, e.g.,
vehicles, ships, and airplanes. (See 4-8.3.)
Mop-up. The act of making a fire scene safer after the fire has been controlled, such as
extinguishing or removing burning material along or near the control line, felling snags,
trenching logs to prevent rolling. For structure fires see Overhaul.
Non-Fire Service Personnel. All persons involved with an incident who are not fire service
personnel. Included are police, utility company employees, non-fire service medical personnel,
and civilians.
Not Occupied. An area with no persons present; contents or equipment present indicates the
structure is not vacant.
Occupancy. The purpose for which a building or portion thereof is intended to be used. The
specific property use as it pertains to a building is the occupancy.
Occupied. An area with persons present. A hotel (general property use) could be occupied, but
the restaurant (specific property use) not occupied; likewise, the restaurant could be occupied but
its storeroom (area of origin) not occupied.
Overhaul. The act of making a fire scene safe after it is controlled, such as extinguishing or
removing burned material, checking inside walls and hidden spaces, etc. For wildland fires, see
Mop-up.
Overheat. Destruction of material by heat without self-sustained combustion. Removal of the
heat source will stop the destruction. Overheat is the stage before ignition.
Portable Object. An object, device, or appliance that can readily be moved from one place to
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another, e.g., a vacuum cleaner.
Prescribed Fire. Controlled application of fire to wildland fuels in either their natural or
modified state, under specified environmental conditions that allow the fire to be confined to a
predetermined area and at the same time to produce the intensity of heat and rate of spread
required to attain planned resource management objectives.
Property. A thing of value. Specific (fixed) property refers to those things that make up the
earth’s surface, i.e., water, land, roadways, structures, and buildings. Mobile property refers to
those things that normally move in relation to the earth’s surface, i.e., ships, airplanes, trains,
trucks, and automobiles.
Property Inventory. Information known about a property before an emergency occurs. This
knowledge is in two parts: that which is general in character and has to do with external features
(such as location, water supply, and construction), and that which is specific in character relating
to internal features (such as interior finish, vertical openings, or suppression systems).
Property Use. The use to which a property is put. A building, for example, could serve as a
garage or a hospital or a department store. The use of property does not define any of the other
important fire-related details of a property such as access, ownership, size, internal weaknesses
in fire defense, or construction.
Rekindle. The redevelopment of a fire after it was thought to have been extinguished by the
original fire service response. Fire service response to a rekindle should be treated as a separate
incident.
Reportable Fire. Any unfriendly, hostile fire that comes to the attention of an agency keeping
fire records. Included are fires that may be discovered in progress or discovered after
extinguishment.
Response. The deployment of an emergency service resource to an incident.
Room. The space or area bounded by walls. The walls may be fire rated and impede fire spread
or not fire rated (e.g., mesh screen), which may impede exiting of personnel.
Scorch. Discoloring (browning or blackening) of a material, a characteristic of the overheat
condition. Removal of the heat source will stop the destruction.
Smoldering. Self-sustaining combustion of a material without any flame evident.
Specific Property Use. The actual use to which a specific space, structure, or portion of a
structure is put by the owner, tenant, or occupant of the space. The specific property use should
be one of the following:
(a) The principal use of the structure or outside area if it is used for a single purpose.
(b) The principal use of a fire division compartment in a structure if the structure is used for
multiple purposes.
(c) The principal use to which a section of a structure, a space, or an area, whether inside or
outside, is put by the owner, tenant, or business occupying that space or area when there are
multiple specific uses, multiple tenants, or multiple businesses using the same general property.
Stationary Object. Any object, device, or appliance that is not fastened but that is not readily
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moved from one place to another in normal use, e.g., a refrigerator.
Story. That portion of a building between the upper surface of any floor and the upper surface
of the floor next above, except that the topmost story is that portion of a building between the
upper surface of the topmost floor and the upper surface of the roof deck above.
Structure. An assembly of materials forming a construction for occupancy or use to serve a
specific purpose. This includes, but is not limited to, buildings, open platforms, bridges, roof
assemblies over open storage or process areas, tents, air-supported structures, and grandstands.
Structure Fire. Any fire inside, on, under, or touching a structure. For example, an automobile
on fire in a garage or tunnel, food burning on the stove, or fire at a leaking flange in a refinery
tower are all structure fires.
Toxic Material. Any material that may constitute a hazard to life or health, either temporary or
permanent, from exposure by contact, inhalation, or ingestion.
Vacant. No furnishings or equipment present.
Wildfire. Any uncontrolled fire burning in wildland vegetation including any structures or
other improvements thereon.
Wildland. Land in an uncultivated, more or less natural state and covered by timber, woodland,
brush, and/or grass.
2-2 Abbreviations for States and Provinces.
2-2.1 States.
The following table is consistent with the Federal Information Processing Standard (FIPS).
Alabama
01
AL
Alaska

02

AK

Arizona

04

AZ

Arkansas

05

AR

California

06

CA

Colorado

08

CO

Connecticut

09

CT

Delaware

10

DE

District of Columbia

11

DC

Florida

12

FL

Georgia

13

GA

Hawaii

15

HI
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Idaho

16

ID

Illinois

17

IL

Indiana

18

IN

Iowa

19

IA

Kansas

20

KS

Kentucky

21

KY

Louisiana

22

LA

Maine

23

ME

Maryland

24

MD

Massachusetts

25

MA

Michigan

26

MI

Minnesota

27

MN

Mississippi

28

MS

Missouri

29

MO

Montana

30

MT

Nebraska

31

NE

Nevada

32

NV

New Hampshire

33

NH

New Jersey

34

NJ

New Mexico

35

NM

New York

36

NY

North Carolina

37

NC

North Dakota

38

ND

Ohio

39

OH

Oklahoma

40

OK

Oregon

41

OR

Pennsylvania

42

PA
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Rhode Island

44

RI

South Carolina

45

SC

South Dakota

46

SD

Tennessee

47

TN

Texas

48

TX

Utah

49

UT

Vermont

50

VT

Virginia

51

VA

Washington

52

WA

West Virginia

54

WV

Wisconsin

55

WI

Wyoming

56

WY

2-2.2 U.S. Territories and Possessions.
American Samoa

60

AS

Canal Zone

67

CZ

Guam

66

GU

Federated States of Micronesia

64

FM

Marshall Islands

68

MH

Northern Mariana Islands

69

MP

Palau

70

PW

Puerto Rico

72

PR

US Minor Outlying Islands

74

UM

Virgin Islands

78

VI

2-2.3 Canadian Provinces.
The following list of abbreviations is from Canada Post.
Alberta
AB
British Columbia

BC

Manitoba

MB
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New Brunswick

NB

Newfoundland

NF

Nova Scotia

NS

Ontario

ON

Prince Edward Island

PE

Quebec

PQ

Saskatchewan

SK

Yukon

YU

Northwest Territory

NT

2-2.4 Mexico.
Where it is necessary to record addresses in Mexico, the abbreviation “MX” should be used in
place of a state abbreviation.
2-3 Abbreviations for Street Types.
The following list of abbreviations is from the U.S. Postal Service.
Word
Abbreviation
Alley

ALY

Annex

ANX

Arcade

ARC

Avenida

AVE

Avenue

AVE

Bayo

BYU

Beach

BCH

Bend

BND

Bluff

BLF

Bottom

BTM

Boulevard

BLVD

Branch

BR

Bridge

BRG
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Brook

BRK

Burg

BG

Bypass

BYP

Calle

CLL

Caminito

CMT

Camino

CAM

Camp

CP

Canyon

CYN

Cape

CPE

Causeway

CSWY

Center

CTR

Cerrada

CER

Circle

CIR

Circulo

CIR

Cliffs

CLFS

Club

CLB

Corner

COR

Corners

CORS

Course

CRSE

Court

CT

Courts

CTS

Cove

CV

Creek

CRK

Crescent

CRES

Crossing

XING

Dale

DL

Dam

DM
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Divide

DV

Drive

DR

Entrada

ENT

Estate

EST

Expressway

EXPY

Extension

EXT

Fall

FALL

Falls

FLS

Ferry

FRY

Field

FLD

Fields

FLDS

Flat

FLT

Ford

FRD

Forest

FRST

Forge

FRG

Fork

FRK

Forks

FRKS

Fort

FT

Freeway

FWY

Gardens

GDNS

Gateway

GTWY

Glen

GLN

Green

GRN

Grove

GRV

Harbor

HBR

Haven

HVN

Heights

HTS
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Highway

HWY

Hill

HL

Hills

HLS

Hollow

HOLW

Ilse

ILSE

Inlet

INLT

Island

IS

Islands

ISS

Junction

JCT

Key

KY

Knolls

KNLS

Lake

LK

Lakes

LKS

Landing

LNDG

Lane

LN

Light

LGT

Loaf

LF

Locks

LCKS

Lodge

LDG

Loop

LOOP

Mall

MALL

Manor

MNR

Meadows

MDWS

Mill

ML

Mills

MLS

Mission

MSN

Mount

MT
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Mountain

MTN

Neck

NCK

Orchard

ORCH

Oval

OVAL

Park

PARK

Parkway

PKY

Paseo

PSO

Pass

PASS

Path

PATH

Pike

PIKE

Pines

PINES

Place

PL

Placita

PLA

Plain

PLN

Plains

PLNS

Plaza

PLZ

Point

PT

Port

PRT

Prairie

PR

Radial

RADL

Ranch

RNCH

Rancho

RCH

Rapids

RPDS

Rest

RST

Ridge

RDG

River

RIV

Road

RD
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Row

ROW

Run

RUN

Shoal

SHL

Shoals

SHLS

Shore

SHR

Shores

SHRS

Spring

SPG

Springs

SPGS

Spur

SPUR

Square

SQ

Station

STA

Stravenue

STRA

Stream

STRM

Street

ST

Summit

SMT

Terrace

TER

Trace

TRCE

Track

TRAK

Trafficway

TRFY

Trail

TRL

Trailer

TRLR

Tunnel

TUNL

Turnpike

TPKE

Union

UN

Valley

VLY

Vereda

VER

Viaduct

VIA

Copyright 1996 NFPA

View

VW

Village

VLG

Ville

VL

Vista

VIS

Walk

WALK

Way

WAY

Wells

WLS

Chapter 3 Incident Identification and Location
3-1 Purpose and Application.
The purpose of the data elements identified by this chapter is to provide sufficient
identification information to uniquely identify each incident response.
These data elements collect information needed to uniquely identify an incident response by a
fire agency. These elements include information needed by the fire agency to uniquely identify
the incident within fire department files, to identify the appropriate district, shift, and officer
responsible for the incident. This chapter also includes time related information used to identify
when the incident began and ended, as well as current weather information and incident severity
information.
This section contains data elements that permit the fire department to identify and analyze
incident patterns. The data elements collect information that identifies an incident as a unique
occurrence in time. The section also contains information of fire department response
identification, i.e., which shift responded, the number of alarms, incident commander, and so
forth.
The data elements contained in this chapter may be used for both pre-incident and
post-incident data collection efforts.
3-2 Limitations.
The data elements used for the identification of the property location and type are included in
Chapter 4, Property Use.
3-3 Incident Number.
The incident number is a unique (normally sequential) number assigned to an incident so that
no two incidents that are the responsibility of the fire department in a given year have the same
incident number. The incident number is used to link together all reports and materials
concerning the incident.
3-4 Exposure Number.
When multiple reports are filed for a single incident, a method of numbering those reports
should be used so the information for each property can be associated with the base report and
summarized as necessary. Care should be taken with any automated processing of data from
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multiple report incidents that the multiple reports not be treated as multiple incidents. A
convenient means should be available to summarize data as necessary from the multiple reports
(e.g., summary of casualties, dollar loss, etc.).
3-5 Shift.
Shift is the designation of the shift on-duty or on-call when the incident was reported and that
responded to the incident. If the incident was of such duration that a shift change occurred during
the incident, the time the change occurred and the new shift designation may also be valuable
information.
3-6 Number of Alarms.
The number of alarms transmitted is an indicator of the severity of an incident and serves as a
quick indicator of the scope of the incident. It should represent the total number of alarms
sounded for this incident. Staffing patterns and requirements can also be assessed through
analysis of this element. This information is most useful by a local department, so local alarm
definitions should be used. Where multiple alarms are sounded, the time and date of each
subsequent alarm would also be important information.
3-7 Incident Events.
Many events that occur during an incident are critical to understanding fire growth and the
actions to manage the incident. Because there are so many different events, those events selected
for data collection should include both the date and time and a clear label to identify the event.
By recording the actual date and time, lapse time between events can be calculated including
those that span two or more days. This method helps avoid the confusion that can arise where
direct entry of elapsed minutes or hours are recorded. Errors associated with direct entry of
elapsed time often arise from an unclear point of reference. For example, the elapsed time of an
incident could be calculated from the time of ignition, alarm, dispatch, or arrival on the scene,
depending upon the use to which the information will be put. By recording actual dates and
times of discrete events, this ambiguity can be avoided.
Event chronologies generally move from one event to another at different rates. Some
incidents are over quickly after discovery, while other incidents may last many days, weeks, or
even years. Each event is a snapshot in time. A typical fire sequence flows from its ignition and
detection; through alarm, dispatch, and response; to agent application, containment, control, and
blackout; and finally incident closure. Other incidents typically flow from their start and
discovery; through alarm, dispatch, and response; to initial action, control, and incident closure.
These chronologies should apply equally well to a small structure fire, a medical emergency, a
wildland fire, or a hazmat incident.
Dates. Dates should be recorded using the numeric designation for month, day, and year,
reserving two digits for each (e.g., November 21, 1993 would be recorded as 11/21/93).
Recommended practice for automated systems is to store four digits for year.
Clock Time. Time of day should be recorded using the 24-hour military time, which includes
hours and minutes without punctuation. Midnight is recorded as 0000, 7:00 a.m. as 0700, 1:00
p.m. as 1300, and one minute before midnight as 2359. If times are recorded to seconds, add two
digits for seconds after minutes.
3-7.1 Event Start Time.
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The time of ignition or start of the event in the incident chronology. It is often difficult to
determine the exact time because of prolonged periods of smoldering or lack of witnesses to the
event. However, an effort should be made to estimate the time as closely as possible.
If the event is a fire, ignition occurs the moment heat or overheat reaches the point of
self-perpetuated combustion in the combustible ignited whether or not there is open flame. The
time of ignition should be recorded using actual clock time. The time the fire burned before it
was detected is important in understanding the growth of the fire and the effectiveness of
detection devices, if present. The public fire service cannot initiate action to suppress the fire
until it has been detected and reported. The longer the fire burns before detection, the greater the
damage before intervention for suppression.
If the event is not a fire, the event is the initial step in the chronology. For example, start time
could be when two automobiles collide, a hazardous material release occurs, or a trench
collapses on a worker.
3-7.2 Discovery or Detection Time.
Detection occurs the moment a person senses the danger or incident or an automatic detector
closes its contacts. This time may be considerably after ignition. Discovery time is sometimes
the first reliable time in the incident chronology.
3-7.3 Report (Alarm) Time.
Report time occurs when the dispatch or alarm center responsible for dispatching the fire
department resources first learns of the fire or other incident. The alarm may be transmitted to
the alarm center in person, by telephone, radio, a direct wired signal, or other means. Report time
is often the first reliable time in the incident chronology.
3-7.4 Dispatch Time.
The time when a fire service resource is notified to respond to an alarm.
3-7.5 Enroute Time.
The time when the resource or apparatus with the crew aboard starts its response to the
incident.
3-7.6 Arrival Time.
The time when the unit arrives at the scene of an incident. The time of arrival is useful in
analysis of department response times, which can be used to assist in determining placement of
fire stations or establishing response policies. The time of arrival may often be obtained from the
alarm center.
Some fire services choose to track the dispatch time, arrival time, and in-service time (ready to
handle another alarm) for each piece of fire apparatus dispatched to the incident. This allows a
detailed analysis of response times and apparatus utilization.
3-7.7 First Action Time.
The beginning of control or mitigation activities. Many activities may occur after arrival
on-scene, including search, rescue, set-up, locating a fire, or building wildfire lines.
3-7.8 Agent Application Time.
The agent application time is the moment the extinguishing agent first contacts the flames.
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3-7.9 Containment Time.
The time when control lines or natural barriers surround a fire or the fire spread is checked.
There may be significant hot spots within the perimeter yet to be extinguished.
3-7.10 Control Time.
The time when the fire is sufficiently surrounded and quenched that, in the judgment of the
commanding officer, it no longer threatens further spread or destruction of additional property.
This is also referred to as knock-down time.
3-7.11 Blackout Time.
The point in time when there is no open flame or glow of burned material. This is also referred
to as “fire out” time.
3-7.12 Scene Release Time.
The time when all actions by the fire service have ceased and the scene has been released to
the property owner, resident, or other entity. This data element can also be used to calculate total
amount of time fire companies are left at the scene on “fire watch” after the control of the
property has been turned back to the owner.
3-7.13 Resource In-Service Time.
This is the time when a specific resource is again ready to respond to an alarm.
3-8 Day of Week.
The day of the week is useful to track incident patterns. Day of week can be calculated from
the event date. However, the classifications below should be used if day of week is recorded as a
separate data element.
1. Sunday
2. Monday
3. Tuesday
4. Wednesday
5. Thursday
6. Friday
7. Saturday
3-9 Incident Location.
The incident location is useful to understand the geographic relationships between where
incidents occur, fire service bases, and important locations within the community or area.
Analysis of past incident locations by incident type can provide valuable information to fire
service planners, prevention personnel, inspectors, and operations.
3-9.1 Property Address.
3-9.1.1 Street Address. The address of the property establishes its legal location in the
community and is generally the basis of identification of the property. It provides the capability
to identify other data concerning the property that may be helpful in understanding the property.
Where the property has been subdivided and has multiple tenants or areas, it is often important to
identify a suite, room, apartment number, or specific building as part of the address.
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3-9.1.2 City, State, and Postal (Zip) Code. Where the data collected will be used outside the
local area, or the area served covers multiple communities, it is important to record the city,
state, and zip code of the property. (See Section 2-2 for state abbreviations.) Zip code should be
recorded for all incidents to allow linking incident data with demographic data available by zip
code.
3-9.2 Geographical Coordinates.
Street address, city, state, and zip code are useful for analysis in a local area, but the location
data does not easily allow spatial analysis (distances between incidents). Latitude and longitude
coordinates work anywhere in the world if the hemisphere is defined. Fire service agencies that
collect data in this form should carefully consider accuracy needs. One degree at 45 degrees
north latitude (for example, the latitude of the Wyoming/Montana border, Minneapolis, or the
Vermont/Canadian border) is approximately sixty statute miles, one minute is approximately one
statute mile, and one second is approximately 88 feet (27 meters). Some wildland and rural fire
service agencies collect latitude and longitude to 1/10 minute (6 seconds), which is
approximately 528 feet.
3-9.2.1 Latitude. Latitude lines run east/west parallel to the equator. Values range from 0
degrees at the equator to 90 degrees at the north and south poles. The United States and Canada
are in the northern hemisphere. Minutes and seconds range from 0 to 59.
3-9.2.2 Longitude. Longitude lines run north/south, are parallel at the equator, and converge at
the poles. Values ranges from 0 degrees at Greenwich, England (near London at the Royal Naval
Observatory) to 180 degrees at the International Date Line west of Hawaii. Most of the United
States and all of Canada are in the western hemisphere. Minutes and seconds range from 0 to 59.
3-9.3 Public Land Survey System.
The Public Land Survey System was established in the United States by the Land Ordinance of
1785. The surveys cover 30 states; the original 13 colonies, Kentucky, Tennessee, Maine,
Vermont, West Virginia, Texas, and Hawaii use other survey systems.
3-9.3.1 Township. Townships are numbered north and south of the principal base line.
Suggested coding is to use a five character field. The first three digits are the township number,
and the fourth digit indicates a full or partial township (0 = full, 1 = 1/4, 2 = 1/2, and 3 = 3/4). The
fifth character (N or S) indicates direction from the base line.
3-9.3.2 Range. Ranges are numbered east and west of the principal meridian. Suggested coding
is to use a five character field. The first three digits are the range number and the fourth digit
indicates a full or partial range (0 = full, 1 = 1/4, 2 = 1/2, and 3 = 3/4). The fifth character (E or
W) indicates direction from the principal meridian.
3-9.3.3 Section. Sections are numbered 1-36 beginning in the northeast corner for all but the
very earliest principal meridians. Sections 1-6 are the northern most tier and are numbered east
to west. Sections 7-12 are the next tier south of the first tier and are numbered west to east. The
remaining sections follow the same pattern. Each section is nominally 640 acres, although some
sections vary from the standard.
3-9.3.4 Subsection. Sections can be subdivided into successive quarters and described as the NE
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quarter, NW quarter, SE quarter, and SW quarter (each approximately 160 acres). Each quarter
can be quartered again to describe 40-acre parcels. For example, the SE/4 of the NW/4 would be
the 40-acre parcel NW of the section center (read small parcel to large parcel).
3-9.3.5 Principal Meridian. There are 45 principal meridians defined in the United States. The
codes below can be used to identify the principal meridian.
This table defines the code, meridian name, abbreviation, and states included for the principal
meridians in the United States. The Public Land Survey System (PLSS) was established by the
Land Ordinance of 1785. The survey covers 30 states. These codes were defined by the Bureau
of Land Management, U.S. Department of Interior.
Code

Meridian Name

Abbr.

States

01

First Principal

1

IN, OH

02

Second Principal

2

IL, IN

03

Third Principal

3

IL

04

Fourth Principal

4

IL, MN, WI

05

Fifth Principal

5

AR, MN, MO, ND, SD

06

Sixth Principal

6

CO, KS, NE, SD, WY

07

Black Hills

BH

SD

08

Boise

BO

ID

09

Chickasaw

CHI

MS

10

Choctaw

CHO

MS

11

Cimarron

CIM

OK

12

Copper River

CR

AK

13

Fairbanks

FB

AK

14

Gila and Salt River

GSR

AZ

15

Humboldt

HUM

CA

16

Huntsville

HUN

AL

17

Indian

IN

OK

18

Louisiana

LOU

LA

19

Michigan

MI

MI, OH

20

Principal

MT

MT
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21

Mt. Diablo

MD

CA, NV

22

Navajo

NAV

AZ

23

New Mexico

NM

CO, NM

24

St. Helena

SH

LA

25

St. Stephens

SS

AL, MS

26

Salt Lake

SL

UT

27

San Bernardino

SB

CA

28

Seward

SEW

AK

29

Tallahassee

TAL

AL

30

Uintah

UIN

UT

31

Ute

UTE

CO

32

Washington

WA

MS

33

Willamette

WIL

OR, WA

34

Wind River

WR

WY

35

Ohio

OHI

OH

36

Great Miami River

GMR

OH

37

Muskingum River

MUS

OH

38

Ohio River

OR

OH

39

First Scioto River

SC1

OH

40

Second Scioto River

SC2

OH

41

Third Scioto River

SC3

OH

42

Ellicotts Line

ELL

OH

43

12 Mile Square

12M

OH

44

Kateel River

KR

AK

45

Umiat

UMI

AK

3-9.4 Census Tract.
The census tract number is a six-digit number assigned by the Bureau of the Census, U.S.
Department of Commerce, that identifies an area of land within the United States about which
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there is census data available. Maps that outline the boundaries of census tracts are available
from the Bureau of the Census. If the data is part of a regional database, the census county code
should also be reported. The census county code or the Federal Information Processing Standard
(FIPS) county code are the same and can be obtained from the same source as census tract
information.
3-9.5 Local Identification.
There are a number of property identification data elements that can be useful at the local level
either for identifying the location of the property or specific buildings on the property or for
assigning responsibilities for the property with the fire department.
3-9.5.1 District. District is the designation of the fire department company, administrative
district, or inspection district in which the response occurred. The district data element is useful
to break-down incidents into subdivisions of a fire department’s geographical area. These
subdivisions should be designated to allow tying fire experience to code enforcement. If no
districts are designated by the fire department, appropriate police districts or other existing
subdivisions may be used.
If districts are recorded and responses are made to areas outside the fire department’s area of
responsibility or jurisdiction, a special district designator should be used to indicate the
jurisdiction where the incident occurred.
3-9.5.2 Demand Zone. Demand zones or community analysis areas (CAA) are geographically
homogeneous areas within which a particular type of demand is placed on the fire service.
Demand zones come from the master planning methodology.
3-9.5.3 Parcel Number. Many communities maintain parcel numbers for each piece of property
within the community. This number may be established by the assessor’s office or the planning
department. Use of this number allows this record to be linked with other files of data in the
community concerning the property.
3-9.5.4 Property Number. Each property should be assigned a unique number that will not
change even though the occupancy or nature of the property changes over a period of time.
These numbers can be assigned on a geographical basis or can be randomly assigned, but care
should be taken to ensure that no two properties have the same property number. A property
number can be used to tie together information from different sources or databases.
3-9.5.5 Structure Number. If there is more than one structure on the property, each structure
should be uniquely identified by a different structure number. However, the property number
should remain the same for all structures on the same property.
3-10 Business, Tenant, or Occupant.
The name of the business, tenant, or occupant of the space within the property should always
be recorded. This allows for the identification of the parties responsible for the space and
information concerning activity in the space whether during code enforcement activity or in
investigating an incident. If the principal address of the business or tenant is not the property
address, the address where the business or tenant can normally be contacted should be recorded.
Likewise a telephone number for the business or tenant should be recorded.
3-11 Property Owner.
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The identification of the owner of the property is important in identifying who has the legal
responsibility for the property. Whether during code enforcement activity or in investigating an
incident, it is important to identify the owner and to record the owner’s address and telephone
number so he or she can be contacted in an emergency.
3-12 Fire Service Personnel.
3-12.1 Officer in Charge.
The name of the officer on-scene and in charge of the incident is useful to establish who had
responsibility for the fire department’s activities at the incident. It also identifies the individual
who may have additional information about the incident if further investigation is conducted.
3-12.2 Member Making Report.
The name of the fire department person who completed the incident report is useful in
determining who collected the data and made the decisions on what information to record. If
future investigation of the incident is needed, the member making the report identifies a person
who may have additional information about the incident.
Chapter 4 Property Use
4-1 Purpose and Application.
The purpose of the data elements outlined in this chapter is to provide a uniform way to
identify property and how it is used. These data elements can be used to identify property,
whether fixed or mobile in both a pre-incident and a post-incident data system. Pre-incident data
collection might be for property inventory files, code enforcement files, pre-fire plan files, or any
application requiring the identification and use of property.
4-2 Limitations.
The data elements in this chapter classify the use of the property only. This corresponds in
many situations to the occupancy of a structure or portion thereof. They do not identify the
configuration of buildings or other important details of a property such as access, ownership,
size, or internal weaknesses in construction or fire defenses. For example, property used for
storage of a product should be shown for that use whether the storage is inside or outside.
4-3 Definitions.
General Property Use. The current general (overall) use of land or space under the same
management, ownership, or within the same legal boundaries, including any structures, vehicles,
or other appurtenances thereon.
Mobile Property Type. Property that was designed to be movable in relation to fixed property
whether or not it still is.
Specific Property Use. The actual use to which a specific space, structure, or portion of a
structure is put by the owner, tenant, or occupant of the space.
4-4 Discussion and Examples.
It is often desirable to link the specific use of a property or a portion thereof to the overall use
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of the property. This is accomplished by reporting of the general property use and specific
property use as complementary data elements that together show the property use. A restaurant
in a hotel is different than a freestanding restaurant surrounded by a parking area.
When a piece of mobile property is involved, the data element mobile property type adds
further definition to the understanding of the use of the property by identifying the type of
vehicle, vessel, or equipment.
The following examples show the relationship between general property use and specific
property use for a few typical situations where no mobile property is involved.
Example

Classification

A clothing store in a shopping mall
General property use (shopping mall)

51

Specific property use (clothing store)

521

A chapel at a university
General property use (university)

22

Specific property use (chapel)

131

A railroad bridge
General property use (railroad)

95

Specific property use (bridge)

921

A children’s playhouse behind a dwelling
General property use (residential)

41

Specific property use (playhouse)

491

Example

Classification

A barn on a farm
General property use (farm)

65

Specific property use (barn)

815

A detached residential garage
General property use (residential)

41
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Specific property use (garage)

881

Extending three of these examples to include mobile property type, the data classification
would look like this:

Example

Classification

A tractor in a barn on a farm
General property use (farm)

65

Specific property use (barn)

815

Mobile property type (tractor)

65

A railroad locomotive on a railroad bridge
General property use (railroad)

95

Specific property use (bridge)

921

Mobile property type (locomotive)

35

An automobile in a detached residential garage
General property use (residential)

41

Specific property use (garage)

881

Mobile property type (automobile)

11

4-5 Building Code Occupancy Class.
If there is a building code in the community, it classifies the occupancy of the building or a
portion of a building and relates certain requirements to that occupancy. Knowing how the
occupancy of the building was classified by the building code helps in understanding the
presence or absence of certain fire protection requirements.
4-6 General Property Use.
4-6.1
The general property use designation captures data on the overall use of property so that all
specific uses of segments of that property can be linked to its general use. If a portion of the
general property is leased, managed, and maintained as a separate property, treat it as a separate
general property use for reporting purposes. For example: a hotel at an airport leased to and
managed by a hotel chain would be reported as hotel use while a hotel on a university campus
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and managed by the university would be reported as educational use.
When a location has two or more completely different general uses, and there is no
classification to describe the combination, then the general property use should be classified
according to the predominant use at the point of origin of the incident.
4-6.2*
Where general property use is to be classified, the following classification numbers should be
used.
1. Assembly Use.
11.

Public recreation use. Included are zoos, government parks, general recreational parks, and
improved campsites.

12.

Stadium, exhibition use. Included are ball parks, racetracks, sports stadiums, exhibit halls.

13.

Religious use. Included are properties used for funerals and cemeteries.

14.

Clubs. Included are golf clubs, tennis clubs, country clubs, men’s and women’s clubs, and
casinos.

15.

Judicial, legislative, archival, historic use. Included are properties used for courts, libraries,
museums.

16.

Restaurant, food service, drinking establishment.

18.

Theater, studio use. Included are drive-in theaters.

10.

Assembly Use; insufficient information to classify further.

2. Educational Use.
21.

Primary and secondary-level educational use. Included are facilities for education through
high school level.

22.

Post-secondary-level educational use. Included are colleges and universities and all facilities
used for post-high-school-level education.

20.

Educational Use; insufficient information to classify further.

3. Institutional Use.
31.

Nursing care use. Included are nursing and convalescent homes, skilled nursing facilities,
intermediate care facilities, and those facilities where persons, because of mental or physical
incapacity, may be unable to provide for their own needs and where nursing staff is provided
on a 24-hour basis. Medical treatment is minor.

32.

Limited health care use. Included are alcohol and substance abuse centers, mental retardation
facilities, and those facilities housing individuals who are incapable of self-preservation
because of age or physical limitations due to accident, illness, or mental limitations such as
mental retardation/developmental disability, mental illness, or chemical dependency.
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33.

Medical care use. Included are hospitals, medical centers, hospices, psychiatric institutions,
and health care facilities where staffing and medical treatment is provided on a 24-hour basis.

34.

Ambulatory health care use. Included are ambulatory health care centers and those facilities
that provide less than 24-hour service and without sleeping, on an outpatient basis, treatment
for patients that would render them incapable of self-preservation.

36.

Detention and correctional use.

30.

Institutional Use; insufficient information to classify further.

4. Residential Use.
41.

One- or two-family residential use.

42.

Multi-family residential use. Included are apartments and condominium properties.

43.

Group living use. Included are properties associated with rooming, boarding, and lodging
houses and dormitories or barracks not a part of another general property use.

44.

Transient living use. Included are properties associated with hotels, motels, inns, and the like.

45.

Residential board and care use. Included are facilities that provide personal care to ensure the
safety of the occupants who are capable of limited self-preservation but because of age or
physical limitations require a minimal level of personal care. Excluded are facilities that
provide care to those who require chronic or convalescent care (31, 32, or 33).

47.

Mobile home park use.

48.

Residential with business use. Included are those combination use properties where the
predominant use is residential. Excluded are properties where the predominant use is
mercantile or business (58).

40.

Residential Use; insufficient information to classify further.

5. Mercantile, Business, Office Use.
51.

Sales use. Included are properties where the predominant use is the sale of products.
Excluded are combination sales/residential use (48 or 58).

52.

Service use. Included are properties where the predominant use is for the service,
maintenance, or cleaning of products. Excluded are sales areas with minor service or repair
use (51).

58.

Business with residential use. Included are those combination use properties where the
predominant use is mercantile or business. Excluded are properties where the predominant
use is residential (48).

59.

Business, office use. Included is nonmilitary government office use. Excluded is military
office use (63).
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50.

Mercantile, Business, Office Use; insufficient information to classify further.

6. Basic Industry, Utility, Defense, or Agricultural Use.
61.

Power, energy production or distribution.

62.

Research use. Included is laboratory use.

63.

Military, defense use.

64.

Communication use. Included are data processing centers.

65.

Farm, agricultural use. Included are cropland, orchards, and livestock production.

66.

Indian reservation.

67.

Mining, quarrying.

68.

Timberland and tree farms

60.

Basic Industry, Utility, Defense, or Agricultural Use; insufficient information to classify
further.

7. Manufacturing Use.
71.

Food industry.

72.

Beverage, tobacco, essential oil industry.

73.

Textile industry.

74.

Footwear, wearing apparel, leather, rubber industry.

75.

Wood, furniture, paper, printing industry.

76.

Chemical, plastic, petroleum industry.

77.

Metal, metal products industry.

78.

Vehicle assembly, manufacture.

70.

Manufacturing Use; insufficient information to classify further.

8. Storage Use.
81.

Agricultural products storage.

82.

Textile storage.

83.

Processed food, tobacco storage.

84.

Petroleum products, alcoholic beverage storage.
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85.

Wood, paper products storage.

86.

Chemical or plastic, chemical or plastic product storage.

87.

Metal, metal product storage.

88.

Vehicle storage.

80.

Storage Use; insufficient information to classify further.

9. Special Property Use.
91.

Refuse disposal. Included are all properties associated with the collection, storage, and
disposal of discarded material.

92.

Property undergoing transformation. Included are construction sites, demolition sites.

93.

Wildland. Included are local, state, and national range and forest land where harvesting of
timber or mining is not normally done. Wild areas of parks are also included.

94.

Water, waterfront area use. Included are passenger terminals and facilities catering to boating
and shipping. Excluded is ship manufacturing (70).

95.

Railroad transportation use. Included are passenger terminals. Excluded are railroad areas on
other general properties.

96.

Motor vehicle transportation use. Included are passenger terminals, highways, roads, and
streets. Excluded are vehicle areas on other general properties.

97.

Air transportation use. Included are passenger terminals.

98.

Property with no apparent current use.

90.

Special Property Use; insufficient information to classify further.

99.

General Property Use not classified above.

00.

General Property Use undetermined or not reported.

4-7 Specific Property Use.
4-7.1
The specific property use identifies the actual use of a specific space, structure, or portion of a
structure on the property. Every piece of property, whether it be a structure or an open piece of
land, has a use. The specific property use should be one of the following:
(a) The principal use of a fire division compartment in a structure if the structure or outside
area is used for a single purpose.
(b) The principal use of a fire division compartment in a structure if the structure is used for
multiple purposes.
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(c) The principal use to which a section of a structure, a space, or an area, whether inside or
outside, is put by the owner, tenant, or business occupying that space or area when there are
multiple specific uses, multiple tenants, or multiple businesses using the same general property.
4-7.2
Where mobile property is involved, the proper classification of the specific property is
dependent on how the mobile property is being used. If it is mobile or in transit, the property on
which it is located when an incident occurs should be identified as the specific property use. For
example, 962 (paved public street) should be used for a mobile building in transit. If the mobile
property has been fixed by placing it on a foundation or on jacks or has been placed in a location
where it is being used as a structure, its use should be identified as the specific property use. For
example, 411 (single family dwelling) should be used for a mobile home on a foundation.
4-7.3
The specific property use classifications that follow are divided into nine major divisions.
These divisions are further divided into subdivisions that are then further divided into detailed
specific property use classifications. This hierarchical structure allows for different levels of
detail (one, two, or three digits) in reporting depending on the information available to the
reporter.
4-7.4
The major divisions (single digit) of the specific property use classification are:
1. Assembly Property
2. Educational Property
3. Health Care and Detention and Correctional Property
4. Residential Property
5. Mercantile, Business Property
6. Basic Industry, Utility, Defense, Agriculture Property
7. Manufacturing Property
8. Storage Property
9. Special Property
4-7.5*
Where specific property use is to be classified, the following classification numbers should be
used.
1. Assembly Property.
Places for the congregation or gathering of people for amusement, recreation, social, religious,
patriotic, civic, travel, and similar purposes are known as assembly properties. Such properties are
characterized by the presence or potential presence of crowds, with attendant panic hazard in case of
fire or other emergency. They are generally open to the public or may, on occasions, be open to the
public. The occupants are present voluntarily and are not ordinarily subject to discipline or control.
They are generally able-bodied persons, whose presence is transient in character, and who do not
intend to sleep on the premises.
11. Fixed Use Amusement, Recreation Places.
111.

Bowling establishment.
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112.

Billiard center. Included are pool centers and pool halls.

113.

Amusement center. Amusement hall, such as shooting gallery, penny arcade, bingo hall,
and the like. Excluded are bowling establishments (111), billiard centers (112), and halls
with variable use (121).

114.

Ice rink. Included are establishments used solely for ice skating, ice hockey, and curling.
Ice rinks in arenas and other places that can be converted to other uses are classified in
division 12.

115.

Roller rink.

116.

Swimming facility. Included are all swimming pools, related cabanas, bathhouses, and
equipment locations.

119.

Fixed Use Amusement, Recreation Places not classified above.

110.

Fixed Use Amusement, Recreation Places; insufficient information available to classify
further.

12. Variable Use Amusement, Recreation Places.
121.

Ballroom, gymnasium. Included are dance halls.

122.

Exhibition hall, exposition hall.

123.

Arena, stadium. Fixed seating in large areas. Included are ball parks, racetracks,
grandstands, and sports gardens.

124.

Playground.

129.

Variable Use Amusement, Recreation Places not classified above.

120.

Variable Use Amusement, Recreation Places; insufficient information available to classify
further.

13. Places of Worship, Funeral Parlors.
131.

Place of worship.
Included are cathedrals, chapels, churches, missions, synagogues, temples, and the like.

132.

Religious education facility. Facilities for use in periodic religious education. Included are
Sunday schools. Excluded are regular education buildings run by religious institutions,
which are classified in major division 2.

133.

Church hall. Hall for fellowship, meetings, and the like. Included are offices, kitchens, and
classrooms contained within the structure. Excluded are religious meeting halls that are
part of a structure used principally as a place of worship (131).

134.

Funeral parlor, chapel. Included are crematoriums, mortuaries, morgues, and mausoleums.
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139.

Places of Worship, Funeral Parlors not classified above.

130.

Places of Worship, Funeral Parlors; insufficient information available to classify further.

14. Clubs.
141.

City club.

Included are city club facilities without sleeping accommodations, such as athletic, lodge, social,
steam bathing, health, swimming, YMCA, and boys’ clubs. If sleeping accommodations are present,
classify in major division 4. Excluded are nightclubs (162).
142.

Country club.

Included are country club facilities, such as golf, tennis, rifle, hunting, fishing, beach, and riding
clubs.
143.

Yacht club.

Included are boating and yacht club facilities.
Excluded are marinas and boat mooring facilities (885), boat repair facilities (782), and marine
refueling facilities (577).
144.

Casinos, gaming, or gambling places.

149.

Clubs not classified above.

140.

Clubs; insufficient information available to classify further.

15. Libraries, Museums, Courtrooms.
151.

Library.

152.

Museum, art gallery.
Included are aquariums and planetariums.

153.

Historic building.

154..

Memorial structure, monument

155.

Courtroom.

156.

Legislative hall.

159.

Libraries, Museums, Courtrooms not classified above.

150.

Libraries, Museums, Courtrooms; insufficient information available to classify further.

16. Eating, Drinking Places.
Included are retail establishments selling prepared foods and drinks.
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161.

Restaurant.

Those eating places specializing in food primarily for consumption on the premises.
Included are cafeterias and diners, with table or automatic service.
162.

Nightclub.

Those places specializing in food and drink. They may have dancing or entertainment.
Included are key clubs, supper clubs, and dinner theaters.
163.

Tavern.

Those places specializing in the sale of alcoholic beverages, consumed primarily on the premises,
with food as a minor supplement only.
164.

Lunchroom, drive-in.

Those places specializing in quick service for food or beverages.
Included are lunch counters, drive-ins, snack bars, and the like.
Excluded are delicatessens (516).
169.

Eating, Drinking Places not classified above.

160.

Eating, Drinking Places; insufficient information available to classify further.

17. Passenger Terminals.
Included are incidental freight handling facilities.
171.

Airport passenger terminal.

172.

Heliport, helistop.

173.

Bus passenger terminal.
Included are terminals for airline limousines and downtown airline terminal buildings.

174.

Street level rail terminal.

175.

Underground rail terminal.

176.

Elevated rail terminal.

177.

Marine passenger terminal.
Included are ferry terminals.

179.

Passenger Terminals not classified above.

170.

Passenger Terminals; insufficient information available to classify further.

18. Theaters, Studios.
181.

Legitimate theater.

Copyright 1996 NFPA

Included are combined live and movie theaters.
182.

Auditorium, concert hall.

183.

Motion-picture theater.
Excluded are drive-in theaters (184).

184.

Drive-in motion-picture theater.

185.

Radio, TV studio.

186.

Motion-picture studio.
Included are motion-picture making studios and editing areas.
Excluded are film processing facilities (797).

189.

Theaters, Studios not classified above.

180.

Theaters, Studios; insufficient information available to classify further.

10. Assembly Property: Unclassified.
109.

Assembly Property not classified above.

100.

Assembly Property; insufficient information available to classify further.

2. Educational Property.
Educational properties are those used for the gathering of groups of persons for purposes of
instruction such as schools, colleges, universities, and academies. Educational properties are
distinguished from public assembly properties in that the same occupants are present regularly, and
they are subject to discipline and control. Included are part-day nursery schools, kindergartens, and
other schools whose primary purpose is education. The occupants may or may not be able-bodied and
capable of self-determination.
Other properties associated with educational institutions are classified in accordance with their
actual use.
21. Nonresidential Schools.
All public, private, or parochial schools where students attend during the day only.
211.

Nursery school.
Schools for pre-kindergarten age children, operating 4 hours a day or less. If operating over
4 hours, classify as child day-care center (division 25).

212.

Kindergarten.
Schools for children in the grade before grade 1.

213.

Elementary school.

214.

Junior high school.

Copyright 1996 NFPA

Included are intermediate and middle schools.
215.

High school.

219.

Nonresidential Schools not classified above.

210.

Nonresidential Schools; insufficient information available to classify further.

22. Residential Schools.
All public, private, or parochial boarding schools, including such day student facilities as
may be present.
221.

Residential school classroom building.
Buildings containing classrooms.
Included are such laboratories, libraries, and offices as may be present. If one building
houses the entire school, the fire is classified by point of origin, that is, dormitory, office,
etc. Other buildings in a school property are classified as to their appropriate specific
property use.

229.

Residential Schools not classified above.

220.

Residential Schools; insufficient information available to classify further.

23. Trade, Business Schools other than High School or College.
231.

Vocational, trade school.

232.

Business school.

233.

Specialty school.

234.

Rehabilitation center where attendance is by choice.
Excluded are vocational rehabilitation centers where attendance is by direction (366).

239.

Trade, Business Schools other than High School or College not classified above.

230.

Trade, Business Schools other than High School or College; insufficient information
available to classify further.

24. Colleges, Universities.
241.

College classroom building.
Buildings containing classrooms used for higher education whether a college, university,
junior college, community college, or any other institution of higher learning.
Included are such incidental laboratories, libraries, and offices as may be present. If one
building houses the entire college, classify here. Other buildings in a college are classified
under the appropriate specific property use, such as dormitory, office, and the like.

249.

Colleges, Universities not classified above.
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240.

Colleges, Universities; insufficient information available to classify further.

25. Day-Care Facility.
A facility for the care, maintenance, and supervision of clients by other than their relative(s) or
legal guardian(s) for less than 24 hours per day.
251.

Day-Care Facility for up to 7 clients.

252.

Day-Care Facility for 7 to 12 clients.

253.

Day-Care Facility for over 12 clients.

259.

Day-Care Facility not classified above.

250.

Day-Care Facility; insufficient information to classify further.

20. Educational Property: Unclassified.
209.

Educational Property not classified above.

200.

Educational Property; insufficient information available to classify further.

3. Health Care and Detention and Correctional Property.
NOTE: Both health care and detention and correctional properties are classified in major division 3 because of the lack of
additional single digit numbers. The fire problems associated with these two different types of property use should be
analyzed separately.

Health care properties are those used for purposes such as medical or other treatment or care of
persons suffering from physical or mental illness, disease, or infirmity. Such buildings ordinarily
provide sleeping facilities for the occupants.
31. Nursing Home.
311.

Facilities, licensed by the state, providing 24-hour nursing care for 4 or more persons.
Included are licensed: nursing homes, long-term care facilities, intermediate care facilities
(ICF), skilled nursing facilities (SNF), and convalescent homes.

319.

Nursing home care not classified above (for facilities without 24-hour nursing staff, see
Section 47, Residential Board and Care).

310.

Nursing Home; insufficient information available to classify further.

32. Limited Care Facility.
Limited care facilities are used for the housing, on a 24-hour basis, of 4 or more persons who are
incapable of self-preservation because of age or physical limitations due to accident, illness, or mental
limitations.
321.

Mental retardation (MR)/development disability facility.
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322.

Alcohol or substances abuse center where individuals are incapable of self-preservation.

329.

Limited Care Facility not classified above.

320.

Limited Care Facility; insufficient information available to classify further.

33. Hospitals.
331.

Medical, psychiatric, pediatrics, or hospital type infirmary, including specialty hospitals,
accredited or licensed by a state.

332.

Hospices.
Included are facilities where the care and treatment of the terminally ill is provided on a
24-hour basis and is accredited or licensed by a state for such use.

339.

Hospital and hospital type facility not classified above.

330.

Hospital and hospital type facility; insufficient information available to classify further.

34. Ambulatory Care Facility.
Facilities used for health care that provide less than 24-hour service for 4 or more patients without
sleeping, generally on an out-patient basis. Treatment provided to patients may render them incapable
of self-preservation due to application of general anesthesia or requiring assistance from others due to
specified treatment.
341.

Clinic, including out-patient clinics and freestanding emergency medical facilities where 4
or more patients may be rendered incapable of self-preservation.

342.

Oral surgeon, dentist, or doctor’s office [for facilities with less than 4 patients incapable of
self-preservation, see medical office building (593)].

343.

Hemodialysis units.

349.

Ambulatory Care Facility not classified above.

340.

Ambulatory Care Facility; insufficient information to classify further.

35. Other Health Care Facility.
359.

Health Care Facility not classified above.

350.

Health Care Facility; insufficient information to classify further.

36. Care of the Physically Restrained.
361.

Prison, cell block for men.

362.

Prison, cell block for women.

363.

Juvenile detention home.

364.

Men’s detention camp.
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Minimum security type.
365.

Police station.

366.

Vocational rehabilitation center. |
Attendance by direction.
Excluded are rehabilitation centers where attendance is by choice (234).

369.

Care of the Physically Restrained not classified above.

360.

Care of the Physically Restrained; insufficient information available to classify further.

39. Other Detention and Correctional Facility.
399.

Detention and Correctional Facility not classified above.

390.

Detention and Correctional Facility; insufficient information to classify further.

4. Residential Property.
A residential property is one in which sleeping accommodations are provided for normal living
purposes and includes all buildings designed to provide sleeping accommodations except those
classified under Health Care and Detention and Correctional (major division 3).
Subdivisions of residential property used in this section are separated according to potential life
hazard. Popular names and legal definitions may be different from those given here. The categories
here, however, are significant from a fire and life protection standpoint.
CAUTION: Classify the property by its actual use according to the standard definitions given here, not
by what the property owner cares to call his or her building. Thus, a residential property called a
“hotel” on the sign over the door may not be a hotel by these definitions. From a fire standpoint it may
be an apartment (division 42), or a rooming house (division 43), depending upon its use.
There are two differences between categories of residential property to be considered when deciding
how to classify residential property:
(a) A separate and independent living unit for each person or group of related persons; or not.
(b) Kitchens in individual units; or not.
In residential structures falling between the categories given below, use the category appearing most
applicable.
41. One- and Two-Family Dwelling.
The following criteria typically apply to one- and two-family dwellings.
Separate living units — Yes
Kitchens in units — Yes
Included are private dwellings and duplexes each occupied by members of a single family group,
with rooms rented to no more than three outsiders per unit. If a separate business or other occupancy is
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contained in the building, the residential unit(s) is classified in division 42.
“Row houses,” “townhouses,” “garden apartments,” and other similar units regardless of local
terminology, are classified as dwellings (division 41) when one or two units are separated from the
adjoining units by fire division assemblies, and the one or two units are under their own roof.
A mobile home not in transit, and used as a dwelling, should be classified here and also as a “mobile
building” (subdivision 17) in “Mobile Property Type” (see 4-8.3). A travel trailer not in transit and
used as a dwelling should be classified here and also as a “travel trailer” (subdivision 15) in “Mobile
Property Type” (see 4-8.3).
A mobile home or travel trailer in transit should be classified using the appropriate classification in
major division 9 below and its type should be classified in “Mobile Property Type” (see 4-8.3). Fires in
these should be classified as vehicle fires when they are in transit.
Attached parking garages are included here unless separated from the dwelling by a fire division
assembly. Detached parking garages are classified in subdivision 881.
411.

One-family dwelling: year-round use.

412.

One-family dwelling: seasonal use.

413.

(This former subdivision is now included in subdivision 412.)

414.

Two-family dwelling: year-round use.

415.

Two-family dwelling: seasonal use.

416.

(This former subdivision is now included in subdivision 415).

419.

One- and Two-Family Dwelling not classified above.

410.

One- and Two-Family Dwelling; insufficient information available to classify further.

42. Apartments, Tenements, Flats.
The following criteria typically apply to apartments, tenements, or flats.
Separate living units — Yes
Kitchen in units — Yes
This division includes quarters for families living independently of each other, and with kitchen
facilities in individual units, whether designated as “apartment house,” “garden apartment,”
“tenement,” “condominium apartment,” “flat,” or by any other name.
Regardless of local terminology, living units are classified here when three or more units are located
within common fire division walls and the units are under a common roof or have a common basement.
An apartment in a building with a separate store, office, or other business is identified here and also
as a “Business with Residential” in General Property Use (see 4-6.2).
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421.

1 or 2 living units with business.
Excluded are one or two living units without business, which are classified as dwellings
(division 41).

422.

3 through 6 units.

423.

7 through 8 units.

424.

9 through 10 units.

425.

11 through 12 units.

426.

13 through 14 units.

427.

15 through 20 units.

428.

Over 20 units.

429.

Apartments, Tenements, Flats not classified above.

420.

Apartments, Tenements, Flats; insufficient information available to classify further.

43. Rooming, Boarding, Lodging Houses.
The following criteria typically apply to rooming, boarding, or lodging houses.
Separate living units — Yes
Kitchens in units — No
This division includes living quarters in which separate sleeping rooms are rented, with sleeping
accommodations for a total of not more than 16 persons, on either a transient or permanent basis, with
or without meals, but without separate cooking facilities for individual occupants.
Halfway houses or group care homes can be classified here if all persons are certified by mental or
health authorities as capable of self-help under emergency conditions.
Where rooms are rented for one to three persons, classify in division 41. Where rooms are rented for
more than 16 persons, classify in division 44 or division 46.
431.

4 to 8 roomers or boarders.

432.

9 to 16 roomers or boarders.

439.

Rooming, Boarding, Lodging Houses not classified above.

430.

Rooming, Boarding, Lodging Houses; insufficient information available to classify further.

44. Hotels, Motels, Inns, Lodges.
The following criteria typically apply to hotels, motels, inns, or lodges.
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Separate living units — Yes
Kitchens in units — Either
This division includes living quarters in which there are sleeping accommodations for hire for more
than 16 persons, primarily used by transients, lodged with or without meals, but without separate
cooking facilities in each unit, whether designated as a “hotel,” “motel,” “club,” “apartment hotel,”
“YMCA,” “lodge,” or by any other name. Included are dormitories for transient occupants.
Facilities for 16 or less persons are classified in division 43.
441.

Less than 20 units: year-round use.

442.

Less than 20 units: seasonal use.

443.

20 to 99 units: year-round use.

444.

20 to 99 units: seasonal use.

445.

100 or more units: year-round use.

446.

100 or more units: seasonal use.

449.

Hotels, Motels, Inns, Lodges not classified above.

440.

Hotels, Motels, Inns, Lodges; insufficient information available to classify further.

45. Residential Board and Care.
“Personal care” means protective care of a resident who does not require chronic or convalescent
medical or nursing care. Personal care involves responsibility for the safety of the resident when in the
building. Protective care may include a daily awareness by the management of the resident’s
functioning and his or her whereabouts, the arrangement of appointments and reminders of
appointments for a resident, the ability and readiness to intervene if a crisis arises for a resident,
supervision in areas of nutrition and medication, and actual provision of transient medical care.
Facilities for 3 or less persons would be classified in division 41 or 42 as appropriate.
451.

Residential Board and Care for 4 to 16 persons.

452.

Residential Board and Care for more than 16 persons.

459.

Residential Board and Care not classified above.

450.

Residential Board and Care; insufficient information available to classify further.

46. Dormitories.
The following criteria typically apply to dormitories.
Separate living units — Either
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Kitchens in units — No
This division includes living quarters provided for more than 16 persons for an extended period, for
persons not members of the same family group, in one room or a series of closely associated rooms,
under joint occupancy and single management, with or without meals. Use division 44 for dormitories
with transient occupants.
Facilities for 16 or less persons are classified in division 43.
461.

School, college, university dormitory.

462.

Fraternity, sorority house.

463.

Nurses’ quarters.

464.

Military barracks.

465.

Convent, monastery, other religious dormitory.

466.

Bunk house, workers’ barracks.

469.

Dormitories not classified above.

460.

Dormitories; insufficient information available to classify further.

47. This former division is now included in division 41.
48. This former division is now included in division 44.
49. Other Residential Occupancies.
491.

Children’s playhouse.

492.

Outdoor sleeping quarters.
Included are tents.

499.

Other Residential Occupancies not classified above.

490.

Other Residential Occupancies; insufficient information available to classify further.

40. Residential Property: Unclassified.
409.

Residential Property not classified above.

400.

Residential Property; insufficient information available to classify further.

5. Mercantile, Business Property.
Mercantile properties include all markets and other areas, buildings, or structures for the display,
sale, repair, or service of merchandise, new or used, purchased or rented. Mercantile or store properties
generally have a capacity for a large number of people and usually have a display and sales area that is
large in relation to the storage area.

Copyright 1996 NFPA

Business properties are those principally used for the transaction of business and the keeping of
private or public records.
51. Food, Beverage Sales.
Sale of food and beverage for consumption on the premises is classified in division 16, Eating,
Drinking Places.
511

Supermarket.
Supermarkets that sell a broad line of food items as well as some nonfood items and cover
over 930 m2 (10,000 ft2) in total area.

512

Market, grocery store.
Markets and grocery stores that sell a broad line of food items as well as some nonfood items
and cover less than 930 m2 (10,000 ft2) in total area.

513

Specialty food store.
Specialty food stores that specialize in a few basic food items and may have supplementary
items for customer convenience.
Included are meat, fish, candy, bakery, gourmet shops, and roadside farm produce stands and
counters.
Excluded are liquor, beverage stores (514), creamery, dairy stores (515), and delicatessens
(516).

514

Liquor, beverage store.

515

Creamery, dairy store.

516

Delicatessen.
Sale of prepared foods mainly for consumption off the premises.
Included are pick-up and carry-out services.
Excluded are drive-in type restaurants (164).

519

Food, Beverage Sales not classified above.

510

Food, Beverage Sales; insufficient information available to classify further.

52. Textile, Wearing Apparel Sales.
521

Clothing store.
Sale of wearing apparel, whether new or used, and clothing rental shops.
Included are sales of accessories incidental to clothing sale.
Excluded are shoe stores (522) and fur stores (525).

522

Clothing accessories, shoe store.
Shops specializing in clothing accessories, whether new, used, or rented.
Included are tie, shoe, shirt, and hat stores.

523

Shoe repair shop.
Repair of boots and shoes (cobbling).
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Included are repairers who also make footwear and shining stands and shops.
524

Tailor, dressmaking shop.
Included are stores specializing in alterations to ready-made wear.

525

Fur store.
Stores specializing in fur sales.
Excluded are fur departments of stores with a broad line of clothing goods (521) and the
storage of fur garments (828).

526

Dry goods store.
Included are all sales of dry goods, yard goods, and piece goods.
Excluded are clothing stores (521), clothing accessories stores (522), and rug or carpet sales
(536).

529

Textile, Wearing Apparel Sales not classified above.

520

Textile, Wearing Apparel Sales; insufficient information available to classify further.

53. Household Goods Sales, Repairs.
Sale of common items used principally to equip and maintain the home.
531

Furniture store.
Included are sales of all new and used furniture, office furniture, and large non-desktop
equipment, such as water coolers.
Excluded are office supply and desktop office equipment sales (541), and furniture
departments of large multi-department stores (581).

532

Appliance store.
Included are those stores principally selling major and minor appliances with or without
associated repair departments.
Excluded are appliance repair shops without sales (538).

533

Hardware store.
Included are sales of tools and associated equipment, parts, and retail plumbing supplies.

534

Music or video store.
Included are the sale or rental of records, sheet music, video tapes, compact and laser discs,
pianos, organs, and other musical instruments, and associated listening and teaching facilities.

535

Wallpaper, paint store.
Included are sales of wall coverings and decorating materials and sale or rental of associated
tools and equipment.

536

Rug, floor covering store.
Included are the sale or rental of rugs, carpets, and floor coverings, and sale or rental of
associated tools and equipment.

537

Furniture repair shop.
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Included are shops for repair of furniture and upholstery without sales.
Excluded are repairs with sales (531).
538

Appliance repair shop.
Included are shops for repair of appliances without sales.
Excluded are repairs with sales (532).

539

Household Goods Sales, Repairs not classified above.

530

Household Goods Sales, Repairs; insufficient information available to classify further.

54. Specialty Shops.
Sale of material commonly used in the home.
541

Book, stationery store.
Included are sales of new or used books, office supplies, and desktop office equipment.
Excluded are sales of larger office equipment and office furniture (531).

542

Newsstand, tobacco shop.

543

Drug store.
Usually has a pharmacist on duty.
Excluded are drug stores that are chiefly variety stores (582 or 583).

544

Gift, jewelry store.
Included are sales of glassware, china, and silver and the repair of jewelry and watches.

545

Electronic specialty store.
Included are sales of radios, CBs, computers, televisions, video recording equipment, hi-fis,
and related components.
Excluded are the sales and rental of video tapes or compact discs (534).

546

Leather goods shop.
Included are the sale of leather goods, and luggage of all types and from all materials.
Excluded are shoe stores (522).

547

Florist shop, greenhouse.
Included are florist shops for the sale of flowers (artificial or natural), greenhouses, and
flower raising operations.
Excluded are garden shops (554).

548

Optical goods sales.
Included are opticians, eyeglass fitting and grinding.

549

Specialty Shops not classified above.

540

Specialty Shops; insufficient information available to classify further.
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55. Recreation, Hobby, or Home Repair Supply Sales, Personal Services.
The sale and processing of material used in hobbies, sports, and recreation activities and personal
service.
Excluded are record shops and video stores (534).
551

Hobby, toy shop.
Included are the sale of toys and hobby supplies.
Excluded are art supplies (563), sporting goods (552), and photographic goods (553).

552

Sporting goods store.
Included are the sale of firearms, ammunition, tents, and other material for use in all sporting
and athletic activities.
Excluded are sportswear shops (521).

553

Photographic supply sales, still-picture studio.
Included is the sale of photographic equipment.
Excluded are motion-picture studios (186) and plant processing of film (797).

554

Garden supply store.
Included are the retail sale of equipment, seeds, fertilizer for home or garden use, and sale or
rental of snow blowers, lawn sweepers, and other home maintenance machines.

555

Retail lumber sales.
Lumber distribution centers.
Included are incidental sales of related home repair supplies.
Excluded are lumberyards used principally for storage (851).

556

Pet store, animal hospital.
Sale of pets, animal and pet supplies.
Included are animal hospitals and care centers.

557

Barber, beauty shop.

558

Fireworks sales.
Included are retail fireworks sales from temporary or permanent locations.

559

Recreation, Hobby, or Home Repair Supply Sales, Personal Services not classified above.

550

Recreation, Hobby, or Home Repair Supply Sales, Personal Services; insufficient
information available to classify further.

56. Professional Supplies, Services.
561

Professional supply sales.
Included are the sale of stethoscopes, hospital supplies, special tools, engineering
instruments, and other professional supplies.

562

Trade supply sales.
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Included are the sale of machinists’ supplies, plumbers’ tools, and carpenters’ equipment.
563

Art supply sales.

564

Self-service laundry, dry cleaning.

565

Linen supply house.

566

Laundry, dry cleaner pickup shop.
Shops for pickup of laundry and cleaning with little or no processing on the premises, other
than pressing.

567

Home maintenance services.
Included are firms doing home maintenance work such as floor cleaning, window washing,
chimney cleaning, and exterminating.

568

Restaurant supplies, services.

569

Professional Supplies, Services not classified above.

560

Professional Supplies, Services; insufficient information available to classify further.

57. Motor Vehicle or Boat Sales, Services.
571

Public service station.
Fuel service facilities for motor vehicles operated for the public, such as gasoline service
stations, diesel fuel stations, and LP-Gas stations, with associated lubritorium and wash
facilities. Included are service station islands.
Excluded are marine service facilities (577).

572

Private service station.
Private or fleet vehicle refueling where employees may fuel the vehicle themselves, such as
at a transit company garage, a trucking company yard, or a farm.

573

Motor vehicle repair, paint shop.
Repair of automobiles or motor trucks and shops doing specialized repair work to motor
vehicles such as repair of auto tops, hoods, or electrical systems.
Excluded are car washing facilities (578).

574

Motor vehicle, trailer sales.
Included are the sale of farm implements and motorcycles.

575

Motor vehicle accessory sales.
Sale of accessories for motor vehicles such as lights, tires, parts, and special tools.

576

Boat, pleasure-craft sales.
Sale of boats, marine vessels, outboard motors, and accessories.
Excluded are incidental sales at boat storage facilities (885) and boat repair yards (782).

577

Marine service station.
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Refueling facilities for marine vessels of any size.
578

Car washing facility.

579

Motor Vehicle or Boat Sales, Services not classified above.

570

Motor Vehicle or Boat Sales, Services; insufficient information available to classify further.

58. General Item Stores.
Included are stores selling a wide range of items that cannot be readily classified in previous
subdivisions.
581.

Department store.
A store with many separate lines of goods, but to be classified here the store must have a full
furniture department.

582.

Small variety store.
A store of less than 930 m2 (10,000 ft2) with a wide range of goods but no furniture
department.
Included are Army-Navy stores, “5 and 10 cent stores,” second-hand stores, and surplus
stores.

583.

Large variety store.
A store of 930 m2 (10,000 ft2) or over with a wide range of goods but no furniture
department. Merchandise is usually displayed as in a supermarket, and stores are usually
self-service with check-out counters.

584.

Mail order store.
Mail order and catalogue stores with display area regardless of size. Use subdivision 581
when applicable and when the mail order section is a small section of the larger store.

585.

Mall.
Included are only the areas common to a multistore facility.

589.

General Item Stores not classified above.

580.

General Item Stores; insufficient information available to classify further.

59. Offices.
Office properties are those used for the transaction of business, for the keeping of accounts and
records, and for similar purposes. Included are buildings housing business, administrative,
professional, or regulatory functions; doctors’ and dentists’ offices, unless of such character as to be
classified as hospitals; service facilities usual to office buildings; and municipal office buildings, as
their principal function is the transaction of the public business and the keeping of books and records.
Minor office occupancy incidental to operations in another property shall be considered part of the
predominating property.
591.

General business office.
Copyright 1996 NFPA

Office buildings for the administration of industrial and business enterprises whether at the
plant or located elsewhere.
Included are offices of insurance carriers, consultants, and adjusting agencies; real estate
operators, developers, and agents; lawyers, advocates, and solicitors; importers, exporters,
manufacturers’ agents, commodity brokers; trade associations, chambers of commerce,
professional societies; labor organizations; religious organizations; local and county
government offices; state or provincial government offices; central government offices;
offices of the armed forces and defense agencies; and savings and loan companies without
first-story banking premises.
592.

Bank, with first-story banking facilities.
Excluded are savings and loan companies without first-story banking premises (591).

593.

Medical, research, scientific office.
Included are surgical, dental, health service offices; out-patient clinics; offices of nurses and
midwives; consulting rooms or offices of physicians, surgeons, and other medical
practitioners; offices primarily engaged in research; and offices at meteorological institutes.
Excluded are laboratories classified in division 62 and offices that provide treatment for four
or more patients that may render them incapable of self-preservation due to application of
general anesthesia or requiring assistance from others due to specified treatment (342).

594.

Engineering, architectural, technical office.
Included are surveying and scientific engineering development offices, and permanent office
buildings of a contractor.
Excluded are contractors’ job-site-located offices (591) and tool or parts storage (808).

595.

Mailing firm.

596.

Post office.

599.

Offices not classified above.

590.

Offices; insufficient information available to classify further.

50. Mercantile, Business Property: Unclassified.
509.

Mercantile, Business Property not classified above.

500.

Mercantile, Business Property; insufficient information available to classify further.

6. Basic Industry, Utility, Defense, Agriculture Property.
Included are agriculture, forestry, the extractive and mining industries, mineral products, utilities,
laboratories, nuclear plants, and communication facilities; and national defense sites, since they depend
so heavily on communications.
61. Nucleonics, Energy Production.
611.

Radioactive material working.
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Included are plants manufacturing fuel elements or involved with radioactive waste disposal,
and plants processing or producing uranium, radium, thorium, heavy water, or plutonium.
612.

Nuclear ordnance plant.
Included are bomb assembly plants.

613.

Nuclear energy plant.
Production of energy for power purposes.
Included is the generation of electricity if an integral part of the nuclear plant.

614.

Steam, heat energy plant.
Creation of heat and steam from any fuel except nuclear.
Included are integral boiler-turbine-generator units driven by non nuclear fuels.

615.

Electric generating plant.
Generation of electric energy.
Included are locations producing electricity for public use, for rail transport use, for groups
of factories, and for individual properties.
Excluded are the energy sources (613 or 614) unless they are integral units.

616.

Gas manufacturing plant.
Manufacture of gas in gas works, including peak shaving gas plants.

619.

Nucleonics, Energy Production not classified above.

610.

Nucleonics, Energy Production; insufficient information available to classify further.

62. Laboratories.
Included are classrooms and offices incidental to laboratory facilities. Minor laboratory areas
incidental to operations in another property shall be considered part of the predominating property.
621.

Chemical, medical laboratory.
Included are biological laboratories.

622.

Physical materials testing laboratory.
Included are all laboratories for testing physical properties of materials, hydraulic
laboratories, physics laboratories, and physical materials laboratories.

623.

Personnel, psychological laboratory.
Included are laboratories for the testing and measuring of persons, and educational
laboratories.

624.

Radioactive materials laboratory.
Any laboratory handling or using radioactive material in a quantity requiring marking.

625.

Electrical, electronic laboratory.

626.

Agricultural laboratory.
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627.

General research laboratory.

629.

Laboratories not classified above.

620.

Laboratories; insufficient information available to classify further.

63. Communications, Defense, Document Facilities.
Critical areas where security must be maintained in order to assure national, business, or public
safety continuity.
631.

National defense site not elsewhere classified.
Included are missile or space vehicle launch sites.
Excluded are radio and radar sites (632). The missiles or vehicles, themselves, are classified
under “Mobile Property Type” (see 4-8.3).

632.

Radio, radar site.
Included are microwave transmitter sites, flight control facilities, satellite tracking stations,
and repeater sites.
Excluded are fire, police, and industrial communication centers (633).

633.

Fire, police, industrial communications center.
Included are municipal, county, state, and province emergency communications facilities,
such as fire control centers, police control centers, disaster control facilities, and all auxiliary
equipment locations; and industrial communications centers.

634.

Telephone exchange, central office.
Included are communications cable sites with the associated repeater and terminal facilities.

635.

Computer, data-processing center.

636.

Document center, record repository.

639.

Communications, Defense, Document Facilities not classified above.

630.

Communications, Defense, Document Facilities; insufficient information available to classify
further.

64. Utility, Energy Distribution Systems.
641.

(This former subdivision is now included in division 61.)

642.

Electric transmission, distribution system.
Distribution of electricity outside generating plant premises.
Included are substations, transformers, and utility poles.

643.

(This former subdivision is now subdivision 616.)

644.

Gas distribution system, pipeline.
Piping systems and associated equipment for the distribution of gas fuels from manufacturing
plants, storage facilities, or wells to the user.
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Included are transmission lines, compressors, and distribution piping.
645.

Flammable liquid distribution system, pipeline.
Piping systems and associated equipment for the distribution of flammable liquid from
manufacturing plants, storage facilities, or wells to the user.

646.

Steam, heat distribution system.
Distribution of steam, hot water, hot chemicals, and hot oils, for heating and power purposes.
Included are “district heating” systems.

647.

Water supply system.
Collection, treatment, storage, and distribution of water.

648.

Sanitary service.
Garbage and sewage disposal.
Included are sewer systems, commercial incinerators, and industrial rubbish burners.
Excluded are dumps (division 91).

649.

Utility, Energy Distribution Systems not classified above.

640.

Utility, Energy Distribution Systems; insufficient information available to classify further.

65. Agriculture.
Production of raw agricultural products and farming. Processing and working of products is classified
elsewhere.
651.

Livestock production.
Included are milking facilities, poultry and egg production, and other livestock (including
exotics) production.
Excluded are meat and milk processing plants (711 and 712).

652.

Not used in this edition.

653.

Not used in this edition.

654.

Not used in this edition.

655.

Crops, orchards.
Included is improved fenced pasture land.

656.

Curing and drying facility for agricultural products.

657.

Fruit, vegetable packing.
Packing of raw fruit and vegetables as picked.
Excluded are fruit and vegetable processing plants (713).

659.

Agriculture not classified above.

Copyright 1996 NFPA

650.

Agriculture; insufficient information available to classify further.

66. Forests, Hunting, Fishing.
661.

Forest, standing timber without logging operations.
Included are wildlife preserves; timber tracts where planting, replanting, and conservation of
forests are conducted; areas where uncultivated materials, such as gums and resin, wild
rubber, saps, barks, wild fruits and flowers, and roots are gathered; and facilities where
extracting, concentrating, and distilling of sap, and charcoal burning are carried on when
located in the forest.

662.

Forest, standing timber with logging operation.
Included are land areas where there is felling and rough cutting of trees, hewing or rough
shaping of poles, blocks, and other wood materials; and timber and log piles in the forest.
Excluded are sawmills operating in the forest (751).

663.

Hunting, trapping, game propagation.
Included are areas where hunting, trapping, and game propagation of wild animals is
conducted for commercial purposes not connected with sport.

664.

Not used in this edition.

665.

Fish hatchery.

666.

Wood-chip pile.

669.

Forests, Hunting, Fishing not classified above.

660.

Forests, Hunting, Fishing; insufficient information available to classify further.

67. Mining, Quarrying of Natural Raw Materials.
Underground and surface mines, quarries, and oil wells.
Included are supplemental on-site machinery, prospecting for minerals, and preparing sites for
extraction. Quarries and mines attached to other properties are, as far as possible, classified in this
division.
671.

Coal mine.

672.

Ore mine.

673.

Ore concentration plant.

674.

Petroleum, natural gas well with accompanying reservoir.
Oil and gas producing property, oil well and natural gas well operations.
Included are prospecting and drilling, oil shale or bituminous sand operations, and extraction
of crude oil.
Excluded are pipeline operations (644 and 645).

Copyright 1996 NFPA

675.

Stone, slate, clay, gravel, sand quarries, pits.
The extraction of building and monumental stone or slate; ceramic, refractory, and other
clay; and all sand and gravel.

676.

Salt mine.
The extracting and quarrying of salt.
Included are evaporating in salt pans, crushing, screening, and refining.
Excluded are the refinement of salt for human consumption in establishments not engaged in
extracting or quarrying salt (719).

677.

Chemical, fertilizer, mineral mine.
The mining and quarrying of phosphate and nitrate minerals, fluorspar, sulfur ores and
natural sulfur, potash, sodium and borate minerals, borites, pyrites, arsenic, strontium and
lithium minerals, and mineral pigments.
Included are guano gathering operations.

678.

Nonmetallic mineral mine, quarry.
All other nonmetallic mining and quarrying, such as asbestos.
Included are areas where peat is cut and dug.

679.

Mining, Quarrying of Natural Raw Materials not classified above.

670.

Mining, Quarrying of Natural Raw Materials; insufficient information available to classify
further.

68. Nonmetallic Mineral, Mineral Products Manufacture.
Manufacture of clay products; glass and glass products; pottery, china, and earthenware; cement,
concrete products, and other nonmetallic mineral products. Coal and petroleum are classified in
division 67.
681.

Structural clay products manufacture.
Manufacture of structural clay products such as bricks, tiles, pipes, crucibles, architectural
terra cotta; stove lining, chimney pipes and tops; and refractories.

682.

Glass manufacture, excluding containers.
Manufacture of all glass and glass products except glass containers.
Included are the manufacture of optical glasses and glass fiber.
Excluded are the grinding of lenses (792 or 548) and glass container manufacturing (683).

683.

Glass container manufacture.

684.

Pottery, china, earthenware manufacture.

685.

Cement manufacture.

686.

Concrete batch plant.

687.

Abrasives manufacture.
Included are the shaping of natural abrasives into grindstones, coating cloth and paper with
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abrasives, and making abrasive bonded wheels and disks.
688.

Nonmetallic mineral product manufacture.
Manufacture of concrete, gypsum and plaster products, asbestos, mineral wool, cut-stone and
stone products, and all other nonmetallic mineral products.

689.

Nonmetallic Mineral, Mineral Products Manufacture not classified above.

680.

Nonmetallic Mineral, Mineral Products Manufacture; insufficient information available to
classify further.

60. Basic Industry, Utility, Defense, Agriculture Property: Unclassified.
609.

Basic Industry, Utility, Defense, Agriculture Property not classified above.

600.

Basic Industry, Utility, Defense, Agriculture Property; insufficient information available to
classify further.

7. Manufacturing Property.
This major division includes properties where there is mechanical or chemical transformation of
inorganic or organic substances into new products, whether the work is performed by power-driven
machines or by hand, whether it is done in a factory or in the worker’s home, and whether the products
are sold at wholesale or retail. The assembly of component parts of manufactured products is part of
manufacture.
Included are factories making products of all kinds and properties devoted to operations such as
processing, assembling, mixing, packing, finishing or decorating, repairing, and similar operations. For
mineral processing, use division 68.
71. Food Industries.
711.

Slaughtering, preparation, preserving of meat.
Included are processing and packing activities such as curing, smoking, salting, pickling,
packing in airtight containers, and quick-freezing, as well as manufacture of natural sausage
casing and the rendering of lard and other edible animal fats.
Excluded are canning and processing of fish and seafood (714).

712.

Dairy processing and manufacture.
Manufacture of cream and butter, natural and processed cheese, condensed and other types of
concentrated milk, ice cream, and ices, powdered milk, and other edible milk products.
Included are the pasteurizing and bottling of milk.

713.

Canning, preserving of fruits, vegetables.
Canning (packing in airtight containers) of fruits and vegetables including fruit and vegetable
juices; manufacture of raisins and dried fruits, preserves, jams and jellies, pickles and sauces,
and canned soups.
Included are dehydration and quick-freezing.

714.

Canning, preserving of fish, seafood.
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Preserving and processing fish and other marine foods.
Included are such operations as salting, drying, dehydrating, smoking, curing, cooling,
pickling, packing in airtight containers, and quick-freezing.
Excluded are icing, salting, filleting of fish catch, and processing of the catch aboard fishing
vessels (mobile property type 48).
715.

Manufacture of grain mill products.
Grain mills (flour, meal, dry feeds); husking, cleaning, and polishing of rice; preparation of
breakfast foods such as rolled oats, rice, wheat and corn flakes, parched grain; prepared feeds
for animals and fowl; blended and prepared flour, and other cereal and pulse preparations.
Included are coffee, pulse, root peeling mills, and starch and its products.

716.

Bakery product manufacture.
Manufacture of bread, cakes, cookies, doughnuts, pies, pastries, and similar “perishable”
bakery products; biscuits and similar “dry” bakery products and pasta products.
Excluded are breakfast foods (715).

717.

Sugar refining, confectionery manufacture.
Manufacture and refining of raw sugar, syrup, and granulated or clarified sugar from sugar
cane or sugar beets.
Manufacture of cocoa and chocolate powder from beans, chocolates, all types of
confectionery.

718.

Snack foods manufacture.
Potato chips and other products of deep-fat frying.

719.

Food Industries not classified above.
Included are the manufacture of baking powder and yeast; condiments, mustard, and vinegar;
food specialties; egg specialties; spice grinding; processing of tea leaves into black tea;
edible salt refining; harvesting and the manufacture of ice, except dry ice; and commercial
kitchen with meal preparation for off-premises consumption (as in catering
businesses).
Excluded is the manufacture of dry ice (761).

710.

Food Industries; insufficient information available to classify further.

72. Beverages, Tobacco, Essential Oils.
721.

Distilling, rectifying, blending spirits.
Included are the distilling of ethyl alcohol for all purposes and the distilling, rectifying, and
blending of alcoholic liquors.

722.

Wines, winery.
Production of wines, cider, and other fermented beverages except malt liquors.

723.

Brewery, manufacture of malt.
The production of malt and malt liquors.
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724.

Soft drink, carbonated water industry.
Manufacture of nonalcoholic beverages, such as soft drinks and carbonated mineral waters.
Included are the incidental manufacture of flavoring extracts and syrups.
Excluded is the manufacture of syrup alone (717).

725.

Tobacco products manufacture.
Included are stemming, redrying, and other operations after auctioning that are connected
with preparing raw-leaf tobacco for manufacturing.
Excluded are tobacco drying/curing sheds (656).

726.

Vegetable and animal oil, fat; soap making.
Production of crude oil, cake, and meal by crushing or extraction, from oilseeds and nuts; the
extraction of fish and other marine animal oils; the rendering of inedible animal oils and fats;
manufacture of margarine; and the refining and hydrogenation (or hardening) of oils and fats.
Manufacture of soaps, detergents, and other washing and cleaning compounds, except where
the process is chemical only, not involving oil or fat from livestock.
Excluded are the manufacture of lard and other edible fats (711) and butter (712).

729.

Beverages, Tobacco, Essential Oils not classified above.

720.

Beverages, Tobacco, Essential Oils; insufficient information available to classify further.

73. Textiles.
731.

Cotton gin.

732.

Cotton spinning, weaving.
Preparing cotton fibers, such as picking, carding, combing, carbonizing, spinning, and
weaving of yarns and fabrics.
Manufacture of narrow fabrics and other small wares; carpets and rugs; and lace, braids, and
other primary textiles.
Excluded are spinning and weaving of asbestos (688).

733.

Wool or worsted spinning, weaving.
Preparing wool and worsted fibers, such as scouring, carding, combing, carbonizing,
spinning, and weaving of yarns and fabrics. Manufacture of narrow fabrics and other small
wares; carpets and rugs; and lace, braids, and other primary textiles.
Excluded are spinning and weaving of asbestos (688).

734.

Mixed, blended, other fibers.
Spinning, weaving, preparing mixed, blended, and other fibers such as flax, hemp, jute, silk,
sisal, and synthetic fibers such as retting, scutching, scouring, carding, combing, carbonizing,
throwing, spinning, and weaving. Manufacture of narrow fabrics and other small wares;
carpets and rugs; and lace, braid, yarn, and other primary textiles.
Excluded are spinning and weaving of asbestos (688).

735.

Textile finishing plant.
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Bleaching, dyeing, printing, and finishing of all fabrics and fibers.
736.

Knitting mills for all fibers.
Included are mills engaged in producing hosiery, outerwear, underwear, and other knitwear.
Excluded are the making of garments from knitted fabrics other than in knitting mills (742).

737.

Cordage, rope, twine, net manufacture.
Manufacture of rope, cable, cordage, twine, net, and other related goods from hemp, jute,
cotton, paper, straw, coir, flax, and other fibers.

738.

Floor covering, coated fabric manufacture, excluding rubber.
Manufacture of linoleum and other hard surfaced floor coverings, artificial leather, oilcloth,
and impregnated and coated fabrics.
Excluded are the manufacture of rubber tile (747) and clay tile (68l).

739.

Textiles not classified above.
Included are the manufacture of straw, coir, and similar matting and mats; felt by processes
other than weaving; batting, padding, wadding, and upholstery filling from all fibers; the
recovery of fibers from waste and rags.
Excluded are the manufacture of wood-excelsior upholstery filling (751).

730.

Textiles; insufficient information available to classify further.

74. Footwear, Wearing Apparel, Leather, Rubber.
741.

Footwear manufacture.
Manufacture of all kinds of footwear, boots, shoes, cut stock, findings, leggings, and gaiters
from leather, fabrics, plastics, wood, and other materials.
Excluded are vulcanized footwear (747) and repair shops that make footwear on a custom
basis (523).

742.

Wearing apparel manufacture, excluding footwear.
Manufacture of wearing apparel by cutting and sewing fabrics, leather, fur, and other
materials; the making of hat bodies, hats, and millinery; and the manufacture of umbrellas
and walking sticks.
Excluded are the repair of wearing apparel in connection with the cleaning and pressing of
these articles (796), tailoring and dressmaking (524), and shoe repair (523).

743.

Made-up textile goods manufacture, excluding wearing apparel.
Manufacturers who do no weaving and primarily engage in making up cloth goods such as
house furnishings, trimmings of fabric, embroideries, and pennants.
Included are stitching, pleating, and tucking for the trade.

744.

Tanneries, leather finishing.
Included are currying, finishing, embossing, and japanning of leather.

745.

Fur products manufacture, excluding wearing apparel.
Included are scraping, currying, tanning, bleaching, and dyeing of fur and other pelts; the
Copyright 1996 NFPA

manufacture of fur and skin rugs and mats, hatter’s fur, and other fur, and skin articles; and
fellmongery.
Excluded are wearing apparel items manufactured from fur products (742).
746.

Leather products manufacture, excluding footwear, wearing apparel.
Manufacture of leather products and articles made of leather, and products and articles made
of leather and leather substitutes, such as leather sporting goods.
Excluded are the manufacture of wooden saddlery (753), the manufacture of footwear (741),
and the manufacture of wearing apparel (742).

747.

Rubber, rubber products manufacture.
Manufacture of natural or synthetic rubber and all kinds of rubber products. The reclaiming
of rubber from used tires, scrap, and miscellaneous waste rubber.

749.

Footwear, Wearing Apparel, Leather, Rubber not classified above.

740.

Footwear, Wearing Apparel, Leather, Rubber; insufficient information available to classify
further.

75. Wood, Furniture, Paper, Printing.
751.

Sawmill, planing mill, wood products mill.
Manufacture of lumber products; wooden building materials and prefabricated parts and
structures; cooperage and other wood stock; veneers and plywood; and excelsior.
Included are areas doing preservation of wood; and sawmills and planing mills, whether or
not mobile or operated in the forest.
Excluded are the hewing and rough shaping of poles and other wood materials in the forest
(662), and the manufacture of camping trailers and motor homes (784).

752.

Manufacture and assembly of mobile and modular buildings.
Included are manufacture of mobile homes.

753.

Wood, cane, cork products manufacture.
Included are manufacture of boxes, crates, drums, barrels, and other wooden containers;
baskets and other rattan, reed, or willow containers; and small ware made entirely or mainly
of wood, rattan, reed, willow, cane, or cork.

754.

Furniture, fixture, bedding manufacture.
Manufacture of household, office, restaurant, public building, and professional furniture;
bedding and upholstery; office and store fittings and fixtures regardless of the materials used.
Excluded are the manufacture of special medical furniture, equipment, fixtures, and
machines (791).

755.

Paper, pulp, paperboard manufacture.
Manufacture of pulp from wood, rags, and other fibers; and of paper, paperboard, insulation
board, and fiber building paper.
Included are the coating, glazing, and laminating of paper and paperboard.
Excluded are the manufacture of asphalt and tar-saturated paper (768), abrasive paper (687),
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sensitized paper (792), and carbon and stencil paper (799).
756.

Paper, pulp, paperboard products manufacture.
Manufacture of pressed and molded pulp goods and articles made of paperboard.

757.

Newspaper or magazine printing, publishing.
Printing, lithographing, and publishing newspapers, periodicals, magazines, trade journals,
reviews, and related services.

758.

Printing, publishing, allied industry.
Included are commercial or job printing, lithographing, silk-screen printing; manufacture of
greeting cards; looseleaf devices, library binders, bookbinding; blank book making, paper
ruling; and other work related to bookbinding such as bronzing, gilding, and edging; mat and
mounting; services for the printing trades such as typesetting, engraving, and etching steel
and copper plates; making woodcuts; photoengraving; electrotyping and stereotyping.
Excluded are type foundries (773) and engraving on precious metals (794).

759.

Wood, Furniture, Paper, Printing not classified above.

750.

Wood, Furniture, Paper, Printing; insufficient information available to classify further.

76. Chemical, Plastic, Petroleum.
For the purpose of this classification, a chemical is a material that has had or will have a controlled
change in the molecular structure or composition, not involving polymerization; while a plastic is a
material whose molecule has been polymerized. Use division 61 for heavy water or for nuclear changes.
761.

Industrial chemical manufacture.
Manufacture of industrial organic and inorganic chemicals and industrial gases.
Included are dry ice manufacturing plants.
Excluded are all monomers and plastics plants (763).

762.

Hazardous chemical manufacture.
Manufacture of materials requiring special handling in manufacture, shipment, storage, or use.
Included are explosives, blasting agents, fireworks, matches, unstable rocket propellants,
pyroxylin (cellulose nitrate) plastics, hazardous monomers, and organic peroxides.
Excluded are the manufacture and handling of nuclear materials (611).

763.

Plastic manufacture.
Manufacture of raw materials for plastics except those included in 762, and of synthetic resins,
plastics, and elastomers.

764.

Plastic product manufacture.
Included are facilities making plastic furnishing, housings, enclosures, covers, linings, and
machine parts whether by molding, extruding, or any other method.

765.

Paint, varnish, lacquer, ink, wax, adhesive manufacture.
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Included are the manufacture of varnish stains and shellac, enamels, japans, polishes, and
gelatin.
766.

Drug, cosmetic, pharmaceutical manufacture.
Manufacture of drugs, medicinal and pharmaceutical preparations, perfumes, cosmetics, and
other toilet preparations.

767.

Petroleum refinery, natural gas plant.
Included are the manufacture of petrochemicals, producing products from crude petroleum and
its fractionation products including asphalt, the manufacture of petroleum and petroleum
products from coal and other materials, including blending of lubricating oils and greases, and
refinery tankage.

768.

Asphalt, coal product manufacture.
Manufacture of asphalt tar or similar paving and roofing materials and fuel briquettes and
packaged fuel.
Included is the distillation of coal in coke ovens except as noted below.
Excluded are the distillation of coal in coke ovens in iron and steel works (771) and the
manufacture of coal gas (616).

769.

Chemical, Plastic, Petroleum not classified above.

760.

Chemical, Plastic, Petroleum; insufficient information available to classify further.

77. Metal, Metal Products.
771.

Iron, steel manufacture.
Manufacture of iron and steel shapes, consisting of all processes from smelting in blast
furnaces to the semi-finished stage in rolling mills and foundries.
Included are coke ovens associated with blast furnaces.

772.

Nonferrous metal manufacture.
Manufacture of nonferrous metal shapes.
Included are the processes of smelting, alloying, and refining, rolling and drawing, and
founding and casting, that are necessary to produce ingots, bars, billets, sheets, strips, castings,
and extrusions.

773.

Metal product manufacture.
Transformation of metal forms into finished products such as household cutlery.
Included are industries engaged in enameling, japanning, lacquering, gilding, galvanizing,
plating, and polishing metal products; blacksmithing and welding.
Excluded are plants manufacturing machinery (774), electrical equipment (775), silverware
and jewelry (794), and specialized automobile, aircraft, and ship parts (division 78).

774.

Machinery manufacture.
Manufacture of machinery and prime movers other than electrical equipment.
Included are machine shops engaged in producing and repairing machine and equipment parts,
and the production of ball bearings and mechanical precision measuring instruments, as well
as industrial engines, and measuring and dispensing pumps.
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Excluded are plants manufacturing electrical equipment (775) and engines or specialized parts
for automobile, aircraft, and marine use (division 78).
775.

Electrical equipment manufacture.
Manufacture of machinery, apparatus, and supplies for the generation, storage, transmission,
and transformation of electrical energy.
Included are the manufacture of insulated wire and cable and the repair of electrical
machinery.
Excluded are instruments for measuring and recording electrical quantities and characteristics
(791).

776.

Electrical appliance, electronics equipment manufacture.
Included are plants manufacturing electric lamps; computers, communication equipment, and
related products including radios and television sets; phonographs; electric batteries; X-ray
and therapeutic apparatus; electronic tubes and components as well as the repair of electrical
appliances.
Excluded are instruments for measuring and recording electrical quantities and characteristics
(791).

779.

Metal, Metal Products not classified above.

770.

Metal, Metal Products; insufficient information available to classify further.

78. Vehicle Assembly, Manufacture.
781.

Shipbuilding, repairing of vessels over 20 m (65 ft).
Shipyards engaged in building and repair work on vessels over 20 m (65 ft) in length
including barges, lighters, and tugs whether self-propelled or not.
Included are specialized marine engines, masts, spars, rigging and ship parts manufacture, dry
docks, and ship breaking yards.

782.

Boat building, repairing of vessels 20 m (65 ft) and under.
Boat yards engaged in building and repair work on vessels 20 m (65 ft) and under in length
regardless of material used in manufacture and whether self-propelled or not.
Included are facilities manufacturing specialized marine engines, outboard engines, masts,
sails, rigging, and boat parts.

783.

Railway equipment manufacture, assembly, repair.
The building and rebuilding of locomotives and railroad or tramway cars for freight and
passenger service, and the production of specialized parts for locomotive and railroad tramway
cars.
Included are shops operated by railway companies for the manufacture and repair of
locomotives and cars.

784.

Motor vehicle manufacture, assembly.
Manufacture and assembly of motor vehicles such as automobiles, buses, trucks, truck trailers,
universal carriers, motorcycles, motor scooters, camping trailers, and motor homes.
Included are plants manufacturing motor vehicle parts and accessories.
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Excluded are plants principally manufacturing tires and tubes (747), automobile glass (682),
electrical equipment (775), agricultural and road-building tractors and forklift trucks (774),
facilities involved with motor vehicle repairs (573), and the manufacture of mobile homes or
mobile buildings (752).
785.

Bicycle manufacturing, assembly, repair.
Manufacture of bicycles, tricycles, pedicabs, and parts.

786.

Aircraft and rocket manufacturing, assembly, repair.
Manufacture, assembly, and repair of airplanes, gliders, rockets, missiles, and aircraft parts
such as engines, propellers, pontoons, and undercarriages.
Excluded are the manufacture of electric and electronic equipment (775 or 776) and
aeronautical instruments (791).

787.

Manufacture of special transport equipment.
Plants manufacturing special transport equipment such as animal-drawn and hand-drawn
vehicles and parts for such vehicles such as wheels and axles.

789.

Vehicle Assembly, Manufacture not classified above.

780.

Vehicle Assembly, Manufacture; insufficient information available to classify further.

79. Other Manufacturing.
Manufacturing industries not classified in any other division.
791.

Instrument manufacture.
Manufacture of measuring, controlling, laboratory, and scientific instruments, and surgical,
medical, and dental instruments and supplies.
Excluded are the manufacture of optical instruments for scientific and medical use (792), the
manufacture of X-ray and electric therapeutic apparatus (776), and the production of
measuring and dispensing pumps (774).

792.

Photographic, optical goods manufacture.
The manufacture of optical instruments and lens grinding; ophthalmic goods, photographic
equipment and supplies, including sensitized film, plates, and paper.
Included are plants manufacturing optical instruments for scientific and medical use.

793.

Watch, clock manufacture.
The manufacture of clocks and watches, clock and watch parts and cases, and mechanisms for
timing devices.

794.

Jewelry manufacture.
Manufacture of jewelry, silverware, and plate- ware, using precious metals, precious and
semiprecious stones, and pearls.
Included are the cutting and polishing of precious and semiprecious stones, the striking of
medals and coins, and engraving on precious metals.

795.

Musical instrument manufacture.
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The manufacture of musical instruments, such as pianos, stringed instruments, wind
instruments, and percussion instruments.
Included is the manufacture of phonograph record blanks.
Excluded are the manufacture of phonographs and speech recording machines (776).
796.

Laundry, drycleaning plant.
Mechanical and hand laundries.
Included are plants supplying laundered linens (aprons, table covers, towels, napkins, or
diapers) on a contract basis; cleaning, pressing, and dyeing, and performing minor repairs to
apparel and household furnishings.

797.

Photographic film processing laboratory.
Processing of photographic film in special plants and centers.
Excluded are film processing operations incidental to other operations, such as to newspaper
offices or hospitals.

798.

Toy, sporting good manufacturing not classified in other divisions.

799.

Other Manufacturing not classified above.
Included are plants manufacturing carbon and stencil paper.

790.

Other Manufacturing; insufficient information available to classify further.

70. Manufacturing Property: Unclassified.
708.

General maintenance shop not elsewhere classified.

709.

Manufacturing Property not classified above.

700.

Manufacturing Property; insufficient information available to classify further.

8. Storage Property.
Storage properties are all buildings, structures, or areas utilized primarily for the storage or
sheltering of goods, merchandise, products, vehicles, or animals; and incidental servicing, processing,
and repair operations.
Storage includes the resale (sale without transformation) of goods to businesses, institutions, and
government, such as the resale of industrial and construction materials, machinery, and equipment;
farm machinery, implements, and supplies; and business and professional equipment. Also included are
warehousing, grading, sorting, breaking bulk, and repacking, which are associated with reselling.
Repacking in airtight containers is canning and is classified in subdivisions 713 and 714.
Storage properties are characterized by the presence of relatively small numbers of persons in
proportion to the area. Any new use that increases the number of occupants to a figure comparable with
other classes of properties changes the classification of the building to that of the new use. If
substantial mercantile or office operations exist (10 customers or more present at busy period),
reclassify where appropriate in major division 5 (Mercantile, Business Property).
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Waste disposal is classified in division 91.
81. Agricultural Products Storage.
811.

Seeds, beans, nuts, silage storage in bulk.
Storage of seeds, beans, grain, natural feed, hay, or nuts in bulk in bins, silos, or piles in the
open or in cribs.
Excluded are storage in barns (815) and storage in elevators (816).

812.

Boxed, crated, packaged agricultural products storage.
Agricultural products stored in boxes, crates, or cartons, regardless of packaging material or
container size.

813.

Loose, bagged agricultural products storage.
Agricultural products stored in bags of any material or size, or stored loose.
Excluded are bagged products inside cardboard boxes (812), loose tobacco storage (814), and
bulk storage of seeds, feeds, beans, nuts, and grain (811).

814.

Loose, baled tobacco storage.
Tobacco stored in loose quantities or in bales, crates, hogsheads, or barrels before or after
auction, but before manufacture of finished tobacco products.
Excluded are tobacco curing sheds (656) and storage during processing (725).

815.

Barns, stables.
Included are facilities associated with farms, zoos, or wildlife preserves whether for
providing restraint or protection for animals or for storage of feed.
Excluded are silos (811).

816.

Grain elevators.
Included are soybean elevators.

817.

Livestock storage.
Storage of livestock at any point beyond the raising ranch or farm.
Included are rail and truck stockyards and other livestock pens and yards.

818.

Agricultural supply storage.
Storage of materials for agricultural purchase.
Included are hay, feed, seed, fertilizer, and nonmotorized farm implement stores.

819.

Agricultural Products Storage not classified above.

810.

Agricultural Products Storage; insufficient information available to classify further.

82. Textile Storage.
821.

Baled cotton storage.
Included are cotton compresses.

822.

Baled wool, worsted storage.
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823.

Baled silk, synthetic fiber storage.

824.

Baled jute, hemp, flax, sisal, other mixed or blended fiber storage.

825.

Cloth, yarn storage.

826.

Wearing apparel, garments, finished textile storage.

827.

Leather, leather products storage.

328.

Fur, skin, hair products storage.

829.

Textile Storage not classified above.

820.

Textile Storage; insufficient information available to classify further.

83. Processed Food, Tobacco Storage.
831.

Packaged foodstuff storage.
Foodstuffs stored in cardboard or paper packages.

832.

Canned or bottled food, soft drink storage.
Storage of canned or bottled foodstuffs.
Included are plants that bottle materials made elsewhere.

833.

Loose, bagged processed food storage.
Processed foods stored in bulk or in bags of any material or size.
Excluded are animal feed in hay, grain, seed, and feed stores (818), natural animal feed
stored in bulk (811), and natural animal feed stored in bags (813).

834.

Food locker plants.

835.

Cold storage.

836.

Bulk sugar storage.

837.

Bulk flour, starch storage.

838.

Packaged tobacco product storage.
Storage of finished tobacco products in any type package.

839.

Processed Food, Tobacco Storage not classified above.

830.

Processed Food, Tobacco Storage; insufficient information available to classify further.

84. Petroleum Products, Alcoholic Beverage Storage.
Included are gases of all kinds, flammable liquids, and combustible liquids, except those specifically
mentioned in division 86 below, such as 865 for paint and varnish.
Waste disposal is classified in division 91.
841.

Flammable, combustible liquid tank storage.
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Included are airport fuel dispensing systems, bulk plants, terminals, and tank farms.
Excluded are refinery tankage (767) and reservoir at oil wells (674).
842.

Gasometer, cryogenic gas storage.

843.

LP-Gas bulk plant.
Excluded is filling individual cylinders for the public (571).

844.

Missile, rocket fuel storage.
Included are storage facilities at the manufacturing plant, launching site, and intermediate
fixed storage locations.

845.

Packaged petroleum products storage.

846.

Alcoholic beverage storage.
Storage of liquor, beer, wine, and other alcoholic beverages, whether in barrels, casks, kegs,
or bottles.

849.

Petroleum Products, Alcoholic Beverage Storage not classified above.

840.

Petroleum Products, Alcoholic Beverage Storage; insufficient information available to
classify further.

85. Wood, Paper Products Storage.
851.

Lumberyard, building materials storage.
Storage of lumber and building materials.
Excluded are storage of timber, pulpwood, logs, and wood fuel while in the forest (662) or at
sites awaiting use (856); and wood chips (666).

852.

Wood products, furniture storage.

853.

Fiber products storage.
Storage of products made from fibers of ordinary combustible materials, such as fiberboard;
or noncombustible fiber materials with combustible components such as fiberglass
insulation.
Included are pulp, felt, excelsior, and rope.

854.

Rolled paper storage.

855.

Paper, paper products storage.
Included are cartons, bags, waste paper, and baled paper.
Excluded are rolled paper (854) and pulp storage (853).

856.

Timber, pulpwood, logs, wood fuel.
Included are areas where timber, pulpwood, logs, and wood fuel are stored in bulk after
leaving the forest and before processing or use.
Excluded is storage in the forest (662).
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859.

Wood, Paper Products Storage not classified above.

850.

Wood, Paper Products Storage; insufficient information available to classify further.

86. Chemical or Plastic, Chemical or Plastic Product Storage.
For the purpose of this classification, a chemical is a material that has had or will have a controlled
change in its molecular structure or composition, not involving polymerization; while a plastic is a
material whose molecule has been polymerized.
Waste disposal is classified in division 91.
861.

Industrial chemical storage.

862.

Hazardous chemical storage not specifically listed below.
Excluded are radioactive materials (division 61).

863.

Plastic, plastic product storage.

864.

Fertilizer storage.
Excluded is fertilizer storage in connection with agricultural supply storage.

865.

Paint, varnish storage.

866.

Drug, cosmetic, pharmaceutical storage.

867.

Rubber, rubber products storage.

868.

Photographic film storage.
Storage of photographic films, new or exposed, including motion-picture film, X-ray film,
industrial film, and hobby film.
Included are picture distribution facilities such as film exchanges.

869.

Chemical or Plastic, Chemical or Plastic Product Storage not classified above.

860.

Chemical or Plastic, Chemical or Plastic Product Storage; insufficient information available
to classify further.

87. Metal, Metal Product Storage.
871.

Basic metal form storage.

872.

Metal parts storage (often in trays or bins, or on racks).

873.

Hardware storage.
Included are storage of auto parts, auto accessories, tools, and plumbers’ supplies.

874.

Machinery storage.

875.

Electrical appliance, supply storage.

876.

Finished metal products storage (often in cartons or crates).
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877.

Scrap, junkyards.
Excluded are refuse dumping and recycling areas (division 91).

879.

Metal, Metal Products Storage not classified above.

870.

Metal, Metal Products Storage; insufficient information available to classify further.

88. Vehicle Storage.
881.

Residential parking garage.
Parking of motor vehicles in one-story residential garages.
Included are detached residential garages or residential garages separated from another
structure by a fire division assembly.
Excluded are attached garages to single-family dwellings (411) and general vehicle parking
garages (882).

882.

General vehicle parking garage.
Parking of vehicles of various ownership in facilities under the direction of one management.
Excluded are facilities for repair of motor vehicles (573), dwelling or one-story residential
garages (881), and garages for public works vehicles and dump trucks (884).

883.

Bus, truck, auto fleet, automobile dealer storage.
Parking of motor vehicles of the same ownership and management.
Included are truck parking, auto fleet parking, bus parking, trackless trolley parking, and
taxicab parking.
Excluded are machinery and equipment storage (884).

884.

Heavy machine, equipment storage.
Parking of road, farm, and contracting equipment in a suitably managed location.
Included are storage of public works vehicles, construction and earth-moving equipment,
dump trucks, and cranes.

885.

Boat, ship storage.
A marine parking “garage.” Docking and mooring facilities for boats in the water.
Included are launching facilities and storage of boats and ships for relatively long periods of
time.
Excluded are yacht club buildings (143), boat repairing yards (782), and marine service
stations (577).

886.

Aircraft hangar.

887.

Railway storage.
Included are locomotive storage, car storage, and track repair equipment storage, and all
fixed railroad storage facilities.
Excluded are railroad yards and signaling and switching facilities (division 95).

888.

Fire stations.

889.

Vehicle Storage not classified above.
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880.

Vehicle Storage; insufficient information available to classify further.

89. General Item Storage.
891.

General warehouse.
Excluded are warehouses storing mainly wood furniture (852), warehouses storing mainly
foodstuffs (division 83), and warehouses storing mainly textiles (division 82).

892.

Bagged mineral products storage.
Included are storage facilities for cement, lime, and gypsum.

893.

Packaged mineral products storage.
Included are storage facilities for glass, clay products, pottery, and earthenware.

894.

Freight terminal.

895.

Coal, coke briquette, charcoal storage.
Storage of solid fuels in bags, boxes, or bulk.
Excluded are wood fuel storage facilities (662).

896.

Military stores, national defense storage not elsewhere classified.

897.

Ice storage.
Storage of natural and manufactured ice.
Included are separate, detached, portable coin-operated storage and dispensing units.

898.

Wharf, pier.

899.

General Item Storage not classified above.

890.

General Item Storage; insufficient information available to classify further.

80. Storage Property: Unclassified.
808.

Tool shed, contractor’s shed.
Included are sheds used primarily for storage.
Excluded are sheds used as field offices (591).

809.

Storage Property not classified above.

800.

Storage Property; insufficient information available to classify further.

9. Special Property.
These properties are not readily classified in any of the preceding major divisions. They include
mainly outdoor properties.
Fixtures such as signs, fences, and poles that are usually on outdoor property are not separate
specific property uses. The specific property use upon which this item is located should be identified.
The sign, fence, or fixture, if involved in ignition, should be identified in the appropriate sections of
Chapter 6.
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91. Landfills, Dumps, and Recycling Facilities.
911.

Managed nonhazardous refuse disposal site.

912.

Unmanaged nonhazardous refuse disposal site.

913.

Managed hazardous materials waste disposal site.

914.

Unmanaged hazardous materials waste disposal site.

915.

Temporary hazardous materials waste disposal site.

916.

Recycling facility.

919.

Landfills, Dumps, and Recycling Facilities not classified above.

910.

Landfills, Dumps, and Recycling Facilities; insufficient information to classify further.

92. Special Structures.
921.

Bridge, trestle.
Included are overhead or elevated structures, such as overpasses, elevated roads, and
railways.

922.

Tunnel.

923.

Public mailbox.

924.

Toll station.

925.

Shelter.
Included are storm, tornado, bomb, fallout, weather, and bus shelters designed for short term,
intermittent use.

926.

Outbuilding, excluding garage.
Included are privies and collection sheds (boxes) used for temporary storage of
miscellaneous items for routine pickup by charitable organizations.

927.

Outdoor telephone booth.

928.

Aerial tramway.
Included are ski lifts and chair lifts.

929.

Special Structures not classified above.

920.

Special Structures; insufficient information available to classify further.

93. Outdoor Properties.
931.

Open land, field.
Included are lands of grass, herbaceous plants (weeds), and brush usually used for grazing
(pasture land), wildlife habitat, and undeveloped recreation areas.
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Excluded are campsites with utilities (935), graded and cared-for plots of land (938), and
improved fenced pasture land (655).
932.

(This subdivision not used in this edition.)

933.

Residential yards.
Included are the cared-for spaces around residential property.

934.

Cemetery.

935.

Campsite with utilities.
Included are facilities for camping trailers, pick-up truck mounted campers, motor homes,
and travel trailers.
Excluded are unimproved camping areas (931).

936.

Vacant lot.
Included are uncared-for plots of land.
Excluded are graded and cared-for plots of land (938).

937.

Beaches, seashores, riverfront areas (salt or fresh water).
Excluded are piers (898).

938.

Graded and cared-for plots of land.
Included are parks.
Excluded are residential yards (933), open land and fields (931), campsites with utilities
(935), playgrounds (124), and improved fenced pasture land or land used for crops (655).

939.

Outdoor Properties not classified above.

930.

Outdoor Properties; insufficient information available to classify further.

94. Water Areas.
941.

In open sea, tidal waters.

942.

Within designated port, channel, anchorage.

943.

Alongside quay, pier, pilings.
Excluded are flammable liquid or gas loading and unloading facilities (944).

944.

At flammable liquid or gas loading, unloading facility.

945.

Storm drain, flood control culvert.

946.

Inland water area.
Included are lake, pond, river or stream, and the like.

949.

Water Areas not classified above.

940.

Water Areas; insufficient information available to classify further.
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95. Railroad Property.
Included are railroad, subway, railway, trolley, and other fixed rail property.
See classification 921 for bridges and trestles and classification 922 for tunnels.
951.

Railroad right of way.
Included are the areas marked by fence or 9 m (30 ft) beyond ballast on each side.
Excluded are switch yards (952), and sidings (953).

952.

Switch yard, marshalling yard.

953.

Siding.
The spurs within an industrial plant or other property.

954.

Railroad signaling, switch control equipment location.

959.

Railroad Property not classified above.

950.

Railroad Property; insufficient information available to classify further.

96. Road, Parking Property.
See classification 921 for bridges and trestles and classification 922 for tunnels.
961.

Limited-access highway, divided highway.

962.

Paved public street.
Included are associated parallel or diagonal parking on right of way.
Excluded are limited-access and divided highways (961).

963.

Paved private street, way.
Included are paved driveways.
Excluded are uncovered parking areas (965).

964.

Unpaved street, road, path.
Included are unpaved driveways.

965.

Uncovered parking area.
Included are open parking lots, rest stops, and open car stacking mechanisms.
Excluded are driveways (963), covered parking garages (882), and campsites with utilities
(935).

969.

Road, Parking Property not classified above.

960.

Road, Parking Property; insufficient information available to classify further.

97. Aircraft Areas.
971.

In flight.

972.

On runway.
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Included are the approach and overrun areas.
973.

On taxiway, uncovered parking area, maintenance area.
Included are all airport areas other than runway or loading ramp.
Excluded are aircraft hangars (886).

974.

At loading ramp.

979.

Aircraft Areas not classified above.

970.

Aircraft Areas; insufficient information available to classify further.

98. Outside Equipment Operating Areas.
981.

Construction site.
Excluded are oil and gas fields (982). Classify buildings or structures under construction or
demolition by their proposed or former use.

982.

Oil, gas field.

983.

Pipeline, power line right of way.

984.

Industrial plant yard area.
Excluded are parking areas (965), areas designated as outdoor storage in the yard, or areas
that have another specific use.

989.

Outside Equipment Operating Areas not classified above.

980.

Outside Equipment Operating Areas; insufficient information available to classify further.

90. Special Properties: Unclassified.
909.

Special Properties not classified above.

900.

Special Properties; insufficient information available to classify further.

00. Specific Property Use: Unclassified.
097.

Vacant Structure unable to be classified elsewhere.

098.

Specific Property Use not applicable.

099.

Specific Property Use not elsewhere classified.

000.

Specific Property Use undetermined or not reported.

4-8 Mobile Property.
4-8.1
Mobile property is property that is designed to be movable in relation to fixed property
whether or not it still is. Mobile property is always located on a specific property, and, when
mobile property is involved, the specific property should always be reported as well.
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4-8.2
When mobile property is involved, the reporting of the following data is critical for proper
identification of the property:
(a) Model year.
(b) Name of manufacturer or brand name.
(c) Model name or model number if there is one.
(d) Manufacturer’s serial number or Vehicle Identification Number (VIN).
(e) License or registration number including the state or agency issuing the license or
registration.
4-8.3 Mobile Property Type.
4-8.3.1 This data element is used to record the specific type of mobile property involved,
whether the property is still mobile or not.
4-8.3.2* Where mobile property type is to be classified, the following classification numbers
should be used.
1. Passenger Road Transport Vehicles.
Motor vehicles such as automobiles, buses, or mobile homes used primarily for transporting or
housing people.
Included are abandoned vehicles.
11.

Automobile.
Included are taxicabs, limousines, race cars, and ambulances.

12.

Bus, trackless trolley.
Included are school buses.

13.

All terrain vehicles.
Included are golf carts, snowmobiles, and dune buggies.
Excluded are motorcycles (18).

14.

Motor home.
A mobile unit containing its own motive power.
Included are pickup truck mounted campers and bookmobiles.

15.

Travel trailer.
A portable structure built or placed on a chassis and designed to be pulled by a vehicle.

16.

Camping trailer.
A collapsible portable structure built on a chassis and designed to be pulled by a vehicle.

17.

Mobile home, mobile building.
A structure built on a chassis and designed to be pulled by a vehicle to a semipermanent site.
Included are mobile classrooms, mobile banks, mobile office buildings, whether on wheels, off
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their wheels on jacks, or on a foundation.
18.

Motorcycle.

19.

Passenger Road Transport Vehicles not classified above.

10.

Passenger Road Transport Vehicles; insufficient information available to classify further.

2. Freight Road Transport Vehicles.
Vehicles primarily for transporting goods.
Included are abandoned vehicles.
Excluded are materials handling equipment (63).
21.

General use trucks over 97 kg (one ton) net weight.
Included are solid chassis trucks, mail trucks, dump trucks, and fire apparatus.

22.

General use small trucks, 97 kg (one ton) net weight or less.
Included are pickups, wagons, and nonmotorized hauling rigs.

23.

Semitrailer truck with or without tractor.

24.

Tank truck for nonflammable cargo.

25.

Tank truck for flammable or combustible liquid, chemical.

26.

Tank truck for compressed gas or LP-Gas.

27.

Trash truck.
Included are refuse rendering and waste collection vehicles.

29.

Freight Road Transport Vehicles not classified above.

20.

Freight Road Transport Vehicles; insufficient information available to classify further.

3. Rail Transport Vehicles.
Railroad, subway, railway, trolley car, and other rail vehicles are included.
31.

Passenger, diner car.

32.

Freight, box, hopper car.

33.

Tank car.

34.

Container, piggyback car.

35.

Locomotive, engine.

36.

Self-powered rail car.
Included are trolley and rapid transit cars.
Excluded are trackless trolleys (12).
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37.

Maintenance equipment, car.
Included are cabooses and cranes.

39.

Rail Transport Vehicle not classified above.

30.

Rail Transport Vehicle; insufficient information available to classify further.

4. Water Transport Vessels.
Included are all water vessels, irrespective of ownership.
41.

Motor craft under 20 m (65 ft) length overall.
Vessels under 20 m (65 ft) length overall.
Excluded are commercial fishing vessels (48).

42.

Vessel under 907 metric tons (1000 gross tons).
Vessels over 20 m (65 ft) length overall, but under 907 metric tons (1000 gross tons).
Included are water taxis, industrial vessels, and “yachts.”

43.

Passenger ship.

44.

Tank ship.

45.

Combat ship.

46.

Cargo ship.
Vessels not classified in subdivisions 41, 42, 43, 44, and 45.

47.

Non-self-propelled vessel. All vessels without their own motive power.
Included are towed petroleum balloons, barges, and other towed or towable vessels. Excluded
are sailboats (49).

48.

Commercial fishing vessel.
Included are vessels on inland, coastal, and ocean waters, and operation of oyster beds, fish
hatcheries, and factory vessels.
Excluded are fish hatcheries themselves (specific property use 665).

49.

Water Transport Vessels not classified above.
Included are sailboats without auxiliary power.

40.

Water Transport Vessels; insufficient information available to classify further.

5. Air Transport Vehicles.
Transport by air of passengers and freight, whether by regular services or by private charter.
51.

Personal, business, utility aircraft under 5670 kg (12,500 lb) gross weight.

52.

Personal, business, utility aircraft 5670 kg (12,500 lb) gross weight and over.

53.

Commercial transport aircraft, reciprocating engine powered, fixed wing.
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54.

Commercial transport aircraft, jet and other turbine powered, fixed wing.

55.

Nonmilitary helicopters, vertical takeoff aircraft.

56.

Combat-type military aircraft (attack bombers, fighters, patrol).

57.

Noncombat-type military aircraft (cargo, training, utility, reconnaissance).

59.

Air Transport Vehicles not classified above.
Included are gliders and kites.

50.

Air Transport Vehicles; insufficient information available to classify further.

6. Heavy Industrial and Agricultural Equipment.
61.

Earth-moving equipment.
Included are bulldozers, shovels, graders, scrapers, trenchers, and plows.

62.

Construction equipment.
Included are water drilling equipment, pile drivers, tunneling equipment, air compressors, and
the like.

63.

Materials handling equipment.
Included are fork lifts, industrial tow motors, loaders, and stackers.

64.

Crane.

65.

Tractor, harvester, picker.

66.

Drilling rig for petroleum and gas only.

67.

Timber harvest equipment.

69.

Heavy Industrial and Agricultural Equipment not classified above.

60.

Heavy Industrial and Agricultural Equipment; insufficient information available to classify
further.

7. Special Mobile Property, Military Vehicles.
71.

Garden equipment.
Included are power driven lawn, yard, and snow equipment.

72.

(This subdivision not used in this edition.)

73.

Mechanically moved shipping container.

74.

Armored equipment. Included are armored cars and military vehicles.

75.

Manned, unmanned space vehicles.
Included are rockets and missiles. For launching site, see specific property use 631.
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79.

Special Mobile Property, Military Vehicles not classified above.

70.

Special Mobile Property, Military Vehicles; insufficient information available to classify
further.

9. Other Mobile Property Types.
98.

Mobile Property Type not applicable.

99.

Mobile Property Type not classified above.

00.

Mobile Property Type undetermined or not reported.

4-9
Property Management.
4-9.1
This data element can be used to distinguish between entities that control or manage property.
The source for this data is often the Assessor’s Office or fire prevention records. In post-incident
documentation where the incident spreads over multiple properties, the ownership and/or
property management of the property where the incident started should be recorded.
4-9.2
Where property management is to be classified, the following classification numbers should be
used.
1.
Private tax-paying property.
2.

Private non-tax-paying property.

3.

City, town, village, or other local government property.

4.

County or parish government property.

5.

State, province government property, except military.

6.

Central, federal government property, except military.

7.

Foreign government property.

8.

Military property.

9.

Property Management not classified above.

0.

Property Management undetermined or not reported.

Chapter 5 Structure Characteristics
5-1 Purpose and Application.
When collected in pre-fire surveys, the information may be used in connection with address
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and census tract information for the purposes of fire flow calculations and for allocating and
deploying fire suppression resources throughout a jurisdiction. Similarly when this information
is recorded after an incident occurs, it may be used with geographic designators and
supplemented with incident frequency and mutual aid information to analyze the effectiveness of
current fire suppression resource allocation and deployment.
5-2 Limitations.
The use of the data elements in this chapter should be limited to reporting information on
structures.
5-3 Definition.
Structure. An assembly of materials forming a construction for occupancy or use in such a
manner as to serve a specific purpose. A building is a form of a structure. Open platforms,
bridges, roof assemblies over open storage or process areas, tents, air-supported structures, and
grandstands are other forms of a structure.
5-4 Structure Features.
5-4.1 Type of Construction.
5-4.1.1 This data element is used to measure the type of construction of the structure. The
construction types are taken from NFPA 220, Standard on Types of Building Construction.
Fire-resistive ratings are determined by NFPA 251, Standard Methods of Tests of Fire
Endurance of Building Construction and Materials. Both Type III and Type IV have exterior
bearing walls of noncombustible construction having a minimum fire resistance of 2 hours and
stability under fire conditions, while roofs, floors, and interior framing are of combustible
materials. The combustible materials must be heavier and stronger in Type IV construction.
5-4.1.2 Categories from the three model codes listed below are also given to maintain uniformity
in data classification.
The BOCA® National Building Code (NBC) (formerly the Basic Building Code).
Standard Building Code (SBC) (formerly the Southern Building Code).
Uniform Building Code (UBC).
5-4.1.3 Where type of construction is to be classified, the following classification numbers
should be used.
1. TYPE I — Structural members, including walls, columns, beams, floors, and roofs are of
approved noncombustible or limited combustible materials having high fire-resistive ratings.
Structural frame at least 3 hours. (Previously called Fire Resistive.) Included are NBC Types
1A, 1B; SBC Type I, III; UBC Type I.
2.

TYPE II — Structural members, including walls, columns, beams, floors, and roofs are of
approved noncombustible or limited combustible materials having fire-resistive ratings of 2
hours or less. (Previously called Noncombustible.) Included are NBC Types 2A, 2B, 2C; SBC
Type IV; UBC Type II.

3.

TYPE III — Exterior walls are of noncombustible or limited combustible materials, and interior
structural members including walls, columns, beams, floors, and roofs are of combustible
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materials. (Previously called Ordinary.) Included are NBC Types 3B, 3C; SBC Type V; UBC
Type III.
4.

TYPE IV — Exterior walls are of noncombustible or limited combustible materials, and interior
structural members including columns, beams, arches, floors, and roofs are of solid wood at
least 51 mm (2 in.) nominal qualifying as heavy timber under NFPA 220, Standard on Types of
Building Construction, 3-4.2 through 3-4.6. (Previously called Heavy Timber.) Included are
NBC Type 3A; SBC Type III; UBC Type IV.

5.

TYPE V — Exterior walls, bearing walls, and floors and roofs and their supports are wholly or
partly of wood or other combustible material in dimensions smaller than those required in
TYPE IV. (Previously called Wood Frame.) Included are NBC Types 4A, 4B; SBC Type VI;
UBC Type V.

9.

Type of Construction not classified above.

0.

Type of Construction undetermined or not reported.

5-4.2 Method of Construction.
5-4.2.1 This data element is used to measure the method by which the structure was constructed.
In cases where different methods of construction were used in construction, the principal method
should be considered as the primary fire defense present in the structure. This data may be used
where a more detailed description of construction would be helpful.
5-4.2.2 Where method of construction is to be classified, the following classification numbers
should be used.
1.
Site built structure.
2.

Factory built, site assembled structure.

3.

Factory built modular structure.

4.

Factory built mobile structure.

9.

Method of Construction not classified above.

0.

Method of Construction undetermined or not reported.

5-4.3 Year of Construction or Total Renovation.
The estimated year in which a structure was built or underwent major renovation is an
important determinate in the fire defenses contained in the applicable building codes. The date
should represent the date the structure was constructed or was totally renovated and brought up
to complete compliance with a more recent building code.
5-4.4 Structure Height or Depth.
It is important for emergency service agencies to know the structure height and the distance
below grade. This information helps with pre-fire planning, quickly illustrating how much of the
building is unavailable to ladders. Some departments even use this information to help them
assign “life safety hazard” values to buildings in their jurisdiction; the harder it is for people to
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leave or be rescued, the higher the life safety hazard value.
5-4.4.1 Structure height is the distance from grade to highest structural member or peak, not
including flag poles, antennas, and the like. It should be recorded in feet or meters, not stories.
The units of measure must be consistent throughout the application.
5-4.4.2 Structure depth or distance below grade is the distance from grade to the floor level of
the lowest story that provides usable floor space and where there is room for a person to stand. It
does not include pits and small vaults or machinery areas where the equipment must be removed
to be serviced. Structure depth should be recorded in feet or meters, not stories. The units of
measure must be consistent throughout the application.
5-4.5 Number of Stories.
The total number of stories in a structure is often important in determining the total volume of
the structure and its potential fire loading. If number of stories is recorded, it should be done
consistently and should include all below grade and above grade stories. A mezzanine should be
considered as an additional story where the building code defines the area as a mezzanine.
Unused crawl spaces and unused ceiling/roof spaces should not be considered as additional
stories.
5-4.6 Floor Area.
There are many reasons for recording the size of floor areas. One is the total floor area of a
structure on all usable stories. This information is useful in calculating fire flow requirements for
the structure. Another is the ground story floor area of a structure. This information is useful in
understanding the general size of the structure and the resources that may be needed to deal with
an emergency at the property. A third measurement that is useful is the total floor area involved
in the incident. This is useful in assessing the magnitude and when compared with the total floor
area of the structure will often impact what the property owner can do in renovation. Floor area
should be recorded in square feet or square meters. The units of measure must be consistent
throughout the application.
5-4.7 Structure Type.
5-4.7.1 This data element is used to describe the type of structure on a specific property.
Structure type is useful in understanding fire behavior and the potential for loss of life and
property.
5-4.7.2 Where structure type is to be classified, the following classification numbers should be
used.
1.
Enclosed building.
Included are buildings with earthen walls and fabricated roofs.
2.

This classification not used in this edition.

3.

Open structure.
Included are roofs with no walls, open steel framing, bridges, trestles, outdoor process
equipment, and outdoor tanks.

4.

Air-supported structure.

5.

Tent.
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Included are membrane structures.
6.

Open platform.
Included are piers and wharves without superstructure, loading docks without roof, and the
like.

7.

Underground structure.
Included are earth covered structures, tunnels, and mines.

8.

Not a structure.

9.

Structure Type not classified above.

0.

Structure Type undetermined or not reported.

5-4.8 Property Value.
Property value should include the estimated total value of any building or structure, machinery
and equipment, and contents. It does not include the value of the land. If structure and content
value are to be recorded separately, machinery and equipment should be included with the
contents value. Values should be recorded only to the whole dollar level.
Property values, even though they may be estimates that may change significantly with time,
provide vital trending and management information necessary for the development and
allocation of resources.
5-4.9 Structure Status.
5-4.9.1 Structure status when used in conjunction with specific property use (Chapter 4) can help
to identify the likely effectiveness of fire protection that existed prior to or at the time of an
incident.
5-4.9.2 Where structure status is to be classified, the following classification numbers should be
used.
1.
Under construction.
The specific property use should show its intended use.
2.

In use with furnishings in place and the property being routinely used.

3.

Idle with furnishings in place but the property is not being routinely used.

4.

Under major renovation.
The specific property use should show its new intended use.

5.

Vacant but property secured and maintained.
The specific property use should show its last significant use.

6.

Abandoned with property unsecured and not maintained.
The specific property use should show its last significant use.

7.

Being demolished.
The specific property use should show its last significant use.
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9.

Structure Status not classified above.

0.

Structure Status undetermined or not reported.

5-5 Allowable Occupancy.
5-5.1 Number of Occupants.
The number of occupants is a measure of the legal number of people allowed to be inside the
structure at the time of its maximum allowable occupancy. This classification can also be used to
document the actual number of occupants whether or not above the legal maximum. For details,
see NFPA 101®, Life Safety Code®.
5-5.2 Age and Ability of Occupants.
5-5.2.1 The percentage of people normally in the building who will have difficulty with
evacuation can be estimated. When the population of a building consists largely of senior
citizens or other persons who are physically inconvenienced or mentally impaired in a manner
that will interfere with prompt exit, the difficulties of evacuation increase.
5-5.2.2 Where age and ability of occupants is to be classified, the following classification
numbers should be used.
1.
Less than 10 percent of the occupants under age 5 or over age 62 or physically
inconvenienced or mentally impaired.
2.

10 to 49 percent of the occupants under age 5 or over age 62 or physically inconvenienced or
mentally impaired.

3.

50 to 100 percent of the occupants under age 5 or over age 62 or physically inconvenienced
or mentally impaired.

8.

No occupants.

0.

Age and Ability of Occupants undetermined or not reported.

5-6 Compartment Characteristics.
5-6.1 Protection of Stairways and Vertical Shafts.
5-6.1.1 This data element measures the fire protection provided to all openings in stairways and
vertical shafts. Vertical shafts include mechanical shafts, elevator shafts, exhaust shafts,
escalators, ramps, and the like.
In order to qualify as a standard enclosure, all components must be appropriate for the
opening, labeled for use for the protection intended, properly installed, and fully operational. All
fire-rated doors must include labeled doors and frames that close and latch properly.
5-6.1.2 Where the protection of stairways or vertical shafts is to be classified, the following
classification numbers should be used.
1. Standard enclosure, with labeled doors and frames, standard installation of labeled dampers,
all openings fire stopped.
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2.

Standard enclosure, with labeled doors and frames, standard installation of labeled dampers,
some openings not fire stopped.

3.

Enclosure present with non-labeled doors or dampers, all openings fire stopped.

4.

Enclosure present with non-labeled doors or dampers, improperly installed doors or dampers,
or some openings not fire stopped.

5.

Enclosure present but doors do not close and latch, dampers are not operational, or other
impairments compromise the enclosure.

6.

Enclosure present, compliance with standard not determined.

7.

Nonenclosed openings between one or more floors.

8.

No shafts, escalators, ramps.

9.

Protection of Stairways and Vertical Shafts not classified above.

0.

Protection of Stairways and Vertical Shafts undetermined or not reported.

5-6.2 Interior Finish.
5-6.2.1 Interior finish is the material used to cover the walls, the ceiling, and the floor of an area.
Included are thick surfacing such as paneling and carpet. Excluded are thin surfacing such as
wallpaper and paint. The location of the interior finish being evaluated must be reported for the
data to have relevance.
5-6.2.2 Where the interior finish is to be classified, the following classification numbers should
be used.
1. Combustible wall, combustible ceiling, and combustible floor finish.
2.

Combustible wall, combustible ceiling, and noncombustible floor finish.

3.

Combustible wall, noncombustible ceiling, and combustible floor finish.

4.

Combustible wall, noncombustible ceiling, and noncombustible floor finish.

5.

Noncombustible wall, combustible ceiling, and combustible floor finish.

6.

Noncombustible wall, combustible ceiling, and noncombustible floor finish.

7.

Noncombustible wall, noncombustible ceiling, and combustible floor finish.

8.

Noncombustible wall, noncombustible ceiling, and noncombustible floor finish.

9.

Interior Finish not classified above.

0.

Interior Finish undetermined or not reported.

5-6.3 Interior Finish Substrate or Solid Supporting Material.
5-6.3.1 This data element is to be used with the data element “Finish on Substrate or Solid
Copyright 1996 NFPA

Supporting Material” (see 5-6.4) in identification of interior finish substrate and the finishes
used on them. If more than one material exists, the principal material used should be identified.
5-6.3.2 Where the interior finish substrate or solid supporting material is to be classified, the
following classification numbers should be used.
1.
Masonry, concrete, plaster.
2.

Gypsum board.

3.

Mineral board, noncombustible composite board.

4.

Glass.

5.

Metal.

6.

Plastic.

7.

Wood, plywood, particle board.

8.

Fiberboard, combustible composite board.

9.

Interior Finish Substrate not classified above.

0.

Interior Finish Substrate undetermined or not reported.

5-6.4 Finish on Substrate or Solid Supporting Material.
5-6.4.1 This data element is to be used with the data element “Interior Finish Substrate or Solid
Supporting Material” (see 5-6.3) in identification of interior finish substrate and the finishes
used on them. If more than one material exists, the principal material should be identified.
5-6.4.2 Where the finish on substrate or solid supporting material is to be classified, the
following classification numbers should be used.
1. Wallpaper.
2.

Vinyl wall covering.

3.

Paint, stain.

4.

Varnish.

5.

Carpet.

6.

Textiles, fabric.

8.

None.

9.

Finish on Substrate not classified above.

0.

Finish on Substrate undetermined or not reported.

5-7 Compartment Quality.
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5-7.1 Protection of Floor Openings.
5-7.1.1 This data element is used to measure the fire protection provided for floor openings.
Floor openings include the floor to curtain wall connection; pipe, conduit and cable
poke-through, and other openings.
5-7.1.2 Where the protection of floor openings is to be classified, the following classification
numbers should be used.
1. All openings fully fire stopped or protected.
2.

Some openings only partially fire stopped or protected.

3.

Some openings not fire stopped or protected.

4.

All openings not fire stopped or protected.

8.

No floor openings.

9.

Protection of Floor Openings not classified above.

0.

Protection of Floor Openings undetermined or not reported.

5-7.2 Protection of Openings in Horizontal Barriers.
5-7.2.1 This data element is used to measure the fire protection provided in horizontal fire barrier
openings. Horizontal openings in stairways and shaft walls should be reported using the data
element “Protection of Stairways and Vertical Shafts” (see 5-6.1).
“Fire division walls” are walls with a two-hour or longer fire rating.
“Fire-rated walls” are walls with a thirty-minute or longer fire rating.
5-7.2.2 Where the protection of openings in horizontal barriers is to be classified, the following
classification numbers should be used.
1. All openings in fire division walls fully protected.
2.

Openings in fire division walls not fully protected.

3.

No protection to openings in fire division walls.

4.

All openings in fire-rated walls fully protected.

5.

Openings in fire-rated walls not fully protected.

6.

No protection to openings in fire-rated walls.

8.

No horizontal protection required.

9.

Protection of Openings in Horizontal Barriers not classified above.

0.

Protection of Openings in Horizontal Barriers undetermined or not reported.

5-8 Roof Covering.
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5-8.1
This data element is used to measure the type of roof covering on a structure. The roof
covering is the outermost layer of material designed to protect the structure from the rain and
elements. The knowledge of roof covering combustibility provides the basis for evaluation of the
ignition potential of the roof and its potential role in fire spread. The roof covering classification
is established by tests as outlined in NFPA 256, Standard Methods of Fire Tests of Roof
Coverings.
5-8.2
Where the roof covering is to be classified, the following classification numbers should be
used.
1. Class A or Class B roof covering.
2.

Class C roof covering of composition or prepared materials. Included are asphalt shingles.

3.

Class C roof covering of treated and listed wood shingles and wood shakes.

4.

Untreated wood shingles, shakes.

5.

Nonrated roof covering.

8.

Structure without roof.

9.

Roof Covering not classified above.

0.

Roof Covering undetermined or not reported.

5-9 External Exposure.
5-9.1
This data element is used to measure the exposure to the structure from potential fires outside
of the structure. NFPA 80A, Recommended Practice for Protection of Buildings from Exterior
Fire Exposures, should be used as a guide in determining exposure severity.
5-9.2
Where the external exposure is to be classified, the following classification numbers should be
used.
1. Light exposure, adequate protection provided.
2.

Light exposure, inadequate protection provided.

3.

Moderate exposure, adequate protection provided.

4.

Moderate exposure, inadequate protection provided.

5.

Severe exposure, adequate protection provided.

6.

Severe exposure, inadequate protection provided.
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8.

No exposure.

9.

External Exposure not classified above.

0.

External Exposure undetermined or not reported.

5-10 Perimeter Access.
5-10.1
This data element is used to measure the number of sides of the structure that have at least 30
ft (10 m) of clear access for fire-fighting operations. Clear access facilitates fire department
suppression operations and will help limit exposure fire potential. Access areas need not be
capable of supporting the weight of fire apparatus but must be capable of providing clear access
for fire department operations.
5-10.2
When perimeter access is to be classified, the following classification numbers should be used.
1. 30 ft (10 m) or more access on one side.
2.

30 ft (10 m) or more access on two sides.

3.

30 ft (10 m) or more access on three sides.

4.

30 ft (10 m) or more access on four sides.

5.

No sides with access of 30 ft (10 m) or more.

0.

Perimeter Access undetermined or not reported.

5-11 Electrical Service Quality.
5-11.1
This data element is used to measure the quality of the electrical service based upon a physical
survey of the property and readily observed conditions of electrical equipment and wiring.
5-11.2
Where the electrical service quality is to be classified, the following classification numbers
should be used.
1. Visible frayed or damaged wire insulation.
2.

Temporary wiring or extension cords used in place of permanent wiring.

3.

Metal junction boxes without connectors at cable entry points noted.

4.

Heat at fuses, circuit breakers, or panel box noted.

5.

Overfused circuits noted.

6.

Fluorescent lights with “old” ballasts mounted on combustible fiberboard ceilings.

Copyright 1996 NFPA

7.

Several of the above.

8.

No electrical service deficiency noted in building or structure.

9.

Electrical Service Quality not classified above.

0.

Electrical Service Quality undetermined or not reported.

5-12 Heating Service Quality.
5-12.1
This data element is used to measure the quality of the heating system in the facility based
upon observation made through a physical survey of the premises.
5-12.2
Where the heating service quality is to be classified, the following classification numbers
should be used.
1. Odor of gas or fuel gases noted.
2.

Evidence of charring or smoke stains around chimney connector or flues.

3.

Holes in chimney connector or flue noted.

4.

Leaking valve or pipe.

5.

Chimney connector hanger(s) missing.

7.

Several of the above.

8.

No heating service deficiency noted in building or structure.

9.

Heating Service Quality not classified above.

0.

Heating Service Quality undetermined or not reported.

5-13 Control of Smoking Practices.
5-13.1
This data element is used to measure the control placed on smoking throughout the facility
based upon observations made through a physical survey of the premises.
5-13.2
Where the smoking practice quality is to be classified, the following classification numbers
should be used.
1. Smoking permitted throughout the premises without restriction.
2.

Smoking restricted in a few special “No Smoking” areas — not adequately marked or evidence
of violation noted.

3.

Smoking restricted to a few special “Smoking” areas — not adequately marked or evidence of
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violation noted.
4.

Smoking restricted in a few special “No Smoking” areas — adequately marked and no evidence
of violation noted.

5.

Smoking restricted to a few special “Smoking” areas — adequately marked and no evidence of
violation noted.

6.

No smoking permitted on premises — evidence of violation noted.

7.

No smoking permitted on premises — no evidence of violation noted.

9.

Control of Smoking Practices not classified above.

0.

Control of Smoking Practices undetermined or not reported.

5-14 Fuel Control.
5-14.1 Solid Kindling Fuels.
5-14.1.1 This data element is used to measure the general amount of kindling fuel present within
the structure. A kindling fuel is a material that has been divided finely enough that it can be
readily ignited. Examples of kindling fuels included wastepaper, corrugated cardboard, wood
chips, and the like.
5-14.1.2 The location of the solid kindling fuel being evaluated must be reported for the data to
have relevance. One logical difference is to evaluate and report solid kindling fuels in occupied
and unoccupied areas.
5-14.1.3 Where solid kindling fuels are to be classified, the following classification numbers
should be used.
1. Cluttered operations with kindling fuels in all areas.
2.

Cluttered operations with kindling fuels in most areas.

3.

Cluttered operations with kindling fuels in some areas.

4.

Overcrowded operations with kindling fuels.

5.

Occasional pockets of kindling fuels.

7.

Neat and uncluttered operations but kindling fuels present or used in the process.
Included are neat and orderly warehouses using cardboard cartons, neat libraries, and the like.

8.

No kindling fuels present.

9.

Solid Kindling Fuels not classified above.

0.

Solid Kindling Fuels undetermined or not reported.

5-14.2 Flammable or Combustible Liquid Use.
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5-14.2.1 This data element is used to measure the extent to which flammable or combustible
liquids are used in the business or tenant space and whether or not the flammable or combustible
liquids are properly stored in safety cans.
5-14.2.2 Where flammable or combustible liquid use is to be classified, the following
classification numbers should be used.
1. Flammable or combustible liquids used throughout — none in safety cans.
2.

Flammable or combustible liquids used throughout — some in safety cans.

3.

Flammable or combustible liquids used throughout — all in safety cans.

4.

Flammable or combustible liquids used in some areas only — none in safety cans.

5.

Flammable or combustible liquids used in some areas only — some in safety cans.

6.

Flammable or combustible liquids used in some areas only — all in safety cans.

8.

No flammable or combustible liquids present.

9.

Flammable or Combustible Liquid Use not classified above.

0.

Flammable or Combustible Liquid Use undetermined or not reported.

5-15 Obstacles to Rescue and Fire Control.
5-15.1
This data element is used to define any feature of the property that would present an obstacle
to rescuing people from the structure or controlling a fire within the structure. These could be
obstacles that impede access to the structure, obstacles that prevent proper exiting from the
structure, or construction features that would make it difficult to work within or control a fire
within the structure.
5-15.2
Where the obstacles to rescue and fire control are to be classified, the following classification
numbers should be used.
1. Access to structure impeded.
Included are weak bridges, fences, gates, terrain, parked cars, private road layout, and the like.
2.

Windowless wall.
Included are glassless walls, walls with no breakable glass, fixed sash, glass block walls, and
the like.

3.

Type of window impedes egress.
Included are small steel sash, narrow casement windows, bars on windows, fixed sunscreens,
and the like.

4.

Exits not accessible or substandard.
Included are narrow, blocked, or locked exits, steep or open stairways, weak hardware, and the
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like.
5.

Internal arrangement.
Included are high piled stock, partitions creating confusion, obstructions, and the like.

6.

Difficult to ventilate.

7.

Multiple obstacles.

8.

No unusual obstacles to rescue or fire control.

9.

Obstacles to Rescue and Fire Control not classified above.

0.

Obstacles to Rescue and Fire Control undetermined or not reported.

Chapter 6 Incident Origin
6-1 Purpose and Application.
This chapters provides categories for documenting the five (5) factors that describe an
incident’s origin, those being the area of origin or release, any equipment involved in ignition,
the form of heat of ignition, identification of materials involved (both form and type), and the
ignition factor. Data elements within this chapter are used for documenting hazardous materials
incidents as well as fires. Other data elements within this chapter provide categories that help to
describe fuels involved in wildland fires. Also contained herein are data elements that help
describe the circumstances of the incident origin for incendiary or suspicious incidents.
6-2 Discussion and Examples.
The general property use data element takes in the entire multi-use property or group of
buildings, and the specific property use takes in that portion of a multi-use property having one
fixed use or occupancy. The area of origin or release is used to identify that portion of the
property that is devoted to a specific use or process. For example, an office building may be a
general property, a restaurant in that office building may be the specific property use, and the
kitchen in that restaurant, if an ignition occurs there, is the area of origin or release. The area of
origin is either a room, a space or a portion of a room, a vehicle or a portion of a vehicle, or
possibly some open area devoted to a single use.
The ignition of a fire is described using five data elements. These include the “Equipment
Involved in Ignition or Release of Hazardous Material” and “Form of Heat of Ignition” to define
the heat of ignition, and the “Form and Type of Material First Ignited” to define the material
ignited. Neither the heat of ignition by itself nor a kindling material by itself is sufficient to
ignite a fire. The “Ignition Factor” defines how the heat of ignition and the material ignited were
brought together to allow a fire to start.
The heat of ignition or release of hazardous material often originates in equipment that fails or
brings about the ignition or release of hazardous material while operating properly. When
ignition occurs, the form of the heat energy is classified using the data element “Form of Heat of
Ignition.”
For some purposes, it may be enough to know that the source of the heat was from a water
Copyright 1996 NFPA

heater (classification 12 of Equipment Involved in Ignition); but for proper understanding, the
form that the heat of ignition took should be reported. It is desirable to state whether the water
was heated by natural gas (classification 14 or 15), LP-Gas (classification 18 or 19), oil
(classification 16 or 17), or electricity (division 3).
It is important that the fuel type be properly identified for equipment that may be powered by
alternative sources of fuel. Fuel type is of special interest for the following eight types of
equipment (numbers in parentheses refer to the classification in 6-4.3): central heating
equipment (11), water heater (12), fixed stationary local heating equipment (13), portable
heating equipment (15), stoves (21), ovens (22), central air conditioning equipment (31), and
dryers (52). Even though more than one classification in this data element may be applicable, for
these pieces of equipment, the fuel type should always be identified. That is, use division 1 or 2
for gas, liquid, or solid fuels, and division 3 or classifications 46 or 47 if electrically powered. In
most cases, the form of heat will refer to the equipment involved.
For a fire to start, it not only needs heat but the heat must ignite a kindling fuel. This kindling
fuel will have a specific use or form that must be identified as the form of material first ignited.
This same material will be made of a particular substance or be of a particular composition that
is identified as the type of material first ignited. The type or composition of material is typically
as the material exists in its raw, common, or natural state.
Example. A fire started from a natural gas fired hot water heater when vapors from gasoline
that was accidentally spilled entered the combustion chamber and were ignited by a gas pilot
light. The ignition classification would be:
Equipment Involved in Ignition — water heater (classification 12).
Form of Heat of Ignition — pilot light from natural gas fueled equipment (classification 15).
Form of Material — flammable liquid spilled from container (classification 86).
Type of Material — gasoline (classification 23).
Ignition Factor — flammable liquid accidentally spilled (classification 41).
6-3 Area of Fire Origin or Release of Hazardous Materials.
6-3.1
The area of fire origin or release of hazardous materials identifies the room, area or portion of
a room, a vehicle or a portion of a vehicle, or possibly some open area devoted to a specific use
where the fire or hazardous materials incident originated. The area of origin or release should be
classified according to the use of that room or space at the time of the incident.
The use of an area and its level within the building should each be kept separate for reporting
purposes. Thus, words like “attic” and “basement” should not be used to describe an area of
origin. If these areas are used for storage, that should be reported; if they are used for some other
purpose, that use should be reported.
6-3.2*
The following numbers should be used to classify the area of origin or the area where
hazardous materials are released.
0. Means of Egress.
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01.

Hallway, corridor, mall.

02.

Exterior stairway.
Included are fire escapes and exterior ramps.

03.

Interior stairway.
Included are interior ramps.

04.

Escalator way.

05.

Lobby, entrance way.

09.

Means of Egress not classified above.

1. Assembly, Sales Areas (groups of people).
11.

Large assembly area with fixed seats (100 or more persons).
Included are auditoriums, chapels, places of worship, theaters, arenas, and lecture halls.

12.

Large open room without fixed seats (100 or more persons).
Included are ballrooms, gymnasiums, roller rinks, bowling alley lanes, multi-use areas, and the
like.

13.

Small assembly area with or without fixed seats (less than 100 persons).
Included are classrooms, meeting rooms, multipurpose rooms, and the like.

14.

Lounge area.
Included are living rooms, common rooms, TV rooms, dens, recreation rooms, family rooms,
sitting rooms, music rooms, and the like.

15.

Sales, showroom area.
Excluded are display windows (56).

16.

Library.
Included are art galleries and exhibit spaces.

17.

Swimming pool.

19.

Assembly, Sales Areas not classified above.

2. Function Areas.
21.

Sleeping room for under five persons.
Included are patient rooms, bedrooms, cells, lockups, and the like.

22.

Sleeping area for five or more persons.
Included are wards, dormitories, barracks, and the like.

23.

Dining area, lunchroom, cafeteria.
Included are dining rooms, mess rooms, canteens, and beverage service bars.
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24.

Kitchen, cooking area.

25.

Lavatory, locker room, cloakroom.
Included are checkrooms, rest rooms, bathrooms, powder rooms, washrooms, shower rooms,
sauna baths, outhouses, and portable toilets.

26.

Laundry room, area.
Included are wash houses.

27.

Office.

28.

Personal service area.
Included are health clubs, massage parlors, and barber and beauty treatment areas.

3. Function Areas (continued).
31.

Laboratory.

32.

Printing or photographic room, area.

33.

First aid, treatment room.
Included are areas where minor surgery is performed.

34.

Operating room.
Included are recovery rooms and operating theaters.

35.

Electronic equipment room, area.
Included are control centers, radar rooms, electronic computer areas, data processing centers,
telephone equipment rooms, telephone booths, and the like.

36.

Performance, stage area.
Included are backstage areas, dressing rooms, ice rinks, boxing rings, and basketball floors.

37.

Projection room, area.
Included are stage light and spotlight areas.

38.

Process, manufacturing area.
Included are workrooms.

39.

Function Areas not classified above.

4. Storage Areas.
41.

Product storage room or area, storage tank, storage bin.
Included are all areas where products are held awaiting process, shipment, use, or sale.

42.

Closet.

43.

Supply storage room or area.
Included are tool rooms, maintenance supply rooms, dead storage rooms, and the like.
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44.

Records storage room, vault.

45.

Shipping, receiving, loading area.
Included are packing departments, mail rooms, and loading bays.

46.

Trash or rubbish area, container.
Included are wastepaper storage areas, industrial waste containers, compactors, garbage and
trash chutes without incinerators.
Excluded are incinerators (64).

47.

Garage, carport, vehicle storage area.

49.

Storage Areas not classified above.

5. Service Facilities.
51.

Elevator, dumbwaiter.
Included are the shaft areas.

52.

Utility shaft.
Included are pipe, ventilation, and conduit shafts.

53.

Light shaft.

54.

Chute.
Included are laundry chutes and mail chutes.
Excluded are trash chutes (46).

55.

Duct.
Included are air conditioning, heating, cable, and exhaust ducts.

56.

Display window.

57.

Chimney.
For fires not confined to the chimney, the area of origin should be classified as the first area
where ignition occurs outside the chimney, and the chimney is the equipment involved in
ignition.

58.

Conveyor.

59.

Service Facilities not classified above.

6. Service, Equipment Areas.
61.

Machinery room, area.
Included are elevator machinery rooms, engine rooms, pump rooms, head houses, refrigeration
rooms, and the like.

62.

Heating equipment room or area, water heater area.

63.

Switchgear area, transformer vault.
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64.

Incinerator room, area.
Included are all incinerator operations.
Excluded are rubbish areas without incinerators (46).

65.

Maintenance shop, area.
Included are repair shops, welding shops, paint shops, work-shops, and paint spraying areas.

66.

Test cell.

67.

Enclosure with pressurized air.

68.

Enclosure with enriched oxygen atmosphere.

69.

Service, Equipment Areas not classified above.

7. Structural Areas.
71.

Crawl space, substructure space.

72.

Exterior balcony, open porch.

73.

Ceiling and floor assembly, concealed floor/ceiling space.

74.

Ceiling and roof assembly, concealed roof/ceiling space.
Included are church steeples, cupolas, vacant attics, and the like.

75.

Wall assembly, concealed wall space.

76.

Exterior wall surface.

77.

Exterior roof surface.

78.

Awning.

79.

Structural Areas not classified above.

8. Transportation, Vehicle Areas.
81.

Passenger area of transportation equipment.
Included are the operator areas where the operator and passengers are in the same
compartment such as in automobiles, trucks, and buses.

82.

Trunk, load carrying area of transportation equipment.

83.

Engine area, running gear, wheel area of transportation equipment.

84.

Fuel tank, fuel line area of transportation equipment.
Included are tanks and lines for flammable/combustible liquids up to the engine area.

85.

Separate operating, control area of transportation equipment.
Included are the bridges of ships, cockpits of planes, and the like.
Excluded are automobiles, trucks, and buses (81).
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86.

Exterior exposed surface of transportation equipment.

89.

Transportation, Vehicle Areas not classified above.

9. Other Area of Origin.
91.

On or near railroad right of way, embankment.

92.

On or near highway, public way, street, parking lot.

93.

Court, terrace, patio.
Included are screened-in porches and patios.

94.

Lawn, field, open area.
Included are farmland, parks, rangeland, and vacant lots.

95.

Wildland area, woods.

96.

Area under construction or major renovation.

97.

Multiple areas of origin.

98.

Vacant structural area with no current use.

99.

Area of Fire Origin or Hazardous Materials Release not classified above.

00.

Area of Fire Origin or Hazardous Materials Release undetermined or not reported.

6-4 Equipment Identification.
6-4.1
This section is used to identify the piece of equipment where the heat of ignition originated. It
can also be used to identify equipment that was involved in the release of hazardous materials or
where a piece of equipment was involved in another type of incident. The equipment involved
should be identified and classified regardless of whether it operated properly or improperly.
6-4.2
When equipment is involved in ignition or the release of hazardous material, the following
information should also be recorded.
(a) Type of equipment.
(b) Equipment manufacturer’s name.
(c) Model designation.
(d) Serial number.
(e) Year of manufacture.
(f) Brand or trade name.
(g) Laboratory certification (UL, FM, AGA, etc.).
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(h) If electrical, the current and voltage rating on the label.
6-4.3*
The following numbers should be used to classify a piece of equipment.
0. Vehicles.
Use this category when the vehicle is responsible for the incident (fire or release) but is not itself
initially involved. For fires originating in the vehicle, classify the component of the vehicle responsible
for the heat as the equipment involved in ignition.
01. Road transport vehicle.
Excluded are vehicles designed primarily for off-road recreation use (05) and construction (02).
011.

Passenger car.

012.

Truck, up to 1 ton.

013.

Truck, over 1 ton.

014.

Bus.

015.

Motor home, recreational vehicle.

016.

Military truck, vehicle.

017.

Motorcycle.

018.

Vans.

019.

Road Transport Vehicle not classified above.

010.

Road Transport Vehicle; insufficient information to classify further.

02. Construction vehicle.
Excluded are trucks designed for over-the-road use (01).
021.

Pavement tar warmer.

022.

Road grader.

023.

Bulldozer, trencher.

024.

Air compressor.

025.

Earth-moving equipment.

026.

Crane, power shovel.

027.

Pile driver, drilling rig.
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029.

Construction Vehicle not classified above.

020.

Construction Vehicle; insufficient information to classify further.

03. Farm vehicle.
Included are equipment used for commercial farming.
Excluded are lawn mowers and small garden tractors (04).
031.

Crawler tractor.

032.

Wheeled tractor.

033.

Combine.

034.

Chopper.

035.

Baler.

036.

Hay stacker.

039.

Farm Vehicle not classified above.

030.

Farm Vehicle; insufficient information to classify further.

04. Home, garden vehicle.
Excluded are large equipment and vehicles used in commercial farming (03).
041.

Lawn mower.

042.

Garden tractor.

043.

Snow blowers.

049.

Home, Garden Vehicle not classified above.

040.

Home, Garden Vehicle; insufficient information to classify further.

05. Recreational vehicle.
Included are vehicles designed primarily for off-road use.
Excluded are camping vehicles and other vehicles designed primarily for over-the-road use (01).
051.

Trail bike.

052.

All-terrain vehicle.

053.

Snowmobile.

054.

Non-motorized wheeled vehicle.
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Included are bicycles, tricycles, and scooters.
059.

Recreational Vehicle not classified above.

050.

Recreational Vehicle; insufficient information to classify further.

06. Woodland vehicle.
061.

Sky car.

062.

Loader.

063.

Yarder.

064.

Skidder, forwarder.

069.

Woodland Vehicle not classified above.

060.

Woodland Vehicle; insufficient information to classify further.

07. Railroad vehicle.
Excluded are general construction vehicles (02).
071.

Locomotive, diesel.

072.

Locomotive, steam.

073.

Locomotive, electric.

074.

Freight, box, hopper, tank, container, passenger car.

075.

Refrigerator, piggyback car.

076.

Speeder, high-rail car.

077.

Rail grinder.

078.

Thermal splicer.

079.

Railroad Equipment not classified above.

070.

Railroad Equipment; insufficient information to classify further.

08. Industrial Vehicle.
081.

Forklift truck.

082.

Industrial tow vehicle.

083.

Ride on floor maintenance equipment.

089.

Industrial Vehicle not classified above.
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080.

Industrial Vehicle; insufficient information to classify further.

09. Vehicles not classified above.
099.

Other Vehicle not classified above.

1. Heating Systems.
Included are combined heating and cooling systems, or combined heating and cooking stoves if the
equipment was being used primarily for heating at the time the fire started.
Excluded are cords or plugs (47).
11. Central Heating Unit.
Included are heat pumps, central furnaces, and power burners or stokers having an air supply and a
return air system.
Excluded are industrial furnaces (71).
110.

Central heating unit.

12. Water Heater.
120.

Water heater.

13. Fixed, Stationary Local Heating Unit.
Included are wall furnaces, unit heaters, room heaters, fixed heating stoves, fireplace insert stoves,
woodburning stoves providing local heating, and baseboard heaters not intended for duct connection.
Excluded are fireplaces (14).
131.

Wall furnaces.

132.

Baseboard heaters not intended for duct connection.

133.

Free standing stoves.

134.

Fireplace insert stoves.

135.

Other room heaters.

139.

Fixed, Stationary Local Heating Unit not classified above.

130.

Fixed, Stationary Local Heating Unit; insufficient information to classify further.

14. Indoor Fireplace.
Excluded are fireplace insert stoves (13).
141.

Masonry fireplace.
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142.

Factory-built fireplace.

143.

Fireplace insert with masonry fireplace.

144.

Fireplace insert with factory-built fireplace.

149.

Indoor Fireplace not classified above.

140.

Indoor Fireplace; insufficient information to classify further.

15. Portable Local Heating Unit.
Included are space heaters, room heaters, and portable salamanders.
151.

Electric oil-filled heater.

152.

Electric heater, not oil-filled.

153.

Electric heater, not otherwise specified.

154.

Kerosene heaters.

155.

Oil heaters.

159.

Portable Local Heating Unit not classified above.

150.

Portable Local Heating Unit; insufficient information to classify further.

16. Chimney, Gas Vent Flue.
Included are masonry, factory-built, and metal chimneys. Use this classification only if heat from a
chimney or sparks coming from a chimney ignite other materials not in the chimney. For fires confined to
the chimney, classify the equipment involved in ignition as appropriate in subdivision 11 - 15 above.
161.

Masonry chimney.
Included are chimneys constructed of brick, stone, concrete block, or concrete block modules.

162.

Masonry chimney connected to freestanding wood stove.

163.

Masonry chimney connected to fireplace insert.

164.

Factory-built chimney connected to free standing wood stove.
Included are multi-wall, air-insulated chimneys and solid pack insulation-filled chimneys.

165.

Factory-built chimney connected to fireplace insert.

166.

Factory-built chimney serving a factory-built fireplace.

167.

Other factory-built chimney.
Excluded are installations specified in 164-166.

168.

Gas vents.
Included are double-wall, air-insulated, or asbestos-cement types of product identified by a
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marking of a listing agency.
169.

Chimney, Gas Vent Flue not classified above.

160.

Chimney, Gas Vent Flue; insufficient information to classify further.

17. Chimney Connector, Vent Connector (connects firebox to chimney or vent), using single or double
wall metal or other material that differs from the construction of the chimney.
Included are smoke pipes.
171.

Solid fuel appliance connector, single wall.

172.

Solid fuel appliance connector, double wall.

173.

Gas vent connector, single wall.
Included are single wall connectors used for any gas-burning appliance. If the entire system is
of the same material, classify in 164 or 165 as appropriate.

174.

Liquid fuel appliance connector.

179.

Chimney Connector, Vent Connector not specified above.

170.

Chimney Connector, Vent Connector; insufficient information to classify further.

18. Heat Transfer System.
Included are steam lines, heating pipes, and hot air ducts.
180.

Heat transfer system.

19. Heating Systems not classified above.
190.

Heating Systems not classified above.

10. Heating Systems; insufficient information available to classify further.
100.

Heating Systems; insufficient information available to classify further.

2. Cooking Equipment.
Included are combined heating and cooking stoves if the stove was being used primarily for cooking at
the time the fire started.
Excluded are cords and plugs (47).
21. Fixed Stationary Surface Unit.
Included are stoves and accessories such as rotisseries and grills that are part of the surface unit.
Excluded are open fire grills (261).
210.

Fixed stationary surface unit.
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22. Fixed, Stationary Oven.
Included are rotisseries that are part of an oven and ovens that are part of ranges.
220.

Fixed, stationary oven.

23. Fixed, Stationary Food Warming Appliance.
Included are coffee urns, steam tables, warming drawers, and warming tables.
230.

Fixed, stationary food warming appliance.

24. Deep Fat Fryer.
240.

Deep fat fryer.

25. Portable Cooking, Warming Unit.
Included are hot plates, camp stoves, toasters, and waffle irons.
251.

Hot plates.

252.

Camp stoves.

253.

Toasters.

254.

Toaster ovens.

255.

Waffle irons, griddles.

256.

Microwave ovens, not part of a range or built-in.

257.

Other counter-top ovens, cooking appliances.
Excluded are separate microwave ovens (256).

258.

Coffee makers.

259.

Portable Cooking, Warming Unit not classified above.

250.

Portable Cooking, Warming Unit; insufficient information to classify further.

26. Open Fired Grill.
Included are charcoal-, wood-, and paper-fired hibachi and barbecue grills.
261.

Charcoal grill.

262.

Wood- and paper-fired hibachi.

263.

Gas grills.
Excluded are grills that are part of an indoor surface cooking unit (21).

269.

Open Fired Grill not specified above.
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260.

Open Fired Grill; insufficient information to classify further.

27. Grease Hood, Duct.
Included are the lighting and venting equipment of the unit.
270.

Grease hood, duct.

29. Cooking Equipment not classified above.
290.

Cooking equipment not classified above.

20. Cooking Equipment; insufficient information available to classify further.
200.

Cooking equipment; insufficient information available to classify further.

3. Air Conditioning, Refrigeration Equipment.
Included are combined heating and cooling systems, if the equipment was being used primarily for
cooling at the time the fire started.Excluded are cords and plugs (47).
31. Central Air Conditioning, Refrigeration Equipment.
310.

Central air conditioning, refrigeration equipment.

32. Water Cooling Device, Tower.
Included are evaporative coolers.
320.

Water cooling device, tower.

33. Fixed, Stationary Local Refrigerator Unit.
Included are cold boxes, freezers, and refrigerators.
331.

Freezer.

332.

Refrigerator, including combination refrigerator/freezer.

339.

Fixed Stationary Local Refrigerator Unit not classified above.

330.

Fixed Stationary Local Refrigerator Unit; insufficient information to classify further.

34. Fixed Stationary Local Air Conditioning Unit.
Included are fixed fans.
341.

Ceiling fan.

342.

Exhaust fan.
Excluded are range hoods (27).

343.

Window-mounted fans.
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344.

Window-mounted air conditioners.

349.

Fixed Stationary Local Air Conditioning Unit not classified above.

340.

Fixed Stationary Local Air Conditioning Unit; insufficient information to classify further.

35. Portable Air Conditioning, Refrigeration Unit.
Included are dehumidifiers and portable fans.
351.

Portable dehumidifiers.

352.

Portable fans.

353.

Portable air conditioner.

359.

Portable Air Conditioning, Refrigeration Unit not classified above.

350.

Portable Air Conditioning, Refrigeration Unit; insufficient information to classify further.

39. Air Conditioning, Refrigeration Equipment not classified above.
390.

Air conditioning, refrigeration equipment not classified above.

30. Air Conditioning, Refrigeration Equipment; insufficient information available to classify further.
300.

Air conditioning, refrigeration equipment; insufficient information available to classify
further.

4. Electrical Distribution Equipment.
Excluded are heating, cooking, air conditioning, and refrigeration equipment (1, 2, and 3).
41. Fixed Wiring.
Included are power lines, cables, wiring in raceways, connections at junction boxes, and electric wiring
in vehicles.
Excluded are wiring terminations at receptacles, outlets (45), and lighting fixtures (46).
411.

Power (utility) line.

412.

Overhead service supply wires.

413.

Underground service supply wires.

414.

Service entrance cable.

415.

Branch circuit, armored (metallic) cable.

416.

Branch circuit, nonmetallic sheathing, copper wire.

417.

Branch circuit, nonmetallic sheathing, aluminum wire.
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418.

Branch circuit, wire in conduit.

419.

Fixed Wiring not classified above.

410.

Fixed Wiring; insufficient information to classify further.

42. Transformer, Associated Overcurrent or Disconnect Equipment.
421.

Control type transformer (starter and solenoid operating).

422.

Distribution type transformer.

423.

Low voltage transformer (not more than 50 volts).

424.

Overcurrent, disconnect equipment associated with a transformer.

429.

Transformer, Associated Overcurrent or Disconnect Equipment not classified above.

420.

Transformer, Associated Overcurrent or Disconnect Equipment; insufficient information
to classify further.

43. Meter, Meter Box.
431.

Meter.

432.

Meter mounting equipment, meter box.

439.

Meter, Meter Box not classified above.

430.

Meter, Meter Box; insufficient information to classify further.

44. Power Switch Gear, Overcurrent Protection Devices.
Included are panelboards or switchboards, fuses, circuit breakers with or without ground fault circuit
interrupters.
441.

Main switch.

442.

Industrial control switch.

443.

Branch circuit distribution panel board, fuse.

444.

Branch circuit distribution panel board, circuit breaker, with or without ground-fault
circuit-interrupter.

449.

Power Switch Gear, Overcurrent Protection Devices not classified above.

440.

Power Switch Gear, Overcurrent Protection Devices; insufficient information to classify
further.

45. Switch, Receptacle, Outlet.
Included are branch circuit termination failures.
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451.

Wall type switch.

452.

Receptacle, outlet.

453.

Ground-fault interrupter (GFI) receptacle, hard-wired.

454.

Ground-fault interrupter (GFI), portable, plug-in.

459.

Switch, Receptacle, Outlet not classified above.

450.

Switch, Receptacle, Outlet; insufficient information to classify further.

46. Fixed Lighting Fixture, Lamp Holder, Ballast, Sign.
Included are heat lamps and branch circuit termination failures.
461.

Fluorescent lighting fixture, ballast.

462.

Incandescent lighting fixture.

463.

Heat lamp.

464.

Lamp holder.

465.

Inside sign.

466.

Outside sign.

469.

Lighting Fixture, Lamp Holder, Ballast, Sign not classified above.

460.

Lighting Fixture, Lamp Holder, Ballast, Sign; insufficient information to classify further.

47. Cord, Plug.
Included are extension cords, appliance cords, and plugs.
471.

Cord, plug on appliance.

472.

Cord, plug on portable lamp.

473.

Extension cord, single sheathed.

Note: This is normally flat cord.

474.

Extension cord, double sheathed.

Note: This is normally round cord.

475.

Christmas tree light strings.

476.

Adapter.

477.

Surge protection device.
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479.

Cord, Plug not classified above.

470.

Cord, Plug; insufficient information to classify further.

48. Portable Lamp, Light Bulb.
Included are portable heat lamps.
Excluded are cords and plugs.
481.

Portable lighting lamp, light bulb.

482.

Portable heat lamp, bulb.

489.

Portable Lamp, Light Bulb not classified above.

480.

Portable Lamp, Light Bulb; insufficient information to classify further.

49. Electrical Distribution Equipment not classified above.
490.

Electrical Distribution Equipment not classified above.

40. Electrical Distribution Equipment; insufficient information to classify further.
400.

Electrical Distribution Equipment; insufficient information to classify further.

5. Appliances, Equipment (other than elsewhere classified in this chapter).
51. Television, Radio, Phonograph.
Included are tape recorders, sound- or picture-receiving equipment, and reproduction equipment.
511.

Television.

512.

Radio, cassette player, compact disc player.

513.

Phonograph.

514.

Stereo system combination.

515.

Video cassette recorder (VCR).

516.

Separate audio speaker.

517.

Reproduction equipment.

519.

Television, Radio, Phonograph not classified above.

510.

Television, Radio, Phonograph; insufficient information to classify further.

52. Dryer.
Included are coin-operated dryers and extractors removing any liquid or solvent.
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520.

Dryer.

53. Washing Machine, Dishwasher.
Included are coin-operated machines at laundries.
530.

Washing Machine, Dishwasher.

54. Floor care equipment.
Excluded are “ride on” type floor care machines, which are classified as industrial trucks (96).
541.

Vacuum cleaner.

542.

Carpet shampooers.

549.

Floor Care Equipment not classified above.

540.

Floor Care Equipment; insufficient information to classify further.

55. Separate Motor, Generator
Included are those not an integral part of an appliance and those separated by a belt or chain from the
equipment they drive or that drives them.
551.

Fractional h.p. motor.

552.

One h.p. and over motor.

553.

Elevator motor.

554.

Generator.

559.

Separate Motor, Generator not classified above.

550.

Separate Motor, Generator; insufficient information to classify further.

56. Hand Tools.
Included are soldering irons, drills, and the like.
560.

Hand tools.

57. Portable Appliance Designed to Produce Controlled Heat (not classified in 52 or 56).
Included are electric blankets, irons, and heat tape.
Excluded is cooking equipment.
571.

Heat tape.

572.

Electric blanket, heating pad, mattress pad.
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573.

Irons.

574.

Hair dryers.

575.

Curling irons.

576.

Other hair care (except 574 and 575).

577.

Humidifier, heat producing.

579.

Portable Appliance Designed to Produce Controlled Heat not classified above.

570.

Portable Appliance Designed to Produce Controlled Heat; insufficient information to classify
further.

58. Portable Appliance Designed Not to Produce Heat (not classified above).
Included are electric razors and can openers.
Excluded are fans (351).
581.

Electric razor.

582.

Humidifier, non-heat producing.

583.

Can opener.

589.

Portable Appliance Designed Not to Produce Heat not classified above.

580.

Portable Appliance Designed Not to Produce Heat; insufficient information to classify further.

59. Appliances, Equipment not classified above.
590.

Appliances, Equipment not classified above.

50. Appliances, Equipment; insufficient information to classify further.
500.

Appliances, Equipment; insufficient information to classify further.

6. Special Equipment.
61. Electronic Equipment.
Included are radar, X-ray, computer, telephone, and transmitter equipment.
611.

Radar.

612.

X-ray.

613.

Computer.

614.

Telephone.
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615.

Telefax.

616.

Transmitter.

619.

Electronic Equipment not classified above.

610.

Electronic Equipment; insufficient information to classify further.

62. Vending Machine, Drinking Fountain.
620.

Vending machine, drinking fountain.

63. Office Machine.
Excluded are office machines classified in 61.
631.

rinter.

632.

Copier.

633.

Typewriter, calculator, adding machine.

639.

Office Equipment not classified above.

630.

Office Equipment; insufficient information to classify further.

64. Biomedical Equipment, Device.
Included are anesthetizing machines.
640.

Biomedical equipment, device.

65. Separate Pump, Compressor.
650.

Separate pump, compressor.

66. Internal Combustion Engine.
Included are the drive train and exhaust system.
Excluded are bearings and brakes (82), vehicles (01 - 09), and chain saws (91).
660.

Internal combustion engine.

67. Conveyor, Escalator.
670.

Conveyor, escalator.

68. Printing Press.
680.

Printing press.

69. Special Equipment not classified above.
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690.

Special Equipment not classified above.

60. Special Equipment; insufficient information to classify further.
600.

Special Equipment; insufficient information to classify further.

7. Processing Equipment.
71. Furnace, Oven, Kiln.
Excluded are those used for food preparation (division 2) and heat treating (73).
710.

Furnace, oven, kiln.

72. Casting, Molding, Forging Equipment.
Included are glass-forming machines and die-casting machines.
720.

Casting, molding, forging equipment.

73. Heat Treating Equipment.
Included are quench tanks and associated equipment.
730.

Heat treating equipment.

74. Working, Shaping Machine.
Included are sawing, planing, grinding, machining, forming, opening, picking, carding, and weaving
machines.
740.

Working, shaping machine.

75. Coating Machine.
Included are asphalt-saturating and rubber-spreading machines.
750.

Coating machine.

76. Painting Equipment.
Included are dipping, spraying, and flow-coating equipment.
760.

Painting equipment.

77. Chemical Process Equipment.
Included are digesters, reactors, black liquor recovery units, and distilling equipment.
770.

Chemical process equipment.

78. Waste Recovery Equipment.
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Included are garnetting and solvent recovery equipment.
780.

Waste recovery equipment.

79. Processing Equipment not classified above.
790.

Processing Equipment not classified above.

70. Processing Equipment; insufficient information available to classify further.
700.

Processing Equipment; insufficient information available to classify further.

8. Service, Maintenance Equipment.
81. Incinerator.
Included are burning barrels.
810.

Incinerator.

82. Bearing, Brake.
820.

Bearing, brake.

83. Rectifier, Charger.
Included are inverters and batteries.
830.

Rectifier, charger.

84. Tarpot, Tar Kettle.
840.

Tarpot, tar kettle.

85. Arc, Oil Lamp.
Included are gas mantles, arc-lighted motion-picture projectors, and lanterns for recreational use.
850.

Arc, oil lamp.

86. Elevator.
860.

Elevator.

87. Torch/Welder.
Included are cutting, welding, and plumbers’ torches, Bunsen burners, weed burners, and arc welders.
870.

Torch/welder.

89. Service, Maintenance Equipment not classified above.
890.

Service, Maintenance Equipment not classified above.
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80. Service, Maintenance Equipment; insufficient information available to classify further.
800.

Service, Maintenance Equipment; insufficient information available to classify further.

9. Other Equipment.
91. Power Saws.
Included are chain saws.
910. Power saws.
92. Hand-Held Yard and Garden Maintenance Equipment.
Included are grass and brush trimmers.
Excluded are power saws (91).
920.

Hand-held yard and garden maintenance equipment.

93. Power Transfer Equipment.
Included are cables, wire ropes, blocks, and belts.
Excluded are the vehicles or equipment providing the power and electric wiring.
930.

Power transfer equipment.

94. Electric Fencing.
940.

Electric fencing.

95. Flammable Liquid Transfer Equipment.
Included are piping, valves, and connected storage tanks.
Excluded are pumps or compressors (65).
950.

Flammable liquid transfer equipment.

96. Hazardous Materials (other than flammable liquids) Transfer Equipment.
Included are piping, valves, and storage containers.
Excluded are pumps or compressors (65).
960.

Hazardous materials (other than flammable liquids) transfer equipment.

97. Cigarette Lighter.
970.

Cigarette lighter.

98. No Equipment Involved.
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[See 6-5.2 for Form of Heat of Ignition (e.g., cigarette, match).]
980.

No equipment involved.

99. Equipment Involved not classified above.
999.

Equipment Involved not classified above.

00. Equipment Involved undetermined or not reported.
000. Equipment Involved undetermined or not reported.
6-5 Form of Heat of Ignition.
6-5.1
Form of heat identifies the heat energy that ignited the fire. If the equipment is powered by
fuel, then the fuel should be identified also. This data element applies to fires only.
6-5.2*
The following numbers should be used to classify the form of heat of ignition.
0. Heat, Sparks, Ember, or Flames from Outside, Open Fires.
01.

Outside open fire for debris or waste disposal.

02.

Outside open fire for warming.

03.

Outside open fire for cooking.

04.

Outside open bonfire.

05.

Agricultural burns, land management burns.
Included are prescribed burning.

08.

Heat, Sparks, Ember, or Flames from Outside, Open Fires not classified above.

09.

Heat, Sparks, Ember, or Flames from Outside, Open Fires; insufficient information available to
classify further.

1. Heat from Fuel-Fired or Fuel-Powered Equipment (gas or liquid fuel).
NOTE: Gas is a gaseous fuel; gasoline is a liquid fuel.

The difference between subdivision 14 and 15 (or 16 and 17, or 21 and 22, etc.) is whether a spark,
ember, or flame actually escaped from the equipment or whether it was simply overheating of the outside
surface (or its internal heat) causing the ignition of nearby combustibles.
11.

Spark, ember, heat, or flame from cutting torch operation (separating metals).

12.

Spark, ember, heat, or flame from welding torch operation (joining metals).

13.

Spark, ember, heat, or flame other than cutting/welding.
Included are plumbers’ furnaces, blow torches, plumbers’ torches, Bunsen burners, soldering and
Copyright 1996 NFPA

heating operations, paint stripping torches, and other torch operations.
14.

Spark, ember, flame escaping from natural gas fueled equipment other than torch.

15.

Heat from natural gas fueled equipment other than torch.
Included are pilot lights and normal flames.

16.

Spark, ember, flame escaping from liquid fueled equipment.
Included is exhaust carbon not trapped by a spark arrester or not pulverized by a turbocharger.

17.

Heat from liquid fueled equipment.
Included are pilot lights, normal flames, and exhaust system surfaces.

18.

Spark, ember, flame escaping from LP-Gas fueled equipment other than torch.
Included are butane and propane.

19.

Heat from LP-Gas fueled equipment other than torch.
Included are pilot lights and normal flames.

2. Heat from Fuel-Fired or Fuel-Powered Equipment (solid fuel).
21.

Spark, ember, flame escaping from wood or paper fueled equipment.
Included are sparks from a chimney connected to the equipment.

22.

Heat from wood, paper fueled equipment.
Included are chimneys, pilot lights, and normal flames.

23.

Spark, ember, flame escaping from coal or coke fueled equipment.
Included are sparks from a chimney connected to the equipment.

24.

Heat from coal or coke fueled equipment.
Included are chimneys, pilot lights, and normal flames.

25.

Spark, ember, flame escaping from other solid fueled equipment.

26.

Heat from other solid fueled equipment.
Included are chimneys, pilot lights, and normal flames.

27.

Spark, ember, flame escaping from fuel-fired equipment; specific fuel not known.

28.

Heat from fuel-fired equipment: specific fuel not known.

29.

Heat from Fuel-Fired or Fuel-Powered Equipment not classified above.

20.

Heat from Fuel-Fired or Fuel-Powered Equipment; insufficient information available to classify
further.

3. Heat from Electrical Equipment Arcing or Overloaded.
31.

Water caused short-circuit arc.
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32.

Short-circuit arc from mechanical damage.

33.

Short-circuit arc from defective, worn insulation.

34.

Unspecified short-circuit arc.

35.

Arc from faulty contact, loose connection, broken conductor, broken powerline.

36.

Arc, spark from operating equipment, switch, or electric fence.
Excluded are static discharges from equipment whether it is in operation or not (74).

37.

Heat from overloaded equipment.
Included are wires and motors.

38.

Fluorescent light ballast.

39.

Heat from Electrical Equipment Arcing or Overloaded not classified above.

30.

Heat from Electrical Equipment Arcing or Overloaded; insufficient information available to
classify further.

4. Heat from Hot Object.
41.

Heat, spark from friction.
Included are overheated tires.

42.

Molten, hot material.
Included are molten metal, hot forging, and hot glass, hot metal fragment, brakeshoe, hot box
and slag from arc welding operations.

43.

Hot ember ash.
Included are embers and ash discarded from solid fuel-fired equipment.
Excluded are embers accidentally escaping from solid fuel-fired equipment (division 2) and
embers or sparks from an exposure fire (83) or embers and sparks from smoking materials
(division 6).

44.

Electric lamp.
Included are light bulbs.

45.

Rekindle, reignition.

46.

Heat from properly operating electrical equipment.

47.

Heat from improperly operating electrical equipment.
Excluded are overloaded operating electrical equipment (37) and fluorescent light ballast (38).

49.

Heat from Hot Object not classified above.

40.

Heat from Hot Object; insufficient information available to classify further.

5. Heat from Explosives or Fireworks.
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51.

Munitions.
Included are bombs, ammunition (not tracer, which is 52), and military rockets.

52.

Tracer ammunition.

53.

Blasting agent, prima cord, black powder fuse.
Included are fertilizing agents, ammonium nitrate, and sodium, potassium, or other chemical
agents.

54.

Fireworks.
Included are sparklers, paper caps, party poppers, and firecrackers.

55.

Model and amateur rocket.

56.

Incendiary device.
Included are Molotov cocktails.

59.

Heat from Explosives or Fireworks not classified above.

50.

Heat from Explosives or Fireworks; insufficient information available to classify further.

6. Heat from Other Open Flame, Sparks, or Smoking Materials.
Included is heat from material in use or after use.
61.

Cigarette.

62.

Cigar or pipe.

63.

Heat from undetermined smoking material.

64.

Match.

65.

Lighter (flame type).

66.

Candle, taper.

67.

Warning flare, fusee.

68.

Backfire from internal combustion engine.
Excluded are flames and sparks from an exhaust system (16).

69.

Heat from Other Open Flame, Sparks, or Smoking Materials not classified above.

60.

Heat from Other Open Flame, Sparks, or Smoking Materials; insufficient information to classify
further.

7. Heat from Natural Source.
71.

Sun’s heat.
Usually magnified through glass, bottles, etc.
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72.

Spontaneous ignition, chemical reaction.

73.

Lightning discharge.

74.

Static discharge.
Excluded are electrical arcs or sparks (36).

79.

Heat from Natural Source not classified above.

70.

Heat from Natural Source; insufficient information available to classify further.

8. Heat Spreading from Another Unwanted or Hostile Fire (Exposure).
81.

Heat from direct flame, convection currents.

82.

Radiated heat.
Excluded is heat from exhaust systems of fuel-fired, fuel-powered equipment (16).

83.

Heat from flying brand, ember, spark.
Excluded are embers, sparks from a chimney igniting the roof of the same structure (division 2).

84.

Conducted heat.

89.

Heat Spreading from Another Unwanted or Hostile Fire not classified above.

80.

Heat Spreading from Another Unwanted or Hostile Fire; insufficient information available to
classify further.

9. Other Form of Heat of Ignition.
97.

Multiple forms of heat of ignition.
Use this subdivision only where there are multiple fires started at approximately the same time on
the same property and more than one heat of ignition was initially involved. If one major heat
source was involved, use the appropriate classification.

99.

Form of Heat of Ignition not classified above.

00.

Form of Heat of Ignition undetermined or not reported.

6-6 Material Identification.
6-6.1 Form of Material.
6-6.1.1 Form of material identifies the use of a material. Combined with the type of material data
element it will identify the material first ignited, the material contributing most to smoke or
flame development, or whenever it is necessary to classify a material and its use. This data
element applies to fires only.
When used for recording the first material ignited, it should identify the first item that had
sufficient volume or heat intensity to extend to uncontrolled or self-perpetuating fire.
6-6.1.2* The following numbers should be used to classify the form of material.
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1. Structural Component, Finish.
11.

Exterior roof covering, surface, finish.

12.

Exterior sidewall covering, surface, finish.
Included are eaves.

13.

Exterior trim, appurtenances.
Included are doors, porches, and platforms.

14.

Floor covering, surface.

15.

Interior wall covering.
Included are cloth wall coverings, wood paneling, and items permanently affixed to a wall or
door.
Excluded are curtains and draperies (36) and decorations (42).

16.

Ceiling covering, surface.
Included are cloth permanently affixed to ceiling, and acoustical tile.

17.

Structural member, framing.

18.

Thermal, acoustical insulation within wall, partition, or floor/ceiling space.
Included are fibers, batts, boards, loose fills.

19.

Structural Component, Finish not classified above.

10.

Structural Component, Finish; insufficient information available to classify further.

2. Furniture, Utensils.
Included is built-in furniture.
21.

Upholstered sofa, chair, vehicle seats.

22.

Nonupholstered chair, bench.

23.

Cabinetry.
Included are filing cabinets, pianos, dressers, chests of drawers, desks, tables, and bookcases.
Excluded are TV sets, bottle warmers, and appliance housings (25).

24.

Ironing board.

25.

Appliance housing or casing.

26.

Kitchen household utensils.

29.

Furniture, Utensils not classified above.

20.

Furniture, Utensils; insufficient information available to classify further.

3. Soft Goods, Wearing Apparel.
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31.

Mattress, pillow.

32.

Bedding, blanket, sheet, comforter.
Included are heating pads.

33.

Linen, other than bedding.
Included are towels and tablecloths.

34.

Wearing apparel not on a person.

35.

Wearing apparel on a person.

36.

Curtain, blind, drapery, tapestry.

37.

Goods not made up.
Included are fabrics and yard goods.

38.

Luggage.

39.

Soft Goods, Wearing Apparel not classified above.

30.

Soft Goods, Wearing Apparel; insufficient information available to classify further.

4. Adornment, Recreational Material.
41.

Christmas tree.

42.

Decoration.

43.

Book.

44.

Magazine, newspaper, writing paper.
Included are files.

45.

Toy, game.

46.

Awning, canopy.

47.

Tarpaulin, tent.

49.

Adornment, Recreational Material not classified above.

40.

Adornment, Recreational Material; insufficient information available to classify further.

5. Supplies, Stock.
51.

Box, carton, bag.

52.

Basket, barrel.
Included are waste baskets.

53.

Pallet, skid (not in use).
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Excluded are palletized stock (85).
54.

Rope, cord, twine, yarn.

55.

Packing, wrapping material.

56.

Bale storage.

57.

Bulk storage.

58.

Cleaning supplies.
Included are brooms, brushes, mops, cleaning cloths, and cleaning fluids.

59.

Supplies, Stock not classified above.

50.

Supplies, Stock; insufficient information available to classify further.

6. Power Transfer Equipment, Fuel.
61.

Electrical wire, cable insulation.
Do not classify the insulation on the wiring as the first material ignited unless there were no
other materials in the immediate area, such as might be found in a cable tray or electrical vault.
Classify the first material of significance that caught fire from the wire/wire insulation as the
material first ignited.

62.

Transformer.
Included are transformer fluids.

63.

Conveyor belt, drive belt, V-belt.

64.

Tire.

65.

Fuel.
Included are flammable liquids or gases in their final container prior to direct transfer into the
engine or burner or the piping associated with this final transfer.
Excluded are flammable liquids or gases stored in a container such that they need to be
transferred to another container before use (86).

66.

Pipe, duct, conduit, hose.

67.

Pipe, duct, conduit covering.
Included are insulating materials whether for acoustical or thermal purposes and whether inside
or outside the pipe, conduit, duct.

68.

Filter.
Included are evaporative cooler pads.

69.

Power Transfer Equipment, Fuel not classified above.

60.

Power Transfer Equipment, Fuel; insufficient information available to classify further.
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7. General Form.
71.

Agricultural product.

72.

Fence, pole.

73.

Fertilizer.

74.

Vegetation or animal not included in classification 71 whether living or dead.

75.

Rubbish, trash, waste.

76.

Cooking materials.
Included are edible materials for man or animal.

77.

Sign.
Included are outdoor signs such as billboards.

78.

Film, residue.
Included are paint or resin film and paint or resin residue on spray booths, exhaust ducts or dip
tank drain boards, chimney residue (soot) and other films and residues produced as a by-product
of an operation.

8. Special Form.
81.

Dust, fiber, lint.
Included are sawdust and excelsior.

82.

Pyrotechnics, explosives.

83.

Atomized, vaporized liquid.
Excluded are aerosols (86).

84.

Chips.

85.

Palletized material, material stored on pallets.

86.

Gas or liquid in or from pipe or container.
Included are accelerants, aerosols.
Excluded are fuels in their final container prior to direct transfer to the engine or burner or in the
piping associated with the final transfer (65).

87.

Rolled material.
Included is rolled paper.

88.

Adhesive.

9. Other Form of Material.
91.

Railroad ties.

97.

Multiple forms of material first ignited.
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Use this subdivision only where there are multiple fires started at approximately the same time
on the same property and more than one form of material was initially involved. If one major
material was involved, use the appropriate classification.
98.

Form of material not significant or not applicable.
Use this subdivision only when this data element is being used for reporting a form of material as
other than the first material ignited and the circumstances of the situation are such that the form
of material is not applicable or significant.

99.

Form of Material not classified above.

00.

Form of Material undetermined or not reported.

6-6.2 Type of Material.
6-6.2.1 Type of material identifies the composition of the material as it exists in its raw,
common, or natural state. Combined with the form of material data element it will identify the
material first ignited, the material contributing most to smoke or flame development, or
whenever it is necessary to classify a material and its use. This data element applies to fires only.
When used for recording the first material ignited, it should identify the first item that had
sufficient volume or heat intensity to extend to uncontrolled or self-perpetuating fire.
6-6.2.2* The following numbers should be used to classify the type of material.
0. Wood, Cellulose-Naturally Occurring.
01.

Grass.

02.

Leaves, needles, litter (vegetative).

03.

Duff (the material between the leaf and/or needle cover and the mineral soil).
Included are decomposed material and humus.

04.

Peat.

05.

Live tree, brush.

06.

Snag (standing dead tree).

07.

Logs.

08.

Slash (felled brush, limbs, tree tops).

09.

Rotten wood.

1. Gas (not gasoline).
11.

Natural gas.

12.

LP-City Gas (LP and air mix).

13.

Manufactured gas.
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14.

LP-Gas.

15.

Anesthetic gas.

16.

Acetylene.

17.

Other specialty gas.
Excluded are anesthetic gas (15), acetylene (16), and hydrogen (18).

18.

Hydrogen.

19.

Gas not classified above.

10.

Gas; insufficient information available to classify further.

2. Flammable, Combustible Liquid.
Classification information is given in NFPA 321, Standard on Basic Classification of Flammable and
Combustible Liquids; and NFPA 325, Guide to Fire Hazard Properties of Flammable Liquids, Gases,
and Volatile Solids.
21.

Class IA flammable liquid.
Flash point less than 22.8°C (73°F) and boiling point less than 37.8°C (100°F).
Included are ethyl ether, pentane, and ethylene oxide.

22.

Class IB flammable liquid.
Flash point less than 22.8°C (73°F) and boiling point at or above 37.8°C (l00°F).
Included are acetone ethyl alcohol, JP-4 jet fuel, and methyl ethyl ketone.
Excluded is gasoline (23).

23.

Gasoline.

24.

Class IC flammable liquid.
Flash point at or above 22.8°C (73°F) and below 37.8°C (100°F).
Included are butyl alcohol, propyl alcohol, styrene, and turpentine.

25.

Class II combustible liquid.
Flash point at or above 37.8°C (100°F) but less than 60°C (140°F).
Included are kerosene, Nos. 1 and 2 fuel oil, and diesel fuel.

26.

Class IIIA combustible liquid.
Flash point at or above 60°C (140°F) but less than 93.4°C (200°F).
Included are Nos. 4, 5, and 6 fuel oil, cottonseed oil, and creosote oil.

27.

Class IIIB combustible liquid.
Flash point at or above 93.4°C (200°F).
Included are cooking oil, transformer oil, and lubricating oil.

29.

Flammable, Combustible Liquid not classified above.

Copyright 1996 NFPA

20.

Flammable, Combustible Liquid; insufficient information available to classify further.

3. Volatile Solid, Chemical.
31.

Fat, grease (food).
Included are butter, tallow, margarine, and lard.

32.

Grease (nonfood).
Included are petroleum jellies.

33.

Polish.
Included are paraffin and wax.

34.

Adhesive, resin, tar.
Included are glue, gelatin, rosin, damas, elemi, kauri, asphalt, pitch, contact cement, soot, carbon,
creosote.
Excluded is asphalt impregnated material (86).

35.

Applied paint, varnish.

36.

Combustible metal.
Included are magnesium, titanium, and zirconium.

37.

Solid chemical.
Included are explosives.
Excluded are liquid chemicals (division 2) and gaseous chemicals (division 1).

38.

Radioactive material.

39.

Volatile Solid, Chemical not classified above.

30.

Volatile Solid, Chemical; insufficient information available to classify further.

4. Plastics.
Included are all solid, nonfibrous forms of plastic and synthetic rubber. Examples are polypropylene,
polystyrene, polyurethane, and polyvinyl chloride in molded, laminate, foam, film, or sheet form.
Excluded are synthetic fibers, coated fabrics, and plastic upholstery (division 7).
41.

Rigid plastics.
Incompressible, hard, stiff, inflexible plastics.
Included are molded plastics such as appliance cases, floor tile, decorative kitchen laminates. If
identifiable foam structure is also present, classify as rigid foam (42).

42.

Rigid foam plastics.
Incompressible, hard, stiff, inflexible plastics with cellular, honeycomb, foam structure.
Included are rigid thermal foam insulation for walls and refrigerators.

43.

Flexible plastics.
Compressible, soft, elastic, or pliable plastic.
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Included is electrical wire insulation. If identifiable foam structure is also present, classify as
flexible foam (44).
44.

Flexible foam plastics.
Compressible, soft, elastic, or pliable plastic with cellular, sponge-like, honeycomb, foam
structure.
Included are mattress, furniture interior foam, and carpet pads.

45.

Film plastics.
Paper-thin plastic, either self-supporting or coated on another material no greater than 0.01 in.
(0.25 mm) thick.
Included are polyethylene trash bags, photographic film, coated wallpaper.
Excluded are coated fabrics (division 7).

49.

Plastic not classified above.

40.

Plastic; insufficient information available to classify further.

5. Natural Product.
51.

Rubber.
Excluded are synthetic rubbers (classify as plastics, division 4).

52.

Cork.

53.

Leather.

54.

Hay, straw.

55.

Grain, natural fiber (preprocess).
Included are feathers, felt, kapok, hessian, hemp, sisal, jute, cocofilm, flax, and cotton.
Excluded are fabrics and furniture batting (72).

56.

Coal, coke, briquettes, peat.

57.

Food, starch.
Excluded are fat and grease (31).

58.

Tobacco.

59.

Natural Product not classified above.

50.

Natural Product; insufficient information available to classify further.

6. Wood, Paper (Processed).
61.

Wood residue.
Included are chips, sawdust, shavings, excelsior, and processed wood used as thermal insulation.

62.

Round timber.
Included are round posts, poles, and piles.
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63.

Sawn wood.
Included is all finished lumber.

64.

Plywood.

65.

Fiberboard, particleboard, and hardboard.
Included are low density pressed wood fiberboard products.

66.

Wood pulp.

67.

Paper.
Included are cellulose, waxed paper, sensitized paper, and ground-up, processed paper and
newsprint used as thermal insulation.

68.

Cardboard.

69.

Wood, Paper (Processed) not classified above.

60.

Wood, Paper (Processed); insufficient information available to classify further.

7. Fabric, Textile, Fur.
Classify by predominant type of material, except as shown in classification 72.
71.

Man-made fabric, fiber, finished goods.
Excluded are rayon (72).

72.

Cotton, rayon, cotton fabric, finished goods.
Included are canvases and all polyester-cotton blends.
Excluded is waterproof canvas made with materials compounded with oil (84).

73.

Wool, wool mixture fabric, finished goods.

74.

Fur, silk, other fabric, finished goods.

75.

Wig.

76.

Human hair.

77.

Plastic coated fabric.
Included are plastic upholstery fabric and other vinyl fabrics.

79.

Fabric, Textile, Fur not classified above.

70.

Fabric, Textile, Fur; insufficient information available to classify further.

8. Material Compounded with Oil.
81.

Linoleum.

82.

Oilcloth.
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83.

(This subdivision not used in this edition.)

84.

Waterproof canvas.
Excluded is waterproof cloth of rayon covered with neoprene (77).

85.

Oily rags.
Included are waste materials impregnated with oil.

86.

Asphalt treated material.
Excluded are by-products of combustion, soot, carbon, creosote (34).

89.

Material Compounded with Oil not classified above.

80.

Material Compounded with Oil; insufficient information available to classify further.

9. Other Type of Material.
91.

Chaff.

92.

Mulch.

93.

Litter, combinations of materials having no value in the same container or pile.

94.

Animal.

97.

Multiple types of material first ignited.
Use this subdivision only where there are multiple fires started at approximately the same time on
the same property and more than one type of material was initially involved. If one major material
was involved, use the appropriate classification.

98.

Type of material not significant or not applicable.
Use this subdivision only when this data element is being used for reporting a type of material as
other than the first material ignited and the circumstances of the situation are such that the type of
material is not applicable or significant.

99.

Type of Material not classified above.

00.

Type of Material undetermined or not reported.

6-7 Ignition Factor.
6-7.1
Ignition factor identifies how the heat of ignition and the material first ignited combined to
cause a fire. It can be a deliberate act, an accident, or even an act of nature. This data element
applies to fires only.
6-7.2*
The following numbers should be used to classify the factor involved in the ignition of the fire.
1. Incendiary.
Incendiary for fire reporting purposes is defined as evidence that leads the reporting person to
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conclude that a fire was deliberately set. Evidence includes physical material and observations of fire
effects and may include witnesses or admissions. A deliberately set fire may be lawful or unlawful
depending upon other circumstances relevant under applicable law, including intent, ownership of
property ignited, and the presence or absence of permission.
11.

Unlawful incendiary.
Evidence supports both a conclusion that the fire was incendiary and that it was unlawful.

12.

Lawful incendiary.
Evidence supports the conclusion that the fire was deliberately set but the circumstances
indicate that no law was violated.
Excluded are fires started as nonhostile but that spread and become hostile (34).

13.

Incendiary — lawfulness not determined.
Evidence supports the conclusion that the fire was deliberately set but no determination was
made as to the other circumstances that would classify the ignition as unlawful.

14.

Suspicious.
Physical evidence indicates the possibility that the fire may have been deliberately set but
insufficient evidence exists to conclude that it was incendiary. Such fires require additional
investigation. If no further investigation is conducted, suspicious fires should be considered as
undetermined.

2. Reckless.
Reckless for fire reporting purposes means evidence leads the reporting person to conclude that the
person responsible for the fire not only failed to use ordinary care under the circumstances, but
demonstrated a wanton disregard for life or property. Evidence includes physical material and
observation of fire effects and may include witnesses or admissions. Deliberately set fires should be
classified in division 1 (Incendiary).
21.

Reckless act.

3. Misuse of Heat of Ignition.
Where the heat of ignition moves or was moved, and the material first ignited was stationary, classify
here. Where the heat of ignition was stationary and the material first ignited moves or was moved,
classify in division 4. Where both the heat of ignition and the material first ignited move or were moved,
classify here (division 3). Misuse of smoking materials should be classified in the most appropriate
subdivision of division 3.
31.

Abandoned, discarded heat source.
Included are discarded cigarettes, cigars, tobacco embers, hot ashes, other burning matter.
Excluded are outside fires left unattended (34), smoking materials abandoned if asleep (33),
impairment by drugs or alcohol (37), or other impairments (38).

32.

Thawing.

33.

Falling asleep.
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Included are fires that result from a person smoking when he falls asleep.
34.

Inadequate control of open fire.
Included are smoking out animals, campfires, debris burning, outside fires left unattended.

35.

Heat source used or placed too close to combustibles.
Included are matches or candles used for light in unsafe places; welding or cutting operations;
fires under tree branches, snags; timber hauling block hung improperly; and failure to clear
debris from around campfires or engines.
Excluded are heat sources permanently installed too close to combustibles (63).

36.

Children playing with heat sources and having no knowledge that fire can do damage.
Included are matches, candles, and cigarette lighters.
Excluded are intentional acts (11).

37.

Person impaired by drug or alcohol.
Included are people who fall asleep as a result of drugs or alcohol.
Excluded are people who simply fall asleep (33).

38.

Person otherwise impaired.
Included are unconsciousness; mental, physical impairment.
Excluded are people simply falling asleep (33).

39.

Misuse of Heat of Ignition not classified above.

30.

Misuse of Heat of Ignition; insufficient information available to classify further.

4. Misuse of Material Ignited.
Where the heat of ignition moves or was moved, and the material first ignited was stationary, classify
in division 3. Where the heat of ignition was stationary and the material first ignited moves or was
moved, classify here (division 4). Where both the heat of ignition and the material first ignited move or
were moved, classify in division 3. Misuse of smoking materials should be classified in the most
appropriate heading of division 3.
41.

Flammable liquid or gas spilled, released accidentally.
Excluded are improper fueling (42) and accidental release due to improper container (45).

42.

Improper fueling.
Included are the use of the proper fuel for the equipment.
Excluded are flammable gas, liquids spilled or released accidentally (41).

43.

Flammable liquid used to kindle fire.

44.

Washing part, cleaning, refinishing, painting with flammable liquid.

45.

Improper container.
Included are gasoline in glass, plastic containers.

46.

Combustible placed too close to heat source.
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Included are storage near chimney, stovepipe, furnace, stove, incinerator.
Excluded are situations where smoking materials were involved (division 3); or where both the
heat of ignition and the material first ignited moved (division 3); or where combustibles are
permanently installed too close to a heat source (63).
47.

Improper storage procedures.
Included are spontaneous ignition, gas containers stored at excessive temperature.

48.

Children playing with combustibles and having no knowledge that fire can do damage.
Included are gasoline, flammable liquids, pillows, towels.
Excluded are intentional acts (11).

49.

Misuse of Material Ignited not classified above.

40.

Misuse of Material Ignited; insufficient information available to classify further.

5. Mechanical Failure, Malfunction.
Where the heat of ignition and the material first ignited are both stationary, classify in division 5 or 6.
51.

Automatic control failure.
Included are delayed ignitions of automatic ignitors.

52

Manual control failure.

53.

Short circuit, ground fault.

54.

Other part failure, leak, break.

55.

Other electrical failure.

56.

Lack of maintenance, worn out.
Included are failures to maintain, burned-out incinerator, and spark arrester.
Excluded are short circuits, ground faults (53), failure to clean (75), and railroad locomotive
eductor tubes (75).

57.

Backfire.
Included is ignition outside the combustion chamber.
Excluded are fires originating as a result of hot catalytic converters (61).

59.

Mechanical Failure, Malfunction not classified above.

50.

Mechanical Failure, Malfunction; insufficient information available to classify further.

6. Design, Construction, Installation Deficiency.
61.

Design deficiency.
Included are catalytic converters, heat from properly operating equipment.

62.

Construction deficiency.
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Included are improperly built chimneys.
63.

Installed too close to combustibles.
Included are structures or interior finish too close to chimneys, stove pipes, furnaces, stoves.
Excluded is storage too close to heat source (46).

64.

Other installation deficiency.
Included are improper installation of flame arrester, muffler, stove pipe, and factory built
chimneys.

65.

No spark arrester when one is required or spark arrester improperly installed.

69.

Design, Construction, Installation Deficiency not classified above.

60.

Design, Construction, Installation Deficiency; insufficient information available to classify
further.

7. Operational Deficiency.
Where equipment was misused, whether it moved or not, classify in division 7. Misuse of smoking
materials should be classified in division 3.
71.

Collision, overturn, knockdown.
Included are automobiles, vehicles.

72.

Accidentally turned on, not turned off.

73.

Equipment unattended.

74.

Equipment overloaded.
Included are cords serving too many appliances.

75.

Failure to clean.
Included are lint or grease buildups; chimneys, stove pipes, and railroad locomotive eductor
tubes.

76.

Improper startup, shutdown procedures.

77.

Equipment used for purpose not intended.
Excluded is overloaded equipment (74).

78.

Equipment not being operated properly.
Included are situations where safety or control devices are bypassed.

79.

Operational Deficiency not classified above.

70.

Operational Deficiency; insufficient information available to classify further.

8. Natural Condition.
For use where the natural condition below changed a normally safe operation into an unsafe one.
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81.

High wind.

82.

Earthquake.

83.

High water, including floods.

84.

Lightning.

85.

Low humidity.
Excluded are static spark discharges (division 6).

86.

High temperature.

87.

Low temperature.

89.

Natural Condition not classified above.

80.

Natural Condition; insufficient information available to classify further.

9. Other Ignition Factor.
91.

Animal.

92.

Rekindled from a previous fire.

93.

Exposure fire.

95.

Failure to use ordinary care under circumstances not classified above.

99.

Ignition Factor not classified above.

90.

Other Ignition Factor; insufficient information to classify further.

00.

Ignition Factor undetermined or not reported.

6-8 Level of Origin.
Level of origin identifies the distance either above or below grade level where an incident
originated. This should be recorded as the story level or a number that represents the equivalent
number of stories based on 10 ft (3 m) per story. A letter ’A’ or ’B’ should precede the number
to indicate whether the level is above (A) or below (B) grade. In the case of a structure such as a
tunnel, grade should be considered the level at the entrance.
A fire on the ground story level of a building would be recorded as A001.
A fire originating at the ceiling level in a warehouse 35 feet above the floor would be recorded
as A004 (grade to 10 ft = 001, 11 ft to 20 ft = 002, 21 ft to 30 ft = 003 and 31 ft to 40 ft = 004).
6-9 Occupant of Room or Space of Origin at Time of Ignition.
6-9.1
Occupant of room identifies the person or persons that were present in the room or space of
origin at the time of ignition.
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6-9.2
The following numbers should be used to classify the occupant of room or space of origin at
time of ignition.
1.
Owner.
Included are family members.
2.

Employee and/or customer.

3.

Lessee, renter, guest, patient.
Included are family members.

4.

Maintenance personnel.

5.

Contractor on premises.

6.

Trespasser.
Included are fires in stolen vehicles.

7.

Room or space of origin temporarily not occupied.
Included are spaces where there have been no people present for up to one week.

8.

Room or space of origin not occupied.
Included are spaces where there have been no people present for one week or more.

9.

Occupant of Room or Space of Origin at Time of Ignition not classified above.

0.

Occupant of Room or Space of Origin at Time of Ignition undetermined or not reported.

6-10 Activity Involved in Fire Start.
6-10.1
Activity involved identifies the activity of person(s) most involved with the ignition of the fire.
6-10.2
The following numbers should be used to classify the activity involved in a fire start.
1. Inside activity normal to occupancy of structure.
2.

Inside activity not normal to occupancy of structure.

3.

Outside commercial activity.
Included are logging operations, farming, construction, and transportation.

4.

Outside noncommercial activity not recreational.

5.

Hunting, fishing, hiking, sightseeing.

6.

Camping, picnicking.

7.

Off-road vehicular use.
Included are the use of motor bikes, all terrain vehicles, and motor vehicles.
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8.

Malicious activity.

9.

Activity Involved in Fire Start not classified above.
Included are fires where there is no activity involved.

0.

Activity Involved in Fire Start undetermined or not reported.

6-11 Wildland Fuel Model.
6-11.1
The National Fire Danger Rating System (NFDRS) used by wildland fire agencies in the
United States identifies a set of wildland fuel complexes from which fire behavior and spread
estimates can be calculated. Each fuel model has a defined fuel depth, density, and load that
represents fuel conditions found in various parts of the United States.
6-11.2
Where wildland fuel model is to be recorded, the following classifications should be used.
01. Fuel Model A — Annual grasses.
This fuel model represents grasslands vegetated by annual grasses and forbs. Brush or trees
may be present but are very sparse, occupying less than one-third of the area. Examples of
types where Fuel Model A should be used are cheatgrass and medusahead. Open
pinyon-juniper, sagebrush-grass, and desert shrub association may appropriately be assigned
this fuel model if the woody plants meet the density criteria. The quantity and continuity of
the ground fuels vary greatly with rainfall from year to year.
02.

Fuel Model B — Mature brush [2 m (6 ft) and over].
Mature, dense fields of brush 2 m (6 ft) or more in height are represented by this fuel model.
One-fourth or more of the aerial fuel in such stands is dead. Foliage burns readily. Model B
fuels are potentially very dangerous, fostering intense, fast-spreading fires. This model is for
California mixed chaparral generally 30 years or older. The B model is more appropriate for
pure chamise stands. The B model may also be used for the New Jersey pine barrens.

03.

Fuel Model C — Open pine with grass.
Open pine stands typify Model C fuels. Perennial grasses and forbs are the primary ground
fuel but there is enough needle litter and branchwood present to contribute significantly to
the fuel loading. Some brush and shrubs may be present but they are of little consequence.
Situations covered by Fuel Model C are open, longleaf, slash, ponderosa, Jeffrey, and sugar
pine stands. Some pinyon-juniper stands may qualify.

04.

Fuel Model D — Southern rough.
This fuel model is specifically for the palmetto-gallberry understory-pine overstory
association of the southeast coastal plains. It can also be used for the so-called “low
pocosins” where Fuel Model O might be too severe. This model should only be used in the
Southeast because of a high moisture of extinction.

05.

Fuel Model E — Hardwood litter (fall).
Use this model after leaf fall for hardwood and mixed hardwood-conifer types where the
hardwoods dominate. The fuel is primarily hardwood leaf litter. The oak-hickory types are
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best represented by Fuel Model E, but E is an acceptable choice for northern hardwoods and
mixed forests of the Southeast. In high winds, the fire danger may be underrated because
rolling and blowing leaves are not accounted for. In the summer after the trees have leafed
out, Fuel Model E should be replaced by Fuel Model R.
06.

Fuel Model F — Intermountain West brush.
Model F represents mature closed chamise stands and oakbrush fields of Arizona, Utah, and
Colorado. It also applies to young, closed stands and mature, open stands of California mixed
chaparral. Open stands of pinyon-juniper are represented; however, fire activity will be
overrated at low windspeeds and where there are sparse ground fuels.

07.

Fuel Model G — West Coast conifers; close, heavy down materials.
Fuel Model G is used for dense conifer stands where there is a heavy accumulation of litter
and downed woody material. Such stands are typically overmature and may also be suffering
insect, disease, wind, or ice damage—natural events that create a very heavy buildup of dead
material on the forest floor. The duff and litter are deep, and much of the woody material is
more than 7.5 cm (3 in.) in diameter. The undergrowth is variable, but shrubs are usually
restricted to openings. Types meant to be represented by Fuel Model G are hemlock-Sitka
spruce, Coast Douglas-fir, and wind-thrown or bug-killed stands of lodgepole pine and
spruce.

08.

Fuel Model H — Short needle conifers; normal, down woody materials.
The short-needled conifers (white pines, spruces, larches, and firs) are represented by Fuel
Model H. In contrast to Model G fuels, Fuel Model H describes a healthy stand with sparse
undergrowth and a thin layer of ground fuels. Fires in H fuels are typically slow spreading
and are dangerous only in scattered areas where the downed woody material is concentrated.

09.

Fuel Model I — Heavy slash, clearcut conifers greater than 25 tons per acre.
Fuel Model I was designed for clearcut conifer slash where the total loading of materials less
than 15 cm (6 in.) in diameter exceeds 25 tons/acre. After settling and the fines (needles and
twigs) fall from the branches, Fuel Model I will overrate the fire potential. For lighter
loadings of clearcut conifer slash, use Fuel Model J, and for light thinnings and partial cuts
where the slash is scattered under a residual overstory, use Fuel Model K.

10.

Fuel Model J — Medium slash, heavily thinned conifers (less than 25 tons per acre).
This model complements Fuel Model I. It is for clearcuts and heavily thinned conifer stands
where the total loading of materials less than 15 cm (6 in.) in diameter is less than 25
tons/acre. Again, as the slash ages, the fire potential will be overrated.

11.

Fuel Model K — Light slash (less than 15 tons per acre).
Slash fuels from light thinnings and partial cuts in conifer stands are represented by Fuel
Model K. Typically the slash is scattered about under an open overstory. This model applies
to hardwood slash and to southern pine clearcuts where the loading of all fuels is less than 15
tons/acre.

12.

Fuel Model L — Perennial grasses.
This fuel model is meant to represent grasslands vegetated by perennial grasses. The
principal species are coarser and the loading heavier than those in Model A fuels. Otherwise
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the situations are very similar; shrubs and trees occupy less than one-third of the area. The
quantity of fuel in these areas is more stable from year to year. In sagebrush areas Fuel
Model T may be more appropriate.
13.

Not used in this edition.

14.

Fuel Model N — Saw grass, marsh needle-like grass.
This fuel model was constructed specifically for the sawgrass prairies of south Florida. It
may be useful in other marsh situations where the fuel is coarse and reedlike. The model
assumes that one-third of the aerial portion of the plants is dead. Fast-spreading, intense fires
can occur even over standing water.

15.

Fuel Model O — High pocosin.
The O fuel model applies to dense, brushlike fuels of the Southeast. O fuels, except for a
deep litter layer, are almost entirely living in contrast to B fuels. The foliage burns readily
except during the active growing season. The plants are typically over 2 m (6 ft) tall and are
often found under an open stand of pine. The high pocosins of the Virginia, North and South
Carolina coasts are the ideal of Fuel Model O. If the plants do not meet the 2-m (6-ft) criteria
in those areas, Fuel Model D should be used.

16.

Fuel Model P — Southern long-needle pine.
Closed, thrifty stands of long-needled southern pines are characteristic of P fuels. A 5- to
10-cm (2- to 4-in.) layer of lightly compacted needle litter is the primary fuel. Some
small-diameter branchwood is present, but the density of the canopy precludes more than a
scattering of shrubs and grass. Fuel Model P has the high moisture of extinction
characteristic of the Southeast. The corresponding model for other long-needled pines is U.

17.

Fuel Model Q — Alaska black spruce.
Upland Alaskan black spruce is represented by Fuel Model Q. The stands are dense but have
frequent openings filled with usually flammable shrub species. The forest floor is a deep
layer of moss and lichens, but there is some needle litter and small-diameter branchwood.
The branches are persistent on the trees, and ground fires easily reach into the tree crowns.
This fuel model may be useful for jack pine stands in the Lake States. Ground fires are
typically slow spreading, but a dangerous crowning potential exists.

18.

Fuel Model R — Hardwood litter (summer).
This fuel model represents the hardwood areas after the canopies leaf out in the spring. It is
provided as the off-season substitute for F. It should be used during the summer in all
hardwood and mixed conifer-hardwood stands where more than half of the overstory is
deciduous.

19.

Fuel Model S — Tundra.
Alaskan or alpine tundra on relatively well-drained sites is the S fuel. Grass and low shrubs
are often present, but the principal fuel is a deep layer of lichens and moss. Fires in these
fuels are not fast spreading or intense, but are difficult to extinguish.

20.

Fuel Model T — Sagebrush with grass.
The bothersome sagebrush-grass types of the Great Basin and the Intermountain West are
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characteristic of T fuels. The shrubs burn easily and are not dense enough to shade out grass
and other herbaceous plants. The shrubs must occupy at least one-third of the site or the A or
L fuel models should be used. Fuel Model I might be used for immature scrub oak and desert
shrub associations in the West, and the scrub oak-wire grass type in the Southeast.
21.

Fuel Model U — Western long-needled pine.
Closed stands of western long-needled pines are covered by this model. The ground fuels are
primarily litter and small branchwood. Grass and shrubs are precluded by the dense canopy
but occur in the occasional natural opening. Fuel Model U should be used for ponderosa,
Jeffrey, sugar pine, and red pine stands of the Lake States. Fuel Model P is the corresponding
model for southern pine plantations.

99.

Wildland Fuel Model not applicable.

00.

Wildland Fuel Model undetermined or not reported.

6-12 Motive for Incendiary Act.
6-12.1
Motive identifies the reason a person caused the fire and can only be determined after a
complete investigation.
6-12.2
The following numbers should be used to classify the motive for an incendiary act after the
complete investigation.
1.
Fraud.
Included are fires for direct or indirect gain.
Excluded is crime concealment.
2.

Pyromania, mental illness.
Included are fires started to gain recognition and vanity fires.

3.

Crime concealment.
Included are destruction of books/records, evidence of fire to conceal murder, criminal
activity.

4.

Spite, revenge, anger.

5.

Vandalism, malicious mischief.

6.

Murder.

7.

Civil disturbance, terrorist activity.

8.

Suicide.

9.

Motive for Incendiary Act not classified above.

0.

Motive for Incendiary Act undetermined or not reported.
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Chapter 7 Incident Growth and Spread
7-1 Purpose and Application.
The purpose of the data elements in this chapter is to provide a uniform way to identify factors
contributing to the growth and spread of the fire. These elements can help in the identification
and analysis of building and equipment design as it relates to these factors.
7-2 Contributing Factors.
7-2.1
Contributing factors can be used to report incident information not captured by other data
elements and that had a bearing on ignition, fire or smoke spread, incident complexity, or the
existence of hazardous conditions. They should be used to clarify or complete elements of
information that describe the incident.
7-2.2
Consideration should be given to providing multiple fields for recording contributing factors
so more than one factor could be recorded.
7-2.3
The following numbers should be used to classify data about contributing factors.
1. Building Construction or Design Factors.
111.

Panelized roof.

112.

Roof collapse.

113.

Roof assembly combustible.
Excluded is combustible roof covering (114).

114.

Roof covering.

121.

Ceiling collapse.

122.

Ceiling material combustible.

123.

Ceiling finish.

124.

Ceiling opening.

125.

Holes in walls or ceilings.

131.

Wall collapse.

132.

Wall combustible.

133.

Wall covering.

134.

Wall finish.
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135.

Wall design or construction contributed to lapping.

136

Partitions/partial walls.

137.

Balloon construction.

141.

Floor collapse.

142.

Floor material combustible.

143.

Floor covering.

144.

Floor finish.

151.

Fire doors: lack of.

152.

Fire doors: nonautomatic closure.

153.

Transoms.

154.

Window interior.

155.

Window exterior.

161.

Attic undivided.

162.

Attic openings.

163.

Hall undivided.

164.

Space inaccessible (created during construction or remodeling).

165.

Space undivided.

166.

Insulation: combustible.

167.

Insulation: lack of.

168.

Ducts: horizontal.

171.

Stairwell: exterior.

172.

Stairwell: interior.

173.

Stairwell not enclosed.

174.

Elevator shaft.

175.

Dumbwaiter.

176.

Ducts: vertical.

177.

Chute: rubbish, garbage, laundry, etc.

Copyright 1996 NFPA

181.

Air supported structure.

182.

Open structure (walls with no roof and roof with no walls, i.e., cabana).

183.

Tent.

184.

Supports unprotected.

185.

Truss beam construction.

186.

Wood framing left in place.

187.

Fixed burglar protection assemblies (bars, grills on windows and doors).

188.

Quick release failure of bars on windows or doors.

191.

Installation deficiency.
Included are insufficient space or insulation for heat-producing devices or systems.

192.

Previously damaged by fire.

193.

Pyrolysis (long term exposure to heat).

194.

Adhesives.

199.

Building Construction or Design Factors not classified above.

100.

Building Construction or Design Factors; insufficient information to classify further.

2. Act or Omission.
Includes misuse of or improper operation of equipment.
211.

Altered device or mechanism.

212.

Careless act.

213.

Doors left open or outside door unsecured.

214.

Fire doors blocked.

215.

Improper operation.

216.

Maintenance inadequate.
Included are poor housekeeping, improper clearance, and vegetation too close.

217.

Misuse of equipment.

218.

Violation of fire or life safety code.

221.

Fire in hazardous location.

222.

Illegal and clandestine drug operation.

Copyright 1996 NFPA

231.

Drowsiness.

232.

Intoxication: drugs or alcohol.

233.

Impairment: mental or physical.

241.

Juvenile activity.

242.

Juveniles left unattended.

243.

Malicious mischief.

244.

Vandalism.

251.

Labor dispute.

252.

Gang activity.

253.

Riot or civil disturbance.
Included are political activities/acts.

254.

Person(s) interfered with operations.

261.

Crime cover: murder.

262.

Crime cover: fraud.

263.

Crime cover: burglary, theft, other.

264.

Psychotic individual.

265.

Pyromaniac, thrill.

266.

Vanity, jealousy.

267.

Spite, grudge, revenge.

271.

Suicide.

272.

Self-immolation (deliberately setting oneself on fire).

273.

Immolation — other (religious/ritual acts).

281.

Vandalism or malicious act.

282.

Breaking and entering.

283.

Accelerant used.

284.

Delayed ignition device.

299.

Acts or Omissions not classified above.
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200.

Acts or Omissions; insufficient information to classify further.

3. Building Contents.
311.

Aisles blocked.

312.

Aisles: improper width.

313.

Attic storage.

314.

Basement storage.

315.

Fireload excessive.

316.

Storage: improper.

317.

Storage: poor practice.

321.

Chemical: flammable liquid.

322.

Chemical: flammable solid.

323.

Chemical: corrosive liquid.

324.

Chemical: corrosive solid.

325.

Chemical: catalyst, initiator or oxidizer, liquid.

326.

Chemical: catalyst, initiator or oxidizer, solid.

327.

Explosives.

331.

Decorations.
Included are crepe paper, garland, etc.

332.

Dust accumulation.

341.

Gas: natural.

342.

Gas: Liquefied Petroleum (L.P.).

343.

Gas: other.

351.

Furniture: general.

352.

Furniture: plastic.

353.

Fixtures.

399.

Building Contents not classified above.

300.

Building Contents; insufficient information to classify further.
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4. Delays.
411.

Detection of fire.

412.

Alarm (delay in reporting).

413.

Alarm system malfunction.

414.

System appropriately shut off.

415.

System inappropriately shut off.

421.

Unable to contact fire department.

422.

Unable to convey message.

423.

Unable to report.
Included are non-emergency related mental or physical disability.

424.

Information incomplete or incorrect.
Included are incorrect location.

431.

Blocked roadway due to construction.

432.

Blocked roadway (other).

433.

Fire department access blocked.

434.

Poor access for fire apparatus.

441.

Hydrant access blocked.

442.

Fire department connection access blocked.
Included are sprinkler and standpipe connection.

443.

Poor access for fire fighters.

444.

Secured area.

445.

Guard dogs.

451.

Apparatus failure at removed location.

452.

Hydrants inoperative.

471.

Hostile activity.

499.

Delays not classified above.

400.

Delays; insufficient information to classify further.

5. Protective Equipment.
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511.

Extinguishing system failure.

512.

Extinguishing system improper type.

513.

Extinguishing system inadequate.

514.

Extinguishing system not operational or shut off.

521.

Standpipe/fire department connection damage.

522.

Standpipe/fire department connection blockage.

523.

Standpipe/fire department connection failure.

524.

Standpipe/fire department connection improper installation.

531.

Water supply: inadequate private.

532.

Water supply: inadequate public.

533.

Pump failure.

541.

Smoke detector disconnected.

542.

Smoke detector battery failure.

543.

Smoke detector inoperative due to electrical power outage.

544.

Smoke detector inoperative due to fire progress that caused power failure.

551.

Fire extinguisher: improper maintenance.

552.

Fire extinguisher: improper type.

561.

Fire door: failure of rated assembly.

562.

Protective equipment or systems negated illegally or irresponsibly.
Included are fire doors, dampers, sprinklers, etc.

563.

Special protective device failure.

599.

Protective Equipment not classified above.

500.

Protective Equipment; insufficient information to classify further.

6. Electrical or Mechanical Equipment.
611.

Insulator broken on power line.

612.

Inadequate clearance around conductor or clearance from power line right-of-way.

613.

Short circuit in similar metal wiring systems.
Included are like-metal connectors and wiring; i.e., all copper or all aluminum.
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614.

Short circuit in dissimilar-metal wiring systems.
Included are aluminum to copper connections.

621.

Control system: automatic.

622.

Control system: manual.

623.

Malfunction of equipment.

631.

Friction.

632.

Overheating.

633.

Rupture.

699.

Electrical or Mechanical Equipment not classified above.

600.

Electrical or Mechanical Equipment; insufficient information to classify further.

7. Natural Conditions.
711.

Drought or low fuel moisture.

712.

Humidity: low.

713.

Humidity: high.

714.

Temperature.

721.

Fog.

722.

Flooding.

723.

Ice.

724.

Rain.

725.

Snow.

731.

Lightning.

732.

Wind.
Included are hurricane or tornado.

733.

Waves or tidal action (fresh or salt water).

741.

Earthquake.

742.

Volcanic activity.

751.

Animal activity.
Included are birds.
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760.

Vegetation fuel loading.

799.

Natural Conditions not classified above.

700.

Natural Conditions; insufficient information to classify further.

8. Fireworks.
811.

Smoke Bomb.

812.

Base Fountain.

813.

Party Popper.

814.

Cone Fountain.

815.

Wheel.

816.

Sparkler with wire core.

817.

Sparkler with wooden core.

818.

Handle Fountain.

821.

California Candle with or without handle.

822.

Torpedo, snap cap.

823.

Ground spinner, ground flowers.

831.

Firecracker.
Included are Ladyfingers.

832.

Destructive device: M-80 or larger.

833.

Silver Salute, M-70.

834.

Cherry Bomb.

835.

Roman Candle.

836.

Sky Rocket.

837.

Bottle Rocket.

838.

Missile Rocket.

839.

Mortars or Cannons.

841.

Agricultural and wildlife control devices.

851.

Public display devices.
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852.

Special effects devices used in the entertainment industry.

861.

Model rocket, premanufactured and sealed engine.

862.

Amateur or experimental rocketry.

871.

Emergency signaling devices, fusses.

872.

Military device.
Included are tracers.

873.

Railroad Torpedo.

881.

Homemade devices not made from commercial fireworks.

882.

Commercial devices that have been altered or modified.

891.

Fireworks that are legal to possess, use, or sell in jurisdiction.

892.

Fireworks that are illegal to possess, use, or sell in jurisdiction.

899.

Fireworks not classified above.

800.

Fireworks; insufficient information to classify further.

7-3 Flame Development.
The identification of the materials on which the flames developed and spread, as well as the
factors that contributed to the flame travel is useful in understanding how the fire advanced
through the structure. Fire spread not only contributes to increased monetary loss, but may cut
off avenues of escape or create unsafe structural conditions which then effect fire-fighting
operations.
7-3.1 Materials Involved.
7-3.1.1 Often there is not just one significant path of flame travel. Consideration should be given
to providing multiple fields for recording materials involved in flame development and spread. If
only one material or path is to be reported, it should be that which had the most impact on life
safety or, if that was not a factor, the one that significantly allowed the fire to spread.
7-3.1.2 When materials involved in flame development and spread are classified, both the form
of the material (its use) and the type of material (its composition) should be identified. The
classification numbers in Section 6-6 for material identification should be used to classify
materials involved in fire spread.
7-3.2 Factor Contributing to Flame Travel.
7-3.2.1 Factors contributing to flame travel identify the conditions or avenue that allowed rapid,
unusual, or intense flame spread (char) in or beyond the room or area of origin.
7-3.2.2 The following numbers may be used to classify data about factors that contribute to
flame travel.
1. Interior Finish.
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11.

Combustible ceiling finish, covering.

12.

Combustible wall finish, covering.

13.

Combustible floor finish, covering.

14.

Combustible ceiling and wall finish, covering.

15.

Combustible ceiling and floor finish, covering.

16.

Combustible wall and floor finish, covering.

17.

Combustible ceiling, wall, floor finish.

19.

Interior Finish allowing fire spread not classified above.

2. Structural Factor Allowing Vertical Travel.
21.

Nonenclosed stairwell, elevator shaft.

22.

Inadequate firestopping.
Included are inside of walls, around pipes, poke-throughs, and the like.

23.

Air-handling ducts.

24.

Utility shaft, pipe shaft.

25.

Failure of a rated assembly.

26.

Exterior spread.

27.

Floor, ceiling.

29.

Structural Factor Allowing Vertical Travel not classified above.

3. Structural Factor Allowing Horizontal Travel.
31.

Air-handling duct.

32.

Attic space, ceiling, concealed space.

33.

Door burned through.

34.

Door open.

35.

Corridor, excessive open area.

36.

Utility opening, pipe opening.

37.

Window.

38.

Wall.
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39.

Structural Factor Allowing Horizontal Travel not classified above.

4. Physical Transfer of Material Ignited.
41.

Human being, animal.

42.

Conveyor, special materials handling equipment.

43.

Gravity (fell on).

44.

Wind.

45.

Pipeline, material transfer system.

49.

Physical Transfer of Material Ignited not classified above.

5. Building Contents.
51.

Decoration.

52.

Furniture, fixture.

53.

Flammable liquid not properly handled or contained.

54.

Flammable gas not properly handled or contained.

55.

Flammable dust, solid chemical.

56.

Explosive, fireworks.

57.

Stored material.

59.

Building Contents not classified above.

9. Other Flame Travel Factor.
98.

No important factor contributing to flame travel.

99.

Factor Contributing to Flame Travel not classified above.

00.

Factor Contributing to Flame Travel undetermined or not reported.

7-4 Smoke Development.
The identification of the materials that contributed to the smoke development and spread, as
well as the avenue the smoke traveled, is useful in understanding why persons are injured by
smoke or have trouble escaping from areas of the structure not directly affected by flames.
Smoke spread not only contributes to increased monetary loss, but may cut off avenues of escape
or create toxic or lethal destructive atmospheres in areas remote from the fire.
7-4.1 Materials Involved.
7-4.1.1 Often there is not just one significant material involved in smoke development or one
avenue of smoke travel. Consideration should be given to providing multiple fields for recording
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materials involved in smoke development and avenues of spread. If only one material or path is
to be reported, it should be that which had the most impact on life safety.
Normally smoke development for reporting purposes is not significant unless there is
significant smoke beyond the room of origin. However, in large rooms such as are found in
warehouses, significant smoke development and spread can occur in the room of origin.
7-4.1.2 When materials involved in smoke development and spread are classified, both the form
of the material (its use) and the type of material (its composition) should be identified. The
classification numbers in Section 6-6 for material identification should be used to classify
materials involved in smoke spread.
7-4.2 Avenue of Smoke Travel.
7-4.2.1 The avenue of smoke travel identifies how the smoke traveled beyond the room or area
of origin.
7-4.2.2 The following numbers should be used to classify data about the avenue of smoke travel.
1.
Air-handling duct, plenums.
2.

Corridor.

3.

Elevator shaft.

4.

Stairwell.

5.

Open construction.
Included are floor space, ceiling space, atriums.
Excluded are spaces used as plenums (1).

6.

Utility opening.

7.

Doorway, passageway.
Included are normal openings between rooms.
Excluded are smoke travel in corridors (2) and stairwells (4).

9.

Avenue of Smoke Travel not classified above.

0.

Avenue of Smoke Travel undetermined or not reported.

7-5 Fire Detection and Alarm.
7-5.1 Method of Detection.
7-5.1.1 This data element is used to identify the first person or system to detect the fire
regardless of what action that person or system took toward reporting the fire. This data element
allows the studying of the advantages and disadvantages of different methods of detection. It
also allows separation of detection “internal” to the property from that outside, helping explain
delays in detection.
7-5.1.2 The following numbers should be used to classify data about the method of detection.
1. Building or Property Occupant.
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11.

Resident.

12.

Tenant, permittee.

13.

Contractor personnel.

19.

Building or Property Occupant not classified above.

10.

Building or Property Occupant; insufficient information available to classify further.

2. Watchman, Guard for the property on a full-time basis.
21.

Building or property guard.

22.

Reporting agency fire lookout.

23.

Cooperator fire lookout.

24.

Reporting agency fire guard.

25.

Cooperator fire guard.

29.

Watchman, Guard not classified above.

20.

Watchman, Guard; insufficient information available to classify further.

3. Roving Police, Guard Patrol.
31.

Reporting agency roving fire patrol.

32.

Cooperator roving fire patrol.

33.

Roving non-fire patrol.

39.

Roving Police, Guard Patrol not classified above.

30.

Roving Police, Guard Patrol; insufficient information available to classify further.

4. Non-occupant.
41.

Non-occupant.

42.

Visitor in area.

43.

Neighbor.

44.

On duty reporting agency employee (including volunteers).

45.

Cooperator or cooperator employee.

49.

Non-occupant not classified above.

40.

Non-occupant; insufficient information available to classify further.
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5. Automatic Suppression System with Alarm.
50.

Automatic suppression system with alarm.

6. Automatic Fire, Heat, Smoke Detection System.
60.

Automatic fire, heat, smoke detection system.

7. Aerial Detection.
71.

Agency fire patrol aircraft.

72.

Cooperator fire patrol aircraft.

73.

Aircraft in vicinity.

74.

Aircraft on regular route passing through area.

75.

Infrared detection system.

76.

Satellite.

79.

Aerial Detection not classified above.

70.

Aerial Detection; insufficient information available to classify further.

8. Fire Detected but No Alarm Given.
81.

Detected after self-termination, damage easily visible.

82.

Detected after self-termination, damage not easily visible.

80.

Detected after self-termination; insufficient information available to classify further.

9. Method of Detection not classified above.
99.

Method of Detection not classified above.

0. Method of Detection undetermined or not reported.
00.

Method of Detection undetermined or not reported.

7-5.2 Method of Alarm to the Fire Department.
7-5.2.1 This data element is used to describe the method by which the incident was first brought
to the attention of the fire department or appropriate alarm center. It is used to measure the
different methods by which alarms are reported. This can determine the use of and accessibility
to different communication methods to the fire department which can be useful in making
investment decisions.
7-5.2.2 The following numbers should be used to classify data about the method of alarm to the
fire department.
1. 911 direct to fire service.
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The reporting person dials 911 and reaches the fire alarm center.
2.

911 direct to other agency with transfer capability.
The reporting person dials 911 and reaches some agency other than the fire alarm center and the
call must be transferred to the fire alarm center.

3.

Direct to fire service, not 911.
The reporting person dials a regular telephone number and reaches the fire alarm center.

4.

Direct to other agency with transfer capability, not 911.
The reporting person dials a regular telephone number and reaches some agency other than the
fire alarm center and the call must be transferred to the fire alarm center.

5.

Radio.
Included are fires reported by radio from vehicles on fire department, police department, natural
resources department, or citizens band radio frequencies directly to alarm headquarters.

6.

Direct contact by person to fire service.
Included are fires seen from or reported to a fire station.

7.

Municipal fire alarm system.
Included are telegraph systems, radio systems, voice signal systems, and auxiliary connections
to them.

8.

Private fire alarm system.
Included are signals received from central stations and remote stations.

9.

Method of Alarm to the Fire Department not classified above.

0.

Method of Alarm to the Fire Department undetermined or not reported.

7-5.3 Delay in Alarm.
7-5.3.1 When there is a delay in the transmission of an alarm, that delay is often at least partially
responsible for the incident growing in magnitude beyond what might have been easily handled
by the fire department. Understanding the reason for the delay can help explain the extent of
damage. When evaluated over a number of incidents, the reasons for delays can point to the need
for corrective action by the fire department whether through public education or other actions.
7-5.3.2 When the reason for delays in alarm is recorded and classified, it should reflect the cause
for any unusual delay in transmission of an alarm to the fire department once the fire was
detected. The following numbers should be used to classify data about the delay in an alarm.
1. Investigating or taking time to verify there was an emergency.
2.

Assumed that the fire department had already been notified.

3.

Too busy with emergency.
Included are trying to rescue other persons or remove property, determining the extent of the
emergency, or taking inappropriate actions such as calling the owner, notifying management,
etc.
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Excluded are investigating to determine whether there is an emergency (1) and actual fire
fighting (4).
4.

Thought could control fire or emergency by self.

5.

The person reporting the fire was unable to get through to the fire department on phone.

6.

The person reporting the fire could not convey the correct message.
Included are situations where the person discovering the fire was physically or mentally
disabled (not fire related) to a degree it interfered with their ability to promptly notify the fire
department and situations where the person reporting the emergency could not speak the same
language as the alarm operator.

7.

Alarm transmission system failure.
Included are alarm box malfunctions.

8.

No unusual delay.

9.

Delay in Alarm not classified above.

0.

Delay in Alarm undetermined or not reported.

7-6 Weather Information.
Weather condition data is important to assess the effects of weather on response time, control
of incidents, functioning of equipment, and type of equipment required.
7-6.1 Type of Weather.
The following numbers should be used to classify data about the type of weather.
1. Clear.
2.

Cloudy.

3.

Rain.

4.

Snow.

5.

Hail, sleet, ice storm.

6.

Electrical storm.

7.

Fog.

8.

High winds, hurricane, tornado.

9.

Type of Weather not classified above.

0.

Type of Weather undetermined or not reported.

7-6.2 Air Temperature.
Air temperature is the amount of heat in the air. Air temperature is useful because extreme
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temperatures have a negative effect on the environment, personnel, and equipment.
Temperature should be recorded by its actual value and expressed in degrees using either the
Fahrenheit (F) scale or the Celsius (C) scale. The scale must be included as part of the reading.
In addition, when expressing a value (degrees) below zero, a negative sign ( ) must be placed
before the number. For example: five degrees below zero Celsius should be recorded as –5°C
and 75 degrees Fahrenheit is recorded as 75°F.
7-6.3 Relative Humidity.
Relative humidity is the ratio of moisture the air in a given volume of space contains to the
total moisture that a volume would contain if it were saturated. Relative humidity should be
recorded as a numeric value between 1 and 100 percent.
7-6.4 Wind Direction.
The following numbers should be used to classify data about the direction from which the
wind is blowing.
1. North.
2.

Northeast.

3.

East.

4.

Southeast.

5.

South.

6.

Southwest.

7.

West.

8.

Northwest.

9.

Shifting winds.

0.

Wind Direction undetermined or not reported.

7-6.5 Wind Speed.
Wind speed can be recorded either as a direct numeric entry showing the actual speed in miles
per hour or for most purposes, recording the wind speed class is sufficient. If wind speed is
recorded as a classification, the following numbers should be used.
1.
Less than 1 mph (2 km/hr).
Smoke rises vertically.
2.

1 mph to 4 mph (2 km/hr to 6 km/hr).
Direction of wind shown by smoke drift but not by weather vanes.

3.

5 mph to 8 mph (7 km/hr to 13 km/hr). Wind felt on face; rustles leaves; ordinary vanes
moved by wind.

4.

9 mph to 14 mph (14 km/hr to 22 km/hr).
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Leaves and small twigs in constant motion; wind extends light flag.
5.

15 mph to 20 mph (23 km/hr to 32 km/hr).
Wind raises dust and loose papers; small branches are moved.

6.

21 mph to 25 mph (33 km/hr to 40 km/hr).
Small trees and leaves begin to sway; crested wavelets form on inland waters.

7.

26 mph to 31 mph (41 km/hr to 50 km/hr).
Large branches in motion; whistling heard on wires; umbrellas used with difficulty.

8.

32 mph to 46 mph (51 km/hr to 74 km/hr).
Whole trees in motion; small twigs break off trees; walking against wind impeded.

9.

Over 46 mph (Over 74 km/hr).
Slight to heavy structural damage; branches break; trees uprooted above 60 mph (96 km/hr
and up).

0.

Wind Speed undetermined or not reported.

Chapter 8 Detection, Alarm, and Control Equipment
8-1 Purpose and Application.
The purpose of the data elements outlined in this chapter is to provide a uniform way to
identify protection and detection systems and their effectiveness and use.
These data elements can be used to identify how occupants are alerted, the type and coverage
of automatic extinguishment, the actions of the fire department, and the effectiveness of the
various fire defenses. In general, a series of data elements should be collected for each fire
defense measure, including type of system, coverage provided by the system, performance or
effectiveness of the system, and the reason for the system’s failure.
8-2 Limitations.
The data elements describe fire defense features of an occupancy as well as classifying the
actions of the protection systems and the effectiveness of those systems during a fire. The
incident report classification of protection systems is not intended to describe the design criteria
but rather to describe the effectiveness of that system. For example, a building might be
equipped with a complete sprinkler system, but that system might not have been designed for the
specific hazard it was protecting. The fire officer is not likely to have knowledge of how the
system was designed at the time the incident report is completed.
8-3 Definitions.
Manual. As applied to fire protection devices, a device or system activated by human action.
Water Supply Flow. The sustained water supply capacity available for a period of 1 hour to
apparatus on the first alarm.
8-4 Automatic Detection.
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The intent of this section is to track systems designed to detect fires and to trigger an alarm,
activate an extinguishing system, or take some other action automatically.
8-4.1 Automatic Detector Coverage.
8-4.1.1 Automatic detector coverage measures the extent to which a fire in the property might be
detected by an automatic system. This data element does not measure where the signal from a
detector goes or whether it automatically notifies someone responsible for emergency action.
8-4.1.2 The following numbers should be used to classify data about automatic detection
coverage.
1.
Complete automatic detection coverage.
The system complies with the requirements of NFPA 72, National Fire Alarm Code.
2.

Partial automatic detection coverage.

8.

No automatic detection.

9.

Automatic Detection not classified above.

0.

Automatic Detection undetermined or not reported.

8-4.2 Detector Type.
8-4.2.1 This data element identifies the type and operating principle of a smoke, heat, flame, or
gas detector present in the area of origin or in near proximity to the area of origin such that it
would be instrumental in detecting the fire in its early stages.
This data element can also be used with the data element “Detector Power Supply” (see 8-4.3)
in a pre-fire inventory to further explain the type of automatic detection recorded in 8-4.1.
8-4.2.2 The following numbers should be used to classify data about detector type.
1.
Smoke detector.
2.

Heat detector.

3.

Combination smoke detector and heat detector.

4.

Sprinkler/water flow detection.

5.

Special hazard system release device.

6.

More than 1 type of detection system present.

8.

No detector present.

9.

Other type detector present.
Included are gas sensing and flame sensing devices.

0.

Detector Type undetermined or not reported.

8-4.3 Detector Power Supply.
8-4.3.1 The reliability of the detector power supply is an important part of detector performance,
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especially if maintenance was poor or a power failure occurred before or during the fire.
This data element can also be used with the data element “Detector Type” (see 8-4.2) in a
pre-fire inventory to further explain the type of automatic detection recorded in 8-4.1.
8-4.3.2 The following numbers should be used to classify data about the detector power supply.
1.
Battery only.
2.

Hard wire only.

3.

Plug in only.

4.

Hard wire with battery backup.

5.

Plug in with battery backup.

6.

Mechanical power.
Included are springs and pressurized cylinders of gas.

7.

More than one type of power supply (different detectors).

8.

No detector present.

9.

Detector Power Supply not classified above.

0.

Detector Power Supply undetermined or not reported.

8-4.4 Performance of Fire Detection Equipment.
8-4.4.1 This data element is used to measure the relationship of detection equipment to the area
of origin and whether the detection equipment operated or not. This data element is not designed
to evaluate any alarm transmission capability of the system but just the detection of the fire.
8-4.4.2 The following numbers should be used to classify data about the performance of fire
detection equipment.
1.
Detector(s) in the room or space of fire origin, and it alerted the occupants.
2.

Detector(s) not in the room or space of fire origin, and it alerted the occupants.

3.

Detector(s) in the room or space of fire origin, and it did not operate.
Excluded are situations where the fire was too small to cause the detector to operate (5).

4.

Detector(s) not in the room or space of fire origin, and it did not operate.
Excluded are situations where the fire was too small to cause the detector to operate (5).

5.

Detector(s) present, but fire too small to cause it to operate.

6.

Detector(s) operated but was not a factor in the discovery of the fire.

7.

Detector(s) operated but the occupants failed to respond to detector notification.

8.

No detectors present.
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9.

Performance of Fire Detection Equipment not classified above.

0.

Performance of Fire Detection Equipment undetermined or not reported.

8-4.5 Reason for Detector Failure.
8-4.5.1 This data element is used to measure the reason why a detector failed to operate properly
if there was a detector failure.
8-4.5.2 The following numbers should be used to classify data about the reason for detector
failure.
1. Failure of hardwired power supply.
Included are power supply shut off or disconnected.
2.

Improper installation or placement of detector.
Included are situations where the detector is placed in dead air space.

3.

Defective detector instrument.

4.

Inadequate maintenance.
Included are lack of cleaning.
Excluded are missing batteries (5) and discharged batteries (6).

5.

Battery missing or disconnected.

6.

Battery was discharged.

8.

No detector failure.

9.

Reason for Detector Failure not classified above.

0.

Reason for Detector Failure undetermined or not reported.

8-5 Automatic Alarm Transmission.
8-5.1
This section classifies the automatic alarm system transmission features provided to get the
alarm from the structure to the responding fire department. NFPA 72, National Fire Alarm Code,
provides system details.
8-5.2
The following numbers should be used to classify data about the automatic alarm transmission
equipment.
1. Remote station system to fire department managed location.
An alarm system connecting protected premises over leased telephone lines to a fire department
location such as the communication center.
It includes a separate receiver for the individual functions being monitored such as a fire alarm
signal or a sprinkler waterflow alarm.
2.

Remote station system to non-fire-department managed location.
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An alarm system connecting protected premises over leased telephone lines to a site other than
a fire department managed location.
It includes a separate receiver for the individual functions being monitored such as a fire alarm
signal or a sprinkler waterflow alarm.
3.

Proprietary system.
An alarm system that serves contiguous or noncontiguous properties under one ownership from
a central supervising station at a protected property.
It is similar to a central station system but is owned by the protected property.

4.

Central station system.
An alarm system connecting protected premises to a privately owned central station whose
function is to monitor the connecting lines constantly and record any indication of fire,
supervisory, or trouble signals from the protected premises.
When a signal is received, the central station will take such action as is required, such as
informing the municipal fire department of a fire.

5.

Auxiliary system with automatic master-box.
An alarm system utilizing a standard municipal coded fire alarm box to transmit a fire alarm
from the protected premises to the municipal fire department.
These alarms are received on the same municipal equipment and are carried over the same
transmission lines as are used to connect fire alarm boxes on the street. Operation is initiated by
the local fire detection and alarm system installed at the protected property.

6.

Manual local.
Alarms sound to warn occupants; does not transmit remotely.

7.

Manual remote.
Transmits alarm to remote site.

8.

No automatic alarm transmission equipment provided.

9.

Automatic Alarm Transmission Equipment not classified above.

0.

Automatic Alarm Transmission Equipment undetermined or not reported.

8-6 Protection.
8-6.1 Sprinkler Systems.
The intent of this section is to track the presence and performance of sprinkler systems as an
automatic extinguishing system.
8-6.1.1 Type of Sprinkler System.
8-6.1.1.1 This data element is used to define the operating principle of the sprinkler system.
Details on sprinkler systems are defined in NFPA 13, Standard for the Installation of Sprinkler
Systems; NFPA 13D, Standard for the Installation of Sprinkler Systems in One-and Two-Family
Dwellings and Manufactured Homes; and NFPA 13R, Standard for the Installation of Sprinkler
Systems in Residential Occupancies up to and Including Four Stories in Height.
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8-6.1.1.2 The following numbers should be used to classify data about the type of sprinkler
system.
1. Wet pipe sprinkler system.
2.

Dry pipe sprinkler system.

3.

Deluge sprinkler system.

4.

Pre-action sprinkler system.

5.

Combined dry pipe and pre-action sprinkler system.

6.

System using “on-off” sprinkler heads.

7.

Open head(s) sprinkler system, manually operated.

8.

No sprinkler protection.

9.

Type of Sprinkler System not classified above.

0.

Type of Sprinkler System undetermined or not reported.

8-6.1.2 Coverage of Automatic Sprinkler System.
8-6.1.2.1 This data element is used to measure how complete the coverage provided by the
sprinkler system is within the structure and whether the system is installed in accordance with
recognized standards. “Standard installation” means that an installation conforms to all
applicable requirements of NFPA 13, Standard for Installation of Sprinkler Systems.
8-6.1.2.2 The following numbers should be used to classify data about the coverage of an
automatic sprinkler system.
1. Complete coverage, standard installation.
2.

Complete coverage, nonstandard installation or compliance with standard for installation not
determined.

3.

Partial coverage, in above grade and below grade areas, standard installation.

4.

Partial coverage, in above grade and below grade areas, nonstandard installation or compliance
with standard for installation not determined.

5.

Partial coverage, in below grade areas only, standard installation.

6.

Partial coverage, in below grade areas only, nonstandard installation or compliance with
standard for installation not determined.

7.

Partial coverage, in above grade areas only.
Included are standard and nonstandard installations.

8.

No sprinkler protection.
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9.

Coverage of Automatic Sprinkler System not classified above.

0.

Coverage of Automatic Sprinkler System undetermined or not reported.

8-6.1.3 Number of Automatic Sprinklers that Operated. It is important to record the number
of sprinklers that operated. This is an indication of how fast the fire progressed but is not
necessarily an indication of the performance of the sprinkler system. The data elements
“Performance of Automatic Extinguishing System” (see 8-6.2.3) and “Reason for Extinguishing
System Failure” (see 8-6.2.4) should be used to record the performance of the sprinkler system
and the reasons for any failures.
8-6.2 Special Hazard Systems.
8-6.2.1 Type of Special Hazard System.
8-6.2.1.1 This data element is used to record the identification of a fire or explosion suppression
system other than automatic sprinklers within a business or tenant space. The hazard the
suppression system is designed to protect should also be recorded.
8-6.2.1.2 The following numbers should be used to classify data about the type of special hazard
system present. Classification 7 allows for indicating there are multiple systems if a particular
reporting system allows for classifying only one system but details of each system should be
recorded.
1.
Dry chemical system.
Included are systems that use sodium bicarbonate, potassium bicarbonate, urea-based
potassium bicarbonate, potassium chloride, or monoammonium phosphate as an agent. See
NFPA 17, Standard for Dry Chemical Extinguishing Systems, for guidance on system design.
2.

Foam system.
Included are systems using protein, fluoroprotein, halo-fluoroprotein, and low temperature
protein foam; high expansion foam, aqueous film forming foam (AFFF), and wetting agent
foam. See NFPA 11, Standard for Low-Expansion Foam, and NFPA 11A, Standard for
Medium- and High-Expansion Foam Systems, for guidance on system design. Excluded are
chemical foam systems (9).

3.

Water spray system.
See NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection, for guidance on
system design.

4.

Halogenated fire extinguishing agent system.
Included are systems using Halon 1211, Halon 1301, or other halons as agents. See NFPA
12A, Standard on Halon 1301 Fire Extinguishing Systems for guidance on system design.

5.

Carbon dioxide system.
See NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, for guidance on system
design.

6.

Explosion suppression system.
See NFPA 69, Standard on Explosion Prevention Systems, for guidance on system design.
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7.

Multiple special hazard systems.

8.

No special hazard system.

9.

Type of Special Hazard System not classified above.
Included are steam smothering systems, chemical foam systems, and systems dispensing dry
powder for metal fires.

0.

Type of Special Hazard System undetermined or not reported.

8-6.2.2 Coverage of Special Hazard System.
8-6.2.2.1 This data element is for use with the data element “Type of Special Hazard System”
(see 8-6.2.1). It is used to classify an evaluation of the extent of coverage provided by the special
hazard system. The applicable standards and codes for each type of special hazard system are
shown in 8-6.2.1.2 and should be used to evaluate the installation.
8-6.2.2.2 The following numbers should be used to classify data about the coverage of a special
hazard system. “Total flooding” means completely filling the room or space protected. “Local
application” means completely protecting the hazard within a room or space. A restaurant hood
and duct system is a “local application.”
1.
Standard installation, total flooding.
2.

Standard installation, local application.

3.

Nonstandard installation or compliance with standard for installation not determined, total
flooding.

4.

Nonstandard installation or compliance with standard for installation not determined, local
application.

7.

Multiple special hazard systems.

8.

No special hazard system present.

9.

Coverage of Special Hazard System not classified above.

0.

Coverage of Special Hazard System undetermined or not reported.

8-6.2.3 Performance of Automatic Extinguishing System.
8-6.2.3.1 This data element records the evaluation of the performance of an automatic
suppression system in the room or space of fire origin. If the automatic suppression system
performance was not satisfactory, details of the failure should be explained. The data element
“Reason for Extinguishing System Failure” (see 8-6.2.4) should be used to record the failure.
Use this data element with “Type of Sprinkler System” (see 8-6.1.1) and “Type of Special
Hazard System” (see 8-6.2.1).
8-6.2.3.2 The following numbers should be used to classify data about the performance of an
automatic extinguishing system.
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1.

Equipment operated and was effective in controlling or extinguishing the fire.

2.

Equipment operated and was effective in controlling or extinguishing the fire.

3.

Equipment should have operated but did not.

4.

Equipment present but fire too small to require operation.

8.

No equipment present in room or space of fire origin.

9.

Performance of Automatic Extinguishing Equipment not classified above.

0.

Performance of Automatic Extinguishing Equipment undetermined or not reported.

8-6.2.4 Reason for Extinguishing System Failure.
8-6.2.4.1 If there was an automatic suppression system in the room or space of fire origin and it
failed to operate as designed, this data element is used to record the reasons for the failure. This
data element should be used in conjunction with data element “Type of Sprinkler System” (see
8-6.1.1) and “Type of Special Hazard System” (see 8-6.2.1).
8-6.2.4.2 The following numbers should be used to classify data about the reasons for an
extinguishing system failure.
1. Extinguishing system shut off.
2.

Not enough agent discharged to control the fire.

3.

Agent discharged could not reach the fire.
Included are situations where the fire was above the discharge head, the fire originated in an
unprotected space, or the discharged agent was shielded from the fire by stock, machinery, or
contents.

4.

Extinguishing system piping damaged.

5.

No discharge heads in room or space of fire origin, including concealed spaces.

8.

No extinguishing system failure.

9.

Reason for Extinguishing System Failure not classified above.

0.

Reason for Extinguishing System Failure undetermined or not reported.

8-6.3 Manual Protection Systems or Devices Available.
It is useful to know what systems or devices are or were available to the occupants of the
building or the fire department to deal with the fire. A factor in the size of the fire may be what is
available in the immediate area for manual fire-fighting equipment.
8-6.3.1 Portable Fire Extinguishers. The following numbers should be used to classify data
about the presence of portable fire extinguishers. “Standard installation” means that an
installation conforms to all applicable requirements of NFPA 10, Standard for Portable Fire
Extinguishers.
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1.

Complete coverage, standard installation.

2.

Complete coverage, nonstandard installation or compliance with standard for installation not
determined.

3.

Partial coverage, standard installation.

4.

Partial coverage, nonstandard installation or compliance with standard for installation not
determined.

8.

No portable fire extinguishers.

9.

Portable Fire Extinguishers not classified above.

0.

Portable Fire Extinguishers undetermined or not reported.

8-6.3.2 Occupant Hose. The following numbers should be used to classify data about the
presence of occupant hose stations. “Standard installation” means that an installation conforms
to all applicable requirements of NFPA 14, Standard for the Installation of Standpipe and Hose
Systems.
1. Complete coverage, standard installation.
2.

Complete coverage, nonstandard installation or compliance with standard for installation not
determined.

3.

Partial coverage, standard installation.

4.

Partial coverage, nonstandard installation or compliance with standard for installation not
determined.

8.

No occupant hose.

9.

Occupant Hose not classified above.

0.

Occupant Hose undetermined or not reported.

8-6.3.3 Standpipe System. The following numbers should be used to classify data about the
presence of standpipe systems. “Standard installation” means that an installation conforms to all
applicable requirements of NFPA 14, Standard for the Installation of Standpipe and Hose
Systems.
1. Complete coverage, standard installation.
2.

Complete coverage, nonstandard installation or compliance with standard for installation not
determined.

3.

Partial coverage, standard installation.

4.

Partial coverage, nonstandard installation or compliance with standard for installation not
determined.
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8.

No standpipe system.

9.

Standpipe System not classified above.

0.

Standpipe System undetermined or not reported.

8-7 Water Supply.
8-7.1 Water Supply Type.
The following numbers should be used to classify data about the type of water supply
available. Recognized water systems are engineered water main and hydrant systems under
pressure.
1. Recognized water system, hydrants within 500 ft (150 m).
2.

Recognized water system, hydrants 500 ft to 999 ft (150 m to 299 m) away.

3.

Recognized water system, hydrants 1,000 ft (300 m) or more away.

4.

Outside of recognized water system, other water source available within 500 ft (150 m).

5.

Outside of recognized water system, other water source available 500 ft to 999 ft (150 m to
299 m) away.

6.

Outside of recognized water system, other water source 1,000 ft (300 m) or more away.

8.

No water available.

9.

Water Supply Type not classified above.

0.

Water Supply Type undetermined or not reported.

8-7.2 Water Supply Flow.
The flow should reflect the sustained water supply capacity available for a period of 1 hour to
apparatus responding on the first alarm. It should be recorded in gallons per minute (gpm).
8-8 Performance of Fire Spread Limitation Features.
8-8.1
This data element can be used in conjunction with the data elements that define compartment
quality (see Section 5-7) to measure the performance of one of the buildings fire defense
measures. Fire spread limitation devices include enclosing walls, doors, dampers, and the like.
8-8.2
The following numbers should be used to classify data about the performance of fire spread
limitation devices.
1. Operated satisfactorily.
2.

Operated unsatisfactorily.
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3.

Fire too small to affect performance.

8.

No fire spread limitation features.

9.

Performance of Fire Spread Limitation Features not classified above.

0.

Performance of Fire Spread Limitation Features undetermined or not reported.

8-9 Performance of Exit System.
8-9.1
This data element can be used in conjunction with the data elements that define the exit quality
(see Chapter 5) to measure the performance of one of the building’s exit systems. The exit
system performance should take into account all building factors relating to the egress of
occupants from the building under fire conditions.
8-9.2
The following numbers should be used to classify data about the performance of the exit
system.
1. Enabled timely egress for all occupants.
2.

Restricted egress for one or more occupants.

3.

Prevented egress for one or more occupants.

8.

No occupants present.

9.

Performance of Exit System not classified above.

0.

Performance of Exit System undetermined or not reported.

Chapter 9 Fire Department Intervention
9-1 Purpose.
This chapter describes what the fire department found and did and with what results. This data
is useful in determining workload, effectiveness, training and equipment needs, and fire fighter
safety.
9-2 Limitations.
These data elements may be inadequate to describe multiple activities on the fire scene, i.e.,
simultaneous rescue, suppression, and salvage, and even less adequate to describe a hazardous
materials incident or a mass casualty incident. Additional documentation will be required to
cover these and other incidents of special interest adequately.
9-3 Type of Situation Found.
9-3.1
This data element is used to describe the most serious situation that occurred whether or not
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the situation was present when the first emergency resources arrived. The same classifications
can also be used to record multiple situations found at the same incident.
The type of situation found can affect which other data items apply to make a complete report
of the important events that occurred and other pertinent information.
9-3.2
The following numbers should be used to classify data about the type of situation found at the
scene.
1. Fire, Explosion.
Included are fires out-on-arrival and combustion explosions with no after-fire.
Excluded are overheat or excessive heat (25), unauthorized burning (56), and controlled burning (63).
11.

Structure fire (not included in 12 or 13 below).
Included are fires inside a structure whether or not there was damage to the structure itself.

12.

Fire in mobile property when used as a structure.
Included are mobile homes, motor homes, camping trailers, and other mobile property when not
in transit and used as a structure for residential, commercial, or other purposes.
(Use Section 4-8 to classify the type of mobile property and Section 4-7 to classify how it is
used.)

13.

Fire in mobile property while inside a structure.
Use Section 4-8 to classify the type of mobile property and Section 4-7 to classify the specific
use of the area where the mobile property was located when the fire occurred.

14.

Fire in mobile property outside a structure.
Included are mobile properties normally used as structures, while in transit and vehicles.

15.

Fire in natural vegetation: trees, brush, grass.

16.

Refuse fire outside.
Included are all hostile fires outside a structure or vehicle (not included above) where the
material burning has negligible value and fires in mechanically moved waste or rubbish
containers outside a structure.

17.

Other outside fire (not included in 15 above or 18 below).
Included are all hostile fires outside a structure or vehicle where the material burning has
definable value.

18.

Fire in cultivated vegetation: standing crops, orchards, vines.

19.

Fire, Explosion not classified above.

10.

Fire, Explosion; insufficient information to classify further.

2. Overpressure Rupture, Explosion, Overheat (no ensuing fire).
21.

Steam rupture.
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Excluded is steam mistaken for smoke when the steam is being released from a normal vent or
relief valve (65).
22.

Air, gas rupture.

23.

Process vessel explosion (no fire).

24.

Munitions explosion (no fire).
Included are bombs, dynamite, and similar explosives.

25.

Excessive heat, overheat scorch burns with no ignition.

29.

Overpressure Rupture, Explosion, Overheat not classified above.

20.

Overpressure Rupture, Explosion, Overheat; insufficient information available to classify
further.

3. Rescue, Emergency Medical Call.
31.

Emergency medical assist.
Included are incidents where assistance is provided to another group or agency that has primary
emergency medical service responsibility.

32.

Emergency medical call.
Included are checking for injuries, treatment for shock, and the like.

33.

Lock-in.

34.

Person(s) lost.

35.

People trapped, caught, buried.
Included are people trapped in elevators, entangled in vehicle wreckage, and hanging from a
cliff or building.

36.

Drowning, potential drowning.
Included are persons stranded on ice.

37.

Electrocution.

39.

Rescue, Emergency Medical Call not classified above.

30.

Rescue, Emergency Medical Call; insufficient information available to classify further.

4. Hazardous Condition, Standby.
Included are potential accidents.
41.

Flammable gas or liquid condition.
Included are gas leaks and gasoline or other flammable liquid spills.

42.

Toxic condition.
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Included are toxic chemical spills and reaction of chemicals.
43.

Radioactive condition.

44.

Electrical arcing, shorted electrical equipment.
Included are power lines down and incidents where disconnection of the electrical energy clears
the emergency.
Excluded are emergencies where there is a sustained fire after the electrical energy has been
disconnected (division 1.)

45.

Oil burner delayed ignition (no fire outside firebox).
If fire is outside firebox, classify in division 1 (fire).

46.

Vehicle accident, potential accident.
Included are incidents where there is a perceived problem with a vehicle (automobile, airplane,
train, ship, etc.).

47.

Explosive present.

48.

Attempted burning, illegal action.
Included are situations where incendiary devices fail to function.

49.

Hazardous Condition, Standby not classified above.

40.

Hazardous Condition, Standby; insufficient information available to classify further.

5. Service Call.
51.

Person in distress.
Included are persons locked out, needing a ring removed, needing assistance in returning to bed.

52.

Water problem.

53.

Smoke, odor problem.
Included are actual smoke conditions regardless of its source.
Excluded are smoke conditions from a hostile fire (division 1).

54.

Animal problem.

55.

Public service assistance.
Included is police assistance.

56.

Unauthorized burning.
Included are fires that are under control and not endangering property.
Excluded are fires where burning is authorized and under control (63).

57.

Cover assignment, standby at fire station, move-up.

59.

Service Call not classified above.

50.

Service Call; insufficient information available to classify further.
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6. Good Intent Call.
61.

Incident cleared prior to arrival.
Included are incidents where apparatus is placed in service prior to its arrival on the scene.
Excluded are fires out on arrival (division 1).

62.

Wrong location.

63.

Controlled burning.
Included are fires where burning is authorized and under control.

64.

Vicinity alarm.
Included are separate locations reported for an actual fire and multiple boxes pulled for one fire.

65.

Steam, other gas mistaken for smoke.

66.

EMS call where injured parties have been transported or left scene prior to arrival.

67.

Hazardous materials release investigation with no hazardous condition found.

69.

Good Intent Call not classified above.

60.

Good Intent Call; insufficient information available to classify further.

7. False Call.
71.

Malicious, mischievous false call.

72.

Bomb scare, no bomb.

73.

System malfunction.

74.

Unintentional.
Included are tripping an interior device accidentally, running a drain test without knowledge of
the alarm connection, and the like.

79.

False Call not classified above.

70.

False Call; insufficient information available to classify further.

8. Natural Condition.
When response is to another specific type of incident during these conditions, classify the type of
incident more specifically using the classifications above.
81.

Earthquake.

82.

Flood.

83.

Wind storm.
Included are tornado, hurricane, cyclone, etc.
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84.

Lightning strike.

89.

Natural Condition not classified above.

80.

Natural Condition; insufficient information available to classify further.

9. Other Type of Incident.
91.

Citizen’s complaint.
Included are reports of code or ordinance violation.

99.

Type of Situation Found not classified above.

00.

Type of Situation Found undetermined or not reported.

9-4 Condition of Fire on Arrival.
9-4.1
This data element is used to describe the apparent scope of the fire at the time emergency
forces arrive at the fire site. This element can assist in assessments of response time and
effectiveness of emergency forces.
9-4.2
The following numbers should be used to classify data about the condition of the fire upon
arrival of the emergency forces.
1. Emergency cleared prior to arrival.
2.

Fire with no evidence visible from street.

3.

Fire with smoke showing only.
Included are smoldering wildland fires.

4.

Flames showing from small area.
Included are flames showing on one story or less, flames showing from part of a vehicle, and
creeping fires in wildland.

5.

Flames showing from large area.
Included are flames showing on more than one story and running, spotting wildfire.

6.

Fully involved.
Included are total involvement of a structure or vehicle and crowning wildfires.

7.

Exposure involved.
Included are multiple structures/vehicles involved and wildfires that also involve structures or
vehicles.

9.

Condition of Fire on Arrival not classified above.

0.

Condition of Fire on Arrival undetermined or not reported.
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9-5 Type of Action Taken.
9-5.1
This data element is used to describe the type of action taken by emergency response units at
the scene.
9-5.2
The following numbers should be used to classify data about the type of action taken by the
responding emergency forces. Where more than one action is applicable and only one action is
being recorded, use the classification number that is highest on the list (lowest numerical value).
11.
Rescue, ventilation, extinguishment, salvage, and overhaul.
12.

Ventilation, extinguishment, salvage, and overhaul.

13.

Extinguishment, salvage, and overhaul.

14.

Salvage and overhaul.

15.

Extinguishment.

16.

Ventilation.
Included are smoke or toxic gas removal.

17.

Establish fire lines around wildfire perimeter.
Included are clearing firebreaks using direct, indirect, and burnout tactics as appropriate.

31.

Rescue, remove from harm.
Included is providing emergency medical service to those rescued if needed.

32.

Extrication, disentanglement.
Included is providing emergency medical service to those extricated if needed.

33.

Provide emergency medical service.

34.

Provide manpower.
Included are assisting police or rescue/ambulance units.

35.

Search.

36.

Transport.

37.

Forcible entry.

41.

Remove hazard.
Included are neutralizing a hazardous condition and containing a spill.
Excluded is decontamination of occupancy/area (47).

42.

Identification/analysis of hazardous materials.

43.

Evacuation.
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44.

Establish safe area.

45.

Monitor/sample hazardous materials.

46.

Decontamination of persons/equipment.

47.

Decontamination of occupancy/area.
Included is cleanup of hazardous materials.

51.

Assist invalids.

52.

Fill in, move up.

53.

Standby, fire watch.

54.

Water removal.

55.

Restore sprinkler or protection system.

56.

Restore alarm system.

57.

Assist animal.
Included are capturing, removing, rescuing animals.

61.

Crowd control.

62.

Traffic control.

63.

Notify other agencies including mutual/automatic aid, state emergency agencies, etc.

64.

Provide public and media information.

71.

Investigate.

72.

Responding unit(s) canceled enroute.

73.

Shut down system.

81.

Restore city services.
Included are restoring water supplies and public fire alarm systems.

82.

Secure property.

91.

Code enforcement.

92.

Refer to proper authority.

93.

Incident command.

97.

Hazardous materials response, materials determined to be nonhazardous.

98.

No action taken.
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99.

Type of Action Taken not classified above.

00.

Type of Action Taken undetermined or not reported.

9-6 Method of Extinguishment.
9-6.1
This data element is used to describe the mechanism by which the fire was finally
extinguished.
9-6.2
The following numbers should be used to classify data about the method by which the fire was
extinguished.
1.
Self-extinguished.
2.

Makeshift aids.
Included are garden hoses, sand, rakes, shovels, baking soda, and the like.

3.

Portable extinguisher.

4.

Automatic extinguishing system.

5.

Water carried on apparatus initially assigned to the incident (first alarm units).

6.

Water from hydrant, draft, or standpipe.

7.

Water from tanker shuttle regardless of where tankers are refilled.

8.

Ground crews with equipment and/or air support.

9.

Method of Extinguishment not classified above.

0.

Method of Extinguishment undetermined or not reported.

9-7 Fire Service Resources.
9-7.1
This data element is used to classify the types of emergency response resources used by fire
and emergency medical providers. The data element can also be used to classify specific
resources within a department or among cooperators. A fire department may find it useful to
collect the number of persons responding with each unit or assigned to work with the unit once it
is at the incident. Data on the use of resources to control and handle incidents is important for
planning the future allocation of resources and justifying budgets.
9-7.2
When it is desired to record the type of fire department resource available or used, the
following numbers should be used.
1. Fire Suppression Apparatus.
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Included are ground vehicles whose primary purpose is to support the direct suppression of fires.
11.

Engine.
Included are apparatus with a pump capable of developing fire streams, a water tank, and fire
hose.

12.

Aerial apparatus.
Included are fire apparatus with an aerial ladder or elevating platform and without a pump or
with a pump rated at less than 1000 gpm.
Excluded are aerial apparatus with a pump rated at 1000 gpm or greater (13).

13.

Combination Engine/Aerial Apparatus.
Included are apparatus with an aerial ladder or elevating platform and a pump rated at 1000
gpm or more.
Excluded are aerial apparatus with a rated pumping capacity of less than 1000 gpm (12).

14.

Special Extinguishing Agent Apparatus.
Included are apparatus whose primary function is to deliver foam or other special agents rather
than water for fire attack.
Excluded are airport rescue fire-fighting vehicles (15) and engines that only incidentally use
special agents (11).

15.

Aircraft Rescue Fire Fighting (ARFF) Apparatus.
Included are heavy and light airport crash rescue apparatus designed for quick response to
aircraft or similar emergency situations.

19.

Fire Suppression Apparatus not classified above.

2. Tactical Equipment.
21.

Dozer.
Included are any tracked vehicles with a blade for exposing mineral soil.

22.

Tractor-plow.
Included are any vehicle with a plow for exposing mineral soil except a dozer (21).

23.

Construction equipment.
Included are skiploaders, forklifts, small tractors, and similar equipment.
Excluded are dozers (21) and tractor-plows (22).

24.

Water Tender or Tanker.
Included are apparatus that function to transport water to a fire scene for application by other
equipment.
Excluded are apparatus with pumping capacity for direct application of the water from the
tank (11).

29.

Tactical Equipment not classified above.

3. Aircraft.
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31.

Air tanker.
Included are any fixed wing aircraft certified by the Federal Aviation Administration as
capable of the transport and delivery of water or fire retardant solutions.

32.

Helitanker.
Included are any helicopter equipped with a fixed tank or a suspended bucket-type container
that is used for aerial delivery of water or fire retardant solutions.

33.

Helicopter for transport.

39.

Aircraft not classified above.

4. Marine Vessels.
41.

Fire boat.
Included are water-borne vessels with pumping capability.

49.

Marine Vessels not classified above.
Included are water-borne air-cushion vessels designed to operate over water, rescue boats,
work boats and the like that have no pumping capability.

5. Support Equipment.
51.

Suppression support apparatus.
Included are breathing apparatus support units, power generation and lighting units.

52.

Command support apparatus.
Included are mobile command posts and communication vehicles.

53.

Special extinguishing agent resupply apparatus.

54.

Equipment transport vehicle.

55.

Passenger transport vehicle.

56.

Fuel or maintenance tender.
Included are fuel and maintenance tenders whether for ground equipment or aircraft.

57.

Logistical support units.
Included are food service units, shower units, and sanitation units.

59.

Support equipment not classified above.

6. Medical Care or Rescue Apparatus.
61.

Rescue unit.

62.

Ambulance.

63.

Paramedic unit.
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69.

Medical Care or Rescue Apparatus not classified above.

9. Other Resources.
91.

Fire investigation unit.

92.

Explosives or ordnance disposal unit (Bomb squad).

93.

Hazardous materials (Hazmat) unit.

94.

Organized hand crew.

99.

Fire Service Resource Type not classified above.

00.

Fire Service Resource Type undetermined or unreported.

9-8 Outside Fire Service Assistance.
9-8.1
This data element measures the conditions under which fire departments exchange assistance
with each other.
Mutual aid is assistance provided under a written agreement that establishes general guidelines
and procedures for providing and receiving assistance between fire departments.
Automatic aid is predetermined and preauthorized two-way assistance rendered between fire
departments under the terms of a written agreement.
Initial action is automatic aid on the initial alarm to areas adjacent to the boundaries between
fire departments.
9-8.2
The following numbers should be used to classify data about outside fire service assistance
rendered at the incident.
1. Mutual aid received from another fire department in accordance with a written agreement.
2.

Automatic aid or initial action received from another fire department in accordance with a
written agreement.

3.

Aid received from another fire department — no written agreement.

4.

Mutual aid provided to another fire department in accordance with a written agreement.

5.

Automatic aid or initial action provided to another fire department in accordance with a written
agreement.

6.

Aid provided to another department or jurisdiction — no written agreement.

7.

Contractual fire protection services provided in accordance with contract — not mutual or
automatic aid.

8.

No fire service assistance received or provided.
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9.

Outside Fire Services Assistance not classified above.

0.

Outside Fire Service Assistance undetermined or not reported.

Chapter 10 Demographic Data
10-1 Purpose and Application.
The purpose of this chapter is to provide data elements that can be used to describe the
characteristics of persons who were involved with the incident being described.
The major use of these data elements will be to describe persons who have been injured during
an incident, including both civilians and fire fighters. However, they may also be used to
describe the characteristics of:
(a) Other persons who were associated with the start of an incident, such as incendiarists,
persons who have negligently or recklessly started fires, or children playing with matches or
lighters;
(b) Uninjured persons at the scene of an incident such as persons who escaped.
10-2 Limitations.
When these data elements are used to describe the characteristics of groups of persons other
than casualties, it will be necessary to establish separate data sets for each of the categories of
persons for whom data are sought.
10-3 Discussion.
Fire casualty data describe the characteristics of persons injured in fires started by children
playing, but they do not identify the characteristics of the children who started the fires.
Establishing a database for fire starters will permit retrieval of these data. It will also identify the
characteristics of non-juvenile fire starters, such as suspected arsonists or persons who have
started fires through negligence or reckless behavior.
A comparison of the characteristics of persons at the scene of an incident who were not injured
with those who were injured may also be of interest. For example, the age distributions of the
two groups may be substantially different. Establishing a database for uninjured persons at the
fire scene will permit such a comparison.
10-4 Age/Date of Birth.
10-4.1
A person’s age is a significant factor in determining the ability of that person to understand the
consequences of his/her action and to react appropriately. When available, date of birth provides
the most accurate way of specifying age.
10-4.2
Record age using month, day, and year in that order. If age is recorded as well, use ‘00’ to
denote persons under 1 year of age.
10-5 Sex.
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The following letters should be used to classify data about the sex of a person being described.
1. Male (M).
2.

Female (F).

0.

Sex undetermined or not reported (U).

10-6 Race and Origin.
Collecting information on race and origin assists in identifying groups that may have high fire
loss or injury experience.
10-6.1
The following numbers should be used to classify data about the race of a person being
described.
Note: Spanish/Hispanic is not a race according to the U.S. Bureau of the Census. Refer to National Origin for
Spanish/Hispanic.

1.

White.

2.

Black.

3.

American Indian, Eskimo, Aleut.

4.

Asian.
Included are Japanese, Chinese, Filipino, Korean, Asian Indian, Vietnamese, Hawaiian,
Samoan, Guamanian.

9.

Race other than classified above.

0.

Race undetermined or not reported.

10-6.2 National Origin.
The following numbers should be used to classify data about the national origin of a person
being described.
1. Hispanic origin.
Included are Mexican, Puerto Rican, Cuban.
9.

National Origin not classified above.

0.

National Origin undetermined or not reported.

10-7 Affiliation.
10-7.1
This data element is used to describe the occupational status of the person as it relates to the
incident.
10-7.2
The following numbers should be used to classify data about the affiliation of the person being
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described. If a fire fighter was injured while at home off duty, classify affiliation as civilian.
1. Fire service personnel.
Included are military fire service personnel.
2.

Emergency medical service personnel.

3.

Law enforcement.
Included are military police.

4.

Other emergency personnel.
Included are utility company employees and persons from other city departments working at the
scene.
Excluded are EMS personnel (2) and police (3).

5.

Civilian.

6.

Military.
Excluded are military fire service personnel (1) and military police (3).

9.

Affiliation not classified above.

0.

Affiliation undetermined or not reported.

10-8 Relationships.
10-8.1
This data element is used to establish the identity of individuals or entities that are included in
the report of an incident.
10-8.2
The following numbers should be used to classify data about relationship of a person being
described to the incident or casualty.
1. Direct Relative.
11.

Husband.

12.

Wife.

13.

Father or grandfather.

14.

Mother or grandmother.

15.

Son or grandson.

16.

Daughter or granddaughter.

17.

Brother.

18.

Sister.

Copyright 1996 NFPA

19.

Other Direct Relative not classified above.

10.

Direct Relative; insufficient information available to classify further.

2. Indirect or Casual Relationship.
21.

Aunt, uncle, cousin.

22.

In-laws.

23.

Roommate.

24.

Friend.

25.

Acquaintance.

26.

Neighbor.

29.

Indirect or Casual Relationship not classified above.

20.

Indirect or Casual Relationship; insufficient information available to classify further.

3. Business Relationship.
31.

Owner.

32.

Occupant or tenant.

33.

Employer.

34.

Employee.

35.

Provider or caretaker.

36.

Patient.

37.

Vendor.

38.

Guest or visitor.

39.

Business Relationship not classified above.

30.

Business Relationship; insufficient information available to classify further.

4. Financial Relationship.
41.

Insurance company.

42.

Adjuster.

43.

Additional insurer.

44.

Mortgagee.
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45.

Payee.

46.

Agent.

49.

Financial Relationship not classified above.

40.

Financial Relationship; insufficient information available to classify further.

5. Government Relationship.
51.

Fire department personnel.

52.

Police department personnel.

53.

Emergency medical service provider.

54.

Public works employee.

55.

State employee.

56.

Arrestee.

57.

Suspect.

58.

Federal employee.

59.

Government Relationship not classified above.

50.

Government Relationship; insufficient information available to classify further.

6. Involvement.
61.

Victim.

62.

Casualty.

63.

Suspected casualty.

64.

Trespasser.

65.

Witness.

66.

Passerby.

67.

Reporting party.

69.

Involvement not classified above.

60.

Involvement; insufficient information available to classify further.

7. Mobile Equipment.
71.

Driver.
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72.

Passenger.

73.

Shipper.

74.

Spiller.

75.

Transporter.

79.

Mobile Equipment not classified above.

70.

Mobile Equipment; insufficient information available to classify further.

9. Other Relationship.
99.

Relationship not classified above.

00.

Relationship undetermined or not reported.

10-9 Condition of Person Prior to Incident.
10-9.1
This data element is used to measure the condition or apparent condition of the person before
the incident. This is the normal condition that the person would have been in but for this
incident.
10-9.2
The following numbers should be used to classify data about the condition of a person. If more
than one condition applies and only one is to be recorded, classify the first that appears on the
list.
1.
Asleep, no known impairment.
2.

Incapable of self-preservation.

3.

Impaired by illegal drugs, alcohol.

4.

Under restraint.

5.

Too young to act.

6.

Deaf, mute, blind.

7.

Capable of self-preservation but requires assistance from others to evacuate.

8.

Awake, unimpaired.

9.

Condition of Person Prior to Incident not classified above.

0.

Condition of Person Prior to Incident undetermined or not reported.

10-10 Familiarity with the Incident Area.
10-10.1
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This data element is used to identify the familiarity of the person with the incident area.
10-10.2
The following numbers should be used to classify data about the reason for the person’s
presence at the incident location.
1.
Short-term visitor.
Less than 1 day of association with the property.
2.

Long-term visitor.
One day or greater but less than 1 week association with the property.
Classify visitors over 1 week as seasonal residents.

3.

Short-term seasonal resident, employee.
1 week to 1 month association with the property.

4.

Long-term seasonal resident, employee.
1 month or greater association with the property.

5.

New permanent resident, employee, student.
Less than 1 month association with the property.

6.

Established permanent resident, employee, student.
1 month or greater association with the property.

9.

Familiarity with Incident Area not classified above.

0.

Familiarity with Incident Area undetermined or not reported.

10-11 Location of Person with Relation to Point of Origin.
10-11.1
This data element can be used to designate the location of the person either at the onset of the
incident or, in the case of an injury, the location at the time of injury or incapacitation. For
example, a person may have been in the room of origin at the onset of the incident but injured or
incapacitated in a location outside the room of origin. The data element can be used to assess the
potential involvement of a person with the ignition. It can also be used to assess the relationship
of an injured person to proximity, material burned, structural integrity, egress, and functions in
fire fighting.
10-11.2
The following numbers should be used to classify data about the location of a person with
relation to the point of origin.
1.
Person intimately involved with ignition.
Included are ignition of clothing on a person and ignition of bedding or furniture on which a
person is sitting or lying.
2.

Person in the room or space of fire origin.
Included are vehicle compartments, porches, tents, and playhouses within 50 ft (15 m) of
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outside fire.
3.

Person in same fire division compartment.

4.

Person on same floor as origin of fire.

5.

Person in same building as origin of fire.

6.

Person on property of fire origin.
Included are persons outside of a building fire, outside a vehicle, or over 50 ft (15 m) from an
outside fire.

7.

Person off property of fire origin at time at ignition.
Included are fire fighters and emergency service personnel.

9.

Location of Person with Relation to Point of Origin not classified above.

0.

Location of Person with Relation to Point of Origin undetermined or not reported.

10-12 Factors Preventing Escape.
10-12.1
This data element is used to describe the most significant factor(s) or condition(s) preventing
the person’s escape.
10-12.2
The following numbers should be used to classify data about factors that prevented a person’s
escape. If more than one condition applies and only one is to be recorded, the most immediate
one that was not overcome should be recorded. For example, if a person was both incapacitated
and a door was locked, classify the “incapacitated” if it was the first obstacle that was not
overcome. However, if the person moved slowly but finally got to the locked door but was not
able to open it, classify the “locked door” since that was the obstacle not overcome. If more than
one condition is classified, rank them in order of importance.
1.
No time to escape; explosion, or fire progressed too rapidly.
2.

Fire between person and exit.

3.

Locked doors, windows.

4.

Bars, grates, grills.

5.

Clothing on person burning.

6.

Moved too slowly or inappropriately.
Included are failures to follow correct (available) escape procedures.

7.

Person incapacitated prior to ignition.

8.

No factors or conditions prevented escape or not a factor.
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9.

Factors Preventing Escape not classified above.

0.

Factors Preventing Escape undetermined or not reported.

10-13 Mobility of Occupant.
10-13.1
Mobility of occupant identifies if the occupants in the area are mobile, non-mobile, or
impaired. Mobile is defined as having the ability to move 150 ft (45 m) in 90 seconds unaided.
Children under 5 years old, invalids, persons confined to a specific small area and the like are
generally non-mobile. Impaired persons include those under the influence of alcohol or drugs
whose ability to act is impaired.
10-13.2
The following numbers should be used to classify the condition of the occupants in a property.
1.
All mobile with at least one responsible person awake.
2.

All mobile — all asleep.

3.

Mobile and non-mobile or impaired, with at least one responsible mobile person awake.

4.

Mobile and non-mobile or impaired, all asleep.

5.

All non-mobile or impaired.

6.

Dead before ignition.

8.

No occupants.

9.

Mobility of Occupant not classified above.

0.

Mobility of Occupant undetermined or not reported.

Chapter 11 Property And Human Loss
11-1 Purpose and Application.
This chapter presents a means of summarizing the losses that occur as a result of a fire. Losses
are measured as the physical damage from the fire to the property, injuries to persons, loss of use
of facilities, and financial loss.
These data elements can be used to measure direct and indirect property loss, casualties and
fatalities to civilians, fire service personnel and other emergency personnel.
11-2 Limitations.
The data elements in this chapter provide summaries of the property and human loss only.
Details of these losses should be defined with data elements in other chapters.
11-3 Summary Data.
The following data elements summarize the property and human loss resulting from an
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incident.
11-3.1 Number of Fatalities.
It is recommended that the number of fire fighter fatalities be recorded separately from the
number of civilian fatalities. Persons who are not fire fighters but who are at the scene in an
emergency capacity (police, public works employees, utility company employees, etc.) should be
counted in the civilian fatality count.
11-3.2 Number of Injuries.
It is recommended that the number of fire fighter injuries be recorded separately from the
number of civilian injuries. Persons who are not fire fighters but who are at the scene in an
emergency capacity (police, public works employees, utility company employees, etc.) should be
counted in the civilian injury count.
11-3.3 Number of Persons Assisted.
The number of persons assisted in leaving the building by the action of the fire department is
an indication of the work load on arrival. This data can be useful in establishing resource
dispatch policies as well as developing fire ground operations plans. Assisting persons can
include notifying people of a fire in the building and directing them to an exit or physically
walking with them to a point clear of the danger. It does not include physically having to remove
the person (see 11-3.4).
11-3.4 Number of Persons Rescued.
This data element records the number of persons who had to be physically removed from the
danger area by fire fighters whether by carrying, wheeling a bed or chair the person is confined
to, or assisting the persons by providing an avenue not normally available (e.g., a ladder or a
breached wall). Like the number of persons assisted, this is an indication of the work load on
arrival. This data can be useful in establishing resource dispatch policies as well as developing
fire ground operations plans.
11-3.5 Number of Persons Made Temporarily Homeless.
The number of persons who could not reside in their building the night after the fire.
11-3.6 Number of Businesses Made Unusable.
The number of businesses that could not operate over 60 percent of their facility the first
working day following the fire.
11-3.7 Monetary Loss.
This data element measures the monetary loss associated with an incident. When measuring
direct fire loss, the loss should be calculated for replacement on a like kind and quality basis.
Direct fire loss includes loss to structures, contents, machinery and equipment, vehicles, and
vegetation.
11-3.8 Acres Burned.
This data element is used to quantify the area in acres within the fire line perimeter. The data
element is primarily used for wildland fires but can aid other fire departments when fires cover
relatively large areas in urban and suburban areas. Area should generally be recorded to the
nearest tenth of an acre for fires less than one acre in size and in whole acres for fires larger than
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one acre.
11-4 Extent of Damage.
11-4.1
This data element is used to describe the extent of damage from fire and the effects of the fire
and its suppression. The damage may be from actual flame impingement, smoke and
heat-scorching, water and other fire extinguishing agent, or physical damage from fire control
activities. It is recommended that reporting systems allow for the separate reporting of flame
damage, smoke and heat-scorch damage, water and other fire extinguishing agent damage, and
physical damage from fire control activities as four separate data elements. “Browned” paper and
similar areas scorched by heat but not attacked by flame should be reported as smoke or heat
scorch damage, not fire damage.
11-4.2
The classification that defines the largest area of the structure damaged should be used.
1.
Confined to the object of origin.
2.

Confined to part of room or area of origin.

3.

Confined to room of origin.

4.

Confined to fire division compartment of origin.

5.

Confined to story of origin.

6.

Confined to structure of origin.

7.

Extended beyond structure of origin.

8.

No damage of this type.

0.

Extent of Damage undetermined or not reported.

Chapter 12 Casualty Data
12-1 Purpose and Application.
This chapter provides data elements and classifications that can be used to identify information
about a person injured or fire service casualties. All injuries or deaths that result from a fire
incident or whenever a fire fighter is injured should be reported.
The use of the data elements or combinations of data elements in this chapter can identify key
factors about injuries to both civilians and fire-fighting personnel.
This data in the case of fire-fighting personnel can be used to identify the need for additional
training, change the departments standard operating procedures, and track information about
protective equipment used, and any failures of such equipment.
Data on civilian injuries can aid in the understanding of what population groups are being
affected most by fires, why people are injured, and the extent of various types of injuries.
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12-2 Limitations.
There are two situations that raise concern when reporting injuries and deaths. The first is the
situation of self-annihilation (suicide) and homicides by fire. These should be treated as fire
deaths. The second is asphyxiation or illness from a fire that is otherwise a non-hostile fire.
These are not fire deaths or injuries.
12-3 Case Severity.
12-3.1
This data element is used to describe the overall severity or seriousness of the injury or illness.
12-3.2
The following numbers should be used to classify data about the severity of the injuries to a
person.
1.
Minor — The patient is not in danger of death or permanent disability. Immediate medical care
is not necessary.
2.

Moderate — There is little danger of death or permanent disability. Quick medical care is
advisable. This category includes injuries such as fractures or lacerations requiring sutures.

3.

Severe — The situation is potentially life threatening if the condition remains uncontrolled.
Immediate medical care is necessary even though body processes may still be functioning and
vital signs may be normal.

Example: When the ambulance arrived, the patient’s vital signs were close to normal; however, his
respiratory rate was high, and he suffered from chest pain and shortness of breath. The patient’s cardiac
symptoms indicated a case that was potentially life threatening.
4.

Life Threat — Death is imminent; body processes and vital signs are not normal. Immediate
medical care is necessary. This category includes cases such as severe hemorrhaging, severe
multiple trauma, and multiple internal injuries.

5.

D.O.A. - Dead on arrival at the scene.

6.

Died subsequent to arrival.

8.

Case Severity not applicable.

0.

Case Severity undetermined or not reported.

12-4 Apparent Symptom.
12-4.1
This data element is used to identify the preliminary condition(s) chiefly responsible for the
patient’s need for emergency medical services. It is anticipated that this information will be
determined by the emergency medical technician or other health provider who is primarily
responsible for treating the patient during the prehospital emergency phase.
12-4.2*
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The following numbers should be used to classify data about the apparent symptom or
symptoms if the reporting system allows reporting of more than one.
01.
Abrasion.
02.

Amputation.

03.

Asphyxiation.
Included is smoke inhalation.

04.

Avulsion (of eye).

05.

Burn: chemical.

06.

Burn: electric.

07.

Burn: thermal.

08.

Burn: scald.

09.

Cancer.

10.

Cardiac arrest.

11.

Cardiac symptoms.

12.

Chills.

13.

Contusion or bruise-minor trauma.

14.

Convulsion or seizure unspecified.
Included is petit mal.

15.

Convulsions or seizure systemic.
Included is grand mal.

16.

Crushing.

17.

Dehydration.

18.

Diabetic coma.

19.

Diabetic shock.

20.

Difficulty breathing or shortness of breath.

21.

Dislocation.

22.

Disorientation.

23.

Dizziness or fainting-weakness.

24.

Drowning.
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25.

Drug overdose.

26.

Fever.

27.

Foreign body, obstruction.

28.

Fracture: closed.

29.

Fracture: open.

30.

Frostbite.

31.

Hemorrhaging, bleeding.

32.

Hypersensitivity.
Included is allergic reaction to medicines.

33.

Impairment similar to that caused by alcohol.

34.

Internal trauma (closed blunt).

35.

Laceration, cut.

36.

Mental disorder.

37.

Nausea.

38.

Obstetrics — delivery.

39.

Obstetrics — miscarriage.

40.

Pain only.

41.

Paralysis.

42.

Paresthesia, numbness, tingling.

43.

Pneumonia.

44.

Puncture wound (penetrating).
Included are stab wounds.

45.

Poison not listed elsewhere.

46.

Projectile wound-high velocity.

47.

Respiratory arrest.

48.

Shock: anaphylactic.

49.

Shock: electrical.

50.

Sickness.
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51.

Sprain, strain.

52.

Stroke (C.V.A.).

53.

Swelling.

54.

Unconscious.

55.

Vomiting.

59.

Other long-term illness.

98.

No apparent symptom.

99.

Apparent Symptom not classified above.

00.

Apparent Symptom undetermined or not reported.

12-5 Part of Body.
12-5.1
This data element describes the part of the body affected by the apparent symptoms. It is
recommended that the two data elements (apparent symptom and part of body) be reported as a
pair.
12-5.2
The following numbers should be used to classify data about the part of the body where the
symptoms are apparent.
1. Head Area.
11.

Ear.

12.

Eye.

13.

Face.

14.

Mouth — lips.

15.

Mouth — interior.

16.

Nose.

17.

Nose lining.

18.

Teeth.

19.

Head Area not classified above.

10.

Head Area; insufficient information to classify further.

2. Trunk.
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21.

Neck.

22.

Shoulder.

23.

Back-upper, surface only — see 61 for spine.

24.

Back-lower, surface only — see 61 for spine.

25.

Chest.

26.

Abdomen.

27.

Buttocks.

28.

Groin.

29.

Trunk not classified above.

20.

Trunk; insufficient information to classify further.

3. Arm or Hand.
31.

Arm — upper not including elbow (33) or shoulder (22).

32.

Arm — lower not including elbow (33) or wrist (34).

33.

Elbow.

34.

Wrist.

35.

Hand.

36.

Fingers.

37.

Thumb.

39.

Arm or Hand not classified above.

30.

Arm or Hand; insufficient information to classify further.

4. Leg or Foot.
41.

Leg — upper.

42.

Leg — lower.

43.

Knee.

44.

Ankle.

45.

Foot.

46.

Toes.
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49.

Leg or Foot not classified above.

40.

Leg or Foot; insufficient information to classify further.

5. Internal.
51.

Throat.

52.

Trachea.

53.

Lungs.

54.

Heart.

55.

Stomach.

56.

Intestinal tract.

57.

Genito-urinary.

58.

Internal organ not otherwise specified.

59.

Internal not classified above.

50.

Internal; insufficient information to classify further.

6. Miscellaneous Parts of Body.
61.

Spine.

62.

Pelvis.

63.

Hip.

7. Multiple Parts of Body.
71.

Multiple head parts.

72.

Multiple trunk parts.

73.

Multiple arm and hand parts.

74.

Multiple leg and foot parts.

75.

Multiple internal parts.

76.

Multiple body parts — upper.

77.

Multiple body parts — lower.

78.

Multiple body parts — whole body.

9. Other.
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98.

Part of Body not applicable.

99.

Part of Body not classified above.

00.

Part of Body undetermined or not reported.

12-6 Casualty Type by Situation Found.
12-6.1
This data element is used to describe the situation or activity at the scene that caused the
injuries.
12-6.2
The following numbers should be used to classify data about the situation that caused injuries.
1. Vehicle Related.
Excluded are pedestrians struck by vehicle (27).
11.

Aviation accident.

12.

Boat accident.

13.

Train accident.

14.

Motor vehicle accident.

15.

Motorcycle, moped accident.
Excluded are two-wheel powered vehicles designed exclusively for use off the road (16).

16.

Other motorized vehicle accident.
Included are snowmobiles, all-terrain vehicles, two-wheel powered vehicles designed
exclusively for use off the road, etc.

17.

Bicycle accident.

18.

Nonmotorized vehicle accident.
Included are accidents involving skateboards, tricycles, sleds, etc.
Excluded are bicycle accidents (17).

19.

Vehicle Related not classified above.

10.

Vehicle Related; insufficient information available to classify further.

2. Natural Activity Related.
21.

Exposure to weather.
Included are frostbite, heat exhaustion, etc.

22.

Insect sting.

23.

Snake bite.
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24.

Animal bite.

25.

Sports accident, supervised.

26.

Sports accident, unsupervised.

27.

Pedestrian struck by vehicle.

29.

Natural Activity Related not classified above.

20.

Natural Activity Related; insufficient information available to classify further.

3. Fire, Explosive, Fireworks Related.
Includes smoke or gas related to fire.
31.

Structure fire injury.

32.

Vehicle fire injury.

33.

Grass, brush, woodlands fire injury.

34.

Flammable gas, flammable liquid, or chemical fire injury outside.

35.

Outside fire injury (not included in 33 or 34 above).

36.

Explosives injury.

37.

Fireworks injury.

39.

Fire, Explosive, Fireworks Related not classified above.

30.

Fire, Explosive, Fireworks Related; insufficient information available to classify further.

4. Inflicted Injury Related.
41.

Altercation (fist fight).

42.

Physical abuse.

43.

Thermal burn not associated with hostile fire (30-39).
Included are scalds.
Excluded are chemical burns (62).

44.

Gunshot.

45.

Rape, sexual assault.

46.

Knifing, cutting, stabbing.

47.

Mugging.

48.

Struck by thrown or falling object.
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49.

Inflicted Injury Related not classified above.

40.

Inflicted Injury Related; insufficient information available to classify further.

5. Miscellaneous Injury Related.
51.

Building collapse.

52.

Cave-in.

53.

Construction accident.
Excluded are building collapse (51) and cave-in (52).

54.

Hand tool mishap.
Excluded are construction accidents (53).

55.

Lawn mower mishap.

56.

Power tool mishap.
Excluded are construction accidents (53).

57.

Minor slip or fall.
Included are most household falls and other falls of 15 ft (5 m) or less.

58.

Major slip or fall.
Included are falls of greater than 15 ft (5 m).

6. Miscellaneous Injury Related (continued).
61.

Body part stuck in or caught in machinery.

62.

Hazardous materials or chemical burn.
Excluded is inhalation of fumes from hazardous materials or chemicals (66) or exposure to
same (67).

63.

Electrical shock.

64.

Motor vehicle repair accident.

65.

Radiation, exposure to.

66.

Smoke or gas inhalation (other than when related to a fire).

67.

Exposure to hazardous materials (not included in 62, 65, or 66 above).

69.

Miscellaneous Injury Related not classified above.

60.

Miscellaneous Injury Related; insufficient information available to classify further.

7. General Type Sickness Related.
71.

Cancer.
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72.

Cardiac related.

73.

Disease.

74.

Mental disorder.

75.

Seizure.

76.

Sickness, general.

77.

Stroke (C.V.A.).

78.

Trouble breathing.
Included are choking, obstructed airway.

79.

General Type Sickness Related not classified above.

70.

General Type Sickness Related; insufficient information available to classify further.

8. Other Medical Situation Related.
81.

Alcoholic overdose.

82.

Unconsciousness, stupor.

83.

Childbirth or pregnancy problem.

84.

Drowning.

85.

Drug overdose, legal drugs.
Excluded are attempted suicide or suicide (88).

86.

Drug overdose, illegal drugs.
Excluded are attempted suicide or suicide (88).

88.

Suicide or attempted suicide.

89.

Other Medical Situation Related not classified above.

80.

Other Medical Situation Related; insufficient information available to classify further.

9. No Casualty Found.
91.

Person seen, but not in need of medical care.
Includes person sleeping in car or along side of road.

92.

Patient not seen, unable to determine situation.
Includes patient left scene.

93.

Stand-by at scene or crew used at a fire incident.

94.

Manpower assist to another EMS vehicle.
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95.

Nothing found at location given, not suspect.
Includes dispatched to wrong location.

96.

Suspected false alarm.

99.

Casualty Type by Situation Found not classified above.

00.

Casualty Type by Situation Found undetermined or not reported.

12-7 Final Disposition of Casualty.
12-7.1
This data element identifies where the patient was taken if further treatment or observation was
needed. The first location where the patient was taken should be reported regardless of where the
patient may have been subsequently taken for treatment or rehabilitation.
12-7.2
The following numbers should be used to classify data about the final disposition of the
casualty.
1.
Hospital or emergency care facility by fire service vehicle.
2.

Hospital or emergency care facility by non-fire-service vehicle.

3.

Hospital or emergency care facility by non-fire-service vehicle with fire service personnel
attending.

4.

Nonemergency health care facility.
Included are doctor’s offices.

5.

Morgue or funeral home.

6.

Residence.

7.

Station, quarters, assigned work location.

8.

Not transported (released at scene).

9.

Final Disposition of Casualty not classified above.

0.

Final Disposition of Casualty undetermined or not reported.

12-8 Activity at Time of Injury.
12-8.1
This data element is used to describe the activity of the person at the time they were injured.
12-8.2
The following numbers should be used to classify data about the activity of a person at the
time they were injured.
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1.

Escaping.

2.

Rescue attempt.

3.

Fire control attempt.

4.

Returned to vicinity of fire (not rescue).

5.

Cleanup, salvage, mop-up.

6.

Asleep, no known impairment.

7.

Unable to act.

8.

Irrational action.

9.

Activity at Time of Injury not classified above.

0.

Activity at Time of Injury undetermined or not reported.

12-9 Regular Fire Service Work Assignment.
12-9.1
This data element is for use with reporting fire service casualty data and describes the official
assignment of the casualty. This reported assignment may not coincide with the persons activity
at the time of the injury. For example, a fire fighter normally assigned to training may be injured
on a fire ground where he or she responded to assist at a major emergency. In this case the
normal assignment is “training.”
This data element assists in determining the needs for training, particularly when people are
working outside of their regular assignments or on temporary assignments.
12-9.2
The following numbers should be used to classify data about the regular assignment of the fire
fighter.
1.
Fire suppression.
2.

Emergency Medical Service (EMS).

3.

Fire prevention or inspection.

4.

Training.

5.

Maintenance.

6.

Fire alarm or communications.

7.

Administrative.

9.

Regular Fire Service Work Assignment not classified above.

0.

Regular Fire Service Work Assignment undetermined or not reported.
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12-10 Physical Condition at Time of Injury.
12-10.1
Important to understanding how and why some injuries occur is knowledge of the condition of
the casualty prior to the injury.
12-10.2
The following numbers should be used to classify data about the physical condition of a person
at the time of injury.
1.
Rested.
2.

Fatigued.

3.

Impaired by drugs or alcohol.

4.

Impaired by illness.

9.

Physical Condition at Time of Injury not classified above.

0.

Physical Condition at Time of Injury undetermined or not reported.

12-11 Status of Injured Prior to Alarm at which Injury Occurred.
12-11.1
This data element is used to determine, if possible, whether the person was awake or asleep
immediately prior to the injury and whether that has a relationship to the degree of injury.
12-11.2
The following numbers should be used to classify data about the status of the injured person
prior to the alarm at which the injury occurred.
1.
Asleep.
2.

Awake.

9.

Status of Injured Prior to Alarm at which Injury Occurred not classified above.

0.

Status of Injured Prior to Alarm at which Injury Occurred undetermined or not reported.

12-12 Activity at Time of Fire Service Injury or Accident.
12-12.1
This data element is used to describe the activity being performed by an injured fire fighter at
the time the injury occurred. This data is useful when evaluating the effectiveness of training and
safety programs.
12-12.2
The following numbers should be used to classify data about the activity of a fire fighter at the
time he or she was injured.
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1. Riding Vehicle.
11.

Boarding fire apparatus, emergency vehicle.

12.

Riding fire apparatus: standing.

13.

Riding fire apparatus: sitting.

14.

Riding fire apparatus: position unknown.

15.

Riding other emergency vehicle.
Included are ambulances, boats, planes, etc.

16.

Riding non-emergency vehicle.

17.

Getting off fire apparatus, emergency vehicle.

18.

Jumping from aircraft.

19.

Riding Vehicle not classified above.

10.

Riding Vehicle; insufficient information to classify further.

2. Driving or Operating Apparatus.
21.

Driving fire apparatus.

22.

Tillering ladder truck.

23.

Driving other emergency vehicle.
Included are ambulances, boats.

24.

Flying aircraft.

25.

Operating engine or pump.

26.

Operating ladder truck, elevated platform.

27.

Operating other apparatus or equipment.
Included are power winches, stationary generators, etc.

29.

Driving or Operating Apparatus not classified above.

20.

Driving or Operating Apparatus; insufficient information to classify further.

3. Extinguishing Fire or Neutralizing Incident.
31.

Handling charged hose lines.

32.

Using hand extinguishers.

33.

Operating master stream device.
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34.

Using hand tools in extinguishment activity.

35.

Removing power lines.

36.

Removing flammable liquids or chemicals.

37.

Shutting off utilities, gas lines, etc.

39.

Extinguishing Fire or Neutralizing Incident not classified.

30.

Extinguishing Fire or Neutralizing Incident; insufficient information to classify further.

4. Suppression Support.
41.

Forcible entry.

42.

Ventilation with power tools.

43.

Ventilation with hand tools.

44.

Salvage.

45.

Overhaul.

49.

Suppression Support not classified.

40.

Suppression Support; insufficient information to classify further.

5. Access or Egress.
51.

Carrying ground ladder.

52.

Raising ground ladder.

53.

Lowering ground ladder.

54.

Climbing ladder.

55.

Scaling.

56.

Escaping fire or hazard.

59.

Access or Egress not classified.

50.

Access or Egress; insufficient information to classify further.

6. Rescue.
61.

Searching for fire victim.

62.

Rescue of fire victim.

63.

Rescue of nonfire victim.
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64.

Water rescue.

65.

Providing emergency medical care.

66.

Diving operations.

67.

Extraction with power tools.

68.

Extraction with hand tools.

69.

Rescue not classified above.

60.

Rescue; insufficient information to classify further.

7. Miscellaneous Incident Scene Activity.
71.

Directing traffic.

72.

Catching hydrant.

73.

Laying hose.

74.

Moving tools or equipment around scene.

75.

Picking up tools, equipment, hose on scene.

76.

Setting up lighting.
Included are portable generator operations.

77.

Operating portable pump.

79.

Miscellaneous Incident Scene Activity not classified above.

70.

Miscellaneous Incident Scene Activity; insufficient information to classify further.

8. Station Activity.
81.

Moving about station, alarm sounding.

82.

Moving about station, normal activity.

83.

Station maintenance.

84.

Vehicle maintenance.

85.

Equipment maintenance.

86.

Physical fitness activity: supervised.

87.

Physical fitness activity: unsupervised.

88.

Training activity or drill.
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89.

Station Activity not classified above.

80.

Station Activity; insufficient information to classify further.

9. Other Activity.
91.

Incident investigation: during incident.

92.

Incident investigation: after incident.

93.

Inspection activity.

94.

Administrative work.

95.

Communication work.

99.

Activity at Time of Fire Service Injury or Accident not classified above.

00.

Activity at Time of Fire Service Injury or Accident undetermined or not reported.

12-13 Where Fire Service Injury or Accident Occurred.
12-13.1
This data element is used to describe the location where the fire fighter was when injured. This
data element should be used in conjunction with the data element “Activity at Time of Fire
Service Injury or Accident” (see Section 12-12) to provide a more complete description of how
the injury or accident occurred.
12-13.2
The following numbers should be used to classify data about where the fire fighter was when
the injury or accident occurred.
1. En Route or Returning.
11.

En route to emergency.

12.

Returning from emergency.

13.

En route to non-emergency public assistance response.

14.

Returning from non-emergency public assistance response.

15.

En route to other non-emergency duty assignment.

16.

Returning from other non-emergency duty assignment.

19.

En Route or Returning not classified above.

10.

En Route or Returning; insufficient information to classify further.

2. At Incident Scene — Outside At or Above Grade.
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21.

Outside on ground level.

22.

Outside above grade level.

23.

On structure roof.

24.

On ladder or in basket of aerial apparatus at an emergency scene.

25.

On ground ladder.

26.

On wall or ledge.

27.

On fire escape.

28.

On steep hillside.

29.

At Incident Scene — Outside At or Above Grade not classified above.

20.

At Incident Scene — Outside At or Above Grade; insufficient information to classify further.

3. At Incident Scene — Outside Below Grade.
31.

In open pit.

32.

In ditch or trench.

33.

In quarry or mine.

34.

In ravine.

35.

In well.

36.

In water.

39.

At Incident Scene — Outside Below Grade not classified above.

30.

At Incident Scene — Outside Below Grade; insufficient information to classify further.

4. At Incident Scene — Inside Structure at or Above Grade.
41.

Grade level.

42.

Second through fourth stories or equivalent above grade.

43.

Fifth through seventh stories or equivalent above grade.

44.

Above seventh story or equivalent above grade.

45.

In attic regardless of height above grade.

49.

At Incident Scene — Inside Structure at or Above Grade not classified above.

40.

At Incident Scene — Inside Structure at or Above Grade; insufficient information to classify
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further.
5. At Incident Scene — Inside Structure Below Grade.
51.

One story or equivalent below grade.

52.

Two or more stories below grade.

53.

In a tunnel.

54.

In a sewer.

59.

At Incident Scene — Inside Structure Below Grade not classified above.

50.

At Incident Scene — Inside Structure Below Grade; insufficient information to classify further.

6. At Incident Scene — Inside Vehicle.
61.

Motor vehicle passenger compartment.

62.

Motor vehicle cargo compartment.

63.

Rail vehicle.

64.

Boat or ship or barge.

65.

Aircraft.

69.

At Incident Scene — Inside Vehicle not classified above.

60.

At Incident Scene — Inside Vehicle; insufficient information to classify further.

7. At Fire Department Managed Location.
71.

At fire station including surrounding department-owned property.

72.

At training school.

73.

At off station drill site.

74.

At administrative offices.

75.

At maintenance facility.

76.

At communication center.

77.

At off station work site.

79.

At Fire Department Managed Location not classified above.

70.

At Fire Department Managed Location; insufficient information to classify further.

8. At Inspection Site.

Copyright 1996 NFPA

81.

Inside structure — normally occupied areas.

82.

Inside structure — service or storage areas.

83.

On roof, fire escape, outside stairways, etc.

84.

On ground outside structure.

89.

At Inspection Site not classified above.

80.

At Inspection Site; insufficient information to classify further.

9. Other.
99.

Where Fire Service Injury or Accident Occurred not classified above.

00.

Where Fire Service Injury or Accident Occurred undetermined or not reported.

12-14 Cause of Injury or Accident.
12-14.1
This data element describes the action or lack of action that directly resulted in the casualty
being injured. When the injury occurred as a result of contact with an object, the manner in
which that contact occurred should be described.
12-14.2
The following numbers should be used to classify data about the cause of the injury or
accident.
1. Fell, Slipped, or Tripped.
11. Fell, Slipped, or Tripped in or from Structure.
111.

Fell from structure.

112.

Fell or tripped on stairs.

113.

Fell into guarded hole in roof.

114.

Fell into unguarded hole in roof.

115.

Fell into guarded hole in floor.

116.

Fell into unguarded hole in floor.

117.

Fell or tripped over object inside structure.

12. Fell, Slipped, or Tripped in or from Emergency Apparatus or Emergency Equipment.
121.

Fell, slipped, or tripped from emergency apparatus, seat belt not fastened.

122.

Fell, slipped, or tripped from emergency apparatus, seat belt failed.
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123.

Fell, slipped, or tripped in or into emergency apparatus.

124.

Fell, slipped, or tripped from a ladder.

125.

Fell, slipped, or tripped from station sliding pole.

13. Fell or Slipped on Flat Surface.
131.

Fell or slipped on dry, flat surface.

132.

Fell or slipped on wet, flat surface.

133.

Fell or slipped on icy, flat surface.

14. Fell or Slipped on Incline.
141.

Fell or slipped on dry incline.

142.

Fell or slipped on wet incline.

143.

Fell or slipped on icy incline.

15. Fell, Slipped, or Tripped in or on Holes and Objects Outside Structure.
151.

Fell, slipped, or tripped into guarded hole outside structure.

152.

Fell, slipped, or tripped into unguarded hole outside structure.

153.

Fell, slipped, or tripped on or over curb.

154.

Fell, slipped, or tripped over object outside structure.

19. Fell, Slipped, or Tripped Elsewhere.
199.

Fell, slipped, or tripped not elsewhere classified.

100.

Fell, slipped, or tripped; insufficient information to classify further.

2. Caught or Trapped By, In, or Between.
21. Caught or Trapped in Collapse.
211.

Caught or trapped in roof collapse.

222.

Caught or trapped in wall collapse.

223.

Caught or trapped in floor collapse.

224.

Caught or trapped in ceiling collapse.

229.

Caught or Trapped in Collapse not classified above.

22. Caught or Trapped by Fire or Explosion.
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221.

Caught or trapped by fire progress.

222.

Caught or trapped by flashover.

223.

Caught or trapped by explosion.

229.

Caught or Trapped by Fire or Explosion not classified above.

23. Caught or Trapped by or between Objects.
230.

Caught or trapped by or between objects.

24. Caught or Trapped by or between Vehicles.
241.

Caught or trapped by or between fire department apparatus or vehicle.

242.

Caught or trapped by or between non-fire department vehicle.

25. Lost in Building.
250.

Lost in building.

26. Caught or Trapped by Earth Cave-in.
260.

Caught or trapped by earth cave-in.

27. Caught or Trapped by Underwater Objects or Obstacles.
270.

Caught or trapped by underwater objects or obstacles.

29. Caught or Trapped Elsewhere.
299.

Caught or Trapped not classified above.

200.

Caught or Trapped; insufficient information to classify further.

3. Struck By (use when the injury producing object moved toward the injured person).
31. Struck by Building Component.
311.

Struck by collapsing roof.

312.

Struck by collapsing wall.

313.

Struck by pieces of wall.

314.

Struck by collapsing ceiling.

315.

Struck by ceiling being pulled by self.

316.

Struck by ceiling being pulled by others.

317.

Struck by door.
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32. Struck by Debris Objects.
321.

Struck by dirt particles.

322.

Struck by flying glass.

323.

Struck by glass broken by self.

324.

Struck by glass broken by others.

325.

Struck by falling object.

326.

Struck by thrown object (non-malicious).

33. Struck by Water or Other Extinguishing Agent.
331.

Struck by water stream from handline.

332.

Struck by water stream from master stream.

333.

Struck by portable extinguisher stream.

34. Struck by Fire Department Apparatus or Equipment.
341.

Struck by ladder.

342.

Struck by hand tool.

343.

Struck by hose.

344.

Struck by coupling.

345.

Struck by apparatus or compartment door.

346.

Struck by apparatus.

347.

Struck by other fire equipment.

35. Struck by Person (non-malicious).
351.

Struck by fire service personnel.

352.

Struck by non-fire-service personnel.

39. Struck by Something Else.
399.

Struck by not classified above.

300.

Struck by; insufficient information to classify further.

4. Contact with or Exposure to.
41. Contact with or Exposure to Fire and Fire Products.
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411.

Contact with or exposure to fire.

412.

Contact with or exposure to heat.

413.

Contact with or exposure to smoke/toxic fire products.

414.

Contact with or exposure to embers.

415.

Contact with or exposure to hot metal.

416.

Contact with or exposure to hot tar.

417.

Contact with or exposure to steam.

418.

Contact with or exposure to utility flames, flares, torches, etc.

42. Contact with or Exposure to Hazardous Materials.
421.

Contact with or exposure to unusual fumes, gases.

422.

Contact with or exposure to chemicals.

423.

Contact with or exposure to radioactive material.

43. Contact with or Exposure to Electricity.
430.

Contact with or exposure to electricity.

44. Contact with or Exposure to Objects.
441.

Contact with splinters.

442.

Contact with nails.

443.

Contact with glass.

444.

Contact with underwater objects.

45. Exposure to Water.
450.

Exposure to water.

46. Contact with or Exposure to nature.
461.

Contact with or exposure to insects.

462.

Contact with or exposure to poisonous plants.

463.

Contact with or exposure to contagious disease.

464.

Contact with or exposure to extreme weather.

49. Other Contact with or Exposure to.
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499.

Contact with or Exposure to something not classified above.

400.

Contact with or Exposure to; insufficient information to classify further.

5. Overexertion or Strain.
51. Overexertion or Strain While Lifting.
511.

Overexertion or strain while lifting hose.

512.

Overexertion or strain while lifting ladder.

513.

Overexertion or strain while lifting hand tool, saw, etc.

514.

Overexertion or strain while lifting victim.

515.

Overexertion or strain while lifting property or contents.

518.

Overexertion or strain while lifting during a rescue not otherwise classified.

52. Overexertion or Strain While Carrying.
521.

Overexertion or strain while carrying hose.

522.

Overexertion or strain while carrying ladder.

523.

Overexertion or strain while carrying hand tool, saw, etc.

524.

Overexertion or strain while carrying victim.

525.

Overexertion or strain while carrying property or contents.

528.

Overexertion or strain while carrying during rescue not otherwise classified.

53. Overexertion or Strain While Pulling.
531.

Overexertion or strain while pulling hose.

532.

Overexertion or strain while pulling ladder.

533.

Overexertion or strain while pulling hand tool, saw, etc.

534.

Overexertion or strain while pulling victim.

535.

Overexertion or strain while pulling property or contents.

538.

Overexertion or strain while pulling during a rescue not otherwise classified.

54. Overexertion or Strain While Climbing.
541.

Overexertion or strain while climbing stairs.

542.

Overexertion or strain while climbing ladders.
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543.

Overexertion or strain while climbing cliff or wall.

59. Other Overexertion or Strain.
599.

Overexertion or Strain not classified above.

500.

Overexertion or Strain; insufficient information to classify further.

6. Exiting or Escaping.
61. Jumped.
611.

Jumped from ladder.

612.

Jumped from wall, ledge, or window.

613.

Jumped from roof.

614.

Jumped from other part of structure.

615.

Jumped from fire department apparatus.

69. Other Exiting or Escaping.
699.

Exiting or Escaping not classified above.

600.

Exiting or Escaping; insufficient information to classify further.

7. Fire Department Apparatus Accident.
71. Fire Department Apparatus Collision.
711.

Fire department apparatus collision with another vehicle.

712.

Fire department apparatus collision with pedestrian.

713.

Fire department apparatus collision with stationary object(s).

72. Fire Department Apparatus Left Road (no collision).
720.

Fire department apparatus left road (no collision).

73. Fire Department Apparatus Overturned (no collision).
730.

Fire department apparatus overturned (no collision).

79. Other Fire Department Apparatus Accident.
799.

Fire Department Apparatus Accident not classified above.

700.

Fire Department Apparatus Accident; insufficient information to classify further.

8. Assaulted.
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81. Struck by.
811.

Struck by individual(s) as a deliberate act.

812.

Struck by individuals in a crowd action, pushing or shoving.

813.

Struck by thrown objects.

89. Other Assault.
899.

Assault not classified above.

800.

Assault; insufficient information to classify further.

9. Other Cause of Injury or Accident.
999.

Cause of Injury or Accident not otherwise classified.

000.

Cause of Injury or Accident undetermined or not reported.

12-15 Protective Equipment.
12-15.1
The data elements in this section are to be used together to record the performance of
protective clothing or equipment being used by fire service personnel and protecting or designed
to protect the part of the body injured. This will provide a method to determine if there are
problems with protective clothing.
12-15.2
When protective clothing or equipment fails, the following information should be recorded
about that piece of protective equipment in addition to the three data elements, protective
equipment worn or used, protective equipment status, and protective equipment performance.
(a) Manufacturer of the protective clothing.
(b) Model or style of protective clothing.
(c) Serial Number or lot number of protective clothing.
(d) Laboratory certification or listing on protective clothing that the equipment complies with a
national standard.
12-15.3 Protective Equipment Type.
The following numbers should be used to classify data about the protective equipment worn or
used when it protected the area of the body injured.
1. Head or Face Protection.
11.

Helmet.

12.

Full face protector.

13.

Partial face protector.
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14.

Goggles.

15.

Hood.

16.

Ear protector.

17.

Neck protector.

19.

Head or Face Protection not classified above.

2. Coat, Shirt, or Trousers.
21.

Protective coat (sometimes known as a turn-out coat or bunker coat).

22.

Protective trousers (sometimes known as turnout pants or bunker pants).

23.

Uniform shirt.

24.

Uniform t-shirt.

25.

Uniform trousers.

26.

Uniform coat or jacket.

27.

Coveralls.

29.

Coat, Shirt, or Trousers not classified above.

3. Boots or Shoes.
31.

Knee length boots with steel baseplate and steel toes.

32.

Knee length boots with steel toes only.

33.

3/4 length boots with steel baseplate and steel toes.

34.

3/4 length boots with steel toes only.

35.

Boots without steel baseplate or steel toes.

36.

Safety shoes with steel baseplate and steel toes.

37.

Safety shoes with steel toes only.

38.

Non-safety shoes.

39.

Boots or Shoes not classified above.

4. Respiratory Protection.
41.

Self-contained open circuit demand-type breathing apparatus.

Copyright 1996 NFPA

42.

Self-contained open circuit positive-pressure breathing apparatus.

43.

Self-contained closed circuit-type breathing apparatus.

44.

Non-self-contained breathing apparatus.

49.

Respiratory Protection not classified above.

5. Hand Protection.
51.

Fire fighter gloves with wristlets.

52.

Fire fighter gloves without wristlets.

53.

Work gloves.

54.

Hazardous materials gloves.

55.

Medical gloves.

59.

Hand Protection not classified above.

7. Special Equipment.
71.

Proximity suit for entry.

72.

Proximity suit for non-entry.

73.

Totally encapsulated, reusable chemical suit.

74.

Totally encapsulated, disposable chemical suit.

75.

Partially encapsulated, reusable chemical suit.

76.

Partially encapsulated, disposable chemical suit.

77.

Flash protection suit.

78.

Flight or jump suit.

79.

Brush suit.

81.

Self-contained underwater breathing apparatus (SCUBA).

82.

Exposure suit.

83.

Life preservers.

84.

Life belt, ladder belt.

85.

Personal alert safety system (PASS).

86.

Radio distress device.
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87.

Personal lighting.

88.

Fire shelter or tent.

89.

Special Equipment not classified above.

9. Other Protective Equipment Worn or Used.
98.

Protective equipment worn or used not a factor.

99.

Protective equipment worn or used not classified above.

00.

Protective equipment worn or used undetermined or not reported.

12-15.4 Protective Equipment Use.
The following numbers should be used to classify data about how the protective equipment
was being used or worn when the injury occurred.
1. Head or Face Protection.
11.

Chin strap in use.

12.

Chin strap and ear or neck protector in use.

13.

Ear or neck protector only in use.

14.

Chin strap and ear or neck protector not in use.

2. Coat or Trouser.
21.

Coat or trouser open.

22.

Coat or trouser partially open.

23.

Coat closed, collar up.

24.

Coat closed, collar down.

25.

Trousers or pants worn inside boots.

26.

Trousers or pants worn without suspension.

3. Boots or Shoes.
31.

3/4 length boots not pulled up.

32.

Not used in this edition.

33.

Shoes or boots worn.

34.

Shoes or boots not worn.

4. Respiratory Protection.
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41.

Face piece in place and regulator not connected.

42.

Face piece not properly in place and regulator connected.

43.

Face piece not properly in place and regulator not connected.

44.

Air supply turned off.

45.

Harness not secured.

5. Fire Shelter or Tent.
51.

Fire shelter improperly deployed.

52.

Fire shelter not deployed.

53.

Fire shelter damaged before or during deployment.

54.

Fire shelter damaged after proper deployment.

9. Other Protective Equipment Status. Use only if the status in the above sections is not applicable.
91.

Being worn properly and used for designed purpose.

92.

Being worn properly but not used for designed purpose.

93.

Not being worn properly but used for designed purpose.

94.

Not being worn properly and not used for designed purpose.

99.

Protective Equipment Status not classified above.

00.

Protective Equipment Status undetermined or not reported.

12-15.5 Protective Equipment Performance.
The following numbers should be used to classify data about the how the protective equipment
performed when the injury occurred.
11.
Burned.
12.

Melted.

21.

Fractured, cracked, or broke.

22.

Punctured.

23.

Scratched.

24.

Knocked off.

25.

Cut or ripped.

31.

Trapped steam or hazardous gases.

Copyright 1996 NFPA

32.

Insufficient insulation.

33.

Object fell into.

41.

Failed under impact.

42.

Face piece or hose detached.

43.

Exhalation valve inoperative or damaged.

44.

Harness detached or separated.

45.

Regulator failed to operate.

46.

Regulator damaged by contact.

47.

Problem with admissions valve.

48.

Alarm failed to operate.

49.

Alarm damaged by contact.

51.

Supply cylinder or valve failed to operate.

52.

Supply cylinder or valve damaged by contact.

53.

Supply cylinder contained insufficient air or oxygen.

95.

Not properly serviced or stored prior to use.

96.

Not used for designed purpose.

97.

Not used as recommended by manufacturer.

98.

No failure of protective equipment.

99.

Protective Equipment Performance not classified above.

00.

Protective Equipment Performance undetermined or not reported.

Chapter 13 Prehospital Care
13-1 Purpose and Application.
This chapter provides data elements and classifications that can be used to identify the
prehospital condition of a person and the care provided by emergency service personnel. Such
emergency services personnel may be part of any organized program designed and operated for
the purpose of providing emergency medical care to victims at the scene, en route to, and at the
hospital.
13-2 Limitations.
It is difficult to specify duties of emergency responders because their competencies, training,
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and legal scope of practice vary so widely (MD, RN, EMT, paramedic, fire fighter). The level of
medical care provided may vary from simple first aid (immobilization, splinting, bandaging, etc.)
administered by fire department or rescue personnel to complex, sophisticated medical treatment
administered by trained paramedics, nurses, doctors, etc.
13-3 Definitions.
Cardiopulmonary Resuscitation (CPR). A system used to revive a victim whose heart and
breathing have stopped; it includes applying external heart massage and ventilating the lungs and
may be accomplished manually or mechanically.
Defibrillation. A system that utilizes a machine-produced electric shock to abolish a
life-threatening heart rhythm.
Emergency Care Attendant. One who has trained to at least advanced first aid and has
additional training but is not an EMT.
EMS. Emergency Medical Services.
EMT. Emergency Medical Technician — a person who has completed a certified basic life
support program and is holding a current certificate.
Emergency Rescue Vehicle. A vehicle that is not designed for patient transport, but that
contains tools, advanced life support equipment and personnel capable of providing extrication
and emergency medical care.
Mobile Intensive Care Unit. An ambulance-type unit with space, equipment, supplies,
communications, and treatment capabilities necessary for supportive, definitive, and therapeutic
emergency medical care for the ill or injured either on-site or during transport.
Paramedic. A person who has been certified as an EMT-Paramedic and is qualified to perform
body invasive techniques, defibrillation, etc.
Physician’s Assistant. A person who has been trained to perform patient histories, simple
diagnostic lab tests, initiate basic treatment for common illness, treat emergency cases, give
comprehensive physical exams, provide continual care and counseling for patients, and work
directly with patients all under the supervision of a licensed physician.
13-4 Discussion and Examples.
Most of the data elements in this chapter measure patient conditions or treatment that typically
should require multiple recording for each incident. For example, the patient’s physical condition
is often measured throughout the treatment cycle. If a reporting system can only accommodate
the reporting of one condition, situation, or action, the most significant one should be reported.
Ideally, all changes in patient condition, medical actions taken, or changes in the handling of the
patient should be recorded.
13-5 Emergency Medical Responder.
Often medical emergencies involve more than one type of unit to complete the emergency
medical care. As an example, an engine company may respond ahead of or in conjunction with
an ambulance. Further, the ambulance personnel may transfer the patient to a helicopter for
transport. In each case, it is important to understand the type of unit handling the medical
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emergency, its affiliation, and the staff training levels so appropriate resource allocation
decisions can be made.
The following data elements can be used to identify who responded to the medical emergency
and, if desired, to separately identify who transported the patient.
13-5.1 Type of Unit Handling Medical Emergency.
The following numbers should be used to classify data about the type of unit handling the
medical emergency.
1.
Ambulance, rescue unit.
Included are units designed to transport patients.
2.

Mobile intensive care unit, medic/heart unit.
Included are ambulance type units with space, equipment, supplies, communications, and
treatment capabilities necessary for the ill or injured either on-site or during transport.

3.

Rescue vehicle.
Included are vehicles not designed for patient transport, but that contain tools, advanced life
support equipment, and personnel capable of providing extrication and emergency medical
care.

4.

Fire department apparatus not included in 1, 2, or 3 above.

5.

Air transport unit.
Included are helicopters and fixed wing aircraft.

9.

Type of Unit Handling Medical Emergency not classified above.

0.

Type of Unit Handling Medical Emergency undetermined or not reported.

13-5.2 Affiliation of Responder.
The following numbers should be used to classify data about the affiliation of the persons
responding to handle the medical emergency.
1.
Fire department.
2.

Police department.

3.

Emergency medical department.

4.

Other municipal or county agency not included in 1, 2, or 3 above.

5.

State agency.

6.

Federal agency including the military.

7.

Private provider.

9.

Affiliation of Responder not classified above.

0.

Affiliation of Responder undetermined or not reported.
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13-5.3 Responder Medical Training Level.
This data element should be used to classify the level of training for the individual(s) who
provided patient care.
1.
None.
2.

Basic first aid.

3.

Advanced first aid.

4.

Emergency care attendant.
Included are persons trained to at least advanced first aid and has additional training but is not
an EMT.

5.

Basic emergency medical technician (EMT-1).
Included is basic life support.

6.

Advanced life support or paramedic qualified to perform body invasive techniques,
defibrillation, etc.
Included are cardiac care technicians.

7.

Nurse.

8.

Physician’s assistant.
Included are persons trained to perform patient histories, simple diagnostic lab tests, initiate
basic treatment for common illness, treat emergency cases, give comprehensive physical
exams, provide continual care and counseling for patients and work directly with patients all
under the supervision of a licensed physician.

9.

Doctor, physician.

0.

Responder Medical Training Level undetermined or not reported.

13-6 Patient Physical Condition.
The condition of a patient’s overall health status is generally assessed using a set of key
biomedical indicators. In patient care, these indicators are often assessed initially and several
times during the treatment. As these indicators are time dependent, the time should be recorded
with each observation.
13-6.1 Lung Sounds.
The following numbers should be used to classify data about the patient’s lung sounds.
1.
Clear.
2.

Stridor.

3.

Rales — includes wheezes, ronchi.

4.

Diminished breath sounds.
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5.

Absent breath sounds.

0.

Lung Sounds undetermined or not reported.

13-6.2 Lung Sound Location.
The following numbers should be used to classify data about the location where the lung
sounds (see 13-6.1) are being observed.
1.
Bilaterally equal.
2.

Right.

3.

Left.

4.

None.

0.

Lung Sound Location undetermined or not reported.

13-6.3 Skin Color.
The following numbers should be used to classify data about the color of the patient’s skin.
1.
Normal.
2.

Cyanotic.

3.

Pale, ashen.

4.

Flushed.

0.

Skin Color undetermined or not reported.

13-6.4 Skin Temperature.
The following numbers should be used to classify data about the temperature of the patient’s
skin.
1. Normal.
2.

Hot and dry.

3.

Hot and moist.

4.

Cool and dry.

5.

Cool and moist.

0.

Skin Temperature undetermined or not reported.

13-6.5 Pupil Size.
The following numbers should be used to classify data about the size of the pupils on a patient.
1. Equal.
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2.

Unequal.

3.

Medical or surgical anomaly.

0.

Pupil Size undetermined or not reported.

13-6.6 Pupil Reactivity.
The following numbers should be used to classify data about the reactivity of the pupils on a
patient.
1. Reactive.
2.

Not reactive.

0.

Pupil Reactivity undetermined or not reported.

13-6.7 Pupil Position.
The following numbers should be used to classify data about the position of the pupils on a
patient.
1. Midposition.
2.

Dilated.

3.

Constricted.

0.

Pupil Position undetermined or not reported.

13-6.8 Pulse Character.
The following numbers should be used to classify data about the pulse character of a patient.
This should include both its character and the regularity of the rate.
1. Strong and regular.
2.

Strong and irregular.

3.

Weak and regular.

4.

Weak and irregular.

5.

None.

0.

Pulse Character undetermined or not reported.

13-6.9 Respiration Character.
The following numbers should be used to classify data about the respiration characteristics of a
patient. This should include both the regularity of the rhythm and its depth, with the respiration
rate as number of breaths per minutes.
1. Regular rhythm and normal depth.
2.

Regular rhythm and deep depth.
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3.

Regular rhythm and shallow depth.

4

Irregular rhythm and normal depth.

5.

Irregular rhythm and deep depth.

6.

Irregular rhythm and shallow depth.

8.

None.

0.

Respiration Character undetermined or not reported.

13-6.10 Patient Status.
The following numbers should be used to classify data about the general state of mental and
physiological awareness of the patient.
1. Conscious.
2.

Semiconscious.

3.

Unconscious.

4.

Apparently dead.

0.

Patient Status undetermined or not reported.

13-6.11 Patient Behavior.
The following numbers should be used to classify data about the general behavior of the
patient.
1. Normal (for the situation).
2.

Acutely depressed, disturbed, upset.

3.

Confused, disoriented, stuporous.

4.

Hallucinating.

5.

Homicidal.

6.

Impaired by drugs or alcohol.

7.

Uncontrollable, unduly aggressive, unruly.

8.

Suicidal.

9.

Patient Behavior not classified above.

0.

Patient Behavior undetermined or not reported.

13-7 Cardiac Condition/Assessment.
This data element is used to record and classify data on the assessment of the cardiac condition
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of a patient.
1. Sinus.
11.

N.S.R. (normal sinus rhythm).

12.

Sinus tachy (sinus tachycardia).

13.

Sinus brady (sinus bradycardia).

14.

Sinus arrhythmia.

15.

S.A. arrest (sino-atrial arrest).

2. Atrial.
21.

Wandering pacemaker.

22.

P.A.C.s (premature atrial contractions).

23.

P.A.T.s (paroxysmal atrial tachycardia).

24.

Atrial flutter.

25.

Atrial fibrillation.

3. Nodal Junction.
31.

P.N.C.s (premature nodal contractions).

32.

Nodal rhythm/junctional.

33.

AV nodal tach — SVT (atrial-ventricular nodal tachycardia-supra-ventricular tachycardia).

4. Blocks.
41.

1st A.V. block (1st degree atrial-ventricular block).

42.

2nd A.V. block T-1 (2nd degree atrial-ventricular block type 1).

43.

2nd A.V. block T-2 (2nd degree atrial-ventricular block type 2).

44.

3rd A.V. block (3rd degree atrial-ventricular block).

5. Ventricular.
51.

PVC - 5 or less per minute (premature ventricular contraction).

52.

PVC - 6 or more per minute.

53.

PVC - on T-Wave.

54.

PVC - Bigeminy.
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55.

PVC - Trigeminy.

56.

V tach (ventricular tachycardia).

57.

V fibrillation (ventricular fibrillation).

6. Non-Productive.
61.

Asystole.

62.

Idioventricular rhythm.

63.

EMD (electro-mechanical dissociation).

9. Other.
99.

Cardiac Condition/Assessment not classified above.

00.

Cardiac Condition/Assessment undetermined or not reported.

13-8 Prehospital Care Provided.
This data element defines the care and treatment provided prior to the patient’s possible
transport to the hospital. The following numbers should be used to classify data about the
pre-hospital care provided to a patient.
01.
Antishock trousers.
02.

Aspirate (suction).

03.

Blood drawn.

04.

Cardiopulmonary resuscitation (CPR).

05.

Cervical collar.

06.

Control bleeding.

07.

Defibrillation.

08.

Demand valve ventilation (inhalation).

09.

Dress wound.

10.

EKG transmitted.

11.

Esophageal obturator airway.

12.

Extricate patient.

13.

Ice pack.

14.

Irrigate with water or saline.
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15.

OB delivery.

16.

Oropharyngeal airway.

17.

Orthopedic stretcher.

18.

Positive pressure ventilation (resuscitation).
Excluded is demand valve ventilation (08).

20.

Psychiatric intervention.

21.

Restrain patient.

22.

Rotating tourniquet.

23.

Sand bags.

24.

Sling.

25.

Spine board [1 m (3 ft)].

26.

Spine board [2 m (6 ft)].

27.

Splint. Included are air, board, other splints.

28.

Thrust — abdomen or chest.

29.

Tourniquet.

30.

Tracheal intubation.

31.

Traction splint.

32.

Valsalva maneuver.

41.

Prearrival instruction given by dispatcher via telephone based on predetermined instruction.

98.

No treatment given.

99.

Prehospital Treatment not classified above.

00.

Prehospital Treatment undetermined or not reported.

13-9 Medication.
The treatment of patients in the field often involves the administration of drugs and fluids.
Both the drug or fluid administered and the medication route should be specified.
13-9.1 Drugs or Fluids Administered.
The following numbers should be used to classify the drug or fluid administered to the patient.
01.
Activated charcoal.
02.

Atropine.
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03.

Calcium chloride or gluconate.

04.

Corticosteriods.

05.

Dextrose in water D5O with glucose.

06.

Diazepam (Valium).

07.

Diphenhydramine HCL (Benadryl).

08.

Dopamine.

09.

Epinephrine.

10.

Furosemide (Lasix).

11.

Intravenous fluids.
Included are dextrose in water D5W, dextrose in saline, dextrose in Ringers lactate, Ringers
lactate (RL), and normal saline (NSS).

12.

Ipecac.

13.

Isoproterenol (Isuprel).

14.

Lidocaine HCl.

15.

Metaraminol (Aramine).

16.

Naloxone (Narcan).

17.

Narcotic. Including MS.

18.

Nitroglycerine (NTG).

19.

Nitrous oxide (NO2).

20.

Plasmanate.

21.

Sodium bicarbonate.

99.

Drugs or Fluids Administered not classified above.

00.

Drugs or Fluids Administered undetermined or not reported.

13-9.2 Medication Route.
The following numbers should be used to classify the medication route used to administer the
drug or fluid to the patient. The medication route should be tied to a specific drug or fluid
administered.
01.
Endotracheal.
02.

Intramuscular.

Copyright 1996 NFPA

03.

Subcutaneous.

04.

Oral.

05.

Sublingual.

06.

Suppository.

07.

IV bolus (push).

08.

IV infusion (drip).

09.

Inhalation.

99.

Medication Route not classified above.

00.

Medication Route undetermined or not reported.

13-10 Patient Disposition.
This data element indicates the transportation aspects of the emergency medical service run for
this patient. The following numbers should be used to classify data about the patient disposition.
1.
Transported patient under emergency conditions.
2.

Transported patient under non-emergency conditions.

3.

Treatment given but patient not transported.

4.

Patient refused service or EMS crew declined to transport.

5.

Patient transported by other means.

6.

Good intent call — no patient transported.

7.

Nothing found at location given.

8.

Proven or suspected false call.

9.

Standby at other than EMS incident.

0.

Patient Disposition undetermined or not reported.

Chapter 14 Hazardous Materials Data
14-1 Purpose and Application.
The purpose of the data elements outlined in this chapter is to provide a uniform way of
collecting hazardous material release or potential release information.
These data elements can be used to account for the utilization of resources, determine the
hazard to the public and fire service personnel, provide the basis for prevention measures,
substantiate the need for changes in regulations, and aid recovery of public mitigation costs by
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documenting responsible persons. Other data, such as location of incident and the times that
resources are dispatched, used, released, etc., will also be needed to complete the incident and
utilization of resource information.
14-2 Limitations.
Classifications contained in this chapter are intended only for the collection of hazardous
materials incident data.
14-3 Discussion and Examples.
In order to reconstruct significant information about a hazardous materials incident, several
data element groups must be collected to the fullest extent possible.
14-4 Hazardous Materials Identification.
14-4.1 Hazardous Materials Chemical or Trade Name.
The common chemical name of the product or the name ascribed by the manufacturer to the
product. At this time there is no unique way to describe every chemical, compound, mixture, and
product that is hazardous. Therefore, the name used in conjunction with other established codes
such as the United States Department of Transportation (DOT) Hazardous Material
Identification Number, the United Nations Hazard Class Number, and the Chemical Abstract
Service (CAS) number will assist in uniquely identifying the hazardous material involved.
14-4.2 DOT Identification Number.
The DOT number is a four digit identification number assigned to the hazardous material by
the United States Department of Transportation (DOT). This number can be obtained from the
most recent edition of the Emergency Response Guidebook (DOT P5800.6) or its successor as
published from time to time.
14-4.3 United Nations Class Number.
14-4.3.1 The U.N. class or division number describes the primary hazard associated with the
material released.
14-4.3.2 The following numbers and descriptions are the United Nations Classification system.
The number can be used to record the classification of the hazardous material.
1.
Explosives and Blasting Agents.
Included are Class A explosives such as dynamite, dry TNT, and black powder; Class B
explosives such as propellant explosives, charged rocket motors, and special fireworks; and
Class C explosives such as common fireworks, small arms ammunition, and ammonium
nitrate-fuel oil mixtures.
2.

Flammable, Nonflammable, and Cryogenic Gases.
Included are gases even if compressed, in liquid form, or dissolved under pressure.
Examples include liquefied petroleum gas, acetylene, hydrogen, carbon dioxide, sulfur
dioxide, anhydrous ammonia, ethylene, and nitrogen.

3.

Flammable, Pyroforic, or Combustible Liquids.
Included are acetone, gasoline, methyl alcohol, aluminum alkyls, alkyl boranes, fuel oils,
and ethylene glycols (cellosolves).
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4.

Flammable, Water Reactive, or Spontaneously Combustible Solids.
Included are pyroxylin plastic, magnesium, aluminum powder, sodium and potassium
metals and alloys, calcium carbide, and phosphorus.

5.

Oxidizers or organic peroxides.
Included are ammonium nitrate fertilizer, hydrogen peroxide solution, benzoyl peroxide,
and peracetic acid solution.

6.

Poisonous, Irritant, or Etiologic Agent.
Included are arsine, hydrocyanic acid, phosgene, aniline, arsenic, methyl bromide, tear gas,
xylyl bromide, anthrax, botulism, rabies, tetanus, and other infectious substances.

7.

Radioactive Substances.
Included are plutonium metal and salts, cobalt 60, uranium metal and salts, uranium
hexafluoride.

8.

Corrosives.
Included are acids such as hydrochloric acid, oleum, and sulfuric acid; and bases such as
caustic soda, caustic potash, and anhydrous ammonia.

9.

Other Hazardous Materials.
Included are dry ice, carbon tetrachloride, quicklime, metallic mercury, oakum, bleaching
powder, pentachlorophenol, adipic acid, and hazardous waste.

0.

United Nations Class Number undetermined or not reported.

14-4.4 CAS Number.
The Chemical Abstract Services (CAS) Number is a nine digit number that classifies
chemicals for identification purposes. Even though these numbers are not totally unique, they
provide the best current method of classifying chemicals.
14-4.5 Physical State of Hazardous Material.
14-4.5.1 This data element describes the physical state of a material under various conditions. It
can be used to classify the physical state while a material is stored or when it has been released.
With many hazardous materials, changes in physical state will occur upon release and require
different methods to handle the material. It is recommended that the physical state of the
hazardous material be recorded both as it was in its container and as it was after its release.
14-4.5.2 The following numbers should be used to classify data about the physical state of a
hazardous material.
1.
Solid.
2.

Liquid.

3.

Gas.

0.

Physical State of Hazardous Material undetermined or not reported.

14-4.6 Personnel Identifying Hazardous Material.
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14-4.6.1 This data element describes a variety of personnel who could be on-scene or off-scene
but who were responsible for identifying the hazardous material. This data element is best used
with the data element “Reference Material Used” (see 14-4.7) as the combination shows who
identified the material and what they used for resources.
14-4.6.2 The following numbers should be used to classify data about the personnel who
identified the hazardous material.
1. On-Site Fire Department Personnel.
11.

Hazardous materials team personnel.

12.

Fire service personnel not specifically trained in hazardous materials.
Excluded are hazardous materials team personnel (11) and hazardous materials specialists and
technicians (13).

13.

Hazardous materials specialist, technician.

14.

Chemist, toxicologist.

15.

Medical doctor.

17.

Laboratory personnel.

19.

On-Site Fire Department Personnel not classified above.

2. Off-Site Fire Department Personnel.
21.

Hazardous materials team personnel.

22.

Fire service personnel not specifically trained in hazardous materials.
Excluded are hazardous materials team personnel (11) and hazardous materials specialists and
technicians (13).

23.

Hazardous materials specialist, technician.

24.

Chemist, toxicologist.

25.

Medical doctor.

26.

Dispatch center personnel.

27.

Laboratory personnel.

29.

Off-Site Fire Department Personnel not classified above.

3. On-Site Non-Fire Service Personnel.
31.

Brigade, hazardous materials response team.

32.

Responsible owner, manager, supervisor.

33.

Driver of transporting vehicle.
Copyright 1996 NFPA

34.

Chemist, toxicologist.

35.

Medical doctor.

37.

Laboratory personnel.

41.

Hazardous materials response team personnel.
Excluded are hazardous materials clean-up personnel (48).

43.

Hazardous materials specialist.
Excluded are hazardous materials clean-up personnel (48).

48.

Hazardous materials clean-up personnel.

49.

On-Site Non-Fire Service Personnel not classified above.

40.

On-Site Non-Fire Service Personnel; insufficient information to classify further.

5. Off-Site Non-Fire Service Personnel.
51.

Hazardous materials response team personnel.

52.

Responsible owner, manager.

54.

Chemist, toxicologist.
Excluded are toxic or poison center (58) or university (61).

55.

Medical doctor.
Excluded are medical center/hospital (62).

56.

Dispatcher.

57.

Laboratory personnel.

58.

Toxic center.

59.

Chemtrec, industrial expert.

61.

University.

62.

Medical center/hospital.
Excluded are medical doctor (55).

63.

Hazardous materials specialist, consultant.

69.

Off-Site Non-Fire Service Personnel not classified above.

60.

Other Off-Site Non-Fire Service Personnel; insufficient information to classify further.

9. Other Personnel.
99.

Personnel Identifying Hazardous Material not classified above.
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00.

Personnel Identifying Hazardous Material undetermined or not reported.

14-4.7 Reference Material Used.
14-4.7.1 This data element describes a variety of informational sources that can assist in
identifying a hazardous material. This data element is best used with the data element “Personnel
Identifying Hazardous Material” (see 14-4.6) as the combination shows who identified the
material and what they used for resources.
14-4.7.2 The following numbers should be used to classify data about the reference material used
to identify the hazardous material.
1. On-Site Reference Materials.
11.

Department of Transportation (DOT) manual.

12.

Chemical Hazards Response Information System (CHRIS) manual.

13.

Material safety data sheet (MSDS).

14.

Placards or signs on building, room, container, vehicle.

15.

Labels.

16.

Computer software.

17.

Shipping papers and inventory listings.

18.

Handbooks, textbooks, reference books.
Excluded are the DOT Manual (11) and CHRIS Manual (12)

19.

On-Site Reference Materials not classified above.

2. Off-Site Reference Materials.
21.

Department of Transportation (DOT) manual.

22.

Chemical Hazards Response Information System (CHRIS) manual.

23.

Material safety data sheet (MSDS).

24.

This classification not used in this edition.

25.

Contractual information services.

26.

Computer software.

27.

Shipping papers and inventory listings.

28.

Handbooks, textbooks, reference books.
Excluded are the DOT Manual (21) and CHRIS Manual (22)

29.

Off-Site Reference Materials not classified above.
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9. Other Reference Material Used.
98.

No reference material used.

99.

Reference Material Used not classified above.

00.

Reference Material Used undetermined or not reported.

14-5 Container Description.
14-5.1 Container Type.
14-5.1.1 This data element describes the type or configuration of the container used to hold the
hazardous material.
14-5.1.2 The following numbers should be used to classify data about the type of container.
NOTE: For incident reporting, a barrel is a unit of measure. Classify containers commonly referred to as
barrels in classification 11 (drums).

1. Portable container.
11.

Drum.

12.

Cylinder.

13.

Can or bottle.

14.

Carboy.

15.

Box or carton.

16.

Bag.

18.

Hose.

19.

Portable Container not classified above.

10.

Portable Container; insufficient information available to classify further.

2. Fixed container.
21.

Tank or silo.
Excluded are product tanks attached to or towed by vehicles (42).

22.

Pipe or pipeline.
Excluded are flexible hoses (28).

23.

Bin.

24.

Machinery or process equipment.

28.

Hose.
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29.

Fixed Container not classified above.

20.

Fixed Container; insufficient information available to classify further.

3. Natural Containment.
31.

Sump or pit.

32.

Pond or surface impoundment.

33.

Well.

34.

Dump site or land fill area.

39.

Natural Containment not classified above.

30.

Natural Containment; insufficient information available to classify further.

4. Mobile Container.
41.

Vehicle fuel tank and associated piping.

42.

Product tank on or towed by vehicle.

43.

Piping associated with the mobile product tank for loading and off-loading.

48.

Hose.

49.

Mobile Container not classified above.

40.

Mobile Container; insufficient information available to classify further.

9. Other Container Type.
98.

No container.

99.

Container Type not classified above.

00.

Container Type undetermined or not reported.

14-5.2 Container Material.
14-5.2.1 This data element identifies the material of construction of the container that was the
apparent source of failure in a hazardous materials release.
14-5.2.2 The following numbers should be used to classify data about the container’s material of
construction.
1.
Iron, steel, and other iron alloys.
2.

Aluminum, aluminum alloys.

3.

Copper, brass, bronze, and other copper alloys.
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4.

Plastic/fiberglass, rigid.

5.

Plastic or rubber, flexible.

6.

Wood, paper, textile, and other cellulose products.

7.

Glass, pottery, and clay.

8.

No container.

9.

Container Material not classified above.

0.

Container Material undetermined or not reported.

14-5.3 Special Container Features.
14-5.3.1 This data element is used to identify those special features of a container that are
designed to keep the contents of that container in the appropriate state or to protect the container
from accidentally releasing the contents.
14-5.3.2 The following numbers should be used to classify data about any special features of the
container.
1.
Insulated.
2.

Pressurized.

3.

Armored.
Included are special features added to prevent the failure of the primary container.

4.

Insulated and pressurized.

5.

Insulated and armored.

6.

Insulated, armored, and pressurized.

7.

Armored and pressurized.

8.

No Special Container Features.

9.

Special Container Features not classified above.

0.

Special Container Features undetermined or not reported.

14-5.4 Container Capacity and Units of Measure.
14-5.4.1 It is recommended that the design capacity of the container be recorded. The design
capacity is more useful than the actual quantity of material in the container because this data
element will help assess the total release potential for this container. The actual capacity of the
container in pounds, gallons, cubic feet, or some other unit of measurement should be recorded.
Be sure to record what the units of measure are. (See 14-5.4.2 for appropriate classifications of
units of measure.)
14-5.4.2 This data element can be used to record what units the capacity of a container or the
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amount of hazardous material released are measured in.
1. Volumetric Units.
11.

Ounce (liquid).

12.

Gallon.

13.

Barrel (42 gal).

14.

Liter.

15.

Cubic ft.

16.

Cubic meter.

2. Weight Units.
21.

Ounce (weight).

22.

Pound.

23.

Gram.

24.

Kilogram.

14-6 Release Information.
14-6.1 Quantity Released.
The amount of hazardous material released should be recorded using the common
measurement for the particular material. However, it is important to know the units of measure
that the quantity is being expressed in (e.g., pounds, gallons, cu ft, etc.). (See 14-5.4.2 for
classifications for units of measure.)
14-6.2 Extent of Hazardous Materials Release.
14-6.2.1 The extent of release describes the physical scope of confinement or the size of the
physical area encompassed by the released material. This information can be useful in regulating
the location, use, and transportation of hazardous materials.
14-6.2.2 The following numbers should be used to classify data about the extent of the hazardous
material release.
1.
Confined to vehicle/equipment of origin.
2.

Confined to room or origin.

3.

Confined to story of origin.

4.

Confined to structure of origin.

5.

Confined to specific property use of origin.

6.

Confined to general property use.
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7.

Released beyond general property use of origin.

8.

No release.

9.

Extent of Hazardous Materials Release not classified above.

0.

Extent of Hazardous Materials Release undetermined or not reported.

14-6.3 Environmental Contamination.
This data element is used to record and classify data about the actual or suspected areas of
environmental contamination.
1.
Air.
2.

Water.

3.

Ground.

4.

Water and ground.

5.

Air and ground.

6.

Water and air.

7.

Air, water, and ground.

8.

No environmental impact.

9.

Environmental Contamination not classified above.

0.

Environmental Contamination undetermined or not reported.

14-6.4 Hazardous Materials Release Factors.
14-6.4.1 This data element describes the factors present at the time and place of the incident that
caused, or contributed to, the release, or threatened release, of a hazardous material. The data
will assist in the development and targeting of prevention measures.
14-6.4.2* The following numbers should be used to classify data about factors that caused or
contributed to the hazardous materials release.
1. Intentional.
11.

Intentional act.
Evidence is present that leads the reporting person to conclude that the hazardous material was
deliberately released.

12.

Suspicious.
Physical evidence indicates the possibility that the hazardous material was deliberately
released, but insufficient evidence exists to conclude that it was intentional and may require
additional investigation.

2. This division not used in this edition.
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3. Failure to Control Hazardous Material.
31.

Abandoned, discarded hazardous material.
Excluded are intentional acts (11), falling asleep (33), impairment by drugs or alcohol (37), or
other impairments (38).

32.

Failure to maintain proper storage or use temperature.

33.

Falling asleep and losing control of operations.

34.

Inadequate control of hazardous materials.
Included are improper transfer and overfilling of a container.
Excluded are accidental release due to improper container (45).

35.

This subdivision not used in this edition.

36.

This subdivision not used in this edition.

37.

Person impaired by drugs or alcohol while controlling hazardous materials.
Included are people who fall asleep as a result of drugs or alcohol.
Excluded are people who simply fall asleep (33).

38.

Person otherwise impaired.
Included are unconsciousness; mental, physical impairment.
Excluded are people who simply fall asleep (33).

39.

Failure to Control Hazardous Materials not classified above.

30.

Failure to Control Hazardous Materials; insufficient information available to classify further.

4. Misuse of Hazardous Materials.
41.

This subdivision not used in this edition.

42.

Improper mixing technique.
Included are mixing and compounding of chemicals.
Excluded are hazardous materials spilled (34).

43.

Hazardous materials used improperly.
Included are chemicals used for the wrong purpose.

44.

This subdivision not used in this edition.

45.

Improper container.
Included are containers not designed for the hazardous material contained.

46.

Improper movement of hazardous materials containers.

47.

Improper storage procedures.
Included are storage near heating equipment and moving parts.

48.

Children playing with hazardous materials and having no knowledge of the dangers of
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hazardous materials.
Excluded are intentional acts (11).
49.

Misuse of Hazardous Materials not classified above.

40.

Misuse of Hazardous Materials; insufficient information available to classify further.

5. Mechanical Failure, Malfunction.
Where there is human failure to control, classify in division 3.
51.

Automatic control failure.

52.

Manual control failure.

53.

Short circuit, ground fault.

54.

Other part failure, leak, break.

55.

Other electrical failure.

56.

Lack of maintenance, worn out.
Included are failures to maintain hazardous materials handling equipment.
Excluded are short circuits, ground fault (53), and failure to clean (75).

59.

Mechanical Failure, Malfunction not classified above.

50.

Mechanical Failure, Malfunction; insufficient information available to classify further.

6. Design, Construction, Installation Deficiency.
61.

Design deficiency.
Included are structures and containers improperly designed for the specific hazardous material.

62.

Construction deficiency.
Included are improperly built structures and containers.

63.

This subdivision not used in this edition.

64.

Installation deficiency.
Included are the improper installation of equipment for handling or processing hazardous
materials.

69.

Design, Construction, Installation Deficiency not classified above.

60.

Design, Construction, Installation Deficiency; insufficient information available to classify
further.

7. Operational Deficiency.
Where equipment was misused, classify in division 7.
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Misuse of hazardous materials should be classified in division 4.
71.

Collision, overturn, knockdown.
Included are automobiles, vehicles.

72.

Accidentally turned on, not turned off.

73.

Equipment unattended.

74.

Equipment overload.

75.

Failure to clean equipment.

76.

Improper startup, shutdown procedures.

77.

Equipment used for purpose not intended.
Excluded is overloaded equipment (74).

78.

Equipment not being operated properly.
Included are situations where safety or control devices are bypassed.

79.

Operational Deficiency not classified above.

70.

Operational Deficiency; insufficient information available to classify further.

8. Natural Condition.
For use where the natural condition below changed a normally safe operation into an unsafe one.
81.

High wind.

82.

Earthquake.

83.

High water, flood.

84.

Lightning.

85.

Low humidity.

86.

High humidity.

87.

Low temperature.

88.

High temperature.

89.

Natural Condition not classified above.

80.

Natural Condition; insufficient information available to classify further.

9. Other Release Factors.
91.

Animal.
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92.

Secondary release following previous release.

93.

Reaction with other chemical.

94.

Explosion and fire.
Included are releases of hazardous material as a result of an explosion and fire.
Excluded are releases where there is an explosion only (95) and fire only (96).

95.

Explosion only, no after-fire.

96.

Fire only, no explosions.
Included are releases of hazardous materials by the fire or during fire-fighting operations.

97.

Failure to use ordinary care under the circumstances, not classified above.

98.

No release.

99.

Hazardous Materials Release Factor not classified above.

00.

Hazardous Materials Release Factor undetermined or not reported.

14-7 Responsible Persons.
14-7.1 Witness Identification.
It is helpful to record the name, address, and telephone numbers of each person who witnessed
the release of the hazardous materials or the accident that led to the release.
14-7.2 Driver’s License Number and State.
The driver’s license number of the person operating the vehicle at the time of the incident and
the state of the registration on the driver’s license are useful in identifying an important witness
to the incident if further information is needed at a later time.
14-7.3 ICC/DOT Number.
The “ICC/DOT Number” identifies the commercial carrier by either the Interstate Commerce
Commission (ICC) or the Department of Transportation (DOT) registration. From this number
detailed information on the responsible parties involved in the incident can be obtained.
14-8 Disposition of Incident.
14-8.1
The disposition of incident describes how the fire service participation in a hazardous
materials incident ended. Disposition data provides a link to other agencies and their data to
establish the sequence of events from release through complete restoration of the area if possible.
Information regarding disposition of the incident will further assist the fire service in better
understanding the extent to which they are fully resolving the incident and the extent to which
other agencies are providing assistance in incident mitigation.
14-8.2
The following numbers should be used to classify data about the disposition of the hazardous
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materials release incident.
1.
Incident completed by fire service only.
2.

Incident completed while fire service was present.
Included are incidents where assistance was provided by non-fire-service agencies.

3.

Incident scene released for disposition to local agency.

4.

Incident scene released for disposition to county agency.

5.

Incident scene released for disposition to state agency.

6.

Incident scene released for disposition to federal agency.

7.

Incident scene released for disposition to private agency.

8.

Incident scene released for disposition to property owner/manager.

9.

Disposition of Incident not classified above.

0.

Disposition of Incident undetermined or not reported.

Chapter 15 Referenced Publications
15-1
The following documents or portions thereof are referenced within this guide and should be
considered part of the recommendations of this document. The edition indicated for each
reference is the current edition as of the date of the NFPA issuance of this document.
15-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 10, Standard for Portable Fire Extinguishers, 1994 edition.
NFPA 11, Standard for Low-Expansion Foam, 1994 edition.
NFPA 11A, Standard for Medium- and High-Expansion Foam Systems, 1994 edition.
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, 1993 edition.
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems, 1992 edition.
NFPA 13, Standard for the Installation of Sprinkler Systems, 1994 edition.
NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and Two-Family
Dwellings and Manufactured Homes, 1994 edition.
NFPA 13R, Standard for the Installation of Sprinkler Systems in Residential Occupancies up
to and Including Four Stories in Height, 1994 edition.
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1993 edition.
NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection, 1990 edition.
NFPA 17, Standard for Dry Chemical Extinguishing Systems, 1994 edition.
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NFPA 69, Standard on Explosion Prevention Systems, 1992 edition.
NFPA 72, National Fire Alarm Code, 1993 edition.
NFPA 80A, Recommended Practice for Protection of Buildings from Exterior Fire Exposures,
1993 edition.
NFPA 101®, Life Safety Code®, 1994 edition.
NFPA 220, Standard on Types of Building Construction, 1995 edition.
NFPA 251, Standard Methods of Tests of Fire Endurance of Building Construction and
Materials, 1995 edition.
NFPA 256, Standard Methods of Fire Tests of Roof Coverings, 1993 edition.
NFPA 321, Standard on Basic Classification of Flammable and Combustible Liquids, 1991
edition.
NFPA 325, Guide to Fire Hazard Properties of Flammable Liquids, Gases, and Volatile
Solids, 1994 edition.
15-1.2 BOCA Publications.
Building Officials and Code Administrators International, Inc., 4051 West Flossmoor Rd.,
Country Club Hills, IL 60478-5795.
The BOCA® National Building Code, 1993 edition.
15-1.3 ICBO Publications.
International Conference of Building Officials, 5360 Workman Mill Road, Whittier, CA
90601.
Uniform Building Code, 1994 edition.
15-1.4 SBCCI Publications.
Southern Building Code Congress International, Inc., 900 Montclair Road, Birmingham AL
35213-1206.
Standard Building Code, 1994 edition.
15-1.5 U.S. Postal Service Publications.
U.S. Postal Service, 475 L’Enfant Plaza SW, Washington, DC 20260-6800.
National Five-Digit Zip Code and Post Office Directory, 1993 edition.
Appendix A Explanatory Material
This appendix presents alphabetic lists of terms used with some of the data elements. The lists
are designed to assist users in selecting the proper classification to use with these data elements.
A-4-6.2 General Property Use
The following alphabetical list is based on the logic and definitions presented in 4-6.2 for
general property use. A person using this list should review the classification assigned in 4-6.2 to
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ensure that there are no qualifications on the definition of the term.

81

Agricultural product storage

65

Agricultural use

97

Air transportation use

97

Airport

84

Alcoholic beverage storage

34

Ambulatory health care

11

Amusement park

42

Apartment

15

Archival use

63

Armory

12

Athletic facility

12

Ball park

72

Beverage industry

45

Board and care-residential

59

Business use

58

Business w/residential use

11

Campsite: improved

31

Care of handicapped w/24-hour nursing staff

32

Care of handicapped w/o 24-hour nursing staff

14

Casino

13

Cemetery

86

Chemical product storage

86

Chemical storage

52

Cleaner

14

Club
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22

College

64

Communication use

42

Condominium-residential

92

Construction site

36

Correctional use

14

Country club

15

Court

64

Data processing center

63

Defense use

92

Demolition site

51

Department store

36

Detention use

51

Discount store

16

Drinking establishment

18

Drive-in theater

41

Dwelling

21

Education through secondary level

12

Exhibition use

65

Farm use

71

Food industry

16

Food service use

83

Food storage, processed

74

Footwear industry

13

Funeral use

76

Furniture industry

14

Golf club

59

Government office use (not military)
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11

Government park

43

Group living use

31

Handicapped care w/24-hour nursing staff

32

Handicapped care w/o 24-hour nursing staff

34

Health care-ambulatory

32

Health care-limited

31

Health care-nursing

96

Highway

15

Historic use

33

Hospital

44

Hotel

66

Indian reservation

44

Inn

15

Judicial use

62

Laboratory

74

Leather industry

15

Legislative use

15

Library

65

Livestock production

93

Local forest

44

Lodge

52

Maintenance use

94

Marina

33

Medical care use

14

Men's club

33

Mental institution

77

Metal industry
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87

Metal product storage

77

Metal products industry

87

Metal storage

63

Military reservation

67

Mine, quarry

47

Mobile home park

44

Motel

96

Motor vehicle transportation use

42

Multi-family residential use

15

Museum

93

National forest

31

Nursing care

59

Office

72

Oil industry, essential

41

One- and two-family residential use

65

Orchards

76

Paper industry

85

Paper product storage

11

Park

45

Personal care

84

Petroleum products storage

86

Plastic product storage

86

Plastic storage

61

Power production, distribution

21

Primary level education use

76

Printing industry

36

Prison
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83

Processed food storage

92

Property undergoing transformation

98

Property w/no apparent use

11

Public recreation use

67

Quarry

12

Racetrack

95

Railroad use

11

Recreation park

91

Refuse disposal

13

Religious use

62

Research facility

45

Residential board and care

45

Residential board and care

48

Residential w/business use

42

Residential: multi-family

41

Residential: single- or two-family

16

Restaurant

51

Retail sales use

96

Road

74

Rubber industry

21

School through secondary level

21

Secondary level education use

52

Service use

51

Shopping center

12

Sports garden

12

Stadium

93

State forest
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51

Store

96

Street

18

Studio

14

Tennis club

73

Textile industry

82

Textile storage

18

Theater

68

Timberland

72

Tobacco industry

83

Tobacco storage

68

Tree farms

22

University

78

Vehicle assembly, manufacture

88

Vehicle storage

94

Water

94

Waterfront

74

Wearing apparel industry

93

Wildland

14

Women's club

75

Wood industry

85

Wood storage

11

Zoo

A-4-7.5 Specific Property Use.
The following alphabetical list is based on the logic and definitions presented in 4-7.5 for
specific property use. A person using this list should review the classification assigned in 4-7.5
to ensure that there are no qualifications on the definition of the term.
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711

Abattoir

687

Abrasives plant

742

Academic robe mfg

221

Academy: boarding

142

Academy: riding

761

Acetylene gas mfg

761

Acid plant

764

Acrilan fiber mfg

776

Adding machine mfg

595

Addressing firm

765

Adhesive mfg

591

Administrative office

799

Advertising display mfg

754

Advertising sign mfg

774

Aerial cableway mfg

928

Aerial tramway

791

Aeronautical instrument mfg

311

Aged persons w/24-hour nursing staff
Aged: personal care of (see division 25, 311 and 451-452)

773

Agricultural fork mfg

626

Agricultural laboratory

774

Agricultural machine mfg

812

Agricultural products: boxed

813

Agricultural products: loose

818

Agricultural supply storage

774

Agricultural tractor mfg

774

Air compressor mfg
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774

Air condition mchry mfg

776

Air conditioner mfg: unit type

591

Air force office

925

Air raid shelter

761

Air reduction

773

Air rifle mfg

786

Aircraft assembly, mfg, repair

894

Aircraft freight terminal

886

Aircraft hangar

173

Airline limousine terminal

973

Airplane push area

971

Airport approach

841

Airport bulk plant

981

Airport construction

632

Airport control tower

841

Airport gasoline distributing

171

Airport passenger terminal

322

Alcohol abuse center - limited care
Alcohol abusers: personal care of (see 322 and 451-452)

721

Alcohol beverage distillery

721

Alcohol distilling: industrial

721

Alcohol plant

846

Alcoholic beverage storage

723

Ale mfg

846

Ale storage

715

Alfalfa mill

761

Alkali mfg
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111

Alley: bowling

758

Almanac publishing, printing

524

Alteration shop: garment

772

Aluminum casting

773

Aluminum hollowware mfg

772

Aluminum refining

773

Aluminum stamping

772

Aluminum wire drawing

784

Ambulance mfg, assembly
Ambulatory care (see 341-343)

761

Ammonia synthesis

761

Ammonium nitrate plant

864

Ammonium nitrate storage

762

Ammunition mfg

552

Ammunition sales

123

Amphitheater

113

Amusement hall, place, booth

773

Anchor mfg

942

Anchorage

791

Anesthetic machine mfg

556

Animal care center

833

Animal feed storage: processed

813

Animal feed storage: unprocessed

719

Animal food preparation

715

Animal food, stock dry feed

556

Animal hospital

719

Animal medicine preparing
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726

Animal oil refinery: nonedible

556

Animal shop, supplies

663

Animal trapping, hunting

531

Antique shop
Apartment (see 421-428)

651

Apiary

655

Apple growing

776

Appliance assembling: elec

538

Appliance repair w/o sales

532

Appliance repair w/sales

776

Appliance repair: elec w/mfg

532

Appliance store

742

Apron mfg

152

Aquarium

594

Architect office

123

Arena: sports

761

Argon gas mfg

591

Armed forces office

784

Armored car mfg, assembly

122

Armory hall

582

Army and Navy store

591

Army office

677

Arsenic mining, quarrying

779

Arsenic processing

152

Art gallery incl sales

233

Art school

761

Artificial color mfg: food
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742

Artificial flower mfg

738

Artificial leather mfg

791

Artificial limb mfg

761

Artificial manure mfg

799

Artist brush mfg

765

Artist color mfg

799

Artist material mfg, excl paint

765

Artist paint mfg

563

Artist supply sales

688

Asbestos concrete product mfg

688

Asbestos fiber working

678

Asbestos mining, quarrying

688

Asbestos products plant

768

Asphalt impregnated paper mfg

767

Asphalt mfg

678

Asphalt mining, quarrying

774

Asphalt road machine mfg
Assisted living facility (see 451-452)

591

Association office

122

Athletic cage

742

Athletic clothing mfg

141

Athletic club w/o sleeping
Athletic club w/sleeping (see 441-446)

981

Athletic field construction

798

Athletic goods mfg

758

Atlas mfg

611

Atomic fission, fusion materials mfg
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531

Auction house

591

Auditor's office

182

Auditorium

161

Automat

795

Automatic piano mfg

784

Automobile accessory mfg

575

Automobile accessory sales

873

Automobile accessory storage

784

Automobile assembly plant

573

Automobile body repairing, painting

882

Automobile dealer vehicle storage

571

Automobile filling station

965

Automobile lot: sales

573

Automobile muffler shop

784

Automobile parts mfg

873

Automobile parts storage

573

Automobile repair shop

574

Automobile salesroom

877

Automobile salvage, wrecking

573

Automobile seat cover shop

575

Automobile supply store

575

Automobile tire store

573

Automobile top shop

922

Automobile tunnel

578

Automobile washing

231

Automotive school

743

Awning mfg

Copyright 1996 NFPA

526

Awning store

925

Awning, canopy

773

Axe mfg

785

Axle mfg: cycle

784

Axle mfg: motor vehicle

743

Baby blanket mfg

787

Baby carriage mfg

742

Baby clothes mfg

713

Baby food mfg: homogenized

712

Baby food mfg: milk base

711

Bacon curing

799

Badge mfg

773

Bag clasp mfg: base metal

743

Bag mfg: burlap

746

Bag mfg: leather

754

Bagatelle board mfg

892

Bagged mineral prod storage

737

Bagging cord plant

716

Bakery

513

Bakery sales

719

Baking powder mfg

824

Bale storage: jute, hemp, sisal fiber

823

Bale storage: silk, synthetic fiber

822

Bale storage: wool, worsted

821

Baled cotton storage

812

Baled hay outside

855

Baled paper storage
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774

Ball bearing mfg

747

Ball mfg: rubber or synthetic

123

Ball park

799

Ballpoint pen mfg

121

Ballroom

753

Bamboo products mfg

592

Bank

754

Bank furniture mfg

591

Bank: office only

758

Banknote printing

743

Banner mfg

754

Bar furniture mfg

163

Bar: alcoholic beverage

557

Barber shop

561

Barber supplies store

781

Barge building, repairing

715

Barley milling, rolling

815

Barn

464

Barrack

753

Barrel plant: wood

751

Barrel stave mfg

751

Barrelhead mfg

677

Barytes mining, quarrying

761

Barytes processing

773

Base metal cold pressing

753

Basket mfg

686

Batch plant: concrete or cement
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116

Bathhouse

937

Bathing beach

747

Bathing cap mfg

771

Bathtub mfg: cast iron

764

Bathtub mfg: plastic

747

Battery case mfg

776

Battery mfg

739

Batting mill

672

Bauxite mine, quarry

772

Bauxite processing

773

Bayonet mfg

937

Beach

142

Beach club

715

Bean grinding, splitting

811

Bean storage: bulk

774

Bearing mfg: roller, ball, needle

557

Beauty shop

754

Bedding plant

743

Bedspread mfg

651

Bee raising

723

Beer mfg

163

Beer parlor

846

Beer storage

742

Belt mfg, excl leather

746

Belt mfg: leather

747

Belting mfg: rubber or synthetic

744

Belting plant: canvas
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732

Belting plant: cloth

744

Belting: leather tannery

767

Benzene mfg

141

Bet taking shop

723

Beverage mfg: beer

724

Beverage mfg: nonalcoholic

721

Beverage mfg: spirits

722

Beverage mfg: wines

846

Beverage storage: alcoholic

832

Beverage storage: soft drink

514

Beverage store

785

Bicycle assembly and repair

552

Bicycle sales and repair

871

Billet storage

112

Billiard center

754

Billiard table mfg

774

Binder machine mfg

758

Binder mfg: paper, cardboard

758

Bindery, book

113

Bingo hall

792

Binocular mfg

548

Binocular sales

621

Biological laboratory

719

Birdseed mixing

716

Biscuit mfg

674

Bituminous sand operation

773

Blacksmith shop
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758

Blank book mfg

776

Blanket mfg: elec

743

Blanket mfg: nonelec

771

Blast furnace

762

Blasting agent mfg

761

Bleach mfg

123

Bleachers for seating

735

Bleaching plant

726

Blended table oil mfg

776

Blender mfg: elec, kitchen

754

Blind mfg

742

Blouse mfg

763

Blowmolding plastics

595

Blueprint firm
Board and care: residential (see 451-452)

311

Boarding care w/24-hour nursing staff

431

Boarding house: 4-8 roomers

432

Boarding house: 9-16 roomers
Boarding house: over 16 roomers (see 441-446)

221

Boarding school classroom bldg

576

Boat accessory sales

782

Boat mfg: 65 ft and under

885

Boat mooring, docking

782

Boat repair: no sales

576

Boat sales

885

Boat storage

885

Boathouse
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143

Boating club

782

Boatyard: vessels 65 ft and under

753

Bobbin mfg

785

Body mfg: cycle

784

Body mfg: motor vehicle

573

Body repair shop: motor vehicle

672

Bog ore mining, quarrying

717

Boiled sweets mfg

688

Boiler gasket mfg

614

Boiler house

771

Boiler mfg: cast iron

781

Boiler mfg: marine

688

Boiler packing mfg: asbestos

774

Boilerhouse machine mfg

773

Bolt mfg: metal

612

Bomb assembly: nuclear

773

Bomb case mfg

762

Bomb filling

925

Bomb shelter

726

Bone oil refining

799

Bone products mfg

719

Bone scraping, crushing

758

Book bronzing, gilding, edging

758

Book mfg: blank

758

Book publishing, printing

758

Book repair

541

Book store: new, used
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758

Bookbinding

774

Bookbinding machine mfg

141

Bookmaker place: gambling

774

Boot mchry mfg

741

Boot mfg, excl vulcanized rubber

747

Boot mfg: vulcanized rubber

523

Boot repair

753

Boot tree mfg

523

Bootblack stand

924

Booth: toll

732

Bootlace mfg: braided cotton

733

Bootlace mfg: braided wool

734

Bootlace mfg: braided, mixed fibers

677

Borate minerals mining, quarrying

761

Borate minerals processing

774

Boring machine mfg

756

Bottle cap seal mfg

683

Bottle plant

683

Bottle stopper, glass mfg

832

Bottled food product storage

774

Bottling mchry mfg

724

Bottling plant

753

Bowl mfg: wood

111

Bowling establishment

552

Bowling shop

773

Box mfg: metal

756

Box mfg: paper

Copyright 1996 NFPA

753

Box mfg: wood

141

Boys Club

742

Brace suspender mfg

732

Braid mfg: cotton

734

Braid mfg: mixed fibers

733

Braid mfg: wool or worsted

737

Braided cord mfg

688

Brake lining mfg

785

Brake mfg: cycle

784

Brake mfg: motor vehicle

721

Brandy mfg

773

Brass hollowware

772

Brass refining

773

Brass stamping

772

Brass wire drawing

742

Brassiere mfg

716

Bread mfg

715

Breakfast food mfg

723

Brewery

774

Brick making machine mfg

682

Brick mfg: glass

681

Brick mfg: heat resisting

681

Brick plant: nonglass

921

Bridge

676

Brine pit

768

Briquette mfg

895

Briquette storage
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773

Bronze hollowware

772

Bronze refining

773

Bronze stamping

772

Bronze wire drawing

799

Broom mfg

931

Brush growth outdoors

799

Brush mfg

773

Bucket mfg: metal

753

Bucket mfg: wood

773

Buckle mfg: base metal

794

Buckle mfg: precious metal

851

Builders' supply warehouse

688

Building face stone works

752

Building mfg: portable wooden

755

Building paper mfg: fiber

751

Building products mfg: wood

555

Building supply store

835

Bulk coolers

833

Bulk food stuffs

843

Bulk LP-Gas plant

839

Bulk molasses

841

Bulk plant: petroleum

774

Bulldozer mfg

753

Bung mfg

466

Bunkhouse

753

Buoy mfg: cork

743

Burlap bag mfg
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824

Burlap storage, bales, bags

784

Bus mfg, assembly

883

Bus parking

574

Bus sales

925

Bus stop shelter

173

Bus terminal

232

Business school: commercial

712

Butter mfg

835

Butter storage

799

Button mfg

116

Cabana

754

Cabinet shop

774

Cable car mfg

775

Cable mfg: insulated electric

634

Cable terminal: telephone

634

Cable: telephone, telegraph

161

Cafe

161

Cafeteria

122

Cage: athletic

716

Cake mfg

719

Cake mix mfg

776

Calculating machine mfg

792

Camera equipment plant

792

Camera mfg

553

Camera store

784

Camping trailer mfg

935

Campsite w/utilities
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773

Can mfg: metal

726

Candle mfg

726

Candle plant

717

Candy mfg

513

Candy shop

753

Cane container, products mfg

717

Cane processing (sugar or beet)

832

Canned food product storage

713

Cannery: fruit, vegetable

714

Cannery: seafood

744

Canvas belting plant

743

Canvas goods mfg

526

Canvas goods store

826

Canvas storage

742

Cap or hat mfg

591

Capitol building

774

Capstan mfg

573

Car body repairing, painting

573

Car muffler shop

573

Car repair shop

573

Car seat cover shop

573

Car top shop

922

Car tunnel

578

Car washing

717

Caramel mfg

768

Carbon black plant

895

Carbon black storage
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768

Carbon mfg

799

Carbon paper plant

732

Carbonizing cotton

687

Carborundum wheels mfg

784

Carburetor mfg: motor vehicle

774

Card can mfg for textile machine

756

Card mfg: index

774

Cardboard box machine mfg

756

Cardboard box or file mfg

732

Carding cotton

562

Carpenter equipment sales

796

Carpet cleaning, dyeing

826

Carpet storage

536

Carpet store

732

Carpet, rug mfg: cotton

734

Carpet, rug mfg: mixed fibers

733

Carpet, rug mfg: wool

516

Carry-out food store

756

Carton mfg

855

Carton storage

762

Cartridge filling

762

Cartridge works

773

Carving fork, knife mfg

773

Casement window mfg: metal

773

Cash box mfg

776

Cash register mfg

144

Casino

Copyright 1996 NFPA

753

Cask head mfg

753

Cask mfg

753

Casket mfg

876

Casket storage and display: metal

852

Casket storage and display: wood

771

Cast iron products mfg

726

Castor oil refining

584

Catalogue store

719

Catering

131

Cathedral

776

Cathode ray tube mfg

651

Cattle raising

776

Ceiling fixture mfg: elec

361

Cell block: prison for men

362

Cell block: prison for women

925

Cellar: cyclone

762

Cellulose nitrate plastic fabricating

762

Cellulose nitrate plastic mfg

762

Cellulose nitrate plastic reclaiming

685

Cement mill, plant

892

Cement storage

934

Cemetary

591

Central forces office

634

Central office: telephone

675

Ceramic clay extraction from earth

716

Cereal filler mfg

715

Cereal plant
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773

Chain mfg: metal w/o rollers

774

Chain mfg: metal w/rollers

754

Chair mfg: any material

928

Chairlift

675

Chalk extraction from earth

688

Chalk product mfg

942

Channel

131

Chapel: church

134

Chapel: funeral

661

Charcoal burning in forest

768

Charcoal mfg

768

Charcoal processing

895

Charcoal storage

784

Chassis mfg: motor vehicle

798

Checkerboard mfg

712

Cheese factory: natural, processed

742

Chefs' clothing mfg

621

Chemical laboratory

761

Chemical mfg: general

677

Chemical mining

761

Chemical salts mfg

861

Chemical storage: basic industrial

862

Chemical storage: hazardous

798

Chess set mfg

717

Chewing gum mfg

725

Chewing tobacco mfg

211

Child day care: 4 hrs or less
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491

Children's playhouse

567

Chimney cleaning firm

681

Chimney liner mfg

681

Chimney pipes, clay mfg

684

China decorating, repair, mfg

684

China ornaments mfg

684

China pottery mfg

544

China shop

893

China storage

593

Chiropodist office

593

Chiropractor office

773

Chisel mfg

717

Chocolate factory

758

Christmas card printing

131

Church

133

Church meeting hall

591

Church office building

544

Church supply store

722

Cider mfg: hard

724

Cider mfg: soft

753

Cigar box mfg

725

Cigar mfg

838

Cigar storage

542

Cigar store

746

Cigarette case mfg

755

Cigarette paper mfg

725

Cigarette plant
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838

Cigarette storage

726

Cinnamon oil mfg

775

Circuit breaker mfg

773

Cistern mfg

771

Cistern mfg: cast iron

141

City club

616

City gas mfg

591

City hall, office bldg

633

Civil Defense communications center

714

Clam packing

675

Clay extraction from earth

681

Clay flooring tile mfg

893

Clay products storage

681

Clay roofing tile mfg

681

Clay screening, preparing

743

Cleaning cloth mfg

742

Clerical vestment mfg

341

Clinic

793

Clock mechanism, part mfg

793

Clock mfg

741

Clog footwear mfg

732

Cloth belting plant

738

Cloth coating processes

825

Cloth storage

522

Clothing accessory sales

524

Clothing alteration shop

742

Clothing plant
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796

Clothing repair

521

Clothing sales, rental

742

Clothlining mfg

141

Club: city

142

Club: country

162

Club: night

143

Club: yacht, boating

785

Clutch mfg: cycle

784

Clutch mfg: motor vehicle

768

Coal distillation

671

Coal drying

671

Coal mining

767

Coal oil mfg

671

Coal prospecting

895

Coal storage

768

Coal tar oils mfg

742

Coat mfg

755

Coated paper mfg

738

Coating cloth

688

Coating paper w/abrasives

768

Coating paper w/asphalt, tar

799

Coating paper w/carbon

792

Coating paper w/sensitizer

523

Cobbling

721

Cocktail mfg

717

Cocoa butter mfg

717

Cocoa processing
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739

Coconut fiber spinning, weaving

726

Coconut oil refining

726

Cod liver oil refining

655

Coffee growing

715

Coffee mfg: instant

715

Coffee roasting

753

Coffin mfg

876

Coffin storage & display: metal

852

Coffin storage & display: wood

794

Coin mfg

746

Coin purse mfg

564

Coin-operated dry cleaning

564

Coin-operated laundry

739

Coir mat mfg

768

Coke by-products plant

768

Coke mfg

616

Coke oven in gas works

771

Coke oven in iron, steel plant

895

Coke storage

835

Cold storage

742

Collar mfg

926

Collection shed (box)

241

College classroom bldg

461

College dormitory

221

College preparatory school: boarding

215

College preparatory school: day

783

Colliery rail tub mfg
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774

Colliery winding gear mfg

765

Color mfg: artists

774

Comb mfg, for textile machine

732

Combing cotton

841

Combustible liquids tank storage

862

Commercial explosives storage

719

Commercial kitchen

758

Commercial lithographing

758

Commercial printing

232

Commercial school

591

Commodity broker, exchange

776

Communication equipment

241

Community college classroom building

534

Compact disc (CD) store

774

Composing room equip mfg

821

Compress: cotton

774

Compressor mfg

644

Compressor station: gas

635

Computer center

776

Computer mfg: elec

545

Computer sales

712

Concentrates: dairy

182

Concert hall

686

Concrete batch plant

681

Concrete block mfg

774

Concrete mixer mfg

686

Concrete mixing plant
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688

Concrete pipe mfg

686

Concrete ready-mix plant

719

Condiment mfg

761

Confectioners' color mfg

513

Confectionery sales

574

Construction equipment sales

884

Construction mchry storage

981

Construction site

591

Consultant's office

594

Consulting engineers office

773

Container mfg: metal

756

Container mfg: paper

761

Continuous filament yarn mfg

594

Contractor's office: permanent

808

Contractor's shed

774

Contractors' machine mfg

311

Convalescent care w/24-hour nursing staff

465

Convent

928

Conveyor

774

Conveyor mfg

716

Cookie mfg

751

Cooperage stock mfg

753

Coopering

773

Copper hollowware mfg

672

Copper mine, quarry

772

Copper refining

773

Copper stamping, cold pressing
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772

Copper wire drawing

775

Cord mfg: insulated electric

737

Cordage plant

721

Cordial mfg

662

Cordwood storage

753

Cork grinding

753

Cork plant

753

Cork products mfg

811

Corn crib

726

Corn oil refining

715

Corn processing

232

Correspondence school

756

Corrugated paper fabricating

755

Corrugated paper mfg

742

Corset mfg

766

Cosmetic mfg

866

Cosmetic storage

561

Cosmetic supply store

544

Costume jewelry sales

742

Costume mfg

799

Costume novelties, jewelry mfg

521

Costume rental store

732

Cotton bag mfg

821

Cotton compress storage

735

Cotton finishing

731

Cotton gin

732

Cotton mill: cloth or yarn
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732

Cotton mill: full process

732

Cotton mill: part process

732

Cotton mill: reworking

737

Cotton rope, cord mfg

821

Cotton storage: bales

731

Cottonseed house

726

Cottonseed oil plant

811

Cottonseed storage: bulk

741

Counter shoe mfg

743

Counterpane mfg

142

Country club

811

Country grain elevator

513

Country store

591

County office

361

County workhouse: men

362

County workhouse: women

783

Coupler mfg: automatic railroad

773

Coupling mfg: metal

155

Court house

743

Cover mfg

651

Cow raising

714

Crab packing

773

Crane hook mfg

775

Crane mfg: elec

774

Crane mfg: nonelec

884

Crane storage: mobile

753

Crate mfg: wood
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774

Crawler tractor mfg

765

Crayon mfg

712

Creamery

591

Credit company office

134

Crematorium

751

Creosote impregnating

811

Crib corn

655

Crops

681

Crucible mfg: fireclay, graphite

767

Crude oil processing

674

Crude oil storage at well

674

Crude oil well, extracting

842

Cryogenic gas storage

776

Crystal mfg: elec

711

Curing bacon

114

Curling rink

796

Curtain cleaning, dyeing

743

Curtain mfg

526

Curtain shop

747

Cushion mfg: rubber or synthetics

682

Cut glass mfg

773

Cut nail mfg

741

Cut sole mfg

773

Cutlery mfg: household

791

Cutlery mfg: surgical, dental

544

Cutlery store

774

Cutting machine mfg
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785

Cycle mfg

552

Cycle shop

925

Cyclone cellar

761

Cyclopropane gas mfg

776

Dairy appliance mfg: elec

712

Dairy bottling/cartoning

774

Dairy machinery mfg: nonelec

515

Dairy quick-freeze store

515

Dairy store

121

Dance hall

233

Dance school

775

Dashboard instrument mfg

756

Data processing card mfg

635

Data processing center

776

Data processing machine mfg

799

Data stamp mfg

717

Date mfg: stuffed

252

Day care for 7 to 12 persons

251

Day care for less than 7 persons

253

Day care for over 12 persons
Day nursery school over 4 hours (see 251-253)

211

Day nursery school: 4 hrs or less

773

Deed box mfg

718

Deep-fat frying

591

Defense forces office

896

Defense storage

776

Dehumidifier mfg: unit type
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713

Dehydration plant

516

Delicatessen

981

Demolition site: other than structure

791

Dental supply mfg

593

Dental surgeons office

342

Dentist office - over 3 patients

593

Dentists office

891

Department store storage

581

Department store w/furniture

583

Department store w/o furniture

174

Depot: railroad, street level

647

Desalting plant

233

Designers' school

364

Detention camp: men

363

Detention home: juvenile

362

Detention home: women

726

Detergent mfg

869

Detergent storage

762

Detonator mfg

321

Developmental disability - limited care

621

Diagnostic laboratory

794

Diamond cutting

544

Diamond sales

796

Diaper service plant

776

Dictating equipment mfg

538

Dictating equipment repair w/o sales

532

Dictating equipment sales
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772

Die casting

758

Die stamping: paper

774

Diesel engine mfg

161

Diner

161

Dining hall

162

Dinner theater

758

Directory publishing, printing

964

Dirt road

633

Disaster control center

583

Discount store over 930 m2

582

Discount store under 930 m2

761

Disinfectant mfg: commercial

766

Disinfectant mfg: pharmaceutical

687

Disk mfg: grinding, abrasive

754

Display case mfg

768

Distillation: coal

768

Distillation: coal tar

767

Distillation: petroleum tar

721

Distillery: alcohol

646

District heating system

754

Divan bed mfg

961

Divided highway

898

Dock

885

Dock for boats

342

Doctor office - over 3 patients

593

Doctor's office

636

Document center
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798

Doll mfg

682

Domestic glassware mfg

684

Domestic pottery, china mfg

753

Domestic woodware mfg

773

Door frame mfg: metal

773

Door mfg: metal

751

Door mfg: wood

751

Door or window screen mfg: wood
Dormitory-type hotel (see 441-446)

466

Dormitory: bunk house

462

Dormitory: fraternity or sorority

464

Dormitory: military

463

Dormitory: nurses' quarters

465

Dormitory: religious

461

Dormitory: school, college

716

Doughnut mfg

773

Drag mfg: metal

774

Dragline excavator mfg

981

Drainage project: land

743

Drapery mfg

526

Drapery store

771

Drawing mill: ferrous

541

Drawing supply store

981

Dredging other than mining

742

Dress mfg

742

Dressing gown mfg

524

Dressmaking shop

Copyright 1996 NFPA

776

Drill mfg: elec

674

Drilling for oil or gas

775

Drink mchry mfg

164

Drive-in eating place

184

Drive-in theater

233

Driving school

773

Drop forge metal pieces mfg

774

Drop hammer machine mfg

773

Drop stamped metal pieces mfg

322

Drug abuse center - limited care
Drug abusers: personal care of (see 322 and 451-452)

582

Drug store: no pharmacist

543

Drug store: pharmacist on duty

766

Drugs mfg

866

Drugs storage

773

Drum mfg: metal

753

Drum mfg: wood

566

Dry cleaning pick-up shop

796

Dry cleaning plant

564

Dry cleaning: self-service

781

Dry dock

825

Dry goods storage

526

Dry goods store

761

Dry ice mfg

776

Dryer mfg: domestic

811

Dryer: corn, grain

865

Drying oil storage
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Dump (see 911-915)
883

Dump truck storage

742

Dungaree mfg

595

Duplicating firm

776

Duplicating machine mfg

799

Duplicator mfg: not machine

774

Dust extraction mchry mfg

412

Dwelling: 1 family, seasonal use

411

Dwelling: 1 family, year-

Round use

414

Dwelling: 2 family, year-

Round use

Dwelling: over 2 units (see 421-428)
761

Dye intermediates mfg

774

Dye machine mfg: textile

735

Dyeing plant: textile

774

Earth-moving machine mfg

684

Earthenware decorating, repair, mfg

893

Earthenware storage

883

Earthmoving equipment storage

711

Edible fat mfg

719

Egg processing

651

Egg production

732

Elastic mfg: cotton

734

Elastic mfg: mixed, other fibers

733

Elastic mfg: wool or worsted

763

Elastomers mfg: synthetic

776

Electric appliance mfg

538

Electric appliance repair w/o sales
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532

Electric appliance repair w/sales

532

Electric appliance sales

875

Electric appliance storage

791

Electric control device mfg

775

Electric distribution equip mfg

642

Electric distribution system

775

Electric equipment assembling

615

Electric generating plant

625

Electric laboratory

776

Electric lamp mfg

776

Electric light mfg: all types

775

Electric mchry mfg

776

Electric mchry repairs

874

Electric mchry storage

791

Electric measuring instrument mfg

775

Electric motor mfg

776

Electric plug mfg

791

Electric recording instrument mfg

573

Electric repair shop: motor vehicle

776

Electric sign mfg

776

Electric socket mfg

776

Electric stove mfg

642

Electric substation

875

Electric supply storage

776

Electric switch mfg

775

Electric switchgear mfg

776

Electric tool mfg
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775

Electric traction motor mfg

775

Electric transmission equip mfg

642

Electric transmission system

642

Electric vault

791

Electro-medical equipment mfg

774

Electrode mfg: welding

791

Electronic control device mfg

625

Electronic laboratory

791

Electronic measuring device mfg

776

Electronic navigational aid mfg

545

Electronic specialty store

682

Electronic tube, glass envelope

758

Electrotyping: commercial

757

Electrotyping: newspaper or magazine

213

Elementary school

176

Elevated railway station

921

Elevated structure

775

Elevator mfg: elec

774

Elevator mfg: nonelec

816

Elevator: grain

799

Emblem mfg

794

Emerald cutting

633

Emergency communications center

341

Emergency medical clinic

687

Emery wheel mfg

765

Enamels mfg

784

Engine assembly: motor vehicle
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688

Engine gasket mfg: asbestos

786

Engine mfg: aircraft

774

Engine mfg: industrial

774

Engine mfg: marine (see 781-782)

784

Engine mfg: motor vehicle

688

Engine packing mfg: asbestos

786

Engine repair: aircraft

774

Engine repair: industrial
Engine repair: marine (see 781-782)

573

Engine repair: motor vehicle

774

Engine test cell

594

Engineering office

561

Engineering supply sales

774

Engineers' tools mfg: metal

794

Engraving precious metal

758

Engraving printing plates

774

Envelope machine mfg

756

Envelope mfg

513

Epicure shop

775

Escalator mfg

726

Essential oil mfg

758

Etching printing plates

721

Ethyl alcohol distilling

774

Excavating machine mfg

774

Excavator mfg

751

Excelsior mfg

853

Excelsior storage
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591

Exchange, clearing house

634

Exchange: telephone, telegraph

122

Exhibit hall

762

Explosive mfg

558

Explosive sales: retail

862

Explosive storage

591

Exporter's office

122

Exposition hall

567

Exterminator firm

724

Extract mfg: flavoring

763

Extruding plastics

763

Extrusion compounds mfg: plastic

774

Extrusion machine mfg

791

Eye mfg: artificial

548

Eyeglass fitting

741

Fabric footwear

732

Fabric mfg: cotton

734

Fabric mfg: mixed, other fibers

733

Fabric mfg: wool or worsted

739

Fabric waste recovering

774

Fabricated steel mfg: industrial

141

Faculty club

123

Fairground grandstand

925

Fallout shelter

776

Fan mfg: unit type

655

Farm crop

574

Farm implement sales
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818

Farm implement storage

811

Farm silo

513

Farm stand

818

Farm store storage

466

Farm workers' barrack

591

Fashion designer's office

726

Fat distillation: nonedible

711

Fat refining: edible

711

Fat rendering: edible

726

Fat splitting: nonedible

754

Feather bed mfg

754

Feather products mfg

592

Federal reserve bank

811

Feed storage: bulk

818

Feed store

715

Feed: animal or poultry

745

Fellmongery

742

Felt hat mfg

732

Felt making: cotton

734

Felt making: mixed fibers

733

Felt making: wool or worsted

745

Felt mfg: hair

733

Felt mfg: pressed wool

733

Felt needleloom mfg

853

Felt storage

738

Feltbase mfg

751

Fence mfg: wood
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754

Fender mfg: fireplace

771

Ferro-chrome mfg

772

Ferro-molybdenum mfg

772

Ferro-silicon mfg

772

Ferro-tungsten mfg

177

Ferry terminal

761

Fertilizer mixing, bagging

554

Fertilizer sales

818

Fertilizer storage

864

Fertilizer storage

755

Fiber building paper mfg

734

Fiber mfg: staple

764

Fiber mfg: synthetic

853

Fiber products storage

756

Fiberboard packing case mfg

753

Fiberboard plant

853

Fiberboard starage

853

Fiberglass insulation storage

685

Fibro cement mfg

931

Field

655

Field crop

122

Field house

756

File mfg

756

File mfg: cardboard

773

File mfg: insulated

754

Filing cabinet mfg

571

Filling station: gasoline, public
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577

Filling station: marine

572

Filling station: vehicle fuel, private

186

Film exchange

792

Film fabrication: photographic

797

Film processing

186

Film repairing, renovating

186

Film screening studio

868

Film storage: photographic

116

Filter area: swimming pool

743

Filter cloth mfg

647

Filtration plant: water

761

Fine chemicals mfg

827

Finished leather goods storage

867

Finished rubber products storage

826

Finished textile storage

852

Finished wood products storage

735

Finishing plant: textile

633

Fire alarm headquarters

776

Fire alarm mfg, incl nonelec

633

Fire alarm system: municipal

633

Fire communications center

774

Fire control device mfg

591

Fire department administrative office

784

Fire fighting vehicles mfg

888

Fire hall

751

Fire retardant impregnating plant

888

Fire station
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681

Fireclay sanitary ware mfg

773

Fireplace tool mfg

662

Firewood storage

762

Fireworks mfg

558

Fireworks sales, stands

862

Fireworks storage

714

Fish canning, processing

665

Fish farms

665

Fish hatchery

726

Fish oil refining

714

Fish packing, preserving

714

Fish salting, drying, processing

513

Fish store

773

Fishhook mfg

142

Fishing club

737

Fishing net mfg

611

Fission material mfg

611

Fission products handling

754

Fixture mfg: furniture

743

Flag mfg

944

Flammable gas loading area for ships

944

Flammable liquid loading area for ships

645

Flammable liquid pipeline

841

Flammable liquid tank storage

762

Flare mfg

776

Flashlight mfg
Flat (see 421-428)
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682

Flat glass mfg

773

Flat spring mfg

725

Flavoring extract mfg

737

Flax rope, cordage product mfg

824

Flax storage: bales, bags

734

Flax thatching

883

Fleet parking

776

Flexible shaft tool mfg

771

Flexible tube mfg: iron or steel

632

Flight control center

971

Flight, flying

753

Float mfg: cork

945

Flood control culvert

567

Floor cleaning firm

536

Floor covering store

681

Floor tile mfg: clay

738

Floor tile mfg: linoleum

738

Flooring mfg: linoleum

747

Flooring mfg: rubber

751

Flooring mfg: wood
Flop house (see 441-446)

547

Florist shop

715

Flour milling, blending

837

Flour storage: bulk

661

Flower gathering: wild

547

Flower growing

799

Flower plants: artificial
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547

Flower sales

776

Fluorescent fixture mfg

682

Fluorescent tube mfg

677

Fluorspar ore mining, quarrying

689

Fluorspar ore processing

747

Foam rubber mfg

747

Foam rubber processing

764

Foamed plastics fabrication

717

Fondant mfg

834

Food locker plant

774

Food mchry mfg

719

Food processing: animal

832

Food product storage: canned, bottled

833

Food product storage: loose or bagged

831

Food product storage: packaged, dry

511

Food store over 930 m2

512

Food store under 930 m2

513

Food store: specialty

832

Food stuffs: processed, canned, bottled

833

Food stuffs: processed, loose

712

Food with milk base

593

Foot care center

747

Footwear mfg: rubber, vulcanized

661

Forestry

773

Forged metal pieces mfg: drop

774

Forging machine mfg

773

Fork mfg: carving
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794

Fork mfg: precious metal

774

Forklift truck mfg

771

Foundry: ferrous

772

Foundry: nonferrous

799

Fountain pen mfg

785

Frame mfg: cycle

141

Fraternal club w/o sleeping

462

Fraternity house

834

Freeze locker

776

Freezer mfg: unit type

783

Freight car mfg: railway

898

Freight pier

894

Freight terminal

718

French frying potatos

765

French polish mfg

834

Frozen food locker

713

Fruit canning

713

Fruit dehydrating, quick-freezing

661

Fruit gathering: wild

655

Fruit growing

713

Fruit juice mfg

713

Fruit mfg: candied peel

717

Fruit mfg: crystallized

657

Fruit packing as picked

713

Fruit ripening

513

Fruit store

776

Frying pan mfg w/heating element
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773

Frying pan mfg w/o heating element

717

Fudge mfg

841

Fuel dispensing, bulk

768

Fuel mfg: packaged

762

Fuel mfg: rocket

767

Fuel oil mfg

784

Fuel pump mfg: motor vehicle

134

Funeral chapel, parlor

742

Fur apparel mfg

742

Fur hat mfg

745

Fur mat mfg

742

Fur muff mfg

741

Fur product mfg: footwear

742

Fur product mfg: wearing apparel

745

Fur product plant

828

Fur product storage

745

Fur rug mfg

745

Fur sorting, dressing

828

Fur storage

525

Fur store

663

Fur trapping, hunting

651

Fur-bearing animal raising

774

Furnace mfg

532

Furnace sales

754

Furniture mfg

791

Furniture mfg: surgical, dental

537

Furniture repair shop
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852

Furniture storage

531

Furniture store

743

Furniture upholster

525

Furrier

762

Fuse mfg: explosive

611

Fusion material mfg

611

Fusion products handling

741

Gaiter mfg

152

Gallery: art, incl sales

747

Galoshes mfg

144

Gambling place

711

Game curing, salting

711

Game dressing, processing

798

Game mfg

663

Game propagation

551

Game store: recreational

113

Games of chance for amusement

144

Gaming place

574

Garage with motor vehicle sales

883

Garage: city vehicle parking

882

Garage: commercial parking

883

Garage: fleet parking

573

Garage: repair

881

Garage: residential parking

648

Garbage disposal plant

648

Garbage reduction plant

655

Garden
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Garden apartment (see 421-428)
737

Garden net mfg

547

Garden shop

554

Garden supplies store

774

Garden tractor mfg

826

Garment storage

742

Garter mfg

532

Gas appliance sales

774

Gas compressor mfg

774

Gas cutting mchry mfg

776

Gas discharge lamp mfg

982

Gas field

981

Gas main construction

616

Gas mfg: fuel

761

Gas mfg: industrial

644

Gas pipeline

644

Gas pipeline compressor station

616

Gas plant: manufactured, fuel

644

Gas purification station

681

Gas retort mfg

983

Gas utility right of way

774

Gas welding machinery mfg

674

Gas well

861

Gases, industrial nonhazardous

862

Gases, industrial, hazardous

688

Gasket mfg

774

Gasoline engine mfg
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767

Gasoline mfg

572

Gasoline service station: private

571

Gasoline service station: public

841

Gasoline storage

842

Gasometer

974

Gateway: aircraft

774

Gauge mfg: metal

784

Gear box mfg: motor vehicle

785

Gear mfg: cycles

765

Gelatin mfg

678

Gems: mining, natural

591

General business office

891

General storage warehouse

615

Generating plant: electric

775

Generator mfg

544

Gift shop

721

Gin mfg

731

Gin: cotton

141

Girls club

683

Glass container mfg

682

Glass cutting

682

Glass fiber fabricating, mfg

682

Glass fiber processing

682

Glass product mfg

893

Glass products storage

893

Glass storage

544

Glass store
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792

Glasses mfg incl frame

682

Glassware mfg

786

Glider mfg, assembly, repair

744

Glove leather tannery

736

Glove mfg: knitted

742

Glove mfg: leather

747

Glove mfg: rubber

765

Glue mfg

767

Glycerine mfg

794

Gold assaying, smelting

672

Gold mine, quarry

775

Golf cart mfg: elec

142

Golf club

981

Golf course construction

552

Golf shop

513

Gourmet shop

758

Government printing office

213

Grade school

774

Grader machine mfg

816

Grain elevator

715

Grain mill

811

Grain stack

811

Grain storage: bulk

811

Grainary

123

Grandstand

675

Granite quarrying, mining

688

Granite working
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688

Graphite products mfg

773

Grapnel mfg

675

Gravel extraction from earth

964

Gravel road

931

Grazing land

845

Grease storage in containers

547

Greenhouse

751

Greenhouse mfg: wood

758

Greeting card mfg

687

Grinding abrasives mfg

687

Grindstone mfg

715

Grist mill

831

Grocery storage: crated, boxed

833

Grocery storage: loose, bagged

511

Grocery store over 930 m2

512

Grocery store under 930 m2

677

Guano harvesting

709

Guano processing

661

Gum gathering: natural

717

Gum mfg: chewing

762

Gun cotton mfg

773

Gun mfg

552

Gun shop

762

Gunpowder works

747

Gutta-percha products

121

Gymnasium

798

Gymnastic equipment mfg
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688

Gypsum board mfg

678

Gypsum mining, quarrying

688

Gypsum products mfg

892

Gypsum storage

522

Haberdashery store

776

Hair clipper mfg

766

Hair dressing mfg

557

Hair dressing shop

733

Hair felt mfg: pressed

745

Hair product plant

828

Hair product storage

766

Hair tonic mfg

799

Hairnet mfg

182

Hall: concert

121

Hall: dance

161

Hall: dining

888

Hall: fire

141

Hall: lodge

112

Hall: pool

182

Hall: public

711

Ham curing

774

Hammer machine mfg

773

Hammer mfg

737

Hammock mfg

753

Hamper mfg

773

Hand tool mfg

746

Handbag mfg
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742

Handkerchief mfg

753

Handle mfg: hardwood

785

Handlebar mfg: cycle

886

Hangar

826

Hanging garmet storage

773

Hardware mfg

873

Hardware storage

533

Hardware store

753

Hardwood turning plant

746

Harness mfg

774

Harrow mfg, incl self-propelled

742

Hat mfg

796

Hat reblocking, repair

522

Hat store

651

Hatchery: poultry

745

Hatters fur mfg

655

Hay field

811

Hay stack

815

Hay storage in barn

811

Hay storage: bulk, not in barn

818

Hay store
Hazardous materials waste disposal (see 913-915)

141

Health club

766

Health salt mfg

646

Heat transfer system

784

Heater mfg: motor vehicle

776

Heating apparatus mfg: elec
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774

Heating mchry mfg

646

Heating: district, steam

574

Heavy equipment sales

611

Heavy water plant

172

Heliport

172

Helistop

343

Hemodialysis unit

735

Hemp finishing

734

Hemp spinning: soft

824

Hemp storage: bales, bags

737

Hemp, cord, rope, cable mfg

661

Herb gathering: wild

545

Hi-Fi store

827

Hide storage

744

Hide tanning, dressing

215

High school

981

Highway construction

921

Highway overpass

961

Highway: limited access

153

Historical building

551

Hobby shop

123

Hockey rink in arena

114

Hockey rink: fixed use

773

Hoe mfg

651

Hog raising

775

Hoist mfg: elec

774

Hoist mfg: nonelec
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681

Hollow tile mfg

776

Hollowware mfg w/heating element

773

Hollowware mfg w/o heating element

311

Home for aged w/24-hour nursing staff

567

Home maintenance firm

533

Home repair supply sales

134

Home: funeral

713

Honey processing

651

Honey production, apiary

784

Hood mfg: motor vehicle

742

Hood mfg: wearing apparel

773

Hook mfg

715

Hop kiln, curing

775

Horn mfg: elec

651

Horse barn/stable

739

Horsehair spinning, weaving

773

Horseshoe mfg

764

Hose mfg: plastic

747

Hose mfg: rubber

736

Hosiery mfg: knitted

522

Hosiery store

332

Hospice

331

Hospital

561

Hospital supply sales

547

Hot house

773

Hot pressed metal pieces mfg
Hotel (see 441-446)
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754

Hotel furniture mfg

361

House of correction: men

362

House of correction: women

412

House: 1 family, seasonal use

411

House: 1 family, year-round use

754

Household furniture mfg

852

Household furniture storage
Housekeeping apartment (see 421-428)

776

Humidifier mfg: unit type

663

Hunting

142

Hunting club

715

Husking grain

685

Hydraulic cement mfg

774

Hydraulic mchry mfg

622

Hydraulics laboratory

761

Hydrogen gas mfg

761

Hydrogen sulfide gas mfg

726

Hydrogenation

712

Ice cream plant

515

Ice cream shop

515

Ice cream stand: quick-freeze

835

Ice cream warehouse

897

Ice dispenser: coin operated

719

Ice harvesting

897

Ice housers

719

Ice plant: mfg and natural

114

Ice skating rink
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897

Ice storage

799

Identification tag mfg

767

Illuminating oil mfg

591

Importer's office

682

Incandescent lamp plant

648

Incinerator: industrial

648

Incinerator: municipal

756

Index card mfg

798

Indoor game mfg

591

Industrial administrative office

862

Industrial chemical storage: hazardous

861

Industrial chemical storage: nonhazardous

633

Industrial communications center

761

Industrial gas mfg

861

Industrial gases: nonhazardous

862

Industrial hazardous chemical storage

591

Industrial loan institution

984

Industrial plant yard

774

Industrial tractor mfg

231

Industrial training school

774

Industrial valve mfg

742

Infantwear mfg

331

Infirmary: hospital type

771

Ingot mold mfg: cast iron

871

Ingot storage

765

Ink mfg: printers

765

Ink mfg: writing
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799

Ink pad mfg

865

Ink storage

163

Inn w/o sleeping accommodations
Inn w/sleeping (see 441-446)

741

Inner sole mfg

747

Inner tube mfg

761

Inorganic chemical mfg

761

Insecticides mfg

791

Instrument mfg: electric, electronic

791

Instrument mfg: measuring, control

795

Instrument mfg: musical

561

Instrument sales: professional

775

Insulated wire, cable mfg

688

Insulation mfg: asbestos, stone

682

Insulation mfg: glass fiber

753

Insulation mfg: wood, cork, sawdust

684

Insulator mfg: pottery, clay, porcelain

591

Insurance office

214

Intermediate school

774

Internal combustion engine mfg

591

Investment firm office

771

Iron billet, bloom mfg

771

Iron conversion

771

Iron foundry

776

Iron mfg: domestic, elec

672

Iron ore mining, quarrying

771

Iron products mfg: cast
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677

Iron pyrites mining, quarrying

761

Iron pyrites processing

771

Iron smelting, refining

773

Iron stamping, cold pressing

871

Iron storage: basic forms

771

Iron: basic products mfg

672

Ironstone mining, quarrying

773

Ironwork mfg

981

Irrigation project construction

774

Jack mfg

742

Jacket mfg

361

Jail: men

362

Jail: women

713

Jam mfg

765

Japan drier mfg

744

Japanning leather

684

Jar mfg: earthenware

683

Jar mfg: glass

713

Jelly mfg

794

Jewelry fabricating, mfg

544

Jewelry shop

798

Jigsaw puzzle mfg

758

Job printing

753

Joiners' off-building site

751

Joiners' on-building site

155

Judicial hall

164

Juice bar
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241

Junior college classroom bldg

214

Junior high school

877

Junkyard

743

Jute bag mfg

737

Jute cord plant

737

Jute rope, cord mfg

734

Jute spinning, sorting, weaving

824

Jute storage: bales, bags

363

Juvenile detention home

773

Keg mfg: metal

753

Keg mfg: wooden

556

Kennel

767

Kerosene mfg

776

Kettle mfg w/heating element

773

Kettle mfg w/o heating element

746

Key case mfg

162

Key club

773

Key mfg

533

Key-lock shop

681

Kiln lining mfg

774

Kiln mfg

742

Kilt mfg

212

Kindergarten

532

Kitchen cabinet store

773

Knife mfg

736

Knit wear mfg

736

Knitted fabric mfg
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774

Knitting machine mfg: textile

736

Knitting: full process mill

736

Knitting: part process mill

764

Kodel fiber mfg

791

Laboratory instrument mfg

626

Laboratory: agricultural

621

Laboratory: biological

621

Laboratory: chemical

625

Laboratory: electric, electronic

622

Laboratory: hydraulics

621

Laboratory: medical

622

Laboratory: metallurgical

623

Laboratory: personnel testing

622

Laboratory: physics

623

Laboratory: psychological testing

624

Laboratory: radioactive material

627

Laboratory: research, general

732

Lace drawing, ending: cotton

732

Lace mfg: cotton

734

Lace mfg: mixed, other fibers

733

Lace mfg: wool or worsted

765

Lacquer mfg

753

Ladder mfg: wood

946

Lake

745

Lambskin shearing

773

Laminated spring mfg

776

Lamp assembling: elec
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682

Lamp bulb mfg

776

Lamp holder mfg

776

Lamp mfg: metal, elec

773

Lamp mfg: metal, nonelec

743

Lamp shade mfg: cloth

756

Lamp shade mfg: paper

981

Land drainage project

981

Land reclaiming project
Landfill area (see 911-915)

711

Lard mfg

711

Lard refining

773

Latch mfg

885

Launching facility for boats

564

Laundromat

743

Laundry bag mfg

566

Laundry pick-up shop

796

Laundry: commercial

564

Laundry: self-service

675

Lava mining, quarrying

933

Lawn

774

Lawn mower mfg

554

Lawn mower rental, sales

591

Lawyer's office

773

Lead hollowware

672

Lead mine, quarry

799

Lead pencil mfg

772

Lead refining, smelting
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773

Lead stamping, cold pressing

682

Leaded glass mfg

774

Leaf sweeper mfg

742

Leather clothing mfg

546

Leather goods sales

741

Leather heel mfg

741

Leather legging mfg

744

Leather machinery belt mfg

738

Leather mfg: artificial

741

Leather product mfg: footwear

742

Leather product mfg: wearing apparel

827

Leather product storage

746

Leather products mfg: general

741

Leather sole mfg

827

Leather storage

744

Leather tanning, dressing

738

Leatherette mfg

791

Leg mfg: artificial

742

Legal robe mfg

741

Legging mfg

156

Legislative hall

181

Legitimate theater

792

Lens grinding, polishing

715

Lentil grinding, splitting

923

Letter drop

754

Lettering mfg: sign

758

Letterpress
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151

Library

758

Library binder mfg

717

Licorice mfg

753

Life belt mfg: cork

775

Lift truck mfg: elec

774

Lift truck mfg: nonelec

776

Light bulb mfg

781

Lighter building: repair

773

Lighting fixture mfg

791

Limb mfg: artificial

688

Lime plant

688

Lime product mfg

892

Lime storage

675

Limestone quarrying, mining

688

Limestone working, cutting

961

Limited access highway

173

Limousine terminal

735

Linen finishing

734

Linen mill

796

Linen service plant

734

Linen spinning, carding

824

Linen storage: bales, bags

544

Linen store

565

Linen supply house

742

Lingerie mfg

738

Linoleum mfg

536

Linoleum store
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726

Linseed oil plant

763

Liquid resin mfg: synthetic

721

Liquor blending

723

Liquor mfg: malt

846

Liquor storage

514

Liquor store

677

Lithium minerals mining

779

Lithium minerals processing

757

Lithographing

742

Livery mfg

815

Livestock storage in barn

817

Livestock storage not in barn

974

Loading ramp: aircraft

591

Loan company office

714

Lobster packing, canning

773

Lock mfg: mechanical

793

Lock mfg: time

754

Locker mfg

834

Locker plant

783

Locomotive mfg

887

Locomotive storage

141

Lodge hall

412

Lodge: 1-family

415

Lodge: 2-family

431

Lodging house: 4-8 roomers

432

Lodging house: 9-16 roomers
Lodging house: over 16 persons (see 441-446)
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662

Log storage

856

Log storage not in forest

662

Logging

758

Looseleaf binder mfg

936

Lot: vacant

571

LP-Gas bottle filling station: public

843

LP-Gas bulk plant

767

Lubricating oil mfg

746

Luggage mfg

546

Luggage store

751

Lumber mfg

555

Lumber sales: retail

851

Lumber storage

851

Lumberyard

164

Lunch counter

164

Lunchroom

713

Macaroni canning

716

Macaroni plant

773

Machine gun mfg

774

Machine shop

774

Machine tool mfg: metal

744

Machinery belt mfg: leather

732

Machinery belting mfg: cotton

733

Machinery belting mfg: wool

775

Machinery mfg: elec

774

Machinery mfg: excl elec

774

Machinery parts mfg
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776

Machinery repair: elec

574

Machinery sales: motor driven

874

Machinery storage: not vehicle

884

Machinery storage: vehicle

562

Machinist supply sales

774

Machinist tool mfg

757

Magazine publishing

798

Magic apparatus mfg

773

Magnesium hollowware

772

Magnesium refining, smelting

773

Magnesium stamping

772

Magnesium wire drawing

584

Mail order store

891

Mail order warehouse

923

Mailbox

595

Mailing firm

595

Mailing list sales firm

708

Maintenance shop: general

585

Mall

766

Malt extracts mfg

723

Malt house

771

Manhole cover mfg: cast iron

773

Manicure set mfg

928

Manlift

616

Manufactured gas: fuel

709

Manure processing

758

Map mounting
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758

Map publishing, printing

661

Maple sugaring in forest

717

Maple sugaring outside forest

675

Marble quarrying, mining

688

Marble working

726

Margarine mfg

835

Margarine storage

885

Marina

576

Marine accessory sales

781

Marine boiler mfg

726

Marine oil refining

177

Marine passenger terminal

577

Marine refueling facility
Marine repair (see 781-782)

576

Marine salesroom

577

Marine service station

655

Market garden

511

Market over 930 m2

512

Market under 930 m2

713

Marmalade mfg

952

Marshalling yard

717

Marshmallow mfg

685

Masonry cement mfg

562

Masons' supply sales
Mast mfg (see 781-782)

753

Mat mfg: cork

732

Mat mfg: cotton
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734

Mat mfg: mixed, other fibers

758

Mat mfg: printing

747

Mat mfg: rubber or synthetic

733

Mat mfg: wool or worsted

762

Match plant

775

Materials handling equip mfg: electrical

774

Materials handling equip mfg: nonelectrical

331

Maternity hospital

754

Mattress mfg except rubber

747

Mattress mfg: rubber

853

Mattress storage

715

Meal milling, preparation

776

Measuring apparatus mfg: elec

711

Meat dressing, curing, packing

513

Meat shop

775

Mechanical equip mfg: elec

774

Mechanical equip mfg: nonelectrical

794

Medal mfg

791

Medical equipment mfg

682

Medical glassware mfg

331

Medical hospital

621

Medical laboratory

791

Medical machine mfg

593

Medical office

561

Medical supply sales

766

Medicated wine mfg

767

Medicinal paraffin mfg
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766

Medicine mfg

133

Meeting hall: church

154

Memorial structure

364

Men's detention camp

321

Mental retardation - limited care
Mentally impaired: personal care of (see division 25, 321 and 451-452)

891

Mercantile stock storage: nonfood

773

Metal box mfg

771

Metal casting: iron, steel

773

Metal cold pressing

773

Metal fabricating

773

Metal furniture mfg

893

Metal ore storage

872

Metal parts storage

773

Metal product polishing, plating

876

Metal products storage: finished

771

Metal refining: iron, steel

773

Metal stamping mfg

871

Metal storage: basic forms

774

Metallurgical furnace mfg

622

Metallurgical laboratory

678

Mica quarrying, mining

792

Microscope mfg

548

Microscope sales

632

Microwave site

466

Migrant workers' barracks

464

Military barracks
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862

Military explosives storage

221

Military school classroom bldg

896

Military stores

712

Milk bottling

651

Milk cooling shed

651

Milk house

774

Milk machine mfg

712

Milk mfg: condensed, evaporated

712

Milk mfg: powdered

712

Milk processing

651

Milk production

835

Milk storage: bottled, canned

526

Mill outlet store

742

Millinery mfg

522

Millinery store

713

Mincemeat mfg

783

Mine rail car mfg

688

Mineral grinding, processing

767

Mineral oil refining

761

Mineral pigments mfg

677

Mineral pigments mining

892

Mineral products storage: bagged

893

Mineral products storage: packaged, non-bagged

724

Mineral water carbonating

688

Mineral wool mfg

678

Mineral: mining nonmetallic

677

Mining chemicals
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671

Mining coal

677

Mining fertilizer mineral

672

Mining iron ore

774

Mining mchry mfg

751

Mining timber mfg

794

Mint: money

753

Mirror frame mfg

682

Mirror mfg

844

Missile fuel storage

631

Missile launch site

786

Missile mfg, assembly, repair: no fuel

131

Mission

742

Mitten mfg

734

Mixed fiber, full process mill

776

Mixer mfg: domestic

752

Mobile building mfg

574

Mobile home sales

411

Mobile home: permanent family

751

Mobile saw, planing mill

752

Modular building mfg

717

Molasses mfg

839

Molasses, bulk

763

Molded compound mfg: plastic

764

Molded plastic products

756

Molded pulp goods mfg

465

Monastery

794

Money mfg
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792

Monocle mfg

154

Monument

688

Monument works

799

Mop mfg

134

Morgue

591

Mortgage company

134

Mortuary

131

Mosque
Motel (see 441-446)

868

Motion-picture exchange

797

Motion-picture film processing

868

Motion-picture film storage

186

Motion-picture studio

183

Motion-picture theater

784

Motor home mfg, assembly

775

Motor mfg: elec

774

Motor mfg: nonelectric

784

Motor vehicle mfg, assembly

573

Motor vehicle repairs

574

Motor vehicle sales

575

Motor vehicle supply store

576

Motorboat sales

784

Motorcycle mfg

784

Motorcycle parts mfg

573

Motorcycle repair

574

Motorcycle sales

186

Movie studio
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183

Movie theater only

181

Movie threater with stage

573

Muffler repair shop: motor vehicle

733

Mungo shoddy mfg

591

Municipal building

616

Municipal gas mfg

762

Munitions mfg

152

Museums

758

Music publishing, printing

233

Music school

534

Music store

795

Musical instrument mfg

534

Musical instrument sales

719

Mustard mfg

773

Nail mfg

767

Naphtha oil refining

743

Napkin mfg

732

Narrow fabric mfg: cotton

734

Narrow fabric mfg: mixed fibers

733

Narrow fabric mfg: wool

678

Natural abrasive mining

685

Natural cement mfg

767

Natural gas plant

674

Natural gas well

767

Natural gasoline plant

765

Natural resin grinding

747

Natural rubber processing
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591

Navy office

726

Neatsfoot oil refining

742

Necktie mfg

774

Needle bearing mfg

794

Needle mfg: record

773

Needle mfg: sewing

739

Needleloom carpet mfg

739

Needleloom felt mfg

776

Neon lamp mfg

682

Neon light mfg, fabricating

776

Neon sign mfg

737

Net mfg: excl hair

799

Net mfg: hair

591

News gathering agency office

591

News reporting agency office

757

Newspaper publishing

755

Newsprint mfg

542

Newsstand

742

Night clothes mfg

162

Night club

742

Night dress mfg

631

Nike site

689

Nitrate minerals processing

677

Nitrate minerals quarrying

762

Nitrocellulose mfg, reclaiming

761

Nitrous oxide gas mfg

772

Nonferrous metal refining
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736

Nonwoven fabric mfg

739

Nonwoven fabrics mfg

716

Noodle mfg

753

Novelty mfg: hardwood

551

Novelty store

611

Nuclear fuel element plant

612

Nuclear ordnance, bomb assembly

774

Nuclear reactor mchry mfg

613

Nuclear reactor power production

624

Nuclear reactor, for research

465

Nuns' living quarters

211

Nursery school: 4 hours or less
Nursery school: over 4 hr but
Less than 24 hr. (see 251-253)

655

Nursery: tree, bush

463

Nurses' living quarters

311

Nursing home w/24-hour nursing staff

726

Nut cake mfg

655

Nut growing

726

Nut meat mfg

773

Nut mfg: metal

657

Nut packing as picked

717

Nut salting

513

Nut shop

811

Nut storage: bulk

717

Nut sugar coating

764

Nylon fiber mfg
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739

Oakum picking, willowing

782

Oar mfg

715

Oat milling, flaking

593

Oculists office

754

Office fixture, fittings mfg

754

Office furniture mfg

531

Office furniture store

531

Office machine sales

776

Office machinery mfg

531

Office supply sales

541

Office supply store

591

Office: business

593

Office: medical

982

Oil field

767

Oil mfg: lubricating

726

Oil mfg: salad

726

Oil of clove mfg

645

Oil pipeline

674

Oil reservoir

674

Oil shale mining, retorting

845

Oil storage in containers

841

Oil storage in tanks

674

Oil well

738

Oilcloth mfg

742

Oilskin mfg

766

Ointment mfg

311

Old persons' home w/24-hour nursing staff
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726

Oleo oil refining

726

Oleo-stearine mfg

726

Olive oil refining, hydrogenation

941

Open sea

181

Opera house

791

Operating table mfg

792

Ophthalmic goods mfg

792

Ophthalmoscope mfg

792

Optical glass grinding, polishing

682

Optical glass mfg

548

Optical goods sales

792

Optical instrument mfg

548

Optician's office

548

Optometrist's office

342

Oral surgeon office - over 3 patients

655

Orange growing

164

Orange juice bar

713

Orange juice concentrating

655

Orchard

773

Ordnance mfg except vehicles

896

Ordnance storage

673

Ore concentration

672

Ore mining

771

Ore preparation plant: iron

772

Ore smelting: nonferrous

795

Organ mfg

534

Organ sales
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761

Organic chemical mfg

764

Orlon fiber mfg

794

Ornament mfg

544

Ornamental goods store

773

Ornamental ironwork mfg

753

Osier container mfg

593

Osteopath's office

782

Outboard motor mfg, repair

576

Outboard motor sales

926

Outbuilding

492

Outdoor sleeping quarters

927

Outdoor telephone booth

926

Outhouse

341

Outpatient clinic

774

Oven mfg, industrial

742

Overalls mfg

742

Overcoat mfg

921

Overpass

972

Overrun area at airport

761

Oxygen gas mfg

861

Oxygen storage: liquid or gas

665

Oyster bed operation

714

Oyster packing, canning

665

Oyster: wild, cultivated

514

Package store

768

Packaged fuel mfg

893

Packaged mineral prods storage
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845

Packaged petroleum prods storage

838

Packaged tobacco prods storage

774

Packaging machine mfg

753

Packing case mfg: wood

657

Packing crops as picked

713

Packing fruits and vegetables

756

Pad mfg: writing

739

Padding mfg: all fibers

765

Paint mfg

573

Paint shop: motor vehicle

865

Paint storage

535

Paint store

799

Painters' brush mfg

773

Painters' pot mfg: metal

535

Painters' supply store

742

Pajamas mfg

726

Palm oil refining

774

Paper bag machine mfg

756

Paper bag mfg incl printing

855

Paper bag storage

756

Paper box mfg incl printing

758

Paper bronzing, gilding, edging

756

Paper carton mfg incl printing

756

Paper container mfg incl printing

755

Paper corrugating, laminating

756

Paper cutout pattern mfg

541

Paper goods sales
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756

Paper label-manufacturing

756

Paper lampshade mfg

774

Paper making mchry mfg

755

Paper mfg

687

Paper mfg: abrasive

768

Paper mfg: asphalt coated

799

Paper mfg: carbon

792

Paper mfg: sensitized

799

Paper mfg: treated duplicating

756

Paper mounts mfg

756

Paper plate mfg

756

Paper products fabricating

855

Paper products storage

755

Paper reclaiming

758

Paper ruling

756

Paper spoon or utensil mfg

855

Paper storage: baled

855

Paper storage: not rolled

854

Paper storage: rolled

755

Paperboard mfg, coating

755

Papercoating, glazing, laminating

756

Papier-mache goods mfg

767

Paraffin wax mfg

742

Parasol mfg

938

Park

981

Parking area construction

882

Parking garage: general
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881

Parking garage: residential

981

Parking lot construction

882

Parking lot: covered

965

Parking lot: uncovered

134

Parlor: funeral

625

Particle accelerator

171

Passenger terminal: airport

173

Passenger terminal: bus

176

Passenger terminal: elevated railway

177

Passenger terminal: marine

174

Passenger terminal: street level rail

175

Passenger terminal: subway

716

Pasta mfg

765

Paste mfg

799

Pastel mfg

712

Pasteurizing milk

717

Pastilles mfg

716

Pastry mfg

655

Pasture land: improved

931

Pasture: unimproved

744

Patent leather plant

964

Path

621

Pathological laboratory

963

Paved driveway

963

Paved private street

962

Paved public street

544

Pawn shop
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715

Pea grinding, splitting

713

Peanut butter processing

726

Peanut oil refining

713

Peanut processing

811

Peanut storage: bulk

794

Pearl products, jewelry mfg

678

Peat cutting, digging

818

Peat storage

331

Pediatrics hospital

745

Pelt sorting, dressing

799

Pen mfg

773

Pen nib mfg: base metal

794

Pen nib mfg: precious metal

541

Pen shop

361

Penal institution: men

799

Pencil lead mfg

799

Pencil mfg

799

Penholder mfg

361

Penitentiary: men

362

Penitentiary: women

113

Penny arcade

787

Perambulator mfg

762

Percussion cap mfg

795

Percussion instruments mfg

766

Perfume mfg

726

Perfume oil mfg

544

Perfume sales
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757

Periodical publishing

792

Periscope mfg

722

Perry wine mfg

623

Personnel testing laboratory

761

Pest control chemical mfg

556

Pet care center

556

Pet shop, supplies

841

Petroleum bulk plant

841

Petroleum distributing station

767

Petroleum jelly mfg

845

Petroleum packaged product

767

Petroleum refinery

841

Petroleum tank farm

841

Petroleum terminal

674

Petroleum well

898

Petroleum wharf

773

Pewter hollowware mfg

772

Pewter refining, smelting

773

Pewter stamping

766

Pharmaceutical mfg

866

Pharmaceutical storage

582

Pharmacy: no pharmacist

543

Pharmacy: pharmacist on duty

776

Phonograph assembling: elec

795

Phonograph record blank mfg

677

Phosphate minerals mining, quarrying

689

Phosphate minerals processing
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595

Photocopy firm

758

Photoengraving: commercial

757

Photoengraving: newspaper and magazine

797

Photofinishing

792

Photographic equipment mfg

792

Photographic film, paper mfg

792

Photographic lens mfg

553

Photographic store

553

Photographic studio

792

Photographic supplies mfg

593

Physician's office

622

Physics laboratory

593

Physiotherapist's office

795

Piano mfg

534

Piano store

566

Pick-up shop: laundry, dry cleaning

732

Picking cotton

713

Pickle processing

711

Pickling

753

Picture frame mfg

711

Pie mfg: meat

716

Pie mfg: nonmeat

526

Piece goods sales

898

Pier

943

Pier water area

898

Pier: petroleum

771

Pig iron mfg
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651

Pig raising

761

Pigment mfg

774

Pile driver mfg

766

Pill mfg

771

Pillar box mfg: cast iron

754

Pillow mfg: nonrubber

747

Pillow mfg: rubber

754

Pillow renovating plant

743

Pillowslip mfg

771

Pipe mfg: cast iron, steel, iron

681

Pipe mfg: concrete

764

Pipe mfg: plastic

799

Pipe mfg: smoking

872

Pipe storage: metal

983

Pipeline construction above surface

981

Pipeline construction below surface

983

Pipeline right of way

645

Pipeline: flammable liquid

644

Pipeline: gas

646

Pipeline: steam

647

Pipeline: water

773

Pistol mfg

131

Place of worship

152

Planetarium

751

Planing mill

984

Plant yard: industrial

688

Plaster mfg
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688

Plaster product mfg

892

Plaster storage

763

Plastic beam mfg

782

Plastic boat fabrication

764

Plastic casting

763

Plastic dispersions mfg

763

Plastic emulsions mfg

764

Plastic enclosure mfg

764

Plastic film mfg

741

Plastic footwear mfg

799

Plastic lampshade mfg

763

Plastic making: foamed

763

Plastic mfg

742

Plastic outerware mfg

764

Plastic part, product mfg

763

Plastic powder mfg

863

Plastic product storage

764

Plastic products fabr

764

Plastic rods mfg

764

Plastic sheet fabr

763

Plastic solution mfg

764

Plastic toy mfg

863

Plastics storage

684

Plate mfg: china

753

Plate mfg: hardwood

756

Plate mfg: paper

792

Plate mfg: sensitized
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682

Plate window glass plant

794

Plateware mfg

794

Platinum assaying, smelting

795

Player piano mfg

124

Playground

491

Playhouse: children's

181

Playhouse: theater

758

Playing card mfg

774

Plow mfg incl self-propelled

776

Plug mfg: elec

562

Plumbers' tools sales

773

Plumbing supply mfg

533

Plumbing supply sales: retail

873

Plumbing supply sales: wholesale

873

Plumbing supply storage

799

Plume mfg

751

Plywood mfg

774

Pneumatic control equip mfg

774

Pneumatic mchry mfg

746

Pocketbook mfg

773

Pocketknife mfg

662

Pole hewing, rough cutting

642

Pole: utility power

633

Police communications center

365

Police station

765

Polish mfg

743

Polishing cloth mfg
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764

Polyester fiber mfg

946

Pond

786

Pontoon mfg, assembly, repair

112

Poolroom, hall, center

684

Porcelain product mfg

942

Port area

123

Portable grandstands

723

Porter mfg: malt

685

Portland cement mfg

596

Post office

758

Postage stamp printing

773

Pot mfg: metal

677

Potash mining, quarrying

718

Potato chip plant

718

Potato crisp mfg

718

Potato mfg: flaked

684

Pottery plant

544

Pottery shop

893

Pottery storage

711

Poultry dressing, curing

651

Poultry farm

715

Poultry feed: stock dry

719

Poultry food preparation: grit

751

Poultry house mfg wood

513

Poultry store

556

Pound: animal

726

Powdered soap plant
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615

Power house: electric

614

Power house: steam

983

Power line right of way

642

Power line: overhead

642

Power line: underground

613

Power production: nuclear

143

Power squadron club

794

Precious metal assaying, smelting

794

Precious stone cutting

774

Precision chain mfg

774

Prefabricated bldgs mfg: metal

751

Prefabricated structure mfg: wood

215

Preparatory school

221

Preparatory school classroom bldg: boarding

713

Preserve mfg

774

Press machine mfg: hydr, mech

774

Press mfg: printing

773

Pressed metal pieces mfg: hot

756

Pressed pulp goods mfg

751

Pressure impregnation plant

213

Primary school

774

Prime mover mfg: nonelec

765

Printing ink mfg

774

Printing machine mfg

757

Printing newspaper, magazines

735

Printing plant: textile

747

Printing roller mfg
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855

Printing supply storage: flat paper

854

Printing supply storage: rolled paper

758

Printing: commercial

758

Printing: silk screen

331

Prison hospital

361

Prison: men

364

Prison: minimum security type

362

Prison: women

221

Private boarding school classroom bldg

881

Private garage

963

Private street

963

Private way

926

Privey

513

Produce sale: retail

812

Produce storage: crated, boxed

813

Produce storage: loose, bagged

791

Professional instrument mfg

591

Professional office

593

Professional office: medical

561

Professional supply sales

792

Projector mfg

786

Propeller mfg: aircraft

773

Pruning knife mfg

331

Psychiatric hospital

593

Psychologist office

163

Pub

754

Public building furniture mfg
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615

Public electric utility

882

Public garage: parking

182

Public hall

852

Public household furniture storage

962

Public street: paved

964

Public street: unpaved

884

Public works vehicle storage

758

Publishing: book

757

Publishing: newspaper, periodical

771

Puddling furnace

774

Pulp making mchry mfg

755

Pulp mill

853

Pulp storage

662

Pulpwood storage in forest

856

Pulpwood storage not in forest

774

Pump mfg

644

Pumping station: gas

645

Pumping station: oil

648

Pumping station: sewage

647

Pumping station: water

787

Push chair mfg

799

Puzzle mfg

677

Pyrites mining, quarrying

761

Pyrites processing

772

Pyrophoric metal working

762

Pyroxylin fabricating, mfg

762

Pyroxylin reclaiming
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774

Quarry crushing machine mfg

677

Quarry: chemicals, minerals

676

Quarry: salt

675

Quarry: sand, gravel, stone

774

Quarrying machine mfg

678

Quartz mining, quarrying

743

Quilt mfg

651

Rabbit raising

123

Racetrack grandstand

815

Racetrack stable

776

Radar mfg

632

Radar site

791

Radiation measurement device

771

Radiator mfg: cast iron sections

776

Radiator mfg: domestic elec

784

Radiator mfg: motor vehicle

776

Radio and TV tubes, glass envelope mfg

632

Radio beacon

754

Radio cabinet mfg: wood

632

Radio communications site

776

Radio mfg

538

Radio repairs w/o sales

545

Radio sales

185

Radio studio

632

Radio transmitting site

611

Radioactive material disposal

624

Radioactive material lab
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611

Radioactive material mfg

611

Radioactive material storage

611

Radioactive tracer processing

739

Rag reclaiming

739

Rag reworking mill

739

Rag shop

829

Rag storage

783

Railroad coach mfg

887

Railroad equip storage

894

Railroad freight terminal

174

Railroad passenger terminal: street level

783

Railroad repair shop

951

Railroad right of way

981

Railroad roadbed construction

783

Railroad rolling stock assembling

783

Railroad shop

953

Railroad siding

954

Railroad signal equipment

783

Railroad signal mfg

176

Railroad station: elevated

771

Railroad switch mfg

615

Railroad system electric power plant

771

Railroad truck mfg

742

Raincoat mfg

713

Raisin processing

773

Rake mfg

739

Ramie spinning, weaving
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753

Rattan product mfg

827

Raw leather storage

867

Raw rubber products storage

717

Raw sugar refining

764

Rayon fiber mfg

773

Razor blade mfg

776

Razor mfg, elec

773

Razor mfg, nonelec

742

Ready-made clothing mfg

686

Ready-mix concrete plant

591

Real estate office

774

Reaper mfg incl self-propelled

747

Rebuilding tires

747

Recapping tires

776

Record player mfg: sound, music

545

Record player sales

636

Record repository: document

534

Record shop

931

Recreation area: underdeveloped

113

Recreation center, facility, place

233

Recreational school

784

Recreational vehicle mfg

935

Recreational vehicle park

591

Recruiting office

774

Reed mfg for textile machine

753

Reed product mfg

767

Refinery tankage

Copyright 1996 NFPA

726

Refinery: animal oil

767

Refinery: petroleum

765

Refinery: turpentine

726

Refinery: vegetable oil

363

Reform school

361

Reformatory: men

362

Reformatory: women

675

Refractory clay extraction from earth

681

Refractory tile mfg: brick

835

Refrigerated warehouse

774

Refrigeration mchry mfg

776

Refrigerator mfg: unit type

532

Refrigerator sales
Refuse disposal area (see 911-915)

784

Registration plate mfg, motor vehicle

234

Rehabilitation center: attendance by choice

366

Rehabilitation center: vocational

758

Relief stamping: paper

132

Religious education facility

544

Religious goods store

591

Religious organization office

713

Relish mfg

711

Rendering fat: edible

574

Repair garage w/motor vehicle sales

573

Repair garage w/o motor vehicle sales

632

Repeater site: radio, microwave

627

Research laboratory
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593

Research organization office
Residential board and care (see 451-452)

881

Residential parking garage

221

Residential school building

933

Residential yard

661

Resin gathering: natural

763

Resin mfg: synthetic

311

Rest home w/24-hour nursing staff

161

Restaurant

754

Restaurant furniture mfg

568

Restaurant supplies and services

747

Retreading tires

537

Reupholstery shop

773

Revolver mfg

732

Ribbon mfg: cotton

734

Ribbon mfg: mixed, other fiber

733

Ribbon mfg: wool or worsted

655

Rice growing

715

Rice mill

811

Rice storage: bulk

142

Riding club

815

Riding stable

142

Rifle club

773

Rifle mfg
Rigging mfg: marine (see 781-782)

946

River

937

Riverfront
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773

Rivet mfg: metal

774

Road maintenance machine mfg

774

Road making machine mfg

884

Road mchry storage

774

Road roller machine mfg

963

Road: private paved

962

Road: public paved

964

Road: unpaved

164

Roadside stand, counter: eating

513

Roadside stand, counter: product

742

Robe mfg

786

Rocket airframe mfg

762

Rocket fuel mfg

844

Rocket fuel storage

631

Rocket launch site

762

Rocket mfg: signal

688

Rockwool mfg

764

Rod mfg: plastic

774

Rod mfg: welding

854

Rolled paper storage

774

Roller bearing mfg

774

Roller mfg, for textile machine

123

Roller rink in arena

115

Roller skating rink

774

Rolling mill mchry mfg

771

Rolling mill: ferrous

772

Rolling mill: nonferrous

Copyright 1996 NFPA

685

Roman cement mfg

681

Roof tile mfg: clay

768

Roofing materials mfg:

688

Roofing materials mfg: stone

751

Roofing materials mfg: wood

851

Roofing storage

555

Roofing supply sales

776

Room heater mfg: unit type

Asphalt

Rooming house w/over 16 persons (see 441-446)
431

Rooming house: 4-8 roomers

432

Rooming house: 9-16 roomers

715

Root peeling mill

737

Rope mfg

853

Rope storage

765

Rosin mfg

783

Roundhouse

742

Rubber clothing mfg

747

Rubber dipping, mixing

747

Rubber footwear mfg: vulcanized

661

Rubber gathering: wild

522

Rubber goods store

655

Rubber growing

747

Rubber hose mfg

747

Rubber mat mfg

747

Rubber mfg: foamed

661

Rubber plantation

747

Rubber products mfg
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867

Rubber products storage

742

Rubber rainwear mfg

747

Rubber reclaiming

747

Rubber scrap processing

747

Rubber shoe mfg: vulcanized

799

Rubber stamp mfg

541

Rubber stamp store

867

Rubber storage

747

Rubber toy mfg

747

Rubber waste processing

648

Rubbish burner: industrial

794

Ruby cutting, mounting

796

Rug cleaning, dyeing

732

Rug mfg: cotton

734

Rug mfg: mixed fibers

733

Rug mfg: wool

826

Rug storage

536

Rug store

774

Ruling machine mfg: printing

721

Rum mfg

972

Runway at airport

716

Rusk mfg

753

Rustic furniture mfg

715

Rye milling, flaking, rolling

743

Sack mfg

785

Saddle mfg: cycle

746

Saddlery mfg
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591

Safe deposit firm

773

Safe mfg

682

Safety glass mfg

715

Sago grinding, splitting

782

Sail making

743

Sail mfg

713

Salad dressing mfg

726

Salad oil mfg

163

Saloon

676

Salt crushing, screening

761

Salt mfg: chemical

676

Salt mining

719

Salt packing not at mine

719

Salt processing not at mine

719

Salt refining: edible

877

Salvage yard

758

Sample mounting, printing

675

Sand extraction from earth

688

Sand washing, screening

776

Sander mfg: elec

687

Sandpaper mfg

675

Sandstone mining, quarrying

688

Sandstone working

684

Sanitary earthenware mfg
Sanitary landfill (see 911-915)

661

Sap gathering, extracting

794

Sapphire cutting, mounting
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751

Sash mfg: wood

791

Satellite mfg, assembly

632

Satellite tracking station

733

Satinet cloth mill

713

Sauce processing

773

Saucepan mfg

711

Sausage casing mfg

592

Savings bank

592

Savings, loan institution

776

Saw mfg: electric

773

Saw mfg: hand

751

Saw, planing mill

751

Sawdust mfg

751

Sawdust pile

751

Sawmill in or out of forest

774

Scale mfg

742

Scarf mfg

221

School classroom: private boarding

232

School: business, commercial

363

School: correctional, reform

233

School: dancing

233

School: deaf, dumb, or blind

461

School: dormitory

213

School: elementary

215

School: high

214

School: intermediate

214

School: junior high
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211

School: nursery

132

School: religious education only

233

School: specialty

132

School: Sunday

231

School: trade, industrial

231

School: vocational

791

Scientific equipment mfg

688

Scientific glassware mfg

593

Scientific organization office

773

Scissor mfg

784

Scooter mfg: motorized

771

Scrap iron processing

916

Scrap recovery, reclaiming

747

Scrap rubber processing

774

Scraper mfg: earth

774

Screening machine mfg

773

Screw mfg

233

Sculpture: school for

773

Scythe mfg

941

Sea: open

714

Seafood packing, canning

714

Seafood salting, drying

937

Seashore

573

Seat cover shop: auto

221

Secondary boarding school classroom bldg

221

Secondary school classroom bldg: boarding

215

Secondary school: day
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521

Secondhand clothing sale

232

Secretarial school

591

Security brokers office

726

Seed cake mfg

655

Seed crop

726

Seed meal mfg

719

Seed preparation

811

Seed storage: bulk

554

Seed store

565

Self-service dry cleaning

564

Self-service laundry

794

Semi-precious stone working

241

Seminary classroom building

792

Sensitized film mfg

577

Service station: marine

572

Service station: private

571

Service station: public

648

Sewage disposal plant

648

Sewer

981

Sewer construction

776

Sewing machine mfg

774

Sewing machine mfg: bookbinding

532

Sewing machine store

773

Shackle mfg

754

Shade mfg

751

Shake splitting: wood

767

Shale oil refining
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766

Shampoo mfg

776

Shaver mfg: dry, elec

726

Shaving cream, soap mfg

773

Shears mfg

808

Shed: contractor's

808

Shed: tool

766

Sheep dip mfg

651

Sheep raising

742

Sheepskin lined clothing mfg

744

Sheepskin mat mfg

745

Sheepskin rug mfg

745

Sheepskin shearing

774

Sheet metal working machine mfg

773

Sheet metal working: base metal

743

Sheet mfg

758

Sheet music publishing, printing

534

Sheet music sales

747

Sheet rubber mfg

754

Shelf mfg: any material

773

Shell case mfg: arms

762

Shell filling: munitions

799

Shell products mfg

765

Shellac mfg

925

Shelter: fallout, storm, or bomb

751

Shingle mfg, wood

781

Ship breaking yard
Ship fabricating plant (see 781-782)
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781

Ship parts mfg
Ship repairing (see 781-782)

885

Ship storage

773

Shipping container mfg: metal

781

Shipyard: vessels over 65 ft

742

Shirt mfg

522

Shirt store

784

Shock absorber mfg: motor vehicle

733

Shoddy mill

741

Shoe accessory mfg

754

Shoe case mfg

732

Shoe lace mfg: braided cotton

734

Shoe lace mfg: braided fibers

733

Shoe lace mfg: braided wool

746

Shoe lace mfg: leather

774

Shoe machinery mfg

741

Shoe mfg

765

Shoe polish mfg

523

Shoe repair shop, store

523

Shoe repair with manufacture

523

Shoe shine stand, shop

827

Shoe storage

522

Shoe store

753

Shoe tree mfg

113

Shooting gallery

754

Shop front mfg

754

Shop furniture mfg
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585

Shopping mall

716

Shortbread mfg

726

Shortening mfg

835

Shortening storage

773

Shotgun mfg

774

Shovel loader mfg: earth-moving

714

Shrimp packing, canning

938

Shrubbery: cultivated

754

Shutter mfg

753

Shuttle mfg for textile machine

785

Side car mfg, assembly

751

Siding mfg: wood

754

Sign lettering

754

Sign mfg

754

Sign painting

762

Signal rocket mfg

811

Silage storage

735

Silk finishing

799

Silk lampshade mfg

734

Silk mill

734

Silk spinning

823

Silk storage: bales, bags

758

Silk-screen printing

811

Silo: farm

794

Silver & silver plateware assembly, mfg

794

Silver assaying, smelting

774

Silver can mfg for textile machine
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672

Silver mining, quarry

794

Silverware mfg

824

Sisal storage: bales, bags

734

Sisal working

737

Sisal working

153

Site: historic

552

Skate shop

114

Skating rink: ice

123

Skating rink: in arena

115

Skating rink: roller

774

Ski lift mfg

552

Ski shop

928

Ski tow

311

Skilled nursing facility

745

Skin mat mfg

828

Skin product storage

828

Skin storage

745

Skin tanning, dressing

742

Skirt mfg

773

Skylight mfg: metal

742

Slacks mfg

675

Slate quarrying

688

Slate working, cutting

711

Slaughterhouse

492

Sleeping quarters outdoors

743

Slip cover mfg

741

Slipper mfg
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773

Small arms or accessory mfg

771

Smelting: ferrous

772

Smelting: non ferrous

711

Smoke house: meat

164

Snack bar

718

Snack mfg

773

Snap fastener mfg: metal

774

Snow blower mfg

554

Snow blower rental, sales

725

Snuff plant

726

Soap or detergent mfg

869

Soap storage

675

Soapstone mining, quarrying

141

Social club w/o sleeping

736

Sock mfg: knitted

776

Socket mfg: elec

755

Soda pulp mfg

677

Sodium mining, quarrying

761

Sodium processing

724

Soft drink mfg

744

Sole leather tannery

741

Sole mfg: leather or plastic

741

Sole mfg: wooden

763

Solid resin mfg: synthetic

762

Solvent extraction

765

Solvent mfg

767

Solvent mfg
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462

Sorority house

532

Sound equipment sales

776

Sound recording equip mfg

719

Soup canning

816

Soybean elevator

715

Soybean grinding, splitting

726

Soybean processing

811

Soybean storage, bulk

791

Space measuring instrument mfg

773

Spade mfg

716

Spaghetti mfg

773

Spanner mfg
Spar mfg (see 781-782)

513

Specialty food store

233

Specialty school

792

Spectacle mfg

726

Sperm oil products

719

Spice processing

774

Spindle mfg for textile machine

774

Spinning machine mfg: textile

732

Spinning mill: cotton

734

Spinning mill: mixed, other fibers

733

Spinning mill: wool or worsted

773

Spiral spring mfg

791

Splint mfg

716

Split pea mfg

747

Sponge mfg: rubber or synthetic
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747

Sponge rubber mfg

774

Spool mfg for textile machine

773

Spoon mfg: nonprecious metal

794

Spoon mfg: precious metal

746

Sporting goods mfg, leather

798

Sporting goods mfg, non-leather

552

Sporting goods store

773

Sporting guns mfg

123

Sports arena

737

Sports net mfg

521

Sportswear shop

774

Spring mfg: balance

773

Spring mfg: steel

815

Stable

123

Stadium

765

Stain mfg: wood, varnish

682

Stained glass mfg

799

Stamp mfg: embossing, metal

799

Stamp mfg: rubber

758

Stamp printing: postage

773

Stamped metal pieces mfg: drop

763

Stamping plastics

661

Standing timber

734

Staple fiber mfg

715

Starch plant

837

Starch storage: bulk

591

State capitol
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514

State liquor store

591

State office

173

Station: bus

176

Station: elevated railroad

888

Station: fire

365

Station: police

174

Station: railroad, street level

175

Station: subway

756

Stationery mfg incl printing

541

Stationery store

751

Stave mfg

141

Steam bath

774

Steam boiler mfg

614

Steam generating plant

774

Steam roller mfg

774

Steam shovel mfg

983

Steam utility right of way

726

Stearin oil refining or mfg

771

Steel alloy mfg

771

Steel billet, bloom mfg

771

Steel conversion, forging

771

Steel foundry, furnace, mill

771

Steel smelting, refining

773

Steel spring mfg

771

Steel stripping

771

Steel: basic products mfg

774

Steelwork mfg: building, bridge
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784

Steering gear mfg: motor vehicle

725

Stemming tobacco

799

Stencil mfg

595

Stenographic services firm

545

Stereo equipment sales

757

Stereotyping newspaper, magazine

561

Stethoscope sales

736

Stocking mfg: knitted

711

Stockyard abattoir

817

Stockyard: livestock storage

774

Stoker mfg

688

Stone crushing

675

Stone quarrying

688

Stone shaping, grinding

681

Stoneware pipe, conduit mfg

753

Stopper mfg: cork

891

Storage: general

562

Store fixture sales

754

Store front mfg

754

Store shutter mfg

581

Store: department w/furniture

754

Storm door mfg

945

Storm drain

925

Storm shelter

723

Stout mfg

681

Stove lining mfg: brick

771

Stove mfg: cast iron
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776

Stove mfg: elec

773

Stove mfg: not cast iron, nonelec

765

Stove polish mfg

532

Stove sales

746

Strap mfg: leather

742

Straw hat mfg

739

Straw mat mfg

756

Straw mfg: paper

737

Straw rope, cord mfg

819

Straw stack

946

Stream

981

Street construction

174

Street level rail terminal

783

Street railway painting shop

783

Street railway repair shop

887

Street railway storage house

962

Street: paved, public

783

Streetcar assembling, mfg

795

String instrument mfg

737

String mfg

677

Strontium minerals mining

761

Strontium minerals processing

681

Structural clay products mfg

893

Structural clay products storage

771

Structural steel mfg

871

Structural steel storage

141

Student club
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461

Student dormitory

141

Student union

186

Studio: motion-picture

553

Studio: photography, still picture

185

Studio: radio or TV

662

Stump storage: wood

322

Substance abuse center - limited care

642

Substation: elec

783

Subway car mfg

175

Subway station

922

Subway tunnel

717

Sugar beet or cane refining

836

Sugar storage: bulk

831

Sugar storage: packaged

717

Sugar syrup refining

742

Suit mfg

746

Suitcase mfg

755

Sulfate, sulfite pulp mfg

677

Sulfur mining: natural

677

Sulfur ore mining

761

Sulfur ore processing

761

Sulfur processing: natural

412

Summer cottage: 1 family

415

Summer cottage: 2 family

181

Summer stock theater

132

Sunday school

511

Supermarket over 930 m2
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512

Supermarket under 930 m2

162

Supper club

593

Surgeon's office

791

Surgical supply mfg

521

Surplus store

594

Surveyor's office

742

Suspender mfg

141

Swimming club

116

Swimming pool or equipment

954

Switch control equipment railroad

776

Switch mfg: elec

776

Switchboard mfg: telephone

775

Switchgear mfg: elec

952

Switchyard

773

Sword mfg

131

Synagogue

761

Synthetic dye mfg

761

Synthetic fertilizer mfg

734

Synthetic fiber carding

735

Synthetic fiber finishing

764

Synthetic fiber mfg

823

Synthetic fiber storage: bales, bags

734

Synthetic fiber: part process mill

763

Synthetic resin mfg

763

Synthetic rubber mfg

747

Synthetic rubber product mfg

683

Syphon glass mfg
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724

Syrup mfg: flavoring

754

Table mfg: any material

726

Table oil mfg

743

Tablecloth mfg

794

Tableware mfg: metal or stone

756

Tabulating machine card mfg

776

Tabulating machine mfg

799

Tag mfg

524

Tailor shop

742

Tailor-made clothing mfg

675

Talc mining, quarrying

688

Talc works

726

Tallow oil refining

767

Tank farm

841

Tank storage: flammable or combustible liquids

842

Tank storage: gas

843

Tank storage: LP-Gas

745

Tannery: fur, skin, pelt, hide

744

Tannery: leather

761

Tanning extract mfg

732

Tape mfg: woven cotton

734

Tape mfg: woven mixed fibers

776

Tape recorder mfg

726

Taper mfg, candles

163

Taproom

768

Tar coated paper mfg

767

Tar distillation
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743

Tarpaulin mfg
Tavern w/sleeping (see 441-446)

163

Tavern, w/o sleeping accomodations

784

Taxicab mfg, assembly

883

Taxicab parking garage

973

Taxiway

753

Tea chest mfg

655

Tea growing

719

Tea leaf processing

776

Teapot mfg: metal, w/heating element

773

Teapot mfg: metal, w/o heating element

774

Teasel rod mfg for textile machine

231

Technical school

791

Teeth mfg: artificial, false

776

Telegraph apparatus mfg

751

Telegraph pole mfg

776

Telephone apparatus mfg

927

Telephone booth: outdoor

634

Telephone exchange

983

Telephone utility right of way

776

Teleprinter mfg

792

Telescope mfg

548

Telescope sales

776

Teletype machine mfg

754

Television cabinet mfg: wood

776

Television mfg

538

Television repairs w/o sales
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545

Television sales

185

Television studio

131

Temple

583

Ten cent store over 930 m2

582

Ten cent store under 930 m2
Tenement (see 421-428)

142

Tennis club

981

Tennis court construction

743

Tent mfg

552

Tent sales

492

Tent: residential

816

Terminal grain elevator

894

Terminal warehouse

171

Terminal: airport passenger

173

Terminal: bus, limousine

176

Terminal: elevated railroad

894

Terminal: freight

177

Terminal: marine

174

Terminal: street level railroad

175

Terminal: subway

322

Terminally ill care

771

Terneplate mfg

681

Terra cotta mfg

774

Test cell: engine

735

Textile finishing

774

Textile mchry mfg

826

Textile product storage
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826

Textile storage

526

Textile store

181

Theater: combined use

162

Theater: dinner

184

Theater: drive-in

181

Theater: legitimate

183

Theater: motion-picture

776

Therapeutic apparatus mfg

776

Thermistor mfg

776

Thermostat mfg

865

Thinner storage

732

Thread mill: cotton

734

Thread mill: mixed other fibers

733

Thread mill: wool or worsted

739

Thread reworking mill

774

Thresher mfg, incl self-propelled

123

Ticket office: sporting events

758

Ticket printing

941

Tidal waters

522

Tie store

738

Tile mfg: asphalt, vinyl, linoleum

747

Tile mfg: rubber floor

681

Tile plant: clay products

662

Timber hewing, rough shaping

661

Timber planting, replanting

661

Timber standing

856

Timber storage not in forest

Copyright 1996 NFPA

662

Timber: yard storage

793

Time lock mfg

793

Time recorder mfg

776

Time switch mfg: elec

793

Timer mfg

773

Tin can mfg

672

Tin mine, quarry

773

Tin products mfg

772

Tin refining, smelting

773

Tin stamping, cold pressing

772

Tin wire drawing

773

Tinware mfg

747

Tire mfg

747

Tire recapping, repair

916

Tire salvage

867

Tire storage

575

Tire store

755

Tissue paper mfg

773

Titanium hollowware mfg

772

Titanium refining, smelting

773

Titanium stamping

772

Titanium wire drawing

776

Toaster mfg, domestic

656

Tobacco curing, drying shed

655

Tobacco growing

656

Tobacco preparing

725

Tobacco products mfg
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838

Tobacco products storage

542

Tobacco shop

725

Tobacco stemming

814

Tobacco storage: loose or baled

717

Toffee mfg

799

Toilet brush mfg

756

Toilet paper mfg

766

Toiletries mfg

924

Toll station

766

Toners mfg

774

Tool holder mfg: metal

774

Tool mfg

791

Tool mfg: engineers

776

Tool mfg: flexible shaft, portable

773

Tool mfg: hand

776

Tool mfg: power

808

Tool shed

873

Tool storage

766

Tooth powder mfg

799

Toothbrush mfg

766

Toothpaste mfg

573

Top shop: motor vehicle

773

Torpedo case mfg

431

Tourist home: 4-8 roomers

432

Tourist home: 9-16 roomers
Tourist home: over 16 persons (see 441-446)

743

Towel mfg
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591

Town hall

591

Town office building

798

Toy mfg: nonrubber

747

Toy mfg: rubber

551

Toy store

774

Tractor mfg

574

Tractor sales

757

Trade journal publishing

231

Trade school

562

Trade supply sales

776

Traffic signaling apparatus mfg

784

Trailer mfg, assembly

935

Trailer park

922

Train tunnel

783

Tram mfg

642

Transformer

775

Transformer mfg

642

Transformer vault

776

Transistor mfg

774

Transmission chain mfg

644

Transmission line: gas

645

Transmission line: oil

784

Transmission mfg: motor vehicle

776

Transmitter mfg

632

Transmitter site: radar

632

Transmitter site: radio, TV

632

Transmitter site: tracking station
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663

Trapping

411

Travel trailer: permanent family unit

662

Tree felling, rough cutting

921

Trestle

785

Tricycle mfg

887

Trolley car storage

784

Troop carrier mfg, assembly

742

Trouser mfg

575

Truck accessory store

894

Truck freight terminal

784

Truck mfg, assembly

883

Truck parking area

573

Truck repair

574

Truck sales

791

Truss mfg

753

Tub mfg: wood

773

Tube mfg: collapsible

776

Tube mfg: elec vacuum

771

Tube mfg: flexible, iron or steel

682

Tube mfg: glass

764

Tube mfg: plastic

747

Tube mfg: rubber

747

Tube mfg: rubber inner

682

Tube, electronic glass envelope mfg

781

Tug/tow boat building: repair

922

Tunnel

781

Turbine mfg, repair: marine
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775

Turn indicator mfg: vehicle

765

Turpentine refinery

737

Twine plant

773

Type foundry

758

Typesetting

774

Typesetting machine mfg

757

Typesetting: newspaper

776

Typewriter mfg: elec, manual

538

Typewriter repair w/o sales

799

Typewriter ribbon mfg

531

Typewriter sales w/repair

742

Umbrella mfg

522

Umbrella store

965

Uncovered parking area

175

Underground rail terminal

925

Underground shelter

742

Underwear mfg

742

Uniform mfg

241

University classroom building

461

University dormitory

964

Unpaved street, road, path

754

Upholstering plant

764

Upholstery fill mfg: plastic

739

Upholstery fill mfg: textile

751

Upholstery fill mfg: wood

531

Upholstery store

744

Upper shoe leather tanning
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531

Used furniture sales

747

Used tire reprecessing

642

Utility pole

983

Utility right of way

922

Utility tunnel

615

Utility:-electric

936

Vacant lot

776

Vacuum cleaner mfg: elec

683

Vacuum flask glass mfg

776

Valve mfg: elec

774

Valve mfg: mechanical

583

Variety store over 930 m2

582

Variety store under 930 m2

765

Varnish mfg

865

Varnish storage

753

Vat mfg

773

Vault door mfg

642

Vault: electrical

636

Vault: records

642

Vault: transformer

713

Vegetable canning

713

Vegetable dehydrating, quick-freezing

719

Vegetable dye mfg

655

Vegetable growing

713

Vegetable juices packing

726

Vegetable oil refinery

713

Vegetable packing
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657

Vegetable packing as picked

784

Vehicle mfg, assembly

787

Vehicle mfg: animal or hand drawn

573

Vehicle repair

922

Vehicle tunnel

732

Veil, veiling mfg: cotton

734

Veil, veiling mfg: mixed fibers

733

Veil, veiling mfg: wool

751

Veneer mfg

774

Ventilating mchry mfg

716

Vermicelli mfg

742

Vestment mfg

766

Veterinary chemicals mfg

556

Veterinary service

545

Video recording equipment sales

534

Video store

713

Vinegar mfg

733

Virgin wool working

773

Vise mfg: metal

366

Vocational rehabilitation center

231

Vocational school

739

Wadding mfg: all fibers

787

Wagon mfg: horse drawn

742

Walking stick mfg

535

Wall covering sales

773

Wall mfg: metal

756

Wallpaper mfg incl printing
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758

Wallpaper printing

535

Wallpaper store

891

Warehouse: general storage

773

Washer mfg: metal

774

Washing machine mfg: nonelectric

532

Washing machine sales

776

Washing mchry mfg: elec

739

Waste batting mill
Waste disposal (see 911-915)

916

Waste paper reclaiming

755

Waste paper sorting

855

Waste paper storage

747

Waste rubber processing

733

Waste wool recovery

793

Watch mfg

544

Watch repair shop

544

Watch sales

793

Watchcase mfg
Water areas (see 941-949)

981

Water main construction

647

Water reservoir

647

Water tank

647

Water treatment plant

983

Water utility right of way

647

Water works

742

Waterproof outerwear mfg

981

Waterway construction
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767

Wax mfg: paraffin

765

Wax products mfg

736

Wearing apparel mfg: knitted

742

Wearing apparel mfg: not knitted

521

Wearing apparel sale, rental

826

Wearing apparel storage

925

Weather shelter

774

Weaving machine mfg: textile

732

Weaving mill: cotton

734

Weaving mill: mixed, other fibers

733

Weaving mill: wool or worsted

732

Webbing mfg: cotton

734

Webbing mfg: mixed, other fibers

733

Webbing mfg: wool or worsted

761

Weed killer mfg

774

Weighing machine mfg

774

Welding electrode mfg

775

Welding mchry mfg: elec

774

Welding mchry mfg: nonelec

774

Welding rod mfg

773

Welding shop

562

Welding supply sales

981

Well construction: water

674

Well: oil, gas

726

Whale oil refining

898

Wharf

715

Wheat milling, preparation
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785

Wheel mfg: cycle

784

Wheel mfg: motor vehicle

787

Wheelbarrow mfg

787

Wheelchair mfg

746

Whip mfg: leather

721

Whiskey distillery

846

Whiskey storage

765

White lead paste mfg

799

Wig mfg

525

Wig sales

931

Wildlife habitat

661

Wildlife preserve

753

Willow product mfg

775

Winch mfg: elec

774

Winch mfg: nonelec

795

Wind instrument mfg

774

Winding machine mfg: textile

682

Window glass mfg

751

Window mfg: wood

773

Window sash mfg: metal

751

Window sash mfg: wood

754

Window shade plant

535

Window shade store

567

Window washing firm

722

Wine mfg

766

Wine mfg: medicated

846

Wine storage
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722

Winery

412

Winter cottage: 1 family

415

Winter cottage: 2 family

784

Wiper mfg: motor vehicle

774

Wire drawing machine mfg

771

Wire drawing: ferrous

772

Wire drawing: nonferrous

773

Wire gauze mfg

754

Wire mattress mfg

773

Wire mfg exc drawing

775

Wire mfg: insulated electric

773

Wire nail mfg

773

Wire net mfg

773

Wire products mfg

774

Wire rope making mchry mfg

775

Wiring harness mfg: vehicle

362

Women detention home

753

Wood block mfg

782

Wood boat mfg

753

Wood bowling pin mfg

751

Wood building products mfg

753

Wood carving mfg

666

Wood chip pile

753

Wood container mfg

751

Wood door mfg

751

Wood fiber product plant

751

Wood flooring mfg
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751

Wood flour mfg

856

Wood fuel storage not in forest

753

Wood heel mfg

753

Wood last mfg

662

Wood logs for fuel storage

795

Wood musical instrument mfg

751

Wood preserving plant

753

Wood products mfg

852

Wood products storage

853

Wood pulp storage

753

Wood rack mfg

751

Wood roofing mfg

753

Wood saddlery mfg

751

Wood sawing, planing

751

Wood sleeper mfg

753

Wood sole mfg

765

Wood stain mfg

753

Wood toy mfg

751

Wood treating plant

753

Wood tube mfg

758

Woodcuts mfg

661

Woodland maintenance

753

Woodware mfg

751

Woodwork mfg

753

Woodworking off building site

751

Woodworking on building site

733

Wool blending, cleaning, comb

Copyright 1996 NFPA

735

Wool finishing

726

Wool grease refining

742

Wool hat mfg

733

Wool mill

651

Wool production

733

Wool recovery

733

Wool reworking mill

733

Wool scouring plant

733

Wool sorting plant

733

Wool spinning, carding

822

Wool storage: bales, bags

773

Work holder mfg: metal

464

Workers' barracks

735

Worsted finishing

733

Worsted spinning

733

Worsted yarn spinning, doubling, winding

755

Wrapping paper mfg

773

Wrench mfg

765

Writing ink mfg

756

Writing pad mfg

771

Wrought iron works

776

X-ray apparatus mfg

868

X-ray film storage

776

X-ray machine mfg
Y.M.C.A. w/sleeping (see 441-446)

141

Y.M.C.A./Y.W.C.A. w/o sleeping
Y.W.C.A. w/sleeping (see 441-446)
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143

Yachting club

885

Yachting club mooring, launching facility

825

Yard goods storage

526

Yard goods store

732

Yarn mfg: cotton

734

Yarn mfg: mixed, other fibers

733

Yarn mfg: wool or worsted

732

Yarn mill: cotton

734

Yarn mill: mixed, other fibers

733

Yarn mill: wool or worsted

739

Yarn reworking mill

526

Yarn shop

825

Yarn storage

719

Yeast mfg
Young: personal care of (see 451-452)

773

Zinc hollowware mfg

672

Zinc mine, quarry

773

Zinc nail mfg

772

Zinc refining, smelting

773

Zinc stamping, cold pressing

772

Zinc wire drawing

815

Zoo shelter for animals

A-4-8.3.2
Mobile Property Type.
The following alphabetical list is based on the logic and definitions presented in 4-8.3.2 for
mobile property type. A person using this list should review the classification assigned in 4-8.3.2
to ensure that there are no qualifications on the definition of the term.
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55

Aircraft vertical take-off

52

Aircraft: 5670 kg and over

51

Aircraft: 5670 kg and under

56

Aircraft: military combat

57

Aircraft: military noncombat

53

Aircraft: reciprocating engine, fixed wing

54

Aircraft: turbine engine, fixed wing

13

All-terrain vehicle

11

Ambulance

74

Armored car

56

Attack bomber

11

Automobile, passenger

59

Balloon

47

Balloon: towed petroleum

47

Barge

47

Barge: tank

18

Bicycle: motorized

48

Boat: commercial fishing

56

Bomber aircraft

14

Bookmobile

61

Bulldozer

42

Buoy maintenance vessel

12

Bus

11

Cab

37

Caboose

16

Camping trailer

11

Car, automobile
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46

Cargo ship

48

Clam digging, harvesting vessel

45

Combat ship

65

Combine

17

Commercial mobile building

26

Compressed gas truck

62

Construction equipment

34

Container car: railroad

73

Container: shipping

65

Corn picker

48

Crab gathering vessel

64

Crane: mobile or fixed

21

Diaper service truck

31

Dining car: railroad

59

Dirigible

61

Dredge

66

Drilling rig: petroleum or gas

62

Drilling rig: water

21

Dump truck

13

Dune buggy

61

Earth mover

35

Engine: railroad

48

Factory vessel

65

Farm tractor

42

Ferry under 907 metric tons, over 65 ft

56

Fighter aircraft

42

Fire boat over 65 ft
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41

Fire boat under 65 ft

21

Fire truck

48

Fishing boat: charter

48

Fishing vessel: commercial

48

Fishing vessel: factory type

44

Flammable liquid tanker ship

63

Forklift truck

32

Freight car: railroad

46

Freighter

25

Fuel oil truck

64

Gantry crane

25

Gasoline tank truck

59

Glider

13

Golf cart

61

Grader

65

Hay baler

11

Hearse

61

Heavy construction equipment

55

Helicopter: nonmilitary

17

Industrial mobile building

63

Industrial truck

59

Kite

71

Lawn mower

63

Lift truck

59

Lighter-than-air machine

11

Limousine

21

Linen service truck
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48

Lobster fishing vessel

35

Locomotive

67

Logging equipment

26

LP-Gas transport truck

21

Mail truck

62

Marine pile driving equip

63

Materials handling equip

57

Military cargo aircraft

57

Military training aircraft

57

Military utility aircraft

74

Military vehicle

75

Missile: air or space borne

17

Mobile building

64

Mobile crane

17

Mobile home

14

Mobile laboratory

21

Mobile post office

14

Mobile teaching facility

36

Monorail

18

Motor bike

14

Motor home

41

Motorboat under 65 ft

42

Motorboat under 907 metric tons, over 65 ft

18

Motorcycle

48

Ocean products gathering vessel

31

Passenger railroad car

43

Passenger ship
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56

Patrol aircraft

22

Pedicab

47

Petroleum balloon

22

Pickup truck

14

Pickup truck camper

62

Pile driving equip

17

Professional trailer

11

Race car

31

Railroad car: passenger

34

Railroad container car

35

Railroad locomotive

37

Railroad maintenance equip

32

Railroad rolling stock: freight

31

Railroad rolling stock: passenger

33

Railroad tank car

37

Railroad wreck clearing equip

32

Railway express car

36

Railway, street car

36

Railway, subway

57

Reconnaissance aircraft

61

Road grader

75

Rocket: military

49

Sailboat w/o aux. power

41

Sailing vessel, under 65 ft with aux. power

48

Sardine catching vessel

12

School bus

42

Schooner under 907 metric tons, over 65 ft
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13

Scooter: motorized

23

Semitrailer truck

43

Ship: passenger

44

Ship: tank

45

Ship: war, combat

73

Shipping container

12

Sight-seeing bus

71

Snow blower

13

Snowmobile

75

Space vehicle

41

Speed boat under 65 ft

36

Street car

36

Subway car

35

Switch engine

33

Tank car: railroad

25

Tank truck, flammable liquid

24

Tank truck: nonflammable liquid

44

Tanker ship

11

Taxicab

67

Timber harvest equipment

12

Tour bus

12

Trackless trolley

65

Tractor

27

Trash truck

15

Travel trailer

36

Trolley car

21

Truck: cement
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25

Truck: chemical tank

26

Truck: compressed gas tank

21

Truck: farm

25

Truck: flammable liquid

63

Truck: forklift

21

Truck: general

21

Truck: mail

24

Truck: nonflammable liquid tank

23

Truck: semitrailer

27

Truck: trash

41

Tugboat under 65 ft

42

Tugboat under 907 metric tons, over 65 ft

55

Vertical takeoff aircraft, nonmilitary

42

Vessel, water, under 907 metric tons, over 65 ft

22

Wagon

45

Warship

66

Well drilling rig: petroleum or gas

62

Well drilling rig: water

48

Whaling: factory vessel

41

Yacht under 65 ft

42

Yacht under 907 metric tons, over 65 ft

A-6-3.2

Area of Fire Origin or Release of Hazardous Materials.

The following alphabetical list is based on the logic and definitions presented in 6-3.2 for area of
fire origin or release of hazardous materials. A person using this list should review the
classification assigned in 6-3.2 to ensure that there are no qualifications on the definition of the
term.
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55

Air conditioning duct

67

Air pressurized area

53

Air shaft

85

Aircraft cockpit

11

Arena

16

Art gallery

46

Ash pit

11

Assembly area over 100 persons

12

Assembly area over 100 persons without fixed seats

13

Assembly area under 100 persons

38

Assembly area: manufacturing

21

Attic for sleeping

43

Attic for storage

74

Attic: unused

11

Auditorium

85

Automobile dashboard area

78

Awning

36

Backstage

12

Ballroom

44

Bank vault

23

Bar

28

Barber shop

22

Barracks
Basement-classify as actual use of area

36

Basketball floor

25

Bathroom
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28

Beauty shop

21

Bedroom

62

Boiler room

12

Bowling alley

36

Boxing ring

85

Bridge of ship

81

Cab of truck

55

Cable way

23

Cafeteria

23

Canteen

82

Cargo area: vehicle

47

Carport

73

Ceiling and floor assembly

74

Ceiling and roof assembly

21

Cell

11

Chapel

25

Checkroom

38

Chemical reactor

57

Chimney

74

Church steeple

54

Chute: mail, laundry

13

Classroom

25

Cloak room

42

Closet

85

Cockpit of plane

41

Cold storage room

14

Common room
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46

Compactor

35

Computer area

73

Concealed floor/ceiling space

74

Concealed roof/ceiling space

75

Concealed wall space

52

Conduit shaft

35

Control center

58

Conveyor

24

Cooking area

01

Corridor

93

Court

71

Crawl space

74

Cupola

12

Dance hall

35

Data processing center

14

Den

33

Dentist's treatment room

23

Dining area, room

56

Display window

33

Doctor's treatment room

22

Dormitory

36

Dressing room

92

Driveway

55

Duct space

51

Dumbwaiter, shaft

63

Electrical panel area

35

Electronic equipment area
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51

Elevator

61

Elevator machinery room

68

Enclosure with enriched

67

Enclosure with pressurized air

83

Engine area

61

Engine room

05

Entrance way

04

Escalator way

55

Exhaust duct

16

Exhibit space

72

Exterior balcony

86

Exterior of vehicle

77

Exterior roof surface

76

Exterior wall surface

76

External trim

14

Family room

94

Farmyard

94

Field

02

Fire escape

33

First aid room

73

Floor/ceiling assembly

84

Fuel tank, line

62

Furnace room

47

Garage

46

Garbage chute

12

Gymnasium

01

Hallway

Atmosphere
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61

Head house

28

Health club

55

Heating duct

62

Heating equipment area

92

Highway

36

Ice rink

64

Incinerator room

46

Industrial waste container

24

Kitchen

31

Laboratory

54

Laundry chute

26

Laundry room

25

Lavatory

94

Lawn

11

Lecture hall

16

Library

53

Light shaft

14

Living room

82

Load carrying area: vehicle

45

Loading area, bay

05

Lobby

25

Locker room

21

Lockup

14

Lounge area

23

Lunchroom

38

Machine or processing area

61

Machine room: building service
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54

Mail chute

45

Mail room

65

Maintenance shop

43

Maintenance supply room

01

Mall

38

Manufacturing area

28

Massage parlor

13

Meeting room

13

Multipurpose room

12

Multiuse room without fixed seats

16

Museum

14

Music room

33

Nurse's office: school

27

Office

94

Open area

34

Operating room, theater

25

Outhouse

68

Oxygen atmosphere area

45

Packing department

65

Paint spraying for repair

38

Painting, coating area: production

43

Pantry

94

Park

92

Parking lot

81

Passenger area: vehicle

94

Pasture

21

Patient room
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93

Patio

36

Performance area

28

Personal service area

32

Photographic room

52

Pipe shaft

11

Place of worship

72

Porch

25

Portable toilet

25

Powder room

32

Printing room

38

Process production

37

Projection room

92

Public way

61

Pump room

35

Radar room

91

Railroad right of way

02

Ramp: exterior

03

Ramp: interior

94

Range land

45

Receiving area

44

Records storage room

34

Recovery room

14

Recreation room

61

Refrigeration room

65

Repair shop

25

Rest room

12

Roller rink
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74

Roof member

77

Roof surface: exterior

74

Roof/ceiling assembly

46

Rubbish area

46

Rubbish container

15

Sales area

25

Sauna bath

51

Shaft: dumbwaiter, elevator

53

Shaft: light

52

Shaft: pipe, vent

85

Ship bridge

45

Shipping area

15

Shop

15

Show room area

25

Shower room

14

Sitting room

22

Sleeping area 5 or more persons

21

Sleeping area under 5 persons

37

Spotlight area

38

Spray painting: production

65

Spray painting: repair

36

Stage

37

Stage light area

02

Stairway: exterior

03

Stairway: interior

74

Steeple

82

Storage area: vehicle
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41

Storage bin, tank

41

Storage of processed goods

43

Storage of supplies

15

Store

92

Street

71

Substructure space

43

Supply storage area

17

Swimming pool

63

Switchgear area

41

Tank: storage

35

Telephone booth

35

Telephone equipment

93

Terrace

66

Test cell

11

Theater

25

Toilet: portable

43

Tool room

63

Transformer vault

85

Transportation equipment control area

84

Transportation equipment fuel area

46

Trash chute, room

33

Treatment room

76

Trim: external

81

Truck cab

82

Truck cargo area

82

Trunk: vehicle

14

TV room

Copyright 1996 NFPA

96

Under construction, renovation

52

Utility shaft

98

Vacant area

94

Vacant lot

44

Vault: records

63

Vault: transformer

82

Vehicle cargo area

85

Vehicle control area: non passenger

83

Vehicle engine area

86

Vehicle exterior

84

Vehicle fuel tank, line

81

Vehicle passenger area

83

Vehicle running gear, wheels

47

Vehicle storage area

52

Vent shaft

55

Ventilation duct

14

Waiting room

75

Wall assembly

22

Ward

26

Wash house

25

Washroom

46

Waste container

46

Waste paper storage area

62

Water heater area

65

Welding shop for maintenance

38

Welding with production

83

Wheels
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95

Wildland area

95

Woods

38

Workroom: production

65

Workshop: maintenance

A-6-4.3

Equipment Identification.

The following alphabetical list is based on the logic and definitions presented in 6-4.3 for
equipment identification. A person using this list should review the classification assigned in
6-4.3 to ensure that there are no qualifications on the definition of the term.

476

Adapters: electric

633

Adding machine

024

Air compressor: mobile

650

Air compressor: stationary

344

Air conditioner: fixed local system

353

Air conditioner: portable

353

Air conditioner: portable unit

344

Air conditioners: window mounted

310

Air conditioning system
Aircraft engine heater (see 151-159)

052

All-terrain vehicle

640

Anesthetizing machine

471

Appliance cord
Appliance: heat producing (see 571-579)
Appliance: non-heat producing (see 581-589)

850

Arc lamp

850

Arc lighted projector

750

Asphalt saturating equipment
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516

Audio speaker: separate

011

Automobile

461

Ballast: electric
Barbecue (see 261-269)

132

Baseboard heater

830

Battery

820

Bearing

930

Belt

670

Belting

054

Bicycles

640

Biomedical equipment

770

Black liquor recovery equipment

930

Block

110

Boiler

820

Brake

418

Branch circuit in conduit

415

Branch circuit: armored cable

417

Branch circuit: nonmetallic sheathing aluminum wire

416

Branch circuit: nonmetallic sheathing copper wire

220

Broiler: fixed

257

Broiler: portable
Brooder (see 151-159)

920

Brush trimmer

023

Bulldozer

870

Bunsen burner

110

Burner: power

810

Burning barrel
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014

Bus
Cable: fixed electric (see 411-419)

930

Cable: non-electric

633

Calculator

252

Camp stove

583

Can opener

740

Carding machine

542

Carpet shampooers

720

Casting

341

Ceiling fan

310

Central air conditioning equipment

110

Central heating unit

910

Chain saw

261

Charcoal grill

830

Charger

770

Chemical process equipment
Chimney connector (see 171-179)

166

Chimney: factory built with factory built fireplace

165

Chimney: factory built with fireplace insert

164

Chimney: factory built with freestanding stove

161

Chimney: masonry

163

Chimney: masonry with fireplace insert

162

Chimney: masonry with freestanding stove

034

Chopper

475

Christmas tree light

970

Cigarette lighter

444

Circuit breaker branch circuit
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444

Circuit breaker distribution panel

444

Circuit breaker power switchgear

424

Circuit breaker: transformer

520

Clothes dryer

750

Coating machine

740

Coffee grinder

258

Coffee maker

230

Coffee urn
Cold box (see 331-332)

033

Combine

512

Compact disk

650

Compressor

613

Computer

172

Connector: double wall, solid fuel appliance

173

Connector: gas vent

174

Connector: liquid fuel

171

Connector: single wall, solid fuel appliance
Construction equipment (see 021-029)

670

Conveyor

220

Cooking oven: fixed

210

Cooking stove
Cooking unit: portable (see 251-259)

320

Cooling tower

632

Copier

470

Cord (see 471-479)

471

Cord: appliance

472

Cord: portable lamp
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257

Corn popper

026

Crane

031

Crawler tractor

575

Curling iron

870

Cutting torch

240

Deep-fat fryer

351

Dehumidifier: portable

720

Die casting

071

Diesel locomotive

770

Digester

760

Dipping equipment

530

Dish washer

770

Distilling equipment

444

Distribution panel: circuit breaker
Distribution panel: electric (see 443-444)

443

Distribution panel: fuse

589

Door bell

740

Drill press

560

Drill: electric portable

027

Drilling rig

620

Drinking fountain

520

Dry cleaning machine

520

Dryer: clothes

270

Duct: grease

180

Duct: heating

025

Earth-moving equipment

477

Electric adapters
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572

Electric blanket

589

Electric clock

470

Electric cord (see 471-479)

940

Electric fence

554

Electric generator

560

Electric hand tools

572

Electric hot pad

464

Electric lamp holder
Electric light fixture (see 461-469)

073

Electric locomotive

572

Electric mattress pad

431

Electric meter

432

Electric meter box

552

Electric motor 1 hp or greater

551

Electric motor less than 1 hp

470

Electric plug (see 471-479)

581

Electric razor

452

Electric receptacle

465

Electric sign inside

466

Electric sign outside

465

Electric sign: indoor

466

Electric sign: outdoor

451

Electric switch
Electronic equipment (see 611-619)

750

Electroplating equipment

860

Elevator

442

Elevator control board
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553

Elevator motor

660

Engine: internal combustion

670

Escalator

320

Evaporative cooler

710

Evaporator

342

Exhaust fan

470

Extension cord (see 473-474)

474

Extension cord: double sheath

473

Extension cord: flat

474

Extension cord: round

473

Extension cord: single sheath

341

Fan: ceiling

342

Fan: exhaust

352

Fan: portable

343

Fan: window mounted
Farm vehicle, equipment (see 031-039)

615

Fax machine

940

Fence: electric

144

Fireplace insert for factory built fireplace

143

Fireplace insert for masonry fireplace

134

Fireplace insert stove

142

Fireplace: factory built

141

Fireplace: masonry

220

Fixed cooking oven

410

Fixed electrical wiring (see 411-419)

344

Fixed local air conditioner

332

Fixed local refrigeration unit
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210

Fixed surface cooking unit

950

Flammable liquid transfer equipment
Floor care equipment (see 541-549)

083

Floor maintenance equipment: ride on

549

Floor polisher

760

Flow-coating equipment
Flue (see 161-169)
Flue pipe (see 171-179)

461

Fluorescent light fixture

481

Fluorescent tube

589

Food mixer

230

Food warming appliance: fixed

257

Food warming appliance: portable

720

Forging equipment

081

Forklift truck

740

Forming machine

064

Forwarder

331

Freezer

074

Freight car: railroad

240

Fryer: deep-fat

710

Furnace: casting, forging

110

Furnace: central

730

Furnace: heat treating

710

Furnace: processing

131

Furnace: wall

443

Fuse box

443

Fuse distribution panel
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920

Garden maintenance equipment: hand held

042

Garden tractor

780

Garnetting

850

Gas mantle

168

Gas vent

173

Gas vent connector

554

Generator: electric

740

Gin

720

Glass forming

920

Grass trimmer

270

Grease hood, duct

255

Griddle: portable

261

Grill: charcoal

263

Grill: gas

740

Grinder

740

Grinding machine

453

Ground fault circuit interrupter: plug-in, portable
Hair care product: heating (see 574-576)

574

Hair dryer

560

Hand tool

035

Hay baler

036

Hay stacker

950

Hazmat transfer equip: flammable liquid

960

Hazmat transfer equip: not flammable liquid

463

Heat lamp: fixed

482

Heat lamp: portable

110

Heat pump
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571

Heat tape

180

Heat transfer system

730

Heat treating equipment

132

Heater: baseboard
Heater: portable room (see 151-159)

120

Heater: water

180

Heating duct, pipe

572

Heating pad

110

Heating unit: centralHeating unit: fixed local (see 131-135)

262

Hibachi<ql>

076

High-rail car

270

Hood lighting equipment

270

Hood venting equipment

270

Hood: grease

074

Hopper car: railroad

572

Hot pad

251

Hot plate

577

Humidifier: heat producing

582

Humidifier: not heat producing

462

Incandescent light fixture

810

Incinerator

442

Industrial control switchgear

082

Industrial tow vehicle

134

Insert stove to fireplace

660

Internal combustion engine

830

Inverter

573

Iron
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575

Iron: hair curling

573

Ironing machine
Junction box (see 411-419)

154

Kerosene heater

710

Kiln

464

Lamp holder: electric

481

Lamp: portable

850

Lantern: gas or oil

740

Lathe

041

Lawn mower

481

Light bulb

461

Light fixture: fluorescent

462

Light fixture: incandescent

270

Lighting equipment in hood
Lighting fixture (see 461-469)

475

Lights: Christmas tree

062

Loader

071

Locomotive: diesel

073

Locomotive: electric

072

Locomotive: steam

740

Loom

423

Low voltage transformer

161

Masonry chimney

141

Masonry fireplace

572

Mattress pad: electric

720

Metal rolling

432

Meter box: electric
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431

Meter: electric

256

Microwave oven: portable

016

Military truck, vehicle

740

Milling machine

720

Molding

015

Motor home

551

Motor less than 1 hp electric

552

Motor: 1 hp or more electric

553

Motor: elevator

017

Motorcycle

980

No equipment involved

054

Non-motorized wheeled vehicle

630

Office machine (see 631-639)

850

Oil lamp

452

Outlet: electric

220

Oven: fixed cooking

257

Oven: portable

710

Oven: processing
Overcurrent protection device (see 441-449)

444

Overcurrent protection device, circuit breaker

443

Overcurrent protection device: fuse

760

Painting equipment
Panelboard: electric (see 443-444)

011

Passenger car

074

Passenger car: railroad

021

Pavement tar warmer

513

Phonograph
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632

Photocopy equipment

740

Picker: textile

027

Pile driver

740

Planing machine

471

Plug: appliancePlug: electric (see 471-479)

472

Plug: portable lamp

870

Plumbers' torch

353

Portable air conditioning unit
Portable appliance (see 54-58)
Portable cooking unit (see 251-259)

151

Portable heater: electric oil-filled

152

Portable heater: electric, not oil-filled

154

Portable heater: kerosene

155

Portable heater: oil
Portable heating unit (see 151-159)

411

Power line: utility

910

Power saw

740

Power saw: stationary

026

Power shovel
Power switchgear: electric (see 443-444)

930

Power transfer equipment

780

Precipitator: dust, fumes

740

Press: plastic, metal

631

Printer

680

Printing press

710

Processing furnace

850

Projector: arc lighted
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650

Pump

730

Quench tanks

611

Radar

512

Radio

077

Rail grinder

074

Railroad car

074

Railroad freight car

074

Railroad passenger car

076

Railroad piggyback car

075

Railroad refrigerator car

076

Railroad speeder car

074

Railroad tank, hopper car

210

Range burner: cooking

770

Reactor

453

Receptacle with ground fault circuit interrupter: hardwire

452

Receptacle: electric

513

Record player

015

Recreational vehicle

050

Recreational vehicle

830

Rectifier

310

Refrigeration equipment, system

332

Refrigerator

075

Refrigerator car: railroad

332

Refrigerator unit: local

332

Refrigerator/freezer

517

Reproduction equipment: sound

022

Road grader
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720

Rolling: metal
Room heater: fixed (see 131-135)
Room heater: portable (see 151-159)

210

Rotisserie: cook-top

220

Rotisserie: oven

750

Rubber spreading equipment

154

Salamander

549

Sanding machine: floor

910

Saw for woodland use

560

Saw: electric portable

740

Sawing equipment: stationary

014

School bus

054

Scooters

740

Screw machine

413

Service entrance cable

740

Shaping machine

465

Sign: indoor, electric

465

Sign: inside

466

Sign: outdoor, electric

466

Sign: outside

064

Skidder

061

Sky car

043

Snow blower

053

Snowmobile

560

Soldering iron

780

Solvent recovery equipment

514

Sound receiver
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517

Sound reproduction equipment
Space heater (see 151-159)

516

Speaker: audio

760

Spray booth

760

Spraying equipment
Stack (see 161-169)

180

Steam line

072

Steam locomotive

230

Steam table

514

Stereo equipment

770

Still

110

Stoker

210

Stove: cooking

133

Stove: heating

210

Surface cooking unit: fixed

476

Surge protection device

442

Switch gear, industrial control

441

Switch gear: main

451

Switch: electric
Switchboard: electric (see 443-444)
Switchbox: electric (see 443-444)

424

Switchgear: transformer

074

Tank car: railroad

512

Tape recorders

840

Tar kettle

840

Tarpot

614

Telephone
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511

Television

615

Telex
Temporary wiring (see 471-474)

078

Thermal splicer

253

Toaster

254

Toaster Oven

870

Torch

320

Tower: water cooling

031

Tractor: crawler

042

Tractor: garden

032

Tractor: wheeled

051

Trail bike
Transformer (see 421-429)

424

Transformer disconnect

421

Transformer: control

422

Transformer: distribution

423

Transformer: low voltage

014

Transit bus

616

Transmitter

023

Trencher

054

Tricycles

013

Truck over 1 ton

012

Truck up to 1 ton

016

Truck: military

740

Twister

633

Typewriter
Unit heater (see 131-135)
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411

Utility power line

541

Vacuum cleaner

018

Van

515

VCR
Vehicle wiring (see 415-419)

620

Vending machine
Vent connector (see 171-179)

270

Venting equipment in hood

515

Video equipment

255

Waffle iron

131

Wall furnace

451

Wall switch

230

Warming drawer, table

530

Washing machine

780

Waste recovery equipment

320

Water cooling device, tower

120

Water heater

740

Weaving machine

870

Weed burner

870

Welding torch

032

Wheeled tractor

930

Wire rope
Wiring in vehicle (see 415-419)
Wiring: fixed electrical (see 411-419)
Wiring: temporary electric (see 471-474)

133

Wood burning stoves
Woodland equipment (see 061-069)
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740

Woodworking, shaping equip

612

X-ray equipment

920

Yard maintenance equipment: hand held

063

Yarder

A-6-5.2

Form of Heat of Ignition.

The following alphabetical list is based on the logic and definitions presented in 6-5.2 for form
of heat of ignition. A person using this list should review the classification assigned in 6-5.2 to
ensure that there are no qualifications on the definition of the term
.
05

Agricultural burn

51

Ammunition

36

Arc from electrical equipment

43

Ash

68

Backfire: internal comb engine

38

Ballast: fluorescent light

53

Black powder fuse

53

Blasting agent

13

Blow torch

51

Bomb

04

Bonfire

42

Brake shoes

42

Brakes, hot

35

Broken conductor arcing

13

Bunsen burner

19

Burner heat: LP-Gas fueled

15

Burner heat: natural gas fueled
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17

Burner heat: oil fueled

13

Burner: Bunsen

66

Candle

53

Chemical agents

72

Chemical reaction

21

Chimney sparks

24

Chimney, coal heat

22

Chimney, wood heat

62

Cigar

61

Cigarette

65

Cigarette lighter

24

Coal, coke fired equipment, heat

23

Coal, coke fired equipment, spark or flame

84

Conducted heat from exposure

81

Convection currents from exposure

11

Cutting torch operation

81

Direct flame from exposure

35

Electric arcing, power line

35

Electric arcing: broken conductor

35

Electric arcing: loose connection

33

Electric equipment arcing: defective insulation

32

Electric equipment arcing: mechanical damage

31

Electric equipment arcing: water caused

36

Electric fence arcing

44

Electric lamp heat

47

Electrical equip heat from improper operation

46

Electrical equip heat not arcing or overloaded
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23

Ember from coal, coke fueled equipment

11

Ember from cutting torch

83

Ember from exposure

12

Ember from welding torch

21

Ember from wood, paper fueled equipment

24

Equipment heat: coal fueled

28

Equipment heat: fuel unknown

19

Equipment heat: LP-Gas fueled

15

Equipment heat: natural gas fueled

17

Equipment heat: oil fueled

22

Equipment heat: wood fueled

23

Equipment spark: coal fueled

27

Equipment spark: fuel unknown

18

Equipment spark: LP-Gas fueled

14

Equipment spark: natural gas fueled

16

Equipment spark: oil fueled

21

Equipment spark: wood fueled

16

Exhaust carbon spark, liquid fueled heat

51

Explosive

84

Exposure from conducted heat

81

Exposure from convection currents

81

Exposure from direct flame

83

Exposure from flying brands, sparks

82

Exposure from radiated heat

53

Fertilizer

54

Firecrackers

54

Fireworks
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23

Flame from coal, coke fueled equipment

11

Flame from cutting torch

12

Flame from welding torch

21

Flame from wood, paper fueled equipment

81

Flames, exposure fire

67

Flare

38

Fluorescent light ballast

83

Flying brand

41

Friction

13

Furnace: plumbers

67

Fusee

42

Glass, hot

24

Heat from coal, coke fueled equipment

11

Heat from cutting torch

17

Heat from liquid fuel fired equip

19

Heat from LP-Gas flame

15

Heat from natural gas flame

37

Heat from overloaded elect equip

12

Heat from welding torch

22

Heat from wood, paper fueled equipment

82

Heat, exposure fire

43

Hot coals

46

Hot electrical equip not overloaded

43

Hot ember

42

Hot material

72

Hypergolic ignition

47

Improperly operating electrical equip heat
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56

Incendiary device

44

Lamp

05

Land management burn

44

Light bulb heat

65

Lighter: flame type

73

Lightning discharge

17

Liquid fueled equipment heat

16

Liquid fueled equipment spark escaping

35

Loose electrical connection

19

LP-Gas flame heat

18

LP-Gas fueled equip. spark escaping

19

LP-Gas fueled equipment heat

19

LP-Gas pilot light

64

Match

51

Military rocket

55

Model rocket

56

Molotov cocktail

42

Molten material

15

Natural gas flame heat

14

Natural gas fueled equip spark escaping

15

Natural gas fueled equipment heat

15

Natural gas pilot light

17

Oil flame heat

17

Oil pilot light

04

Open fire outside: bonfire

03

Open fire outside: cooking

02

Open fire outside: warming
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01

Open fire outside: waste disposal

41

Overheated tire

37

Overloaded electric equip, wiring

13

Paint stripping torch

54

Paper cap

22

Paper fueled equipment, heat

21

Paper fueled equipment, spark or flame

54

Party popper

19

Pilot light: LP-Gas fueled

15

Pilot light: natural gas fueled

17

Pilot light: oil fueled

62

Pipe

13

Plumbers' furnace

13

Plumbers' torch

35

Power line arcing

05

Prescribed burn

53

Prima cord

72

Pyrophoric ignition

82

Radiated heat from exposure

45

Reignition

45

Rekindle

51

Rocket: military, space

55

Rocket: model

34

Short circuit unspecified

33

Short circuit: defective insulation

32

Short circuit: mechanical damage

31

Short circuit: water caused
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43

Slag

63

Smoking material

13

Soldering torch

26

Solid fueled equipment heat, not wood, paper, coal

25

Solid fueled equipment: escaping spark, not wood, paper, coal

23

Spark from coal, coke fueled equipment

11

Spark from cutting torch

36

Spark from electric motor, generator

36

Spark from electric switch

16

Spark from liquid fuel fired equip

18

Spark from LP-Gas fired equipment

14

Spark from natural gas fired equipment

12

Spark from welding torch

21

Spark from wood, paper fueled equipment

54

Sparkler

83

Sparks from exposure

72

Spontaneous ignition

74

Static discharge

71

Sun's heat

66

Taper

41

Tire overheated

11

Torch: cutting

13

Torch: paint removal

13

Torch: soldering

12

Torch: welding

52

Tracer ammunition

67

Warning flare
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12

Welding torch operation

37

Wire: overloaded electric

22

Wood fueled equipment, heat

21

Wood fueled equipment, spark or flame

A-6-6.1.2

Form of Material.

The following alphabetical list is based on the logic and definitions presented in 6-6.1.2 for form
of material. A person using this list should review the classification assigned in 6-6.1.2 to ensure
that there are no qualifications on the definition of the term.

86

Accelerant

18

Acoustical insulation

88

Adhesive

86

Aerosol

71

Agricultural product

74

Animal

25

Appliance housing

83

Atomized liquid

46

Awning

51

Bag

56

Bale storage

52

Barrel

52

Basket

32

Bed linen

32

Bedding

63

Belt: conveyor

63

Belt: drive
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22

Bench not upholstered

77

Billboard

32

Blanket

36

Blind

13

Blinds: external

37

Bolt of cloth

43

Book

23

Bookcase

51

Box

58

Broom

58

Brush: paint, dusting

74

Brushy growth outdoors

57

Bulk storage

23

Cabinet

23

Cabinetry

46

Canopy

14

Carpet

51

Carton

51

Case

16

Ceiling covering

16

Ceiling lining

71

Chaff

22

Chair not upholstered

21

Chair: upholstered

23

Chest of drawers

78

Chimney residue

84

Chips
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41

Christmas tree

58

Cleaning cloth

58

Cleaning fluids

58

Cleaning supplies

34

Clothing not on person

35

Clothing on person

32

Comforter

66

Conduit

67

Conduit covering

86

Container leaking

63

Conveyor belt

76

Cooking material

54

Cord

51

Crate

71

Crops

23

Cupboard

36

Curtain

21

Davenport

42

Decoration

23

Desk

21

Divan

13

Door: external

23

Drainboard

36

Drapery

23

Dresser

63

Drive belt

37

Dry goods
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66

Duct

67

Duct covering

81

Dust

58

Duster

82

Dynamite

12

Eaves

32

Electric blanket

61

Electrical insulation

25

Equipment housing

82

Explosives

12

Exterior sidewall covering

13

Exterior trim

37

Fabric goods

72

Fence

73

Fertilizer

81

Fiber

44

Files

23

Filing cabinet

78

Film: paint

12

Finish: exterior sidewall

11

Finish: roof

82

Firecracker

82

Fireworks

86

Flammable liquid vapors escaping

14

Floor covering

14

Flooring

58

Fluids: cleaning
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74

Forest

17

Framing: building

17

Framing: structural

65

Fuel

21

Furniture: upholstered

45

Game

86

Gas escaping

74

Grass

71

Hay

32

Heating pad

66

Hose

61

Insulation: electrical

18

Insulation: thermal

15

Interior wall covering

24

Ironing board

26

Kitchen utensils

33

Laundry

33

Linen: other than bedding

81

Lint

86

Liquid escaping

38

Luggage

17

Lumber in place

44

Magazine

15

Mantle

73

Manure

31

Mattress

58

Mop
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44

Newspaper

44

Newsprint: not rolled

87

Newsprint: rolled

62

Oil: transformer

25

Organ case

55

Packing material

78

Paint film, residue

53

Pallet

85

Palletized material

44

Paper

23

Piano

31

Pillow

66

Pipe

67

Pipe covering

86

Pipe leaking

13

Platform

72

Pole

13

Porch

71

Product: agricultural

82

Pyrotechnics

58

Rags for cleaning

91

Railroad ties

78

Residue: paint

78

Resin residue

87

Rolled paper

11

Roof covering

54

Rope
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75

Rubbish

14

Rug

55

Sacking

21

Seat or cushion: automobile

32

Sheet

23

Shelf

12

Siding

77

Sign

53

Skid

21

Sofa: upholstered

14

Stair covering

17

Stair supports

56

Storage: baled

57

Storage: bulk

85

Stored material: palletized

17

Structural member

71

Stubble

16

Surface: ceiling

12

Surface: exterior sidewall

14

Surface: floor

15

Surface: interior wall

11

Surface: roof

23

Table

33

Tablecloth

36

Tapestry

47

Tarpaulin

47

Tent
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18

Thermal insulation

14

Tile: floor

74

Timber standing

64

Tire

33

Towel

45

Toy

62

Transformer

62

Transformer oil

75

Trash

74

Tree

13

Trim: exterior

54

Twine

21

Upholstered furniture

26

Utensil: kitchen

63

V-belt

83

Vaporized liquid

21

Vehicle seats

15

Wall covering: interior

75

Waste

52

Waste basket

34

Wearing apparel not on a person

35

Wearing apparel on a person

74

Weeds

74

Wildland product: standing

13

Window sash

58

Wiping cloth

15

Wood paneling
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11

Wood shingle roof

17

Woodwork: structural

23

Work bench

55

Wrapping material

44

Writing paper

37

Yard goods

54

Yarn

37

Yarn for making cloth

A-6-6.2.2

Type of Material.

The following alphabetical list is based on the logic and definitions presented in 6-6.2.2 for type
of material. A person using this list should review the classification assigned in 6-6.2.2 to ensure
that there are no qualifications on the definition of the term.

22

Acetic acid glacial

22

Acetone

16

Acetylene

22

Acrylic acid

34

Adhesive

22

Alcohol: ethyl

37

Ammonium nitrate

15

Anesthetic gas

94

Animal

34

Asphalt

86

Asphalt siding

55

Barley

66

Beaverboard
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17

Benzene

17

Benzol

34

Bitumen

56

Briquettes

08

Brush: felled

05

Brush: live

06

Brush: standing dead

22

Butadiene

14

Butane

12

Butane and air mixture

31

Butter

24

Butyl alcohol

72

Canvas: non-waterproof

84

Canvas: waterproof

34

Carbon

56

Carbon black

17

Carbon disulfide

17

Carbon monoxide

68

Cardboard

67

Cellulose

91

Chaff

56

Charcoal

65

Chipboard

61

Chips: wood

21

Class IA flammable liquid

22

Class IB flammable liquid

24

Class IC flammable liquid
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25

Class II combustible liquid

26

Class IIIA combustible liquid

27

Class IIIB combustible liquid

72

Cloth: cotton, polyester/cotton

71

Cloth: man-made fiber

74

Cloth: silk

73

Cloth: wool or worsted

56

Coal

25

Coal oil

67

Coated paper

55

Cocofilm

55

Coconut fiber

56

Coke

25

Combustible liquid: Class II

26

Combustible liquid: Class IIIA

27

Combustible liquid: Class IIIB

34

Contact cement

27

Cooking oil

52

Cork

27

Corn oil

55

Cotton

72

Cotton yarn, fabric, finished goods

26

Cottonseed oil

34

Creosote

26

Creosote oil

29

Crude petroleum

34

Damas
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03

Decomposed material

25

Diesel fuel

03

Duff

34

Elemi

21

Ether

21

Ethyl ether

17

Ethylene

17

Ethylene oxide

21

Ethylene oxide

61

Excelsior

37

Explosives

77

Fabric: plastic coated

31

Fat: food

55

Feathers

55

Felt

72

Fiber: cotton

71

Fiber: man-made

55

Fiber: natural

55

Fiber: silk

71

Fiber: synthetic

73

Fiber: wool

65

Fiberboard

45

Film: photographic

72

Finished goods: cotton,

71

Finished goods: man-made fiber

73

Finished goods: wool

07

Firewood

Polyester/cotton
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27

Fish oil

21

Flammable liquid: Class IA

22

Flammable liquid: Class IB

24

Flammable liquid: Class IC

55

Flax

57

Flour

57

Food: not fat or grease

25

Fuel oil: No. 1-2

26

Fuel oil: No. 4-6

74

Fur fabric

74

Fur finished goods, products

26

Furfural

15

Gas: anesthetic

12

Gas: LP-City

13

Gas: manufactured city

11

Gas: natural

13

Gas: producer

13

Gas: water

23

Gasoline

34

Gelatin

34

Glue

55

Grain

01

Grass

31

Grease: food

32

Grease: non-food

76

Hair: human

65

Hardboard
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54

Hay

55

Hemp

55

Hessian

55

Hops

76

Human hair

03

Humas

27

Hydraulic fluid

22

Hydrazine

18

Hydrogen

67

Insulation: newsprint

61

Insulation: processed wood

42

Insulation: rigid foam

22

Jet fuel: JP-4

25

Jet fuel: JP-5 and -6

55

Jute

55

Jute

55

Kapok

34

Kauri

25

Kerosene

22

Lacquer

35

Lacquer: applied

31

Lard

53

Leather

02

Leaves

81

Linoleum

27

Linseed oil

93

Litter: man-made products

Copyright 1996 NFPA

02

Litter: vegetation

07

Logs

12

LP-City Gas

14

LP-Gas

32

Lubricant grease

27

Lubricating oil

63

Lumber

36

Magnesium

71

Man-made fabric

59

Manure

31

Margarine

11

Marsh gas

11

Methane

22

Methyl ethyl ketone (MEK)

27

Mineral oil

92

Mulch

22

Naphtha: V.M. & P. regular

55

Natural fiber

11

Natural gas

51

Natural rubber

02

Needles

71

Nylon fabric

55

Oats

25

Oil: coal

26

Oil: No. 6 fuel

25

Oil: range

82

Oilcloth
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85

Oily rags

35

Paint: applied

67

Paper

67

Paper treated with oil

67

Paper: coated

67

Paper: waxed

33

Paraffin

04

Peat

56

Peat

29

Petroleum crude

32

Petroleum jelly

26

Phenol

37

Phosphorus

45

Photographic film

67

Photographic paper

62

Piles: wood

34

Pitch

77

Plastic coated fabric

45

Plastic film

44

Plastic: flexible foam

43

Plastic: flexible nonfoam

41

Plastic: rigid

42

Plastic: rigid foam

65

Plywood

62

Pole: wood

33

Polish

72

Polyester/cotton fabric, finished goods
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62

Posts: wood

36

Potassium

65

Presswood

14

Propane

12

Propane and air mixture

24

Propyl alcohol

07

Pulpwood felled

38

Radioactive material

85

Rags: oily

55

Ramie

25

Range oil

72

Rayon fabric

67

Records: paper

93

Refuse

34

Resin

86

Roof covering: composition

86

Roofing: asphalt

63

Roofing: wood shingle

34

Rosin

09

Rotten wood

51

Rubber: natural

93

Rubbish

61

Sawdust

22

Shellac

53

Shoe leather

86

Siding: asphalt

74

Silk fabric
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74

Silk finished goods

55

Sisal

53

Skin: animal

08

Slash

06

Snag

36

Sodium

34

Soot

55

Soy bean

57

Starch

54

Straw

24

Styrene

34

Sulfur

71

Synthetic fabric

31

Tallow

27

Tallow oil

34

Tar

71

Textile products: man-made fiber

72

Textile products: cotton

74

Textile products: silk

73

Textile products: wool or worsted

51

Tire rubber

36

Titanium

58

Tobacco

22

Toluol, toluene

27

Transformer oil

93

Trash

45

Trash bags
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67

Treated paper

08

Tree tops: felled

05

Tree: live

06

Tree: standing dead

24

Turpentine

22

Varnish

35

Varnish: applied

55

Vegetable fibers

27

Vegetable oil

02

Vegetation litter

17

Vinyl chloride

77

Vinyl fabric

85

Waste impregnated with oil

67

Waste paper

84

Waterproof canvas

33

Wax

67

Waxed paper

55

Wheat

75

Wig

61

Wood chips

07

Wood felled but not sawed

66

Wood fibers

61

Wood flour

62

Wood piles, pole

62

Wood post

66

Wood pulp

61

Wood shavings
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63

Wood shingles

63

Wood: finished

09

Wood: rotten

63

Wood: sawed or split

63

Wood: structural

73

Wool yarn, fabric, finished goods

72

Yarn: cotton

71

Yarn: man-made fiber

74

Yarn: silk

73

Yarn: wool

36

Zirconium

A-6-7.2

Ignition Factor.

The following alphabetical list is based on the logic and definitions
presented in 6-7.2 for ignition factor. A person using this list should
review the classification assigned in 6-7.2 to ensure that there are no
qualifications on the definition of the term.

31

Abandoned cigarette, cigar, pipe ashes

72

Accidentally turned on

37

Alcohol use by individual

91

Animals

11

Arson

33

Asleep

51

Automatic control failure

57

Backfire: vehicle engine
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54

Break

34

Burning outdoors: illegal

35

Candle used for light

61

Catalytic converter

36

Child and fireworks

48

Child with flammable liquid

48

Child with hazardous material

36

Child with ignition source

36

Child with matches, open flame

31

Cigar discarded

31

Cigarette discarded

11

Civil disturbance

44

Cleaning with flammable liquid

71

Collision

46

Combustible placed near heat

62

Construction deficiency

45

Container unsafe

51

Control failure: automatic

52

Control failure: manual

35

Cutting too close

35

Debris too close to fire

51

Delayed ignition: oil burner

61

Design deficiency

31

Discarding hot material

37

Drug use by individual

82

Earthquake

55

Electrical failure
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78

Equipment not being properly operated

73

Equipment unattended

77

Equipment used for wrong purpose

56

Excess wear

93

Exposure fire

75

Failure to clean

33

Fell asleep

41

Flammable liquid spilled

43

Flammable liquid used to kindle fire

83

Flood

41

Fuel released or spilled

42

Fueling technique improper

41

Gas released accidentally

53

Ground fault

48

Hazardous material and child

63

Heater unsafely placed

86

High temperature

83

High water

81

High wind

44

Home dry cleaning

54

Hydraulic line not tight

34

Illegal burning outdoor

45

Improper container

61

Improper design

42

Improper fueling technique

63

Improper installation

76

Improper startup, shutdown
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47

Improper storage

34

Inadequate control of open fire

36

Incendiarism by child
Incendiary (see 11-13)

14

Incendiary suspected

64

Installation deficiency

63

Installation faulty

63

Installed too close to combustibles
Intentional burning (see 11-13)

71

Knockdown

56

Lack of maintenance

54

Leak

63

Light bulb unsafely placed

84

Lightning

85

Low humidity

87

Low temperature

56

Maintenance fault
Malicious act (see 11-13)

52

Manual control failure

35

Matches used for light

38

Mental lapse

11

Murder by burning

72

Not turned off

51

Oil burner delayed ignition

34

Open fire not controlled

56

Out of adjustment

34

Outdoor burning uncontrolled
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78

Over-fusing

74

Overloaded

71

Overturn

44

Painting

54

Part failure

56

Part worn out

37

Person impaired by alcohol, drugs

38

Person with mental, physical impairment

38

Physical handicap

31

Pipe ashes discarded

93

Property too close

21

Reckless act

44

Refinishing

92

Rekindle

11

Riot caused fire

53

Short circuit

34

Smoking out animal

65

Spark arrestor missing or improperly installed

41

Spilled fuel

47

Spontaneous heating

47

Storage arrangement unsafe

11

Suicide by burning

14

Suspected incendiary

14

Suspicious act

86

Temperature: high

87

Temperature: low

32

Thawing
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73

Unattended equipment

21

Vandalism suspected

44

Washing with flammable liquid

35

Welding too close

56

Worn-out equipment

A-12-4.2

Apparent Symptoms.

The following is an alphabetical list of apparent symptoms. This list should be used as a
reference to the appropriate classification in 12-4.2 as there may be qualifications on the
definition or use of the term.

39

Abortion

01

Abrasion

33

Alcohol impairment

32

Allergic reaction to medicines

02

Amputation

03

Asphyxiation

04

Avulsion of eye

31

Bleeding

34

Blunt internal trauma (closed)

13

Bruise

08

Burn (scald)

07

Burn (thermal)

05

Burn from chemicals

06

Burn from electricity

09

Cancer

10

Cardiac arrest
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11

Cardiac symptoms

05

Chemical burn

12

Chills

28

Closed fracture

13

Contusion

14

Convulsion or seizure unspecified

15

Convulsions or seizure systemic

16

Crushing

35

Cut

17

Dehydration

38

Delivery, obstetrics

18

Diabetic coma

19

Diabetic shock

20

Difficulty breathing

21

Dislocation

22

Disorientation

23

Dizziness

24

Drowning

25

Drug overdose

06

Electric burn

49

Electric shock

04

Eye (avulsion of)

04

Eye out of socket

04

Eye trauma

23

Fainting-weakness

26

Fever

27

Foreign body
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28

Fracture: closed

29

Fracture: open

30

Frostbite

15

Grand mal

46

Gunshot wounds

46

Gunshot, projectile wound

31

Hemorrhaging

32

Hypersensitivity

59

Illness, long-term

33

Impairment similar to that caused by alcohol

34

Internal trauma (closed blunt)

35

Laceration

59

Long-term illness

36

Mental disorder

13

Minor trauma

39

Miscarriage

37

Nausea

98

No apparent symptom

42

Numbness

38

Obstetrics - delivery

39

Obstetrics - miscarriage

27

Obstruction

29

Open fracture

40

Pain only

41

Paralysis

42

Paresthesia, numbness, tingling

14

Petit mal
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43

Pneumonia

45

Poison not listed elsewhere

46

Projectile wound-high velocity

44

Puncture wound (penetrating)

47

Respiratory arrest

08

Scald

48

Shock, anaphylactic

49

Shock, electrical

20

Shortness of breath

50

Sickness

03

Smoke inhalation

51

Sprain

44

Stab wounds

44

Stabbing

51

Strain

52

Stroke (C.V.A.)

53

Swelling

07

Thermal burn

42

Tingling

54

Unconscious

55

Vomiting

A-14-6.4.2

Factors that Caused or Contributed to the Hazardous Materials Release.

The following is an alphabetical list of factors that caused or
contributed to the hazardous materials release and the appropriate
classification number. This list should be used as a reference to the
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appropriate classification in 14-6.4.2 as there may be qualifications
on the definition or use of the term.

31

Abandoned or discarded

72

Accidentally turned on

37

Alcohol use by individual

91

Animal

33

Asleep

51

Automatic control failure

54

Break

93

Chemical reaction

48

Child with hazardous material

75

Cleaning inadequate

43

Cleaning with flammable liquid

71

Collision

62

Construction deficiency

46

Container movement improper

45

Container unsafe

51

Control failure: automatic

52

Control failure: manual

34

Control inadequate

61

Design deficiency

31

Discarded improperly

37

Drug use by individual

82

Earthquake

55

Electrical failure

78

Equipment not being properly operated
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73

Equipment unattended

77

Equipment used for wrong purpose

56

Excess wear
Explosion (see 94-96)

75

Failure to clean

97

Failure to use ordinary care

33

Fell asleep
Fire (see 94-96)
Fire fighting operation (see 94-96)

83

Flood

34

Gas released accidentally

53

Ground fault

48

Hazardous material and child

47

Hazardous material placed near heat

43

Hazardous materials used to kindle fire

86

High humidity

88

High temperature

83

High water

81

High wind

43

Home dry cleaning

86

Humidity: high

85

Humidity: low

54

Hydraulic line not tight

45

Improper container

61

Improper design

64

Improper installation

42

Improper mixing technique
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46

Improper movement of container<eb>

76

Improper startup, shutdown

47

Improper Storage

34

Inadequate control

64

Installation deficiency

64

Installed too close to heat source

11

Intentional release

71

Knockdown

56

Lack of maintenance

54

Leak

84

Lightning

85

Low humidity

87

Low temperature

56

Maintenance fault

11

Malicious release

52

Manual control failure

38

Mental lapse

42

Mixing technique improper

46

Movement of container improper

72

Not turned off

56

Out of adjustment

34

Overfilled container

32

Overheated

74

Overloaded equipment

71

Overturn

43

Painting

54

Part failure
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56

Part worn out

37

Person impaired by alcohol, drugs

38

Person with mental, physical impairment

38

Physical handicap

93

Reaction with chemical

43

Refinishing

34

Released or spilled

78

Safety controls bypassed

92

Secondary release

53

Short circuit

76

Shutdown improper

34

Spilled

47

Spontaneous heating

76

Startup improper

47

Storage arrangement unsafe

12

Suspected intentional release

12

Suspicious release

88

Temperature: high

87

Temperature: low

32

Thawing

34

Transfer improper

73

Unattended equipment

12

Vandalism suspected

43

Washing with flammable liquid

81

Wind high

56

Worn-out equipment
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This edition of NFPA 902, Fire Reporting Field Incident Guide, was prepared by the
Technical Committee on Fire Reporting and acted on by the National Fire Protection
Association, Inc., at its Fall Meeting held November 18-20, 1996, in Nashville, TN. It was issued
by the Standards Council on January 17, 1997, with an effective date of February 7, 1997, and
supersedes all previous editions.
This edition of NFPA 902 was approved as an American National Standard on February 7,
1997.
Origin and Development of NFPA 902
With the adoption by the Association in 1969 of NFPA 901, Uniform Coding for Fire
Protection, the Committee started the development of tools for standardized use of NFPA 901.
In 1971, the Committee issued NFPA 901AM, Fire Reporting Field Incident Manual. This
included a Basic Incident Report Form, NFPA 901F.
In 1973, NFPA 901AM was revised to include a Basic Casualty Report form, NFPA 901G,
and instructions for completing it. The Committee also issued an Action Summary Sheet, NFPA
901S, as a separate tool.
In 1976, the manual was renumbered as NFPA 902M, and the forms renumbered 902F, 902G,
and 902S. Instructions for completing the Action Summary Sheet, 902S, were included in the
manual with this edition.
In 1981, the Basic Casualty Report Form (902G) was expanded to include a separate section
for reporting data on injuries to fire service personnel. A new Form 902H and the associated
instructions for completing it were introduced as an Emergency Medical Services Report.
In 1986, text and graphics were added to better explain the exposure problem and three data
elements were added to Form 902F, Basic Incident Report. These three data elements were
"Reason for Detector Failure," "Reason for Sprinkler System Failure," and "Fuel Model."
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The 1990 edition modified the Protective Equipment section of Form 902G, Basic Casualty
Report, to provide for the reporting of three pieces of protective equipment that were being worn
or used and that failed in some manner, as opposed to reporting the presence and performance of
all protective equipment in the area of injury.
In preparing this edition, the Committee reviewed the data expected to be collected on the
incident, casualty, and EMS forms and made some revisions based on feedback from users. A
number of data elements that previously required classification were changed to a direct entry
format. The examples shown throughout the document were changed to a more narrative format
to provide better guidance. All references to NFPA 901, Standard Classifications for Incident
Reporting and Fire Protection Data, were updated to the 1995 edition of that document. The
title of the document was changed to Fire Reporting Field Incident Guide, and the "M" was
dropped from the number in keeping with the NFPA style for designating and numbering
documents.

Technical Committee on Fire Reporting
Dal L. Howard, Chair
Los Angeles City Fire Dept., CA [U]
Delvin R. Bunton, USDA Forest Service, ID [E]
Mark D. Chubb, Southern Bldg. Code Congress Int'l, Inc., AL [E]
Frank E. Florence, West Valley City, UT [SE]
Clifford S. Harvey, Fire Mark Ltd, OR [SE]
Marion A. Long, Comm of VA - Dept. of Fire Programs, VA [IM]
Rep. Nat'l Fire Information Council
William D. Morrison, Dallas Fire Dept., TX [IM]
Rep. Nat'l Fire Information Council
Mary Prencipe, Ontario Office of the Fire Marshal, Ontario, Canada [E]
Philip S. Schaenman, TriData Corp., VA [C]
Ralph E. Sellars, Jr., Factory Mutual Research Corp., MA [I]
Linda E. Smith, U.S. Consumer Product Safety Commission, DC [C]
Stanford D. Stewart, Federal Emergency Mgmt. Agency, MD [C]
Peter Tom, Emergency Mgmt. Solutions, Inc., NJ [M]
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Rexford Wilson, FIREPRO Inst. Ltd, VT [SE]
Alternates
John R. McIntire, Los Angeles County Fire Dept., CA [IM]
(Alt. to W. D. Morrison)
Michael G. Meyer, Emergency Mgmt. Solutions, Inc., NJ [M]
(Alt. to P. Tom)
Barbara J. Petrilli, Nat'l Fire Information Council, IL [IM]
(Alt. to M. A. Long)
Mario Rueda, Los Angeles City Fire Dept., CA [U]
(Alt. to D. L. Howard)
Carl E. Peterson, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred. A key to classifications is
found at the front of the book.
NOTE: Membership on a committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the committee on which the member serves.

Committee Scope: This Committee shall have primary responsibility for documents on standard
methods of compiling fire experience data by the fire service. The main purposes of this
Committee are to develop standard occupancy and cause classification for use by cities and states
in the reporting of fires, to suggest other useful information that needs to be collected, and to
develop standard forms for these purposes.

NFPA 902
Fire Reporting Field Incident Guide
1997 Edition
Information on referenced publications can be found in Appendix A.

Introduction
Fire service personnel have recognized the need to become more effective in their efforts to
educate people in fire safety habits, to make or suggest changes in fire and building codes, and to
show clearly the value of the fire service through the collection and use of meaningful data. To
help develop fire incident data in a uniform manner, the NFPA established a Technical
Committee on Fire Reporting. Using information available in the United States, Canada, Europe,
and Australia, the committee developed definitions, standard terminology, and a classification
system for data, which is published as NFPA 901, Standard Classifications for Incident
Reporting and Fire Protection Data.
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NFPA 902, Fire Reporting Field Incident Guide, and the Basic Incident Report (Form 902F),
the Basic Casualty Report (Form 902G), and the Basic EMS Report (Form 902H), were
developed to provide a fire department with a basic system for collecting and using data in a
uniform manner based on NFPA 901.
The basic report is not intended to be a complete fire report nor to serve as a guide for
developing ignition sequence factors or the various details pointing to those factors causing or
contributing to the ignition or extension of fire. In addition, it is not intended to provide all of the
known fire incident information supportive to a continuing or in-depth investigation.
It also should be noted that since the basic report is not intended as a final or complete report,
the ignition sequence information reported should only be considered as most probable based on
information available to the reporting officer at that time.
Fire departments wishing to use only part of the system outlined in this guide are welcome to
do so, although the Technical Committee on Fire Reporting would encourage fire departments to
consider collection of the data contained in the Basic Incident Report and the Basic Casualty
Report as a minimum set of data for any incident. Those wishing to add additional details are
encouraged to use these basic forms with supplementary forms as needed.
Data can be compiled from the forms either manually or automatically, using electronic data
processing. Regardless of the complexity of the system, the most important aspect is that it
produces information to support fire prevention activities, public relations, code enforcement,
planning, and administrative functions.
The Technical Committee on Fire Reporting has developed six guiding concepts that are
intended to ensure that any method used for the collection of fire data will be practical and
compatible, whether employed by a small fire service district using a ballpoint pen or by a large
department using a powerful computer. Fire service personnel using this guide should study
these concepts because the successful use of the basic system presented herein is predicated on
adherence to these concepts. The guiding concepts follow.
(a) Commitment: Any fire reporting system should be based on commitment by each fire
jurisdiction. Imposition of a particular reporting system on a particular fire service without that
service's commitment can lead to inaccurate results and should be avoided. Methods for
encouraging "voluntary use" are available.
(b) Feedback: The original information from reports, when combined and summarized, should
provide feedback to the reporting officers. This can give them access to details that can help
manage the pre-ignition potential in their specific districts and also encourage accurate input.
(c) Simplicity: A system should be based on a single incident record (file) on each fire service
incident. The contents of the file will depend on the complexity of the incident and on the
amount of follow-up information needed to understand that incident.
(d) Raise Questions: Any effective system should reveal both areas for action and areas for
special study. Thus, a basic system should raise important questions, not try to give answers to
all preconceived questions. Special studies should be planned on a geographical and limited-time
basis to get the answers to specific questions raised by the "everyday, every incident" basic
system.
(e) Use Words: The original report from the officer in charge should be in his own words,
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accurately describing the situation he actually found. NFPA 901, Standard Classifications for
Incident Reporting and Fire Protection Data, can be used to aid in word choice. Numeric codes
can be added by the officer himself or by a central coding office.
(f) Report All Incidents: Every response should be reported regardless of the type or extent of
the incident. The extent of the fire, the amount of damage, and the type of incident should be
captured by the various elements of the incident report. An incident is a response to any call for
service, whether for fire, medical, or public service.
A fire reporting system contains three fundamental elements:
Element I
Fact Finding
A. Obtain information
B. Complete report form
C. Send completed report to processing
Element II
Fact Processing
D. Receive completed reports
E. Edit (and code) reports
F. Enter facts
G. Process facts
H. Update fact file
Element III
Fact Use
I. Report periodically
J. Analyze these reports
K. Request special report (if needed)
L. Decide specific action
M. Act
N. Analyze results of that action
O. Return to J and repeat
Element I - Fact Finding. The traditional legal function of reports can be satisfied with as little
as a written narrative of the basic facts of the incident. To serve as input to a fire reporting
system, however, an incident report should be clearly structured and should use uniform
definitions and terminology. The collection of information on an incident report requires a form
or forms on which to record the information desired, instructions for completing the forms(s) so
that information within the reporting district is provided in a uniform manner, and a procedure
for forwarding these forms to a central point.
The Incident Report. Every time the fire service responds to an alarm, an incident occurs. The
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alarm might be for a fire, medical, rescue, or other public service. In all cases an incident report
is filed.
Property Survey Data. If the fire department uses NFPA 903, Fire Reporting Property Survey
Guide and the Basic Property/ Structure Report (Form 903SR) and Basic Occupancy Report
(Form 903TR), the collected data can be useful in understanding the fire. It can also provide the
person responsible for filling out the incident report with data necessary to complete that report.
Up-Date Reports. Incident follow-up information can be obtained from in-department sources
such as the fire investigator or training officer. Out-of-department sources such as hospital
personnel and insurance adjusters also can yield helpful data. In both cases an "Up-Date Report"
is filed. NFPA 904, Incident Follow-Up Report Guide and the Incident Follow-Up Report (Form
904I) can be used to record additional details.
Element II - Fact Processing. The fact-finding stage is only the first element of a reporting
system. Once information has been received, it should be processed into a record useful for legal,
planning, and management purposes. The first step in information processing involves checking
the reports for accuracy and completeness, and then aggregating information about one property
or one incident from several reports into a composite record. The second step involves the
creation of one file that consists of all of the records involving the reported incidents.
This "fact file" will constitute the basic source of information about past incidents. The way in
which the fact file is utilized will determine, to a large extent, the facts that must be recorded on
the incident report.
Element III - Fact Use. Once a fact file has been generated, it can have many potential uses. At
the least, it should meet the informational needs of all the sectors of the local fire service. These
include both information required from a legal standpoint and information needed for periodic
reports. A specific use is to provide to the company officers data on their specific part of the
protected community. A more general use would be to spot trends in fire incidence and to
provide data for program evaluation and corrective action on a chief officer level.
Even though a small fire department might have an incidence level that is too low for
meaningful statistical evaluation, the data collected could be sufficient to provide information
useful in their planning.
Data combined from surrounding districts can be even more useful. Thus, through each
incident report, the company officer, the fire service manager, and the chief of the department
can work to manage their local problem. Regional and national authorities can manage their
interests.
Another vital function of an effective system is to provide input to those designing and
marketing new equipment (potential ignition sources), and to those designing and providing
interior finishes and furnishings (available fuels), so that the total effort of all concerned can
continue to reduce the real fire problem. Fire protection decision trees similar to the one defined
in NFPA 550, Guide to the Fire Safety Concepts Tree, counts on the output of this system to
refine the decision process.
Each time a method of fire defense works well and the fire loss and danger are confined to a
small area, the confidence in that paicular method of fire defense increases. Conversely, each
time a method of fire defense fails, as indicated by an expensive loss or by injuries or death, the
failure needs to be recorded so that the confidence level in that method of fire defense can be
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reassessed.
On an even broader scale, industry, educators, architects, research scientists, and fire
protection engineers can work as an international team with fire service managers to reduce the
fire problem as it has been defined by data merged from local fire fact files.
General Applications
I. Uniformity in Reporting.
This guide contains instructions for the completion of the Basic Incident Report, Form 902F;
the Basic Casualty Report, Form 902G; and the Basic EMS Report, Form 902H. The three input
forms are designed to enable a fire department to collect basic details about all incidents to
which it responds and to use that information in making decisions that affect the fire protection
of the community.
The system allows a community to collect its information in a uniform manner so that it can be
aggregated at state and national levels. It also allows one fire department to compare its data
with that from other fire departments, as the terminology and classifications are uniform.
The person completing the report should use words that accurately describe the situation. Each
item of data can then be classified using categories defined in NFPA 901, Standard
Classifications for Incident Reporting and Fire Protection Data. It is this classification process
that establishes the uniformity, not the person's original words.
II. Forms.
Each time one or more fire service units move in response to an alarm, an incident occurs. A
record of that incident should be kept. The Basic Incident Report, Form 902F, is designed to
provide such a record. All applicable categories should be completed for each incident. If the
incident involved civilian fire casualties or any injury to fire service personnel the Basic
Casualty Report, Form 902G, should be used for recording details of each casualty. If the fire
department provides Emergency Medical Service (EMS) and that is the only service provided at
the incident, a Basic EMS Report, Form 902H, can be used instead of a Basic Incident Report
form. However, if there are injuries to fire service personnel at that incident, a Basic Casualty
Report form should be used for recording details of each fire service casualty. For complicated
incidents, additional information could be required in the incident record or file. The three forms
are shown on the following pages.
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The forms contain blocks that group related information together. Each block contains one or
more lines, and each line contains several data spaces. A typical data space follows.
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Typical Data Space
III. Form Completion.
The Basic Incident Report, the Basic Casualty Report, and the Basic EMS Report should be in
the words of the person completing the form and should give the details necessary to accurately
describe the incident. The symbol "N/A" should be used in any data space that is not applicable.
If information cannot be determined, the abbreviation "Undet." can be used to indicate
"Undetermined." All data spaces in each applicable block should be completed.
If it is the policy of the department to include data classification numbers on the form to
facilitate "adding up" data, this preferably should be done after the report has been completed.
The appropriate number of spaces for entering data classification numbers has been provided at
the end of each data space.
This guide contains appropriate references to NFPA 901, Standard Classifications for Incident
Reporting and Fire Protection Data for use by personnel responsible for classifying data. All
references cite the 1995 edition of NFPA 901. A review of the terminology, definitions, and
classifications in NFPA 901 can improve the quality of the reports.
IV. Definitions.
The following definitions are provided to aid in the use of this guide.
Casualty Report. The supplemental report completed for each casualty associated with an
incident.
Fire Report. The incident report on a fire.
Grade. Reference plane representing the elevation of finished ground level adjoining the
building at the main entrance.
Incident. An event to which the reporting agency responds or should have responded. Included
are "walk-ins" treated at the station. An incident can have more than one response. A rekindle
should be considered a separate incident.
Incident Record. The official file on an incident.
Incident Report. A document prepared by fire department personnel on a particular incident.
For understanding and legal purposes, this report should be in the preparer's own words. For
summarization purposes, the information on this report can be classified into broad categories.
The incident report is always part of the incident record or file.
V. Reporting Dates and Times.
The date and time that various activities occur are recorded on the forms. All dates should be
recorded in a month - day - year format. The following numerical designations can be used to
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record the month:
January = 01

April = 04

July = 07

October = 10

February = 02

May = 05

August = 08

November = 11

March = 03

June = 06

September = 09

December = 12

All times should be recorded using the 24-hour clock. Examples of time by the 24-hour clock
are as follows:
12:01 AM = 0001

1:00 PM = 1300

1:00 AM = 0100

2:56 PM = 1456

12:00 Noon = 1200

12:00 Midnight = 2400

VI. Forwarding Reports.
The officer in charge should forward the appropriate reports through channels to department
headquarters. As a minimum, there should be one Form 902F or one Form 902H for each
incident. If the incident involved civilian fire casualties or fire service casualties, one or more
Forms 902G should be attached. If the fire involved exposures, additional Forms 902F could be
required. All forms and other reports of the same incident should be fastened together, and the
same incident number should appear on each report.
Special Applications
The following comments are to assist personnel using the system when the circumstances of
the incident raise special questions.
I. Fires in Multiple-Occupancy Structures.
In a single multiple-occupancy structure, only one report is required. The correct address and
occupant listed should correspond to the location of the property where the fire originated. Other
occupants affected by the incident can be listed in the Remarks section together with any special
information concerning their loss.
II. Exposure Fires.
An exposure fire is a fire in a building, structure, vehicle, or outside property resulting from a
fire outside that building, structure, vehicle, or outside property.
Example 1 - One building containing a number of separate occupancies with a common roof,
similar to a shopping mall, townhouse arrangement, or apartment building.
A fire beginning in one occupancy within a multiple-occupancy structure that spreads to other
occupancies either horizontally or vertically is not an exposure fire and requires a single fire
incident report. The specific property use reported should indicate the use of the occupancy
where the fire began. Details of the other occupancies can be reported in the Remarks section.
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Example 1

Example 2 - Two separate buildings located remotely from each other.
A fire beginning in the first building that spreads to the second building is an exposure fire and
requires two fire incident reports. The form of heat of ignition in the second incident report
should be "heat spreading from another hostile fire." The incident numbers on both reports
should be identical, with the option of using index numbers to further identify the succession of
the fire.

Example 2

Example 3 - A structure separated into two buildings by a continuous fire wall extending to the
underside or through the roof. Each building can have a number of occupancies.
A fire that spreads within either of the buildings would only require one incident report,
similar to Example 1. If the fire breached the fire wall separating the buildings, two incident
reports would be necessary, similar to Example 2. Separate buildings can exist without spatial
separation.
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Example 3

Example 4 - A vehicle fire ignited by a building fire. If a building fire ignites a truck parked
outside of the building, the truck fire is an exposure fire. If the truck is parked inside the building
and is damaged by a fire that started elsewhere in the building, the truck should be regarded as
part of the building contents rather than as a separate exposure fire.
A separate Form 902F report can be used for each exposure fire, using the same incident
number used for the original fire. The form provides a space titled "Index Number" for
sequentially numbering each exposure fire. Certain data spaces on the exposure report are not
applicable. These are:
(a) Method of Alarm to Fire Department: Mark "N/A" unless a separate alarm was received
from a different source for the exposure fire.
(b) Number of Alarms: Mark only on the report covering the initial fire. This data space on the
exposure report should be marked "N/A."
III. Incidents Involving Electrical Units.
When an incident involves electrically operated equipment or an electrical installation and
disconnection of the electrical energy clears the emergency, treat it as a hazardous condition
under "Type of Situation Found." If there is sustained burning after the electrical energy has
been disconnected, treat the incident as a fire.
IV. Crashes and Ruptures.
Fire loss resulting from crashes or explosions should be reported as described in (a) and (b).
(a) Fires caused by crashes (i.e., aircraft, automobiles, etc.). Only the portions of the property
that were undamaged by the crash, but were later damaged by fire, should be considered in
estimating the dollar loss. All casualties should be reported on Form 902F. A differentiation
should be made as to whether the injury was suffered as a result of ensuing fire or as a result of
the crash when reporting the injury on Form 902G and/or Form 902H.
(b) Overpressure ruptures. An overpressure rupture is not a "fire" unless a fire follows. When
there is a rupture followed by a fire, only the portions of the structure that were not damaged by
the rupture but were damaged by the fire should be considered in estimating the dollar loss. All
casualties should be reported on Form 902F. A differentiation should be made as to whether the
injury was suffered as a result of the ensuing fire or as a result of the overpressure rupture when
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reporting the injury on Form 902G and/or Form 902H.
V. Incidents "Outside of Jurisdiction."
If the incident occurs outside the jurisdictional boundaries of your fire department and another
fire department has responsibility and is present at the incident, it is not necessary to record
information beyond that of the services your fire department provided at the incident.
If the responsible fire department is not present, it still should be its responsibility to complete
the report of the incident. Your fire department should assist them in gathering the necessary
information.
If the incident occurs in an area where there is no fire department responsible for protection, a
complete report should be filed, but the details should not be included in your fire department's
summary of fire experience.
VI. Fires Discovered Later.
A fire occurrence is sometimes discovered after it has burned itself out or at some later date, as
during an inspection. These fires should be reported using the Basic Incident Report form, and as
many details as are obtainable should be recorded on the form. Assign the fire the next available
incident number.
VII. Special Studies.
Additional data elements can be added to forms, or special forms or databases can be created
to capture other data of interest to individual users (see 1-4.4 and 1-8.6 of NFPA 901, Standard
Classifications for Incident Reporting and Fire Protection Data). Classifications for these data
elements should be chosen from NFPA 901 when such data classifications exist. Special studies
are usually of limited duration and scope.
VIII. Remarks
A section for remarks is provided on the bottom of Form 902F, Form 902G, and Form 902H.
The remarks should contain explanatory information necessary to clarify any of the entries made
in a particular line of the report. They also should tie the report together by adding the
information necessary to ensure that persons not present at the incident will understand the
circumstances of the incident. The back side of the form or additional sheets of paper appended
to the report can be used for additional remarks or diagrams.
Examples
The reports presented on the following pages are examples of typical situations that a fire
department might encounter. They are presented here as an aid to understanding the use of Form
902F, Form 902G, and Form 902H. These reports are all of hypothetical situations, and
resemblance to any actual incident is coincidental.
The first situation is a dwelling fire in which a smoke detector wakes a husband and wife. The
husband suffers smoke inhalation when he goes to the basement to attempt to fight the fire. The
wife reports the fire using a street fire alarm box. A fire fighter is injured when he gets debris in
his eye while pulling a ceiling. This situation requires one Basic Incident Report, Form 902F and
two Basic Casualty Reports, Form 902G.
The second situation is an automobile fire in which a cigarette thought to have been flipped out
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the window apparently lands on the back seat. The fire is discovered after the owner has returned
home and parked the car. A Basic Incident Report, Form 902F, is required.
The third situation is an emergency medical service call for an elderly woman suffering the
symptoms of a heart attack. A Basic EMS Report, Form 902H, with remarks is required for this
situation.
The fourth situation is a false call received automatically from a building detection and alarm
system that is tied directly to the fire department. A fire fighter is injured when he twists his
ankle jumping from the engine. This situation requires a Basic Incident Report and a Basic
Casualty Report.
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Preparation of the Basic Incident Report, Form 902F
This section is for reference in preparing the Basic Incident Report, Form 902F. The form is
divided into six blocks, each of which is identified by a heavy line across the bottom.
The first block is designed to collect data on all reported incidents whether fire or non-fire
related. An incident is defined as "an event to which the reporting agency responds or should
respond." This could involve a rescue vehicle, pumper, aerial apparatus, hazardous materials
vehicle, or other fire department vehicle. Data elements in this block identify the location, date,
time, alarm, type of property, and a summary of casualties. Lines A through I are included.
The second block is designed to collect data on all fire incidents (type of situation found,
classifications 10-19). Data elements on Lines J through N in this block describe what the scene
was like when the fire department arrived, where the fire was in the property, the ignition
sequence, the method of extinguishment and the property loss.
The third block is designed to collect specific data for all structure fires (type of situation found,
classifications 11-13). Data elements grouped onto Lines O through W describe the construction,
number of stories, level of origin, flame and smoke travel, detectors, automatic sprinklers, and
extent of damage.
The fourth block is designed to collect specific data for fires involving mobile property (type of
situation found, classifications 12-14). Data elements on Line X describe the type, model year,
make, model, serial or VIN number, and license or registration number of the mobile property.
The fifth block, Line Y, is designed to allow the member making out the report and the officer in
charge of the incident to sign the report, thus making the report a legal document. This block
should be completed for all incidents.
The sixth block, Line Z, is a remarks section and is designed to collect data significant to telling
the story for which no room was available on Lines A through Y. Continue the remarks on the
back side of Form 902F or complete additional pieces of paper if necessary to adequately tell the
story of the incident.
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Line A Data

Fire Department Identification
This space is provided for fire departments that participate in regional or state systems. The
identification number is normally assigned by the state and unique to the fire department. If your
fire department does not forward reports to a regional or state center, this data space can be left
blank.
Incident Number
The incident number is a unique number assigned to an incident so that no two incidents in a
given year have the same number.
Record the number assigned to this incident using your existing fire department system of
numbering incidents. It might be necessary to obtain this number from the alarm center.
Index Number
If a fire department chooses to use separate forms to record data about other properties involved
in the incident, each form should carry the same incident number, and a sequential index number
should be assigned to each additional form so that no two forms with the same incident number
also have the same index number.
The index number for the property initially involved in the incident should be recorded as "00"
and the total number of casualties and total loss associated with the incident should be recorded
on this form.
Month
Record the month the incident occurred.
Day
Record the day of the month the incident occurred.
Year
Record the year the incident occurred.
Alarm Time
Using the 24-hour clock, record the time the original alarm was received by the alarm center.
Time on Scene
Using the 24-hour clock, record the time the first unit reported arriving on the scene. It might be
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necessary to obtain this information from the alarm center.
Time Last Unit Clear
The object of this data element is to record the time the fire department gave up control of the
scene. Using the 24-hour clock, record the time the last fire department unit left the scene of the
incident. If one company is left at the scene as a "fire watch" for a considerable period of time
but control of the property has been turned back to the owner, record the activities of this
company separately in the Remarks section.
Revised Report
If any information on the report is to be updated once the report has been submitted, obtain a
copy of the original report, record the new information in red, date and initial the change, check
the Revised Report block, and resubmit the report.
Line B Data

Location/Address
Record the street number, the direction of the street if it is part of the address, the street name,
and the street type (RD, ST, AV, and so forth). Also record the city, town, or township, and the
zip code. A complete list of abbreviations for street types is presented in Section 2-3 of NFPA
901, Standard Classifications for Incident Reporting and Fire Protection Data.
Use a single letter for street direction when indicating North, South, East, or West. Use two
letters when indicating a combined direction:

Northeast = NE
Southeast = SE

Southwest = SW
Northwest = NW

If the address is a street intersection, show the two cross streets. If the incident occurs on a major
highway, record the highway name and the closest mile mark.
If the involved property is a motor vehicle, boat, or other mobile property, list the address where
the incident occurred, not the owner's home address.
If there is no city or town designation for the area of the incident, some other means of
geographic identification can be used, such as grid coordinates; legal land description; latitude
and longitude; or township, range, and section.
Property Number
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The property number is a unique number assigned to each property during a property survey. See
NFPA 903, Fire Reporting Property Survey Guide. Record the property number assigned to the
property being described in this report. This enables data users to link loss information with
information available from the property survey. If your fire department does not assign property
numbers, or the incident occurred on a public property such as a street, leave this space blank.
Line C Data

Occupant Name
Record the full name of the person, company, or agency that occupies the area where the
incident occurred. This could be an occupant of an apartment, a manager of a business, or the
owner of the property. If the incident involved a vehicle and the driver was present, record the
driver's name. If the incident occurred on open land and someone was present, record the
person's name. If the incident involved a vehicle or open area and no one was present, leave this
space blank.
Telephone Number
Record the telephone number, including the area code, where the above-named occupant can
be reached.
Room or Apartment
If the incident occurred in a building, record the number of the room or apartment where the
incident occurred if such an identifying number exists. If there is no identifying number, record
"N/A."
Line D Data

Owner Name
Record the correct full name of the owner of the property where the incident occurred if
different from that of the occupant. If the owner was also the occupant, record "Same as above."
Address of Owner
Record the complete address of the owner if it is different from the address where the incident
occurred. If the address is the same as the address of the incident, record "Same as above."
Telephone Number
Record the area code and telephone number, if available, where the owner of the property can
be reached.
Line E Data
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Method of Alarm to Fire Department
Record the method by which the first fire service or alarm center person became aware of the
incident. A good practice is to record the telephone number of the calling party or the number of
the alarm box if that was the method of receipt. Do not record the means by which the individual
fire companies were notified of the incident. Some of the ways a fire department receives an
alarm are telephone, municipal alarm system, private alarm system, radio from a police or fire
vehicle, and people walking into a fire station.
Refer to 7-5.2 of NFPA 901 for classifications for Method of Alarm to Fire Department.
Examples:
When a person dials 911 and reaches an emergency operations center that then transfers the
call to the fire department, the method of alarm to the fire department should be classified as 2
(911 direct to other agency with transfer capability).
When a person dials a regular telephone number and reaches the fire alarm center, the method
of alarm to the fire department should be classified as 3 (direct to fire service, not 911).
Type of Situation Found
Record the most serious type of situation that your fire department encountered at the scene. In
broad categories, this could be a fire, overpressure rupture, rescue call, hazardous condition,
service call, good intent call, or false call. Be more definitive, however, and indicate the type of
fire or other incident.
If conditions change, either before the arrival of the fire department or during fire department
operations, details of the change in situation should be included in the Remarks section and the
most serious condition should be recorded as the type of situation found. For example, if the
arriving apparatus found a fuel spill and it subsequently ignited, treat the incident as a fire and
provide details of the fuel spill (Hazardous Condition) in the Remarks section.
Refer to Section 9-3 of NFPA 901 for classifications for Type of Situation Found.
Examples:
A fire originating in a television set in a house should be classified as 11 (structure fire).
A grass fire should be classified as 15 (fire in natural vegetation: trees, brush, grass).
A false alarm should be classified as 71 (malicious, mischievous false call).
Wires down and arcing should be classified as 44 (electrical arcing, shorted electrical
equipment).
Line F Data

Type of Action Taken
Record the duty or action taken by the responding fire department personnel to deal with the
incident. Actions could include extinguishing a fire, providing medical treatment or rescuing a
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person, removing or neutralizing a hazard, investigating a reported situation, or simply standing
by at an incident. Be as specific as possible in stating the action taken.
Refer to Section 9-5 of NFPA 901 for classifications for Type of Action Taken.
Examples:
Where the fire department extinguished a fairly serious fire in a dwelling, the type of action
taken should be classified as 12 (ventilation, extinguishment, salvage, and overhaul).
Where nothing could be found at an alarm from a building, the type of action taken should be
classified as 71 (investigate).
At an auto accident where a victim was given medical treatment and taken to a hospital, the
type of action taken should be classified as 33 (provide emergency medical service).
District
Record the designation of the fire department company, administrative district, or inspection
district where the incident occurred. If the incident is outside the fire department's area of
responsibility or jurisdiction, record "O/J." If no districts are designated by the fire department,
appropriate police districts can be used.
Shift
Where applicable, record the designation of the shift on duty that responded to the incident. If
the incident was of such duration that the shift changed during the control of the incident, record
the shift change time and the designation of the new shift in the Remarks.
Number of Alarms
Record the number of alarms transmitted for the incident. This information is used by your
department only, and local definitions of what constitutes a first alarm, second alarm, and so
forth should be used in recording the number of alarms. Where multiple alarms are sounded, the
time for each alarm should be recorded in the Remarks section.
Outside Fire Service Assistance
If mutual aid, automatic aid, or other assistance is provided to your fire department at this
incident, or if your fire department provided assistance to another fire department, record the
type of aid received or rendered.
If any other fire department was called or responded to assist at the scene of the incident, list
the names of the responding departments and the type of apparatus sent in the Remarks section.
(Example: Anytown Fire Department - 1 pumper, 1 ladder truck.) If the assistance received was
to cover a vacated fire station, it should not be reported here; but the fact that another fire
department provided coverage to vacated fire stations can be noted in the Remarks section.
If your fire department responded to a call to assist another fire department either at the scene
of an incident or by covering vacated stations in another community, your fire department gave
assistance. Sometimes, because of other emergencies or predetermined arrangements for
providing coverage to areas of a community, the fire department responsible for the area where
the incident occurred will not be present. Your fire department still gave assistance even if the
incident is outside the jurisdiction of your department.
Refer to Section 9-8 of NFPA 901 for classifications for Outside Fire Service Assistance.
Examples:
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A pumper sent by your fire department on a mutual aid call to assist at an industrial fire should
be classified as 4 (mutual aid provided to another fire department in accordance with a written
agreement).
An aerial ladder apparatus responding on the first alarm from a neighboring fire department on
an automatic aid agreement should be classified as 2 (automatic aid or initial action received
from another fire department in accordance with a written agreement).
Line G Data

General Property Use
General property use is defined as the general (overall) use of land or space under the same
management, ownership, or within the same legal boundaries, including any structures, vehicles,
or other appurtenances thereon.
A grease duct fire in a restaurant in a hotel or an explosion in the chemical laboratory of a
university present challenges to fire reporting.
Obviously, in the first case, if only data about the "hotel" are collected, then data about the
"restaurant" will be lost. In the second example, if only data about the "laboratory" are collected,
then data about the "university" will be lost. A general property use classification enables the
user to include both "hotel" and "restaurant" or both "university" and "laboratory" information.
If a portion of the general property is leased, managed, and maintained as a separate property,
treat it as a separate general property use for reporting purposes. For example, a hotel at an
airport leased to and managed by a hotel chain would be reported as hotel use, while a hotel on a
university campus and managed by the university would be reported as education use.
When a location has two or more different general uses and there is no classification to
describe the combination, then the general property use should be classified according to the
predominant use at the point of origin of the incident.
Record the general use of the property where the incident occurred. Every incident should be
associated with a general property use, with the exception of some false calls where it should be
reported as undetermined.
Refer to Section 4-6 of NFPA 901 for classifications for General Property Use.
Specific Property Use
Specific property use is defined as the use of a specific space, structure, or portion of a
structure by the owner, tenant, or occupant of the space. The specific property use should be one
of the following:
(a) The principal use of the structure or outside area if it is used for a single purpose
(b) The principal use of a fire division compartment in a structure if the structure is used for
multiple purposes
(c) The principal use of a section of a structure, a space or an area, whether inside or outside,
by the owner, tenant, or business occupying that space or area when there are multiple specific
uses, multiple tenants, or multiple businesses using the same general property
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Every piece of property, whether it be a structure or an open piece of land, has a use. This use
should be identified here.
The intent is to show the use of the property and not the configuration of buildings or other
important details of a property such as access, ownership, size, or internal weaknesses in
construction or fire defenses. For example, property used for storage of a product should be
shown for that use whether the storage is inside or outside.
Every incident report should include a specific property use with the exception of some false
calls when the specific property use can be reported as undetermined.
Property that is mobile (i.e., can move in relationship to specific property) is reported
separately; the specific use of the property where the mobile properly is located at the time of the
incident should be reported here.
Record the Specific Property Use where the incident occurred. Refer to Section 4-7 of NFPA
901 for classifications for Specific Property Use.
Examples: The following examples show the relationship between the general property use
and the specific property use for a few typical situations.
A single-family dwelling should be classified as general property use 41 (one- and two-family
residential use) and specific property use 411 (one-family dwelling, year-round use.)
A clothing store in a shopping center should be classified as general property use 51 (sales
use) and specific property use 521 (clothing store).
A chapel at a university should be classified as general property use 22 (post-secondary-level
educational use) and specific property use 131 (place of worship).
A railroad bridge should be classified as general property use 95 (railroad transportation use)
and specific property use 921 (bridge, trestle).
A children's playhouse behind a dwelling should be classified as general property use 41 (oneor two-family residential use) and specific property use 491 (children's playhouse).
A barn on a farm should be classified as general property use 65 (farm, agricultural use) and
specific property use 815 (barns, stables).
County
Record the census county code if you are also reporting census tract. The census county code
or the Federal Information Processing Standard (FIPS) county code are the same and can be
obtained from the same source for census tract information.
Census Tract
Record the number for the census tract where the property involved in the incident is located.
The census tract number is a six-digit number assigned by the U.S. Department of Commerce,
Bureau of the Census that identifies an area of land within the United States for which there is
census data available.
Line H Data

Number of Fire Suppression Apparatus Responded
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Record the total number of engines, aerial apparatus, and other apparatus designed specifically
for fire suppression activity that responded to the incident.
Number of Fire Suppression Personnel Responded
Record the total number of fire service personnel who responded to the incident on fire
suppression apparatus, including volunteers who responded in privately owned vehicles to
support fire suppression activities.
Number of Emergency Medical Services (EMS) Apparatus Responded
Record the total number of emergency medical services apparatus that responded to the
incident, including transport and nontransport emergency medical apparatus. Do not include
apparatus counted in the previous section.
Number of Emergency Medical Services (EMS) Personnel Responded
Record the total number of emergency medical services personnel that responded to the
incident, including personnel on transport and nontransport emergency medical apparatus. Do
not include personnel counted in the previous section.
Number of Other Fire Service Apparatus Responded
Record the total number of other fire service vehicles that responded to the incident. Include
heavy rescue vehicles, hazardous materials vehicles, lighting, air supply, and other specialized
apparatus. Do not include apparatus counted previously.
Number of Other Fire Service Personnel Responded
Record the total number of other fire service personnel that responded to the incident. Do not
include personnel counted previously.
Line I Data

Number of Incident-Related Injuries
Record the total number of fire service personnel and non-fire service personnel who received
injuries or were treated in connection with the incident. The affiliation of the non-fire service
personnel should be reported on the Basic Casualty Report (Form 902G). The number of injuries
or illnesses reported should be without regard to the circumstance of the injury or illness as it
pertains to the chronology of the incident.
Fire service personnel are all employees, whether career or volunteer, of a fire department who
are assigned, or can be assigned, to perform duties at emergency operations.
Non-fire service personnel include other emergency personnel and civilians involved with the
incident, occupants, or bystanders. This would include non-fire service EMS personnel, police,
and utility company employees. Fire fighter casualties who were assigned and engaged in EMS
activities should be reported as fire service personnel.
For each fire service injury recorded, a Basic Casualty Report, Form 902G, should be
completed and accompany the Basic Incident Report.
For each fire incident-related injury recorded to non-fire service personnel, a Basic Casualty
Report, Form 902G, should be completed and accompany the Basic Incident Report.
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If a fire department provides emergency medical services, a Basic EMS Report, Form 902H,
should be completed for each injury or illness.
The completion of Forms 902G and 902H can supply important data about the circumstances
of the injury or illness.
Number of Incident-Related Fatalities
Record the total number of fire service personnel and non-fire service personnel that received
fatal injuries in connection with the incident. The number of fatalities reported should be without
regard to the circumstance of the fatality as it pertains to the chronology of the incident.
See the explanation of "Number of Incident-Related Injuries" for definitions of personnel
categories.
For each fire service fatality recorded, a Basic Casualty Report, Form 902G, should be
completed and accompany the Basic Incident Report.
For each fire incident-related fatality of non-fire service personnel recorded, a Basic Casualty
Report, Form 902G, should be completed and accompany the Basic Incident Report.
If a fire department provides emergency medical services, a Basic EMS Report, Form 902H,
should be completed for each fatality.
Line J Data

Condition of Fire on Arrival of First Unit
Describe what the first fire service unit observed on arrival at the scene. This information can
often be extremely important in investigating and understanding the fire. When a fire is well in
progress on arrival at the scene, conditions should be explained as completely as possible in the
Remarks section.
Refer to Section 9-4 of NFPA 901 for classifications for Condition of Fire on Arrival.
Examples:
For an involved room and contents, the condition of fire on arrival should be classified as 4
(flames showing from small area).
For a house fully involved, the condition of fire on arrival should be classified as 6 (fully
involved).
Where a resident extinguished the fire before arrival, the condition of fire on arrival should be
classified as 1 (emergency cleared prior to arrival).
Where a wildfire is crowning, the condition of fire on arrival should be classified as 6 (fully
involved).
Area of Fire Origin
Describe the use of the room or area where the fire originated. Whereas the general property
use identifies the overall use of the land and structures thereon and the specific property use
identifies the use of that portion of the property where the fire originated, the area of origin
identifies the room, process, or precise portion of the specific property where the fire originated.
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For example, a hotel would be a general property use; a restaurant in that hotel would be the
specific property use; and the kitchen in that restaurant, if an ignition occurs there, would be the
area of origin. The area of origin is either a room, an area or portion of a room, a vehicle or a
portion of a vehicle, or possibly some open area devoted to a specific use. Be careful to avoid the
use of words like "attic" and "basement," as these denote a level of origin and not the use of the
area.
Refer to Section 6-3 of NFPA 901 for classifications for Area of Origin.
Examples:
A fire starting in the family room should be classified as 14 (lounge area).
A fire starting in the bedroom closet of a home should be classified as 42 (closet).
A fire starting in a wastebasket in a kitchen should be classified as 24 (kitchen, cooking area).
A fire starting under the hood of an automobile should be classified as 83 (engine area, running
gear, wheel area of transportation equipment).
A fire starting in a vacant lot next to a dwelling should be classified as 94 (lawn, field, open
area).
Line K Data

Equipment Involved in Ignition
The heat of ignition often originates in a piece of equipment. That piece of equipment could fail
in some manner, causing the heat, or a piece of equipment that normally produces heat could be
used or misused in such a way that combustible material is ignited. If a piece of equipment was
responsible for the heat of ignition, record the type of equipment. If no equipment was involved,
record the word "None."
Refer to 6-4.3 of NFPA 901 for information on and classifications of Equipment Involved in
Ignition.
Equipment Details
If a piece of equipment was involved in the ignition, record the following details regarding that
piece of equipment:
Year - year of manufacture
Brand name - brand name or manufacturer name
Model - model name or model number if there is one
Serial number -- manufacturer's serial number
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Exception: When the fire involves food on a stove and is confined to the cooking container
with no damage to the stove, it is not necessary to record the equipment details. The stove should
be identified as the equipment involved in ignition, however.
Examples:
A television set that short circuits and starts a fire should be classified as 511 (television).
A deep fat fryer that overheats and ignites the grease should be classified as 240 (deep fat
fryer).
A clothes dryer that ignites an accumulation of lint in the dryer should be classified as 520
(dryer).
Line L Data

Form of Heat of Ignition
The form the heat of ignition takes can be an open flame, a hot surface, an arc or spark, or
some other form. Record the form of the heat that started the fire, as near as can be determined.
The form of heat of ignition, when combined with a description of any equipment involved in
ignition, should clearly identify the heat that was responsible for the ignition. If the heat was
from a fuel-fired or fuel-powered object, be sure to specify the fuel used.
NOTE: There is a difference between gas and gasoline. Gas is a gaseous fuel; gasoline is a
liquid fuel.
Refer to Section 6-5 of NFPA 901 for classifications for Form of Heat of Ignition.
Examples:
For a short circuit in an electrical appliance, the form of heat of ignition should be classified as
34 (electric short circuit).
For a fire that starts when gasoline fumes are ignited by a natural gas-fired hot water heater,
the form of heat of ignition should be classified as 15 (heat from natural gas-fueled equipment
other than torch).
For a fire that starts when a cigarette is dropped in an upholstered chair, the form of heat of
ignition should be classified as 61 (cigarette).
An industrial plant contains a manufacturing building and an attached storage building. Stored
materials are ignited by radiated heat passing through unprotected openings from a fire in the
manufacturing building. The exposure report would classify the form of heat of ignition as 82
(radiated heat).
Material First Ignited
This data element is reported in two parts. Together they identify the material that was first
ignited.
For a fire to start, the heat of ignition must ignite a kindling fuel. This kindling fuel will have a
specific use or form that should be identified as the Material First Ignited - Form. This same
material is made of a particular substance or is of a particular composition that should be
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identified as the Material First Ignited - Type. The material identified and recorded as the first
material ignited should have sufficient volume or heat intensity to extend to an uncontrolled or
self-perpetuating fire.
Identify and record the form and type of material that was first ignited by the heat source
identified above. The first material ignited is not always the most significant from the standpoint
of fire development, but it is most significant from the ignition standpoint and, as such, care
should be taken to identify it properly. Other materials that might have been nearby and that
could have contributed substantially to the fire can be identified later.
Refer to 6-6.1 of NFPA 901 for classifications for Form of Material and 6-6.2 of NFPA 901
for classifications for Type of Material.
Examples:
Where a short circuit in a television set ignites the plastic case, the form and type of material
ignited should be classified as 25 (appliance housing or case) for form of material and 41 (rigid
plastic) for type of material.
Where playing children set the grass on fire, the form and type of material ignited should be
classified as 74 (vegetation or animal not included in classification 71 whether living or dead)
for form of material and 01 (grass) for type of material.
Where a plumber working in a wall cavity ignites fiberboard used as sound-deadening
material, the form and type of material ignited should be classified as 18 (thermal, acoustical
insulation within wall, partition or floor/ceiling space) for form of material and 65 (fiberboard,
particleboard, and hardboard) for type of material.
Where a rayon sweater ignites when the wearer leans across a gas burner on a stove, the form
and type of material ignited should be classified as 35 (wearing apparel on a person) for form of
material and 72 (cotton, rayon, cotton fabric, finished goods) for type of material.
Line M Data

Ignition Factor
The heat of ignition and the material first ignited should have been identified on Lines K and
L. In order for a fire to start, there must be some means by which the heat and material are
brought together. It can be a deliberate act, an accident, or even an act of nature. Care should be
taken to compile the facts and not to blame a person believed responsible. Record the factor
responsible for the ignition, i.e., that factor which explains why the heat source and the material
ignited were able to combine to initiate the fire.
Refer to Section 6-7 of NFPA 901 for classifications for Ignition Factor.
Examples:
The ignition factor of a fire started when a television set short circuited should be classified as
53 (short circuit, ground fault).
The ignition factor of a fire deliberately and unlawfully set in a building should be classified as
11 (unlawful incendiary).
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The ignition factor of a fire caused by a lightning strike that ignites a barn should be classified
as 84 (lightning).
The ignition factor of a fire started when a worker cutting away old metal ignites nearby
combustible materials should be classified as 35 (heat source used or placed too close to
combustibles).
Method of Extinguishment
Record the mechanism or magnitude of equipment used to finally extinguish the fire, whether
by the fire department, people in the area, or an automatic system. Some fires burn themselves
out, others are extinguished with makeshift aids, but the majority are probably extinguished by
lines from fire apparatus.
Refer to Section 9-6 of NFPA 901 for classifications for Method of Extinguishment.
Examples:
For a basement fire extinguished with a preconnected hose line using water from the tank on
the apparatus supplemented by water from a hydrant, the method of extinguishment should be
classified as 6 (water from hydrant, draft, or standpipe).
When an automatic sprinkler system activates and extinguishes the fire, the method of
extinguishment should be classified as 4 (automatic extinguishing system).
For a small grass fire extinguished by neighbors with a garden hose before the arrival of the
fire department, the method of extinguishment should be classified as 2 (makeshift aids).
For a kitchen fire extinguished with a preconnected hose line using water from the tank on the
apparatus, the method of extinguishment should be classified as 5 (water carried on apparatus
initially assigned to the incident).
For a major fire requiring three ladder pipes and four handlines to extinguish, the method of
extinguishment should be classified as 6 (water from hydrant, draft, or standpipe).
Line N Data

Property Loss
The property loss should reflect the total estimated direct fire loss, whether to a structure, its
contents or machinery, a vehicle, vegetation, or anything else of value involved in the fire. Take
into consideration the material actually damaged by the fire as well as that damaged during
extinguishment. This will include water and smoke damage as well as material damaged during
overhaul operations. If a loss figure is known, record that loss figure. If there was no loss, record
that fact.
Number of Acres Burned
Record the number of acres burned. Area should be recorded to the nearest tenth of an acre for
fires less than one acre in size, and for fires larger than one acre, it should be recorded in whole
acres.
For very large fires, this information can be derived from aerial photographs and/or by
checking land ownership through the tax assessor's office.
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Line O Data

Type of Construction
Record the type of construction used to build the structure. If the structure is a mixture of
construction types, record the principal type.
Building code classifications can be used provided that the particular code is also cited.
Refer to NFPA 220, Standard on Types of Building Construction, for information on
construction types and to 5-4.1 of NFPA 901 for classifications for Type of Construction.
Compare the "Type of Construction" definitions with existing state and city building codes to
determine the types and unique characteristics of construction in your city.
Examples:
For a wood frame dwelling, the type of construction should be classified as 5 (Type V).
For a metal-clad, metal frame building, the type of construction should be classified as 4 (Type
IV).
Number of Stories
Record the total number of stories in the structure including all below grade and above grade
stories. A mezzanine should be considered an additional story where the building code defines
the area as a mezzanine. Unused crawl spaces and unused ceiling/roof spaces should not be
considered additional stories.
Example:
The number of stories for a fire in a dwelling with two stories above grade and a basement
should be recorded as 3.
Level of Fire Origin
The level of origin identifies the distance either above or below grade level where an incident
originated. This should be recorded as the story level or a number which represents the
equivalent number of stories based on 10 ft (6 m) per story. A letter "A" or "B" should precede
the number to indicate whether the level is above (A) or below (B) grade. In the case of a
structure such as a tunnel, grade should be considered the level at the entrance.
Examples:
The level of origin for a fire on the ground story level of a building should be recorded as
A001.
The level of origin for a fire originating at the ceiling level of a utility boiler building 85 ft
above the floor should be recorded as A009 (grade to 10 ft = 001, 11 ft to 20 ft = 002, 21 ft to 30
ft = 003...and 81 ft to 90 ft = 009).
The level of origin for a fire in the first basement of an office building should be recorded as
B001.
Line P Data
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Structure Status
Structure status should describe whether or not the structure is currently used for its intended
purpose and, if not, whether it is under construction, idle, vacant, under major renovation, or
being demolished.
Refer to 5-4.9 of NFPA 901 for classifications for Structure Status.
Examples:
A dwelling in normal use whether anyone is at home or not should be classified as 2 (in use
with furnishings in place and the property being routinely used).
The structure status of a building being razed should be classified as 7 (being demolished).
The structure status of an industrial plant currently in full production should be classified as 2
(in use with furnishings in place and the property being routinely used).
Number of Occupants at Time of Incident
Record the number of occupants that are estimated to have been in the structure at the time of
the incident. It is not intended to collect data on the legal occupant capacity of an area; however,
this data can be useful for difficult estimations.
Line Q Data

Material Contributing to Fire Growth
Often the material first ignited is not the most significant from the standpoint of the fire's
growth. The two entries, Form and Type of Material Contributing to Fire Growth are designed to
record the material that generated the most flame or had the greatest influence on the burning
characteristics of the fire. Record both the form and type of material that most contributed to the
growth of the fire. If the fire is small and confined to the object of origin or the immediate area
of origin and there is no significant fire growth, record "N/A" (not applicable) and classify as 98.
Refer to 6-6.1 of NFPA 901 for classifications for Form of Material and to 6-6.2 for
classifications for Type of Material.
Examples:
A thin plywood paneling in a room is responsible for significant fire growth. The form of
material contributing to fire growth should be classified as 15 (interior wall covering) and the
type of material contributing to fire growth would be classified as 64 (plywood).
A fire originating in a trash receptacle ignites polyurethane foam cushions causing intense
flame. The form of material contributing to fire growth should be classified as 21 (upholstered
sofa, chair, vehicle seats) and the type of material contributing to fire growth would be classified
as 44 (flexible foam plastics).
Line R Data
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Factor Contributing to Flame Travel
Identify and record the single most important avenue or factor that contributed to rapid,
unusual, or intense flame spread (char) beyond the room or area of origin. Avenues can be both
vertical and horizontal and can be natural channels such as open shafts or long corridors, or they
can be mechanical methods such as conveyor systems. In some cases, the configurations of
materials are such that they form the avenue of flame travel. If the fire is small and confined to
the immediate area of origin, record "N/A" (not applicable).
Refer to 7-3.2 of NFPA 901 for classifications for Factor Contributing to Flame Travel.
Examples:
When flames from a room ignite the plywood paneling in the corridor and allow the fire to
sweep down the corridor, the factor contributing to flame travel should be classified as 12
(combustible wall finish, covering).
When flames break out of a window and the heat then breaks the window above allowing the
flames to ignite combustibles inside that area, the factor contributing to flame travel should be
classified as 26 (exterior spread).
When materials on a conveyor traveling through a fire area are ignited and continue to burn as
they pass through other areas, igniting other materials, the factor contributing to flame travel
should be classified as 42 (conveyor, special materials handling equipment).
Avenue of Smoke Travel
Describe the avenue the smoke traveled from the room or area of origin. Not all fires have a
significant smoke spread avenue; therefore, it is not always necessary to report a smoke spread
avenue. If you do not feel there was a significant smoke spread avenue, record "not significant"
on the report.
Smoke can spread horizontally and vertically, and both the direction and avenue should be
noted.
Refer to 7-4.2 of NFPA 901 for classifications for Avenue of Smoke Travel.
Examples:
When smoke travels up an open stairway, the avenue of smoke travel should be classified as 4
(stairwell).
When smoke from a fire travels through the air conditioning system to other areas on the same
story, the avenue of smoke travel should be classified as 1 (air-handling duct, plenums).
When smoke from a fire in upholstered furniture fills the first story of a dwelling by traveling
through open doorways, the avenue of smoke travel should be classified as 7 (doorway,
passageway).
Line S Data
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Detector Type
If a smoke, heat, flame, or gas detector was present in or near the area of origin so that it
would be instrumental in detecting the fire in its early stages, note the type of detector and, if
possible, its operating principle (e.g., ionization smoke detector, fixed temperature heat
detector). If a number of different detectors are present and operating on different principles,
record the type closest to the origin of the fire.
Refer to 8-4.2 of NFPA 901 for classifications for Detector Type.
Detector Power Supply
The detector power supply can be an important part of detector performance, especially if
maintenance was poor or a power failure occurred before or during a fire. If a detector type was
described in the previous block, record the type of power supply for this detector.
Refer to 8-4.3 of NFPA 901 for classifications for Detector Power Supply.
Line T Data

Detector Performance
If fire detection equipment was present in or near the area of fire origin, record its proximity to
the fire and whether or not it operated. If there were no detectors present, record "no detectors
present."
This item is not designed to evaluate alarm transmission capability of the system but just the
detection of the fire.
Refer to 8-4.4 of NFPA 901 for classifications for Detector Performance.
Reason for Detector Failure
If fire detection equipment was present in or near the area of origin and failed to operate
properly for any reason, record the reason why the equipment failed. If the detector operated
properly, indicate this fact. If there was no detector present, record "N/A" (not applicable).
Refer to 8-4.5 of NFPA 901 for classifications for Reason for Detector Failure.
Examples:
A battery-powered ionization type smoke detector on the first floor notifies the occupants of a
bedroom that there is a fire in the basement. The data elements describing the detection system
should be classified as follows:
Detector type - 1 (smoke detector)
Detector power supply - 1 (battery only)
Detector performance - 2 (detector(s) not in the room or space of fire origin, and alerted
the occupants)
Reason for detector failure - 8 (no failure)
A fire in a room equipped with fixed temperature heat detectors is detected by the heat
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detection system. The data elements describing the detection system should be classified as
follows:
Detector type - 2 (heat detector)
Detector power supply - 2 (hard wire only)
Detector performance - 1 (detector(s) in the room or space of fire origin, and alerted the
occupants).
Reason for detector failure - 8 (no detector failure)
A small fire is discovered in a room by an occupant and extinguished before there is enough
heat to activate the rate of rise heat detectors in the room. The data elements describing the
detection system should be classified as follows:
Detector type - 2 (heat detector)
Detector power supply - 2 (hard wire only)
Detector performance - 5 (detector(s) present, but fire too small to cause it to operate)
Reason for detector failure - 8 (no detector failure)
A photoelectric smoke detector in the corridor fails to notify the occupants of a bedroom
because its battery is dead. The data elements describing the detection system should be
classified as follows:
Detector type - 1 (smoke detector)
Detector power supply - 1 (battery only)
Detector performance - 4 (detector(s) not in the room or space of fire origin, and did not
operate)
Reason for detector failure - 6 (battery was discharged)
Line U Data

Type of Automatic Sprinkler System
If automatic sprinklers were present in the room or space of fire origin, record the type of
sprinkler system. The two most common types of systems are wet pipe sprinkler systems and dry
pipe sprinkler systems although there are other types that are often used for special applications.
Details on sprinkler systems can be found in NFPA 13, Standard for the Installation of Sprinkler
Systems; NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and Two-Family
Dwellings and Manufactured Homes; and NFPA 13R, Standard for the Installation of Sprinkler
Systems in Residential Occupancies up to and Including Four Stories in Height.
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Refer to 8-6.1.1 of NFPA 901 for classifications for Type of Sprinkler System.
Coverage of Sprinkler System
If automatic sprinklers were present in the room or space of fire origin, record how complete
the coverage provided by the sprinkler system was within the structure. Also record whether the
system was installed in accordance with recognized standards.
Refer to 8-6.1.2 of NFPA 901 for classifications for Coverage of Sprinkler System.
Line V Data

Sprinkler System Performance
If automatic sprinklers were present in the room or space of fire origin, evaluate the
performance of the automatic sprinkler system. If there were no automatic sprinklers present,
record "no A.S. present" and classify as 8.
If the performance of the automatic sprinkler system was not satisfactory, details of the failure
should be explained in the Remarks section.
Refer to 8-6.2.3 of NFPA 901 and use Performance of Automatic Extinguishing Equipment to
classify Sprinkler System Performance.
Number of Sprinkler Heads Operated
If automatic sprinklers were present and did operate, record the total number of heads that
operated in the structure described. In cases of large industrial plant fires where an excessive
number of heads operated, the total number can be estimated by calculating the number of heads
in a small area multiplied by the total area of the fire.
Reason for Sprinkler System Failure
If there was a sprinkler system present and it failed to operate as designed, record the reason
why the sprinkler system failed. If it operated properly, indicate this fact. If there was no
sprinkler system present, record "N/A" (not applicable) and classify as 8.
Refer to 8-6.2.4 of NFPA 901 and use Reason for Extinguishing System Failure to classify
Reason for Sprinkler System Failure.
Examples:
Two sprinklers on an NFPA 13D system in the room of origin operated and extinguished the
fire. The data elements describing the automatic sprinkler system should be classified as follows:
Type of automatic sprinkler system - 1 (wet pipe sprinkler system)
Coverage of sprinkler system -1 (complete coverage, standard installation)
Sprinkler system performance - 1 (system operated and was effective in controlling or
extinguishing the fire)
Number of sprinkler heads operated - 2
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Reason for sprinkler system failure - 8 (no extinguishing system failure)
Twenty (20) sprinklers on a dry pipe system in an industrial storage area opened but did not
extinguish the fire because the hazard was greater than any the system was designed to control.
The data elements describing the automatic sprinkler system should be classified as follows:
Type of automatic sprinkler system - 2 (dry pipe sprinkler system)
Coverage of sprinkler system -2 (complete coverage, nonstandard installation or
compliance with standard for installation not determined)
Sprinkler system performance - 2 (system operated and was not effective in controlling or
extinguishing the fire)
Number of sprinkler heads operated - 20
Reason for sprinkler system failure - 2 (not enough agent discharged to control the fire)
Line W Data

Extent of Flame Damage
Describe the burned or charred area. The area of actual flame impingement should be the
focus. "Browned" paper and similar areas scorched by heat but not attacked by flame should be
recorded in the section for Extent of Smoke Damage. Flame damage can be confined to the
object of origin or the room of origin, or spread to other rooms, stories, or even to other
structures.
Refer to Section 11-4 of NFPA 901 for classifications for Extent of Flame Damage.
Examples:
Where fire in a dwelling extends out of the room of origin to cause flame damage in two
adjacent rooms but is confined to the basement, the extent of flame damage should be classified
as 5 (confined to story of origin).
Where a fire is confined to the object first ignited and to some materials immediately
surrounding that object, the extent of flame damage should be classified as 2 (confined to part of
room or area of origin).
Where a fire causes flame damage throughout the building, the extent of flame damage should
be classified as 6 (confined to structure of origin).
Extent of Smoke Damage
Describe the extent of damage caused by the movement of smoke and heat in the structure.
This should include areas scorched by heat and any browned paper in areas where there was no
flame impingement. Do not include areas where light smoke was present but caused no damage.
Smoke damage can be confined to the object of origin, the room of origin, or it can spread to
other rooms, other stories, or even other structures.
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Refer to Section 11-4 of NFPA 901 for classifications for Extent of Smoke Damage.
Examples:
Where a fire is confined to two rooms in the basement, but there is smoke damage throughout
the house, the extent of smoke damage should be classified as 6 (confined to structure of origin).
Where a fire is confined to the immediate object, but smoke causes damage throughout the
room, the extent of smoke damage should be classified as 3 (confined to room of origin).
Where a fire destroys the building, and a store across the street suffers smoke damage, the
extent of smoke damage should be classified as 7 (extended beyond structure of origin).
Extent of Extinguishing Agent Damage
Describe the extent of damage caused by the water or other extinguishing agent used to
suppress the fire. The extent of extinguishing agent damage can be confined to the object of
origin, room or area of origin, several rooms on the same story, several stories, or it can even
spread beyond the structure of origin.
Refer to Section 11-4 of NFPA 901 for classifications for Extent of Extinguishing Agent
Damage.
Examples:
Where a fire in the basement of a dwelling is extinguished with water that is confined to the
basement, the extent of extinguishing agent damage should be classified as 5 (confined to story
of origin).
Where a small fire in a kitchen oven is extinguished with a portable extinguisher, the extent of
extinguishing agent damage should be classified as 1 (confined to the object of origin).
Where a fire on the second story of a dwelling is extinguished with water that runs through the
ceiling on the first story, the extent of extinguishing agent damage should be classified as 6
(confined to structure of origin).
Where water from a ladder pipe used to protect exposures enters an exposed building causing
damage to stock, the extent of extinguishing agent damage should be classified as 7 (extended
beyond structure of origin).
Line X Data

Mobile Property Type
If the property that was involved in the fire was designed to be mobile (designed to move or be
moved from one specific property to another, regardless of whether or not it can still be moved),
it should be identified here. While it is mobile or in transit, the property on which it is located
when the fire occurs should be identified as the Specific Property Use (Line G). If the mobile
property has been fixed by placing it on a foundation or on jacks or has been placed in a location
where it is being used as a structure, its use should be recorded as the specific property use. A
specific property use should always be recorded.
Refer to Section 4-8 of NFPA 901 for classifications for Mobile Property Type.
Examples: The following examples show the relationship between specific property use and
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mobile property type.
A bus with passengers on a suburban street: The specific property use should be classified as
962 (paved public street) and the mobile property type should be classified as 12 (bus, trackless
trolley).
A mobile home in transit on a dealer's parking lot: The specific property use should be
classified as 965 (uncovered parking area) and the mobile property type should be classified as
17 (mobile home, mobile building).
A mobile home on a foundation used as a dwelling: The specific property use should be
classified as 411 (one-family dwelling, year-round use) and the mobile property type should be
classified as 17 (mobile home, mobile building).
Mobile Property Details
If a mobile property was involved in the fire, record the following details regarding that mobile
property:
Year - model year.
Make - name of manufacturer or brand name
Model - model name or model number if there is one
Serial/VIN number - manufacturer's serial number or Vehicle Identification Number (VIN)
License number - license or registration number, including the state or agency issuing the
license or registration (If the vehicle is unregistered, record "Unreg.")
If more than one mobile property was involved, identify each separately in the Remarks
section.
Line Y Data

Member Making Report
If someone other than the officer in charge completes the report, that person should sign and
date the report.
Officer in Charge
The officer in charge of the incident should sign and date the report regardless of who
completes the report. This makes the report a legal document.
Line Z Data

Remarks
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No one form can ever meet the needs of all who use it or provide sufficient space and data
elements to accurately describe the incident for all uses. The Remarks section can fit this need
and is provided for the following specific purposes:
(a) Explaining in greater detail the data elements already on the form
(b) Expanding the data already collected where room for only the most significant information
was provided on the form (i.e., several materials were involved, several different types of
equipment were involved)
(c) Recording data significant to the incident when no specific spot on the form was provided.
(i.e., equipment and manpower utilization, weather information, the presence and performance of
special hazard systems, and the like)
On significant structural fires, it is recommended that Form 903SR, the Basic
Property/Structure Report, and Form 903TR, the Basic Occupancy Report, as defined in NFPA
903, Fire Reporting Property Survey Guide, be completed and made a part of the incident record
for that fire. It should be recognized that the design and intent of NFPA 903 is to provide prefire
information, and that certain facts required to complete Forms 903SR and 903TR could be
impossible to gather after the fire. It is also recommended that Form 904I, the Incident
Follow-Up Report, as described in NFPA 904, Incident Follow-Up Report Guide, be completed
and made a part of the incident record for the fire. The data collected on these reports can help
increase the understanding of these significant structural fires within the fire department and can
capture and preserve the data for later studies of significant fires.
Where a fire involves labeled chemicals, list the chemicals involved and estimate the
quantities. Where an incident involves hazardous or toxic materials and fire fighters are exposed
to these materials, an illness could develop later that is directly or indirectly associated with that
exposure. When such exposure occurs, the name of the individual exposed together with the
name of the hazardous or toxic material, the form of exposure (inhalation, skin exposure, and so
forth), and time or duration of exposure in minutes should be recorded.
The Remarks section provides an area to write a brief narrative of the incident or take field
notes at the scene. Use of Form 902F in such a manner could meet legal requirements and be
viewed as the field notes of the officer in charge.
Use the reverse side of Form 902F if sufficient room is not available on the face of the form. If
the reverse side is used, check the block at the bottom of the page.
Preparation of the Basic Casualty Report, Form 902G
The Basic Casualty Report, Form 902G, should be used for reporting all injuries or deaths that
result from a fire incident or whenever a fire service person is injured. The Basic Casualty
Report form is not designed for general EMS reporting. The Basic EMS Report, Form 902H, is
provided within the incident reporting system for use by those departments that provide
emergency medical services. Use of Form 902H, however, does not preclude the need to use
Form 902G when either a fire service person is injured at an incident or a non-fire service person
is injured at a fire. The term fire fighter as used for casualty reporting should include all fire
service personnel.
The Basic Casualty Report form contains space to describe one casualty. The report is similar
in organization to the Basic Incident Report, Form 902F, in that data elements are grouped or
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arranged into blocks of similarity.
The first block, consisting of Lines GA through GG, identifies the casualty, affiliation, and
when the injury occurred and was reported. Also included is basic information about the injury.
These seven lines are completed for all casualties.
The second block, Lines GH through GJ, should be completed only when the casualty is a
non-fire service person and the injury occurs in connection with a fire incident. The data
collected identifies the person's relationship to the fire and the reasons for the injury.
The third block, consisting of Lines GK through GO, is completed only when a fire service
person is injured. It describes the casualty in terms of experience and physical condition at the
time the injury took place. Other data elements tell how and why the injury was sustained and
the type, use, and performance of protective equipment worn or used.
The fourth block, consisting of Line GP, is provided for members completing the form and the
officer in charge to indicate their concurrence with the data provided. They do this by signing
and dating the appropriate spots.
The fifth block, consisting of Line GQ, is the Remarks area. No one form can provide all
necessary data items to adequately describe the significant details of every incident. Therefore,
liberal use of the Remarks area is encouraged. Additional room is provided on the reverse side of
the form, and additional sheets of paper can be used to supplement data provided. This area can
also be used to provide a narrative description of the events, details, and chronology of the
incident.
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Line GA Data
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Fire Department Identification
This space is provided for fire departments that participate in regional or state systems. The
identification number is normally assigned by the state and unique to the fire department. If your
fire department does not forward reports to a regional or state center, this data space can be left
blank.
Incident Number
The incident number is a unique number assigned to an incident so that no two incidents in a
given year have the same number.
Record the number assigned to this incident using your existing fire department system of
numbering incidents. It might be necessary to obtain this number from the alarm center.
Index Number
If the incident involved multiple properties and several Basic Incident Reports (Form 902F)
were completed, make sure the index number of the appropriate property is entered for each
corresponding casualty. This can help keep casualties associated with the appropriate property
and aid in explaining the casualty.
Casualty Number
Sequentially number each casualty that occurs during the same incident starting with 001. This
number then becomes the number assigned to the person named below for the incident. All
reports pertaining to the incident that refer to this person also should have this casualty number.
Injury Occurred
The injury often occurs before the alarm and sometimes is the reason for the alarm. However,
the injury can also occur a considerable time after the alarm is sounded.
Record the month, the day of the month, the year, and the time when the injury occurred. Use
the 24-hour clock when recording the time. This can be before or after the date and time of the
alarm shown on the Basic Incident Report form.
Revised Report
If any information on the report is to be updated once the report has been submitted, obtain a
copy of the original report, record the new information in red, date and initial the change, check
the Revised Report block, and resubmit the report.
Line GB Data

Casualty Name
Record the last name, first name, and middle initial of the casualty assigned a number in Line
GA of the Basic Casualty Report form. The remaining data spaces on this form should apply to
this individual since this person has already been assigned a casualty number for the incident,
any future reports about this person's injuries at this incident should show the same casualty
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number.
Injury Reported
Record the month, day, year, and time when the injury was reported. If the injury created the
alarm, this date and time will be the same as the alarm time and date reported on the Basic
Incident Report form.
The injury may not be known or reported for some time after the incident. Thus the date and
time the injury is reported in Line GB should always be the same or later than the date and time
reported in Line GA.
Line GC Data

Affiliation
Record the type of organization with which the casualty was associated at the time of the
incident. If a fire fighter was injured while off duty and at home, record the casualty affiliation as
a civilian.
Refer to Section 10-7 of NFPA 901 for classifications for Affiliation.
Examples:
The affiliation of a person injured during a fire in his or her home would be classified as 5
(civilian).
The affiliation of an on-duty fire fighter injured doing fire inspections would be classified as 1
(fire service personnel).
The affiliation of a police officer injured at the scene of the incident would be classified as 3
(law enforcement).
The affiliation of an off-duty fire fighter injured at home would be classified as 5 (civilian).
Date of Birth
Record the date of birth (D.O.B.) of the casualty, if known, using a month, day, year format.
Age
Record the age of the person injured or killed. If the age of the person cannot be determined,
approximate as closely as possible.
Sex
Check the appropriate box to indicate whether the person is male or female. Leave both boxes
blank if the sex is unknown.
Race
Record the race of the casualty.
Refer to 10-6.1 of NFPA 901 for classifications for Race.
National Origin
Check the box if the person is of Hispanic origin.
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Line GD Data

Home Address
Record the casualty's permanent address. Be sure to include the city, state, and zip code if it is
different from the city where the incident occurred.
Telephone
Record the casualty's home telephone number, including the area code.
Line GE Data

Case Severity
Describe the overall severity or seriousness of the injury or illness. The following terms and
their definitions are given to assist in describing that severity.
Minor. The patient is not in danger of death or permanent disability. Immediate medical
care is not necessary.
Moderate. There is little danger of death or permanent disability. Quick medical care is
advisable. Include such injuries as fractures or lacerations requiring sutures.
Severe. The situation is potentially life threatening if the condition remains uncontrolled.
Immediate medical care is necessary even though body processes might still be
functioning and vital signs are normal.
Life Threat. Death is imminent; body processes and vital signs are not normal.
Immediate medical care is necessary. Include such cases as severe hemorrhaging, severe
multiple trauma, and multiple internal injuries.
D.O.A. (dead on arrival). Death has already occurred when the fire service personnel
arrive on the scene.
Refer to Section 12-3 of NFPA 901 for classifications for Case Severity.
Primary Apparent Symptom
In many injury cases, no matter how severe, there is often more than one symptom about
which the patient complains or which is apparent. Describe here the most significant symptom.
This generally should be the most life threatening.
Refer to Section 12-4 of NFPA 901 for classifications for Apparent Symptom.
Primary Part of Body
Describe the part of the body affected by the symptom described as the primary apparent
symptom. If more than one body part is affected, choose that which represents the worst
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condition. Use the Remarks section to describe other parts of the body affected by the primary
apparent symptom.
Refer to Section 12-5 of NFPA 901 for classifications for Part of Body.
Line GF Data

Secondary Apparent Symptom
Describe the second most significant symptom displayed by the patient. If more than two
symptoms are present, describe the remaining symptoms in the Remarks section.
Refer to Section 12-4 of NFPA 901 for classifications for Apparent Symptom.
Secondary Part of Body
Describe the part of the body affected by the secondary apparent symptom. If other injuries
have not been described include these in the Remarks Section.
Refer to Section 12-5 of NFPA 901 for classifications for Part of Body.
Examples: The following show the proper classification for the apparent symptoms and the parts
of body.
(a) A home owner trying to extinguish a fire is overcome by the smoke:
Primary apparent symptom - 03 (smoke inhalation)
Primary part of body - 53 (lungs)
(b) A person found unconscious, not breathing, with a weak pulse and a severe laceration of
the lower arm:
Primary apparent symptom - 47 (respiratory arrest)
Primary part of body - 53 (lungs)
Secondary apparent symptom - 35 (laceration, cut)
Secondary part of body - 32 (arm-lower not including elbow or wrist)
(c) A fire fighter falls from a ladder and suffers multiple lacerations and contusions
accompanied by lack of feeling in the lower extremities:
Primary apparent symptom - 41 (paralysis)
Primary part of body - 61 (spine)
Secondary apparent symptom - 35 (laceration, cut)
Secondary part of body - 78 (multiple body parts-whole body)
Line GG Data
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Casualty Type by Situation Found
Describe the type of situation or cause, if apparent, found upon arrival at the scene. This is
generally the most obvious situation such as a building fire, automobile accident, gang fight, and
so on.
Refer to Section 12-6 of NFPA 901 for classifications for Casualty Type by Situation Found.
Examples:
For a person overcome by smoke while trying to fight a fire in his or her home, the casualty
type by situation found should be classified as 31 (structure fire injury).
For a fire fighter who is injured in a vehicle accident while the fire apparatus is responding to a
fire, the casualty type by situation found should be classified as 14 (motor vehicle accident).
For a person found outside a fire building unconscious, not breathing, with a weak pulse, and
lacerations, the casualty type by situation found should be classified as 31 (structure fire injury).
Final Disposition of Casualty
State where the person was taken if further treatment or observation was needed. If the person
was not taken to another place, state so. Complete this regardless of who transported the victim.
Refer to Section 12-7 of NFPA 901 for classifications for Final Disposition of Casualty.
Examples:
The final disposition of a person who was treated for smoke inhalation and transported to the
hospital by a private ambulance company should be classified as 2 (hospital or emergency care
facility by non-fire service vehicle).
The final disposition of a victim who was dead upon arrival and who was transported to the
morgue by the Medical Examiner should be classified as 5 (morgue or funeral home).
The final disposition of a person who was treated for smoke inhalation and refused further
treatment should be classified as 8 [not transported (released at scene)].
Line GH Data

Familiarity with Incident Area
Use this data space to record familiarity of the victim with the incident area. Describe the
length of time the casualty was acquainted with the area where the incident occurred. This can
range from a very short time, as in the case of someone visiting a building for the first time, to
months or years.
Refer to Section 10-10 of NFPA 901 for classifications for Familiarity with the Incident Area.
Examples:
The familiarity of a person in the home he or she has lived in for three years should be
classified as 6 (established permanent resident, employee, student).
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The familiarity of a customer in a restaurant for the first time should be classified as 1
(short-term visitor).
The familiarity of a person in a hotel room for two days should be classified as 2 (long-term
visitor).
Condition of Person Prior to Incident
Describe the condition or apparent condition of the person before the injury was sustained.
This is the normal condition that the person would have been in if there had not been an
emergency.
Refer to Section 10-9 of NFPA 901 for classifications for Condition of Person Prior to
Incident.
Examples:
The condition of a person who awakens at the sound of a smoke detector and is injured when
going to the basement to fight the fire should be classified as 8 (awake, unimpaired).
The condition of a person asleep before being overcome by smoke should be classified as 1
(asleep, no known impairment).
The condition of a child who is aware of the fire, but too young to act alone, should be
classified as 5 (too young to act).
The condition of a person injured on the job by a laboratory hood fire should be classified as 8
(awake, unimpaired).
Activity at Time of Injury
Record what the person was doing at the time of injury.
Refer to Section 12-8 of NFPA 901 for classifications for Activity at Time of Injury.
Examples:
The activity of a person injured while attempting to extinguish a fire in his or her house should
be classified as 3 (fire control attempt).
The activity of a person injured while escaping from a building should be classified as 1
(escaping).
The activity of a person injured while attempting to return to the building to save other family
members should be classified as 2 (rescue attempt).
The activity of a person outside the building who was injured while attempting to return to the
building to save some belongings should be classified as 4 [returned to vicinity of fire (not
rescue)].
Line GI Data

Location in Relation to Point of Origin
Record where the injured person was located at the time of ignition. This location can be
difficult to assess due to the degree of mobility of the injured. Use general descriptions such as
same floor, same room, same building, and so on.
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Refer to Section 10-11 of NFPA 901 for classifications for Location of Person with Relation to
Point of Origin.
Examples:
The location of a person who awakens and goes to the basement to fight a fire should be
classified as 5 (person in same building as origin of fire).
The location of a person overcome by smoke while asleep in a bed where fire has originated
from cigarette smoking should be classified as 1 (person intimately involved with ignition).
The location of a person who comes home to find a fire and is burned trying to extinguish it
should be classified as 7 (person off property of fire origin at time of ignition).
Location at Time of Injury
The injury suffered by the casualty could be as a result of some action not involved with the
ignition. It is important to distinguish between injuries sustained at or near the point of ignition
and those sustained elsewhere. Record where the casualty was located at the time the injury was
sustained relative to the point of fire origin.
Refer to Section 10-11 of NFPA 901 for the classifications for Location of Person with
Relation to Point of Origin.
Examples:
The location of a person injured in the room of origin should be classified as 2 (person in the
room or space of fire origin).
The location of a person injured on the same floor as the ignition point should be classified as
4 (person on same floor as origin of fire).
The location of a person who trips on the stairs in front of the building of origin should be
classified as 6 (person on property of fire origin).
Line GJ Data

Cause of Injury or Accident
Record the action or lack of action that directly resulted in the injury or accident. When the
injury or accident occurred as a result of contact with an object, describe the manner in which
that contact occurred.
Refer to Section 12-14 of NFPA 901 for classifications for Cause of Injury or Accident. Users
can classify this data at the 1-, 2-, or 3-digit level.
Examples:
The cause of injury to a person overcome by smoke while trying to extinguish a fire should be
classified as 413 (contact with or exposure to smoke/toxic fire products).
The cause of injury to a person burned when a grease fire in a kitchen flashes should be
classified as 411 (contact with or exposure to fire).
The cause of injury to a person struck by flying glass when a window blows out should be
classified as 322 (struck by flying glass).
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Factors Preventing Escape
Record the factor preventing the casualty's escape. If no significant factor prevented escape,
record "None" or "N/A."
If more than one factor exists, record the most immediate one that was not overcome. For
example, if a person was incapacitated and a door was locked, classify "incapacitated" as the first
obstacle that was not overcome. However, if the person moved slowly but finally got to the
locked door and was not able to open it, classify the "locked door" since that was the obstacle
not overcome.
Refer to Section 10-12 of NFPA 901 for classifications for Factors Preventing Escape.
Examples:
The factor preventing the escape of a person who reaches a locked door and is unable to open
it to escape should be classified as 3 (locked doors, windows).
The factor preventing the escape of a person who is bedridden and cannot escape without
assistance should be classified as 7 (person incapacitated prior to ignition).
Line GK Data

Regular Fire Service Work Assignment
Describe the official assignment of the casualty. This classification does not always coincide
with the activity at the time of injury. Types of assignments include fire suppression,
prevention/inspection, training, administration, and so forth.
Refer to Section 12-9 of NFPA 901 for classifications for Regular Fire Service Work
Assignment.
Physical Condition at Time of Injury
An important factor in understanding how and why some injuries occur is the condition of the
casualty prior to injury. Briefly describe the physical condition of the casualty at the time of
injury. Terms that can be used are "normal," "fatigued," "under medication," and so on. If the
physical condition of the casualty cannot be determined, record "Undet."
Refer to Section 12-10 of NFPA 901 for classifications for Physical Condition at Time of
Injury.
Examples:
The physical condition of a fire fighter who was injured while on duty after a good night's
sleep should be classified as 1 (rested).
The physical condition of a fire fighter who was injured while on duty at the fourth
consecutive working fire should be classified as 2 (fatigued).
The physical condition of a fire fighter who was injured while under treatment for a cold
should be classified as 4 (impaired by illness).
Line GL Data

Copyright 1996 NFPA

Status Before Alarm
Describe the state of consciousness of the injured immediately prior to the alarm (i.e., whether
the casualty was awake or asleep when the alarm for the incident was sounded).
Refer to Section 12-11 of NFPA 901 for classifications for Status of Injured Prior to Alarm at
which Injury Occurred.
Fire Service Activity
Describe the activity being performed by the casualty at the time the injury occurred. Be as
specific as possible. If the activity cannot be determined, record "Undet."
Refer to Section 12-12 of NFPA 901 for classifications for Activity at Time of Fire Service
Injury or Accident.
Examples:
The fire service activity of a fire fighter who is injured while pulling ceilings should be
classified as 45 (overhaul).
The fire service activity of a fire fighter who is injured while raising a ground ladder should be
classified as 52 (raising ground ladder).
The fire service activity of a fire fighter who is struck by a car while directing traffic at a fire
scene should be classified as 71 (directing traffic).
The fire service activity of a paramedic who falls while scaling a cliff at the scene of an auto
accident should be classified as 55 (scaling).
Line GM Data

Where Injury or Accident Occurred
Describe where the injury or accident to the casualty took place. This location could be
enroute to the scene, at the incident scene, at the station, or the like. If the injury was inside a
structure, be specific as to where inside the structure the fire fighter was when the injury
occurred.
Refer to Section 12-13 of NFPA 901 for classifications for Where Injury or Accident
Occurred.
Examples:
The location where an injury occurred to a fire fighter pulling ceilings in the basement should
be classified as 51(one story or equivalent below grade).
The location where an injury occurred to a fire fighter overcome by smoke on the second floor
of the involved structure should be classified as 42 (second through fourth stories or equivalent
above grade).
The location where an injury occurred to a fire fighter severely burned when flames erupt
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through the roof while he or she is venting the roof should be classified as 23 (on structure roof).
Cause of Injury or Accident
Record the action or lack of action that directly resulted in the injury of the casualty. When the
injury or accident occurred as a result of contact with an object, describe the manner in which
that contact occurred. If the cause of the injury can not be determined, record "Undet."
Refer to Section 12-14 of NFPA 901 for classifications for Cause of Injury or Accident.
Examples:
The cause of injury to a fire fighter who is hit by debris while pulling a ceiling should be
classified as 315 (struck by ceiling being pulled by self).
The cause of injury to a fire fighter who experiences chest pain while carrying a victim from a
structure should be classified as 524 (overexertion or strain while carrying victim).
The cause of injury to a fire fighter who is injured in a vehicle accident while the apparatus is
responding should be classified as 711 (fire department apparatus collision with another vehicle).
The cause of injury to a fire fighter who slips on the fire station's recently washed floor should
be classified as 132 (fell or slipped on wet, flat surface).
Lines GN through GO Data

This section is for the recording of data on the protective clothing or equipment that the fire
service person was wearing or using when injured and that was designed to protect the area of
the body injured.
Use two lines, Lines GN and GO, to record each piece of clothing or equipment intended tp
protect the injured area. Data on up to three pieces of clothing or equipment can be recorded in
this section.
Protective Equipment Type
Identify the type of protective clothing or equipment that was used or worn and that protected
or should have protected the area of the body injured.
Refer to 12-15.3 of NFPA 901 for classification for Protective Equipment Type.
Protective Equipment Use
Record how the piece of protective clothing or equipment identified in the protective
equipment type data space was being used or worn when the injury occurred.
Refer to 12-15.4 of NFPA 901 for classifications for Protective Equipment Use.
Copyright 1996 NFPA

Protective Equipment Performance
Record how the protective clothing or equipment identified in the protective equipment type
data space performed and, if it failed, why it failed.
Refer to 12-15.5 of NFPA 901 for classification for Protective Equipment Performance.
Protective Equipment: Identification
When a piece of protective equipment or clothing failed in any way to adequately protect the
area of the body it was designed to protect, record the manufacturer of that clothing or
equipment, the model designation, a serial or lot number and any national standard including the
edition that the clothing or equipment is reported to have met. This information is extremely
important in tracing design or manufacturing data to fully understand the failure.
Examples:
If a fire fighter is cut on the hand when glass cuts through the glove, the data should be
classified as follows:
Protective equipment type - 51 (fire fighter gloves with wristlets)
Protective equipment use - 91 (being worn properly and used for designed purpose)
Protective equipment performance - 25 (cut or ripped)
Manufacturer - XYZ Glove Company
Model designation - Super X
Serial or lot number - lot x2947
National standard - NFPA 1971, 1997 edition
If a fire fighter is burned on the upper leg by steam while wearing polyester pants and 3/4
length boots not pulled up, two pieces of protective equipment can be classified for this injury,
boots and pants. The data should be classified as follows:
Protective equipment type - 25 (uniform trousers)
Protective equipment use - 92 (being worn properly but not used for designed purpose)
Protective equipment performance - 32 (inadequate insulation)
Protective equipment type - 33 (3/4 length boots, with steel baseplate and steel toes)
Protective equipment use - 31 (3/4 length boots not pulled up)
Protective equipment performance - 97 (not used as recommended by manufacturer)
If a fire fighter suffers smoke inhalation when the SCBA breathing tube cracks, the data should
be classified as follows:
Protective equipment type - 41 (self-contained open circuit demand-type breathing
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apparatus)
Protective equipment use - 91 (being worn properly and used for designed purpose)
Protective equipment performance - 21 (fractured, cracked, or broken)
Manufacturer - Super Breather
Model designation - SGFL
Serial or lot number - BA64097G
National standard - NFPA 1981, 1992 edition
Line GP Data

Member Making Report
If someone other than the officer in charge completes the report, that person should sign and
date the report.
Officer in Charge
The officer in charge of the incident should sign and date the report regardless of who
completes the report. This shows his concurrence with the findings in the report.
Line GQ Data

Remarks
No one form can be designed to meet the needs of all who use it or provide sufficient space
and data elements to accurately describe the incident for all uses. The Remarks area can fit this
need and is provided for the following specific purposes:
(a) Explaining in greater detail the data elements already on the form
(b) Explaining additional data where room for only the most significant was provided (Such
data can aid in telling the story of the casualty.)
(c) Noting data not requested on the form that could be very significant and imperative to the
understanding of the who, what, when, where, and why of the casualty
The known chemicals to which the casualty was exposed should be listed in the Remarks
section.
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The Remarks section provides an area to take raw notes of the incident while in the field.
These notes can later be put into a more formal narrative report. Use the reverse side of Form
902G, if sufficient room is not available. Supplemental sheets of paper can be attached to the
report for more involved or complicated casualties. Check the block at the bottom of the form if
the reverse side or additional sheets are used.
Preparation of the Basic EMS Report, Form 902H
The Basic EMS Report, Form 902H, should be used when a fire department provides
emergency medical services. It can be used as a stand alone form for non-fire incidents when the
fire department is present at the incident to provide emergency medical services. Otherwise, the
form should be a supplement to Forms 902F and 902G, if appropriate.
The Basic EMS Report form contains space to describe the injuries or illness of one person.
The report is similar in organization to Form 902F and Form 902G in that data elements are
grouped or arranged into blocks of similarity.
The first block, Line HA, is an identification line and should be completed every time the form
is used.
The second block, Lines HB through HE, is designed to identify where the incident occurred
and other administrative data.
The third block, Lines HF through HK, identifies the injury, illness, or condition of the person.
The fourth block, consisting of Lines HL through HR, is for recording information about a
patient's vital signs at different times, as well as treatment given, including advanced life support
and drug therapy.
The fifth block, Line HS, is a signature block and should be completed for all incidents using
this form.
The sixth block, Line HT, is Remarks. The Remarks section continues on the back side of the
form and if need be onto additional pages attached to the report. No one form can be designed to
handle all reporting needs all of the time. Therefore, liberal use of the Remarks section is
encouraged to narratively record additional and explanative information.
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Line HA Data

Fire Department Identification
This space is provided for fire departments that participate in regional or state systems. The
identification number is normally assigned by the state and unique to the fire department. If your
fire department does not forward reports to a regional or state center, this data space can be left
blank.
Incident Number
The incident number is a unique number assigned to an incident so that no two incidents in a
given year have the same number.
Record the number assigned to this incident using your existing fire department system of
numbering incidents. It might be necessary to obtain this number from the alarm center.
Casualty Number
Sequentially number each casualty that occurs during the same incident, starting with 001.
This number then becomes the number assigned to the person named below for that incident. All
reports pertaining to the incident that refer to that person also should have that casualty number.
Month
Record the month the incident occurred.
Day
Record the day of the month the incident occurred.
Year
Record the year the incident occurred.
Alarm Time
Using the 24-hour clock, record the time the original alarm was received by the alarm center.
Time on Scene
Using the 24-hour clock, record the time the first unit reported arriving on the scene. It might
be necessary to obtain this information from the alarm center.
Time Last Unit Clear
The object of this data element is to record the time the fire department gave up control of the
scene. Using the 24-hour clock, record the time the last fire department unit left the scene of the
incident.
Revised Report
If any information on the report is to be updated once the report has been submitted, obtain a
copy of the original report, record the new information in red, date and initial the change, check
the Revised Report box, and resubmit the report.
Line HB Data
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Location/Address
Record the street number, the direction of the street if it is part of the address, the street name,
and the street type (RD, ST, AV, and so on). Also record the city, town or township, and the zip
code. A complete list of abbreviations for street types is presented in Section 2-3 of NFPA 901.
Use a single letter for street direction when indicating North, South, East, or West. Use two
letters when indicating a combined direction:
Northeast = NE
Southeast = SE

Southwest = SW
Northwest = NW

If the address is a street intersection, show the two cross streets. If the incident occurs on a
major highway, record the highway name and the closest mile mark.
If the involved property is a motor vehicle, boat, or other mobile property, list the address
where the incident occurred, not the owner's home address.
If there is no city or town designation for the area of the incident, some other means of
geographic identification can be used, such as grid coordinates; legal land description; latitude
and longitude; or township, range, and section.
Property Number
The property number is a unique number assigned to each property during a property survey.
See NFPA 903, Fire Reporting Property Survey Guide. Record the property number assigned to
the property being described in this report. This should enable data users to link loss information
with information available from the property survey. If your department does not assign property
numbers, or the incident occurred on a public property such as a street, leave this space blank.
Line HC Data

Method of Alarm to Fire Department
Record the method by which the first fire service or alarm center person became aware of the
incident. A good practice is to record the telephone number of the calling party or the number of
the alarm box if that was the method of receipt. Do not record the means by which the individual
fire companies were notified of the incident. Some of the ways a fire department receives an
alarm are telephone, municipal alarm system, private alarm system, radio from a police or fire
vehicle, and people walking into a fire station.
Refer to 7-5.2 of NFPA 901 for classifications for Method of Alarm to Fire Department.
Examples:
When a person dials 911 and reaches an emergency operations center that then transfers the
call to the fire department, the method of alarm to the fire department should be classified as 2
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(911 direct to other agency with transfer capability).
When a person dials a regular telephone number and reaches the fire alarm center, the method
of alarm to the fire department should be classified as 3 (direct to fire service, not 911).
Type of Situation Found
Record the most serious type of situation that your fire department encountered at the scene. In
broad categories, this could be a fire, overpressure rupture, rescue call, hazardous condition,
service call, good intent call, or false call. Be more definitive, however, and indicate the type of
fire or other incident.
If conditions change, either before the arrival of the fire department or during fire department
operations, details of the change in situation should be included in the Remarks section and the
most serious condition should be recorded as the type of situation found. For example, if the
arriving apparatus found a fuel spill that subsequently ignited, treat the incident as a fire and
provide details of the fuel spill (hazardous condition) in the Remarks section.
Refer to Section 9-3 of NFPA 901 for classifications for Type of Situation Found.
Examples:
An EMS call should be classified as 32 (emergency medical call).
An EMS call where the injured person has been transported by private vehicle before the
arrival of the fire department should be classified as 66 (EMS call where injured parties have
been transported or left scene prior to arrival).
Line HD Data

Type of Action Taken
Record the duty or action taken by the responding fire department personnel to deal with the
incident. Actions could include extinguishing fire, providing medical treatment or rescuing a
person, removing or neutralizing a hazard, investigating a reported situation, or simply standing
by at an incident. Be as specific as possible in stating the action taken.
Refer to Section 9-5 of NFPA 901 for classifications for Type of Action Taken.
Example:
The type of action taken at an auto accident where a victim was given medical treatment and
taken to a hospital should be classified as 33 (provide emergency medical service).
District
Record the designation of the fire department company, administrative district, or inspection
district where the incident occurred. If the incident is outside the fire department's area of
responsibility or jurisdiction, record "O/J." If no districts are designated by the fire department,
appropriate police districts can be used.
Shift
Where applicable, record the designation of the shift on duty that responded to the incident. If
the incident was of such duration that the shift changed during the control of the incident, record
the shift change time and the designation of the new shift in the Remarks.
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Number of Alarms
Record the number of alarms transmitted for the incident. This information is used by your
department only, and local definitions of what constitutes a first alarm, second alarm, and so on,
should be used in recording the number of alarms. Where multiple alarms are sounded, the time
for each alarm should be recorded in the Remarks section.
Outside Fire Service Assistance
If mutual aid, automatic aid, or other assistance is provided to your fire department at this
incident, or if your fire department provided assistance to another fire department, record the
type of aid received or rendered.
If any other fire department was called or responded to assist at the scene of the incident, list
the names of the responding departments and the type of apparatus sent in the Remarks section.
(Example: Anytown Fire Department - 1 ambulance.) If the assistance received was to cover a
vacated fire station, it should not be reported here; but the fact that another fire department
provided coverage to vacated fire stations can be noted in the Remarks section.
If your fire department responded to a call to assist another fire department either at the scene
of an incident or by covering vacated stations in another community, your fire department gave
assistance.
Sometimes, because of other emergencies or predetermined arrangements for providing
coverage to areas of a community, the fire department responsible for the area where the incident
occurred will not be present. Your fire department still gave assistance even if the incident is
outside the jurisdiction of your department.
Refer to Section 9-8 of NFPA 901 for classifications for Outside Fire Service Assistance.
Examples:
An ambulance sent by your fire department on a mutual aid call to assist at an accident would
be classified as 4 (mutual aid provided to another fire department in accordance with a written
agreement).
Line HE Data

General Property Use
General property use is defined as the general (overall) use of land or space under the same
management, ownership, or within the same legal boundaries, including any structures, vehicles,
or other appurtenances thereon.
A grease duct fire in a restaurant in a hotel or an explosion in the chemical laboratory of a
university present challenges to fire reporting.
Obviously, in the first case, if only data about the "hotel" are collected, then data about the
"restaurant" will be lost. In the second example, if only data about the "laboratory" are collected,
then data about the "university" will be lost. A general property use classification enables the
user to include both "hotel" and "restaurant" or both "university" and "laboratory" information.
If a portion of the general property is leased, managed, and maintained as a separate property,
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treat it as a separate general property use for reporting purposes. For example, a hotel at an
airport leased to and managed by a hotel chain would be reported as hotel use while a hotel on a
university campus and managed by the university would be reported as education use.
When a location has two or more completely different general uses, and there is no
classification to describe the combination, then the general property use should be classified
according to the predominant use at the point of origin of the incident.
Record the general use of the property where the incident occurred. Every incident should be
associated with a general property use, with the exception of some false calls where it should be
reported as undetermined.
Refer to Section 4-6 of NFPA 901 for classifications for General Property Use.
Specific Property Use
Specific property use is defined as the use of a specific space, structure, or portion of a
structure by the owner, tenant, or occupant of the space. The specific property use should be one
of the following:
(a) The principal use of the structure or outside area if it is used for a single purpose
(b) The principal use of a fire division compartment in a structure if the structure is used for
multiple purposes
(c) The principal use of a section of a structure, a space or an area, whether inside or outside,
by the owner, tenant, or business occupying that space or area when there are multiple specific
uses, multiple tenants, or multiple businesses using the same general property
Every piece of property, whether it be a structure or an open piece of land, has a use. This use
should be identified here.
The intent is to show the use of the property and not the configuration of buildings or other
important details of a property such as access, ownership, size, or internal weaknesses in
construction or fire defenses. For example, property used for storage of a product should be
shown for that use whether the storage is inside or outside.
Every incident report should include a specific property use with the exception of some false
calls when the specific property use can be reported as undetermined.
Property that is mobile (i.e., can move in relationship to specific property) is reported
separately; the specific use of property where the mobile property is located at the time of the
incident should be reported here.
Record the Specific Property Use where the incident occurred. Refer to Section 4-7 of NFPA
901 for classifications for Specific Property Use.
Examples: The following examples show the relationship between the general property use and
the specific property use for a few typical situations.
A clothing store in a shopping center should be classified as general property use 51 (sales
use) and specific property use 521 (clothing store).
A chapel at a university should be classified as general property use 22 (post-secondary-level
educational use) and specific property use 131 (place of worship).
A railroad bridge should be classified as general property use 95 (railroad transportation use)
and specific property use 921 (bridge, trestle).
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A children's playhouse behind a dwelling should be classified as general property use 41 (oneor two-family residential use) and specific property use 491 (children's playhouse).
A barn on a farm should be classified as general property use 65 (farm, agricultural use) and
specific property use 815 (barns, stables).
County
Record the census county code if you are also reporting census tract. The census county code
or the Federal Information Processing Standard (FIPS) county code are the same and can be
obtained from the same source for census tract information.
Census Tract
Record the number for the census tract where property involved in the incident is located. The
census tract number is a six-digit number assigned by the U.S. Department of Commerce,
Bureau of the Census that identifies an area of land within the United States about which there is
census data available.
Line HF Data

Casualty Name
Record the last name, first name, and middle initial of this casualty. The remaining data spaces
on this form should apply to this individual. This person has already been assigned a casualty
number for this incident, and any future reports about this person's injuries at this incident should
show the same casualty number.
Injury Occurred
The injury often occurs before the alarm and is the reason for the alarm. However, the injury
can also occur a considerable time after the alarm is sounded.
Record the month, the day, the year, and, using the 24-hour clock, record the time that the
injury occurred. This can be before or after the date and time of the alarm.
Line HG Data

Home Address
Record the casualty's permanent address. Be sure to include the city, state, and zip code if it is
different from the city where the incident occurred.
Telephone
Record the casualty's home telephone number. Include the area code.
Line HH Data
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Affiliation
Record the type of organization with which the casualty was associated at the time of the
incident. If a fire fighter was injured while off duty and at home, record the casualty affiliation as
a civilian.
Refer to Section 10-7 of NFPA 901 for classifications for Affiliation.
Examples:
The affiliation of an on-duty fire fighter injured doing fire inspections should be classified as 1
(fire service personnel).
The affiliation of a police officer injured at the scene of the incident should be classified as 3
(law enforcement).
The affiliation of an off-duty fire fighter injured at home should be classified as 5 (civilian).
Date of Birth
Record the date of birth (D.O.B.) of the casualty, if known, using a month, day, year format.
Age
Record the age of the person injured or killed. If the age of the person cannot be determined,
approximate as closely as possible.
Sex
Check the appropriate box to indicate whether the person is male or female. Leave both boxes
blank if the sex is unknown.
Race
Record the race of the casualty.
Refer to 10-6.1 of NFPA 901 for classifications for Race.
National Origin
Check the box if the person is of Hispanic origin.
Line HI Data

Case Severity
Describe the overall severity or seriousness of the injury or illness. The following terms and
their definitions are given to assist in describing that severity.
Minor. The patient is not in danger of death or permanent disability. Immediate medical
care is not necessary.
Moderate. There is little danger of death or permanent disability. Quick medical care is
advisable. Include such injuries as fractures or lacerations requiring sutures.
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Severe. The situation is potentially life threatening if the condition remains uncontrolled.
Immediate medical care is necessary even though body processes might still be
functioning and vital signs are normal.
Life Threat. Death is imminent; body processes and vital signs are not normal.
Immediate medical care is necessary. Include cases such as severe hemorrhaging, severe
multiple trauma, and multiple internal injuries.
D.O.A. (dead on arrival). Death has already occurred when the fire service personnal
arrive on the scene.
Refer to Section 12-3 of NFPA 901 for classifications for Case Severity.
Primary Apparent Symptom
In many injury cases, no matter how severe, there is often more than one symptom about
which the patient complains or which is apparent. Describe here the most significant symptom.
This generally should be the most life threatening.
Refer to Section 12-4 of NFPA 901 for classifications for Apparent Symptom.
Primary Part of Body
Record the part of the body that is affected by the symptom described as the primary apparent
symptom in the previous section. If more than one body part is affected, choose that which
represents the worst condition. Use the Remarks section to describe other parts of the body that
are affected by the primary apparent symptom.
Refer to Section 12-5 of NFPA 901 for classifications for Part of Body.
Line HJ Data

Secondary Apparent Symptom
Describe the second most significant symptom displayed by the patient. If more than two
symptoms are present describe the remaining symptoms in the Remarks section.
Refer to Section 12-4 of NFPA 901 for classifications for Apparent Symptom.
Secondary Part of Body
Describe the part of the body affected by the secondary apparent symptom. If other injuries
have not been described include these in the Remarks section.
Refer to Section 12-5 of NFPA 901 for classifications for Part of Body.
Examples: The following examples show the proper classification for the apparent symptoms
and the parts of body.
(a) Patient found unconscious, not breathing, with a weak pulse and a severe laceration of the
lower arm:
Primary apparent symptom - 47 (respiratory arrest)
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Primary part of body - 53 (lungs)
Secondary apparent symptom - 35 (laceration, cut)
Secondary part of body - 32 (arm-lower not including elbow or wrist)
(b) A fire fighter falls from a ladder and suffers multiple lacerations and contusions
accompanied by lack of feeling in the lower extremities:
Primary apparent symptom - 41 (paralysis)
Primary part of body - 61 (spine)
Secondary apparent symptom - 35 (laceration, cut)
Secondary part of body - 78 (multiple body parts-whole body)
Line HK Data

Casualty Type by Situation Found
Describe the type of situation or cause, if apparent, found upon arrival at the scene. This is
generally the most obvious situation such as a building fire, automobile accident, gang fight, and
so forth.
Refer to Section 12-6 of NFPA 901 for classifications for Casualty Type by Situation Found.
Examples:
For a fire fighter who is injured in a vehicle accident while the fire apparatus is responding to a
fire, the casualty type by situation found should be classified as 14 (motor vehicle accident).
For a person found outside a fire building unconscious, with a weak pulse and lacerations, the
casualty type by situation found should be classified as 31 (structure fire injury).
Final Disposition of Casualty
State where the person was taken if further treatment or observation was needed. If the person
was not taken to another place, state so. Complete this regardless of who transported the victim.
Refer to Section 12-7 of NFPA 901 for classifications for Final Disposition of Casualty.
Examples:
The final disposition of a victim who was found dead on arrival and who was transported to
the morgue by the Medical Examiner should be classified as 5 (transported to morgue or funeral
home).
The final disposition of person who was treated for smoke inhalation and refused further
treatment should be classified as 8 [not transported (released at scene)].
Line HL Data
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The three lines labeled HL are designed to collect the same data repetitively. This approach
allows the rescuer to record basic patient vital signs taken several times during the course of the
emergency. Normal times for taking vital signs are upon arrival, during transport, or just prior to
transport, and once at the medical facility. Vital signs taken more or less frequently are
dependent upon the nature, type, and severity of injury.
Time of Reading
Record the times at which the patient's vital signs are taken. The first time in block one, the
second time in block two, and the third time in block three. In certain emergency situations, the
time and type of change in a patient's vital signs are very important.
Blood Pressure
Record the casualty's blood pressure (BP) in the appropriate block in the blood pressure
columns. Normal practice is to use a blood pressure cuff (sphygmomanometer) and stethoscope.
If the BP is palpitated, indicate such a reading by placing the symbol (P) after the reading.
Remember that changes in the blood pressure from one reading to another over a short period of
time are important in understanding the condition of the casualty. If a blood pressure is not
available, state so.
Pulse
Record the pulse of the casualty, expressed in the usual manner of beats per minute, in the
appropriate block in the rate column. In the character column to the right of each rate recorded,
describe the characters of the pulse.
Descriptions such as weak and regular or strong and irregular are commonly used. If no pulse
is taken, record "Undet."
Refer to 13-6.8 of NFPA 901 for classifications for Pulse Character.
Respiration
Record the respiration rate of the casualty expressed in respirations (breaths) per minute on
the appropriate line of the column labeled "Rate." Describe the character of each respiration rate
of the casualty recorded in the column labeled "Character." Phrases such as irregular and
shallow, regular and normal, or irregular and deep are commonly used to describe respiration
character. If respiratory rates are not taken, record "Undet."
Refer to 13-6.9 of NFPA 901 for classifications for Respiration Character.
Line HM Data
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Lungs
Describe the sounds heard when listening to the lungs through a stethoscope. Common
descriptions include raspy, wheezing, gurgling. If lung sounds are not observed, record "Undet."
Refer to 13-6.1 of NFPA 901 for classifications for Lung Sounds.
Describe the location of the lung sounds in relation to the mid-sternum as heard or seen on the
casualty. Common descriptions include equal, to the left, or to the right. If the location is not
observed, enter "Undet."
Refer to 13-6.2 of NFPA 901 for classifications for Lung Sound Location.
Skin
Skin is an important organ of the body that helps to regulate body temperature and aids in
evaluating the quality of the casualty's circulatory system. Two common vital signs determined
by skin observation are color and temperature.
Describe the color of the casualty's skin. Use such descriptions as bluish, white, reddish, and
so forth. If skin color is not observed, record "Undet."
Refer to 13-6.3 of NFPA 901 for classifications for Skin Color.
Also, describe the temperature of the skin as it feels to the touch. Temperature descriptions
also include a description of the moisture character of the skin. Common descriptions used
include cool and wet, hot and dry, or normal. If skin temperature is not observed, record
"Undet."
Refer to 13-6.4 of NFPA 901 for classifications for Skin Temperature.
Pupils
The pupils are important diagnostic signs of a casualty's nervous system and circulatory
system functions. The size, reactivity, and position of the pupils combine to give vital casualty
condition information.
Describe the size of the pupil in relation to the dilation of each pupil. Are both pupils dilated
about the same, or are they different? If pupil size is not evaluated, record "Undet."
Refer to 13-6.5 of NFPA 901 for classifications for Pupil Size.
Describe the reactivity of each pupil to light stimuli such as provided by a flashlight. Does
each pupil constrict when exposed to light stimuli and dilate when the light is taken away? Is this
reaction sluggish or rapid? If pupil reactivity is not observed, record "Undet."
Refer to 13-6.6 of NFPA 901 for classifications for Pupil Reactivity.
Describe the position of the pupil in relation to its expandable size. Are the pupils about mid
position, dilated, or constricted? If pupil position is not observed, record "Undet."
Refer to 13-6.7 of NFPA 901 for classifications for Pupil Position.
Line HN Data
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Patient Status
Describe the status of the casualty's condition as it relates to his level of consciousness.
General descriptions such as conscious, unconscious, or semiconscious can be used. If patient
status is not observed, record "Undet."
Refer to 13-6.10 of NFPA 901 for classifications for Patient Status.
Patient Behavior
Describe the behavior of the casualty. Such terminology as unruly, suicidal, depressed is
commonly used. If patient behavior is not observed, record "Undet."
Refer to 13-6.11 of NFPA 901 for classifications for Patient Behavior.
Line HO Data

Pre-Hospital Care Provided
Record the primary pre-hospital treatments administered to the casualty. Normal procedure in
pre-hospital treatment is to treat the most life threatening injuries first, and space is provided to
record the first four treatments in the order in which they are administered. In severe injury
cases, where many pre-hospital treatments are given, record these other treatments in the
Remarks area. If no pre-hospital treatment is given, record "None" in the space for Pre-Hospital
Care Provided 1 and classify it as 98.
Refer to Section 13-8 of NFPA 901 for classifications for Pre-Hospital Care Provided.
Example:
A person in an auto accident suffers cardio-pulmonary arrest, a broken femur, minor cuts, and
possible internal injuries and paralysis. The classifications of the four pre-hospital care
treatments provided might be as follows:
Pre-hospital care provided 1 - 12 (extricate patient)
Pre-hospital care provided 2 - 04 [cardiopulmonary resuscitation (cpr)]
Pre-hospital care provided 3 - 05 (cervical collar)
Pre-hospital care provided 4 - 26 [2 m (6 ft)] spine board
Line HP Data
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Up to this point, Form 902H has provided areas to record basic life support data. The three
lines labeled HP are intended to record some important additional data about treatment provided
by departments with advanced life support training, at least through the cardiac care module of
training.
Time
Three lines of similar data elements are provided in order to record the important pre-hospital
care administered to the casualty at different times. Record the time using the 24-hour clock at
which the assessment or treatment is made. If additional lines of data are needed, use the
Remarks section.
Cardiac Condition/Assessment
If an electrocardiograph is used, record the monitor readings observed beside the appropriate
time recorded on Line HP.
Refer to Section 13-7 of NFPA 901 for classifications for Cardiac Condition/Assessment.
Example:
At 1301 hours the first cardiac assessment reading was taken and showed ventricular
fibrillation. After electric shock, the patient returned to sinus rhythm at 1303 hours. The
classification for the first cardiac condition/assessment recording would be 57 (ventricular
fibrillation) and the classification for the second cardiac condition/assessment recording would
be 11 (normal sinus rhythm).
Drug/Fluid
Record the drug administered to the patient at the appropriate time designated at the beginning
of the line. In some cases, minor deviation from the time might be necessary. However, if there
is more than a 1-minute deviation, use the next line and record the time in the appropriate block.
If more than three drugs or fluids were administered, record additional drugs or fluids in the
Remarks section.
Refer to 13-9.1 of NFPA 901 for classifications for Drug or Fluid Administered.
Rate
With each drug or fluid administered, record the rate at which the substance was given to the
patient.
Route
Describe the medication route by which the drug or fluid was administered to the patient.
Refer to 13-9.2 of NFPA 901 for classifications for Medication Route.
Line HQ Data
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Time EKG Transmitted
Use the 24-hour clock to record the time at which an electrocardiogram was sent to a medical
facility for reading and/or confirmation.
If no EKG was transmitted, record "None."
Medical Facility EKG Transmitted To
If an EKG was transmitted to a medical facility, record the name of the facility where it was
sent. In some situations, it may be necessary to transmit an EKG to a different facility than the
one the casualty was transported to.
Receiving Hospital Representative Signature
Have a representative of the medical facility receiving the casualty sign the report. Verification
of vitals, EKG transmitted, and treatment rendered is also desirable.
Line HR Data

Type of Unit Handling Medical Emergency
Describe the type of apparatus handling the casualty.
Refer to 13-5.1 of NFPA 901 for classifications for Type of Unit Handling Medical
Emergency.
Responder Medical Training Level
Describe the highest training or certification level of the member(s) providing care to the
casualty.
Refer to 13-5.3 of NFPA 901 for classifications for Responder Medical Training Level.
Line HS Data

Member Making Report
If someone other than the officer in charge completes the report, that person should sign and
date the report.
Officer in Charge
The officer in charge of the incident should sign and date the report regardless of who
completes the report. This makes the report a legal document.
Line HT Data
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Remarks
No one form can meet the needs of all who use it or provide sufficient space and data elements
to accurately describe the incident for all uses. The Remarks section can fit this need and is
provided for the following specific purposes:
(a) Explaining in greater detail the data elements already on the form
(b) Expanding the data already collected where room for only the most significant was
provided
(c) Recording data significant to the incident when no specific spot on the form was provided
(Such will be the case of equipment and manpower utilization, information on unusual situations,
and the like.)
The Remarks section provides an excellent area to write a brief narrative of the incident or take
field notes at the scene. These notes can later be put into a formal narrative report.
Use the reverse side of Form 902H if sufficient room is not available on the face of the form. If
the reverse side is used, check the block at the bottom of the page.
Appendix A Referenced Publications
A-1 The following documents or portions thereof are referenced within this guide for
informational purposes only and thus are not considered part of the recommendations of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this guide.
A-1.1 NFPA Publications. National Fire Protection Association, 1 Batterymarch Park, P.O. Box
9101, Quincy, MA 02269-9101.
NFPA 13, Standard for the Installation of Sprinkler Systems, 1996 edition.
NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and Two-Family
Dwellings and Manufactured Homes, 1996 edition.
NFPA 13R, Standard for the Installation of Sprinkler Systems in Residential Occupancies up
to and Including Four Stories in Height, 1996 edition.
NFPA 220, Standard on Types of Building Construction, 1995 edition.
NFPA 550, Guide to the Fire Safety Concepts Tree, 1995 edition.
NFPA 901, Standard Classifications for Incident Reporting and Fire Protection Data, 1995
edition.
NFPA 903, Fire Reporting Property Survey Guide, 1996 edition.
NFPA 904, Incident Follow-up Report Guide, 1996 edition.
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NFPA 1971, Standard on Protective Ensemble for Structural Fire Fighting, 1997 edition.
NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters,
1992 edition.
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1996 Edition
This edition of NFPA 903, Fire Reporting Property Survey Guide, was prepared by the
Technical Committee on Fire Reporting and acted on by the National Fire Protection
Association, Inc., at its Annual Meeting held May 20-23, 1996, in Boston, MA. It was issued by
the Standards Council on July 18, 1996, with an effective date of August 9, 1996, and supersedes
all previous editions.
This edition of NFPA 903 was approved as an American National Standard on July 26, 1996.
Origin and Development of NFPA 903
This guide and Form 903SR, Basic Structure Report, and Form 903TR, Basic Occupancy
Report, were developed in 1977 in recognition of the need to collect information on a property
before the occurrence of a fire at that property. The forms allow the user to develop a property
inventory that can be used to perform some risk evaluation and also to provide data useful in
post-fire evaluations. By referencing NFPA 901, Standard Classifications for Incident
Reporting and Fire Protection Data, and using the classifications and definitions contained
therein, data can be maintained in a uniform manner.
In 1981 and 1986, minor changes were made to the guide to refine the forms and instructions
based on user feedback. The text was reconfirmed in 1992.
In preparation for this edition, the committee reviewed the data that it was suggesting be
collected. The review included how useful the data was and how accurately it could be
collected. A number of data elements were dropped or modified, while others that previously
required the data to be classified after being recorded were changed to a direct entry format.
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Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on standard
methods of compiling fire experience data by the fire service. The main purposes of this
Committee are to develop standard occupancy and cause classification for use by cities and states
in the reporting of fires, to suggest other useful information that needs to be collected, and to
develop standard forms for these purposes.

NFPA 903
Fire Reporting Property Survey Guide
1996 Edition
Information on referenced publications can be found in Appendix A.

Introduction
Fire service personnel have recognized the need to become more effective in their attempts to
educate people about fire-safe habits, to make or suggest changes in fire and building codes, and
to show clearly the value of fire service personnel through the collection and use of meaningful
data.
To help develop a uniform system of recording basic data on properties and fires involving
those properties, the NFPA established a Technical Committee on Fire Reporting in 1962. Using
information available in the United States, Canada, Europe, and Australia, the committee devised
a standard language of fire reporting, which is published as NFPA 901, Standard Classifications
for Incident Reporting and Fire Protection Data. That document serves as a system description,
glossary, and dictionary for the building of a full and eventually international system of data
collection for control of the fire threat.
This edition of NFPA 903, Fire Reporting Property Survey Guide, together with the Basic
Property/Structure Report (Form 903SR) and the Basic Occupancy Report (Form 903TR),
provides a method for fire department personnel to use in collecting selected information
regarding the prefire risk of the structures within their jurisdiction. This data is designed to
provide a general property inventory that can yield a general building risk. The information can
form the basis of a method for gradually reducing this risk. This system is not designed to
produce a prefire plan, fire equipment readiness report, or code conformance report. The survey
used to gather the data recorded on Form 903SR and Form 903TR also is not a substitute for a
fire protection engineering evaluation of the property.
The use of a property survey guide is extremely important for fire departments that are
involved in the master planning process. One of the most frequent criticisms of fire-fighting
agencies is that they lack objective data on their fire problem in order to develop the
community's fire defenses. If a community establishes a planning process and utilizes the Basic
Property/Structure Report (Form 903SR) and the Basic Occupancy Report (Form 903TR), it
possesses invaluable documentation that quantifies the scope and severity of a community's fire
problem.
Those who wish to use only a portion of this guide and the basic forms are welcome to do so.
Those who wish to include additional details are encouraged to use the basic forms with
supplementary forms as needed. An experience log sheet is useful in recording all nonfire and
fire visits to the property.
Compilation of data can be done manually, semiautomatically, or automatically. The data can
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be responsive to fire department and municipal management needs for tactical, strategic, fire
prevention, and public relations use. The data is adaptable to the new systems concept of fire
protection, and work is progressing toward the development of a method to evaluate each item
collected and produce a relative risk number. The use of these forms and this guide produces a
meaningful report on each structure surveyed, and an orderly program for increasing the prefire
defenses of that structure can be established based on the findings of the survey.
General Applications
I. Definitions.
Grade. A reference plane representing the elevation of finished ground level adjoining the
building at the main entrance.
Occupancy. A specific space, usually within a structure, devoted to a use by a single business
or tenant.
Property. A defined piece of land and any structures, equipment, or stock thereon.
Property Report. The written documentation resulting from a survey of each structure and the
individual occupancies within each structure on a property. A property report, at a minimum,
contains one structure report and one occupancy report.
Structure. An assembly of materials forming a construction for occupancy or use for a specific
purpose.
II. Use of the Forms.
The forms provided for use in the NFPA 903 system are designed to be completed as the result
of a walk-through survey conducted by trained fire service personnel within a limited time
frame. When properly completed, they provide a basic property inventory of the community.
This walk-through survey is not a replacement for an individual fire safety engineering survey of
a structure.
The Basic Property/Structure Report form is designed for recording information on a structure
being surveyed and the influence that details of the structure have on fire safety. Several
structures could be found on a property, and a separate Basic Property/Structure Report should
be completed for each structure.
The Basic Occupancy Report form is designed for collecting information on the user
occupying space within a structure and the influence the management of a business or a tenant
exerts on the fire safety of that structure. A structure could contain several tenants or businesses,
and a separate Basic Occupancy Report should be completed for each tenant or business.
III. Nonstructure Areas.
The forms have been designed basically for reporting the results of surveys in structures. If a
fire department wishes to use the forms to record information on outdoor process or storage
areas, it can do so, recognizing that some of the categories do not apply. The use of the forms for
this purpose does, however, provide a more complete report of the property and its use. Such use
is recommended if the process or storage area has appreciable value.
IV. Form Completion.
Words should be used on report forms and should accurately describe the conditions observed.
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All categories should be completed on each form. The abbreviation "N/A" should be used for
categories that are not applicable, and the word "none" should be used to indicate the absence of
some feature. Where information cannot be obtained, the abbreviation "undet" (undetermined)
should be used.
This guide contains appropriate references to NFPA 901, Standard Classifications for Incident
Reporting and Fire Protection Data, for use by personnel responsible for classifying data. All
references cite the 1995 edition of NFPA 901. A review of the discussion, terminology,
definitions, and classifications in NFPA 901 can improve the quality of the reports.
Where a category has an associated classification system, a space has been provided to record
the classification number. Where the format of the data allows for direct entry (e.g., dates, times,
and numeric data), persons using the form in connection with electronic data entry can create
specific spaces or a special format for recording such data to aid in its transfer to electronic
media.
V. Reporting Each Property.
The proper use of these report forms provides an inventory of the property a fire department is
expected to protect. Properties on which there is only one structure with a single, specific
property use or occupancy are quite easy to assess, and completion of a property inventory report
is simple (i.e., one Basic Property/Structure Report form and one Basic Occupancy Report form).
Most communities include some complex properties with a number of structures and a variety of
specific property uses or occupancies, which results in the need to use several Basic
Property/Structure Report forms and several Basic Occupancy Report forms. Responsibility for
fire protection is then divided between the owner in some areas and a tenant in other areas.
VI. Initial Survey.
The initial survey should be used to complete the Basic Property/Structure Report, Form
903SR, and the appropriate number of Basic Occupancy Reports, Form 903TR.
VII. Evaluation Frequency.
It is necessary to review and update the property report periodically. This should be done at
least annually. A copy of the property report should be taken on each inspection of the property
and any changes noted. An updated report should be filed as necessary.
VIII. Additional Materials.
It might be desirable in some cases to include additional comments, sketches, and photographs
with the report. The same property number, structure number, and occupancy number, if
applicable, should appear on all such documents.
Examples
The first two forms, on pages 6 and 7, demonstrate how a properly completed report should
look for a one-story, 50-ft × 75-ft (15-m × 23-m) building occupied as a fast food restaurant.
The next five forms (pages 8-12) show how a properly completed report should look for an
industrial property consisting of a two-story office building and a one-story furniture plant and
storage building with the plant and storage area separated by a fire division wall with protected
openings.
Preparation of the Basic Property/Structure Report
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The Basic Property/Structure Report, Form 903SR, is shown on page 13. The section of this
guide to be used as a reference in preparing the Basic Property/Structure Report follows the
form.
All information recorded on the survey should pertain strictly to the structure itself.
Information on tenants or businesses housed in the structure should be recorded separately using
Basic Occupancy Reports.
The report should be completed in the words of the member making the report. Reference
should be made to the explanatory information regarding Lines SA through SU as well as to
other explanatory information in the guide. Additional remarks on unique or interesting features
of the survey are requested. Any remarks pertaining to a specific item on the form should be
preceded by the letter of the line that provides information on that specific item.
Preparation of the Basic Occupancy Report
The Basic Occupancy Report, Form 903TR, is shown on page 21. The section of this guide to
be used as a reference in preparing the Basic Occupancy Report follows the form.
All information recorded on the survey should pertain strictly to the tenant or business and the
space the tenant or business occupies. Information on the structure itself should be recorded on
the Basic Property/Structure Report, and information on other tenants or businesses should be
recorded on separate Basic Occupancy Reports.
The report should be completed in the words of the member making the report. Reference
should be made to the explanatory information regarding Lines TA through TO as well as to
other explanatory information in this guide. Additional remarks on unique or interesting features
of the survey are requested. Any remarks pertaining to a specific item on the form should be
preceded by the letter of the line that provides information on that specific item.

Copyright 1996 NFPA

Example 1(a)
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Example 1(b)
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Example 2(a)
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Example 2(b)
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Example 2(c)
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Example 2(d)
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Example 2(e)

Copyright 1996 NFPA

Form 903SR

Line SA Data
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Address
Record the correct address of the structure for which the survey is being made. In the event
there are multiple addresses for the same property, structure, or occupancy, all of the valid
addresses should be reported in the system.
Inspection District
Record the number of the fire department company or district that has primary responsibility
for the survey of the property.
Line SB Data

Property Name
If the property has an identifying name, record the name. It could be the name of a store, the
name of a business, or a name by which an apartment complex is known.
Example: ACME Shopping Center
Property Number
Each property should be assigned a unique number that should not be changed even if the
occupancy or nature of the property changes over time. The property number should be the same
for all structures on a given property.
Property numbers can be assigned on a geographical basis or can be assigned randomly, but
care should be taken to ensure that no two properties have the same property number.
Record the property number assigned to the structure.
Line SC Data

Responsible Party
Record the name, address, and telephone number of the owner, manager, or other person
responsible for the property.
Line SD Data
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Emergency Contacts
Record the names and telephone numbers of two persons who can be contacted if there is an
emergency at the property.
Line SE Data

Census Tract
Record the number of the census tract in which the property is located. The census tract
number is a 6-digit number assigned by the U.S. Department of Commerce Bureau of the Census
that identifies an area of land within the United States for which there is census data available.
Maps that outline the boundaries of census tracts are available from the Bureau of the Census.
General Property Use
General property use is defined as the general (overall) use of land or space under the same
management or ownership, or within the same legal boundaries, including any structures,
vehicles, or other appurtenances thereon.
Record the general use of the property on which the surveyed structure is located.
Refer to NFPA 901, Section 4-6, for the data classifications to use for General Property Use.
Date of Survey
Record the month, day, and year the property survey was made.
Line SF Data

Structure Name
If the structure has an identifying name, record the name. It could be the name of a store, the
name of a business, or some other name unique to the structure. The structure name is
particularly important where there are multiple structures on the same property. While each
structure is assigned a unique structure number (see following category for line SF), it is helpful
Copyright 1996 NFPA

to have a name associated with the structure as well, particularly where that name helps to
identify the building.
Example: Smith Tire Store Building.
Structure Number
Each structure on the property should be assigned a number unique to that structure. If the
property contains several structures, this number is to be used to identify the structure to which
the report pertains. This number should not be changed even if the occupancy or nature of the
property changes over time.
Record the structure number assigned to the structure.
Number of Occupancies
Indicate the number of occupancies (businesses or tenants) located in the structure. If the
structure has areas common to several occupancies, treat the common areas as an additional
occupancy. The purpose of this count is to indicate how many Basic Occupancy Reports (Form
903TR) should be filed for the structure.
Line SG Data

Type of Construction
Record the type of construction of the structure. If a mixture of construction types exists,
record the principal type.
Building code classifications can be cited, provided that the particular code also is recorded.
Refer to NFPA 220, Standard on Types of Building Construction, for information on types of
construction, and NFPA 901, 5-4.1, for the data classifications to use for Type of Construction
and the model code cross-references. The classification categories should be modified as
appropriate to bring them in line with any local building code. Use of the published model code
cross-references should assist this local adaptation.
Method of Construction
Record the method by which the structure was constructed. If a mixture of methods was used,
record the principal method used. The basic construction methods are site-built; factory-built,
site-assembled; factory-built, modular structure; and factory-built, mobile structure.
Refer to NFPA 901, 5-4.2, for the data classifications to use for Method of Construction.
Line SH Data
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Year of Construction
The year in which a structure was constructed is approximated in many cases. Record as
closely as possible the year in which the principal construction of the structure took place.
If a structure was totally renovated and, during renovation, was brought up to complete
compliance with a more recent building code, record the year of the renovation.
Structure Type
Record the type of structure housing the one or more specific property uses. The most common
type of structure is a building. Other types of structures include air-supported structures, tents,
open-sided structures, open platforms, and underground structures.
Refer to NFPA 901, 5-4.7, for the data classifications to use for Structure Type.
Line SI Data

Property Management
Indicate whether the property is privately managed or managed by a governmental agency. If
the property is privately managed, also indicate whether it is taxable or nontaxable property. If it
is managed by a government agency, indicate whether the agency is a local, state, or federal
agency.
Refer to NFPA 901, Section 4-9, for the data classifications to use for Property Management.
Structure Height
Record the height of the structure in feet from grade level to the highest structural member or
peak, not including flagpoles, antennas, and the like. If the structure is totally below grade,
record this fact.
Line SJ Data

Number of Stories Above Grade
Record the total number of stories in the structure above grade. A mezzanine should be
considered as an additional story where the building code defines the area as a mezzanine.
Unused crawl spaces and unused ceiling/roof spaces should not be considered as additional
stories.
Number of Stories Below Grade
Record the total number of stories in the structure below grade. Unused crawl spaces should
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not be considered as additional stories.
Line SK Data

Ground Floor Area
Record the length and width of the structure and the total floor area in square feet at grade or
ground floor level.
Total Floor Area
Record the estimated total floor area of the structure.
Line SL Data

Protection of Stairways
Indicate the protection that is provided to stairways. Make certain that all doors close and
latch properly and that standard enclosures include labeled doors and frames appropriate for the
opening. Make certain that the protection for any other openings in stairway enclosures is
properly noted.
Refer to NFPA 901, 5-6.1, for the data classifications to use for Protection of Stairways.
Protection of Vertical Shafts
If the structure contains shafts, whether they are mechanical shafts, elevator shafts, exhaust
shafts, escalators, or ramps, indicate the type of protection that is provided to prevent fire from
traveling through shafts from one story to another. Make certain that the protection for any
horizontal openings into shaft enclosures is properly noted.
Refer to NFPA 901, 5-6.1, for the data classifications to use for Protection of Vertical Shafts.
Line SM Data

Protection of Floor Openings

Copyright 1996 NFPA

Describe the protection provided to all floor openings, including floor-to-curtain wall
connections, pipe openings, poke-throughs, and other openings.
Refer to NFPA 901, 5-7.1, for the data classifications to use for Protection of Floor Openings.
Protection of Wall Openings
Identify any fire separation walls in the structure and evaluate the adequacy of any protection
provided to openings in these walls. Horizontal openings in shaft walls or stairway enclosures
should not be considered, as these openings are covered in Line SL.
Record the adequacy of the protection provided to openings in fire division walls. If there are
no fire division walls in the structure, record this fact on the report.
Refer to NFPA 901, 5-7.2, for the data classifications to use for Protection of Openings in
Horizontal Barriers.
Line SN Data

Roof Covering
Record the type and rating of the roof covering provided on the structure. Roof coverings
normally are rated A, B, or C or are unrated based on tests outlined in NFPA 256, Standard
Methods of Fire Tests of Roof Coverings.
Refer to NFPA 901, Section 5-8, for the data classifications to use for Roof Covering.
Perimeter Access
Evaluate the number of sides of the structure that have at least 30 ft (10 m) of clear access for
fire-fighting operations. This access facilitates fire department suppression operations and helps
limit the potential of exposure fires. It is not necessary for access areas to be capable of
supporting the weight of fire apparatus, but they are to be capable of providing clear access for
fire department operations.
Refer to NFPA 901, Section 5-10, for the data classifications to use for Perimeter Access.
Line SO Data

Automatic Detection Coverage
If there is automatic detection equipment present, evaluate the degree of coverage. Coverage is
considered to be complete where the location of the detectors conforms with the requirements of
NFPA 72, National Fire Alarm Code.
Refer to NFPA 901, 8-4.1, for the data classifications to use for Automatic Detection
Coverage.
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Automatic Alarm Transmission Capability
Evaluate and record the methods by which an automatic alarm can be transmitted from the
property to the responsible fire department. NFPA 72, National Fire Alarm Code, provides
information on different methods of automatic alarm transmission.
Refer to NFPA 901, Section 8-5, for the data classifications to use for Automatic Alarm
Transmission Capability.
Line SP Data

Type of Sprinkler System
If there is a sprinkler system in the structure, determine its type. Generally, the system is either
a wet pipe system or a dry pipe system, but it could be one of a number of other types. The
various types of sprinkler systems are defined in NFPA 13, Standard for the Installation of
Sprinkler Systems; NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and
Two-Family Dwellings and Manufactured Homes; and NFPA 13R, Standard for the Installation
of Sprinkler Systems in Residential Occupancies up to and Including Four Stories in Height. If
there are multiple types of sprinkler systems in the structure, record the type that protects the
major area of the structure and provide details on the other systems in the section for Remarks.
Refer to NFPA 901, 8-6.1.1, for the data classifications to use for Type of Sprinkler System.
Coverage of Sprinkler System
If automatic sprinkler protection is provided within the structure, determine and record
whether the coverage is complete or partial. Where partial coverage is provided, the location of
the protected space should be recorded. Also determine and record whether the installation is
standard or nonstandard. A standard installation is considered to be an installation that conforms
with all applicable requirements of NFPA 13, Standard for the Installation of Sprinkler Systems;
NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and Two-Family
Dwellings and Manufactured Homes; or NFPA 13R, Standard for the Installation of Sprinkler
Systems in Residential Occupancies up to and Including Four Stories in Height.
Refer to NFPA 901, 8-6.1.2, for the data classifications to use for Coverage of Automatic
Sprinkler System.
Line SQ Data

Standpipe System
If the building is equipped with a standpipe system, indicate the number of risers and whether
the system is designed to provide complete coverage or partial coverage. Also indicate whether
the system is a standard or nonstandard installation. Requirements for complete coverage and
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standard installation are contained in NFPA 14, Standard for the Installation of Standpipe and
Hose Systems.
Refer to NFPA 901, 8-6.3.3, for the data classifications to use for Standpipe System.
Required Fire Flow
Indicate the amount of water in gallons per minute (gpm) that should be available at this
property to control and extinguish fires that could develop. Use the method established by your
fire department in calculating this required fire flow.
Line SR Data

Water Supply Type
Record whether or not there is a recognized water system available for use during fire
suppression operations at this property. A recognized water system is an engineered water main
and hydrant system under pressure. Also record the distance to the nearest hydrant, or, where
there is no recognized water system, record the distance to another source of water. If there is no
water source within a distance that allows apparatus responding on the first alarm to establish a
relay, record this fact. Refer to NFPA 901, 8-7.1, for the data classifications to use for Water
Supply Type.
Available Water Supply
If a recognized water system is available, indicate the amount of water in gallons per minute
(gpm) that is available from the system for fire-fighting purposes.
If there is no recognized water system available, indicate, in gallons per minute (gpm), the
flow of water that can be sustained for a period of 1 hour by apparatus responding on the first
alarm. This flow can originate from a water source using a drafting operation or through a tanker
shuttle. However, it is important to note that apparatus responding on the first alarm should be
able to initiate and sustain this flow.
Line SS Data

Obstacles to Rescue and Fire Control
Indicate any feature of the property that could present an obstacle to rescuing people from the
structure or controlling a fire within the structure. Such obstacles could be those that impede
access to the structure or that prevent proper exiting from the structure, or they could be
construction features that make it difficult to work within the structure.
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Refer to NFPA 901, Section 5-15, for the data classifications to use for Obstacles to Rescue
and Fire Control.
Line ST Data

Member Making Report
The member of the fire department who completes the survey report should sign and date the
report.
Line SU Data

Remarks
The Remarks section should be used to explain further any problems mentioned on the form
and to explain additional conditions that the inspector feels jeopardize the safety of the property,
its occupants, or fire-fighting personnel. For example, lightweight floor and roof construction,
including panelized roofs, tubular metal truss, plywood truss, and metal gusset truss, all present
the potential for early building collapse.
If the reverse side of the form also is used for remarks, the box on the front of the form should
be checked to indicate this fact.
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Form 903TR
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Line TA Data

Address
Record the address of the occupancy being surveyed.
Property Number
Record the property number assigned and used on the Basic Property/Structure Report for this
structure.
Line TB Data

Property/Structure Name
If the property has an identifying name, record the name. It could be the name of a store, the
name of a business, or a name by which an apartment building is known. If there are several
structures on the property, make certain to identify the structure to which the report pertains,
and, if it has a unique name, record that name as well.
Example: ACME Shopping Center, Smith Tire Store Building.
Structure Number
Record the structure number assigned to the structure in which this occupancy is located. This
assigned number is found on the Basic Property/Structure Report for this structure.
Occupancy Number
Each individual occupancy, business, or tenant space within a structure should be assigned a
unique number so that no two spaces within the same structure are identified by the same
number. In multiple occupancy buildings, the common spaces also should be treated as a
separate occupancy so that a Basic Occupancy Report is created to cover that space. Surveys of
each of the occupancies then can be conducted individually, and a separate Basic Occupancy
Report can be maintained for each occupancy. Many properties have only a single occupancy.
Record the occupancy number that designates this occupied space.
Line TC Data
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Tenant Name
Record the name of the tenant or business that occupies the space being surveyed. If the survey
is of a structure with only one occupancy, this name could be the same as the property name.
Date of Survey
Record the month, day, and year the survey was made.
Line TD Data

Responsible Party
Record the name, address, and telephone number of the owner, manager, or other person
responsible for the business or tenant that occupies the space being surveyed.
Line TE Data

Emergency Contacts
Record the names and telephone numbers of two persons who can be contacted if there is an
emergency involving the business or tenant associated with the property.
Line TF Data

Specific Property Use
The specific property use is that purpose for which the owner, tenant, or occupant uses the
space, structure, or portion of a structure. The intent is to indicate the use of a property, not the
configuration of buildings or other important details of a property.
Record the specific property use for the space being surveyed.
Refer to NFPA 901, Section 4-7, for the data classifications to use for Specific Property Use.
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Building Code Occupancy Type
A building code classifies property by occupancy type for defining many of the requirements
that the building must meet from a fire safety standpoint.
Record the building code occupancy type based on your local building code.
Line TG Data

Number of Stories Occupied by Tenant
Record those stories of the structure that are occupied by the tenant or business being
surveyed. Total the number of stories occupied. A mezzanine, where defined as such by the
building code, should be considered an additional story.
Total Floor Area of Tenant Space
Record the total floor area in square feet occupied by the tenant or business surveyed.
Line TH Data

Maximum Occupant Load
Record the maximum number of persons permitted in the occupancy by locally adopted codes.
For details, refer to NFPA 101® , Life Safety Code® .
Number of Exits
Record the number of exits from the occupant space being surveyed. If there are not at least
two remote exits (except in spaces that require only one exit), indicate this fact.
Line TI Data

Age and Ability of Occupants
The ability of persons to exit the facility promptly in the event of a fire is important to life
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safety. If this occupancy presents potential problems to prompt exiting due to a predominance of
children, senior citizens, or persons with a physical or mental disability, indicate this on the
form. Details of the problem can be discussed in the Remarks section.
Line TJ Data

Flammable Liquid Use
If flammable liquids are stored or used at or above reportable limits, indicate this on the form.
It is suggested the flammable liquid and its quantity be reported on this form. A flammable
liquid is any liquid with a flash point below 100°F (37.8°C) (closed cup) and a vapor pressure
not exceeding 40 psia (2068 mm Hg) at 100°F (37.8°C).
Line TK Data

Hazardous Materials Storage
If hazardous materials are stored or used at or above reportable limits, indicate this on the
form. It is recommended the material and its quantity be reported on this form.
A hazardous material includes air-reactive material, flammable or combustible liquid,
flammable gas, corrosive material, explosive material, organic peroxide, oxidizing material,
radioactive material, toxic material, unstable material, or water-reactive material and any
substance or mixture of substances that is an irritant or a strong sensitizer or that generates
pressure through exposure to heat, decomposition, or by other means.
Line TL Data

Other Possible Fire Conditions
If the inspection reveals other conditions within the business or tenant space, such as fire
loading that is heavier than normal, that are unusual or present a possible abnormal fire
condition, check the box and briefly describe the conditions and how severely they can be
Copyright 1996 NFPA

expected to affect the safety of the property or its occupants. The Remarks section can be used to
record additional information.
Line TM Data

Type of Special Hazard System
If a fire or explosion suppression system other than automatic sprinklers is provided within the
business or tenant space, record the type of system provided and the hazard against which it is
designed to protect. If there is more than one special hazard system, indicate "multiple systems"
in line TM and record each type of system and the hazard against which protection is provided in
the Remarks section.
Refer to NFPA 901, 8-6.2.1, for the data classifications to use for Type of Special Hazard
System.
Coverage of Special Hazard System
If a special hazard system has been recorded under Type of Special Hazard System, record the
extent of coverage provided by this system. Such coverage normally is considered as either total
flooding or local application. Total flooding completely fills the room or space protected. Local
application provides complete protection against the hazard within a room or space. For
example, a restaurant hood and duct system is a local application system.
An evaluation should be made to determine whether the installation is standard or nonstandard.
Applicable NFPA codes should be used for determining the standard for installation. Among
others, the NFPA standards that should be referenced include:
NFPA 11, Standard for Low-Expansion Foam
NFPA 11A, Standard for Medium- and High-Expansion Foam Systems
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems
NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection
NFPA 17, Standard for Dry Chemical Extinguishing Systems
NFPA 69, Standard on Explosion Prevention Systems.
Refer to NFPA 901, 8-6.2.2, for the data classifications to use for Coverage of Special Hazard
System.
Line TN Data
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Member Making Report
The member of the fire department who completes the survey report should sign and date the
report.
Line TO Data

Remarks
The Remarks section should be used to explain further any problems mentioned on the form
and to explain additional conditions that the inspector feels jeopardize the safety of the property,
its occupants, or fire-fighting personnel.
If the reverse side of the form also is used for remarks, the box on the front of the form should
be checked to indicate this fact.
Appendix A Referenced Publications
A-1 The following documents or portions thereof are referenced within this guide for
informational purposes. The edition indicated for each reference is the current edition as of the
date of the NFPA issuance of this document.
A-1.1 NFPA Publications. National Fire Protection Association, 1 Batterymarch Park, P.O. Box
9101, Quincy, MA 02269-9101.
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NFPA 11, Standard for Low-Expansion Foam, 1994 edition.
NFPA 11A, Standard for Medium- and High-Expansion Foam Systems, 1994 edition.
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, 1993 edition.
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems, 1992 edition.
NFPA 13, Standard for the Installation of Sprinkler Systems, 1996 edition.
NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and Two-Family
Dwellings and Manufactured Homes, 1996 edition.
NFPA 13R, Standard for the Installation of Sprinkler Systems in Residential Occupancies up
to and Including Four Stories in Height, 1996 edition.
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1996 edition.
NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection, 1996 edition.
NFPA 17, Standard for Dry Chemical Extinguishing Systems, 1994 edition.
NFPA 69, Standard on Explosion Prevention Systems, 1992 edition.
NFPA 72, National Fire Alarm Code, 1996 edition.
NFPA 101, Life Safety Code, 1994 edition.
NFPA 220, Standard on Types of Building Construction, 1995 edition.
NFPA 256, Standard Methods of Fire Tests of Roof Coverings, 1993 edition.
NFPA 901, Standard Classifications for Incident Reporting and Fire Protection Data, 1995
edition.
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This edition of NFPA 904, Incident Follow-up Report Guide, was prepared by the Technical
Committee on Fire Reporting, and acted on by the National Fire Protection Association, Inc., at
its Annual Meeting held May 20-23, 1996, in Boston, MA. It was issued by the Standards
Council on July 18, 1996, with an effective date of August 9, 1996, and supersedes all previous
editions.
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This edition of NFPA 904 was approved as an American National Standard on July 26, 1996.
Origin and Development of NFPA 904
This guide was developed to encourage the collection of data beyond the basic system as
described in NFPA 902M, Fire Reporting Field Incident Manual, on fires that are significant in
terms of their magnitude, associated casualties, or other impact on the community. It was not
intended to present a comprehensive fire investigation reporting form.
The original edition of this guide was published in 1981 with the text reconfirmed in 1986 and
1992. In preparation for this edition, the committee reviewed the data that it was suggesting be
collected. The review included how useful the data was and how accurately it could be
collected. A number of data elements were dropped or modified, while others that previously
required the data to be classified after being recorded were changed to a direct entry format.
Technical Committee on Fire Reporting
Dal L. Howard, Chair
Los Angeles City Fire Dept., CA
Clifford S. Harvey, Secretary
Boulder Fire Dept., CO
Delvin R. Bunton, USDA Forest Service, OR
Frank E. Florence, Salt Lake City Fire Dept., UT
Marion A. Long, Commonwealth of VA — Dept. of Fire Programs, VA
Rep. Nat'l Fire Information Council
William D. Morrison, Dallas Fire Dept., TX
Rep. Nat'l Fire Information Council
Mary Prencipe, Ontario Office of the Fire Marshal, Canada
Philip S. Schaenman, TriData Corp., VA
Ralph E. Sellars, Jr., Factory Mutual Research Corp., MA
Linda E. Smith, U.S. Consumer Product Safety Commission, DC
Stanford D. Stewart, Federal Emergency Management Agency, MD
Rexford Wilson, FIREPRO Inst. Ltd, VT
Alternates
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John R. McIntire, Los Angeles County Fire Dept., CA
(Alt. to W. D. Morrison)
Barbara J. Petrilli, Nat'l Fire Information Council, IL
(Alt. to M. A. Long)
Mario Rueda, Los Angeles City Fire Dept., CA
(Alt. to D. L. Howard)
Carl E. Peterson, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on standard
methods of compiling fire experience data by the fire service. The main purposes of this
Committee are to develop standard occupancy and cause classification for use by cities and states
in the reporting of fires, to suggest other useful information that needs to be collected, and to
develop standard forms for these purposes.

NFPA 904
Incident Follow-up Report Guide
1996 Edition
Information on referenced publications can be found in Appendix A.

Introduction
In order to provide insight into the causes and consequences of fires or other incidents, the fire
service prepares incident reports, performs prefire surveys, and conducts follow-ups to provide
additional information. The criteria for when such follow-ups should be conducted are
determined locally. In general, such follow-ups are conducted for fires of suspicious origin, those
resulting in loss of life, and those involving large property loss.
The recording of follow-up data on fire incidents and the necessary update of fire incident data
on initial incident reports is a natural next step in the process of uniform reporting of fire
incidents. This guide provides a standardized form for the collection of fire incident follow-up
data and an explanation of the use of the form.
This guide contains appropriate references to NFPA 901, Standard Classifications for Incident
Reporting and Fire Protection Data, for use by personnel responsible for classifying data. All
references cite the 1995 edition of NFPA 901. A review of the discussion, terminology,
definitions, and classifications in NFPA 901 can improve the quality of the reports.
Data can be compiled from the forms either by hand or by using electronic data processing. In
either case, this data supplements the data from property surveys, incident reports, and casualty
reports to support fire prevention activities, code enforcement, planning, data analysis, and
administrative functions.
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General Applications
This guide contains instructions for the completion of the Incident Follow-up Report, Form
904I. It is intended that Form 904I be used to record data from follow-ups. It is assumed that an
incident report is already on file for each incident for which a follow-up investigation has been
conducted. There are three main purposes for Form 904I:
1. To document some of the findings of the follow-up; for example, to provide characterization
of the second item involved in the fire sequence.
2. To provide the basis for revision to or augmentation of the data reported on the incident
report, or both, if the information from the follow-up is more accurate. It should not be assumed
that follow-up information is more accurate than the information on the original report, but, in
the event of conflicting information, the local jurisdiction then has the option of accepting one
opinion or both opinions.
3. To provide additional details on special situations such as fires of incendiary or suspicious
origin.
It is important to note that the follow-up is likely to produce more information than can be
recorded conveniently on Form 904I. As with any fire incident report, the narrative portion
constitutes an important part of the record.
Where a data element has an associated classification system, a space has been provided to
record the classification number. Where the format of the data allows for direct entry (e.g.,
dates, times, and numeric data), persons using the form in connection with electronic data entry
can create specific spaces or a special format for recording such data to aid in its transfer to
electronic media.
The Technical Committee on Fire Reporting intends that this edition of NFPA 904, Incident
Follow-up Report Guide, and the Incident Follow-up Report be used for structural fires only.
Persons wishing to use the form for other than structural fires are encouraged to do so and to
correspond with the committee regarding the changes needed to accomplish such use.
Examples
Two examples are presented on the following pages. The first shows a completed form for a
fire follow-up after a suspicious fire in a building used to store mattresses resulted in $300,000 in
losses. The second shows a completed form for a fire follow-up after a tenement fire in which
four persons were killed.
Preparation of the Incident Follow-up Report
Form 904I
This section of the guide is for reference in preparing the Incident Follow-up Report, Form
904I.
The explanation for completing Lines IA through IR and other information in this guide should
be referenced when preparing the Incident Follow-up Report, Form 904I.
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Example 1.
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Example 2.
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Form 904I

Line IA Data
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Fire Department Identification (FDID)
This space is provided for fire departments that participate in regional or state systems. If the
fire department does not forward reports to a regional or state center, this data space can be left
blank.
Incident Number
The incident number is a unique number assigned to an incident so that no two incidents in a
given year have the same number. Record the number assigned to this incident.
Exposure Number
The exposure number, if any, can be obtained from the Incident Report.
Alarm Date
Record the date in month, day, and year format when the fire department received the alarm
for the fire. This date should be the same as the date on the incident report.
Alarm Time
Record the time, using a 24-hour clock format, when the fire department received the alarm for
the fire. This time should be the same as the time on the incident report.
Line IB Data

Location/Address
Record the complete address of the structure at which the fire occurred. This should include
the city or town. This information is used primarily for cross-reference and manual
identification purposes. The address should be cross-checked with that on the incident report.
Line IC Data

Property Management
Describe the ownership or management, or both, of the specific property involved in the
incident. Typical descriptions include private, local government, state government, federal
government, foreign, and military. If privately owned, indicate whether it is taxable or
nontaxable property. This information generally can be obtained from the local assessor's office,
if necessary.
Refer to NFPA 901, Section 4-9, for the data classifications to use for Property Management.
Year of Construction
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Record the actual year of construction of the property (e.g., 1968). If multiple years of
construction exist, enter the year of construction of the area where the fire originated and note
the other years in the Remarks.
Line ID Data

Type of Weather
Record the type of weather at the time the fire started.
Refer to NFPA 901, 7-6.1, for the data classifications to use for Type of Weather.
Temperature
Record the air temperature at the time the fire started. Temperature can be recorded in
Fahrenheit or Celsius, but be sure to indicate which by indicating "F" or "C."
Humidity
Record the relative humidity at the time the fire started.
Wind Direction
Wind direction should be recorded to the nearest 45-degree compass point at the time the fire
started. Wind direction is the direction from which the wind is blowing.
Refer to NFPA 901, 7-6.4, for the data classifications to use for Wind Direction.
Wind Speed
Record the wind speed at the time the fire started.
Refer to NFPA 901, 7-6.5, for the data classifications to use for Wind Speed.
Line IE Data

Time from Ignition to Detection
Ignition occurs the moment heat or overheat reaches the point of self-perpetuated combustion
in the combustible ignited, whether or not there is open flame. Detection occurs the moment a
person senses the danger or when an automatic detector closes its contacts. Estimate and record
the elapsed time in minutes from the moment of ignition until detection.
Method of Detection
If a person detected the fire, record the relationship of that person to the fire area (e.g.,
occupant, security guard, passerby). If an automatic system detected the fire, indicate the type of
system. If the fire was not detected until after it self-terminated, indicate that fact.
Refer to NFPA 901, 7-5.1, for the data classifications to use for Method of Detection.
Line IF Data
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Time from Detection to Alarm
Alarm occurs the moment the first signal light or sound arrives at the fire alarm center of the
officially responding organization. This is generally a public fire department facility but could be
an organized and staffed private fire department. It is not a building guard, a building manager,
telephone operator, or a maintenance shop. Record the elapsed time in minutes from detection to
the receipt of the first alarm. Under certain circumstances, no alarm will be transmitted, as in the
case where a fire has already burned itself out when detected.
Delay in Alarm
Record the cause for any unusual delay in transmission of alarm to the fire department once
the fire has been detected. If the alarm was transmitted promptly or no unusual delays occurred,
indicate that to be the case.
Refer to NFPA 901, 7-5.3, for the data classifications to use for Delay in Alarm.
Line IG Data

Time in Smoldering Stage
Record in minutes the estimated time during which smoldering fire conditions existed (i.e., the
time from ignition to open flaming). Record open flaming ignitions as "Did not pass through
smoldering stage."
Size of Fire on Arrival
Describe the extent to which the fire had grown at the time of arrival at the scene of the first
fire service apparatus.
Refer to NFPA 901, Section 11-4, for the data classifications to use for Size of Fire on Arrival.
Line IH Data

Time Flame to Ceiling
Record the estimated time from the first open flaming until the flame height reached the
ceiling. For smoldering ignitions, this is the time between the transition from smoldering to
flaming combustion and the time to the attainment of flame at the ceiling level. For open flame
ignitions, it is the time from ignition to flame at the ceiling level.
Ceiling Height
Record the height of the ceiling in feet in the area where the fire started.
Line II Data
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Form of Material that Contributed to Spread
The first material ignited is typically reported on the incident report. However, that material
might not be the most significant from the standpoint of fire development and spread. This
report provides space for recording up to three materials that subsequently burned and
contributed to the spread of fire or smoke.
Record the form or use of additional material(s) that ignited.
Refer to NFPA 901, 6-6.1, for the data classifications to use for Form of Material that
Contributed to Spread.
Type of Material that Contributed to Spread
The first material ignited is typically reported on the incident report. However, that material
might not be the most significant from the standpoint of fire development and spread. This
report provides space for recording up to three materials that subsequently burned and
contributed to the spread of fire or smoke.
Record the type or composition of additional material(s) that ignited. This is the same material
whose form or use was recorded in the previous data space.
Refer to NFPA 901, 6-6.2, for the data classifications to use for Type of Material that
Contributed to Spread.
Line IJ Data

Agent Application Time and Date
Record the time and date when an extinguishing agent first hits the flame. Sometimes an agent
is applied before the alarm, as in the case of automatic systems, but, in most cases, the first agent
is applied by the fire department. Do not consider the sporadic application of an agent, such as
an attempt to use a fire extinguisher before calling the fire department, unless such application is
continuous or successfully controls or extinguishes the fire.
Blackout Time and Date
Record the time and date when the fire is considered to have been blacked out. Blackout is
considered to have occurred when all evidence of open flame or glow of burned material has
been removed. Sometimes no agent application is necessary for the fire to be considered as
blacked out, such as when the fire self-terminates.
Line IK Data
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Number of Occupants at Ignition
Record the actual or estimated number of occupants in the structure at the time the fire started,
regardless of what they did or what happened to them after ignition. Do not include persons who
entered the structure after ignition.
Obstacles Affecting Rescue
Indicate any obstacles that impeded rescue operations or restricted fire service or other rescue
capabilities.
Refer to NFPA 901, Section 5-15, for the data classifications to use for Obstacles Affecting
Rescue.
Line IL Data

Number of Persons Assisted
Record the number of persons assisted in leaving the building by the action of the fire
department. Assisting persons can include notifying people of a fire in the building and directing
them to an exit or physically walking with them to a point clear of the danger.
Obstacles Affecting Fire Control
Indicate any obstacles that impeded or restricted fire control operations.
Refer to NFPA 901, Section 5-15, for the data classifications to use for Obstacles Affecting
Fire Control Operations.
Line IM Data

Person Involved
If a person or persons were involved with the ignition, regardless of the reason, record the
name, age, and sex of the person principally involved. Discuss their involvement in the Remarks
section.
Performance of Fire Spread Limitation Devices
Fire spread limitation devices include enclosing walls, doors, dampers, and the like. If fire
spread limitation devices were present, evaluate their performance in terms of their designed
function. If no fire spread limitation devices were present, indicate "none."
Refer to NFPA 901, Section 8-8, for the data classifications to use for Performance of Fire
Spread Limitation Devices.
Line IN Data
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Performance of Special Hazard System
A special hazard system is one that is designed and installed to protect a specific fire hazard or
operation. Examples are a halon system protecting a computer room or a water spray deluge
system protecting a processing operation. If such a system was present in the area of origin,
evaluate and record its performance. If none was present, record as "no special hazard system in
area of origin."
Refer to NFPA 901, 8-6.2.3, for the data classifications to use for Performance of Special
Hazard System.
Performance of Exit System
Evaluation of exit system performance should take into account all building factors relating to
the egress of occupants from a building under fire conditions. Record the exit system
performance at the time when occupants were required to leave the structure or fire area. If no
occupants were present, or if egress was not necessary, record as "not a factor."
Refer to NFPA 901, Section 8-9, for the data classifications to use for Performance of Exit
System.
Line IO Data

Principal Insurance Carrier — Structure
Record the name of the insurance company with the principal insurance coverage of the
structure.
Principal Insurance Carrier — Contents
Record the name of the insurance company with the principal insurance coverage of the
contents of the structure.
Line IP Data

Available Information
This line is used to record the presence of supporting information in case files. It is used for
reference only. Check all the blocks on this line that apply.
Line IQ Data

Investigator
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The investigator should sign and date the report and indicate the agency affiliation.
Line IR Data

Remarks
No one form can meet the needs of all who use it or provide sufficient space and data elements
to describe the incident for all purposes. The remarks area fills this need and is provided for the
following purposes:
(a) To explain the data elements on the form in greater detail;
(b) To expand the data already collected where room for only the most significant data is
provided;
(c) To record data significant to the incident where no specific space on the form is provided.
Use the reverse side of the form and additional sheets of paper if necessary. If the reverse side
is used, check the block at the bottom of the form. If additional sheets of paper are used, make
certain they contain the identification information from lines IA and IB.
Appendix A Referenced Publications
A-1 The following documents or portions thereof are referenced within this guide for
informational purposes. The edition indicated for each reference is the current edition as of the
date of the NFPA issuance of this document.
A-1.1 NFPA Publication. National Fire Protection Association, 1 Batterymarch Park, P.O. Box
9101, Quincy, MA 02269-9101.
NFPA 901, Standard Classifications for Incident Reporting and Fire Protection Data, 1995
edition.
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Copyright © 1993 NFPA, All Rights Reserved
1993 Edition
This edition of NFPA 906, Guide for Fire Incident Field Notes, was prepared by the Technical
Committee on Fire Reporting and acted on by the National Fire Protection Association, Inc. at its
Annual Meeting held May 24-27, 1993, in Orlando, FL. It was issued by the Standards Council
on July 23, 1993, with an effective date of August 20, 1993, and supersedes all previous editions.
The 1993 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 906
This guide was developed to provide persons investigating fires, whether as the company
officer, incident commander, fire department or fire marshal investigative specialist, or private
investigator, with a tool for taking notes in an organized manner while collecting data about the
incident. Through a more organized collection of data in the field, a more complete incident
report and/or investigative report can be produced which will ultimately lead to better data to
solve the fire problem. It was not the intent of the committee that these forms by themselves be
an investigative or fire incident report.
This edition of the document is a reconfirmation of the 1988 edition.
Technical Committee on Fire Reporting
Dal L. Howard, Chair
Los Angeles City Fire Dept., CA
George J. Oldroyd, Vice Chair
Fairfield Fire Dept., CT
Clifford S. Harvey, Secretary
Boulder Fire Dept., CO
Wayne D. Bennett, Public Service Computer Software, Inc., MA
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Frank E. Florence, Salt Lake City Fire Dept., UT
Robert W. Glowinski, Nat’l Forest Products Assn., DC
Ronald L. Hoyt, Pierce County Fire District #9, WA
Rep. Int’l Assn. of Fire Chiefs
Bruce M. Hunt, Orange County Fire Dept., CA
Marion A. Long, Comm. of VA - Dept. of Fire Programs, VA
Rep. Nat’l Fire Information Council
John Ottoson, U.S. Fire Administration, MD
Philip S. Schaenman, TriData Corp., VA
Kenneth J. Schwartz, Rolf Jensen & Assoc., IL
Ralph E. Sellars, Factory Mutual Research Corp., MA
Linda E. Smith, Consumer Product Safety Commission, MD
Rexford Wilson, FIREPRO Inc., MA
Alternate
David S. Collins, Nat’l Forest Products Assn., OH
(Alt. to R. W. Glowinski)
Carl E. Peterson, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: To develop standard methods of compiling fire experience data by the fire
service. The main purposes of this Committee are to develop standard occupancy and cause
classification for use by cities and states in the reporting of fires, to suggest other useful
information that needs to be collected, and to develop standard forms for these purposes.

NFPA 906
Guide for
Fire Incident Field Notes
1993 Edition

Introduction
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The proper recording of information about an incident is one of the most effective tools
available to a fire investigator. To assist in this endeavor, the NFPA Fire Reporting Committee
established a subcommittee to develop this guide. Using information and input from a variety of
sources, the Committee has developed a series of forms to be used locally in the documentation
of the incident by those conducting the investigations.
This guide has been developed to provide those investigating a fire with a basic system for
collecting data and information in a consistent manner. These forms are not designed or intended
to be a complete report, but rather to serve as input for developing a final investigative report.
They also are not intended to provide all known incident information. This guide does not cover
the interpretation and use of the data.
All local units of government and private industry involved in fire investigation are
encouraged to utilize these forms in the way best suited for their situation. Supplemental local
forms should be used as needed.
General
Scope. The scope of this guide is to guide investigators in collecting and recording preliminary
information needed for the preparation of a formal incident report.
Purpose. This guide explains a series of suggested forms that can be used during a fire
investigation to record field notes. The forms serve as a reminder of the type of information that
may be helpful in understanding the fire.
Application. The guidelines for using these forms are only suggestions, as each particular
agency should utilize the forms in the way that best suits their needs. The forms are simple to
complete, with large areas for comments that can be developed as the investigation continues.
The forms shown in this guide are designed to collect descriptive observations rather than
definitive conclusions.
Not all forms will be used at all incidents. However, several forms could be used on any
specific fire, depending on the magnitude of the investigation or the type of incident.
This guide contains instructions for the completion of the fire incident field note forms. The
forms allow the person conducting the investigation to collect the information in a consistent
manner so it can then be studied to reach a conclusion regarding a particular incident. The forms
are designed to be handwritten. The data is to be utilized to complete the final investigative
report. The case supervision form should be used to keep a track of the progress of the
investigation.
Preparation of Reports. These forms and the information recorded on them are not designed to
constitute the incident report. They provide data helpful in reaching conclusions as to what
happened so the incident report or the investigation report can be prepared. If an incident report
has already been filed, part of the process of using this data should be to verify the original
incident report and update that report as necessary so the most accurate information is contained
in the incident report and any data bases that contain that incident information.
Forms. There are 12 forms described in this guide. These forms and their applications are:
906-0 Case Supervision

- Used on all investigations to track the progress of the
investigation.

906-1 All Fires

- Used on all fire investigations to collect
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identification and contact information.
906-2 Structure Fires

- Used when the fire involves a structure. There are
three pages to this form.

906-3 Motor Vehicles

- Used when the fire involves any type of motor
vehicle.

906-4 Wildland Fires

- Used when the fire involves grass, brush, and
wildland areas.

906-5 Casualties

- Used to collect information on people injured or
killed in the incident.

906-6 Witness Statement

- Use one sheet per witness to identify the witness and
record the statement.

906-7 Evidence

- Used to record recovered evidence and where it is
removed to.

906-8 Photographs

- Used to log description of all photographs taken.

906-9 Sketches

- Used to sketch the scene or specific locations within
the scene.

906-10 Insurance Information

- Used to record information on insurance coverage,
adjustment, and loss.

906-11 Records/Documents

- Used to record information on incident, property,
and business or personal records that are available.
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Case Supervision (Form 906-0). The case supervision form shown on the previous page is
designed to be the cover sheet for the package of sheets that will result as the information after a
fire is recorded.
This cover sheet will assist in keeping track of the progress of the investigation. Indicate what
has been done or needs to be done, assignments, dates, etc., in the remarks section. The lower
portion can be used to record routine checks or rechecks and other information pertinent to the
investigation.
The department or agency conducting the investigation as well as the file number assigned to
the investigation should be recorded on the upper right corner of each sheet or form used.
The section entitled “Field Notes” should be used to indicate which forms are being used and,
therefore, should be part of the final package. If a particular form is not applicable (N/A) to the
fire being investigated, check the N/A box so that other investigators or supervisors realize that
the form is purposely not present, rather than potentially lost. For example, the Motor Vehicles
Form (906-3) and the Wildland Fires Form (906-4) would not be applicable to a structure fire.
Use the back side of the form or additional sheets of paper to record additional activities and
dates.
The date/activity spaces are to record various aspects of the investigation as it continues. As
shown in the example below, the evidence was taken to the lab on May 27, 1993, and the lab
results are recorded in the activity section. Each investigator should utilize this space for any
notes that may be pertinent to the investigation.
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All Fires (Form 906-1). The “All Fires” form shown on the previous page is divided into six
sections. As with all forms used, the agency name and file number should be entered at the upper
right corner.
The first section identifies the incident. This includes the address where the incident occurred
or the general location; the day, date, and time of the incident; and any fire department incident
number. The weather should be a general description, with the temperature, wind direction, and
wind speed as exact as possible. The property description should show whether the incident is
primarily a structure, vehicle, wildland, or other fire. The appropriate form should also be
attached.

The second section is for recording the owner and the occupant. List the owner’s name,
telephone number, and address. If the occupant’s name and address are different, list those as
well. For a business, the name of the business and its telephone number should be recorded on
the line “Doing Business As.”

The third section is to identify how the investigative agency was notified and when and to
whom the case is assigned. All the information relates to when the investigator was notified. In
the example, on Monday, May 24, 1993, at 1430 hours, Chief Jones contacted Rogers, who
assigned the case to Fahey. The form then shows the arrival time of the investigator at the scene,
whether the scene was secured or not, and, in this scenario, the fact it was found in the same
condition as it was left by the fire department. The authority to enter was written. The date and
time when the investigator departed the scene is also recorded.

The fourth section identifies other agencies that were contacted as part of the investigation. In
this case, Chief Jones of the Clio Fire Department and Patrolman Smith of the Vienna Police
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Department were involved.

The fifth section provides a space to estimate the total loss and who made the estimate.
Additional information on the loss can be recorded in the remarks section. Also note that the
insurance information form (Form 906-10) has space for recording information on the insurance
loss paid.

The final section of the “All Fires” form is the remarks section. This section can be used as
necessary to record any additional details the user feels relevant to the investigation.
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Structure Fires (Forms 906-2a, b, and c). There are three sheets that comprise the form used
when the incident under investigation is a structure fire. These three sheets (shown on the three
previous pages) are divided into 17 sections, each of which is described below. Be sure the
agency name and file number are recorded at the upper right corner of each of the three sheets.
The first section deals with the type or use of the property and its status. In the example, the
structure is an occupied single-family, residential building. Occupied, for purposes of fire
reporting, means that it is being used regularly, even if there were not people present at the time
of the fire. If the property is not occupied, record whether it is under construction or renovation,
idle, or abandoned.

The second section provides a general area description. As many boxes as appropriate can be
checked. The example below shows that the fire occurred in a zoned, stable suburban area.

The third section describes the construction of the structure. In the example shown below, the
structure was a 50 ft × 32 ft, one-story used as one unit. The structure had a basement, and was of
wood-frame construction with drywall interior walls, plywood floors, and a composition
shingled roof.

The next section records the security of the structure as found by the fire department upon its
arrival. In the example below, the doors and the windows were secure according to Assistant
Chief White. The rear door was forced by the fire department upon arrival at the scene.

The section on alarm/protection systems is for recording data on any alarm system or fire
suppression or detection system in the structure. The alarm system can be for fire, burglary, or
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motion. The operation of any system should be investigated and recorded.
The example below shows a sprinkler system tied into an alarm company.

The utilities section allows the investigator to list whether the utilities were on or off at the
time of the fire. It also provides a place to list the utility companies and their telephone numbers.

In the section on exterior observation, the investigator should note his/her observations of
significant facts about the exterior of the structure or the fire area. Observations reported by
others can also be entered here.
In the example below, the fire department observed fire through the southwest corner of the
roof upon their arrival, and the fire investigator noted charring behind the electrical service
entrance.

In the section on interior observation, the investigator should note his/her observations of
significant facts about the interior of the structure or the fire area. Observations by others can be
entered here also.
In the example below, the investigator found heavy smoke damage throughout the structure
and major fire damage centered in the utility room at the southwest corner of the building. Piles
of burned clothing were found behind the clothes dryer.
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The section entitled “Heating System” is designed to record observations about the principal
heating system for the structure. For example, the heating system is gas-fired forced hot air and
is located in the basement. There is no fire damage in the basement.

The next section discusses the electrical service. The investigator can record where the service
enters the structure, the location of the service panel, and any observations about the electrical
service and its relationship to the fire.
As an example, the electrical service consisted of a circuit breaker box in the southwest corner
of the utility room and there was a 20-amp breaker that had tripped during the fire.

If there was any auxiliary heating systems or equipment in the fire area that may have been
involved in any way, their type, location, and any observations about their possible involvement
should be recorded in the “Other Heating Equipment” section.
In the example below, an electric space heater was found plugged in in the utility room and it
was severely damaged.

Observations about the contents of a structure are often helpful in understanding the fire. The
next section allows the investigator to record anything unusual about the contents of the
structure. If there are no unusual observations, the investigator should so indicate.
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The next section is for recording either the area of origin or observations that could be helpful
in determining the area of origin.

The section on ignition sequence may not be able to be completed until some time late in the
investigation. The reasons for investigations vary, and, in some, the ignition sequence may be
immediately known, but, in others, factors such as fire spread or reasons for casualties may be
the thrust of the investigation.
The ignition sequence should identify a heat source, a material ignited, and what could have
brought the two together to allow the fire to start. The heat source often involves a piece of
equipment. If so, the equipment should be identified as well as how it contributed to the heat. If
no equipment was involved, the form of the heat should still be identified.
The material ignited should be identified by both its type or composition and its form or use.
The explanation of how the heat and material got together is described as the ignition factor.
In the example below, the investigator records what he/she believes happened.

The section entitled “Fire Spread” can be used to describe how the fire moved through the
structure. If certain materials were instrumental in the spread, they should be noted. If certain
avenues or paths allowed the fire to spread to other sections of the structure, they should also be
noted. It is suggested that when the fire leaves the room of origin, the extent of the fire damage
be documented.
In the example below, the fire investigator found that the wood paneling used as interior finish
in the corridor was extremely important in spreading the fire and cutting off the escape routes for
other residents.
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The section entitled “Smoke Spread” is similar to the previous section but allows for the
recording of information about the smoke’s movement through the building. Again, any
materials that produced significant smoke while burning should be recorded. Also, any
significant avenues or structural areas that were significant in allowing the smoke to spread
uncontrolled should be noted.
In the example below, a burning plastic shower unit in a bathroom on the third story forced
smoke into a ventilation shaft from which it spread to other apartments when the fan that
ventilated the shaft shut down due to a power failure during the fire.

Any remarks that the investigator feels are necessary to this particular portion of the
investigation can be recorded in the remarks section. If remarks are entered at different times, the
date when they are entered should be included.
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Motor Vehicles (Form 906-3). The motor vehicles form shown on the previous page is divided
into eight sections. It is to be used whenever the fire investigation centers on a motor vehicle,
whether the vehicle is inside or outside a structure. As with any of the forms used, the agency
name and file number should be recorded in the upper right corner.
The first section is used to describe the vehicle. It includes the year, make, model, license or
registration number, and the vehicle identification number (VIN). The color of the vehicle
should also be recorded.

The second section is for recording the name, address, and telephone number of the owner of
the vehicle and the operator of the vehicle. The operator’s license number should also be listed.

The third section allows the investigator to record observations about the exterior of the
vehicle. This should include any prior damage or missing or mismatched parts. Any area of
exterior fire damage should also be described.

The next section is for recording observations about the fuel systems. Notes in this area should
relate to whether there was any damage to the fuel system, damage from the fire to the fuel
system, the type of fuel the vehicle used, the condition of the tank (was the cap intact), and
whether the fuel line was intact.

The fifth section can be used to record observations about the engine compartment. Again,
there are various areas of concern. Was there prior damage to the engine? Was there fire damage
to the engine compartment? What were the fluid levels? Were the caps intact? Were any engine
parts missing?
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The sixth section of the form is used to record observations about the interior of the vehicle.
Was there prior damage to the interior, the ignition system, or accessories? Were the keys in the
ignition? Is anything missing? The fire damage should be described. Also, the odometer reading
and any service sticker information should be recorded.

The security of the vehicle at the time of the fire can be critical to understanding the fire. The
next section allows recording of information about the vehicle’s security system. If there was an
alarm, was it turned on? Were the doors and trunk locked? What position were the windows in?

The final section on this form is the origin and ignition sequence section. It can be used to
record observations about heat sources, equipment, materials ignited, and possible reasons for
the heat and material to combine to start a fire. The ignition sequence may be readily apparent or
the investigator may need to use the observations together with other evidence to actually
determine how the fire started.
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Wildland Fires (Form 906-4). When the fire involves wildland areas, forest, or grasslands, the
wildland fires form shown on the previous page is helpful in recording observations about the
fire. The form is divided into five sections. Start by recording the agency name and file number
in the upper right corner.
The first section is for describing the property involved as well as the number of acres
involved, other property that the fire spread to, type of security, and any further comments.

The second section allows the investigator to record comments and observations about how the
fire traveled. This should include both horizontal and vertical direction as well as speed.
Previous weather conditions that would effect the fire’s growth and spread should be recorded.

The third section is for describing the area of origin. In the early stages of the investigation,
that this may be a general area gets narrowed as the investigation continues.

The next section allows the investigator to indicate whether there were people in the area, who
they were, and what they were doing. Witness statements should be taken using Form 906-6.

The last section is used by the investigator to record observations on heat sources present,
materials ignited, and what could have allowed the two to combine to allow the fire to start.
These observations may provide a definitive ignition sequence or may need to be used with other
information to determine how the fire spread.
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Casualties (Form 906-5). If there are persons killed or injured by the fire, the casualties form
can be used to collect data about those persons. (See form on previous page.)
The casualty could be a fire fighter, a civilian involved with the property that burned, an
emergency service person assisting at the incident, or possibly the suspect in a criminal case. The
casualties form is divided into seven sections. If any casualties forms are used, the agency and
file number should be entered at the upper right corner of the form.
The first section of the form is for identifying and describing the casualty. This includes name
and address, personal features, and clothing worn. In the case of a fire fighter injury, the
protective clothing worn, how it was worn, and any failure of the clothing should be described.

The second section is used to describe the injury and its seriousness. A minor injury is one in
which immediate medical care is not necessary. A moderate injury is one in which quick medical
treatment is advisable, but there is little danger of death or permanent disability. A severe injury
is potentially life-threatening if the condition remains uncontrolled. Immediate medical care is
necessary.

The third section is used to describe the circumstances surrounding the injury or fatality. This
includes the name of the person who found the victim, where the victim was found, what the
victim’s activity prior to or at the time of ignition was, and what the victim was doing after the
time of ignition. This would be extremely helpful in the case where the casualty was, in fact, the
suspect.

The section on casualty treatment is not for collecting all the medical details of treatment but
rather to identify who handled treatment at the scene and in transport. It also records where the
victim was sent. Followup inquiries can then be made to determine medical diagnosis or
observations that might be helpful to the investigation.
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If the injury is fatal, it is important to determine in what position and where the victim was
found. Also record who authorized the body to be removed, who removed it, and to where. The
medical examiner should be identified and any information on cause of death recorded. If an
autopsy is performed, the person performing it and the date it was performed should be recorded.
Other postmortem tests should also be identified.

The sixth section identifies the next of kin, who notified them of the death, and when.

The final section is a remarks section where the investigator can record any comments specific
to the casualty.
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Witness Statement (Form 906-6). If there were any witnesses to the fire or events preceding the
fire, this form (shown on the previous page) can be used to record the witness’ remarks.
The top of the form is for identifying the witness, his/her relationship to the property, where
he/she can be contacted, and the location, date, and time of the statement.
Sometimes the investigator may let the witness write his/her own statement, in his/her own
handwriting, and sign it. Sometimes the time the statement was concluded is important and this
should be recorded, if appropriate.
The example below shows a typical series of notes taken by an investigator during discussion
with John Ayres, owner/occupant of a house in which a fire occurred.
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Evidence (Form 906-7). If evidence is collected at the fire scene, this form can be used to log
that evidence. (See form on previous page.)
A description of the evidence, where and when it was found or taken from, and where it was
taken to and by whom are recorded in the first section of the form.
At the bottom of the form is a remarks section that can be used to document the chain of
custody, its use, and/or disposition.
In the example below, three pieces of evidence were taken: an electric heater and debris from
two locations. The electric heater was examined at the office, and the debris was sent to a
laboratory to determine if flammable liquid vapors were present.
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Photographs (Form 906-8). The form shown on the previous page should be used to record a
description of each photograph taken at the scene. One form should be used with each roll of
film. The roll number, the agency conducting the investigation, and the file number must be
recorded at the top right of the form.
The form is designed so that as pictures are taken, the investigator may record, in numerical
order, where the pictures were taken and what they show.
The remarks section at the bottom of the form can be used to comment on any photograph, to
keep track of the processing, or for any other notes the investigator wishes to make regarding the
photographs.
The completed form below shows how a form might look for 22 photographs taken at the
scene of a dwelling fire.
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Sketches (Form 906-9). If a sketch is made of the incident, the form on the previous page can be
used for that purpose. At a major incident more than one sketch may be necessary with one
showing the overall scene, and subsequent sketches showing details of specific sections, such as
the area of origin.
The sketch should show a north arrow and the point of origin. Appropriate measurements can
be added to clarify understanding.
If the sketch is not to scale, that should be noted.
Also, the person drawing the sketch should sign and date the sketch.
The example below shows a simple sketch for a one-story dwelling.
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Insurance Information (Form 906-10). The form shown on the previous page is used for
recording information on the insurance company, coverage, agent, adjuster, and loss paid. The
form is divided into six sections. The agency conducting the investigation and the file number
should be recorded at the upper right corner of the form.
The first section is for identifying the insurance company or companies involved with the fire
loss. In addition to the identification of the company, the policy number, effective date, and
expiration date should be recorded. As shown below, the owner of this property was insured with
State Casualty, with policy effective dates from 12-1-90 to 12-1-93.

The second section of the form is for recording data on the amount of coverage, the insured
person, and any previous insurance history he/she may have. In the example below, John Ayres
has $40,000 in coverage on his dwelling and $20,000 in coverage on the contents. There was no
previous insurance carrier and no loss experience.

The next section is used to identify the insurance agent(s) and where they can be contacted.

The fourth section is used to identify the person(s) responsible for adjusting the loss or
investigating the loss for the insurance company. In the example below, the adjuster is Bernice
Kress of Michigan Claims. There was no public adjuster assigned.

The total paid loss section is used to record the actual insurance company settlement. In
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addition to the loss to the structure and contents, payments for business interruption, additional
living expense, or other payments can be recorded. In the example below, $23,900 was paid for
damage to the structure and $18,000 for damage to the contents.

The last section is a remarks section. If there is information from the adjuster or insurance
agent that is pertinent to the investigation, it should be listed in this section. If the investigator
sees anything suspicious in the insurance arrangement or the way the loss is handled, this can be
noted also.
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Records/Documents (Form 906-11). The final form is used to track other records and
documents that were reviewed or identified as available during the investigation. (See form on
previous page.) This form is divided into three sections. For each type of record, a remarks
section is available to comment on the records, note availability, or identify contacts.
The first section deals with incident-related records. All people or companies involved with
the incident can be identified. In the example below, the Clio Fire Department was there; their
report is going to be attached to the entire package. The Vienna Police Department was present
at the scene, and their report is attached. The insurance company is listed, which also coincides
with Form 906-10, and shows their case number and that their records are available, if needed.
The gas and electric company is Consumers. No media coverage or other people or companies
were involved.

The second section of the form is for comments on records relating to the property. These
could be applied whether the property is a structure, vehicle, or other property. For example, an
automobile could have a lien against it, or it could be leased and would have registration
documents.
In the example below, the mortgage holder and the tax records were checked and the payments
were found to be current.

The final section of the form is for business and personal records. If the fire is suspicious or
incendiary, the investigator may want to review personal or business records for any evidence of
illegal activity. As these records are reviewed, comments can be made on the appropriate lines.
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NFPA 910
1991 Edition
Recommended Practice for the Protection of Libraries and
Library Collections

Copyright © 1991 NFPA, All Rights Reserved
1991 Edition
This edition of NFPA 910, Recommended Practice for the Protection of Libraries and Library
Collections, was prepared by the Technical Committee on Protection of Cultural Resources and
acted on by the National Fire Protection Association, Inc. at its Annual Meeting held May 19-23,
1991 in Boston, MA. It was issued by the Standards Council on July 19, 1991, with an effective
date of August 16, 1991, and supersedes all previous editions.
The 1991 edition of this standard has been approved by the American National Standards
Institute.
Origin and Development of NFPA 910
NFPA 910 was first adopted as a tentative recommendation at the 1968 Annual Meeting and,
after the Committee had made substantial revisions to incorporate suggestions made for
clarification of the text, was officially adopted in 1969. It was revised again in 1970 and 1975.
A general revision was undertaken in 1985 to incorporate changes in the state of the art and to
reconcile differences between Recommended Practices NFPA 910 and 911. The Committee’s
intent was to make the document more usable and more easily understood, to address the
concerns of librarians for water damage, to update to reflect new technology of both fire
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detection and fire extinguishing systems, to provide more specific guidance regarding compact
storage as a result of fire tests, and to standardize terminology.
Since the 1985 Edition, the vulnerability of libraries to arson fires has been given new
emphasis by catastrophic fire losses in libraries without adequate automatic fire protection and
has been featured in the general revision for the 1991 Edition. Other significant changes in this
revision include comprehensive library fire loss data compiled by NFPA from U.S. fire
departments by year and cause, identification of the special vulnerability of multitier bookstacks
to rapid fire development and structural collapse with implications for the fire service, extracts of
fire test reports for mobile shelving (compact storage) and multitier bookstacks (in appendixes)
to provide guidance for designers of library fire protection, guidance to provide for smoke
management in building design, hazards and precautions with special events, reorganization of
text to emphasize management responsibility, definitions for specialized terminology and to
generally clarify and update the document.
Acknowledgement is given to the Task Group appointed to develop the revisions for the 1991
Edition. Contributing members of the Task Group were: Messrs. Stephen E. Bush (Chairman),
Hoyt R. Galvin, Gary S. Kieth, John W. Koester, and John Morris. Other members of the
Cultural Resources Committee who made special contributions to this revision were Ms. Diane
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NFPA 910
Recommended Practice for the
Protection of Libraries and Library Collections
1991 Edition
NOTICE: Information on referenced publications can be found in Chapter 13 and Appendix H.

Chapter 1 Introduction
1-1 Importance.
Libraries have an important role in preserving a nation’s heritage. They also provide vital,
constantly used tools for performing the educational world’s work. Ensuring the library’s safety
from fire requires particular attention to fire protection for its contents as well as its structure, but
especially for the occupants—visitors, users, and library staff.
1-2 Scope.
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The term library covers an extremely wide range of situations; a library can be a small special
or valuable collection in a private home or other building, or it can be a separate section in a
building used for many purposes. It also can be a multimillion dollar complex of buildings
whose purpose is to provide not only storage for books, but also study and reading areas, catalog
rooms, work rooms, binderies, art collections, shops, and places of public assembly. However,
all libraries have one characteristic in common: ample fuel in the form of books and other library
materials (which may include compact discs, microforms, magnetic tapes, phonograph records,
and motion picture films—cellulose nitrate as well as “safety” film) that can burn and contribute
to a serious fire.
1-3 Purpose.
The purpose of this recommended practice is to give guidance in fire prevention, fire
protection, and fire loss contingency planning to library trustees, chief librarians, and other staff
officers who are responsible for the firesafety of the library’s building(s) and its collections and
for the life safety of those persons who visit libraries or work in them. It emphasizes the
responsibility of all such library officials to protect against fire (hazards) in their properties using
qualified personnel and consultants to present an analysis of the fire risk embodied in the
library’s collections, building(s), and operations. This analysis should also include an assessment
of the impact of the loss or interruption that fire would impose on the library’s service to the
community.
1-4 Design for Firesafety.
In designing a new library or planning improvements or alterations in an existing library, the
desirable level of firesafety may be sought in either of two ways: through compliance with codes
or through a systems approach. Compliance with specification and performance codes is only as
good an approach as the code itself and how the code is interpreted or enforced by the authority
having jurisdiction. Frequently such a code provides for the safety of persons in the building and
for the survival of the building itself, but not for the preservation of building contents, especially
valuable collections, and historic fabric.
A systems approach is goal oriented. It gives the librarian or director the opportunity to specify
the limit of destruction in the library that management is prepared to accept from a fire. The fire
protection engineer can then design a system of construction and fire protection that will contain
and suppress a fire within that limit. Guidance in planning for construction and equipment for
protection is offered in Chapters 5 and 7 of this document.
NOTE: The NFPA Fire Protection Handbook (see Chapter 13) devotes a chapter to “Systems Concepts for
Building Firesafety” (Section 1, Chapter 3). Other references on the application of systems concepts to
building firesafety are provided in Appendix C.

1-5 Application.
This recommended practice should be of assistance in planning new libraries and in improving
the firesafety of existing libraries. In addition, the NFPA publishes standards, recommended
practices, and other literature that are essential in implementing a sound fire protection program
for a library. For example, in considering life safety measures, there is NFPA 101,® Life Safety
Code,® which gives specific measures that will provide a reasonable degree of safety from fire
for building occupants. Other standards and recommended practices give additional information
on firesafe building construction, fire alarm and extinguishing equipment, and guidance on
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protection against a variety of hazards that may be encountered in a library. A partial list of
pertinent NFPA literature is included as Chapter 13.
1-6 Definitions.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Arson. The deliberate setting of fires with a criminal intent.
Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or department official
may be the “authority having jurisdiction.”

Code. A document containing only mandatory provisions using the word “shall” to indicate
requirements and in a form generally suitable for adoption into law. Explanatory material may be
included only in the form of “fine print” notes, in footnotes, or in an appendix.
Compact Storage Module. An assembly of book shelving sections mounted on carriages with
the arrangement of carriages on tracks so as to provide one moving aisle serving multiple
carriages between fixed end ranges. See Appendix G, Figure G-2.
Compact Storage System. A book storage installation comprised of multiple compact storage
modules. See Appendix G, Figure G-3.
Early Warning. A signal provided by a fast response detection system, such as one using
smoke or flame detectors, that detects fire in its earliest stages of development so as to enhance
the opportunity of building occupants for escape and commencing manual suppression of the fire
prior to arrival of fire service units.
Fire Barrier. A continuous membrane, either vertical or horizontal, such as a wall or floor
assembly, that is designed and constructed with a specified fire resistance rating to limit the
spread of fire and that will also restrict the movement of smoke. Such barriers may have
protected openings.
Fire Compartment. A space within a building that is enclosed by fire barriers on all sides,
including the top and bottom.
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Fire Resistance Rating. The time, in minutes or hours, that materials or assemblies have
withstood a fire exposure as established in accordance with the test procedures of NFPA 251,
Standard Methods of Fire Tests of Building Construction and Materials.
Historic Fabric. Original or added building/construction materials, features, and finishes that
existed during the period deemed to be most architecturally and/or historically significant.
Incendiarism. The deliberate setting of fires.
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specific manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The “authority having
jurisdiction” should utilize the system employed by the listing organization to identify a listed product.

Recommended Practice. A document containing only advisory provisions (using the word
“should” to indicate recommendations) in the body of the text.
Standard A document containing only mandatory provisions using the word “shall” to indicate
requirements. Explanatory material may be included only in the form of “fine print” notes, in
footnotes, or in an appendix.
Chapter 2 Organization for Fire Protection
2-1 Library Management Functions in Fire Protection.
2-1.1
Organization and responsibility for fire prevention should lie with the chief librarian, who
should have the obligation of determining measures to be adopted to protect the occupants,
collections, equipment, and building.
The chief librarian must determine the acceptable limit of fire damage and make adequate
plans, with the advice of others, to improve the level of protection so that this limit will not be
exceeded. Special attention should be given to irreplaceable portions of the collection and to the
provision of the degree of protection warranted for these portions of the collections.
The chief librarian should establish written policies for firesafety and provide the necessary
facilities, funds, and personnel to carry them out.
2-1.2
To discharge the fire protection responsibility, the chief librarian may assign the following
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duties to others under the direction of a senior executive, such as the director, deputy director, or
similar official depending upon the size of the library and the organization of its personnel:
(a) Public relations regarding safety, fire protection, and internal communication on these
matters.
(b) Counsel on fire protection and fire prevention.
(c) Preparedness and emergency planning, including coordination with the public fire service.
(d) Plant maintenance, water supply, fire alarm maintenance.
In implementing the preceding pattern of responsibility in the small library, most of the
assignments might well be to persons outside the library’s own staff.
2-2 Evaluation of Loss Possibilities.
2-2.1
The chief librarian should use competent personnel with knowledge of fire protection to assess
the probability of fires occurring in any part of the facility and the possible extent of fire spread
and loss.
NOTE: Appendix B identifies a source of consultants qualified to perform this service for chief librarians.

2-2.2
The general objectives of evaluating loss potential are:
(a) To lessen loss potential by anticipating the possibilities and appropriately reducing loss
exposures.
(b) To lessen the chances of recurrence of emergencies by taking advantage of experience
gained.
2-2.3
The program to accomplish these objectives should include:
(a) Planning of fire protection action by all protective agencies, private and public, dealing
with an emergency.
(b) Planning reestablishment of normal conditions after a fire with promptness and efficiency.
(c) Assurance that adequate orientation and training have been given to the staff and that the
staff is given refresher training in their responsibilities on a regular basis.
(d) Periodic reevaluation of loss potentials through frequent inspections in order to prevent
changed conditions from having deleterious effects upon firesafety.
NOTE: When conducting inspections, take advantage of the counsel and recommendations available from
consulting technical sources such as qualified fire protection engineers, governmental inspection agencies,
building code or permit departments, insurance and rating bureau inspectors, the local fire department, and fire
prevention bureau. (See Appendix E, Firesafety Inspection Form for Libraries.)

2-2.4
The chief librarian should specifically make a determination regarding the two primary
considerations in evaluating loss possibilities:
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(a) The value exposed to loss in any one incident—e.g., a rare out-of-print book contrasted
with a current in-print item.
(b) The facilities available to limit such losses (or the lack thereof).
Chapter 3 Library Fire Experience
3-1 How Fires Have Started and Spread.
3-1.1
Fires have occurred in libraries of many different types and from a wide variety of causes [see
Table 3-1.1(a)]. Serious damage has occurred in buildings of fire-resistive as well as of
combustible construction. Fires do occur in libraries worldwide with considerable frequency and
serious results. [See Table 3-1.1(b).]
Table 3-1.1(a) Fire in Libraries,* by Major Cause
Annual Average by 1980-88 Structure Fires Reported to U.S. Fire Departments

Major Cause

Fires

Direct
Property
Damage(
in Millions)

Incendiary or suspicious causes

98

$6.25

Electrical distribution system

47

$0.37

Other equipment

17

$0.00**

Smoking material

15

$0.11

Open flame

13

$0.01

Heating equipment

12

$0.23

Appliance, tool, or air conditioning

9

$0.05

Cooking equipment

6

$0.01

Child playing

6

$0.00**

Natural causes

4

$0.01

Other heat source

2

$0.00**

Exposure (to other hostile fire)

2

$0.09

13

$1.74

244

$8.88

Unknown
Total

*Refers to whole building, not library room.
**Rounds to zero but is not zero.
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NOTE: There were no estimated deaths. Sums may not equal totals because of rounding error.

Table 3-1.1(b) Fires in Libraries,* by Year
1980-1988 Structure Fires Reported to U.S. Fire Departments
Direct
Damage
(in Millions)

Year

Fires

1980

386

$2.17

1981

266

$0.22

1982

276

$13.86

1983

194

$3.56

1984

238

$0.22

1985

279

$1.42

1986

206

$42.85

1987

197

$15.16

1988

150

$0.48

Average

244

$8.88

*Refers to whole building, not library room.
NOTE: There were no estimated deaths in any year.

3-1.2
The few examples below were chosen to illustrate the many ways in which library fires have
started and spread and the great destruction they have caused. In these fires alone, tens of
millions of valuable books, recordings, and other media have been needlessly lost to fire.
Damage has been directly proportional to the promptness of discovery, the transmission of an
alarm, the availability of automatic fire suppression, and the amount of combustibles in the fire
area. The total situation may be such that even the most proficient fire fighting service will be
unable to cope with it—as evidenced by the great loss in the Jewish Theological Seminary
Library fire, the Klein Law Library fire, and the Los Angeles Central Public Library fire.
3-2 Representative Fires in Libraries without Automatic Fire Protection Systems.
Factors common to the most destructive library fires are arson, delayed discovery, delayed
reporting, and the absence of any automatic suppression or detection capability. Some typical
fires involving one or more of these factors are listed below—including three disasters that tested
the resources of three of our largest cities.
University of Michigan
Ann Arbor, Michigan—June 6, 1950
Department of Government Library
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A daytime fire set by a faculty member resulted in $637,000 loss.
Michigan State Library and Office Building
Lansing, Michigan—February 8-13, 1951
An incendiary fire burned for five days, resulting in a loss of $2,850,000 and two floors of the
building that could not be salvaged.
Jewish Theological Seminary Library
New York, New York—April, 1966
An incendiary fire on the tenth floor of a 12-story tower was fought by employees for 20
minutes before calling the fire department. There were no automatic systems for detection or
suppression of fire. The loss was estimated at $8,180,000 and included irreplaceable books and
manuscripts.
Smith College Library
Northampton, Massachusetts—October 21, 1975
Fire of electrical origin damaged the reference room of the Neilson Library. Damage to the
interior finish, furnishings, and the loss of a considerable number of books was estimated at
$342,000. Some areas of the library were equipped with automatic sprinklers and smoke
detection systems, but the reference room was unprotected.
University of Toronto Engineering Library
Toronto, Ontario—February, 1977
Fire of undetermined origin in the Sir Sandford Fleming Building caused severe damage to the
Engineering Library collections and to the building. The building loss was estimated at
$5,850,000, and the cost of repairs or replacement of books at $700,000. There were no
sprinklers in the building. A detection system sent signals, but, because alarm circuits were being
tested during the night, signals were confused, and a delayed response resulted.
Temple University Law Library
Philadelphia, Pennsylvania—July, 1972
Fire originating in an office area gutted the Charles Klein Law Library and caused extensive
damage to the collections. There were neither sprinklers nor automatic detection equipment and
the fire was reported by a passer-by at 1:45 pm. The fire department attacked the fire and
subdued it in 90 minutes, pouring water into the building at the rate of 11,000 gallons per minute
at one point. Salvage of wet books held the damage to collections at $1,720,000, while the total
loss was estimated at $5,000,000. (See Investigation Report by A. Elwood Willey in the Fire
Journal, NFPA, November 1972.)
Ceres Public Library
Ceres, California—August 14, 1977
The Gondring Library and several adjacent offices were destroyed in a fire that developed
when two youths dropped a paper match into a book return slot. The library loss was
approximately $230,000. There were neither sprinklers nor automatic fire detection equipment.
San Diego Aerospace Museum and Library
San Diego, California—February 22, 1978
Fire of incendiary origin destroyed the museum and library. The loss, estimated at
$16,300,000, included artifacts, works of art, photographs, and the Prudden Collection of 10,000
Copyright 1996 NFPA

volumes. At the time of the fire, the 62-year old structure was undergoing reconstruction, which
involved replacement of exterior cement plaster. During this operation the underlying plywood
used in the construction was exposed, and the fire was set in the plywood. The building had
neither sprinklers nor automatic fire detection systems.
Hollywood Regional Library
Hollywood, California—May 2, 1982
Vandals broke into the library during the night and set it on fire. There were neither sprinklers
nor automatic detection equipment. The destruction was almost total, and the loss amounted to
more than $5,000,000. A new building replacing this library was dedicated in June, 1986 with
the design incorporating modern protection systems—i.e., automatic suppression and detection.
Los Angeles Central Library
Los Angeles, California, April 29, 1986
An arsonist set a fire on Tier 5 in the multitier bookstacks at 10:40 am when there were 400
persons in the library. A detection system gave immediate notice of the fire to a security officer,
and the fire department was called. The security officer responded to Tier 6 as indicated by the
smoke detection annunciator panel but found no fire there at that time. The “deck slits” had not
been sealed with smoke barriers [see 5-2.2(c)] when the smoke detection system was installed as
they were still needed for bookstack ventilation. As a result, the opportunity was lost for
occupant extinguishment while the fire was small. Time available for occupant action was
probably very short because, typical of fires in multitier bookstacks without automatic sprinkler
protection, vertical fire spread through the open deck slits would have been very rapid—possibly
less than 10 minutes from Tier 5 to the top tier in the bookstack (Tier 8). The fire department
response was prompt, but the fire proved one of the most difficult Los Angeles had ever seen,
and it was over 71/2 hours later that it was declared under control. More than 400,000 items were
destroyed, and 700,000 wet books were placed in freezer warehouses to await eventual
restoration. Damage to the reinforced concrete building structure and its historic fabric was
extensive and significant. The senior fire service officer, Chief Donald Manning, said “If it had
been sprinklered we might have had a few hundred books damaged; we might have had a few
thousand dollars damage.” (See Investigation Report in NFPA Fire Journal, March/April 1987.)
September 3, 1986
A second incendiary fire struck the Central Library, causing $2,000,000 damage to music
collections, where papers had been stacked to start the fire. The public had been excluded from
the building since the April 1986 fire, and only staff members and security people were there.
October 11, 1988
A third fire resulted when hot metal from welding operations on the third floor dropped down
a chute into scrap lumber in the basement. Damage was limited to smudging of the elegant
murals that had been cleaned after the 1986 fires at a cost of $500,000. The fire fighters put
down the flames in 30 minutes. Plans for the expansion and remodeling of the library include
complete automatic sprinkler protection.
Library of USSR Academy of Sciences
Leningrad, Russia—February 14, 1988
Fire that started as a result of an electrical defect in a newspaper collection storage room of
this great library burned for 2 hours unnoticed because the detection system failed. Forty
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brigades then pumped water into the flames for the next 19 hours. It was a national disaster on a
parallel with the Chernobyl nuclear catastrophe and was so described by Soviet journalists.
Destroyed by fire were 400,000 volumes of rare or unique items; another 3.6 million books were
water soaked. As Pravda reported, “The disaster could well have been prevented.”
3-3 Representative Fires in Libraries with Automatic Fire Protection Systems.
Saint Joseph State Hospital
Saint Joseph, Missouri—July 31, 1982
Fire of incendiary origin in the second floor library of this 3-story medical care facility was
controlled with the operation of two automatic sprinklers. The minimal damage was confined to
the room of origin.
University of Utah
Salt Lake City, Utah—December 17, 1981
Fire resulting from an overheated slide projector in the basement of the Eccles Health Sciences
Library was extinguished with the operation of two automatic sprinklers. Notification of the
public fire department was prompt through the action of smoke detectors. An estimated loss of
$2600 was confined for the most part to visual aid equipment.
New York University Library
New York, New York—January, 1965
Fire in a library bookstack was extinguished with the operation of one automatic sprinkler.
Total loss was approximately $7,000.
New York University Library
New York, New York—February, 1951
Fire in the bookstacks of a 10-story, completely sprinklered, fire-resistive building was
extinguished with the operation of one sprinkler. Total loss was approximately $1,000.
NOTE: Is it significant that in the four fires described in this section sprinkler operation was credited for
prompt control and extinguishment with minimal damage. Many similar incidents have occurred without
attracting public notice.

3-4 Library Fires—Causes and Prevention.
3-4.1
Incendiarism (i.e., the deliberate setting of fires) has been identified as the cause of most fires
in libraries in the last 50 years, accounting for as many as 80 percent of all fires. The average
annual fire loss due to incendiary or suspicious causes during the years 1980-88 was $6,250,000
[see Table 3-1.1(a)].
See Chapter 13 Morris, John, Library Disaster Preparedness Handbook.
The disgruntled or unstable employee or patron may be the most difficult type of fire setter to
recognize. Vandals who break in while the library is closed can be defeated by physically
strengthening doors and windows, improving security, and installing intrusion alarms to make
unauthorized entry and vandalism difficult. Those fire setters who place burning materials in
book returns can be turned away simply by improving the book return or eliminating it in favor
of an outside receiving bin—something that thousands of libraries have done in recent years.
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3-4.2 Fire Prevention—Control Ignition Sources.
After incendiarism, the most common causes of fire in libraries involve the failure to control
the ignition sources that are inherent in building operations—heating systems, electrical faults,
hot work of contractors in construction and remodeling, heating systems, and lightning. Each of
these categories has produced destructive fires in recent years. Another common cause of fire is
the exposure fire that spreads to the library from an adjacent building or another occupancy in
the same building.
These causes suggest preventive programs to minimize fire damage. Electrical wiring and
appliances require proper installation and maintenance. Open flame devices should be permitted
only upon the basis of written authorization signed by the responsible management official after
evaluating the risks and prescribing the specific protective measures to be included as conditions
of the authorization. Contractors must be held by contract specifications to stringent discipline in
protecting cutting and welding operations—a prolific source of fires—and in other hot work.
Standard lightning protection should be provided.
NOTE: The NFPA Fire Protection Handbook (17th Edition) provides guidance for control of ignition sources
in library collections (Section 8, Chapter 8).

3-4.3 Fire Prevention—Control Fuel.
A fire prevention program in the library should provide for control of fuel as well as ignition
sources. It should include inspections by designated supervisory persons to maintain good
housekeeping and see to the proper removal of combustible trash, proper storage of flammable
materials, etc. It should also acquaint employees with emergency routines for fire: sounding the
alarm, calling the fire department, and using whatever first-aid appliances (e.g., fire
extinguishers) that may be available. The program should invite fire service officers into the
library for inspection and orientation.
3-4.4 When Fire Prevention Fails.
Due to factors beyond the control of even the most effective fire prevention program
(especially incendiarism), the risk of fire is always a distinct possibility, and any library
depending entirely on fire prevention activities will be perpetually at risk of major disaster. What
determines the fate of the building and the collections when fire strikes in the middle of the night
is the integrity of the structure in terms of proper design, fire resistive construction, and
automatic systems for protection.
Chapter 4 Prevention of Incendiarism and Arson
4-1 General.
It is impossible to eliminate the threat of arson to libraries. The nature of libraries—their
access to the public, with many areas obscured from view of attendants—results in their being an
opportune target of incendiarists as well as other forms of malicious damage. There are
precautions that can minimize the likelihood of a serious fire.
The most common fire setters are vandals, disgruntled users, and employees. They may break
in at night or gain legitimate access during normal operating hours. A frequent method of
external attack has been to place burning materials into the book return.
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Experience indicates that if an unsuccessful fire arson has occurred, a repeat attempt is likely
unless the fire setter is brought to justice. The library then becomes a specific target, and extra
precautions are warranted. These special precautions are itemized as high risk recommendations
under Section 4-3.
4-2 Security Recommendations.
Good security is the strongest deterrent to fire setters. Suggested elements of a sound security
plan are:
(a) Reasonable surveillance (including use of electronic equipment) of all areas accessible to
the public with spot checks at regular intervals. All nonpublic areas should have controlled
access.
(b) A background investigation for stability and character should be conducted to the extent
legal restrictions allow on potential employees, security personnel, and others having free access
to the entire library.
(c) All accessible openings to the library including doors, windows, vents, etc., should be
properly secured. Fire exits should be arranged to prevent outside entry. Doors and windows
should be checked to make sure locks are in good repair.
(d) Exterior lighting is an effective, and often underrated, security measure against
incendiarists and other miscreants. Where not provided by public utilities, lighting should be
added at all concealed approaches to the library.
(e) A rigid closing procedure, including supervisory responsibility, should be established to
ensure that all unauthorized people have left the building, that openings are secured, and that fire
hazards—including ashtrays, trash receptacles, etc. are checked.
(f) Book returns should be constructed to prevent the spread of fire and smoke from the return
into the rest of the library. A better alternative may be to eliminate the inside book return and
provide an outside receiving bin away from the exterior walls of the library building. Many fires
have been set in book returns.
4-3 Recommendations for High Risk Locations.
A higher level of precaution, while desirable at any library, is essential when any of the
following conditions exist: (1) high crime rate areas, (2) libraries associated with, or connected
to, social or political causes, (3) locations having incurred an incendiary fire or threat of one, or
(4) when there are seriously strained relations between employees and management. The
following precautions should be used:
(a) Provide security/watchman service during idle time or intrusion alarms connected to a
reliable, constantly attended location.
(b) Establish a cooperative liaison with police and fire departments.
(c) Provide closed circuit television and monitors for remote areas of public access. The
cameras provide a formidable psychological deterrent to fire setters and other wrongdoers.
(d) Supplement outside lighting with 7 ft (2.12 m) wire fence in areas of concealed access to
the building.
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Chapter 5 Construction
5-1 General Principles for New Construction.
5-1.1
The more important general principles for firesafe library construction are set forth below.
Detailed recommendations for good practice are also contained in various NFPA publications. In
most localities building codes and ordinances will govern the type of construction to be used.
As noted in Section 1-4, codes frequently provide for the safety of persons in the building, but
not for the protection of the collections or the preservation of the historic fabric of the building
or the collections. Therefore, it is of critical importance at the conception of the library project to
specify the level of firesafety to be achieved in the construction. It is recommended that a
qualified fire protection engineer be retained to participate in the development of the fire
protection specifications and to verify that the specifications are fulfilled satisfactorily.
5-1.2
Design of the automatic fire protection and detection systems and building construction are
interrelated. In addition to protecting combustible contents and providing improved safety to life,
automatic fire suppression systems may in some cases enable the use of less expensive
construction than would be permissible without them.
5-1.3
For library construction it is desirable to select materials and types of construction that are
either noncombustible or that have resistance to fire. Fire-resistive construction is desirable and
for multistory structures is essential. Fire-resistive construction is defined in NFPA 220,
Standard on Types of Building Construction, and requires structural members, including walls,
partitions, columns, floor, and roof construction, to be of noncombustible materials and have
fire-resistance ratings from two to four hours, depending on the structural members.
5-1.4
The contents of a library are valuable, sometimes of very high value or even irreplaceable, and
always combustible. Therefore, every effort should be made to construct the building to resist the
spread of fire. This means that during a fire the walls, roof, floor, columns, and partitions should
prevent the passage of flame, smoke, or excessive heat and continue to support their loads. “Fire
resistant” is not the same as “noncombustible.” Some materials that will not burn lose their
strength when exposed to intense heat. This might cause walls or floors to collapse. Iron or steel
multitier bookstacks are an example of this type of structure. Many types of construction using
various building materials have been tested and rated according to the length of time they will
resist fire. The duration of resistance needed by the library depends on the amount of
combustible material in the contents of each room as well as in the structure itself. Different
structural assemblies have fire resistance ranging from less than one to more than four hours.
NOTE: NFPA 220, Standard on Types of Building Construction, classifies and defines various kinds of
building construction. Testing laboratories list information on structural assemblies that have been tested in
accordance with NFPA 251, Standard Methods of Fire Tests of Building Construction and Materials.

5-1.5
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It is unwise to construct libraries of materials that will contribute fuel to a fire and that, by the
nature of the construction, create combustible concealed spaces. Voids between a ceiling and the
floor above are good examples of concealed spaces through which fire can spread rapidly and
where access for fire fighting is difficult [see 8-1.2(c)].
5-1.6
The term “compartmentation” in fire protection is used to mean subdivision of a building into
relatively small areas so that fire or smoke may be confined in the room or section in which it
originates. This principle can be applied to libraries without restricting the flexibility of
arrangement of library collections or the flow of visitors. Compartmentation requires
fire-resistive wall and floor construction, with openings provided with self-closing or automatic
fire doors having specific fire-resistive ratings.
In a similar way, properly enclosed stairways equipped with fire doors will prevent the spread
of fire, smoke, and heat from one level to another. Elevator shafts, dumbwaiters, and all other
vertical openings through the structure should be similarly safeguarded. Air-handling systems
(ventilation, heating, and cooling) should be constructed and equipped to prevent the passage of
smoke, heat, and fire from one fire area to another or from one level to another as provided in
NFPA 90A, Standard for the Installation of Air Conditioning and Ventilating Systems.
5-1.7
Some architects have designed buildings that are underground or largely so, that are
windowless, or that are completely ventilated by mechanical means. While these types of
construction have advantages in controlling temperatures, humidity, and air pollution, they do
create problems for fire extinguishment and life safety in the event of fire. These problems are
greatly magnified if loss of power impairs ventilating systems. Alternate means for permitting
the escape of heat and smoke should be provided; adequate roof ventilation is particularly
essential as heated gases and smoke always rise. Provisions should be made for the safe
emergency evacuation of people.
Provision should also be made for safe access by the fire department to the fire area.
“Knockout” panels located to permit direct access to well-maintained aisleways within the
structure are invaluable for this purpose. Fire department officials should be consulted and
should have knowledge of these knockout panels to avoid unnecessary breaching of walls in case
of fire.
Automatic sprinklers are essential in these types of buildings and are recommended. Smoke
detection systems can provide critically important early detection to activate a smoke control
system and give early warning to occupants.
NOTE: See NFPA 101, Life Safety Code, Chapter 30, for guidance in providing life safety measures for
underground structures and windowless buildings.

5-1.8 Smoke Control.
An engineered smoke management system should be considered as one of the means to
achieve the firesafety objectives established for the library. Depending on building construction,
interior finish, and furnishings and other contents, a substantial level of smoke damage can be
sustained even from a relatively small, well-controlled fire. A smoke management system should
generally be considered a complement to the protection provided by automatic sprinklers or
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other fire suppression systems and the barriers that define the fire zones. The smoke management
system can assist in limiting smoke from spreading beyond the initial fire zone. See NFPA 92A,
Recommended Practice for Smoke Control Systems, NFPA 92B, Guide for Smoke Management
Systems in Malls, Atria, and Large Areas, and NFPA 204M, Guide for Smoke and Heat Venting.
5-1.9
A most important consideration is the proper selection of interior finishes and furnishings.
Highly flammable wall and ceiling finishes should be avoided. NFPA 101, Life Safety Code, and
most building codes specify minimum requirements for interior finish materials. Combustible
draperies should be avoided. Extra care should be used in regard to the burning characteristics of
upholstered furniture, insulating materials, and acoustical materials. Careful selection of interior
finishes is always important and is especially so in the absence of sprinkler protection.
5-2 Bookstacks.
5-2.1 General.
Fuel loads in library bookstacks may range from 30 to more than 100 lb per sq ft (146 to more
than 488 kg/m2) with corresponding fire durations of more than eight hours. The higher fuel
loading in library bookstacks may result in fire durations that resemble those in warehouse
occupancies more than those found in business occupancies.
5-2.2 Multitier Bookstacks.
In many libraries the part of the building used to house books is only a shell within which the
exposed (i.e., unprotected) metal bookstacks are self-supporting and rise continuously through
several floor levels of the building. The bookstack walkways are suspended from the bookstack
structure with 7 ft (2.12 m) between levels or tiers. [See Figure 5-2.2(a).] This results in
openings between the stacks and the walkways that provide flue-like channels for the
uninterrupted upward flow of air through the books from the base of the structure to the top. [See
“Deck Slit” in Figure 5-2.2(b).] Since there are no fire barriers between levels or tiers, the entire
shell enclosing the multitier bookstack structure must be regarded as one fire compartment, and
everything it contains will be at risk to any fire that develops within, or spreads to, that
compartment. Cast iron or steel structural members lose strength at the high temperatures
encountered in fires. Under fire conditions, the cast iron or steel multitier bookstacks may
collapse. For this reason, the fire service may be unable to enter the multitier bookstack structure
for manual fire fighting.
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Figure 5-2.2(a) Multitier bookstack: perspective view.

Figure 5-2.2(b) Multitier bookstack: perspective detail showing section through deck flooring, fixed bottom
shelf, and adjustable shelves.

Fire growth in multitier bookstacks is very rapid. In unsprinklered fire tests conducted by
Factory Mutual Engineering in 1959, fire spread vertically through the open deck slits in a vase
shaped pattern (e.g., spreading horizontally at each tier as it advanced vertically), reaching the
fourth tier of a four-tier bookstack test assembly in 9.5 minutes. (See Appendix F.)
In libraries where multitier bookstacks are used, special attention should be given to fire
protection as follows:
(a) The most efficient automatic fire detection available, together with suitable reporting
means, should be provided.
(b) Complete automatic sprinkler protection should be mandatory, including waterflow alarms
and supervisory signals.
(c) Smoke barriers should be installed in all vertical openings between tiers or decks. In
addition to restricting the spread of smoke, such barriers will help contain the smoke and heat to
facilitate detection and sprinkler operation in the immediate area of the fire. Without these
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barriers, detectors and sprinklers may operate in areas remote from the fire before operation of
these systems in the fire area. (See description of the 1986 Los Angeles Central Library Fire in
Section 3-2.)
(d) A prefire plan should be developed with the fire department to determine the best means of
gaining access to the stacks, of venting smoke, and of reaching and fighting a stack fire at its
source.
In new libraries, or in major renovations of existing structures, this type of bookstack should
be avoided. Floor assemblies should be of conventional building construction with appropriate
fire-resistive ratings and the bookstack ranges supported by the floor assembly upon which they
are placed.
5-2.3
Compact shelving or mounting bookstack ranges on tracks is now appearing in new library
construction and renovations as an application of modern warehousing technology. This
concentration of combustible material can fuel a fire that will threaten even the strongest
code-prescribed fire barriers and construction—e.g., cause structural collapse. Without sprinkler
protection for compact storage, fire severity may exceed the resistance of fire compartment walls
and the ability of the fire service to control it. Automatic sprinklers should be mandatory for
compact shelving. Associated fire protection problems that require consideration include the
following:
(a) Existing automatic fire detection and fire suppression systems may have to be modified.
(b) Compact storage modules may conceal the origin of smoke, compounding the difficulty of
locating and extinguishing the fire.
(c) Compact storage modules obstruct penetration of water from hose streams and sprinklers
for fire extinguishment. Consequently, it is possible that the automatic sprinklers may adequately
protect the building, while at the same time the compact storage system (consisting of multiple
compact storage modules), its contents, and surrounding areas may suffer extensive fire and
smoke damage. However, analysis of fire test results suggest design elements for the compact
storage system would prevent a fire from spreading beyond the storage module in which it
originates. (See Appendix F.)
The automatic sprinkler system, and perhaps more importantly the compact storage system,
should be designed to limit this damage in accordance with the firesafety objectives (e.g.,
confine fire growth to the compact storage module of origin). Significant factors to consider
would include the number and size of the storage modules, the separation provided between the
modules (end-to-end and back-to-back), and the type of materials being stored.
See Section 8, Chapter 8 of the NFPA Fire Protection Handbook (17th Edition) for a further
discussion of fire protection in compact storage.
5-3 Protection against Outside Exposure Fires.
5-3.1
If a fire breaks out nearby, will it spread to the library? Location is of prime importance.
Complete isolation, such as a site in a city park, is ideal for protection against exposure fires, but
the risk of vandalism and arson may be considerably greater than in other places. (See Chapter 4,
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Prevention of Incendiarism and Arson.)
5-3.2
If sufficient clear space cannot be provided, the exterior walls of the library facing adjacent
buildings should be of masonry or other adequate fire-resistive construction without doors,
windows, or other openings. When openings in an exposed wall are necessary, provision should
be made to prevent heat or flames from a nearby fire being transmitted through them. Such
protection includes fire windows with wired glass, fire doors, outside automatic sprinklers,
automatic fire shutters, or a combination of these. Combustible roof coverings, window frames,
and eaves may add to the hazard from an exposure fire and should be given special consideration
in planning fire protection.
5-3.3
The requirements for protection from exposure fires are determined by the distance from
neighboring buildings and the comparative hazards of their occupancies, e.g., residence, factory,
office building, etc. With so many variables, consideration must be given to the risk of fire
spreading from neighboring occupancies—whether in other buildings or in the same building as
the library (e.g., universities, museums, and other institutions).
NOTE: The reader is urged to consult NFPA 80A, Recommended Practice for Protection of
Buildings from Exterior Fire Exposures.
Chapter 6 Building Equipment and Facilities
6-1 Heating Systems.
6-1.1
A major potential source of fires is malfunction of heating equipment. For this reason, boilers
and furnaces of central heating systems should be isolated from the remainder of the structures
by an enclosure having a specified degree of fire resistance (local building codes usually govern
the degree of fire resistance required for such rooms). A separate structure or one attached to the
main building is a desirable alternative. Regardless of the arrangement of the boiler and furnace
room, adequate provision should be made for the necessary supply of combustion air for the
heating unit.
6-1.2
Oil-fired and gas-fired heating equipment, piping, and fuel storage facilities should be installed
and maintained in accordance with the requirements of recognized safe practices. Heating
equipment should be inspected and serviced at least annually by qualified personnel. All heating
units should have safety devices appropriate for the particular type of installation. Combustibles,
such as paper, wood, and textiles, should be kept away from steam or other heat piping and
ducts.
6-1.3
The requirements for safety and fire protection where gas is used as fuel for heating are found
in NFPA 54, National Fuel Gas Code. Requirements for use of liquefied petroleum gas as fuel
may be found in NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum
Gases. NFPA 31, Standard for the Installation of Oil Burning Equipment, contains requirements
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to follow in the installation of oil burners and associated equipment. The previously mentioned
NFPA 90A, Standard for the Installation of Air Conditioning and Ventilating Systems, contains
requirements applying to air duct systems used for heating and ventilating. All these standards
prescribe reasonable provisions for safety of life and property from fire.
6-2 Air Conditioning and Ventilation Systems.
Central air conditioning equipment should be located and installed in a manner that will not
increase fire hazards to library visitors or collections. Air conditioning ducts should be equipped
with automatic fire dampers and fan shutoffs as set forth in NFPA 90A, Standard for the
Installation of Air Conditioning and Ventilating Systems.
6-3 Electrical Systems.
Installation and modifications to provide for the changing needs of the library, including
lighting, TV, sound systems, shop machinery, and appliances, should be made by licensed or
qualified electricians in conformity with NFPA 70, National Electrical Code.® The equipment
used should be listed.
6-4 Means of Egress.
6-4.1
It is imperative that security measures not impede the safe emergency evacuation of visitors
and employees. Library attendance can vary greatly with the time of year, exhibits, and other
special library features. Therefore, in planning the capacity of exits, serious consideration should
be given to the maximum number of people who might be expected to be in the building at any
given time. NFPA 101, Life Safety Code, contains information on construction, protection, and
occupancy features designed to minimize danger to life from fire, smoke, fumes, and panic
before buildings are vacated. The Life Safety Code is the basis for legal requirements governing
exit facilities in many government jurisdictions, and it should be consulted in planning life safety
measures for a library.
6-4.2 Locking Devices.
It is common for library security measures to funnel all occupants through a few exits that can
be closely monitored. Unfortunately, this often means that other doors required for exit egress
are locked in violation of the Life Safety Code. This practice is most commonly found in libraries
with large, high value, or irreplaceable collections and in libraries with heavily utilized reference
collections (e.g., those in colleges and universities).
The Life Safety Code does establish equivalency concepts that allow the authority having
jurisdiction to permit locking systems on these doors, provided they afford an equivalent level of
life safety to that prescribed by the Code. There are locking devices available that can satisfy this
requirement when installed in a properly designed system in accordance with the Life Safety
Code.
A functional test protocol should be followed with specific assignment of responsibility for
conducting it.
NOTE: Security devices or systems in combination with panic hardware can be designed to maintain
protection against unauthorized ingress while the system is unlocked for egress. These and additional or
alternative security arrangements must be approved by the local authority having jurisdiction.
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6-5 Lightning Protection.
Lightning is always a possible fire hazard, more so in some areas or locations than in others.
Lightning protection can be more effectively and economically incorporated in the course of new
construction rather than as an afterthought. It should be designed and installed in accordance
with NFPA 78, Lightning Protection Code.
Chapter 7 Fire Protection Equipment
7-1 General.
7-1.1
Without automatic fire protection systems, fire-resistive or noncombustible construction may
survive, but combustible contents in the fire compartment will not. Fire protection systems
should provide for both detection and extinguishment. While these are separate functions, they
may and often should be consolidated into one continuous fire protection system that detects a
fire, sounds the alarm, alerts the fire service, and initiates automatic extinguishing devices.
Smoke detection systems provide an opportunity for occupant action with portable fire
extinguishers before fire development activates the automatic sprinkler or other fire suppression
system. Careful planning permits the installation of the necessary equipment with a minimal
effect on the appearance or use of the public spaces in the library.
Additional descriptions, applications, and limitations of the protective systems mentioned in
this chapter are contained in Appendix A.
7-1.2
Planning for the fire protection equipment must also include providing and maintaining an
adequate water supply to support standpipe and hose systems for fire service use as well as for
automatic sprinkler systems.
7-2 Automatic Extinguishing Systems.
7-2.1
Automatic sprinklers have proved their value in the reduction of fire losses in libraries. They
are designed to perform several functions:
(a) Detect fires at the point of origin.
(b) Cause the sounding of alarms.
(c) Control or extinguish the fire.
(d) Summon fire department assistance immediately when connected directly to a central
station, auxiliary, proprietary, or remote station fire alarm system.
Some library directors have been reluctant to install automatic sprinklers for fear of water
damage to books. Yet in actual library fires the most extensive water damage has resulted from
fire department operations with hose lines. Sprinkler protection minimizes water damage by
placing a small amount of water directly on the fire and alerting the fire department at the same
time. The sprinkler system controls the fire and reduces the need for a full scale attack by the fire
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service. Many important libraries built since 1970 have incorporated automatic sprinkler systems
in the design. Many other libraries have installed sprinklers to upgrade existing fire protection.
Some libraries prefer preaction systems that may reduce the possibility of inadvertent sprinkler
discharge. (See “Fire Extinguishing Systems” in Appendix A.) Also, water detection systems are
available that provide further protection against extraneous water damage from other sources as
well as the automatic sprinklers. They provide an early warning alarm in the presence of water
and locate the point of water ingress. Such systems should be considered for potentially
flood-prone areas as below ground-level collections, areas not protected against domestic water
accidents, areas near water boilers, or areas in which water pipe or drain leakage are of concern.
NOTE: In a library it is desirable to use no more water than is necessary to control or extinguish the fire.
When a fire occurs in an area protected by an automatic sprinkler system, heat opens the sprinkler or sprinklers
nearest the fire. Only those close enough to the fire to be heated to the operating temperature will discharge
water. Records show that 70 percent of fires in sprinklered buildings have been controlled or extinguished by
four sprinklers or less. Sprinklers and sprinkler systems are available that automatically turn the water on when
a fire occurs and turn the water off when the fire is out. They are then ready to operate again if the fire
reignites, thereby further reducing total water discharge in any fire event and minimizing risk of unnecessary
wetting of library materials. This sprinkler can save many dollars in the salvage of wet books. NFPA 13,
Standard for the Installation of Sprinkler Systems, and NFPA 13A, Recommended Practice for the Inspection,
Testing and Maintenance of Sprinkler Systems, should be followed for the installation of any sprinkler system.

Some methods of sprinkler installation require high-temperature brazing that introduces a
potential source of fire ignition. Where automatic sprinklers are installed in existing bookstacks,
only mechanical methods of assembly should be permitted unless collections are removed.
A minimum clearance of 18 in. is generally required between sprinklers and the top of storage.
However, alternate provisions are described in NFPA 13 for retrofit design of sprinkler systems
in library stack rooms where shelves are installed continuously from floor to ceiling—e.g.,
multitier bookstacks.
NOTE: See Section 7-7, Procuring and Installing Fire Protection Systems, and Appendix B-3.

7-2.2
Special fixed systems using a halogenated agent, carbon dioxide, dry chemicals, high
expansion foam, or other extinguishing agents can provide needed protection for areas where
especially valuable contents might be damaged by water. These systems can be automatically
activated by a suitable smoke detection system.
Total flooding fixed systems using a gaseous agent depend upon achieving and maintaining
the concentration of the agent required for effective extinguishment. Openings in the fire
compartment (open windows or doors, ventilation system continuing to operate) may prevent the
achievement of an effective extinguishing concentration. Where a high reliability of operation is
required for protection of high-value collections, an automatic sprinkler system in combination
with a total flooding gaseous agent system should be considered.
It is good engineering practice to utilize total flooding gaseous systems in combination with
automatic sprinkler systems, rather than as an alternative. (See the NFPA Fire Protection
Handbook, 17th Edition, Section 2, Chapter 30. Also see comparative design attributes listed in
Appendix A.) The combination of a total flooding gaseous system with an automatic sprinkler
system provides a higher probability of confining fire growth to an area less than that typically
covered by the operation of one sprinkler head [e.g., 100 sq ft (9.3 m2)]. The total flooding
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gaseous system becomes a reliable substitute for manual suppression in the window of time
between early warning detection and sprinkler operation. Human response (i.e., occupant manual
extinguishing action) is the least reliable means of fire suppression—especially considering
periods when the building is not occupied and therefore most vulnerable.
Carbon dioxide flooding systems are generally not recommended for occupied areas, and
Halon 1211 total flooding systems are prohibited in normally occupied areas, because they create
an atmosphere immediately hazardous to life. Where these systems are installed, the life hazard
should be carefully evaluated.
Explicit warning information and instructions for building occupants should be conspicuously
posted. Similar precautions may be required for other special extinguishing systems.
NOTE: NFPA 12, Standard on Carbon Dioxide Extinguishing Systems; NFPA 12A, Standard on Halon 1301
Fire Extinguishing Systems; NFPA 12B, Standard on Halon 1211 Fire Extinguishing Systems; NFPA 17,
Standard for Dry Chemical Extinguishing Systems; and NFPA 11A, Standard for Medium- and
High-Expansion Foam Systems, should be followed.

7-3 Fire Detection Systems.
7-3.1
Various devices with controlled sensitivity can detect a fire condition from smoke, a critical
temperature, or the rate of temperature rise. These detectors can provide the warning needed to
get people safely out of the library and start fire extinguishing action promptly. Fire protection
specialists should be consulted to determine what kinds of detectors best fit the conditions in
different parts of the building. (See Appendix A.)
7-3.2
The fire detection system sounds an alarm to alert the occupants. Detection systems should
also transmit signals to a listed or approved central station or a fire department, staffed or
attended 24 hours a day, especially in the case of an unoccupied building. Maintenance and
testing of the detection system are important, particularly in any building where it is the only
automatic protection system. A number of fires have shown this to be true. Failures in these fire
detection systems have been due to bad design, poor maintenance, and lack of testing.
NOTE: See NFPA 72, Standard for the Installation, Maintenance, and Use of Protective Signaling Systems;
NFPA 72E, Standard on Automatic Fire Detectors; NFPA 72H, Guide for Testing Procedures for Local,
Auxiliary, Remote Station and Proprietary Protective Signaling Systems; NFPA 1221, Standard for the
Installation, Maintenance, and Use of Public Fire Service Communication Systems; and NFPA 71, Standard
for the Installation, Maintenance, and Use of Signaling Systems for Central Station Service.

7-4 Alarms.
Operation of any of these fire detection or suppression systems or signals from their
supervisory systems should cause activation of an alarm at a constantly attended location. It may
also cause activation of the building alarm system as described in NFPA 101. The alarm may be
bells, horns, live voice, prerecorded message, flashing lights, or other suitable means. All alarm
systems should be installed and maintained in accordance with the applicable NFPA standards.
NOTE: See NFPA 72, Chapter 10, Emergency Voice/Alarm Communication Systems.

7-5 Portable Extinguishers.
Copyright 1996 NFPA

Portable extinguishers are important items of fire protection equipment and should be installed
in accordance with NFPA 10, Standard for Portable Fire Extinguishers. They permit the use of a
limited quantity of extinguishing agent on a small fire at the moment someone discovers it.
Therefore, they should be present in adequate numbers. The extinguisher should be of a kind
intended for the class of fire anticipated. Multiclass portable extinguishers are available that
remove any doubt whether the correct extinguisher is being used. Extinguishers should be
properly located and inspected regularly so they will be in working order when needed.
Personnel should know their locations and be instructed in the proper use of fire extinguishers. It
must be emphasized that the use of fire extinguishers should not be allowed to delay the
transmission of alarms to the fire department.
7-6 Standpipes and Hose.
Where standpipes and hose lines are required or installed to provide reliable and effective fire
streams in the shortest possible time, they should be installed in accordance with NFPA 14,
Standard for the Installation of Standpipe and Hose Systems, and maintained in accordance with
NFPA 14A, Inspection, Testing and Maintenance of Standpipe and Hose Systems. Training and
skill in the use of hose streams are essential to avoid personal injury and unnecessary property
damage. Library personnel should not attempt to use a fire hose unless they are part of a library
fire brigade that has received training in compliance with OSHA regulations. It must be
emphasized that the use of standpipe hose lines, as with the use of fire extinguishers, should not
be allowed to delay the transmission of alarms to the fire department.
7-7 Procuring and Installing Fire Protection Systems.
There is a vast selection of makes, models, and styles of fire protection equipment available
today to meet practically any need a library may have. Choosing a reputable supplier and
installer is a crucially important decision that a fire protection consultant can assist a library in
making. In lieu of a consultant, other valuable information can usually be obtained from the
library’s insurer, other businesses in the area, or perhaps from the local fire department. The
library should seek to procure a system for which parts and service will be readily available now
and in the future. In addition, the fire protection equipment and system should be listed or
approved.
Many states and jurisdictions now require designers and installers of fire protection systems to
be licensed and certified by national boards (see Appendix B). Prospective installers should be
asked to show proof of their qualifications, as well as experience in having installed similar
systems, preferably in similar occupancies. Check to see how satisfied these other businesses
were with the installation and final product. Libraries generally have special concerns and
needs—especially in bookstack areas—and these must be discussed in detail with the contractor
prior to beginning. A detailed construction schedule is helpful and should be worked out in
advance. Library staff should also be made aware of the improvements to take place and how
these systems work.
Once a fire system is installed, it is imperative that the system be thoroughly inspected and
tested to ensure that it functions properly.
7-8 Testing and Maintenance of Fire Systems.
Fire systems require testing and frequent preventive maintenance to ensure their dependability.
Wet pipe sprinkler and standpipe systems generally require the least maintenance of typical fire
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systems. A contractor should never be paid in full until all tests have been conducted to the
satisfaction of both the library and the local fire authorities and an acceptable set of as-built
drawings has been supplied. A library should contract with a local fire protection company (or
train in-house staff) to perform preventive maintenance. These tests and maintenance should be
at the frequency specified in the various NFPA publications applicable to the specific fire
protection system provided and according to the manufacturer’s recommendations.
Chapter 8 Improving Protection in Existing Buildings
8-1 Evaluating Hazards.
8-1.1
The improvement of fire protection in existing library buildings is a complex problem. A
qualified firesafety professional should be consulted in this effort. First, firesafety goals or
objectives should be adopted to establish the limits of loss that the library is willing to accept as
a result of any destructive fire event. Second, a thorough survey should be made to determine
existing and potential hazards. Third, these hazards should be evaluated and classified for their
severity and the ease or difficulty and expense of abating them. Competent application of
systems analysis in this evaluation can be a powerful tool in identifying cost-effective
alternatives that will achieve library firesafety goals. Fourth, a fire protection plan should be
made for systematic achievement of firesafety goals as a part of planning for library expansion or
major alterations. The fire protection plan that results from this effort should address the
following topics as appropriate to the circumstances of a particular building: compartmentation,
structural analysis, alarm and communications, means of egress, smoke control, fire suppression,
water supply, ignition prevention, and fuel control. Fifth, the developed program should be
pursued energetically.
8-1.2
An adequate firesafety survey will consider the following:
(a) Heating Plant. Does it have the capacity to heat the building without forcing? Is it
adequately isolated or compartmented from the rest of the building by walls, floor, and ceiling
having the appropriate fire-resistance rating? Are openings connecting the building to the
heating plant properly protected with fire doors? If the heating plant is to be replaced, will the
heating capacity provide for future library expansion? Are ducts and pipes that pass through the
floors and walls properly protected? Is fuel stored safely?
(b) Electricity. Have circuits become overloaded because of additions? Has insulation become
worn or deteriorated? Do fuses and circuit breakers provide protection? Has temporary wiring
been eliminated? Can darkened storage areas be adequately lighted in an emergency? Are
separate circuits for emergency lights tied into a reliable backup power supply? Are battery
powered self-charging emergency lights installed? Do ballasts in lighting over bookstack areas
create a fire hazard? Is there a source of emergency power to support fire protection systems, fire
alarms, and the public address system as well as emergency lighting in the event of power
failure?
(c) Concealed Spaces. Are pipe chases firestopped? Are walls firestopped between floors? If
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not, can such defects be remedied by the introduction of noncombustible material? Do fire walls
and fire partitions extend through the floors and roof? Is the attic divided by fire partitions? Are
attics, suspended ceilings, and other concealed spaces equipped with automatic fire detectors?
(d) Lightning Protection. Is it adequate? Is it in good repair and properly grounded?
(e) Compact Storage or Mobile Bookstacks. Has intensive utilization of space been achieved
by mounting bookstack ranges on tracks to minimize the number of aisles required between
ranges? If so, with a predicted fire duration based on the higher fuel loading exceeding eight
hours, fire severity may be excessive and difficult to control by conventional fire fighting
operations. For this reason an automatic fire extinguishing system should be included in areas
where mobile bookstacks are installed.
(f) Fire Protection Equipment. Are automatic suppression and detection systems installed? Are
they inspected and maintained according to required schedules? Are they connected to a
supervisory agency? Is the water supply adequate? Have alterations to the building or other
changes nullified or reduced the effectiveness of the fire extinguishing or detection equipment?
Are sprinkler control valves and drain valves secured in the open position or provided with
switches to supervise any change from open status?
(g) Means of Egress. Are all exit doors required by NFPA 101, Life Safety Code, maintained
free of locking devices that could prevent their instant use during emergencies? (See 6-4.2.)
8-1.3
The above questions are posed merely to emphasize the need for careful planning after
obtaining the best possible advice from all competent sources. Naturally, in all major alterations
the reconstruction should comply with the recommendations specified in Chapter 5,
Construction.
Chapter 9 Alterations and Renovations
9-1 Precautions.
9-1.1
The library is most vulnerable to fire during periods of reconstruction. To lessen these dangers,
construction contracts should specify methods and responsibility for controlling these hazards.
NFPA 241, Standard for Safeguarding Construction, Alteration, and Demolition Operations,
indicates measures that with some preplanning will prevent fires or at least minimize damage
should fire occur. Additional emphasis is recommended for the following:
(a) Supervision. The responsibility for enforcement of the terms of the contract relating to fire
perils should be definitively assigned, and authority should be given to stop work pending
correction of flagrant abuses.
(b) Separation of Construction Areas. The construction area should be cut off by partitions that
will resist the spread of fire to other parts of the building. Required exits and normal guard routes
should be maintained or supplementary routes provided. Contractors may be required to employ
competent guards. Tarpaulins, if used in construction, should be fire-retardant treated.
(c) Ignition Sources. Cutting and welding operations should be by permit only and rigidly
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supervised by fire guards equipped with extinguishers and fire-resistant blankets. Great care
should be exercised in the selection and operation of compressed gas burners, charcoal heaters,
salamanders, and similar devices. On-site recharging of gas cylinders should be prohibited.
Special consideration should be given to all temporary lighting and wiring.
(d) Smoking. Smoking should be prohibited or restricted to designated areas. Areas where
smoking is permitted should be selected on the basis of their remoteness from exposed
combustible materials, a low probability for incipient fire to grow and spread without detection,
and the availability of fire protection equipment and personnel. Receptacles for spent smoking
materials should be provided in the smoking area, and housekeeping should be exemplary.
Stringent restrictions on smoking also serve to promote a general consciousness of the need for
firesafety. Surreptitious smoking should be dealt with severely.
(e) Housekeeping. Construction materials should be kept to a minimum within the building.
Materials not immediately required should be stored safely away from the building. Scaffolding
and form lumber should be fire-retardant treated. Debris and rubbish should be removed daily
and not burned in the vicinity. Extreme care should be taken to prevent even small
accumulations inside construction areas or close enough to create an exterior fire hazard. Provide
ample receptacles for rubbish, papers, etc.
(f) Flammable Liquids. Gasoline powered engines, such as those used in compressors and
hoists, should not be permitted inside the building. Paint thinners and solvents should be limited
to a minimum (e.g., generally no more than will be used in one 8-hour shift) and safely stored in
safety cabinets. Bulk supplies should be stored outside of the library building in an appropriate,
designated storage area or facility.
NOTE: Refer to NFPA 30, Flammable and Combustible Liquids Code, for recommendations for storage of
limited quantities of flammable liquids inside buildings.

(g) Fire Protection Equipment. Fire detection systems should be protected from operations that
could cause false alarms or contaminate the detectors. Detectors covered or removed while
alteration/renovation operations are underway should be restored to service at the end of each
work day. Detectors should also be cleaned after exposure to heavy dirt or dust. Standpipe and
automatic sprinkler systems should be kept in proper working order during the project. Recorded
inspections of standpipe and sprinkler valves should be conducted, including physically trying
the valves for the full open position. If it becomes absolutely necessary to disconnect or shut off
standpipes or sprinklers, they should be restored to service as quickly as possible. In all cases the
responsible library officials and local fire department must be notified of disconnected systems
and extra personnel assigned as a fire watch on regular tours in the areas. Fire hydrants,
standpipe and sprinkler siamese connections, and hose outlet valves should not be obstructed by
building materials or debris. Suitable fire extinguishers, in adequate number, should be
maintained in and near construction areas. Provision should be made for access by fire
department apparatus and personnel.
NOTE: There have been incidents where standpipe and sprinkler valves that were closed during construction
were found years later not to have been reopened.

9-1.2
It may be advantageous to employ a qualified fire warden to represent the library in policing
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the construction area for potential fire-breeding conditions and enforcing contract specifications
concerning fire protection.
9-2 Upgrading Fire Protection.
It is essential that the level of fire protection for the finished facility be established at the
conception of the project. Upgrading of fire protection equipment may be required by the local
authority or desired by the library’s governing body. It is recommended that a qualified fire
protection engineer be consulted in making this evaluation. Any changes to be made in fire
protection equipment should be included as a requirement within the construction contract.
Chapter 10 Multi-Use of Library Buildings
10-1 General.
Libraries often include or share their space with other occupancies directly or indirectly related
to their operations. These occupancies usually have unique fire potentials that can create
exposures to the library if not adequately protected. Automatic fire protection should be
extended to any multi-use areas of combustible construction or occupancy.
10-2 Multi-Use Occupancies and Associated Hazards.
10-2.1 Auditoriums/Conference Facilities.
Library auditoriums should comply with all local laws or rules relating to capacity, aisle
spacing, seating arrangements, and exit facilities. (See NFPA 101, Life Safety Code.) Fire hazard
exposure can be reduced through the use of flame retardant or noncombustible materials or both
for furniture, drapes, and curtains. Projection booths and film storage present additional
problems. If cellulose nitrate film is used even infrequently, see NFPA 40, Standard for the
Storage and Handling of Cellulose Nitrate Motion Picture Film, for special precautions required
in its handling and use.
10-2.2 Electronic Data Processing.
Representative exposures include concealed spaces, combustible electric cable insulation,
storage of paper, and records. Failure to back-up and protect library-related data can impact
library operations. Refer to NFPA 75, Standard for the Protection of Electronic Computer/Data
Processing Equipment, and Factory Mutual Data Sheet 5-32.
10-2.3 Exhibit Areas.
Areas originally not intended as exhibit space can become serious exposures if protected
inadequately.
10-2.4 Maintenance Shops.
Woodworking, painting, electrical, and mechanical repair areas may have hazardous features
including flammable liquids and combustible storage requiring protection in accordance with
appropriate local ordinances and NFPA standards.
10-2.5 Museums.
Consult NFPA 911, Recommended Practice for the Protection of Museums and Museum
Collections, for guidance in providing fire protection for museum collections that are housed in
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libraries.
10-2.6 Print Shops and Binderies.
Low flash point inks, blanket wash solutions, and adhesives are among the hazardous products
that can be associated with these operations. Consider protection in accordance with NFPA 30,
Flammable and Combustible Liquids Code, and Factory Mutual 7-97, Printing Plants).
10-2.7 Restaurants and Lounges.
Inherent kitchen hazards include grease ducts, range hoods, and deep fat fryers. Automatic
protection systems in accordance with NFPA 96, Standard for the Installation of Equipment for
the Removal of Smoke and Grease-Laden Vapors from Commercial Cooking Equipment, should
be provided. Furniture and decorations in dining areas and lounges may also need special
attention.
10-2.8 Parking Garages.
Protection is needed as recommended in NFPA 88A, Standard for Parking Structures.
10-2.9 Book Restoration Laboratories.
Many libraries have laboratories for the preservation and restoration of books, documents, and
other objects of art or artifacts. Invariably, there are quantities of flammable solvents, alcohol,
waxes, and other materials that ignite readily or evolve explosive or poisonous fumes that may
require special attention to provide adequate general room ventilation if not local exhaust fume
hoods. Work tables and other laboratory furnishings should be of sturdy, noncombustible
construction. Listed safety containers, approved by a testing laboratory, should be provided for
the storage and use of flammables, and only a minimal supply should be kept in the building.
Electrical hot plates and other appliances should be similarly listed and maintained in safe
condition. Red lights at the wall switches or on the appliances should readily and visually
indicate if the appliance is energized. In some areas, lighting fixtures, motors, and switches may
need to be of an explosionproof or intrinsically safe type in accordance with NFPA 70, National
Electrical Code. Self-closing metal waste receptacles should be strategically placed in ample
numbers. If X-ray or other radiological equipment or materials are used, all necessary
precautions and procedures for the safety of personnel should be installed. Access to these areas
containing sensitive, sophisticated, and hazardous equipment or materials should be restricted to
authorized personnel.
NOTE: NFPA 30, Flammable and Combustible Liquids Code, gives guidance for the construction of cabinets
for the storage of flammable liquids in small quantities.

Library laboratories and shops, as well as any other service area in which a fire hazard is
recognizable, should be protected by an automatic fire suppression system. This may be a
conventional water sprinkler system, a preaction operation system, or an on-and-off type in
which the water flow automatically shuts off when the fire has been extinguished. Fire frequently
occurs at night when no one is present to take action. For this eventuality there is no better
protection than a well-engineered automatic suppression system.
10-2.10 Preservation Storerooms.
Storerooms in which libraries keep collections of rare books, documents, and objects of art
often contain a greater concentration of values than the reading rooms or bookstacks. Such
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rooms should be well protected from fire. Smoke detection systems and automatic suppression
systems are recommended. Fire-resistive construction should be used to separate these rooms
from adjoining spaces.
Storage cabinets, shelving padding, dust covers, and humidity buffering substances should add
as little combustible material as possible. Due to the potential of enormous loss from even an
otherwise insignificant fire, housekeeping should be exemplary and “No Smoking” strictly
enforced.
10-3 Special Events.
Many libraries host both public and private special events, including lectures or recitals,
exhibition openings, fund raising events, and private parties. The similarity most special events
share with one another is that the library or a space therein is being used for a purpose other than
that for which it is normally intended. Hazardous conditions are often introduced by
overcrowding, caterer’s operations, highly combustible decorations, smoking, etc.
The chief librarian is responsible for ensuring conformance with all life and firesafety
requirements. Coordinators of special events should work closely with the library’s fire
protection manager to ensure fire and life safety considerations are met. Written rules and
regulations governing the use of library spaces for special events should be developed. As a
minimum:
(a) Plans for special events showing the locations of tables, chairs, platforms, fences, bars, etc.,
should be developed and carefully reviewed prior to the event to prevent overcrowding, exit
blockage, introduction of hazardous materials, unsafe cooking appliances, and unsafe use of
demonstrations.
(b) Tables, plants, stages, or other fixtures should not visually or physically obstruct an exit,
exit sign, or exit access. Also, the width of an exit passage should not be reduced by any added
temporary fixtures.
(c) Cooking and warming should be performed in existing kitchen facilities. If kitchen
facilities do not exist, only electric warming devices should be allowed in an approved, closely
supervised location.
(d) Smoking and open flame producing devices should be prohibited inside buildings.
(e) A 10-lb all-purpose dry chemical (ABC type) portable fire extinguisher should be within 30
feet of any cooking, warming, or hazardous operations. Additional extinguishers may be
necessary depending upon the nature of the event.
(f) Demonstrations or experiments held within the facilities should not involve the use of any
flammable, explosive, or toxic material.
(g) Tents and canopies should be noncombustible or certified fire resistant.
(h) All draperies, buntings, textiles, wood, and miscellaneous support and decorative materials
used inside the library should be fire retardant.
(i) All electrical appliances, equipment, and wiring should comply with NFPA 70, National
Electrical Code.
(j) Wiring and cords should not be placed across exit routes.
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(k) Exits should be pointed out to guests prior to a performance or event. Key staff (event
coordinators, volunteers, etc.) should be familiar with all exit routes and should ensure that exits
are obvious, operable, and not blocked or restricted in any way.
(l) The public should be evacuated immediately from the building when a fire alarm is
activated.
(m) Other considerations in planning special events include:
1. Before distribution of invitations, the event coordinator should determine the occupancy
limit and limit mailings to ensure the permitted occupancy is not exceeded.
2. The number of occupants admitted to an event should be monitored and controlled.
3. Building management should verify that existing electrical circuits are capable of
handling electrical warming/cooking devices.
4. All electrical installations should be in accordance with NFPA 70, the National Electrical
Code.
5. Staff should be aware of the location of handicapped visitors during an event and should
be able to assist in evacuating them from the building during a fire.
Chapter 11 Operation and Maintenance
11-1 General.
A firesafe library occupancy is one that is arranged, operated, and maintained so that fire has
only a remote chance of starting. As in other facilities, library firesafety depends on the
elimination of ignition sources and on arranging the facility occupancy so that fire will not
spread. In maintaining firesafe conditions, the chief librarian will ordinarily play a key role in
cooperation with the staff to eliminate fire hazard conditions.
11-2 Good Housekeeping.
A high standard of housekeeping is an important factor in the prevention of fire.
Out-of-the-way places such as closets, storerooms, areas under stairways, janitor closets,
bookstacks, lunchrooms, binderies, and heating and air conditioning rooms require special
housekeeping attention.
(a) Safe containers should be provided for collection of waste paper, packing materials, and
other refuse. Waste and rubbish should be removed from the premises at regular intervals.
(b) Paint rags and oily cloths are subject to spontaneous ignition and should be disposed of
immediately in a self-closing container.
(c) When exhibits made of combustible materials cannot be avoided, they should be so located
as to minimize the hazard if they become ignited. Portable extinguishers should be located
nearby.
(d) Holiday decorations should always be of the fire-retardant type and separated from ignition
sources, such as light fixtures.
(e) Frequent periodic inspections should be made of the entire facility by the chief librarian or
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a designee to identify unsafe conditions and to remind the staff of the great importance of
excellent housekeeping.
11-3 Control of Smoking.
Smoking should be prohibited in bookstacks and permitted only in designated, safe areas.
Suitable ashtrays and other receptacles should be provided for disposal of smoking materials.
11-4 Maintenance of Equipment.
Heating, air conditioning, and all fire protection equipment should be maintained, inspected,
and tested in accordance with recognized safe practices. Heaters and ductwork, including hoods
and ducts at cafeteria ranges, should be kept free of combustible deposits. Use of portable
heaters of any type should not be permitted.
NOTE: Refer to NFPA 72H, Guide for Testing Procedures for Local, Auxiliary, Remote Station and
Proprietary Protective Signaling Systems, and NFPA 13A, Recommended Practice for the Inspection, Testing
and Maintenance of Sprinkler Systems.

Chapter 12 Fire Emergency Management
12-1 Fire Emergency Organization.
12-1.1
Day-to-day responsibility for firesafety of a library should be delegated to a principal
operating officer, such as the director, librarian, or administrator. This executive may assign the
firesafety function to a fire protection manager to advise and assist in the organizing and
implementing of the firesafety program and to carry out its day-to-day functions.
12-1.2
“Fire protection manager” as used here covers the work of a person who may actually have
any one of a great variety of titles. In many libraries the fire protection manager is traditionally
the building superintendent or chief engineer.
12-1.3
The fire protection manager serves as a staff assistant to the senior executive and must have
sufficient delegated authority to counsel at high levels on matters of firesafety. The fire
protection manager should consult with and report to the responsible official at regular intervals.
The firesafety program should include:
(a) The selection, location, and maintenance of all fire protection equipment and devices such
as automatic sprinkler systems, other automatic fixed extinguishing systems, automatic fire
detection systems, standpipe systems, fire pumps, fire doors, portable fire extinguishers, and
salvage materials.
(b) Indoctrination of all employees in the importance of firesafety and the necessity for
complying with smoking regulations. Each employee should be carefully instructed in his or her
duties in the event of fire or other emergency; how to notify the fire department and the proper
library personnel; procedures for evacuation of the building; protection of the collections; and
such other duties that may be assigned.
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(c) The assignment of the best qualified personnel to fire brigade duties. Such personnel
should be familiar with the location and operation of all fire protection devices and equipment,
particularly all types of portable fire extinguishers. These extinguishers, when properly and
effectively used, can be an enormous factor in controlling the extent of damage in any fire.
Therefore, all designated personnel should receive frequent, periodic practice in their use. Staff
should be reminded that use of extinguishers or hose lines should not delay the transmission of
fire alarms.
(d) Information regarding the function and operation of automatic sprinkler systems and the
location of control valves. Training in the use of standpipes and hose lines is also essential.
Damage could be caused by their indiscriminate application. Premature closing of a sprinkler
valve will allow fire to intensify.
(e) Protection of the library collection through cooperation with the fire department, removal
of rare or irreplaceable items to safer areas, and by salvage operation (cleanup). This should be
an important phase in brigade training.
(f) The selection and training of night guards. At night, help and advice are not immediately
available; therefore, night guards should be carefully and thoroughly trained. They should be
able-bodied and resourceful enough to react intelligently to any emergency. They should receive
written emergency procedures, be instructed in them, and be familiar with the equipment and
resources at hand. In areas where a listed central station is available, it should be used. NFPA 71,
Standard for the Installation, Maintenance, and Use of Signaling Systems for Central Station
Service, provides information on this topic.
(g) Restriction of smoking by visitors and employees to designated areas.
(h) Inspection and maintenance of fire doors and exit facilities to ensure that they are in
working order and unobstructed. Exits should lead to an unobstructed safe area.
(i) Daily inspection to ensure a high standard of housekeeping, which is a most important
factor in the prevention of fire. Rubbish should be kept in metal cans with tight-fitting metal
covers in a sprinklered area or outside the building pending disposal. Flammable packing
materials, rags, and scrap should be stored in metal bins with self-closing lids. Paint rags and
oily cloths that are liable to ignite spontaneously should be disposed of immediately.
(j) Supervision of the installation and use of all electrical appliances, particularly those with
extension cords. Hot plates, humidifiers, dehumidifiers, and electric heaters and fans should be
listed and should be properly installed.
(k) Supervision of storage and use of flammable liquids. Repeating and emphasizing what has
been previously mentioned, only a minimal amount of such material should be permitted inside
the building. Flammable liquids should be applied from approved safety cans and stored only in
cabinets as recommended by NFPA. Approved safety containers for the disposal of rags and
waste should be provided in ample numbers and should be strategically placed. Any flammable
spraying operations should be conducted in accordance with NFPA standards or local
ordinances.
NOTE: See NFPA 30, Flammable and Combustible Liquids Code, for information on construction of cabinets
for storage of small quantities of flammable liquids inside buildings.
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12-1.4 Sources of Help.
Specialists, such as fire protection engineers, local fire officials, and related professional
groups, can provide an invaluable source of objective information and expert counsel. Liaison
with local fire officials is mutually beneficial and where possible should include a tour of the
facility by local fire officials. Such visits provide the opportunity for the fire department to
develop a preplan that can save them valuable time in the event of a fire. Additionally, regularly
scheduled visits by fire fighters can instill in them a sincere appreciation for the objects they are
protecting. Such an appreciation may well result in fire fighters making heroic efforts at salvage
and preventing undue water damage during a fire emergency. (See Chapter 13 and Appendixes
B, C, and D.)
12-2 Preplanning for Fire Emergencies.
No one can ever predict how serious an emergency incident will become. It is imperative for
staff to understand what will be expected of them before the emergency occurs. In preplanning
for emergencies management should:
(a) Develop and maintain a practical, easy to follow, written plan. This plan should be
distributed to all staff, and it should be updated periodically. Contact the local fire department
for assistance. In developing the plan, the following components should be included as a
minimum:
1. Appoint someone in each building to establish and train an emergency team and to be in
charge during fire emergencies. Establish a line of succession for essential areas of
responsibility. Remember that the person assigned may not be present at the time of the fire.
2. Develop a modified plan for night security personnel (if applicable), as there will most
likely be fewer staff available to assist in emergency operations.
3. Maintain current comprehensive phone lists, in a safe location, for each of the following:
• All public safety agencies
• All key staff
• Major vendors and contractors (electricians, carpenters, plumbers, glaziers, board up
services, hardware stores, etc.)
4. Maintain in a safe location a current, comprehensive list of emergency supplies and
equipment on the premises.
5. Develop simple and specific instructions for seldom used emergency tasks. These
individualized one page instruction sheets should be incorporated into your emergency plan.
Examples may include:
• Utility shutoff locations and instructions
• Emergency elevator procedures
• Fire panel operation
• Automatic sprinkler operation and shutoff location
• Emergency generator location and instructions
Copyright 1996 NFPA

6. Maintain copies of important library documents and personnel records at a safe off-site
location.
(b) Use of voice communications to coordinate and facilitate evacuations should be considered
for large libraries and those with high patron/visitor density and complex egress paths.
(c) Prepare and post primary and alternative evacuation routes including evacuation to areas of
refuge. Establish a means of determining who is missing.
(d) Train staff periodically in the use, location, and maintenance of portable fire extinguishers.
(e) Conduct scheduled semi-annual fire drills (preferably unannounced). Special emphasis
should be given to ensuring that an adequate number of staff will be available to assist public
visitors as well as any known handicapped employees. Conduct a post-drill analysis immediately
afterwards to identify and correct any problems.
NOTE: There are special evacuation chairs available for moving physically impaired people down stairs and
along horizontal paths of egress.

(f) Conduct an annual comprehensive emergency preparedness drill. Such an exercise should
incorporate all aspects of your emergency plan. Conduct a post-drill analysis immediately
afterwards to identify and correct any problems.
NOTE: Scheduling this exercise on the anniversary of a local historical fire or other disaster increases
motivation for staff.

(g) Post emergency telephone numbers on all telephones.
(h) Provide emergency power for all fire systems, emergency lighting, and exit signs.
(i) Store emergency supplies and equipment near critical areas, such as bookstacks, reading
rooms, and collection processing rooms. The materials and equipment should include rolls of
plastic, squeegees, mops, buckets, water vacuums, etc. Staff should be trained in use of this
equipment. Emergency supplies should be accessible at all times.
(j) Develop emergency procedures for handling collections. These guidelines should include
alternate locations where collections and important records can be moved in the event of a fire.
(k) Provide placarding and specialized staff training for all areas of the facility that contain
hazardous materials. Maintain a current comprehensive list of all material safety data sheets
(MSDS) in a safe location. Contact your local fire department or the Occupational Safety and
Health Administration (OSHA) for assistance.
(l) Designate and provide adequate signs for no smoking areas, and establish areas where
smoking is permissible.
(m) Develop and adhere to a preventive maintenance program for all fire appliances, systems,
and equipment.
(n) Establish an in-house safety committee. This group should be made up of a cross section of
employees, and they should make periodic safety inspections of the facility. They should be
responsible for making recommendations for the correction of firesafety hazards that should then
be reviewed by management officials with authority to have them corrected.
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(o) Request the local fire department to make periodic pre-fire plans and fire prevention
inspections of the facility.
(p) Develop an attitude among the staff that fire prevention is everybody’s business.
12-3 Actions when Fire Occurs.
When a fire occurs, the following actions should be taken without delay:
(a) Sound the alarm.
(b) Call the fire department.
(c) Activate the fire brigade, if the library has one.
(d) Evacuate the building.
(e) Account for all persons.
(f) Take any special actions that may be necessary.
(g) Make certain that someone will direct the fire department to the correct location.
(h) Cooperate with the fire department.
(i) Report extensive damage or loss to the chief executive.
(j) Institute cleanup action and restoration of library functions. Special attention to initiation of
salvage action for books and collections is essential. (See Appendix D.)
(k) Prepare statement for news media.
(l) Conduct a post-fire analysis with the staff. Much can be gained from learning from one’s
mistakes.
Chapter 13 Referenced Publications
13-1
The following documents or portions thereof are referenced within this recommended practice
and should be considered part of the recommendations of this document. The edition indicated
for each reference is the current edition as of the date of the NFPA issuance of this document.
13-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA Fire Protection Handbook (17th Edition), 1991
NFPA 10, Standard for Portable Fire Extinguishers, 1990 edition
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1990 edition
NFPA 14A, Inspection, Testing and Maintenance of Standpipe and Hose Systems, 1989
edition
NFPA 30, Flammable and Combustible Liquids Code, 1990 edition
NFPA 31, Standard for the Installation of Oil Burning Equipment, 1987 edition
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NFPA 40, Standard for the Storage and Handling of Cellulose Nitrate Motion Picture Film,
1988 edition
NFPA 54, National Fuel Gas Code, 1988 edition
NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum Gases, 1989 edition
NFPA 70, National Electrical Code, 1990 edition
NFPA 71, Standard for the Installation, Maintenance, and Use of Central Station Signaling
Systems, 1989 edition
NFPA 75, Standard for the Protection of Electronic Computer/Data Processing Equipment,
1989 edition
NFPA 78, Lightning Protection Code, 1989 edition
NFPA 88A, Standard for Parking Structures, 1991 edition
NFPA 90A, Standard for the Installation of Air Conditioning and Ventilating Systems, 1989
edition
NFPA 92A, Recommended Practice for Smoke Control Systems, 1988 edition
NFPA 92B, Guide for Smoke Management Systems in Malls, Atria, and Large Areas, 1991
edition
NFPA 96, Standard for the Installation of Equipment for the Removal of Smoke and
Grease-Laden Vapors from Commercial Cooking Equipment, 1991 edition
NFPA 101, Life Safety Code, 1991 edition
NFPA 204M, Guide for Smoke and Heat Venting, 1991 edition
NFPA 220, Standard on Types of Building Construction, 1985 edition
NFPA 241, Standard for Safeguarding Construction, Alteration, and Demolition Operations,
1989 edition
NFPA 251, Standard Methods of Fire Tests of Building Construction and Materials, 1990
edition
NFPA 911, Recommended Practice for the Protection of Museums and Museum Collections,
1991 edition
Isner, Michael S., “Investigative Report: Fire in Los Angeles Central Library Causes $22
Million Loss.” NFPA FIRE Journal, Vol. 81, No. 2, March/April, 1987
Willey, A. Elwood, “The Charles Klein Law Library Fire,” NFPA FIRE Journal, Vol. 66, No.
6, November, 1972
13-1.2 Other Publications.
“Fire Tests in Mobile Storage Systems for Archival Storage,” Chicarello, P. J., Troup, J. M.,
and Dean, R. K., Factory Mutual Research for General Services Administration, June 1978
[Available from the Superintendent of Documents, Government Printing Office, Washington,
DC 20402 (Stock No. 022-004-0013-1)]
Factory Mutual 5-32
Factory Mutual 7-97, Printing Plants
Morris, John, The Library Disaster Preparedness Handbook, American Library Association,
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Chicago, 1986
Appendix A Glossary of Fire Protection Systems
This Appendix is not a part of the recommendations of this NFPA document but is included for
information purposes only.
Most fires that occur in libraries can be expected to fall into one or more of the following
categories:
Class A. Fires involving ordinary combustible materials, such as paper, wood, textile fibers,
etc., where a cooling, blanketing, or wetting extinguishing agent is required.
Class B. Fires involving oils, greases, paints, and flammable liquids, where a smothering or
blanketing action is required.
Class C. Fires involving live electrical equipment where a nonconducting extinguishing agent
with a smothering action is required.
Glossary of Fire Protection Systems
The following information has been prepared to assist in the description and evaluation of the
principal kinds of detection systems, signaling systems, and extinguishing systems that are
appropriate for use in libraries.
Fire Detection Systems
Type

Description

Comments

1. Smoke detection
systems.

These systems use devices that respond to the smoke particles
Intended for early warning. Some are designed for
produced by a fire. They operate on the ionization, photoelectric installation in ventilation ducts. See NFPA 72E,
or cloud chamber principle of operation. Spot-type smoke
Standard on Automatic Fire Detectors.
detectors use either the ionization principle of operation or the
photoelectric principle. Line-type smoke detectors use the
photoelectric principle. Air sampling-type smoke detectors use
either the ionization, photoelectric, or cloud chamber principle.
Properly installed, smoke detectors can detect smoke particles in
very early stages of fire in the areas where they are located.

2. Heat detection
systems.

These systems use heat-responsive devices either of the “spot”
or “line” type. They are mounted either on exposed ceiling
surfaces or a side-wall near the ceiling. Heat detectors are
designed to respond when the operating element reaches a
predetermined temperature (Fixed Temperature Detector), when
the temperature rises at a rate exceeding a predetermined
amount (Rate-of-Rise Detector), or when the temperature of the
air surrounding the device reaches a predetermined level,
regardless of the rate of temperature rise (Rate Compensation
Detector). Some devices incorporate both fixed temperature and
rate-of-rise detection principles. “Spot” detectors are usually
small devices a few inches in diameter. “Line” detectors are
usually lengths of heat-sensitive cable or small bore metal
tubing.
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Relatively low cost. Cannot detect small, smoldering
fires. Line-type detectors can be installed in a
relatively inconspicuous manner by taking advantage
of ceiling designs and patterns. See NFPA 72E,
Standard on Automatic Fire Detectors.

3. Flame detection
systems.

These systems use devices that respond to the appearance of
radiant energy visible to the human eye (approximately 4000 to
7000 Angstroms) or to the radiant energy outside the range of
human vision. Flame detectors are sensitive to glowing embers,
coals, or actual flames, which radiate to the detectors energy of
sufficient intensity and spectral quality to initiate the detector.

Since flame detectors are essentially line-of-sight
devices, special care should be taken in applying them
to assure that their ability to respond to the required
area of fire in the zone that is to be protected will not
be unduly compromised by the presence of
intervening structural members or other opaque
objects or material. See NFPA 72E, Standard on
Automatic Fire Detectors.

Fire Signaling Systems
Type

Description

Comments

1. Local
protective
signaling system.

An alarm system operating in the protected premises, responsive
to the operation of a manual fire alarm box, waterflow in a
sprinkler system, or detection of a fire by a smoke, heat, or
flame detecting system.

The main purpose of this system is to provide an
evacuation alarm for the occupants of the building.
Someone must always be present to transmit the alarm
to fire authorities. See NFPA 72, Standard for the
Installation, Maintenance, and Use of Protective
Signaling Systems.

2. Auxiliary
protective
signaling
system.

An alarm system utilizing a standard municipal fire alarm box to
transmit a fire alarm from a protected property to municipal fire
headquarters. These alarms are received on the same municipal
equipment and are carried over the same transmission lines as
are used to connect fire alarm boxes located on streets.
Operation is initiated by the local fire detection and alarm
system installed at the protected property.

Reliable, fast means of summoning help from
municipal fire department. Some communities will
accept this type of system and others will not. See
NFPA 72, Standard for the Installation, Maintenance
and Use of Protective Signaling Systems.

3. Central station
signaling system.

An alarm system connecting protected premises to a privately
owned central station whose function is to monitor the
connecting lines constantly and record any indication of fire,
supervisory, or other trouble signals from the protected
premises. When a signal is received, the central station will take
such action as is required, such as informing the municipal fire
department of a fire or notifying the police department of
intrusion.

Flexible system. Can handle many types of alarms,
including trouble within system at protected premises
See NFPA 71, Standard for the Installation,
Maintenance, and Use of Signaling Systems for
Central Station Services.

4. Remote station
protective
signaling
system.

An alarm system connecting protected premises over leased
Requires leased lines into each premises. See NFPA
telephone lines to a remote station such as a fire station or a
72, Standard for the Installation, Maintenance, and
police station. Includes separate receiver for individual functions Use of Protective Signaling Systems.
being monitored, such as fire alarm signal or sprinkler waterflow
alarm.

5. Proprietary
protective
signaling
system.

An alarm system that serves contiguous or noncontiguous
properties under one ownership from a central supervising
station at the protected property. Similar to a central station
system but owned by the protected property.

Requires 24-hour manning of central supervising
station on the premises. See NFPA 72, Standard for
the Installation, Maintenance, and Use of Protective
Signaling Systems.

6. Emergency
voice/alarm
communication
system.

This system is used to supplement one of the systems listed
above by providing voice communication within the building for
use during a fire emergency either with prerecorded messages or
for use by the fire department, or both.

See NFPA 72, Standard for the Installation,
Maintenance, and Use of Protective Signaling
Systems, and NFPA 72G, Guide for the Installation,
Maintenance, and Use of Notification Appliances for
Protective Signaling Systems.
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Fire Extinguishing Systems
Type

Description

Comments

1. Wet-pipe
automatic
sprinkler
system.

A permanently piped water system under pressure, using
heat-actuated sprinklers. When a fire occurs, the sprinklers
exposed to the high heat open and discharge water individually
to control or extinguish the fire.

Automatically detects and controls fire. May cause
water damage to protected books, manuscripts,
records, paintings. Not to be used in spaces subject to
freezing. See NFPA 13, Standard for the Installation
of Sprinkler Systems, and NFPA 22, Standard for
Water Tanks for Private Fire Protection.

2. Preaction
automatic
sprinkler
system

A system employing automatic sprinklers attached to a piping
system containing air that may or may not be under pressure,
with a supplemental fire detection system installed in the same
area as the sprinklers. Actuation of the fire detection system by a
fire opens a valve that permits water to flow into the sprinkler
system piping and to be discharged from any sprinklers that are
opened by the heat from the fire.

Automatically detects and controls fire. May be
installed in areas subject to freezing. Minimizes the
accidental discharge of water due to mechanical
damage to sprinkler heads or piping and thus is usefu
for the protection of paintings, drawings, fabrics,
manuscripts, specimens, and other valuable or
irreplaceable articles that are susceptible to damage o
destruction by water. See NFPA 13, Standard for the
Installation of Sprinkler Systems, and NFPA 22,
Standard for Water Tanks for Private Fire Protection

3. On-off
automatic
sprinkler
system.

A system similar to the preaction system, except that the fire
detector operation acts as an electrical interlock, causing the
control valve to open at a predetermined temperature and close
when normal temperature is restored. Should the fire rekindle
after its initial control, the valve will reopen and water will
again flow from the opened heads. The valve will continue to
open and close in accordance with the temperature sensed by the
fire detectors. Another type of on-off system is a standard
wet-pipe system with on-off sprinkler heads. Here each
individual head has incorporated in it a temperature-sensitive
device that causes the head to open at a predetermined
temperature and close automatically when the temperature at the
head is restored to normal.

In addition to the favorable feature of the automatic
wet-pipe system, these systems have the ability to
automatically stop the flow of water when no longer
needed, thus eliminating unnecessary water damage.
See NFPA 13, Standard for the Installation of
Sprinkler Systems, and NFPA 22, Standard for Water
Tanks for Private Fire Protection.

4. Dry-pipe
automatic
sprinkler
system.

Has heat-operated sprinklers attached to a piping system
containing air under pressure. When a sprinkler operates, the air
pressure is reduced, a “dry-pipe” valve is opened by water
pressure, and water discharges from any opened sprinklers.

See No. 1. Can protect areas subject to freezing. Wate
supply must be in a heated area. See NFPA 13,
Standard for the Installation of Sprinkler Systems, an
NFPA 22, Standard for Water Tanks for Private Fire
Protection.

5. Standpipe and
A piping system in a building to which hoses are connected forA desirable complement to
automatic sprinkler
hose system.
emergency use by building occupants or by the fire department.system. Staff requires
training to use hoses effectively.
See NFPA 14, Standard for the Installat
of
Standpipe and Hose Systems.

6. Halon automatic A permanently piped system using a limited stored supply of aNo agent damage to protect
books, manuscripts,
system.
halon gas under pressure and discharge nozzles to totally floodrecords, paintings, or other
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irreplaceable valuable

an enclosed space. Released automatically by a suitableobjects. No agent residue. Althoug
Halon 1301 vapor

detection system. Extinguishes fires by inhibiting the chemicalhas low toxicity, its
decomposition products, during a
reaction of fuel and oxygen.
fire, can be hazardous. Therefore the fire
area should
be promptly evacuated. Halon 1211 tota
flooding
systems are prohibited in normally
occupied areas.
Halons may not extinguish deep-seated
fires in
ordinary solid combustibles such as pap
fabrics,
etc., but are effective on surface fires in
these
materials. These systems require special
precautions to
avoid damage effects caused by their
extremely rapid
release. The high velocity discharge from
nozzles may
be sufficient to dislodge substantial obje
directly in
the path. Discussions have been taking
place about the
future availability of Halon because of it
ozone
depleting characteristics. See NFPA 12A
Standard on
Halon 1301 Fire Extinguishing Systems
and NFPA
12B, Standard on Halon 1211 Fire
Extinguishing
Systems.

7. Carbon dioxide Same as No. 6, except uses carbon dioxide gas. ExtinguishesSame as No. 6. Appropriate f
service and utility
automatic
fires by reducing oxygen content of air below combustionareas. Personnel must evacuate
before agent discharge
system.
support point.
to avoid suffocation. May not extinguish
deep-seated
fires in ordinary solid combustibles such
paper,
fabrics, etc., but effective on surface fire
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in these
materials. See NFPA 12, Standard on
Carbon Dioxide
Extinguishing Systems.

8. Dry chemical
A permanently piped system that discharges a dry chemicalWhere personnel may be expo
to a dry chemical
automatic
from fixed nozzles by means of an expellant gas. The systemdischarge, suitable safeguard
must be provided to
system.
either totally floods an enclosed space or applies the dryensure prompt evacuation of the
area. Leaves powdery
chemical directly onto the fire in a local application. The drydeposit on all exposed surfac
Requires cleanup.
chemical extinguishes fires by the interaction of the dryExcellent for service facilities hav
kitchen range
chemical particles to stop the chain reaction that takes place inhoods and ducts. May not
extinguish deep-seated fires
flame combustion. The dry chemical is released mechanically orin ordinary solid
combustibles such as paper, fabrics,
with a suitable detection system.
etc., but effective on surface fires in thes
materials.
See NFPA 17, Standard for Dry Chemic
Extinguishing Systems.

9. High expansion A fixed extinguishing system that generates a foam agent forWhere personnel may be
exposed to a high expansion
foam system.
total flooding of confined spaces and for volumetricfoam discharge, suitable safeguards m
be provided
displacement of vapor, heat, and smoke. Acts on the fireto ensure prompt evacuation of th
area. The discharge
by:
of large amounts of high expansion foam
may
a. Preventing free movement of air
inundate personnel, blocking vision,
making hearing
b. Reducing the oxygen concentration at the
difficult, and creating some discomfort i
breathing.
fire
Leaves residue and requires cleanup. Hi
expansion
c. Cooling.
foam, when used in conjunction with wa
sprinklers,
Released automatically by a suitable detection system.will provide more positive control a
extinguishment
than either extinguishment system used
independently,
when properly designed. See NFPA 11A
Standard for
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Medium- and High-Expansion Foam
Systems.

10. Wet chemical Same as No. 6, except uses liquid agent usually released byLeaves agent residue that is
confined to the protection
extinguishing
automatic mechanical thermal linkage. Effective for restaurant,area(s). Requires cleanup.
Excellent for service
system.
commercial, and institutional hoods; plenums; ducts; andfacilities having range hoods and
ducts. See NFPA
associated cooking appliances.
17A, Standard for Wet Chemical
Extinguishing
Systems.

Appendix B Resources
This Appendix is not a part of the recommendations of this NFPA document but is included for
information purposes only.
A fire protection consultant can be a valuable resource in evaluating the current status of
firesafety for a library and in recommending creative solutions to improve firesafety and achieve
firesafety goals. In order to realize maximum benefit from engaging a fire protection consultant,
the consultant’s qualifications and the client’s needs should be properly matched. The consultant
should have qualifications equivalent to Member grade in the Society of Fire Protection
Engineers.
One should evaluate the consultant’s experience, both as a company and as individual
consultant team members in providing fire protection consulting services to libraries. Other
experience that might also be considered is that for historic buildings or structures and museums.
One should also compare the consultant’s experience with the nature of the work to be
performed and the size of the project being considered. As a final evaluation factor for
experience, one should consider whether the specific team proposed has worked together and the
degree to which the experience is team experience.
Other factors that should be used in evaluating a consultant’s qualifications are membership
and participation in organizations such as NFPA, The American Institute of Architects for
registered architects, the National Society of Professional Engineers for registered engineers, and
the model building code organizations. Participation on committees of these organizations is a
further measure of the consultant’s understanding of library firesafety issues.
After having collected information on the fire protection consultant’s qualifications, one
should contact references to determine how the consultant has actually performed on similar
projects.
B-1 NFPA.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
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02269-9101.
NFPA publishes this and related documents on fire protection, and they will answer inquiries
on these documents. They also conduct educational seminars, studies, and literature searches for
a fee.
NFPA maintains a list of fire protection consultants.
B-2 SFPE.
Society of Fire Protection Engineers, 60 Batterymarch Street, Boston, MA 02116.
SFPE is a professional society of fire protection engineers. They meet annually, publish
technical information, conduct technical seminars, and support local chapters. Members are
located in all parts of the world. Names and addresses of members in a particular geographic area
may be obtained from society headquarters.
B-3 NICET.
National Institute for Certification in Engineering Technologies, 1420 King Street, Alexandria,
VA 22314.
NICET certifies technicians in the following areas of fire protection: (a) automatic sprinkler
system layout, (b) special hazards system layout (automatic and manual foam water, halon,
carbon dioxide, and dry chemical systems), and (c) fire detection and alarm systems. People with
a NICET certification can also assist in the selection and use of fire protection systems. NICET
provides certification for four levels of competence in all three of the listed areas of fire
protection.
B-4 UL.
Underwriters Laboratories, 333 Pfingsten Road, Northbrook, IL 60062.
UL has a certification service through which alarm companies may be qualified to issue
certificates that installed fire warning systems comply with NFPA standards and are properly
tested and maintained. A list of alarm service companies authorized to issue UL certificates is
available. UL also publishes safety standards and annual directories of labeled and listed
products and fire resistant assemblies.
Appendix C Related Publications
C-1
This Appendix lists publications that are not referenced but that may provide additional helpful
information, and is not considered to be a part of the recommendations of this NFPA document.
Sellers, David Y. and Strassberg, Richard, “Anatomy of a Library Emergency,” Library
Journal, American Library Association, Vol. 98, No. 17 (October 1, 1973), pp. 2824-2827.
Managing the Library Fire Risk, 2nd Edition, John Morris, University of California, 1979.
Martin, John H., The Corning Flood: Museum Under Water, Corning, NY, Corning Museum
of Glass, 1977.
Procedures for Salvage of Water-Damaged Library Materials, Peter Waters, Restoration
Officer, Library of Congress, 1975. (Copies available upon request from the Library of
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Congress, Washington, DC 20540.)
“Protecting Our Records and Archives from Fire-Report of the GSA Advisory Committee on
the Protection of Archives and Records Centers,” April 1977. Available from the Superintendent
of Documents, Government Printing Office (Stock No. 022-002-00049-0).
Tillotson, Robert G., Museum Security, Paris, International Council of Museums and American
Association of Museums, 1977.
Willman Spawn, “After the Water Comes,” PLA Bulletin, Pennsylvania Library Association,
Vol. 28, No. 6 (November 1973), pp. 243-251.
Appendix D Salvage of Water-Damaged Library Materials
This Appendix is not a part of the recommendations of this NFPA document but is included for
information purposes only.
The following material is extracted from Procedures for Salvage of Water-Damaged Library
Materials by Peter Waters, Restoration Officer, Library of Congress, 1975 (an LC Publication on
Conservation of Library Materials). The reader will find additional references in Appendix C,
Related Publications.
Assessment of Damage and Planning for Salvage.
Weather is the critical factor in determining what course to take after any flood or fire in which
museum, archival, or library materials are damaged. When it is hot and humid, salvage must be
initiated with a minimum of delay to prevent or control the growth of mold. When the weather is
cold, more time can be taken to plan salvage operations and experiment with various drying
procedures.
The first step is to establish the character and degree of damage. Once an accurate assessment
of the damage has been made, firm priorities and plans for salvaging the damaged materials can
be drawn up. These plans must include a determination of the special facilities and equipment
required. Overcautious, unrealistic, or inadequate appraisals of damage can result in the loss of
valuable materials. Speed is of the utmost importance, but careful planning is equally essential in
the salvage effort.
Where water damage has resulted from fire fighting measures, cooperation with the fire
marshal is vital for a realistic appraisal of the feasibility of salvage efforts. Fire marshals and
safety personnel will decide when a damaged building is safe to enter. In some cases, areas
involved in the fire may require a week or longer before they are cool enough to be entered.
Occasionally, parts of a collection may be identified early in the salvage planning effort as being
especially vulnerable to destruction unless they receive attention within a few hours after the fire
has abated. If the fire marshal appreciates such needs, he may be able to provide means of access
to the area even when other parts of the building remain hazardous.
Once all entrances and aisles are cleared, the most important collections, including rare
materials and those of permanent research value, should be salvaged first, unless other materials
would be more severely damaged by prolonged immersion in water. Examples of the latter are
books printed on paper of types widely produced between 1880 and 1946, now brittle or
semi-brittle. However, materials in this category that can be replaced should be left until last.
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Salvage operations must be planned so that the environment of flooded areas can be stabilized
and controlled both before and during the removal of the damaged materials. In warm, humid
weather, mold growth may be expected to appear in a water-damaged area within 48 hours. In
any weather, mold will appear within 48 hours in unventilated areas made warm and humid by
recent fire in adjacent parts of the building. For this reason, every effort should be made to
reduce high temperatures and vent the areas as soon as the water has receded or been pumped
out. Water-soaked materials must be kept as cool as possible by good air circulation until they
can be stabilized. To leave such materials more than 48 hours in temperatures above 70°F (21°C)
and humidity above 70 percent will almost certainly result in heavy mold growth and lead to
high restoration costs.
Damaged most by these conditions are volumes printed on coated stock and such highly
proteinaceous materials as leather and vellum bindings. Starch-impregnated cloths, glues,
adhesives, and starch pastes are affected to a lesser degree. As long as books are tightly shelved,
mold will develop only on the outer edges of the bindings. Thus no attempt should be made in
these conditions to separate books and fan them open. Archival files packed closely together on
the shelves in cardboard boxes or in metal file cabinets are the least affected.
As a general rule, damp books located in warm and humid areas without ventilation will be
subject to rapid mold growth. Archival files that have not been disturbed will not be attacked as
quickly by mold. Very wet materials, or those still under water, will not develop mold. As they
begin to dry after removal from the water, however, both the bindings and the edges of books
will be quickly attacked by mold, especially when in warm, unventilated areas. A different
problem exists for books printed on coated stock, since if they are allowed to dry in this
condition, the leaves will be permanently fused together.
Summary of Emergency Procedures
1. It is imperative to seek the advice and help of trained conservators with experience in
salvaging water-damaged materials as soon as possible. The Library of Congress is an excellent
information source for technical advice where needed. Contact: Preservation Office, Library of
Congress, Washington, DC, Telephone (202) 707-5212.
2. Turn off heat and create free circulation of air.
3. Keep fans and air conditioning on at night, except when a fungicidal fogging operation is in
process, because a constant flow of air is necessary to reduce the threat of mold.
4. Brief each worker carefully before salvage operations begin, giving full information on the
dangers of proceeding except as directed. Emphasize the seriousness of timing and the priorities
and aims of the whole operation. Instruct workers on means of recognizing manuscripts,
materials with water-soluble components, leather and vellum bindings, materials printed on
coated paper stock, and photographic materials.
5. Do not allow workers to attempt restoration of any items on site. (This was a common error
in the first ten days after the Florence flood, when rare and valuable leather- and vellum-bound
volumes were subjected to scrubbing and processing to remove mud. This resulted in driving
mud into the interstices of leather, vellum, cloth, and paper, caused extensive damage to the
volumes, and made the later work of restoration more difficult, time consuming, and extremely
costly.)
6. Carry out all cleaning operations, whether outside the building or in controlled environment
rooms, by washing gently with fresh, cold running water and soft cellulose sponges to aid in the
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release of mud and filth. Use sponges with a dabbing motion; do not rub. These instructions do
not apply to materials with water soluble components. Such materials should be frozen as
quickly as possible.
7. Do not attempt to open a wet book. (Wet paper is very weak and will tear at a touch.) Hold a
book firmly closed when cleaning, especially when washing or sponging. A closed book is
highly resistant to impregnation and damage.
8. Do not attempt to separate single-sheet materials unless they are supported on polyester film
or fabric.
9. Do not attempt to remove all mud by sponging. Mud is best removed from clothes when
dry; this is also true of library materials.
10. Do not remove covers from books, as they will help to support the books during drying.
When partially dry, books may be hung over nylon lines to finish drying. Do not hang books
from lines while they are very wet because the weight will cause damage to the inside folds of
the sections.
11. Do not press books and documents mechanically when they are water soaked. This can
force mud into the paper and subject the materials to stresses that will damage their structures.
12. Use soft pencils for making notes on slips of paper but do not attempt to write on wet paper
or other artifacts.
13. Clean, white blotter paper, white paper towels, strong toilet paper, and unprinted newsprint
paper may be used for interleaving in the drying process. When nothing better is available, all
but the color sections of printed newspapers may be used. Great care must be taken to avoid
rubbing the inked surface of the newspaper over the material being dried; otherwise some
offsetting of the ink may occur.
14. Under no circumstances should newly dried materials be packed in boxes and left without
attention for more than a few days.
15. Do not use bleaches, detergents, water-soluble fungicides, wire staples, paper or bulldog
clips, adhesive tape, or adhesives of any kind. Never use felt-tipped fiber or ballpoint pens or any
marking device on wet paper. Never use colored blotting paper or colored paper of any kind to
dry books and other documents.
Appendix E Firesafety Inspection Form for Libraries
This Appendix is not a part of the recommendations of this NFPA document but is included for
information purposes only.
NFPA 910, Recommended Practice for the Protection of Libraries and Library Collections,
provides guidance to library trustees, directors and other responsible staff members in the area of
firesafety. The self-inspection form that follows will help in implementing some of the practices
recommended. It will enable library officials to evaluate the state of their preparedness and will
point out situations requiring remedial action.
This self-inspection form is intended for staff use at regular, frequent intervals. It should not
take the place of two other vital measures—the thorough, objective, periodic inspection of the
library by municipal fire inspectors or by firesafety specialists, and the regular testing of fire
detection and extinguishing installations by specialists in their maintenance.
Libraries vary widely in character. Not all of the points to be inspected apply in every case. By
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striking out those that obviously do not fit local circumstances, a library can tailor this form to its
specific needs.
These self-inspections should do more than disclose conditions of negligence that could be the
source of fire or that might result in greater damage and, possibly, loss of life in the event of fire.
The primary purpose is to secure the correction of these conditions. Therefore it is imperative
that all questions answered “No” be referred to the responsible department or staff member.
Then it becomes an important function of management to make sure that corrective action has
been taken.
FIRESAFETY SELF-INSPECTION FORM FOR LIBRARIES
General Conditions
1. Construction:
fire resistive ______ , noncombustible ____ ,
combustible ______
(See NFPA 220, Standard on Types of Building Construction.)
2. Size:
floor area
______________
number of floors
______________
number of connecting buildings
or wings
______________
number of entrances
______________
number of emergency exits
______________
number of exit width units
available
______________
number of employees
______________
number of readers and other visitors
per day
average
______________
maximum
______________
Number of exit width units required
by NFPA 101, Life Safety Code
______________
3. Exposures: Serious
Moderate
Light
None
north
______
______
______
________
east
______
______
______
________
south
______
______
______
________
west
______
______
______
________
(See NFPA 80A, Protection of Buildings from Exterior Fire Exposures.)
4. Water Supply:
municipal system ______ , reservoir/pond, __
storage tanks __________
capacity __ __________
size of water mains ____
distance from hydrants __ ________________
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5. Fire Service:
municipal fire department ______ , facility
library brigade __ , both ______
time required for fire service to reach library __ ______
6. Fire Protection:
Yes
No
Partial
standpipe system
______ ______
______
sprinkler system
______ ______
______
automatic fire detection
system
______ ______
______
insert gas extinguishing
system
______ ______
______
interior fire alarm system
______ ______
______
direct alarm to fire service
______ ______
______
monitored night guard
service
______ ______
______
*fire walls and self-closing
fire doors protecting
horizontal openings
between building units
______ ______
______
*furnace room separated
from rest of library by fire
walls and self-closing fire
doors
______ ______
______
*fire walls and self-closing
fire doors separating
hazardous operations from
areas containing library
collections
______ ______
______
*fire-resistive enclosures
protecting stairways and
other vertical openings
______ ______
______
*exit doors opening outward
______ ______
______
*locked exit doors equipped
with panic hardware
______ ______
______
*(See NFPA 101, Life Safety Code.)
List any changes in character of buildings, occupancy, water supply or hydrants, accessibility
or other general conditions affecting firesafety since the previous inspection: ______________
__________________________________________________________________________
General Inspection
1. Roof:
Yes
No
is roof covering noncombustible?
__
__
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are scuppers and drains unobstructed?
are lightning arrestors in good condition?
are skylights protected by screens?
is access to fire escapes unobstructed?
do fire escape stairs appear to be in good
condition?
are fire escape stairs unobstructed?
are standpipe and sprinkler roof tanks and
supports in good condition?
are standpipe and sprinkler control valves
secured in proper position?
2. All Floors (inspect from top floor to basement):
are self-closing fire doors unobstructed and
properly equipped with closing device?
are fire exits and directional signs properly
illuminated?
is emergency lighting system operable?
are corridors and stairways unobstructed?
are fire exits unlocked and unobstructed?
are sprinklers unobstructed?
are standpipe hose outlets properly marked
and unobstructed?
are sprinkler control valves properly labeled
and unobstructed?
are recorded weekly inspections made of all
sprinkler control valves to make certain
they are open?
are dry-pipe valves (for sprinklers in areas
exposed to freezing) in service, with air
pressure normal?
are all fire-detection and fire-suppression
systems in service and tested regularly?
are sufficient fire extinguishers present?
are extinguishers of the proper type? (See
NFPA 10, Portable Fire Extinguishers.)
are extinguishers properly hung and
labeled?
are extinguishers properly charged and
tagged with inspection tags?
is housekeeping properly maintained?
are cleaning supplies safely stored?
are all trash receptacles emptied at least
daily?
are supply closets and slop sink areas clean
and orderly?

__
__
__
__

__
__
__
__

__
__

__
__

__

__

__

__

__

__

__
__
__
__
__

__
__
__
__
__

__

__

__

__

__

__

__

__

__
__

__
__

__

__

__

__

__
__
__

__
__
__

__

__

__

__
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are electric hot plates, coffee makers and
space heaters prohibited or limited to
those with an appropriate automatic
shutoff bearing the label of a recognized
testing laboratory?
3. Ground Floor:
do entrance and exit doors provide
unobstructed egress?
is safe egress uncompromised by security
measures?
4. Basement:
is rubbish removed from the building daily?
is rubbish removed from the premises on a
regular schedule?
are stocks of flammable liquids stored away
from the building?
are sprinklers unobstructed and at least 18
in. above top of storage?
Special Area Inspection
1. Reading Rooms, Study Carrels and Exhibit
Areas:
is a high standard of housekeeping maintained by employees and readers?
are smoking regulations enforced with
employees, readers and visitors?
are aisles to exit routes unobstructed and
visible?
is proper salvage equipment to protect the
catalogue ready for use?
are exhibit housings, fittings and other
accessories noncombustible or fire retardant treated?
do temporary wiring and lighting conform
to NFPA 70, National Electrical Code?
do all electrical components bear the label of
a testing laboratory?
have exhibit installations kept fire hose outlet valves and fire alarms unobstructed
and visible?
2. Collections Storage Areas: (bookstacks, etc.):
is appropriate fire extinguishing equipment
at hand and unobstructed?
is “first aid” fire extinguishing augmented

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__
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by an early warning automatic fire detection system?
do fire alarms go directly to municipal fire
service?
are these areas separated by appropriate fire
walls and fire doors from other occupancies?
have all vertical and horizontal openings in
fire barriers been adequately fire stopped?
is smoking prohibited in these areas?
are exit signs and exit directional signs
properly placed and illuminated?
are ways of exit access and egress
unobstructed?
is proper salvage equipment ready for use?
does fire service have access to these areas?
are collections protected by appropriate
automatic extinguishing systems?
3. Bookbinding and Restoration Shops and
Conservation Laboratories:
are flammable solvents and other chemicals
properly labeled and stored in small
quantities in ventilated safety storage cabinets?
are flammable liquids dispensed from safety
cans?
are self-closing safety waste disposal receptacles available at work stations?
are laboratory wastes disposed of daily with
appropriate special precautions?
are spray coating facilities adequately and
safely ventilated?
is electrical equipment in the spray area
explosionproof?
does the spray area have automatic fire
extinguishing equipment?
do shop and laboratory electrical equipment
bear the label of a testing laboratory?
do electrical appliances have warning lights?
are appliances unplugged when not in use?
are exit routes unobstructed?
are employees aware of special hazards and
trained in necessary precautions?
is fire suppressant and personnel safety
equipment appropriate for the special

__

__

__

__

__

__

__
__

__
__

__

__

__
__
__

__
__
__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__

__
__
__
__

__
__
__
__

__

__
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hazards that may be present?
is entry limited to authorized persons?
4. Other Shops and Packing/Unpacking Areas:
are paints, thinners, cleaning solvents and
other flammable liquids properly stored in
reasonable quantities in ventilated safety
cabinets?
are thinners and solvents dispensed from
safety cans?
are self-closing waste receptacles used for
oily rags and other wastes liable to spontaneous heating?
are flammable packing materials stored in
self-closing safety containers?
are power tools and machines properly
grounded?
do woodworking machines have proper dust
collectors?
are dust collector bins emptied regularly?
do paint spraying facilities comply with local
codes?
does welding equipment meet local codes?
are power tools unplugged when not in use?
are exit routes unobstructed?
are sufficient fire extinguishers of appropriate type present for extra hazards associated with this kind of occupancy?
5. Auditoriums and Classrooms:
is safe capacity posted?
is occupancy restricted to the capacity
posted as safe?
are standing and sitting in aisles prohibited?
do furnishings and wall coverings comply
with firesafety standards?
are exits unobstructed, unlocked and properly illuminated?
are aisles unobstructed?
does projection room meet local codes?
are smoking regulations enforced?
6. Restaurant or Tearoom:
is capacity posted?
is occupancy limited to safe seating capacity?
are aisles of sufficient width to comply with
NFPA 101, Life Safety Code?

__
__

__
__

__

__

__

__

__

__

__

__

__

__

__

__

__
__
__
__

__
__
__
__

__

__

__

__

__
__

__
__

__

__

__
__
__
__

__
__
__
__

__
__

__
__

__

__
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are exit routes unobstructed and properly
illuminated?
*are ranges, hoods and exhaust ducts
cleaned?
do exhaust ducts terminate in a safe area?
are grease ducts and deep fryers equipped
with automatic fire detectors and extinguishing systems?
if below ground level, is area sprinklered?
*Note date when ranges, hoods and exhaust ducts
were last cleaned.
Exterior Inspection
1. Evacuation:
have all exits, emergency exits, and fire
escapes unobstructed passage to safe
areas?
2. Environment:
are grounds clear of accumulations of flammable material?
have neighboring occupancies minimized
exterior fire hazards?
is fire service access clear?
are standpipe and sprinkler systems siamese
connections unobstructed and operable?
are hydrants unobstructed?
Personnel Inspection
1. Training:
do all staff members know how to transmit a
fire alarm?
do all staff members know their assigned
duty in evacuating the library?
do all staff members know how and when to
use portable fire extinguishers?
do all staff members know their responsibilities in fire prevention?
2. Organization:
is the fire protection manager or a designated alternate on duty?
does the fire protection manager have an
adequate training program in operation
for himself/herself and the staff?
is the written fire emergency plan up to
date and properly distributed?

__

__

__
__

__
__

__
__

__
__

____

__

__

__

__

__
__

__
__

__
__

__
__

__

__

__

__

__

__

__

__

__

__

__

__

__

__
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has the fire service planned or trained for:
protecting the library since the previous
inspection?
__
__
emergency operations (e.g., salvage,
reports to authorities and news media)?
__
__
Note date of latest fire drill.
____
Special Comments:
Inspection made by: __________
Date: ____________
Title: ____________________________________________
Report reviewed by: __________
________________
Title: ____________________________________________

Date: __________

Corrective Action:
Item
______________
______________
______________
______________
______________

Referred to
______________________________
______________________________
______________________________
______________________________
______________________________

Corrective actions completed: ________
Fire Protection Manager: ________

Date:__________

Appendix F Factory Mutual Engineering Division Laboratory Report
(Report by P.E. Cotton, 14000/Res., December 21, 1959)
This Appendix is not a part of the recommendations of this NFPA document but is included for
information purposes only.
Fire Tests of Library Bookstacks
Consideration of library fire protection usually brings out two questions. First, would fire be
expected to spread in a book stack? And second, if so, will automatic sprinklers keep the damage
to a minimum? Two tests were made to show the answers. In both cases it is emphatically, yes.
The stack used in the tests is illustrated by Figures F-1, F-2, and F-3. It is a segment of a
typical library stack, consisting of a steel structure supporting steel shelves that hold discarded
library books. This structure was purchased from and erected by a manufacturer of library
equipment. In plan, the segment contains four ranges (lines of shelving) 12 ft long facing on two
aisles 41/2 ft on centers. Thus, the area occupied is 9 ft wide by 12 ft long. In elevation there are
four tiers or stories, each 71/2 ft high, making a total height of 30 ft.
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Test 1—With Standard Automatic Sprinklers
For the first fire test, standard automatic sprinklers were installed in both aisles in all four tiers
of the stack. Since the sprinklers were spaced the maximum practical distance apart in the aisles
(15 ft), platforms were provided at each end of the stack to extend its effective length insofar as
the sprinklers were concerned.
The fire was started in a small quantity of paper contained in a wooden bookcart arranged as
shown in Figure F-4.
Its location in one aisle of the lowest tier of the stack is illustrated in Figures F-5 through F-8,
which also show the fire growth, the action of the sprinklers, and the limitation of damage.
In this test one sprinkler opened in the second tier at 3 minutes, 43 seconds after the fire was
lighted and one sprinkler opened in the first tier 7 minutes, 53 seconds after the start. The
sprinkler discharge stopped the spread of fire in the books almost immediately and gradually
extinguished the fire.
There was fire damage to books in 10 percent of the storage space of the stack (see Figure
F-9), and this damage would be repairable for practically all of the books so involved. Books in
an additional 27 percent of the storage space of the test segment were wet in varying degrees
ranging from dampness to soaking. All books so involved would be repairable by drying. Nine 3
ft long shelf sections were deformed by heating although the structural members of the stack
were unharmed except for paint damage.
Test 2—No Automatic Sprinkler System
After replacing all fire and water damaged books and shelving following the first test, a second
test was made using the same method of ignition as in the first test.
The spread of fire upward through the four tiers of the bookstack is described best by Figures
F-10 through F-13. Added to this are the visual observations that books in the second tier began
burning at approximately 31/4 minutes, in the third tier at 71/2 minutes, and in the fourth tier at 9
minutes. By 10 minutes, there was intense fire in all areas of the bookstack except at the lower
shelves of the first tier in the aisle not containing the ignition source. A 1 in. hose line was used
to attack the fire at 10 minutes, 23 seconds, followed by a 21/2 in. hose line at 10 minutes, 40
seconds since the first hose stream was only slightly effective. Together, these hose streams
controlled and essentially extinguished the fire, although smoldering continued for hours
afterward.
Some indication of the extent of the damage to the books and stacks is given by the
photographs in Figures F-14 through F-16. Quantitatively, 89 percent of the books were charred
deeply or completely destroyed, 21/2 percent were scorched, and the remaining 81/2 percent were
soaked.
Approximately three-fourths of the shelving was irreparably damaged. Some of the structural
elements were visibly deformed (Figure F-17); others would not be safely reusable for live loads.
These observations indicate that complete collapse of the structure was imminent when hose
streams were applied. Figures F-18 through F-21 gives a comparison of temperatures of various
points in the structure for both tests.
From these results it is apparent that fire may be expected to spread quickly through library
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stacks from a modest local ignition source. It is also apparent that standard automatic sprinklers
will fill their normal industrial role of minimizing the consequent damage from such a fire.
Factory Mutual Engineering Division
(Signature)
E.W. Cousins
Chief Research Engineer
(Signature)
J.M. Rhodes, Director
Engineering and Laboratories

Figure F-1 General view of 4-tier bookstack loaded with 11,200 books.
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Figure F-2 Illustrates structural elements of stack; note one sprinkler position.

Figure F-3 General view of books in the first and second tiers before tests.
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Figure F-4 Wood bookcart before being placed in aisle of first tier. After placement, books were put on top
shelf of bookcart. The fire was started with an ordinary match by igniting the crumpled piece of paper
between the two cartons on the bottom shelf of the cart.

Figure F-5 One minute, 10 seconds; flame showing above bookcart; sprinklers not yet operating.
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Figure F-6 Three minutes, 25 seconds; active burning in first tier; sprinklers not yet operating.

Figure F-7 Eight minutes, 3 seconds; two sprinklers operating; fire in stack under control.
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Figure F-8 After fire extinguishment by sprinklers; fire damage to books in only 10 percent of space.

Figure F-9 Close-up of extent of fire damage after Test 1 with automatic sprinklers. Note limited area of fire
damage.
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Figure F-10 One minute, 48 seconds; books in stack ignited; no sprinklers.

Figure F-11 After approximately 3 minutes; active burning in first tier; no sprinklers.
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Figure F-12 After approximately 71/2 minutes, fire involved second and third tiers.

Figure F-13 After about 91/2 minutes, flame spread to top tier and across aisles on lower tiers.

Copyright 1996 NFPA

Figure F-14 General view of first and second tiers after Test 2 (no sprinklers).

Figure F-15 General view of third and fourth tiers; all exposed book surfaces charred.
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Figure F-16 Extent of damage to shelving after Test 2 (no sprinklers) on second tier, right aisle. Note severe
charring of books and collapse of shelving.

Figure F-17 View of first tier, left aisle after Test 2 (no sprinklers). The temperatures reached 1500°F in each
recorded location whereas in Test 1 (with sprinklers) temperatures did not go above 500°F. Note failure of
column (center of photo).

Bookstack
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SIZE:

9 feet wide, 12 feet long, 30 feet high (four 71/2-foot-high tiers)

BOOK STORAGE:
SHELVES:

4 ranges of 4 compartments each in each tier
7 shelves in each compartment; all U-bar type except floor shelf which is solid
Shelves are 3 feet long by 8 inches deep spaced 1 foot apart vertically except at
floor
and ceiling where spacing is 15 inches
112 shelves per tier 448 shelves total
3 feet side—two 3-inch slots plus 30 inch walkway

AISLES:
WEIGHT OF
STRUCTURE: 7,000 pounds

Books
AVERAGE: 25 per shelf, 175 per compartment, 700 per single range, 2,800 per tier, 11,200 total
APPROXIMATE AVERAGE WEIGHT PER BOOK: 1 pound dry, 21/2 pounds soaking wet
MOISTURE CONTENT OF BOOKS: 5 percent to 9 percent

Bookcart and Contents
Bookcart (shown in Figure F-4) was made of wood (moisture content: 7 percent) and was 15 inches wide, 42
inches long, and 36 inches high. During the tests 120 books were placed on the two top shelves (fully loaded)
and the bottom shelf contained two open top cardboard cartons (12 × 12 × 8 inches). Each carton contained
two crumpled wrapping papers which were 3 feet by 3 feet each and between cartons was crumpled wrapping
paper 11/2 feet by 3 feet. The weight of the cartons and paper was 2 pounds; the weight of the bookcart
empty: 57 pounds. The test engineers considered this bookcart fire “a modest local ignition source” for these
library tests.

Sprinkler Protection
The sprinklers used were 160° standard sprinklers, pendent mounted, on 41/2 foot by 15 foot spacing
staggered vertically and horizontally. There were sprinklers in all tiers and all aisles of the test
library-bookstack set-up.
Sprinkler deflectors were located 10 inches below the ceiling and 6 inches off center to allow for fluorescent
lighting in actual library installations.
The pressures were designed so that the static pressure at the end head on the top tier was 5 pounds per
square inch; on the first tier, 143/4 psi; second tier, 111/2 psi; and third tier, 81/4 psi.
The approximate discharge per sprinkler was 22 gallons per minute on the first tier, 19 gpm on the second
tier, 16 gpm on the third tier, and 13 gpm on the fourth tier.

Temperatures at Various Locations in Bookstacks
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Figure F-18.

Figure F-19.
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Figure F-20.

Figure F-21.

- - - - Test 1—With sprinklers
__ Test 2—Without sprinklers
Appendix G Compact Storage Fire Tests
Excerpts from: “Engineering Analysis of Compact Storage Fire Tests” by Harold R.
Cutler—an unpublished report prepared by Firepro Inc. for the Library of Congress, 1979.
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ABSTRACT
A series of three full-scale tests involving a mobile shelving storage system of the moving
aisle type has been conducted by Factory Mutual Research Corporation under contract to the
General Services Administration. The objective of the tests was to determine the nature of fire
development within archival materials in this storage format and to determine the effectiveness
of a specific automatic sprinkler system configuration in controlling that fire development.
These tests show a moderate rate of fire development when ignition involves materials in the
open aisle of the storage module and the packing density (number of boxes per shelf) is high.
They also show a relatively slow rate of development when ignition is in the closed portion of
the module and the packing density of materials is high.
The tests reveal that there is a high probability that automatic sprinkler protection will prevent
serious flame and heat damage outside the storage module of origin but will not significantly
limit production of smoke and fire gases. The tests also indicate a low probability that automatic
sprinkler protection will limit flame involvement to a portion of the storage module of origin in
the storage configuration tested.
Several characteristics of the moving aisle type compact storage situation are analyzed.
Tentative conclusions concerning fire development and fire protection for compact storage based
on those characteristics are presented. The most important tentative conclusion drawn is that a
combination of carriage subdivision by sheet metal panels and greater vertical openness such as
provided by louvered or perforated module tops and shelves should permit limitation of open
flaming to a portion of a module.
Several specific tests are proposed to allow assessment of the validity of the tentative
conclusions.
COMPACT STORAGE SYSTEMS—THE PROBLEM
High density storage of files, records or books has become increasingly popular in recent years
as cost considerations force users to seek the higher storage efficiencies available in special
arrangements of storage hardware. This type of storage is especially appropriate where only
limited access is required to the materials in storage. These storage systems are known by such
names as “compact storage,” “mobile shelving,” “moving aisle storage,” or “moving shelf
storage.”
There are two principal arrangements of shelving utilized to achieve these higher storage
densities. For the purposes of this report, these arrangements are called, (1) Moving Aisles
Storage, and (2) Moving Shelf Storage. These two storage types are described below.
Moving Aisle Storage
In moving aisle storage, several ranges of shelves are placed on carriages between a pair of
fixed ranges as illustrated in Figure G-1(a). Space for a single aisle is also left between the fixed
ranges. Access to the shelving of a specific range is obtained by moving the carriages to a
position that places the aisle along the specific face of the desired range. In such storage, a
typical ratio of aisle space to storage space is 1:10.
Moving Shelf Storage
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In typical moving shelf storage, a single fixed aisle serves two or more ranges of shelving on
one or both sides of the aisle as illustrated in Figure G-1(b). The rear range of shelving is fixed.
One section of shelves in each of the front ranges is omitted and all other shelves of those ranges
are mounted on carriages which allow them to travel to the left and right. Thus, the front ranges
of shelves may be moved to permit access to any range of shelves. The ratio of aisle space to
storage space in such a system with two ranges of shelving is approximately 1:2.
Typical standard fixed shelving (one 30 inch aisle providing access to two 15 inch shelves) has
an aisle-to-storage area ratio of 1:1.
Characteristics Affecting Fire
Several characteristics of compact storage systems are expected to affect the pattern of fire
development and the effectiveness of detection and suppression systems (manual and automatic)
as compared to standard fixed shelving. These characteristics include:
• Module components, especially shelves and module tops, which discourage vertical fire
development and encourage horizontal fire development.
• Module components especially shelves and module contents which restrict movement of
fresh air and smoke and fire gases within the structure.
• Module components especially shelves and module tops which restrict distribution of water
discharged from sprinklers within the storage module.
• A module “envelope” consisting of the top and end panels of moveable ranges and the top,
end, and back panels of fixed ranges which may hinder movement of heat, smoke and fire gases
from within the module and hinder penetration of extinguishing agent into the module.
• Module construction materials which may be energy absorbing (metal) or energy generating
(wood, plastics).
• High fuel loading resulting in the possibility of fire duration which may threaten structural
elements.
Materials in storage may also have impact upon fire development and the effectiveness of
detection and suppression activities and equipment. Some of these characteristics include:
• Packing density,
• Moisture content,
• Fuel type (cellulosic, plastic)
The tests that are the subject of this analysis were performed utilizing moving aisle type
storage. The characteristics of the combustible contents of the shelving module were varied as
discussed for the specific test.
SUMMARY OF CONCLUSIONS
This summary will list the conclusions drawn as a result of analysis of the specific GSA/FM
test program and the tentative conclusions drawn by extrapolation of the test results beyond
characteristics of the storage situation examined by the specific tests.
Analysis of Test Results
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1. There is a high probability that automatic sprinklers (including on/off sprinklers) installed
on an ordinary hazard basis over a compact storage module will prevent structural damage to
building structural elements when structural elements are not enclosed partially or wholly by the
storage module. (It is not possible to conclude whether or not sprinkler protection will
adequately protect structural elements that are enclosed partially or wholly by the module.)
2. The relatively low rate of heat release observed in these fires will permit the use of 165°F
sprinklers without overtaxing water supplies.
3. There is a high probability that the combined effects of automatic sprinklers and spatial
separation will prevent fire spread across a 4 ft wide aisle at the end of compact storage modules
to the end of an adjacent module where sprinklers are installed on an ordinary hazard basis.
4. There is a high probability that the fire will not spread between back-to-back shelves of the
fixed ranges of adjacent modules when each shelf is backed by a sheet metal panel and the
panels are separated by 1 in. or more.
5. Test No. 3 produced a more severe fire than Test No. 2 because of the higher degree of
openness and the more severe burning characteristics of the fuels in Test No. 3 as compared to
Test No. 2. (It is not possible to separate the effect of openness from the effect of burning
characteristics on the basis of this test series.)
6. Manual overhaul of a fire in a compact storage module will be required to extinguish all
combustion before total consumption of fuels not directly wetted by sprinkler discharge.
7. Mechanical or effective natural draft smoke removal will be required to permit manual
overhaul operations.
8. The effect of test room humidity and the moisture content of the test materials could not be
judged in these tests.
Extrapolation of Test Results
9. Single thickness metal dividers between back-to-back shelves within a movable carriage
will reduce the rate of fire development. (It is not possible to conclude whether or not a single
thickness sheet metal divider between back-to-back shelves on a movable carriage will prevent
fire spread between combustibles on those shelves.)
10. Improved vertical openness as provided by louvered, perforated or rolled bar module tops
and shelves may improve the effectiveness of ceiling mounted sprinklers.
11. A combination of improved vertical openness as provided by louvered or perforated
module tops and shelves and decreased horizontal openness resulting from installation of
longitudinal carriage dividers may allow ceiling mounted automatic sprinkler protection to limit
flame damage to a portion of a storage module.
12. The use of wooden structural framing and shelving may increase the rate and duration of
burning and also may lead to earlier structural collapse of shelves than the use of steel framing
and shelving.
13. Chemical and physical characteristics of materials in storage will have a major impact
upon the rate of fire development and the fire duration experienced in compact storage modules.
14. The moisture content of a material in storage will affect its ease of ignition and the rate of
subsequent flame spread over its surface.
15. A smoke detection system may be utilized to provide relatively early warning of a fire in a
compact storage module if properly engineered to take into account ventilation conditions, and if
it is recognized that the slow release of smoke from the module may lead to apparently delayed
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detection compared to a fire unconfined by a compact storage module.
16. It is highly unlikely that thermal detection would take place in time to permit manual fire
fighting without self-contained breathing apparatus and without serious visibility problems.
17. On the basis of the difficulty of achieving Halon 1301 saturation of the compact storage
module and the smoldering nature of fires in compact storage, Halon 1301 does not appear to be
well suited for protection of materials in compact storage.
18. Limitation of the quantity of the material in a common enclosure may limit the extent of
flame, heat, smoke, and fire gas damage to the materials.
Additional Testing
A series of limited and full-scale fire tests are discussed that would permit assessment of the
validity of the tentative conclusions drawn concerning various module and protection system
characteristics.
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Figure G-1 Two types of compact storage.

Figure G-2 Mobile shelving array terminology and dimensions.
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Figure G-3 Multiple module storage.
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Figure G-4 Potential improvement in vertical openness.

Appendix H Referenced Publications
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H-1
The following documents or portions thereof are referenced within this recommended practice
for informational purposes only and thus are not considered part of the recommendations of this
document. The edition indicated is the current edition as of the date of the NFPA issuance of this
document.
H-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 10, Standard for Portable Fire Extinguishers, 1990 edition
NFPA 11A, Standard for Medium- and High-Expansion Foam Systems, 1988 edition
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, 1989 edition
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems, 1989 edition
NFPA 12B, Standard on Halon 1211 Fire Extinguishing Systems, 1990 edition
NFPA 13, Standard for the Installation of Sprinkler Systems, 1991 edition
NFPA 13A, Recommended Practice for the Inspection, Testing and Maintenance of Sprinkler
Systems, 1987 edition
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1990 edition
NFPA 17, Standard for Dry Chemical Extinguishing Systems, 1990 edition
NFPA 17A, Standard for Wet Chemical Extinguishing Systems, 1990 edition
NFPA 22, Standard for Water Tanks for Private Fire Protection, 1987 edition
NFPA 70, National Electrical Code, 1990 edition
NFPA 71, Standard for the Installation, Maintenance and Use of Signaling Systems for
Central Station Service, 1989 edition
NFPA 72, Standard for the Installation, Maintenance and Use of Protective Signaling
Systems, 1990 edition
NFPA 72E, Standard on Automatic Fire Detectors, 1990 edition
NFPA 72G, Guide for the Installation, Maintenance, and Use of Notification Appliances for
Protective Signaling Systems, 1989 edition
NFPA 72H, Guide for Testing Procedures for Local, Auxiliary, Remote Station and
Proprietary Protective Signaling Systems, 1988 edition
NFPA 80A, Recommended Practice for Protection of Buildings from Exterior Fire Exposures,
1987 edition
NFPA 101, Life Safety Code, 1991 edition
NFPA 220, Standard on Types of Building Construction, 1985 edition
NFPA 1221, Standard for the Installation, Maintenance and Use of Public Fire Service
Communication Systems, 1991 edition
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NFPA 911
1991 Edition
Recommended Practice for the Protection of Museums and
Museum Collections

Copyright © 1991 NFPA, All Rights Reserved
1991 Edition
This edition of NFPA 911, Recommended Practice for the Protection of Museums and
Museum Collections, was prepared by the Technical Committee on Protection of Cultural
Resources and acted on by the National Fire Protection Association, Inc. at its Annual Meeting
held May 19–23, 1991 in Boston, MA. It was issued by the Standards Council on July 19, 1991,
with an effective date of August 16, 1991, and supersedes all previous editions.
The 1991 edition of this standard has been approved by the American National Standards
Institute.
Origin and Development of NFPA 911
This document was originally titled Recommended Practice for the Protection of Museum
Collections from Fire. It received tentative status at the 1968 NFPA Annual Meeting and was
first officially adopted at the 1969 Annual Meeting. It was resubmitted to the 1974 Annual
Meeting for adoption after it had been revised in response to suggestions for additional
informative material. It was resubmitted again to the 1980 Annual Meeting for adoption after the
Committee had revised and updated some of the text and Appendix and also changed the title to
read Recommended Practice for the Protection of Museums and Museum Collections. The
change in title was to expand the recommendations to include the museum along with the
collections.
A general revision was undertaken in 1985 to incorporate changes in the state of the art and to
reconcile differences between Recommended Practices NFPA 910 and 911. The Committee’s
intent was to make the document more usable and more easily understood, to address the
concerns of museum curators for water damage, to update to reflect new technology of both fire
detection and fire extinguishing systems, to provide more specific guidance regarding compact
storage as a result of fire tests, and to standardize terminology.
This latest revision was undertaken in 1990 to meet a foreseen need for a more useful
document to the museum community. Recognizing that most museums network with each other
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when seeking advice or making decisions regarding fire protection (as opposed to consulting a
text), the committee surveyed museums across the country regarding the types of fire protection
they had and what their needs were. Based upon information obtained from the survey and from
other museums interested in fire protection, the text was revised and expanded. Management
responsibilities were placed up front, more information on fire protection systems was included,
and several new areas of emphasis were added.
Special acknowledgement is given to the Task Group that developed the revisions for the 1991
Edition. Contributing members of the Task Group were J. Andrew Wilson (chairman), Paul
Baril, Michael Dougherty, Wilbur Faulk, Deborah Freeland, Diane Gould, Danny McDaniel, and
Edward Sniechoski. Others on the Cultural Resources Committee that made valuable
contributions to this revision include Stephen Bush, Ralph Lewis, and William Webb.
Technical Committee on Protection of Cultural Resources
John M. Watts, Chairman
Fire Safety Institute, Middlebury, VT
Ralph H. Lewis, Secretary
U.S. Nat’l Park Service, Harpers Ferry, WV
Nicholas Artim III, Foehl Sherman Inc., Burlington, MA
Paul Baril, Dept. of Communications, Ontario
Robert D. Barnes, Robert D. Barnes, PE, Wheaton, IL
Stephen E. Bush, U.S. Library of Congress, Alexandria, VA
Harry R. Carter, Newark Fire Dept., NJ
Rep. NFPA Fire Service Section
Nick Chergotis, Simplex Time Recorder Co.
Rep. Nat’l Electrical Manufacturers Assoc.
Michael J. Dougherty, Philadelphia Museum of Art
Wilbur Faulk, The J. Paul Getty Museum
Hoyt R. Galvin, Hoyt Galvin & Assoc.
Diane Gould, Sedgwick James of New England
Marilyn E. Kaplan, Cannon Design, Inc.
Gary S. Keith, Factory Mutual Research
John W. Koester, Johnson & Higgins
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Danny L. McDaniel, Colonial Williamsburg Foundation
Harry B. McDonald, Shelburne Museum
Wayne D. Moore, Mass Fire Alarms of New England
Rep. Automatic Fire Alarm Assoc., Inc.
John Morris, Walnut Creek, CA
Earl D. Neargarth, Ansul Fire Protection
Rep. Fire Equipment Manufacturers’ Assoc. Inc.
Harry E. Newell, Cerberus Pyrotronics
Rep. Fire Suppression Systems Assoc.
Paul G. Schneider, NY State Office of Parks, Recreation & Historic Preservation
O. William Schumm, Fairfax County Fire & Rescue Dept., VA
Edward R. Sniechoski, Smithsonian Institution
Don L. Tolliver, Kent State University, OH
William A. Webb, Rolf Jensen & Assoc., Inc.
Charles E. Zimmerman, Norfolk, VA
Alternates
Deborah L. Freeland, Johnson & Higgins
(Alternate to J. W. Koester)
Donald C. Garner, Factory Mutual Engineering Assoc.
(Alternate to G. S. Keith)
Thomas F. Norton, U.S. Naval Historical Center
(Alternate to W. D. Moore)
Charles A. Sabah, C. A. Sabah & Co., Inc.
Rep. Fire Suppression Systems Assoc.
(Alternate to H. E. Newell)
Kevin W. Smith, The Viking Corp.
Rep. Nat’l Fire Sprinkler Assoc.
(Alternate to J. Yager)
Dale R. Wheeler, Rolf Jensen & Assoc., Inc.
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(Alternate to W. A. Webb)
J. Andrew Wilson, Smithsonian Institution
(Alternate to E. R. Sniechoski)
Nonvoting
Charles F. Gosnell, NY University Libraries, Suffern, NY
(Member Emeritus)
Harry C. Lein, Windham, ME
(Member Emeritus)
Richard Ortisi-Best, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.

NFPA 911
Recommended Practice for the
Protection of Museums and Museum Collections
1991 Edition
NOTICE: Information on referenced publications can be found in Chapter 11 and Appendix E.

Chapter 1 Introduction
1-1 Importance.
Museums are institutions in which objects of permanent interest in one or more of the arts and
sciences are collected, preserved, studied, and exhibited. The objects may be works of art,
historical artifacts, or scientific specimens. Most of the objects are irreplaceable, and they form
an important part of man’s cultural heritage. Museums and their collections are especially
vulnerable to damage by heat, fire, smoke, and water.
1-2 Purpose.
The purpose of this recommended practice is to give guidance in fire prevention and fire
protection to museum trustees, directors, curators, building superintendents, and other staff
members responsible for museum collections and for the safety of persons who visit or work in
museums. It emphasizes the responsibility of every person involved with the museum to protect
against fire (hazards) in their properties using qualified personnel and consultants to present an
analysis of the risk.
1-3 Scope.
This recommended practice concerns measures to protect museum staff, visitors, and
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collections from fire and associated hazards. It addresses how to design fire protection and life
safety into a new building and how to improve these factors in existing museums. It gives special
attention to times and places in museums in which the danger of fire is increased. It recommends
ways in which the management and the museum staff can help prevent fires or reduce fire losses.
1-4 Types of Museums.
In the application of this recommended practice it must be recognized that there is a wide
variety of museums. They range in size from a single room to a complex of buildings covering
several city blocks. Some occupy modern structures designed for their use; many have
remodeled quarters originally designed for another occupancy. Frequently, they share space with
libraries, schools, or other organizations. Although museums are characteristically urban, there
are many smaller ones operating where fire departments are not staffed 24 hours a day, making
these museums somewhat more threatened and thus requiring careful planning on fire
department response.
1-5 Variety of Functions and Hazards.
A fully developed museum serves as a repository for highly valued collections, as a center for
research, and as a facility for a broad range of educational and cultural activities. These varied
functions result in different occupancies with correspondingly different hazards: exhibit halls
and galleries, storerooms for collections, administrative and curatorial offices, conservation and
research laboratories, workshops, classrooms, auditoriums, libraries, sales areas, and restaurants.
1-6 Consequences of Fire.
Museum trustees and their staffs bear grave responsibilities for the preservation of the objects
entrusted to their care. They must provide them with continuous and adequate protection from
many hazards other than fire including adverse humidity, dust, polluted air, insects, mold,
vandalism, and theft. However, fire constitutes one of the most serious dangers because it so
often destroys quickly and completely what it attacks. Stolen objects may be recovered, objects
damaged by vandals or insects may be repaired, but fire damage is too often permanent and can
involve the entire contents of the museum. Because some museum specimens are so valuable, a
small, quickly controlled blaze that would be a minor annoyance in another occupancy could
result in catastrophic loss in a museum. For instance, a very small fire in a paintings storeroom
or in an exhibit case could rapidly destroy an irreplaceable part of man’s cultural or scientific
heritage. Reflection on some of the fire incidents cited under “Illustrative Fires” (see Section
2-3) should dispel any doubts as to the seriousness of the problem and strengthen a resolve to
face it. (Estimates of losses are not at current inflated prices.) It is notable that size, age, or
noncombustibility of construction material is no insurance against massive loss.
1-7 Life Safety.
The governing board and management of a museum have an even greater responsibility for the
lives of their visitors and staff than for the preservation of the museum collections. It is an axiom
that saving human life comes first. For some museums, this aspect becomes most critical when a
class of grade school children is crowded in an improvised auditorium. For others, it is most
serious when thousands, or even tens of thousands, of people flock to see a new acquisition or
special exhibition. Visitors easily lose their way in the unfamiliar maze of galleries. Therefore,
museums should develop and implement effective emergency plans for the safe evacuation of
people in case fire or any other emergency occurs. The provision of adequate fire protection,
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including construction to limit the spread of fire, and the installation of fire detection and
extinguishing systems will also decrease the threat of fire to life safety and allow more time for
safe evacuation. Use of voice communications to coordinate and streamline evacuations should
be considered for larger museums with high visitor density and complex egress paths.
1-8 Summary.
This recommended practice should be of assistance in planning new museums and in
improving the firesafety of existing museums. In addition, the NFPA publishes standards,
recommended practices, and other literature that is extremely useful in implementing a sound
fire protection program for a museum. For example, in considering life safety measures, there is
NFPA 101, Life Safety Code, which gives specific measures that will provide a reasonable
degree of safety from fire for building occupants. Other standards and recommended practices
give additional information on fire resistive building construction, fire alarm and extinguishing
equipment, and guidance on protection against a variety of hazards that may be encountered in a
museum. A partial list of pertinent NFPA literature is included in Chapter 11.
Chapter 2 Museum Fire Experience
2-1 How Museum Fires Have Started.
Museums are vulnerable to the wide variety of common occurrences responsible for most fires.
Careless smoking, malfunction of heating equipment, faulty wiring, improper use of a cutting
torch, and incendiarism are some causes of fires in museums. Fires have occurred in museums
with fire-resistive construction, in structures made largely of wood, in large fully staffed
institutions, and in smaller ones with limited resources. Fires have broken out in museums during
the day when they were open and filled with people and at night when they were closed.
Between 1980 and 1988 there was an average of 102 museum* fires per year, resulting in an
annual average loss of $2.15 million in property damage, reported to U.S. Fire Departments.
Table 2-1 indicates the major causes of these fires. Experience shows that the hazard of fire is
increased when a museum is being renovated or when a new exhibit is being installed.
Table 2-1 Fire in Museums,* by Major Cause
Annual Average of 1980-88 Structure Fires
Reported to U.S. Fire Departments
Major Cause

Fires

Electrical distribution system

22

Incendiary or suspicious causes

20

Other equipment

9

Open flame

8

Smoking material

8

Heating equipment

7
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Cooking equipment

6

Exposure (to other hostile fire)

4

Natural causes

3

Appliance, tool, or air conditioning

1

Child playing

3

Other heat source

0**

Unknown

Total

9

102

*Refers to whole building, not museum room, and includes art
galleries, aquariums, and planetariums.
**Rounds to zero but is not zero.

2-2 Why Museum Fires Have Spread.
The museum fires briefly described in Section 2-3 illustrate one or more of the conditions
under which a fire will spread beyond its origin and why resultant damage can be extensive. First
and foremost is the absence of sprinklers or other means of automatic protection. Second, and
almost equally important, is the lack of adequate compartmentation (or subdivision of areas)
where there is a continuity of combustibles. A third condition is delay in the discovering and
reporting of the fire while in the earliest stage. The first moments following ignition may be
critical, as it frequently takes only a very few minutes for a small fire to grow large. In the
absence of automatic fire detection or protection, discovery of a fire may be left to chance—a
passerby or a neighbor. At that point a fire may be so well established that loss to the museum
must inevitably be substantial.
2-3 Illustrative Fires.
The following descriptions of fires illustrate some of the more common sources of ignition,
factors contributing to the spread of the fire, and the enormity of the losses suffered. It is
important to note that every museum cited below was located in close proximity to a highly
trained fire department that responded promptly upon notification of the fire.
National Museum of Natural History (Smithsonian Institution), Washington, DC, January 22,
1989.
A scientist mistakenly turned on a hotplate as he left his laboratory. A smoke detector alarm
was later received in the museum’s control room, and a security officer was immediately
dispatched to the room. In the two minutes it took for him to arrive at the lab, a single sprinkler
head had activated to extinguish the fire. Total loss was under $1000.
Louisiana State Museum (The Cabildo), New Orleans, LA, May 11, 1988.
During exterior renovation work on one of this country’s most historic buildings, it is believed
a torch being used to solder a copper downspout ignited the combustible felt paper or wood in
the roof. The fire apparently entered the attic and burned unnoticed for some time before being
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detected by smoke detectors on the floor below. Notification to the fire department was not
automatic and was finally made by a passerby on the street who noticed smoke. Despite heroic
efforts by the fire department, the attic, third floor (which was used for collection storage), and
the roof were lost to fire, and there was significant smoke and water damage to the floors below.
An estimated 500,000 gallons of water were used to control this fire. The fire chief in charge
stated that, had the museum been protected by a sprinkler system, only two sprinkler heads
would probably have been necessary to control or extinguish this fire. Loss: $5 million.
Fort Hill—John C. Calhoun Shrine, Clemson, SC, May 30, 1988.
Criminals used gasoline to set fire to this 185-year-old home (museum) to create a diversion
while they burglarized a jewelry store. The museum had been equipped with a sprinkler system
in 1968. Three heads operated (one outside and two inside) to extinguish this fire before the fire
department arrived. Less than one percent of the museum and its contents was damaged by fire
or water.
Huntington Gallery, San Marino, CA, Oct. 17, 1985.
While this art gallery was protected by both smoke and heat detectors, none were installed in
the elevator shaft where a fire of electrical origin is thought to have burned for some time before
bursting out onto the first floor. As the outside air hit the fire source, a fireball was created that
travelled 60 to 70 feet down the corridor, totally destroying a painting done in 1777. Loss: $1.5
million.
Byer Museum of Art, Evanston, IL, Dec. 31, 1984.
A fire of electrical origin is believed to have originated between the walls on the first floor of
this three story building. The fire apparently burned within the walls for sometime before
bursting through into the museum. For an unknown reason, the smoke detection system did not
operate. The fire totally destroyed the upper two floors and roof and caused extensive water
damage to the first floor. Loss: $3 million.
Home of Franklin D. Roosevelt, National Historic Site, Hyde Park, NY, January 23, 1982.
A fire, probably caused by deteriorated wiring in the attic crawl space, destroyed much of the
roof in this historic house museum and heavily damaged several third-floor rooms. Water and
smoke damage extended to the lower floors. An automatic alarm at 12:12 a.m. brought prompt
response, but it required about 200 fire fighters, with 35 pieces of equipment, six hours to control
the fire. It had gained momentum before the alarm because the automatic detection installation
did not include the attic. Absence of an automatic sprinkler system resulted in the need to apply a
much greater volume of water in powerful hose streams. In the face of these disadvantages, park
curators and rangers in cooperation with the fire fighters carried out knowledgeable salvage
operations during the night that minimized damage to the historic furnishings. Loss: $2–2.5
million; restoration of furnishings estimated to cost $500,000.
Museum of Modern Art, Rio de Janeiro, Brazil, July 8, 1978.
Watchmen discovered a fire in this concrete and glass building about 4:00 a.m. The museum
had no automatic fire detection or suppression systems, nor interior fire barriers. It also had no
emergency plans. The fire probably started from a cigarette or defective wiring in an improvised
room used for a show a few hours earlier. Spreading through flammable ceilings and partitions,
within 30 minutes it destroyed 90 percent of the museum’s permanent collection (about 1000
works of art) and the paintings borrowed for special exhibition. It would appear that the delay in
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alarm, the large amount of combustibles, and the lack of an automatic fire suppression system
contributed to the large loss.
San Diego Aerospace Museum, San Diego, CA, February 22, 1978.
The museum and the International Aerospace Hall of Fame occupied an old wood and stucco
exposition building without automatic fire detection or suppression systems. Workers in a
neighboring structure reported a fire at 8:13 p.m., apparently set by two arsonists seen running
away. The fire department dispatched 14 units comprising 83 of its personnel. The first unit
arrived at 8:17 p.m. but was unable to save the building or its contents. Only a specimen of moon
rock survived, having been stored overnight in a fire-resistive safe. Loss: building-$15 million;
museum-40 planes, many other historic specimens and irreplaceable documents, and an aviation
library valued at $1 million; Hall of Fame—all its portraits and memorabilia.
National Museum of American History (Smithsonian Institution), Washington, DC, September
30, 1970.
Fire reported at 5:05 a.m. destroyed a combustible computer exhibit and damaged the Hall of
Numismatics. None of the historic collections of coins and stamps were damaged. The fire walls
worked well, but the museum had no automatic fire suppression systems. Water used in fighting
the fire caused some damage to the exhibit floor below. Smoke damaged offices and storerooms
on two floors above. The cause was probably an electrical short circuit in the exhibit. Loss: over
$1 million.
Henry Ford Museum, Dearborn, MI, August 9, 1970.
A fire started in a dressing room, possibly from an overheated hair-curling iron. Flames
quickly spread through several historic shops reconstructed of wood and a section of agricultural
and crafts displays. Excessive combustible storage behind the exhibits aided fire spread in the
unsprinklered, undivided, one-story, fire-resistive main exhibit hall of which about 240,000 sq ft
(22,296 m2) burned. Fire doors that employees kept wet with twenty-five 21/2-gal (9.5-L) water
extinguishers prevented the fire from reaching the small museum theater. Loss: over $2 million.
Museum of Modern Art, New York City, April 15, 1958.
Workmen repainting the second floor galleries and enlarging the air conditioning system failed
to observe firesafety precautions. They smoked on the job while using non-flameproofed drop
cloths, went to lunch leaving paint cans open, and tied stairway doors open for convenience in
moving equipment. During the noon hour a workman saw a small fire in a drop cloth and called
for help. A museum guard brought a hand extinguisher, and they tried to put out the blaze before
turning in an alarm. The fire quickly spread to the cans of paint, untreated wood scaffolding, and
combustible gallery partitions. Thick smoke poured into the clustered stairwells. Finally,
someone pulled the building alarm and the separate alarm with direct connections to the fire and
police departments. More than 500 people in the museum had considerable difficulty escaping.
The smoke-filled stairways and elevator shaft delayed fire fighters in locating the fire. The fire
was brought under control two hours after the alarm was given but not before one person was
killed, 33 injured, two major paintings destroyed (including a Monet masterpiece), and seven
severely damaged. Property loss: $700,000.
2-4 Fire Causes and Prevention.
2-4.1
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Known causes of museum fires include incendiarism, defective electrical equipment, careless
smoking, spontaneous ignition of paint rags and polishing cloths, chronic exposure of cellulosic
materials to overheating by close proximity to steam pipes or other hot items, defective heaters,
plumbers’ torches, cutting torches, ignition of escaping flammable gas, misuse of electric
extension cords (especially for electric motors and heating appliances), and exposure from
nearby burning structures.
2-4.2
Through continuing education and training of all museum personnel much can be done to
reduce the chances of fire starting. All employees should be part of the museum fire and security
team, reporting anything suspicious to their supervisor or security. The most important factor in
preventing fires in museums is the maintenance of a good fire prevention program based on good
housekeeping, orderliness, maintenance of equipment, and absolute control of ignition
sources—especially smoking and open flame devices (e.g., required in building repairs, routine
laboratory operations, or the interpretation of historic environments). Open flame devices should
be permitted only upon the basis of written authorization signed by the responsible management
official after evaluating the risks and prescribing the specific protective measures to be included
as conditions of the authorization.
NOTE: The NFPA Fire Protection Handbook (17th edition) provides guidance for control of ignition sources
in museum collections (Section 8, Chapter 8).

Experience has shown, however, that regardless of how careful or how complete the fire
prevention program, the risk of fire is a distinct possibility, and any program based entirely on
fire prevention activities will be perpetually at risk of a major disaster. Therefore, it is necessary
to control the spread of fire and its effects. This is accomplished through proper building design
and construction and adequate protection of the building, its occupants, and its contents.
Chapter 3 Museum Management and Planning
3-1 Management Responsibilities.
3-1.1 Responsibility.
Firesafety is and must be an essential and permanent part of museum operations. It must not be
allowed to become a supplementary item. The museum trustees, the director, and other museum
officers have prime responsibility in ensuring that the museum is protected against the disastrous
effects of fire. Competent personnel with a thorough knowledge of fire protection should be
utilized to assess the possibility of a fire and the extent of fire spread as well as the potential loss
of various objects in the collection. Museum personnel should then establish the comparative
importance of these items. They should establish policies for firesafety and provide the necessary
facilities, funds, and personnel to carry them out. The responsibility for developing and
implementing the program should be assigned to a high-level executive such as the director,
deputy director, or similar official, depending on the size of the museum and the organization of
its personnel. In order to implement the program, an emergency plan should be prepared in
writing. It should delineate responsibilities of assigned personnel in order to minimize danger to
life and property. Such written plans should be reviewed frequently, and assignments of
personnel kept current.
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3-1.2 The Fire Protection Manager.
The direct responsibility for museum firesafety should be vested in a senior executive. In a
large museum this executive may designate a fire protection manager to advise and assist
him/her in the organizing and implementing of the firesafety program and to carry out its
day-to-day functions. The fire protection manager, e.g., the building superintendent, chief
engineer, or chief security officer, should be vested with sufficient authority to perform
assignments effectively and should consult with and report to the responsible official at regular
intervals. The firesafety program should include:
(a) The selection, location, and maintenance of all fire protection equipment and devices such
as automatic sprinkler systems, other automatic fixed extinguishing systems, automatic fire
detection systems, standpipe systems, fire pumps, fire doors, portable fire extinguishers, and
salvage materials.
(b) Indoctrination of all employees in the importance of firesafety and the necessity for
complying with smoking regulations. Each employee should be carefully instructed as to how to
proceed in the event of fire or other emergency; notification the fire department and the proper
museum personnel; procedures for evacuation of the building; protection of the collections; and
other duties that may be assigned.
(c) The assignment of the best qualified personnel to fire brigade duties. Such personnel
should be familiar with the location and the operation of all fire protection devices and
equipment, particularly all types of portable fire extinguishers. These extinguishers, when
properly and effectively used, can be an enormous factor in the extent of damage in any fire.
Therefore, all designated personnel should receive frequent, periodic practice in their use. Staff
should be reminded that use of extinguishers or hose lines should not delay the transmission of
fire alarms.
(d) Information regarding the function and operation of automatic sprinkler systems and the
location of control valves. Training in the use of standpipes and hose lines is also essential;
damage could be caused by their indiscriminate application. Premature closing of a sprinkler
valve will allow fire to intensify.
(e) Protection of the museum collection through cooperation with the fire department, removal
of exhibits to safer areas, and salvage operations (cleanup). This should be an important phase in
brigade training.
(f) The selection and training of night guards. At night, help and advice are not immediately
available; therefore, night guards should be carefully and thoroughly trained. They should be
able-bodied and resourceful enough to react intelligently to any emergency. They should receive
written emergency procedures, be instructed in them, and be familiar with the equipment and
resources at hand. In areas where a listed central station is available, it should be used. NFPA 71,
Standard for the Installation, Maintenance, and Use of Signaling Systems for Central Station
Service, provides information on this topic.
(g) Restriction of smoking, by visitors and employees, to designated areas.
(h) Inspection and maintenance of fire doors and exit facilities to ensure that they are in
working order and unobstructed. Exits should lead to an unobstructed safe area.
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(i) Daily inspection to ensure a high standard of housekeeping, which is one of the most
important factors in the prevention of fire. Rubbish should be kept in metal cans with tight-fitting
metal covers in a sprinklered area or outside the building pending disposal. Flammable packing
materials, rags, and scrap should be stored in metal bins with self-closing lids. Paint rags and
oily cloths, which are liable to ignite spontaneously, should be disposed of immediately.
(j) Supervision of the installation and use of all electrical appliances, particularly those with
extension cords. Hot plates, humidifiers, dehumidifiers, and electric heaters and fans should be
listed and should be properly installed.
(k) Supervision of storage and use of flammable liquids. Repeating and emphasizing what has
been previously mentioned, only a minimal amount of such material should be permitted inside
the building. Flammable liquids should be applied from approved safety cans and stored only in
cabinets as recommended by NFPA. Approved safety containers for the disposal of rags and
waste should be provided in ample numbers and strategically placed. Any flammable spraying
operations should be conducted in accordance with NFPA standards or local ordinances.
NOTE: See NFPA 30, Flammable and Combustible Liquids Code, for information on construction of cabinets
for storage of small quantities of flammable liquids inside buildings.

3-1.3 Sources of Help.
Specialists, such as fire protection engineers, local fire officials, and related professional
groups, can provide an invaluable source of objective information and expert counsel. Liaison
with local fire officials is mutually beneficial and should include a tour of the facility by local
fire officials. Such visits provide the opportunity for the fire department to develop a preplan that
can save them valuable time in the event of a fire. Additionally, regularly scheduled visits by fire
fighters can instill in them a sincere appreciation for the objects they are protecting. Such an
appreciation may well result in fire fighters making heroic salvage efforts and minimizing water
damage during a fire emergency. (See Chapter 11 and Appendixes B and C.)
3-2 Fire Emergency Preplanning.
No one can ever predict in advance how serious an emergency incident will become. It is
imperative for staff to understand what will be expected of them before the emergency occurs. In
preplanning for emergencies, management should:
(a) Develop and maintain a practical, easy to follow, written plan. This plan should be
distributed to all staff, and it should be updated periodically. Contact the local fire department
for assistance. In developing the plan, the following components should be included as a
minimum:
1. Assign someone to take charge during a fire emergency. Establish a line of succession for
essential areas of responsibility. Remember that the person assigned may not be present at the
time of the fire.
2. Develop a modified plan for night security personnel (if applicable), as there will most
likely be fewer staff available to assist in emergency operations.
3. Maintain current comprehensive phone lists in a safe location for each of the following:
• All public safety agencies
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• All key staff
• Major vendors and contractors (electricians, carpenters, plumbers, glaziers, board up
services and hardware stores, etc.)
4. Maintain in a safe location a current, comprehensive list of emergency supplies and
equipment on the premises.
5. Develop simple and specific instructions for seldom used emergency tasks. These
individualized, one page instruction sheets should be incorporated into your emergency plan.
Examples may include:
• Utility shutoff location and instructions
• Emergency elevator procedures
• Fire panel operation
• Automatic sprinkler operation and shutoff
6. Maintain copies of important museum documents and personnel records at a safe off-site
location.
(b) Prepare and post primary and alternative evacuation routes including areas of refuge.
Establish a means of determining who is missing.
(c) Train staff periodically in the use, location, and maintenance of portable fire extinguishers.
(d) Conduct scheduled semi-annual fire drills (preferably unannounced). Special emphasis
should be given to ensuring that an adequate number of staff will be available to assist public
visitors as well as any known handicapped employees. Conduct a post-drill analysis immediately
afterward to identify and correct any problems.
NOTE: There are special evacuation chairs available for moving physically impaired people down stairs and
along horizontal paths of egress.

(e) Conduct an annual comprehensive emergency drill. Such an exercise should incorporate all
aspects of your emergency preparedness plan. Conduct a post-drill analysis immediately
afterward to identify and correct any problems.
NOTE: Scheduling this exercise on the anniversary of a local historical fire or other disaster increases
motivation for staff.

(f) Post emergency telephone numbers on all telephones.
(g) Provide emergency power for all fire systems, emergency lighting, and exit signs.
(h) Store emergency supplies and equipment near critical areas, such as collection storage
rooms, galleries, and laboratories. The equipment should include rolls of plastic, squeegees,
mops, buckets, water vacuums, etc. Staff should be trained in the use of this equipment.
Emergency supplies should be readily accessible at all times.
(i) Develop emergency procedures for handling collections. These guidelines should include
alternate locations where collections and important records can be moved in the event of a fire.
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(j) Provide placarding and specialized staff training for all areas of the facility that contain
hazardous materials. Maintain a current comprehensive list of all material safety data sheets
(MSDS) in a safe location. Contact your local fire department or the Occupational Safety Health
Administration (OSHA) for assistance.
(k) Designate and provide adequate signs for no smoking areas.
(l) Develop and adhere to a preventive maintenance program for all fire appliances, systems,
and equipment.
(m) Establish an in-house safety committee. This group should be made up of a cross section
of employees, and they should make periodic safety inspections of the facility. They should be
responsible for making recommendations for the correction of fire safety hazards, which should
then be reviewed by management with the authority to have them corrected.
(n) Request the local fire department to make periodic pre-fire plans and fire prevention
inspections of the facility.
(o) Develop an attitude among the staff that fire prevention is everybody’s business.
3-3 Actions when Fire Occurs.
When a fire occurs, the following actions should be taken without delay:
(a) Sound the alarm.
(b) Call the fire department.
(c) Activate the fire brigade, if the museum has one.
(d) Evacuate the building.
(e) Account for all persons.
(f) Take whatever special actions the emergency requires.
(g) Make certain that someone will direct the fire department to the correct location.
(h) Cooperate with the fire department.
(i) Report the extent of damage or loss to the director.
(j) Institute cleanup action and restoration of museum functions, with special attention to the
safety and salvage of museum objects.
(k) Prepare statement for news media.
(l) Conduct a post-fire analysis with the staff. Much can be gained from learning from one’s
mistakes.
Chapter 4 Construction
4-1 Planning a New Museum Building.
4-1.1
The site selected for a museum should have public fire protection close by and preferably two
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adequate and reliable water supplies for fire control. Consultation with local administration and
fire officials at the planning stage may be very helpful and even necessary in order to obtain full
benefit from community fire protection resources. A fire protection engineer or other recognized
authority on fire protection should also be consulted at early stages of the planning.
4-1.2
Museum planning offers the architect and designers an opportunity for creativity and
innovation. While there is a need to design facilities that meet the requirements peculiar to
museum occupancy, this need should not allow innovation to outweigh basic fire protection
principles any more than sacrifice good building construction principles. Special requirements
that cause firesafety problems include:
(a) Security. Protecting the valuable objects in museums requires physical and/or electronic
methods to guard against vandalism or theft. Life safety necessitates the need for safe evacuation
of a museum during a fire condition. Security measures should not impede such evacuation.
Security and fire present problems for the museum management and therefore require careful
planning by all concerned parties.
(b) Lighting. Some museums are designed to provide as much natural light as possible,
incorporating glass roofs, special light-diffusing glass ceilings, and window walls. Other
museums eliminate wall and roof openings to permit complete artificial light control. Firesafety
planning is important for both. Glass panels will break under fire conditions, and the falling
shards are hazardous. In addition, large areas of glass in roofs and walls make it difficult to
exclude fire originating outside the building. Museums with minimal wall and roof openings
may need complex wiring systems and have associated heavy electrical loads. Regardless of the
lighting philosophy, all museums generally need numerous electrical outlets in floors, walls, and
ceilings to allow frequent changes in exhibitions and provide for future developments. All
electrical installations should comply with the requirements of NFPA 70, National Electrical
Code.
(c) Gallery Flexibility. Movable walls, temporary furring, and light partitions facilitate the
rearranging of exhibit space and the frequent changing of exhibits. Such features should not be
allowed to impede the movement of visitors in an emergency.
4-1.3
In the areas listed in 4-1.2 and other areas of museum construction, the standards acceptable
for other occupancies are sometimes difficult to apply. Security, aesthetic lighting, and
architectural requirements may challenge the person responsible for fire protection.
Recommended practices set forth in this document should be observed.
4-1.4
To ensure that building plans adequately provide for fire protection, consider applying a
modern, goal-oriented systems approach to this vital but complex problem. (See NFPA Fire
Protection Handbook, Section 7, Chapter 2, Concepts of Egress Design, and NFPA 101, Life
Safety Code.)
4-2 Protection against Outside Exposure Fires.
4-2.1
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If a fire breaks out nearby, will it spread to the museum? Location is of prime importance.
Complete isolation, such as a site in a city park, is ideal for protection against exposure fires, but
the risk of vandalism and arson may be considerably greater than in other places. (See Section
10-5, Prevention of Incendiarism and Malicious Damage.)
4-2.2
If sufficient clear space cannot be provided, the exterior walls of the museum facing adjacent
buildings should be of masonry or other adequately fire-resistive construction without doors,
windows, or other openings. When openings in an exposed wall are necessary, provision should
be made to prevent heat, flames, or smoke from a nearby fire from being transmitted through
them. Such protection includes fire windows with wired glass, fire doors, outside automatic
sprinklers, automatic fire shutters, or a combination of these. Combustible roof coverings,
window frames, and eaves may add to the hazard from an exposure fire and should be given
special attention in planning fire protection.
4-2.3
The requirements for protection from exposure fires are determined by the distance from
neighboring buildings and the comparative hazards of their occupancies, e.g., residence, factory,
office building, etc. With so many variables the museum needs to consider the risk of fire
spreading from neighboring occupancies—whether in other buildings or the same building with
the museum (e.g., universities, libraries, and other institutions).
4-2.4
Institutions located in wooded areas should maintain a clear area around their buildings and
make sure roads are accessible for the response of fire service equipment.
NOTE: Consult NFPA 80A, Recommended Practice for Protection of Buildings from Exterior Fire Exposures.

4-3 Type of Construction.
4-3.1
In most localities, building codes and ordinances will govern to a large extent the type of
construction to be used. Detailed recommendations for good practice are also contained in
various NFPA publications.
4-3.2
Automatic sprinkler protection and other automatic fire suppression and detection systems can
influence choices in building construction. Automatic sprinklers, for example, may permit less
expensive construction while protecting combustible museum collections and improving safety
of life.
4-3.3
Because the contents of a museum are valuable or irreplaceable, every effort should be made
to construct the building so it will resist the spread of fire. This means that during a fire the
walls, roof, floor, columns, and partitions should prevent the passage of flame, smoke, or
excessive heat and continue to support their loads. Fire resistive is not the same as
noncombustible. Some materials that will not burn lose their strength when exposed to intense
heat. This might cause walls or floors to collapse. Many types of construction using various
building materials have been tested and rated according to the length of time they will resist fire.
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The duration of resistance needed by the museum depends on the amount of combustible
material in the contents of each room as well as in the structure itself. Different structural
assemblies have fire resistance ratings from less than one to more than four hours.
NOTE: NFPA 220, Standard on Types of Building Construction, classifies and defines various kinds of
building construction. Testing laboratories list information on structural assemblies that have been tested in
accordance with NFPA 251, Standard Methods of Fire Tests of Building Construction and Materials.

4-3.4
While fire-resistive construction is important, most fires start in the contents of the building.
The proper type of construction can contain the fire in a single enclosed area, but will not save
the objects or people within that part of the building. Other protective measures are required as
discussed in the sections that follow.
4-4 Windowless Buildings.
Buildings have been designed that are underground or largely so, that are windowless, or that
are completely ventilated by mechanical means. While these types of construction have
advantages in controlling temperatures, humidity, and air pollution, they do create problems for
fire extinguishment and life safety in the event of fire. These problems are greatly magnified if
loss of power impairs ventilating systems. Alternate means for permitting the escape of heat and
smoke should be provided; adequate roof ventilation is particularly essential as heated gases and
smoke always rise. Provisions should be made for the safe emergency evacuation of people as
well as for access by the fire department to the fire area. Knockout panels located to permit
direct access to well-maintained aisles within the structure are invaluable for this purpose. Fire
department officials should be consulted and should have knowledge of these to avoid
unnecessary breaching of walls in case of fire. Automatic sprinklers are essential in these types
of buildings and are strongly recommended. Smoke detection systems can provide critically
important early detection to activate a smoke control system and give early warning to
occupants.
NOTE: See NFPA 101, Life Safety Code, for guidance in providing life safety measures for underground
structures and windowless buildings.

4-5 Interior Finish.
4-5.1
Extreme care should be exercised in the selection of interior finish materials. Some veneers
and synthetic wall, ceiling, and floor coverings are dangerously combustible. Flames spread
rapidly over them, generating large amounts of smoke and toxic products of combustion. The
danger of damage to museum collections and to the lives of visitors and staff from improperly
selected interior finish materials cannot be overemphasized. It is just as important to take these
dangers into consideration when choosing materials for alterations, changes in gallery
arrangement, exhibit preparation, collection storage, and special exhibitions.
4-5.2
Testing laboratories test and rate the performance of interior finish materials in a fire test
designed to show how quickly flame spreads over its surface and how much smoke it generates.
The results of the test are given as numerical ratings; the lower the number assigned a material,
the better its performance in the test. NFPA 101, Life Safety Code, and many building codes
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specify minimum requirements for interior finish materials in terms of flame-spread ratings as
life safety measures.
4-6 Limiting the Spread of Fire.
The term compartmentation in fire protection is used to mean subdivision of a building into
relatively small areas so that fire or smoke may be confined to the room or section in which it
originates. This principle can be applied to museums without restricting the flexibility of the
arrangement of exhibits and collection storage or the flow of visitors. Compartmentation requires
fire-resistive wall and floor construction, with openings provided with self-closing or automatic
fire doors having specific fire resistive ratings.
In a similar way, properly enclosed stairways equipped with fire doors will prevent the spread
of fire, smoke, and heat from one level to another. Elevator shafts, dumbwaiters, and all other
vertical openings through the structure should also be safeguarded. Air-handling systems
(ventilation, heating, and cooling) should be constructed and equipped to prevent the spread of
smoke, heat, and fire from one fire area to another or from one level to another, via the air ducts.
See NFPA 90A, Standard for the Installation of Air Conditioning and Ventilating Systems.
4-7 Reduction in Concentration of Values.
Closely associated with limiting the spread of fire is the reduction of the number of objects
exposed to a potential fire. This may be achieved by using smaller exhibit rooms and galleries,
by avoiding overcrowding of objects displayed, and, more important, by using smaller, more
numerous specimen storage rooms. The storerooms for art and other objects susceptible to water
damage should be located where they are protected from leakage or seepage and the rupture of
pipes as well as from fire and theft. Fire detection and suppression systems should certainly be
provided.
4-8 Hazardous Operations.
Carpenter shops, display shops, conservation laboratories, paint rooms, packing rooms,
restaurant kitchens, and any other facilities where quantities of combustible material are in use or
in storage should be separated from the exhibition galleries and other public areas, as well as
from specimen and art storage rooms, by fire walls with fire doors at openings. Appropriate
automatic fire detection and extinguishing systems should be considered for installation in each
of these areas of special risk. If possible, more serious hazards, such as storage of oil paints and
other flammable liquids, should be in a building completely separated from the museum proper.
If X-ray apparatus or radioactive materials are present, refer to NFPA 801, Recommended Fire
Protection Practice for Facilities Handling Radioactive Materials.
4-9 Compacted Storage.
Many museums are installing compact storage modules that greatly increase the storage
capacity of any given area. This practice results in high fire load density, which can lead to a fire
that will threaten even the best code-prescribed fire barriers and construction—e.g., cause
structural collapse. Without sprinkler protection for compact storage, fire severity may exceed
the resistance of fire compartment walls and the ability of the fire service to control it. Automatic
sprinklers should be mandatory.
Associated fire protection problems that require consideration include:
(a) The more efficient use of space results in greater density and concentration of values and
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also increases the number of items subject to fire damage.
(b) Existing automatic fire detection and fire suppression systems may have to be modified.
(c) Compact storage modules may conceal the origin of smoke, compounding the difficulty of
locating and extinguishing the fire.
(d) Compact storage modules obstruct penetration of water from hose streams and sprinklers
for fire extinguishment.
Proper engineering should effectively solve these problems.
NOTE: See: P. J. Chicarello, J. M. Troup and R. K. Dean, Fire Tests in Mobile Storage Systems for Archival
Storage, 1978, Superintendent of Documents, Government Printing Office, (Stock No. 022-004-0013-1). Also
see Section 2, Chapter 30 of the NFPA Fire Protection Handbook (17th Edition) for a discussion of fire
protection in compact storage.

Chapter 5 Building Equipment and Facilities
5-1 Heating Systems.
5-1.1
A major potential source of fires is malfunction of heating equipment. For this reason, boilers
and furnaces of central heating systems should be cut off from the remainder of the structures by
an enclosure having a specified degree of fire resistance (local building codes usually govern the
degree of fire resistance required for such rooms). A separate structure or one attached to the
main building is a desirable alternative. Regardless of the arrangement of the boiler and furnace
room, adequate provision should be made for the necessary supply of combustion air for the
heating unit.
5-1.2
Oil-fired and gas-fired heating equipment, piping, and fuel storage facilities should be installed
and maintained in accordance with the requirements of recognized safe practices. Heating
equipment should be inspected and serviced at least annually by qualified personnel. All heating
units should have safety devices appropriate for the particular type of installation. Combustibles,
such as paper, wood, and textiles, should be kept away from steam piping and ducts. Smoke and
flame detectors should be installed to initiate early warning and shut off fuel to burners.
5-1.3
The requirements for safety and fire protection where gas is used as fuel for heating are found
in NFPA 54, National Fuel Gas Code. Requirements for use of liquefied petroleum gas as fuel
may be found in NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum
Gases. NFPA 31, Standard for the Installation of Oil Burning Equipment, contains requirements
to follow in the installation of oil burners and equipment used with them. The previously
mentioned NFPA 90A, Standard for the Installation of Air Conditioning and Ventilating
Systems, contains requirements applying to air duct systems used for heating and ventilating. All
of these standards prescribe reasonable provisions for safety of life and property from fire.
5-2 Electrical Systems.
Installations and modifications to provide for the changing needs of the museum including
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lighting, TV, sound systems, shop machinery, appliances, and air conditioning should be made
by licensed or qualified electricians in conformity with NFPA 70, National Electrical Code. The
equipment used should be listed by a nationally recognized testing laboratory.
5-3 Means of Egress.
5-3.1
It is imperative that security measures not impede the safe emergency evacuation of visitors
and employees. Museum attendance can vary greatly according to the popular appeal of a
particular exhibition. Therefore, in planning the capacity of exits, serious consideration should
be given to the maximum number of people expected to be in the building at any given time. In
planning, it should be kept in mind that museum attendance has been growing and will probably
continue to increase. NFPA 101, Life Safety Code, contains information on construction,
protection, and occupancy features designed to minimize danger to life from fire, smoke, and
panic before buildings are evacuated. NFPA 101, Life Safety Code, is the basis for legal
requirements governing exit facilities in many government jurisdictions. It should be consulted
in planning life safety measures for museums.
5-3.2 Security versus Firesafety.
Security of the collection is a major concern for all museums. These concerns have multiplied
in recent years because of the increasing incidence of theft fueled by the record prices paid for
artifacts. The museum security director is tempted to turn the museum into a bank vault,
preferably with only one entrance and exit. However, because of high publicity and perhaps the
exorbitant prices being paid for works of art, the public is turning out in record numbers to see
exhibitions. As a result, crowded galleries and long lines are increasingly common, and museum
management is reluctant to restrict access to the museum in the face of escalating operating
costs. Frequently it seems that the museum’s firesafety objectives and security objectives are
diametrically opposed.
The answers are neither magical nor easy. Displaying valuable objects inevitably involves risk.
Mitigation of this risk cannot justify jeopardizing lives. Security concerns must, by necessity, be
secondary to life safety concerns. This is not to say that the public’s access and egress must be
uncontrolled; rather, security programs should be designed to minimize the risk of theft without
creating untenable life safety problems.
One way to accomplish the museum security objective without adversely impacting life safety
is to emphasize object protection. That is, objects of particularly high value should be cased or
protected by any of a number of electronic devices. In many instances this approach conflicts
with current exhibition philosophy, which tends to stress making the objects viewable by
reducing the barriers between the public and the object. If the exhibit designer elects to do this,
there will be an adverse effect on security. Locking exit doors, in violation of NFPA 101, Life
Safety Code, in order to funnel visitors through a single check point is not, by itself, an
acceptable protection alternative.
NFPA 101, Life Safety Code, does, however, incorporate equivalency concepts that would
allow the authority having jurisdiction to permit locking systems on these doors, provided they
afford an equivalent level of life safety to that prescribed by the code. There are locking devices
available that can satisfy this requirement when installed in a properly designed system in
accordance with the Life Safety Code. Some of these systems provide an appropriate time delay
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before opening.
NOTE: Security devices or systems in combination with panic hardware can be designed to maintain
protection against unauthorized ingress while the system is unlocked for egress. These and additional or
alternative security arrangements must be approved by the local authority having jurisdiction.

5-4 Air Conditioning and Ventilation Systems.
Central air conditioning equipment should be located and installed in a manner that will not
increase fire hazards to museum visitors or collections. Air conditioning ducts should be
equipped with duct type smoke detectors, automatic fire dampers, and fan shutoffs as set forth in
NFPA 90A, Standard for the Installation of Air Conditioning and Ventilating Systems.
5-5 Smoke Control.
An engineered smoke management system should be considered as one of the means to
achieve the firesafety objectives established for the museum. Depending on building
construction, interior finish, furnishings, and other contents, a substantial level of smoke damage
can be sustained from even a relatively small, well-controlled fire. A smoke management system
should generally be considered a compliment to the protection provided by automatic sprinklers
or other fire suppression systems and the fire barriers that define the fire zones. The smoke
management system can assist in limiting smoke from spreading beyong the original fire zone.
See NFPA 92A, Recommended Practice for Smoke Control Systems; NFPA 92B, Guide for
Smoke Management Systems in Malls, Atria, and Large Areas; and NFPA 204M, Guide for
Smoke and Heat Venting.
5-6 Lightning Protection.
Lightning is always a possible fire hazard. Lightning protection can be effectively and
economically incorporated in the course of new construction. It should be designed and installed
in accordance with NFPA 78, Lightning Protection Code.
Chapter 6 Fire Protection Equipment
6-1 General.
Fire resistive or noncombustible construction does not eliminate the need for equipment to
protect the contents of the museum from fire. This equipment should provide for both early
detection and suppression. While these are separate functions, they may and often should be
consolidated into one continuous fire protection system that detects a fire, sounds the alarm, and
sets off automatic extinguishing devices. Careful planning permits the installation of the
necessary equipment with a minimal effect on the appearance or use of exhibit areas and other
public spaces in the museum.
Additional descriptions, applications, and limitations of the protective systems mentioned in
this chapter are contained in Appendix A.
6-2 Fire Detection Systems.
6-2.1
Various devices with controlled sensitivity can detect a fire condition from smoke, a critical
temperature, or the rate of temperature rise. Fire protection specialists should be consulted to
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determine what kinds of detectors best fit the conditions in different parts of the building.
6-2.2
The fire detection system sounds an alarm to alert the occupants. The alarm may be bells,
horns, live voice, prerecorded message, or other suitable means. It should also summon the fire
department. An alarm is useless if no one hears it, so a responsible person must always be
present where it sounds. Some communities permit museum fire alarms to be connected directly
to the local fire or police department. Others transmit signals to a listed or approved central
station that is staffed 24 hours a day. Each system should offer maximum protection, but other
alternatives may be necessary or desirable in some circumstances. (See Appendix A.) All should
be installed in accordance with the applicable NFPA standards.
NOTE: See NFPA 71, Signaling Systems for Central Station Service; NFPA 72, Protective Signaling Systems;
NFPA 72H, Testing Procedures for Local, Auxiliary, Remote Station, and Proprietary Protective Signaling
Systems; and NFPA 1221, Public Fire Service Communication Systems.

6-3 Automatic Fire Suppression Systems
6-3.1
As stated in Section 2-2, lack of an automatic fire suppression system is the foremost
contributing factor to large loss museum fires. Automatic fire suppression systems have proven
their value in the reduction of fire losses throughout the country, and their value for museums
should not be overlooked. Automatic fire suppression systems are designed to perform several
functions:
(a) Detect fires at the point of origin.
(b) Cause the sounding of alarms.
(c) Control or extinguish the fire.
(d) Can (and should) be connected directly to a central, auxiliary, proprietary, or remote station
fire alarm system to summon fire department assistance immediately.
The two types of automatic fire suppression systems generally suitable for museum purposes
have been sprinkler systems and Halon systems. Brief descriptions of these and other types of
fire extinguishing systems can be found in Appendix A of this publication.
6-3.2
Automatic sprinklers are the most effective means of minimizing the risk of a large loss fire in
a museum and the single most important fire protection system a museum can have. Museum
directors have traditionally been reluctant to install automatic sprinklers for fear of water damage
to their collections. This reluctance is nearly always borne out of ignorance, misinformation, and
lack of understanding as to how these systems operate. In actual museum fires, extensive water
damage has resulted from fire department operations with hose lines. Sprinkler protection avoids
this, actually reducing water damage, by placing a small amount of water directly on the fire area
and alerting the fire department at the same time. The sprinkler system controls the fire and
reduces the need for a full-scale attack by the fire service. Many important museums built since
1970 have incorporated automatic sprinkler systems. Existing museums have installed sprinklers
to upgrade fire protection and keep the fire risk within manageable and insurable limits.
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While any fire protection system should be matched to the space being protected, sprinklers
should be considered for all museum spaces, including exhibition galleries and especially
collection storage rooms. There may be sufficient justification to omit any type of automatic fire
suppression system from galleries in art museums of fire resistive construction, where gallery
contents will always be limited to a few paintings or pieces of sculpture. However, even these
spaces are occasionally renovated or may have combustibles introduced, and the presence of a
fire suppression system is always a good idea (see the Museum of Modern Art fire in Section
2-3).
A museum fire suppression survey was conducted by the Smithsonian Institution in
conjunction with NFPA in 1989. Over 100 museums in the U.S. were randomly surveyed,
including 30 of the largest. The survey found that 77 percent of the museums had one or more
sprinkler systems installed in their facility; the combined time these sprinkler systems had been
in service represented over 1200 years; only one museum reported ever having had an accidental
discharge (this was from an atypical type of sprinkler head that the manufacturer discontinued,
and there was no damage to the museum or its collections); and seven fires were reported to have
been extinguished by sprinklers. In response to the overall acceptance of installing sprinklers in
their museums in the future, 19 percent felt sprinklers would be unacceptable, as opposed to 81
percent that felt sprinklers would be either acceptable or desirable.
NOTE: When a fire occurs in an area protected by an automatic sprinkler system, heat opens only the sprinkler
or sprinklers nearest the fire. Only the ones heated to the critical temperature by the fire will discharge water.
Records show that in 70 percent of fires in sprinklered buildings, the fire has been controlled or extinguished
by four sprinklers or less. There is also available an “on-off” type of sprinkler head that can further reduce the
amount of water discharged in the event of a fire (see Appendix A). Buildings equipped with automatic
sprinkler systems may pay substantially lower insurance premiums.

6-3.3
Halon 1301 is a colorless, odorless gas that is extremely effective in almost instantly
extinguishing surface burning fires by interrupting the chemical chain reaction of combustion.
Because Halon does not remove oxygen from the room, leave any residue, or require any clean
up, and in itself is not known to chemically damage artifacts, its use is often preferred to other
types of fire extinguishing systems. To be effective, however, Halon must be tightly contained
within the room it is discharged. It is best suited for protecting the contents of a room (not the
building structure). At the time this document was being prepared, serious discussions were
taking place about the future availability of Halon because of its ozone depleting characteristics.
Where Halon systems are installed it is a good practice to provide automatic sprinklers as a
back-up system should the Halon fail to extinguish the fire.
6-3.4
Special fixed systems using carbon dioxide, halogenated agents, dry chemicals, high expansion
foam, or other extinguishing agents generally have very limited application in museum areas.
Carbon dioxide flooding systems are generally not recommended for occupied areas, and
Halon 1211 total flooding systems are prohibited in normally occupied areas because they create
an atmosphere immediately hazardous to life. In addition, Halon 1211 has ozone depleting
characteristics similar to those of Halon 1301. Where these systems are installed, the risk to life
safety should be carefully evaluated. Explicit warning information and instructions for building
occupants should be conspicuously posted. Similar precautions may be required for other special
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extinguishing systems. These systems can be automatically activated by a suitable fire detection
system utilizing cross zoning or alarm verification technology.
NOTE: NFPA 12, Standard on Carbon Dioxide Extinguishing Systems; NFPA 12A, Standard on Halon 1301
Fire Extinguishing Systems; NFPA 12B, Standard on Halon 1211 Fire Extinguishing Systems; NFPA 17,
Standard for Dry Chemical Extinguishing Systems; and NFPA 11A, Standard for Medium- and
High-Expansion Foam Systems, should be followed.

6-4 Portable Extinguishers.
Portable extinguishers are important pieces of fire protection equipment. They permit the use
of a limited quantity of extinguishing agent on a small fire at the moment someone discovers and
reports it. Personnel should know their locations and be trained in their use. The extinguisher
should be of a kind intended for the class of fire anticipated. It should be properly located, fixed
to a solid structure, accessible at all times, and inspected regularly so it will be in working order
when needed.
Multiclass portable extinguishers are available that remove any doubt as to whether the correct
extinguisher is being used. It must be emphasized that the use of fire extinguishers should not be
allowed to delay the transmission of alarms to the fire department.
NOTE: Follow NFPA 10, Standard for Portable Fire Extinguishers, which provides additional guidelines.

6-5 Standpipes and Hose.
Where standpipes and hose lines are required or installed to provide reliable and effective hose
streams in the shortest possible time, they should be installed in accordance with NFPA 14,
Standard for the Installation of Standpipe and Hose Systems. Skill in the use of hose streams is
essential; injury to personnel or collections could be caused by their indiscriminate use. Museum
personnel should never attempt to use a fire hose unless they are part of a museum fire brigade
that has received training in compliance with OSHA regulations. It must be emphasized that the
use of fire extinguishers and standpipe hose lines should not be allowed to delay the transmission
of alarms.
6-6 Procuring and Installing Fire Protection Systems.
There is a vast selection of makes, models, and styles of fire protection equipment available
today to meet practically any need a museum may have. Choosing a reputable supplier and
installer is an important decision that a fire protection consultant can assist a museum in making.
Other valuable information can usually be obtained from the museum’s insurer, from other
museums or businesses in the area, or from the local fire department. The museum should seek to
procure a system for which parts and service will be readily available now and in the future. In
addition, the fire protection equipment and system should be listed or approved.
Many states and jurisdictions now require designers and installers of fire protection systems to
be licensed and certified by national boards (See Appendix B.) Prospective installers should be
asked to show proof of their qualifications, as well as experience in having installed similar
systems, preferably in similar occupancies. Check to see how satisfied these other businesses
were with the installation and final product. Museums generally have special concerns and
needs, and these must be discussed in detail with the contractor prior to beginning work. A
detailed construction schedule is helpful and should be worked out in advance. Museum staff
should also be made aware of the improvements to take place and how these systems work.
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Once a fire system is installed, it is imperative that the system be thoroughly inspected and
tested to ensure that it functions properly. A contractor should never be paid in full until all
acceptance tests have been conducted to the satisfaction of both the museum and local fire
authorities and an acceptable set of as-built drawings has been supplied.
6-7 Test and Maintenance of Fire Systems.
Fire systems require testing and preventive maintenance to ensure their dependability. A
museum should contract with a certified local fire alarm company (or train in-house staff) to
perform preventive maintenance. These tests and maintenance should be at the frequency
specified in the various NFPA publications applicable to the specific fire protection systems
provided and according to the manufacturer’s recommendations.
Chapter 7 Improving Protection in Existing Buildings
7-1 Evaluating Hazards.
7-1.1
The improvement of fire protection in existing museum buildings is a complex problem. A
qualified firesafety professional should be consulted in this effort. First, firesafety goals or
objectives should be adopted to establish the level of loss the museum is willing to accept as a
result of fire. Second, a thorough survey should be made to determine existing and potential
hazards. Third, these hazards should be evaluated and classified for their severity and the ease or
difficulty and expense of abating them. Competent application of systems analysis in this
evaluation can be a powerful tool in identifying cost-effective alternatives that will achieve
museum firesafety goals. Fourth, a fire protection master plan should be made for systematic
achievement of firesafety goals. The fire protection master plan should address the following
topics as appropriate to the circumstances of a particular building: compartmentation, structural
analysis, alarm and communications, means of egress, smoke control, fire suppression, water
supply, ignition prevention, and fuel control. Fifth, the program eventually developed should be
energetically pursued.
7-1.2
An adequate firesafety survey will consider the following:
(a) Heating Plant. Does it have the capacity to heat the building without overtaxing the
system? Is it adequately cut off from the rest of the building by walls, floor, and ceiling having
the appropriate fire resistance rating with all openings connecting the building to the heating
plant properly protected with fire doors? If the plant is to be replaced, will the heating capacity
provide for future museum expansion? Are ducts and pipes that pass through the floors and walls
properly protected? Is fuel storage safe?
(b) Electricity. Have circuits become overloaded because of additions? Has insulation become
worn or deteriorated? Do fuses and circuit breakers provide protection? Has temporary wiring
been eliminated? Can darkened storage areas be adequately lighted in an emergency? Are exit
lights on separate circuits tied into a backup power supply, and does the building have
emergency lighting in the event of power failure?
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(c) Concealed Spaces. Are pipe chases firestopped? Are walls firestopped between floors? If
not, can such defects be remedied by the introduction of noncombustible material? Do fire walls
extend through the roof? Is the attic divided by fire partitions? Are attics, suspended ceilings,
and other concealed spaces equipped with automatic fire detectors?
(d) Lightning Protection. Is it adequate? Is it in good repair and properly grounded?
(e) Fire Protection Equipment. Are automatic sprinklers or other extinguishing systems,
standpipes, and fire detection devices installed? Are they regularly inspected, tested, and
maintained? Are they connected to a supervisory agency? Is the water supply adequate? Have
alterations to the building or other changes nullified or reduced the effectiveness of the fire
extinguishing or detection equipment? Are sprinkler control valves and drain valves properly
labeled? Are all sprinkler control valves secured in the open position and/or provided with
tamper switches to supervise their openness?
7-1.3
The above questions are posed merely to emphasize the need for careful planning after
obtaining the best possible advice from all competent sources. Naturally, in all major alterations
the reconstruction should comply with the recommendations specified in Chapter 4,
Construction.
Chapter 8 Alterations and Renovations
8-1 Precautions.
8-1.1
It is during periods of reconstruction that extreme fire hazards exist and museums are most
vulnerable to fire, particularly when the work is planned with a minimum of dislocation to
normal museum activities. Theft and damage to works of art, accidental and malicious, have also
occurred during these construction periods. To lessen these dangers, construction contracts
should specify methods and responsibility for controlling these hazards. NFPA 241, Standard for
Safeguarding Construction, Alteration, and Demolition Operations, indicates measures that,
with some preplanning, will prevent fires or at least minimize damage should fire occur.
Additional emphasis is recommended for the following:
(a) Supervision. The responsibility for enforcement of the terms of the contract relating to fire
perils should be definitely assigned, and authority should be given to stop work pending
correction of flagrant abuses. The responsible local authorities such as fire and building
departments should be consulted.
(b) Separation of Construction Areas. The construction area should be cut off by partitions that
will resist the spread of fire to other parts of the building. Required exits and normal guard routes
should be maintained or supplementary routes provided. Additional fire extinguishers should be
placed in the area. Contractors may be required to employ competent guards. Tarpaulins, if used
in construction, should be fire retardant treated.
(c) Ignition Sources. Cutting and welding operations should be by permit only and rigidly
supervised by fire guards equipped with extinguishers and asbestos fire-resistive blankets. Great
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care should be exercised in the selection and operation of compressed gas burners, charcoal
heaters, salamanders, and similar devices. On-site recharging of gas cylinders should be
prohibited. Special consideration should be given to all temporary lighting and wiring.
(d) Smoking. Smoking should be prohibited or restricted to designated areas or to specified
times. Areas where smoking is permitted should be selected on the basis of their remoteness
from exposed combustible materials, a low degree of danger that an incipient fire could spread
rapidly, and the availability of fire protection equipment and personnel. Receptacles for spent
smoking materials should be provided in the smoking area, and housekeeping should be
exemplary. Stringent restrictions on smoking also serve to promote a general consciousness of
the need for firesafety. Surreptitious smoking should be dealt with severely.
(e) Housekeeping. Construction materials should be kept to a minimum within the building.
Materials not immediately required should be stored safely away from the building. Scaffolding
and form lumber should be fire retardant treated. Debris and rubbish should be removed daily
and not burned in the vicinity. Extreme care should be taken to prevent even small
accumulations inside construction areas or close enough to create an exterior fire hazard. Provide
ample receptacles for rubbish, papers, etc.
(f) Flammable Liquids. Gasoline-powered engines, such as those used in compressors and
hoists, should not be permitted inside the building. Paint thinners, solvents, and other flammable
and combustible liquids should be limited to a minimum (i.e., no more than a one day supply).
They should also be safely stored in approved safety cabinets and containers. Bulk supplies
should be kept in a safe location off site.
NOTE: Refer to NFPA 30, Flammable and Combustible Liquids Code, for recommendations for storage of
limited quantities of flammable liquids inside buildings.

(g) Fire Protection Equipment. Fire detection systems should be protected from operations that
could cause false alarms or contaminate the detectors. Detectors covered or removed while
operations are underway should be restored to service at the end of each work day. Detectors
should also be cleaned after exposure to heavy dirt or dust. Standpipe and automatic sprinkler
systems should be continued in proper working order during the project. Regular inspections of
standpipe and sprinkler valves should be conducted and recorded. If it becomes absolutely
necessary to disconnect or shut off standpipes or sprinklers, they should be restored to service as
quickly as possible. The responsible museum officials and local fire department must be notified
and extra personnel assigned as a fire watch conducting regular tours throughout these areas.
Fire hydrants, sprinklers, standpipe and sprinkler siamese connections, and hose outlet valves
should not be obstructed by building materials or debris. Suitable fire extinguishers, in adequate
number, should be maintained in and near construction areas. Provision should be made for
access by fire department apparatus and personnel.
NOTE: There have been incidents where standpipe and sprinkler valves that were closed during construction
were found years later not to have been reopened.

8-1.2
It may be advantageous to employ a qualified fire warden to represent the museum in policing
the construction area for potential fire-breeding conditions and for enforcing contract
specifications concerning fire protection.
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8-2 Installation of Exhibits.
8-2.1
When the museum plans to install a new exhibition, the following precautions should be taken:
(a) Schedules should allow sufficient time for the removal of old exhibitions and
accompanying debris and provide time for careful, safe workmanship in the new one. Accidents
to personnel and damage to art or other specimens result from pressure to meet deadlines.
(b) Plans should avoid obstructing or interfering with guard’s tour routes, fire detection and
suppression systems, or concealing fire extinguishers and standpipe hose outlets. Likewise, exits
and exit signs should always be unobstructed.
(c) Adequate lighting should be maintained in the area, night and day.
(d) Combustible materials should not be used in the construction and support of the exhibit.
Fire retardant varieties of wood, foam boards, textiles, and other materials are available and
should be used to decrease the fuel load in the museum.
8-2.2
If unusually large crowds are anticipated, consideration should be given to the orderly
circulation of visitors, avoiding cul-de-sacs and limiting admittance. Lines or crowds waiting to
enter the exhibit area or the museum should not be allowed to obstruct egress.
8-3 Upgrading Fire Protection.
Renovation and alteration projects present an excellent opportunity to provide or upgrade fire
protection for that space with minimal disruption to staff and visitors. Fire rated construction,
fire detection and suppression systems, and other fire protection measures can and should be
included as part of an overall master plan as discussed in Chapter 7.
Chapter 9 Special Facilities
9-1 Auditoriums.
Museum auditoriums should comply with all local laws or rules relating to capacity, aisle
spacing, seating arrangements, and exit facilities. Flame retardant treatment of drapes, curtains,
and props also requires careful consideration. Some museums have converted galleries, rooms,
and alcoves into temporary auditoriums or viewing rooms by constructing tiered steps covered
with carpeting on which visitors may sit. In so doing, an abundance of combustible material in
the form of carpeting, wood platforms, supporting timbers, and bracing is often introduced. In
addition, carpeting is sometimes extended up the side walls for acoustical effects. This may
increase its rate of fire spread.
9-2 Libraries.
Museums often contain important specialized libraries for use by staff and scholars. These
libraries should follow the practices recommended in NFPA 910, Recommended Practice for the
Protection of Libraries and Library Collections.
9-3 Restaurants.
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Museum restaurants should meet all of the requirements of applicable laws and ordinances for
capacity and exits. Decorations should be noncombustible or flame resistant. Kitchens, with all
their inherent hazards, present a serious threat. The installation of grease ducts and range hoods
should allow for proper maintenance and easy cleaning in accordance with NFPA 96, Standard
for the Installation of Equipment for the Removal of Smoke and Grease-Laden Vapors from
Commercial Cooking Equipment. An automatic extinguishing system should be considered for
these special hazards. (See Appendix A.)
9-4 Laboratories.
9-4.1
Conservation and research laboratories invariably have quantities of flammable solvents,
alcohol, waxes, and other materials that ignite readily or emit explosive or poisonous vapors.
Work tables and other laboratory furnishings should be of sturdy, noncombustible construction.
Safety containers, approved by a recognized testing laboratory, should be provided for the
storage and use of flammables, and only a minimal supply should be kept in the building. Hot
plates and other appliances should be similarly approved and maintained in safe condition. Red
lights at the wall switches or on the appliances should readily and visually indicate if the
appliance is energized. In some areas, lighting fixtures, motors, and switches may need to be of
an explosionproof or intrinsically safe type in accordance with NFPA 70, National Electrical
Code. Self-closing metal waste receptacles should be strategically placed in ample numbers. If
X-ray or other radiological equipment is used, all necessary precautions and procedures for the
safety of personnel should be installed. Access to these areas containing sensitive, sophisticated,
and hazardous equipment or materials should be restricted to authorized personnel.
NOTE: NFPA 30, Flammable and Combustible Liquids Code, gives guidance for the construction of cabinets
for the storage of flammable liquids in small quantities.

9-4.2
Museum laboratories and shops, as well as any other service area in which a fire hazard is
recognizable, should be protected by an automatic fire suppression system. This may be a
conventional water sprinkler system, a preaction operation system, or an on-and-off type in
which the water flow automatically shuts off when the fire has been extinguished. Fire frequently
occurs at night when no one is present to take action. For this eventuality there is no better
protection than a well-engineered automatic suppression system.
9-5 Art and Specimen Storerooms.
Storerooms in which museums keep collections of specimens, paintings, and objects of art
often contain a greater concentration of values than the exhibition areas. Such rooms should be
well protected from fire. Smoke detection systems and automatic suppression systems are
recommended. Fire resistive construction should be used to separate these rooms from adjoining
spaces.
Storage cabinets and shelving, specimen containers, padding, and dust covers, and humidity
buffering substances should add as little combustible material as possible. Due to the potential of
enormous loss from even an insignificant fire, housekeeping should be exemplary and no
smoking regulations strictly enforced.
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9-6 Storage of Records, Including Catalogues.
Museum records and archives are of primary importance. If such records are destroyed by fire,
the collections would lose much of their value and the results of years of research would be lost.
Therefore, vaults or approved containers, safes, or cabinets meeting high fire-resistive standards
should be provided as repositories for the basic catalogue and for objects requiring extraordinary
protection.
NOTE: NFPA 232, Standard for the Protection of Records, contains information on the construction of
standard vaults as well as information on portable record storage equipment, giving varying degrees of
protection to the records kept in them. NFPA 232AM, Manual for Fire Protection for Archives and Record
Centers, has helpful information on protection for large collections of paper records in rooms of 50,000 cu ft
(1416 m3) or more in volume.

9-7 Maintenance and Support Shops.
Exhibit production shops, cabinet shops, maintenance shops, etc., all have hazardous
operations or storage that present a fire problem. Without fail, these spaces should always be
protected by an automatic sprinkler system.
Chapter 10 Museum Management and Operation
10-1 Special Considerations.
There are many situations peculiar to museum operation that require special attention. For the
guidance of those responsible for the establishment and implementation of such policies, some
situations and conditions are commented upon here.
(a) Special Exhibitions. Most museums continually rearrange their exhibit areas and present
new exhibitions or special activities. Novel and attractive gallery arrangements and programs
should not be permitted to infringe on existing safe practices or create new hazards. New
installations and events draw crowds of visitors including school classes and other organized
groups. Attracting so many people into unfamiliar surroundings increases the danger. Therefore,
facilities for entry and exit and space for orderly circulation of people should be ample. Special
lighting effects should not reduce illumination below a safe minimum. The fact that a special
exhibition may be shown for only a short time is no excuse for taking calculated risks. Interior
finish and display construction materials should be noncombustible or conform to flame-spread
requirements of NFPA 101, Life Safety Code. All decorative material, including draperies, wall,
ceiling, and floor coverings for acoustical or other effects, and other installation components,
should be fire retardant. Electrical work should conform to NFPA 70, National Electrical Code.
Precautions should be taken to keep normal exits clear and to prevent interference with the
operation of automatic sprinkler systems, of standpipe hose outlet valves, of fire detection
devices, or with the night guard’s regular routes. Enough time should be allowed for in the
design and installation of an exhibition to avoid compromising fire safety. The last minute rush
frequently associated with getting an exhibit open should not preclude taking extra precautions,
such as placing appropriate portable fire extinguishers.
(b) Fumigation. Many museums fumigate specimens or other objects periodically. If
flammable fumigants must be used the requirements in the pesticides chapter of the NFPA Fire
Protection Handbook (17th edition, Section 3, Chapter 16) should be complied with and all
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precautions should be taken to protect personnel from accidental exposure.
(c) Other Hazardous Operations. As mentioned in Chapter 4, packing and crating rooms,
carpenter shops, paint spraying, and similar operations should be isolated, and automatic
sprinklers should be installed. Self-closing bins should be provided for excelsior and other
flammable packing materials. Paint and paint solvents should be stored in an approved manner in
small quantities. Spray booths should be constructed in conformity with local laws or NFPA
standards. Housekeeping should be exemplary with rubbish removed daily to a safe area outside
the building.
(d) Loans and Transportation. Before permitting their treasures to be taken from their direct
supervision and care, trustees should make sure that other museums or agencies to whom such
objects are entrusted on loan can provide protection from fire as well as from theft and adverse
climatic conditions. The transportation of these objects entails great risk, and a limitation should
be set on the values transported in a single vehicle. Usually the crates and packing materials in
which the articles arrived are kept for repacking for departure, overtaxing the available space and
increasing the fire hazard. Such materials should be stored in sprinklered areas. If the problem is
severe and the exhibition is for an extended period, consideration should be given to storing the
material elsewhere. The additional expense can be justified.
(e) Mobile Museums. Mobile museums used to bring educational and cultural exhibits to the
public should be designed to give adequate protection from fire, including safe egress for
visitors.
(f) Neighborhood Museums. Branch or independent museums set up in urban neighborhoods
frequently occupy remodeled stores, theaters, or warehouses. Even though these museums may
not house valuable collections, the lives of their many visitors must be protected from fire.
Hazards are often greater in these old, adapted buildings. Responsible authorities should evaluate
the risks and take corrective measures in accordance with the practices recommended in this
publication.
10-2 Good Housekeeping.
A high standard of housekeeping is one of the most important factors in the prevention of fire.
Out-of-the-way places such as storerooms, janitors’ closets, lunchrooms, heater rooms, air
conditioning rooms, workshops, packing and shipping rooms, and laboratories require special
attention.
(a) Safe containers should be provided for collection of waste paper, packing materials, and
other refuse. Waste and rubbish should be removed from the premises at regular intervals.
(b) Paint rags and oily cloths are subject to spontaneous ignition and should be disposed of
immediately.
(c) When exhibits made of combustible materials cannot be avoided, they should be so located
as to minimize the hazard if they become ignited. Portable extinguishers should be located
nearby.
(d) Holiday decorations should always be of the fire retardant type and well separated from
ignition sources, such as light fixtures, radiators, electric heaters, etc.
(e) Frequent periodic inspections should be made by the administrator in charge or his/her
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delegate (see Chapter 3, Museum Management and Planning) to detect unsafe conditions and to
impress on the staff the great importance of excellent housekeeping.
10-3 Control of Smoking.
Smoking should be prohibited in exhibit areas, collection storerooms, workshops, and
laboratories, and permitted only in designated, safe areas. Suitable ashtrays and other receptacles
should be provided for disposal of smoking materials.
10-4 Maintenance of Equipment.
Heating and air conditioning equipment and all fire protection equipment should be
maintained, inspected, and tested in accordance with recognized safe practices. Heaters and
ductwork, including hoods and ducts at restaurant ranges, should be kept free of combustible
deposits. Use of portable heaters of any type should not be permitted.
NOTE: Refer to NFPA 72H, Testing Procedures for Local, Auxiliary, Remote Station and Proprietary
Protective Signaling Systems, and NFPA 13A, Inspection, Testing and Maintenance of Sprinkler Systems.

10-5 Prevention of Incendiarism and Malicious Damage.
It is impossible to eliminate all incendiary fires and other forms of malicious damage.
Nevertheless, many things can be done to reduce the possibility of such damage.
(a) Probably the most important is the maintenance of good relationships with the members of
the community.
(b) Establish cooperation with school authorities and with the police and fire departments.
(c) Check references and backgrounds of employees for stability as well as for good character.
(d) Provide good security while the museum is closed as well as while it is open to the public.
Some fundamental security measures or procedures are:
1. Use of uniformed guards.
2. Reasonable surveillance of all areas with spot checks at irregular intervals by the staff.
3. Windows and doors should be secured with proper locking devices (panic hardware on
emergency exit doors allows doors to be opened from the inside while remaining locked from the
outside).
4. Windows and doors may be equipped with intrusion alarms. In some communities, such
alarms may be connected directly to police or fire headquarters or transmitted to a central station.
5. Closed-circuit TV can be extremely useful in maintaining surveillance of exhibit areas,
print rooms, and other collection study facilities, as well as emergency exits. In addition, the
cameras provide a psychological deterrent to potential miscreants.
6. Thorough and careful security and safety procedures for closing should be established to
ensure all unauthorized persons have left the building and that doors and windows are secure.
7. Ashtrays, waste receptacles, and other fire hazards should be checked. Responsibility for
enforcement of these procedures should be firmly established.
8. Well-trained, able-bodied guards are extremely valuable when their routes are properly
planned and monitored.
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9. Adequate exterior lighting and suitable fences where feasible provide good crime
deterrents.
NOTE: Unfortunately, smaller museums with limited resources are most vulnerable to criminal activities.
Advice from security professionals may minimize the danger.

10-6 Special Events.
Many museums host special events, including lectures or recitals, exhibition openings, fund
raising events, and private parties. The most striking similarity between these events is that the
museum, or a space therein, is often used for a purpose it was not intended for. Hazardous
conditions are often created by overcrowding, caterer’s operations, highly combustible
decorations, smoking, etc.
The museum director is responsible for ensuring conformance with all life and firesafety
requirements. Coordinators of special events should work closely with the museum’s fire
protection manager to ensure fire and life safety considerations are met. Written rules and
regulations governing the use of museum spaces for special events should be developed and as a
minimum require:
(a) Plans for special events showing the locations of tables, chairs, platforms, fences, bars, etc.
be developed and carefully reviewed prior to the event to prevent overcrowding, exit blockage,
introduction of hazardous materials, unsafe cooking appliances, and unsafe use of
demonstrations.
(b) Tables, plants, stages, or other fixtures not visually or physically obstruct an exit, exit sign,
or exit access. Also, the width of an exit passage should not be reduced by any added temporary
fixtures.
(c) Cooking and warming be performed in existing kitchen facilities. If kitchen facilities do not
exist, only electric warming devices should be allowed in an approved, closely supervised
location.
(d) Smoking and open flame producing devices be prohibited inside buildings.
(e) A 10-pound all-purpose dry chemical (ABC type) portable fire extinguisher be within 30
feet of any cooking, warming, or hazardous operation. Additional extinguishers may be
necessary depending upon the nature of the event.
(f) Demonstrations or experiments held within facilities not involve the use of any flammable,
explosive, or toxic material.
(g) Tents and canopies be noncombustible or certified fire resistant.
(h) All draperies, buntings, textiles, wood, and miscellaneous support and decorative materials
used inside the museum be fire retardant.
(i) All electrical appliances, equipment, and wiring comply with NFPA 70, National Electrical
Code.
(j) Wiring and cords not be placed across exit routes.
(k) The sound indicating a fire alarm and location of exits be pointed out to guests prior to a
performance or event. Key staff (event coordinators, volunteers, etc.) should be familiar with all
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exit routes and should ensure that exits are obvious, operable, and not blocked or restricted in
any way.
(l) The public be evacuated immediately from the building when a fire alarm is activated.
10-6.1
Other considerations include:
(a) Before distribution of invitations, the event coordinator should determine the occupancy
load and limit mailings to ensure the occupancy limit is not exceeded.
(b) The number of occupants admitted to an event should be monitored and controlled.
(c) Building management should verify that existing electrical circuits are capable of handling
electrical warming/cooking devices.
(d) All electrical installations should be in accordance with NFPA 70, National Electrical
Code.
(e) Staff should be aware of the location of handicapped visitors during an event and should be
able to assist in evacuating them from the building during a fire alarm.
Chapter 11 Referenced Publications
11-1
The following documents or portions thereof are referenced within this recommended practice
and should be considered part of the recommendations of this document. The edition indicated
for each reference is the current edition as of the date of the NFPA issuance of this document.
11-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA Fire Protection Handbook (17th Edition), 1991
NFPA 10, Standard for Portable Fire Extinguishers, 1990 edition
NFPA 11A, Standard for Medium- and High-Expansion Foam Systems, 1988 edition
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, 1989 edition
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems, 1989 edition
NFPA 12B, Standard on Halon 1211 Fire Extinguishing Systems, 1990 edition
NFPA 13A, Recommended Practice for the Inspection, Testing and Maintenance of Sprinkler
Systems, 1987 edition
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1990 edition
NFPA 17, Standard for Dry Chemical Extinguishing Systems, 1990 edition
NFPA 30, Flammable and Combustible Liquids Code, 1990 edition
NFPA 31, Standard for the Installation of Oil Burning Equipment, 1987 edition
NFPA 54, National Fuel Gas Code, 1988 edition
NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum Gases, 1989 edition
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NFPA 70, National Electrical Code, 1990 edition
NFPA 71, Standard for the Installation, Maintenance, and Use of Central Station Signaling
Systems, 1989 edition
NFPA 72, Standard for the Installation, Maintenance, and Use of Protective Signaling
Systems, 1990 edition
NFPA 72H, Guide for Testing Procedures for Local, Auxiliary, Remote Station and
Proprietary Protective Signaling Systems, 1988 edition
NFPA 78, Lightning Protection Code, 1989 edition
NFPA 80A, Recommended Practice for Protection of Buildings from Exterior Fire Exposures,
1987 edition
NFPA 90A, Standard for the Installation of Air Conditioning and Ventilating Systems, 1989
edition
NFPA 92A, Recommended Practice for Smoke Control Systems, 1988 edition
NFPA 92B, Guide for Smoke Management Systems in Malls, Atria, and Large Areas, 1991
edition
NFPA 96, Standard for the Installation of Equipment for the Removal of Smoke and
Grease-Laden Vapors from Commercial Cooking Equipment, 1991 edition
NFPA 101, Life Safety Code, 1991 edition
NFPA 204M, Guide for Smoke and Heat Venting, 1991 edition
NFPA 220, Standard on Types of Building Construction, 1985 edition
NFPA 232, Standard for the Protection of Records, 1991 edition
NFPA 232AM, Manual for Fire Protection for Archives and Record Centers, 1991 edition
NFPA 241, Standard for Safeguarding Construction, Alteration, and Demolition Operations,
1989 edition
NFPA 251, Standard Methods of Fire Tests of Building Construction and Materials, 1990
edition
NFPA 801, Recommended Fire Protection Practice for Facilities Handling Radioactive
Materials, 1991 edition
NFPA 910, Recommended Practice for the Protection of Libraries and Library Collections,
1991 edition
NFPA 1221, Standard for the Installation, Maintenance and Use of Public Fire Service
Communication Systems, 1991 edition
11-1.2 Other Publication.
“Fire Tests in Mobile Storage Systems for Archival Storage,” Chicarello, P. J., Troup, J. M.,
and Dean, R. K., Factory Mutual Research for General Services Administration, June 1978.
[Available from the Superintendent of Documents, Government Printing Office, Washington,
DC 20402 (Stock No. 022-004-0013-1).]
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Appendix A
This Appendix is not a part of the recommendations of this NFPA document but is included for
information purposes only.
Most fires that occur in museums can be expected to fall into one or more of the following
categories:
Class A. Fires involving ordinary combustible materials, such as paper, wood, textile fibers,
etc., where a cooling, blanketing, or wetting extinguishing agent is required.
Class B. Fires involving oils, greases, paints, and flammable liquids, where a smothering or
blanketing action is required.
Class C. Fires involving live electrical equipment where a nonconducting extinguishing agent
with a smothering action is required.
Glossary of Fire Protection Systems
The following information has been prepared to assist in the description and evaluation of the
principal kinds of detection systems, signaling systems, and extinguishing systems that are
appropriate for use in museums.
Fire Detection Systems
Type

Description

Com

1. Smoke detection systems.

These systems use devices that respond to the smoke particles
Intended for early warning. Som
produced by a fire. They operate on the ionization, photoelectric or ventilation ducts. See NFPA 72
cloud chamber principle of operation. Spot-type smoke detectors
Detectors.
use either the ionization principle of operation or the photoelectric
principle. Line-type smoke detectors use the photoelectric principle.
Air sampling-type smoke detectors use either the ionization,
photoelectric, or cloud chamber principle. Properly installed, smoke
detectors can detect smoke particles in very early stages of fire in
the areas where they are located.

2. Heat detection systems.

These systems use heat-responsive devices either of the “spot” or
“line” type. They are mounted either on exposed ceiling surfaces or
a side-wall near the ceiling. Heat detectors are designed to respond
when the operating element reaches a predetermined temperature
(Fixed Temperature Detector), when the temperature rises at a rate
exceeding a predetermined amount (Rate-of-Rise Detector), or
when the temperature of the air surrounding the device reaches a
predetermined level, regardless of the rate of temperature rise (Rate
Compensation Detector). Some devices incorporate both fixed
temperature and rate-of-rise detection principles. “Spot” detectors
are usually small devices a few inches in diameter. “Line” detectors
are usually lengths of heat-sensitive cable or small bore metal
tubing.

Relatively low cost. Cannot det
Line-type detectors can be insta
manner by taking advantage of
NFPA 72E, Standard on Autom

3. Flame detection systems.

These systems use devices that respond to the appearance of radiant
energy visible to the human eye (approximately 4000 to 7000
Angstroms) or to the radiant energy outside the range of human
vision. Flame detectors are sensitive to glowing embers, coals, or
actual flames, which radiate to the detectors energy of sufficient

Since flame detectors are essent
care should be taken in applying
respond to the required area of f
protected will not be unduly com
intervening structural members
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intensity and spectral quality to initiate the detector.

See NFPA 72E, Standard on Au

Fire Signaling Systems
Type

Description

Com

1. Local protective signaling system.

An alarm system operating in the protected premises, responsive to
the operation of a manual fire alarm box, waterflow in a sprinkler
system, or detection of a fire by a smoke, heat, or flame detecting
system.

The main purpose of this system
for the occupants of the building
to transmit the alarm to fire auth
the Installation, Maintenance, a
Systems.

2. Auxiliary protective signaling system.

An alarm system utilizing a standard municipal fire alarm box to
transmit a fire alarm from a protected property to municipal fire
headquarters. These alarms are received on the same municipal
equipment and are carried over the same transmission lines as are
used to connect fire alarm boxes located on streets. Operation is
initiated by the local fire detection and alarm system installed at the
protected property.

Reliable, fast means of summon
department. Some communities
others will not. See NFPA 72, S
Maintenance, and Use of Protec

3. Central station signaling system.

An alarm system connecting protected premises to a privately
owned central station whose function is to monitor the connecting
lines constantly and record any indication of fire, supervisory or
other trouble signals from the protected premises. When a signal is
received, the central station will take such action as is required,
such as informing the municipal fire department of a fire or
notifying the police department of intrusion.

Flexible system. Can handle ma
trouble within system at protect
Standard for the Installation, M
Systems for Central Station Serv

4. Remote station protective signaling
system.

An alarm system connecting protected premises over leased
telephone lines to a remote station such as a fire station or a police
station. Includes separate receiver for individual functions being
monitored, such as fire alarm signal or sprinkler waterflow alarm.

Requires leased lines into each p
for the Installation, Maintenanc
Systems.

5. Proprietary protective signaling system.

An alarm system that serves contiguous or noncontiguous
Requires 24-hour manning of ce
properties under one ownership from a central supervising station at premises. See NFPA 72, Standa
the protected property. Similar to a central station system but
Maintenance, and Use of Protec
owned by the protected property.

6. Emergency voice/alarm communication
system.

This system is used to supplement one of the systems listed above
by providing voice communication within the building for use
during a fire emergency either with prerecorded messages or for use
by the fire department, or both.

See NFPA 72, Standard for the
of Protective Signaling Systems
Installation, Maintenance and U
Protective Signaling Systems.

Fire Extinguishing Systems
Type

Description

Com

1. Wet-pipe automatic sprinkler system.

A permanently piped water system under pressure, using
heat-actuated sprinklers. When a fire occurs, the sprinklers exposed
to the high heat open and discharge water individually to control or
extinguish the fire.

Automatically detects and contr
protected books, manuscripts, re
spaces subject to freezing. See N
Installation of Sprinkler Systems
Tanks for Private Fire Protectio

2. Preaction automatic sprinkler system

A system employing automatic sprinklers attached to a piping
system containing air that may or may not be under pressure, with a
supplemental fire detection system installed in the same area as the
sprinklers. Actuation of the fire detection system by a fire opens a
valve that permits water to flow into the sprinkler system piping
and to be discharged from any sprinklers that are opened by the
heat from the fire.

Automatically detects and contr
subject to freezing. Minimizes t
to mechanical damage to sprink
useful for the protection of pain
manuscripts, specimens, and oth
that are susceptible to damage o
13, Standard for the Installation
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22, Standard for Water Tanks a
3. On-off automatic sprinkler system.

A system similar to the preaction system, except that the fire
detector operation acts as an electrical interlock, causing the control
valve to open at a predetermined temperature and close when
normal temperature is restored. Should the fire rekindle after its
initial control, the valve will reopen and water will again flow from
the opened heads. The valve will continue to open and close in
accordance with the temperature sensed by the fire detectors.
Another type of on-off system is a standard wet-pipe system with
on-off sprinkler heads. Here each individual head has incorporated
in it a temperature-sensitive device that causes the head to open at a
predetermined temperature and close automatically when the
temperature at the head is restored to normal.

In addition to the favorable feat
system, these systems have the
flow of water when no longer n
water damage. See NFPA 13, St
Sprinkler Systems, and NFPA 2
Private Fire Protection.

4. Dry-pipe automatic sprinkler system.

Has heat-operated sprinklers attached to a piping system containing
air under pressure. When a sprinkler operates, the air pressure is
reduced, a “dry-pipe” valve is opened by water pressure, and water
discharges from any opened sprinklers.

See No. 1. Can protect areas sub
be in a heated area. See NFPA 1
Sprinkler Systems, and NFPA 2
Private Fire Protection.

5. Standpipe and hose system.
sprinkler system. Staff

A piping system in a building to which hoses are connected forA desirable c

emergency use by building occupants or by the fire department.requires train
See NFPA 14, Standard

for the Installation of St
6. Halon automatic system.
manuscripts, records,

A permanently piped system using a limited stored supply of aNo agent dam
halon gas under pressure and discharge nozzles to totally flood anpaintings,

valuable objects. No agent residue.

enclosed space. Released automatically by a suitable detectionAlthough Hal
toxicity, its decomposition

system. Extinguishes fires by inhibiting the chemical reaction ofproducts, du
Therefore the fire area
fuel and oxygen.

should be promptly evac

flooding systems

are prohibited in normal
may not

extinguish deep-seated f
combustibles such as

paper, fabrics, etc., but a
in these

materials. These system
to avoid

damage effects caused b
release. The high

velocity discharge from
dislodge

substantial objects direc
have been

taking place about the fu
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because of its

ozone depleting charact
Standard on Halon

1301 Fire Extinguishing
Standard on

Halon 1211 Fire Exting

7. Carbon dioxide automatic system.
Same as No. 6, except u
Extinguishes fires
Same as No. 6. Appropriate for service and utility areas. Personnel
by reducing oxygen content of air below combustion support point.must eva
to avoid suffocation. May not
extinguish deep-seated f
combustibles such as
paper, fabrics, etc., but e
these materials.
See NFPA 12, Standard
Extinguishing Systems.

8. Dry chemical automatic system. A permanently piped system that discharges a dry chemical fromWhere pers
dry chemical discharge,
fixed nozzles by means of an expellant gas. The system eithersuitable safegu
ensure prompt evacuation
totally floods an enclosed space or applies the dry chemical directlyof the ar
on all exposed surfaces.
onto the fire in a local application. The dry chemical extinguishesRequires c
facilities having kitchen
fires by the interaction of the dry chemical particles to stop therange hoods a
deep-seated fires in
chain reaction that takes place in flame combustion. The dryordinary solid c
fabrics, etc., but
chemical is released mechanically or with a suitable detectioneffective on su
See NFPA 17, Standard
system.
for Dry Chemical Exting
9. High expansion foam system.
high expansion foam

A fixed extinguishing system that generates a foam agent for totalWhere per

flooding of confined spaces and for volumetric displacement ofdischarge, su
provided to ensure prompt
vapor, heat, and smoke. Acts on the fire by:

evacuation of the area. T

a. Preventing free movement of air

expansion foam may inu

b. Reducing the oxygen concentration at the fire

hearing difficult, and cre

amounts of high
vision, making
breathing. Leaves

c. Cooling.Released automatically by a suitable detection system.residue and
expansion foam, when used in
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conjunction with water
positive

control and extinguishm
extinguishment system used

independently, when pro
11A, Standard

for Medium- and High-E

10. Wet chemical extinguishing system.
Same as No. 6, except u
released by
Leaves agent residue that is confined to the protection area(s).
automatic mechanical thermal linkage. Effective for restaurant,Requires clea
facilities having range
commercial, and institutional hoods; plenums; ducts; and associatedhoods an
Standard for Wet Chemical
cooking appliances.
Extinguishing Systems.

Appendix B
This Appendix is not a part of the recommendations of this NFPA document but is included for
information purposes only.
A fire protection consultant can be a valuable resource in evaluating the current status of
firesafety for a museum and in recommending creative solutions to improve firesafety. In order
to realize the maximum benefit of fire protection consultants, their qualifications and the client’s
needs should be properly matched. The consultant should have qualifications equivalent to
Member grade in the Society of Fire Protection Engineers. To obtain the names of consulting
firms in a particular geographic area, contact the Executive Director, Society of Fire Protection
Engineers, 60 Batterymarch Street, Boston, MA 02110. Telephone: (617) 482-0686.
One should evaluate the consultant’s experience, both as a company and as individual
consultant team members in providing fire protection consulting services to museums. Other
experience that might also be considered is that for historic buildings or structures and libraries.
One should compare the consultant’s experience with the nature of the work to be performed
and the size of the project being considered. As a final evaluation factor for experience, one
should consider whether the specific team proposed has worked together and the degree to which
the experience is team experience.
Other factors that should be used in evaluating a consultant’s qualifications are membership
and participation in organizations such as the American Institute of Architects for registered
architects, the National Society of Professional Engineers for registered engineers, and the model
building code organizations. Participation on committees of these organizations is a further
measure of the consultant’s understanding of museum firesafety issues.
After having collected information on the fire protection consultant’s qualifications, one
should contact references to determine how the consultant has actually performed on similar
projects.
B-1 NFPA.
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National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02169-9101.
NFPA publishes this and related documents on fire protection, and they will answer inquiries
on these documents. They also conduct educational seminars, studies, and literature searches for
a fee. NFPA maintains a list of fire protection consultants.
B-2 SFPE.
Society of Fire Protection Engineers, 60 Batterymarch Street, Boston, MA 02116.
SFPE is a professional society of fire protection engineers. They meet annually, publish
technical information, conduct technical seminars, and support local chapters. Members are
located in all parts of the world. Names and addresses of members in a particular geographic area
may be obtained from Society headquarters.
B-3 NICET.
National Institute for Certification in Engineering Technologies, 1420 King Street, Alexandria,
VA 22314.
NICET certifies technicians in the following areas of fire protection:
(a) Automatic sprinkler system layout,
(b) Special hazards system layout (automatic and manual foam, water, halon, carbon dioxide,
and dry chemical systems). People with a NICET certification can also assist in the selection and
use of fire protection systems.
B-4 UL.
Underwriters Laboratories, 333 Pfingsten Road, Northbrook, IL 60062.
UL has a certification service through which alarm companies may be qualified to issue
certificates that installed fire warning systems comply with NFPA standards and are properly
tested and maintained. A list of alarm service companies authorized to issue UL certificates is
available. UL also publishes safety standards and annual directories of labeled and listed
products and fire resistant assemblies.
Appendix C
This Appendix is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
C-1
This Appendix lists publications that are not referenced but that may provide additional helpful
information.
Hunter, John E., Security for Museums and Historic Houses: An Annotated Bibliography,
Technical Leaflet 114 (History News 34:4), Nashville, TN: American Association for State and
Local History, 1979.
Martin, John H., The Corning Flood: Museum Under Water, Corning, NY: Corning Museum
of Glass, 1977.
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Tillotson, Robert G., Museum Security, Paris: International Council of Museums and
American Association of Museums, 1977.
Appendix D Firesafety Inspection Form for Museums
This Appendix is not a part of the recommendations of this NFPA document but is included for
information purposes only.
NFPA 911, Recommended Practice for the Protection of Museums and Museum Collections,
provides guidance to museum trustees, directors, and other responsible staff members in the area
of firesafety. The self-inspection form that follows will help to implement some of the practices
recommended. It will enable museum officials to evaluate the state of their preparedness and will
point out situations requiring remedial action.
This self-inspection form is intended for staff use at regular, frequent intervals. It should not
take the place of two other vital measures—the thorough, objective, periodic inspection of the
museum by municipal fire inspectors or by firesafety specialists, and the regular testing of fire
detection and extinguishing installations by specialists in their maintenance.
Museums vary widely in character. Not all of the points to be inspected apply in every case.
By striking out those that obviously do not fit local circumstances, a museum can tailor this form
to its specific needs.
These self-inspections should do more than disclose conditions of negligence that could be the
source of fire or that might result in greater damage and, possibly, loss of life in the event of fire.
The primary purpose is to secure the correction of these conditions. Therefore it is imperative
that all questions answered “no” be referred to the responsible department or staff member. Then
it becomes an important function of management to make sure that corrective action has been
taken.
FIRESAFETY SELF-INSPECTION FORM FOR MUSEUMS
General Conditions
1. Construction:
fire resistive____________, noncombustible__________,
combustible__________
(See NFPA 220, Standard on Types of Building Construction.)
2. Size:
floor area
______________
number of floors
______________
number of connecting buildings
or wings
______________
number of entrances
______________
number of emergency exits
number of employees
______________
number of visitors per day
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average
maximum

______________
______________

3. Exposures:
Serious
Moderate
Light
None
north
______
________
________
________
east
______
________
________
________
south
______
________
________
________
west
______
________
________
________
(See NFPA 80A, Protection of Buildings from Exterior Fire Exposures.)
4. Water Supply:
municipal system__________, reservoir/pond__________,
storage tanks__________
capacity__________
size of water mains__________
distance from hydrants__________
5. Fire Service:
municipal__________, volunteer__________,
museum brigade__________,
time required for fire service to reach museum__________
6. Fire Protection:

Yes

No

Partial

standpipe system

________

________

________

sprinkler system

________

________

________

automatic fire detection
system

________

________

________

insert gas extinguishing system

________

________

________

interior fire alarm system

________

________

________

direct alarm to fire service

________

________

________

monitored night guard service

________

________

________

*fire walls and self-closing
fire doors protecting horizontal
openings between building units

________

________

________
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*furnace room separated
from rest of museum by
fire walls and self-closing fire doors

________

________

________

*fire walls and self-closing
fire doors separating hazardous
operations from exhibit and
collections storage areas

________

________

________

*fire-resistive enclosures protecting
stairways and other

________

________

________

*exit doors opening outward

________

________

________

*locked exit doors equipped with
panic hardware

________

________

________

vertical openings

*(See NFPA 101, Life Safety Code.)
List any changes in character of buildings, occupancy, water supply or hydrants, accessibility or
other general conditions affecting firesafety since the previous inspections: ______________
__________________________________________________________________________

General Inspection
1. Roof:

Yes

No

is roof covering noncombustible?

________

________

are scuppers and drains unobstructed?

________

________

are lightning arrestors in good condition?

________

________

are skylights protected by screens?

________

________

is access to fire escapes unobstructed?

________

________
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do fire escape stairs appear to be
in good condition?

________

________

are fire escape stairs unobstructed?

________

________

are standpipe and sprinkler roof tanks and
supports in good condition?

________

________

are standpipe and sprinkler control valves
secured in proper position?

________

________

are self-closing fire doors unobstructed and
properly equipped with closing device?

________

________

are fire exits and directional signs
properly illuminated?

________

________

is emergency lighting system operable?

________

________

are corridors and stairways unobstructed?

________

________

are fire exits unlocked and unobstructed?

________

________

are sprinklers unobstructed?

________

________

2. All Floors (inspect from top floor to basement):

are standpipe hose outlets properly marked
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and unobstructed?

________

________

are recorded weekly inspections made of all
sprinkler control valves to make certain
they are open?

________

________

are dry-pipe valves (for sprinklers in areas
exposed to freezing) in service, with air
pressure normal?

________

________

are all fire-detection and fire-suppression
systems in service and tested regularly?

________

________

are sufficient fire extinguishers present?

________

________

are extinguishers of the proper type?
(See NFPA 10, Portable Fire Extinguishers.)

________

________

are extinguishers properly hung and labeled?

________

________

are extinguishers properly charged and
tagged with inspection tags?

________

________

is housekeeping properly maintained?

________

________

are cleaning supplies safely stored?

________

________

are all trash receptacles emptied at least daily?

________

________
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are supply closets and slop sink areas clean
and orderly?

________

________

are electric hot plates, coffee makers and
space heaters prohibited or limited to those
with an appropriate automatic shutoff bearing
the label of a recognized testing laboratory?

________

________

do entrance and exit doors provide
unobstructed egress?

________

__ ________

is safe egress uncompromised by security
measures?

________

________

is rubbish removed from the building daily?

________

________

is rubbish removed from the premises on a
regular schedule?

________

________

are stocks of flammable liquids stored
away from the building?

________

________

are sprinklers unobstructed and at least
18 in. above stock?

________

________

________

________

3. Ground Floor:

4. Basement:

Special Area Inspection
1. Exhibit Areas
are exhibit housings, fittings and other
accessories noncombustible or fire
retardant treated?
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does exhibit wiring conform to
NFPA 70, National Electrical Code?

________

________

do all electrical components bear the label
of a testing laboratory?

________

________

have exhibit installations kept exit routes
unobstructed and visible?

________

________

have exhibit installations kept fire hose outlet valves
and fire alarms unobstructed and visible?

________

________

is proper salvage equipment ready for use?

________

________

Yes

No

is appropriate fire extinguishing equipment
at hand and unobstructed?

________

________

are dust covers fire retardant treated?

________

________

is proper salvage equipment ready for use?

________

________

does fire service have access to areas?

________

________

are catalogue and accession records in a safe
vault of the proper fire rating?

________

________

2. Collections Storage Areas:

3. Laboratories:
are flammable solvents and other chemicals
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properly labeled and stored in small quantities
in ventilated safety storage cabinets?

________

________

are flammable liquids dispensed from
safety cans?

________

________

are self-closing safety waste disposal receptacles
available at work stations?

________

________

are laboratory wastes disposed of daily with
appropriate special precautions?

________

________

are spray coating facilities adequately
and safely ventilated?

________

________

is electrical equipment in the spray area
explosionproof?

________

________

does the spray area have automatic fire
extinguishing equipment?

________

________

does laboratory electrical equipment bear
the label of a testing laboratory?

________

________

do electrical appliances have warning lights?

________

________

are appliances unplugged when not in use?

________

________

are exit routes unobstructed?

________

________

are employees aware of special hazards and
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trained in necessary precautions?

________

________

that may be present?

________

________

is entry limited to authorized persons?

________

________

are paints, thinners and other flammable liquids
properly stored in reasonable quantities in
ventilated safety cabinets?

________

________

are thinners and solvents dispensed from
safety cans?

________

________

are self-closing waste receptacles used for oily rags
and other wastes liable to spontaneous heating?

________

________

are flammable packing materials stored in
self-closing safety containers?

________

________

are power tools and machines properly
grounded?

________

________

do woodworking machines have proper
dust collectors?

________

________

are dust collector bins emptied regularly?

________

________

is fire suppressant and personnel safety equipment
appropriate for the special hazards

4. Shops and Packing/Unpacking Areas:

do paint spraying facilities comply with
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local codes?

________

________

does welding equipment meet local codes?

________

________

are power tools unplugged when not in use?

________

________

are exit routes unobstructed?

________

________

are sufficient fire extinguishers of appropriate type
present for extra hazards associated with this
kind of occupancy?

________

________

Yes

No

is safe capacity posted?

________

________

is occupancy restricted to the capacity posted
as safe?

________

________

do furnishings and wall coverings comply with
firesafety standards?

________

________

are exits unobstructed, unlocked and
properly illuminated?

________

________

are aisles unobstructed?

________

________

does projection room meet local codes?

________

________

5. Auditoriums and Classrooms:

6. Restaurant or Tearoom:
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is capacity posted?

________

________

is occupancy limited to safe seating capacity?

________

________

are exit routes unobstructed and properly
illuminated?

________

________

are ranges, hoods and exhaust ducts cleaned?

________

________

do exhaust ducts terminate in a safe area?

________

________

are grease ducts and deep fryers equipped
with automatic fire detectors and
extinguishing systems?

________

________

Note date when ranges, hoods and exhaust
ducts were last cleaned.

________

________

________

________

are grounds clear of accumulations of flammable
material?

________

________

have neighboring occupancies minimized
exterior fire hazards?

________

________

Exterior Inspection
1. Evacuation:
have all exits, emergency exits, and fire escapes
unobstructed passage to safe areas?

2. Environment:
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is fire service access clear?

________

________

are standpipe and sprinkler systems siamese
connections unobstructed and operable?

________

________

are hydrants unobstructed?

________

________

do all staff members know how to transmit
a fire alarm?

________

________

do all staff members know their assigned duty
in evacuating the museum?

________

________

do all staff members know how and when to use
portable fire extinguishers?

________

________

do all staff members know their responsibilities
in fire prevention?

________

________

is the fire protection manager or a designated
alternate on duty?

________

________

does the fire protection manager have an adequate
training program in operation for
himself and the staff?

________

________

is the written fire emergency plan up to date
and properly distributed?

________

________

Personnel Inspection
1. Training:

2. Organization:
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has the fire service planned or trained for
protecting the museum since the previous
inspection?

________

________

Note date of latest fire drill

________

________

Special Comments:
Inspection made by: __________________________Date:________________
Title: ___________________________________________
Report reviewed by:_____________________________Date:_______________
Title: ___________________________________________

Corrective Action:

Item

Referred to

_____________________ ___________________________
_____________________ ___________________________
_____________________ ___________________________
_____________________ ___________________________
_____________________ ___________________________

Corrective actions completed:____________________Date:_____________
Fire Protection Manager: ________________________

Appendix E Referenced Publications
E-1
The following documents or portions thereof are referenced within this recommended practice
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for informational purposes only and thus are not considered part of the recommendations of this
document. The edition indicated is the current edition as of the date of the NFPA issuance of this
document.
E-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 10, Standard for Portable Fire Extinguishers, 1990 edition
NFPA 11A, Standard for Medium- and High-Expansion Foam Systems, 1988 edition
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, 1989 edition
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems, 1989 edition
NFPA 12B, Standard on Halon 1211 Fire Extinguishing Systems, 1990 edition
NFPA 13, Standard for the Installation of Sprinkler Systems, 1991 edition
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1990 edition
NFPA 17, Standard for Dry Chemical Extinguishing Systems, 1990 edition
NFPA 17A, Standard for Wet Chemical Extinguishing Systems, 1990 edition
NFPA 22, Standard for Water Tanks for Private Fire Protection, 1987 edition
NFPA 70, National Electrical Code, 1990 edition
NFPA 71, Standard for the Installation, Maintenance, and Use of Signaling Systems for
Central Station Service, 1989 edition
NFPA 72, Standard for the Installation, Maintenance, and Use of Protective Signaling
Systems, 1990 edition
NFPA 72E, Standard on Automatic Fire Detectors, 1990 edition
NFPA 72G, Guide for the Installation, Maintenance, and Use of Notification Appliances for
Protective Signaling Systems, 1989 edition
NFPA 80A, Recommended Practice for Protection of Buildings from Exterior Fire Exposures,
1987 edition
NFPA 101, Life Safety Code, 1991 edition
NFPA 220, Standard on Types of Building Construction, 1985 edition
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Resources.
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(Member Emeritus)
Richard Ortisi-Best, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
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Association or any document developed by the Committee on which the member serves.
Committee Scope: The Committee shall have primary responsibility for the development of fire
safety recommendations for libraries, museums, places of worship, and historic structures and their
contents, but shall not overlap the provisions of NFPA 101®, Life Safety Code®.

NFPA 912
Recommended Practice for
Fire Protection in Places of Worship
1993 Edition
NOTICE: Information on referenced publications can be found in Chapter 12 and Appendix E.

Chapter 1 Introduction
1-1 Overview.
From 1987 to 1991, an average of 1,450 churches, chapels, and synagogues were damaged or
destroyed by fire each year. This is an average of four properties per day. The direct annual
average property damage cost was $37.5 million.
In addition to property damage, in many cases the destroyed contents included priceless
historical material that also had great traditional or sentimental value to congregations and to
entire communities.
Though four fires each day is a slight improvement over the data for the previous 5-year
period, the number of fires must be reduced to zero.
1-2 Scope.
1-2.1
This document contains recommendations for fire prevention and protection in places of
worship.
1-2.2
These recommendations are applicable to facilities where persons congregate for religious
purposes and associated activities.
1-2.3
Minimum requirements for safety to life from fire in places of worship and other facilities are
prescribed in NFPA 101®, Life Safety Code®.
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1-3 Purpose.
1-3.1
The purpose of this document is to reduce fire loss and damage to places of worship and their
contents by recommending appropriate programs and procedures.
1-3.2
The further purpose of this document is to foster an awareness of the hazards of fire among
those individuals or groups responsible for maintenance and operation of places of worship, to
prompt them to consider the maximum fire loss they are willing to accept, and to acquaint them
with the elements of fire prevention and protection needed to control any fire within that
acceptable limit of loss.
1-3.3
Nothing in this document is intended to restrict the implementation of other appropriate
measures of fire prevention and protection.
1-4 Definitions.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or departmental official
may be the “authority having jurisdiction.”

Early Warning. A signal provided by a fast-response detection system, such as one using
smoke or flame detectors, that detects fire in its earliest stages of development so as to enhance
the opportunity of building occupants for escape and the commencement of manual suppression
of the fire prior to arrival of fire service units.
Egress. A place or means of going out.
Exit. That portion of a means of egress that is separated from all other spaces of the building or
structure by construction or equipment to provide a protected way of travel to the exit discharge.
Exits include exterior exit doors, exit passageways, horizontal exits, and separated exit stairs or
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ramps.
Exit Access. That portion of a means of egress that leads to an exit.
Exit Discharge. That portion of a means of egress between the termination of an exit and a
public way.
Fire Barrier. A continuous membrane, either vertical or horizontal, such as a wall or floor
assembly, that is designed and constructed with a specified fire-resistance rating to limit the
spread of fire and restrict the movement of smoke. Such barriers should have protected openings.
Fire Compartment. A space within a building that is enclosed by fire barriers on all sides,
including the top and bottom.
Fire-Resistance Rating. The time, in minutes or hours, that materials or assemblies have
withstood a fire exposure as established in accordance with the test procedures of NFPA 251,
Standard Methods of Fire Tests of Building Construction and Materials.
Hazard. Any situation, process, material, or condition that, on the basis of applicable data, may
cause a fire or explosion or provide a ready fuel supply to augment the spread or intensity of the
fire or explosion and that poses a threat to life or property.
Hazardous Areas. Areas of structures, buildings, or parts thereof posing a degree of hazard
greater than normal to the general occupancy of the building or structure, such as storage or use
of combustibles or flammables; toxic, noxious, or corrosive materials; or use of heat-producing
appliances.
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The “authority having
jurisdiction” should utilize the system employed by the listing organization to identify a listed product.

Means of Egress. Continuous and unobstructed way of exit travel from any point in a building
or structure to a public way.
Means of Escape. A way out of a building or structure that does not conform to the strict
definition of means of egress but does provide an alternate way out.
Protective Signaling Systems. Electrically operated circuits, instruments, and devices, together
with the necessary electrical energy, designed to transmit alarms, supervisory signals, and
trouble signals to enhance the protection of life and property.
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Protective Systems, Equipment, or Apparatus. Automatic sprinklers, standpipes, carbon
dioxide systems, automatic covers, and other devices used for extinguishing fires and for
controlling temperatures or other conditions dangerous to life or property.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Sprinkler System. An integrated fire suppression or fire control system, designed and installed
in accordance with fire protection engineering standards, intended to discharge water onto a fire.
The installation includes one or more automatic water supplies, using specifically sized piping,
installed in a building, structure, or area, generally overhead, and to which sprinklers are
connected in a systematic pattern.
Chapter 2 Fires and Fire Causes
2-1 National Estimates.
The 1987-1991 study shows the following losses in church and chapel fires alone.

2-2 Church, May 1985.
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Loss of $2.1 million out of $2.1 million value. In the late afternoon, lightning struck the roof
of a one-story, 78-ft × 167-ft (23.8-m × 50.9-m), 120-year-old church, igniting the wooden roof
in a fire that grew slowly over 21/2 to 3 hours in the attic area. The building was of ordinary
construction, with brick walls. It had no automatic detection or suppression equipment. A priest
discovered the fire at 5:39 p.m. and reported it. Fire broke through the roof, was drafted upward
through the bell tower, and destroyed its upper section, causing it to topple into the street. The
roof collapsed. The sanctuary was engulfed in flames. Flooring collapsed into the basement. Fire
department actions were necessarily limited to protecting exposures. There were no injuries.

Figure 2-3 An electric paint remover was suspected of having started a fire that destroyed a historic
Massachusetts church.

(Photo Credit: Greg Derr, Patriot Ledger)
2-3 Church, May 1989.
Loss was more than $1 million. A 135-year-old church was occupied by about 200 persons
when fire was discovered by workers removing paint on the structure’s exterior. One of the
workers activated the fire alarm system, alerting the occupants to evacuate and also notifying the
fire department. The wood-frame structure was not sprinklered and was destroyed by the fire
despite the efforts of 100 fire fighters. There were no injuries.
2-4 Church, November 1985.
Loss of $2.2 million out of $2.2 million value. A floodlight located too close to a ceiling beam
in the basement apparently ignited the beam, touching off an after-hours fire in the church. The
one-story, 60-ft × 150-ft (18.3-m × 45.8-m), brick-walled, wooden building, with slate roof, was
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closed for the night when fire began after 6:00 p.m. There was no automatic detection or
suppression equipment, so the fire was not reported until a neighbor discovered it. There were no
injuries.
2-5 Church, May 1986.
Loss of $2.5 million out of $2.5 million value. An incendiary fire was started in three places on
the church’s wooden benches. The 11/2-story building measured 60 ft × 100 ft (18.3 m × 30.5 m),
was of mixed construction, with brick and concrete walls, wood and metal roof sections, and
both asphalt shingle and built-up roof covering areas. The building was closed for the night when
fire was discovered and reported by a police patrol at 2:13 a.m. There was no automatic
detection or suppression equipment. There were no injuries.
2-6 Church, February 1987.
Loss of $2,575,243 out of $3.4 million value. Fire was ignited by an electrical source in a
storage room on the main floor. The nature of the electrial failure and the materials first ignited
were not identified. Fire then spread into the ceiling/floor space above and up a wall to the main
church ceiling. There was no automatic detection or suppression equipment. The building was
closed at the time, and fire officials estimate the fire burned for 2 hours before it was discovered
by a passerby at 4:33 p.m. The three-story building measured 100 ft × 135 ft (30.5 m × 41.2 m)
and had wood frame construction with brick walls and a wood roof with asphalt shingles. Two
fire fighters were injured.
2-7 Church, September 1987.
Loss of $2 million out of $2,743,600 value. An unspecified short circuit in the wiring in the
middle of the attic area ignited wooden rafters. Fire engulfed and burned through the roof. The
roof area was being renovated at the time, but workers had left before the fire began around 4:00
p.m. Staff were still working in the basement offices and discovered the fire approximately 15 to
25 minutes after it began. There was no automatic detection or suppression equipment. The 60-ft
(18.3-m) building measured 80 ft × 110 ft (24.4 m × 33.6 m) and was of heavy timber and wood
frame construction, with brick walls and metal sheeting on a wood frame roof. Six fire fighters
were injured.
2-8 Synagogue, November 1979.
Two fire fighters lost their lives in this fire. The sanctuary and social hall were completely
destroyed. Sections of the roof collapsed during the fire, resulting in total collapse of most of the
roof trusses in these areas. Damage to other areas of the synagogue was minor. Though there was
a local fire alarm and smoke detection system in the school classroom and catering areas, there
was none in the sanctuary or social hall. In addition, there were no sprinkler or standpipe systems
in the synagogue complex.
2-9 Basic Requirements.
More than three fourths of fires in places of worship occur while the building is unoccupied,
almost all of them in structures lacking automatic sprinkler protection or automatic fire detection
and alarm systems. Nearly half of them happen between 11:00 p.m. and 7:00 a.m., when few
people pass by the area. These statistics, coupled with simple logic, highlight the urgency and
prudence of providing places of worship with effective fire detection and protection equipment
that automatically notifies the fire department.
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2-9.1
Automatic sprinklers have proven to be the most effective fire protection system now
available. They can be equipped with an automatic fire signaling system. Yet, authorities at
places of worship and parishioners often object to a sprinkler system, either for aesthetic reasons
or for reasons of cost. It is considered an unnecessary drain on building funds, and objections are
based on the belief that local fire departments are capable of handling any fire that might occur.
However, the facts indicate otherwise. Destructive fires in places of worship do occur, whether
the place of worship is located in the heart of a large city or in a crossroads hamlet.
2-9.2
In every fire where major loss of life or major property loss occurs, delayed notification of the
occupants and delayed notification of the fire department have been major contributing factors.
A fire that starts in an unoccupied, unprotected building, especially at a time when most people
are asleep, is bound to gain headway before it is discovered. This puts its control beyond the
capabilities of any fire department before a major and often a total loss occurs.
2-9.3
Automatic fire detectors are definitely not an adequate substitute for automatic sprinklers in
protecting property. If sprinklers are not to be provided, however, an automatic detection system,
provided it is connected to a nearby public fire department, will greatly enhance fire safety. If
not connected to a fire department or to a central agency, its effectiveness is further restricted,
since the local alarm must be heard, recognized, and reported to the fire department before fire
fighting operations can even begin.
2-10 Fire Causes.
2-10.1 Arson.
Places of worship are either unoccupied or partially occupied a large part of the time.
Customarily, many of them are left unlocked at all times; thus, they are accessible not only to
casual worshipers and well-intentioned visitors, but also to arsonists, thieves, and vandals.
Incendiarism is the leading cause of fire in places of worship.
Places of worship can be made relatively safe from fire of any consequence through the use of
a fire sprinkler system throughout the occupancy. In addition to the fire sprinkler system, a
remotely monitored intrusion detection system should be considered.
2-10.2 Candles and Censers.
A lighted candle poses a serious hazard at any time. Ceremonial candles, even where burned
under supervision, should be handled with care. Votive candles are very often left burning and
unattended; areas in which they are used should be maintained free from combustible materials.
Incense fires in censers should be extinguished before the censers are stored.
2-10.3 Christmas Trees.
Only approved, noncombustible, artificial Christmas trees should be used inside buildings. The
location of an indoor tree should be chosen with due regard to required exit routes. Electrical
lighting sets should be labeled and, before each use, should be examined for defective
lampholders and insulation. Tree-lighting sets should not be left burning when the area is
unoccupied. Candles should not be used for decorating a tree of any kind. Aluminum trees
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should not be decorated with electric lighting sets.
2-10.4 Smoking.
If agreement cannot be reached on total prohibition of smoking within a building, smoking
should be confined to one room or, at most, to a limited area and to certain occasions. After any
such occasion, the designated space should be carefully inspected; all discarded smoking
materials should be collected and disposed of safely.
2-10.5 Insulation.
The high cost of heating fuel has posed other potential hazards, e.g., combustible building
insulation and improperly installed building insulation of any type. Building insulation is often
found closely packed around recessed lighting fixtures and concealed wiring, resulting in
excessive heat build-up and possible failure of electrical insulation.
2-10.6 Heating Plants.
The integrity of required fire-resistive enclosures should be maintained. Doors to furnace and
boiler rooms should be equipped with automatic-closing devices and positive latches or locks.
An ensured supply of combustion air from outside the building should be provided. Heating
equipment and controls should be regularly inspected and maintained in safe, efficient operating
condition. Chimneys should be inspected for defects on a regular basis; if necessary, they should
be cleared of heavy accumulations of the products of combustion and any other materials that
might reduce draft or pose a fire hazard.
2-10.7 Building Systems and Equipment.
Although not peculiar to places of worship, hazards can be posed by defective or improperly
installed and maintained heating plants, inadequate electrical service, defective electrical wiring,
and overloaded electrical circuits. Kitchen and food service equipment represent hazards that
should receive special consideration.
2-10.8 Electrical System.
A periodic inspection by an electrical engineer or a licensed electrician is advisable. It is
important that wire and cable insulation be in sound condition, that circuits not be overloaded,
and that distribution panels contain only fuses or breakers of the proper sizes.
2-10.9 Alterations and Repairs.
Assistance in building alterations and repair work is often volunteered by members of the
congregation. Where those volunteers possess specialized skills and talents, their services are of
great value. It is important, however, that such tasks as heating, plumbing, and electrical work be
performed only by fully qualified, licensed professionals. Violations of local ordinances or poor
workmanship can result in the expense of remedial work or can result in fire.
2-10.10
A lightning protection system, properly installed, while less important than automatic sprinkler
and automatic detector and alarm systems, unquestionably prevents many fires that would
otherwise result from lightning. But the lightning protection system must be installed and
maintained properly to be effective. (See NFPA 780, Lightning Protection Code.)
2-10.11 Summary.
Copyright 1996 NFPA

The hazards are many. They are present in the building itself. They result from patterns and
practices of supervision, operation,and maintenance. They exist in the type of occupancy for
which the building is intended: public assembly for religious services, religious education,
community service, and social events.
Chapter 3 Fire Spread
3-1 Introduction.
A fire needs only two ingredients to enable its spread: air and combustible materials. Most
places of worship are provided with both in great abundance.
In addition to delayed detection and alarm, the principal factors affecting the spread of fires in
places of worship are undivided open areas, concealed spaces, combustible construction and
interior finishes, and combustible furnishings. Undivided open areas and concealed spaces
provide air to an incipient fire, and combustible structural parts, finishes, and furnishings provide
fuel.
Each of the preceding accounts of fires illustrates the effect of one or more of these factors.
These accounts demonstrate why fire fighters particularly dislike these fires, and why places of
worship are often said to be “built to burn.”
Large open areas are traditional and perhaps largely unavoidable, yet there are ways to
minimize their effect. In some cases, for instance, fire separations can be introduced without
altering the essential character of the building or its usefulness for religious purposes. Doors
customarily left open could be kept closed; other unprotected or inadequately protected floor and
wall openings could be more effectively protected; concealed spaces could be provided with
adequate fire-stopping or fire divisions; and combustible interior finishes could be replaced with
less hazardous, aesthetically acceptable materials. Very few of the fires reported were in
buildings in which such measures had been taken, illustrating how rarely fires that are serious
enough to be reported occur in places of worship so protected.
Since a properly designed automatic sprinkler system is the most effective single means of
preventing serious fires, automatic sprinklers combined with good building design and
fire-resistive construction, finishes, and furnishings ensure safer places of worship.
3-2 Fire Spread.
If all fires were confined to their areas of origin, there would be few major losses. Most
buildings comprise a connected series of compartments. As such, they are inherently fire-safe if
a fire can be contained to the compartment of origin. Unfortunately, design, construction, and
use practices create many avenues for fire spread. For example, balloon-frame construction
creates virtual chimneys in the stud channels, allowing fire to spread the full height of the
building. Paths of fire spread can be either horizontal or vertical.
3-2.1 Means of Horizontal Fire Spread.
(a) Doorways
(b) Ceiling voids over walls
(c) Floor cavities under walls
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(d) Utility and service chases or ducts through walls
(e) Voids in projecting eaves or cornices
(f) Breaching of walls by fire
(g) Openings produced by distortion of structural steel members in a fire.
3-2.2 Means of Vertical Fire Spread.
(a) Stairways
(b) Wall cavities penetrating floors
(c) Utility and service chases or ducts penetrating floors
(d) Shafts for elevator, dumbwaiter, laundry, trash, etc.
(e) Breaching of floors or ceilings by fire.
3-3 Fire Barriers.
The spread of fire in a building can be prevented if the fire is contained by structural barriers.
Containment by construction is one of the primary methods of controlling fire. Fire barriers that
are designed to stop the spread of fire under the most adverse conditions are called fire walls.
Less substantial barriers, such as partial walls, can slow the spread of fire by design or
serendipitously by their presence, due to other functions.
3-3.1 Fire Walls.
If a building is separated into two or more fire areas, a single fire should cause no more than
total loss of the affected area. Fire areas within a building are usually created through the use of
fire walls. A fire wall is generally of solid masonry construction and at least 8 in. (203 mm)
thick. If the roof is not fire resistive, the fire wall should extend through it forming a parapet at
least 18 in. (457 mm) high.
3-3.2 Partition Walls.
In the absence of fire walls, partition walls can serve as effective fire barriers. Partition walls
are walls that should make contact only with the underside of a floor or roof and have fire
endurance ratings of less than 3 hours. Openings in partition walls should be protected
commensurate with the fire rating of the wall. (See 3-3.3.)
In some cases, a partition wall might not need a fire endurance rating. The fire separation may
be designed only to remain in place and restrict the passage of smoke and fire for a period long
enough to ensure that occupants can leave the area or until a sprinkler system is activated to
control or suppress the fire.
3-3.3 Protecting Openings.
Since people must move from one section of the building to another, openings usually are
made in floors and walls, including fire walls. Fire seeks the path of least resistance, rendering
fire walls and partitions useless, unless all openings in them are protected. Self-closing or
automatic-closing fire doors should be provided wherever fire separations are penetrated by
doorways or other openings. Fire doors protecting vertical shafts generally should have 11/2-hour
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fire resistance rating, while those protecting horizontal fire wall openings should have 3-hour
ratings. Fire doors are manufactured in a variety of constructions, including attractive decorative
styles. Only fire doors, frames, and hardware listed or approved by a testing laboratory should be
used. NFPA 80, Standard for Fire Doors and Fire Windows, specifies requirements for fire
doors and windows.
Frequently, fire doors are stopped in the open position. If fire occurs and the doors are
inoperable, the fire wall is rendered ineffective, allowing fire to spread to other parts of the
building.
Fire barriers often have many small openings for building services, such as ducts for heating,
ventilating, and air conditioning, as well as holes made for the passage of pipes and electrical
wires. It is critical that these openings not be allowed to channel hot gases, smoke, and flame
through the building. Ducts require fire dampers where they penetrate a fire barrier in
accordance with building codes and other standards. (See NFPA 90A, Standard for the
Installation of Air Conditioning and Ventilating Systems, and NFPA 90B, Standard for the
Installation of Warm Air Heating and Air Conditioning Systems.) Pipes that pass through fire
barriers are generally required to be noncombustible and electrical wiring should be contained in
noncombustible raceways or conduits. Furthermore, these penetrations should be tight-fitting or
sealed at the perimeter. Such seals are one form of firestop system.
3-4 Firestops.
Fire spreads only rarely by breaching walls or floors. Usually it bypasses these physical
barriers through openings created for people or utilities, as discussed above, or through
concealed spaces in walls, ceilings, attics, or under floors. These concealed spaces or voids are
particularly dangerous, as they can act as flues through which a fire can burn or smoke can
spread undetected.
Normal construction framing methods leave voids between members and membranes on each
side of a wall. If these voids run the height of the building or connect with similar horizontal
voids between floor and ceiling, hot gases and flames can spread to areas far from the area of
origin. Firestops are blocks of solid construction at regular intervals in concealed spaces to
restrict passage of fire and smoke.
3-5 Other Causes of Fire Spread.
3-5.1 Other Hazards.
Lightning, grass or forest fires, and fires in adjoining buildings are external hazards that should
be recognized. Candles, incense burners, smoking materials, and propane torches, if improperly
handled and stored, can be dangerous. Used clothing and blankets that are collected for
charitable purposes are often improperly stored within the building. Flammable holiday
decorations, never permissible in a place of public assembly, are frequently introduced and
allowed to remain for longer than necessary. Minor modifications to the building are sometimes
made in violation of fire and safety codes, adding to any hazards that already existed.
3-5.2 Housekeeping.
Separate storage facilities should be provided for vestments, music, books, and other such
combustible items. Cleaning supplies, paints, and rubbish also should be stored separately.
Power lawn mowers, snow blowers, and other gasoline-powered equipment and their fuel should
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be stored outside the building. Kitchens should be kept clean; grease should not be allowed to
accumulate on walls, ceilings, cooking equipment, and ventilation hoods.
3-5.3 Draperies and Decorations.
All draperies and decorations should be properly treated with a fire-retardant chemical
compound. However, even treated fabrics are flammable to some degree; they should not be
exposed to any source of ignition, such as candles.
3-5.4 Intrinsic Hazards, Older Buildings.
A tradition of casual enforcement of building and safety regulations has encouraged the
construction of places of worship that fail to meet code requirements for places of public
assembly. Many were built when building and safety codes were nonexistent. With too few
exceptions, places of worship have been constructed, finished, and furnished with combustible
materials. Most places of worship are characterized by large, open interior spaces and lack of fire
walls; they generally contain an abundance of combustible materials. Those that lack built-in fire
protection, especially older structures, can readily burn once a fire gets started.
Chapter 4 Fire Protection Equipment
4-1 Fire Detection Systems.
4-1.1 Types of Fire Detection Systems.
Fire detection systems are divided into five basic categories.
(a) Conventional
(b) Microprocessor-based
(c) Addressable multiplex
(d) Addressable analog multiplex (also called “smart” systems)
(e) Wireless.
All of these types of automatic systems use initiating devices such as manual fire alarm (pull)
stations, heat detectors, spot-type smoke detectors, air sampling smoke detectors, linear beam
photoelectric smoke detectors, and line-type heat detection. These systems are described in more
detail in Appendix A.
4-1.2
The importance of the early detection and suppression of a fire cannot be overestimated. A fire
detection system by itself can be considered only a part of the overall fire protection plan. A
correctly designed, installed, and maintained fire detection and alarm system provides a high
degree of life safety and early warning of a fire, and, if connected to a central station or directly
to the fire department (see NFPA 1221, Standard for the Installation, Maintenance, and Use of
Public Fire Service Communication Systems, and NFPA 72, National Fire Alarm Code),
provides a limited degree of property protection. A balanced system approach, which includes a
complete fire detection and alarm system and a complete sprinkler system, is strongly
recommended. Competent fire protection engineers and contractors having National Institute for
Certification in Engineering Technologies (NICET) certification (see Appendix B) must be
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consulted to ensure that these systems are properly designed, installed, maintained, and comply
with all applicable codes and standards.
4-1.3 Detector Types and Applications.
Places of worship require special attention to key areas or functions in order to ensure proper
protection.
Each of these areas presents a unique detection requirement that must be addressed. The
suggested type of detection for each area or function is listed in the chart below.
Large open areas with
high ceilings greater than
15 ft (4.6 m)

Linear beam smoke detection or air sampling smoke
detection.

Concealed spaces

Spot-type heat detection or air sampling smoke detection.

Organ shafts

Spot-type smoke detection or air sampling smoke detection.

Smoke-generating
ceremonies

Spot-type smoke detection with either a higher threshold
sensitivity or programmed not to respond during services
(smart systems).

Special exhibit areas

Depending on size of area and value; spot-type smoke
detectors, ultraviolet flame detectors, or air sampling smoke
detection.

Schools/day-care centers

Spot-type smoke detectors in classrooms, common halls, and
open areas; spot-type heat detectors in other small spaces.

Attic lofts

Spot or line-type heat detection or air sampling smoke
detection.

Attached dwellings

Spot-type smoke detectors.

Handicapped
access/elevators

Spot-type smoke detectors in the area of the elevator.

Controlled smoking areas

Spot-type smoke detectors located immediately outside area;
heat detectors inside the controlled area.

Gift shops

Spot-type smoke detectors.

4-1.4 Alarm Signaling Requirements.
Refer to the chapters covering public assembly occupancies in NFPA 101, Life Safety Code.
Audible signals are not recommended in the main assembly area. Notification of those
responsible for making announcements is the preferred method of notification. All other areas
should have audible and visible alarm signals.
4-1.5 Manual Fire Alarm (Pull) Station Requirements.
Normally, manual fire alarm stations are required at every exit and every level. However, due
to the fact that places of worship are classified as assembly occupancies, there are exceptions to
this rule. Consultation with the local fire chief or the deputy chief of fire prevention and use of
common sense usually determine the appropriate locations and the additional protection needed
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to avoid malicious false alarms.
4-1.6 Systems Interface.
Fire detection systems interface with other fire protection systems and should be coordinated
to ensure proper operation. The types of fire protection systems normally connected to a fire
detection system are sprinkler systems, halon systems, carbon dioxide systems, and dry and wet
chemical systems. Although these systems operate independently, the fire alarm system monitors
their status and indicates their activation to the occupants and to the fire department.
4-1.7 Equipment Location Guidelines.
The location of initiating devices (smoke detectors, heat detectors, etc.) and notification
appliances (bells, horns, speakers, etc.) is governed by NFPA 72, National Fire Alarm Code.
NFPA 101, Life Safety Code, governs where audible signals are to be used in places of public
assembly such as churches, synagogues, and temples.
4-1.7.1 Smoke detection systems can be activated unintentionally in places of worship in which
congregations use incense or candles. To prevent false alarms, the location of smoke detectors
and their sensitivity should be carefully analyzed by designers and installers prior to installation.
4-1.8
It is recommended that all fire alarm control equipment and electronic devices (smoke
detectors, etc.) be located in an environment where the minimum ambient temperature is 40°F
(4.4°C) and the maximum is 100°F (37.8°C).
4-2 Automatic Fire Extinguishing Systems.
4-2.1 General.
Automatic fixed extinguishing systems are the most effective means of controlling fires in
buildings. Their use in places of worship is recommended. They should be installed carefully to
avoid damage to architectural and historic features and spaces.
4-2.1.1 Sprinklers. Automatic sprinklers have proven their value in reduction of fire losses; their
value should not be overlooked for places of worship.
4-2.1.2 Without some type of automatic extinguishing system, a fire increases in intensity until
the fire department arrives. At that time, the fire department is forced to extinguish a much larger
fire than would exist if an automatic extinguishing system had activated, and the damage caused
in extinguishing the fire at this stage is proportionally greater.
4-2.1.3 Example: Fire department using one or more hose lines inside a building, delivering
water at a rate of 250 gpm (946 L/min) per hose line.
vs
An automatic sprinkler system that discharges water at 15 gpm to 25 gpm (57 L/min to 95
L/min) per sprinkler that is activated by the fire.
or
An automatic extinguishing system that discharges a gaseous or chemical agent.
4-2.1.4 Automatic fire suppression systems that discharge water should be considered as the
primary means of protection for places of worship. A combination of systems might be necessary
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to serve different areas within the worship complex. It should be remembered that extinguishing
agents typically are discharged only in the immediate fire area. For example, the operation of
only one sprinkler might extinguish or control a fire until fire fighters and equipment arrive.
Often, such automatic extinguishment systems make the use of large hose lines unnecessary and,
thus, reduce the extent of water damage. Many places of worship have been protected with
automatic suppression systems without seriously detracting from their appearance. In most cases,
concealment of sprinklers and piping is possible.
4-2.1.5 In general, it is considered good engineering practice to utilize total flooding gaseous
systems in combination with automatic sprinkler systems, rather than as an alternative. (See the
NFPA Fire Protection Handbook, 17th edition, Section 2, Chapter 20. Also see comparative
design attributes listed in Appendix A.) The combination of a total flooding gaseous system with
an automatic sprinkler system provides a higher probability of confining fire growth to an area
less than that typically covered by one sprinkler head [100 ft2 (9.3 m2)]. The total flooding
gaseous system becomes a reliable substitute for manual suppression in the time between early
warning detection and sprinkler operation. Human response (i.e., occupant manual extinguishing
action) is the least reliable means of fire suppression, especially during periods when the
building is not occupied and most vulnerable.
4-2.1.6 The various types of automatic extinguishing systems are described in Appendix A.
4-2.2 Automatic Sprinkler Systems.
An automatic sprinkler system consists of a network of piping with sprinklers uniformly
spaced along the piping to provide protection to a specified area or building. Water is supplied to
the piping from a supply system such as a municipal or private water distribution system. Proper
operation is dependent upon an adequate and dependable water supply.
4-2.2.1 A standard automatic sprinkler system will provide:
(a) Detection of a fire at the point of origin
(b) The sounding of local alarm bell(s)
(c) The control or extinguishing of the fire.
The automatic sprinkler system can be equipped with a water flow indicator and supervisory
switches that transmit a signal to a central station, auxiliary station, remote station, or proprietary
fire alarm system to summon fire department assistance immediately when a fire occurs or when
tampering with the sprinkler system or control valves has taken place.
4-2.2.2 Where a fire occurs in an area protected by an automatic sprinkler system, heat activates
the sprinkler or sprinklers nearest the fire. Only the sprinklers heated to the predetermined
temperature by the fire will discharge water. Records show that in 70 percent of fires in
sprinklered buildings, the fire has been controlled or extinguished by four sprinklers or fewer. A
sprinkler with an “on-off” feature can greatly reduce the amount of water discharged in
controlling a fire. Buildings equipped with automatic sprinkler systems generally have lower
insurance premiums.
4-2.2.3 Different types of sprinkler systems can be designed for specific areas. These include
wet-pipe systems, dry-pipe systems, and preaction systems; all are discussed in Appendix A.
Systems vary in method of operation and in the presence of water in the piping system. In most
systems, only those sprinklers that are heated to the predetermined temperature will operate;
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sprinklers in other areas will remain closed. Typically, most fires are controlled by fewer than
five operating sprinklers.
4-2.2.4 Dry-pipe systems avoid the danger of water freezing in pipes in unheated areas and other
areas where building temperatures may fall below 40°F (4.4°C).
4-2.2.5 Due to the variety of occupancies and changing uses of places of worship and their
associated facilities, further guidelines to supplement NFPA 13, Standard for the Installation of
Sprinklers Systems, are needed to ensure that sprinkler systems are adequately designed to
protect these mixed-used occupancies. Sprinkler design criteria that should be used for the
various areas appear below.
(a) Chapel/sanctuary/temple-Light hazard
(b) Meeting rooms (except stages) Light hazard
(c) Kitchens—Ordinary hazard (Group 1)
(d) Storage rooms—Ordinary hazard (Group 2)
(e) Unused attics/lofts/concealed spaces—Light hazard
(f) Schools/day-care centers—Light hazard
(g) Gift shops—Ordinary hazard (Group 1)
(h) Special exhibit areas—Ordinary hazard (Group 2)
(i) Libraries—Ordinary hazard (Group 2).
4-2.2.6 Where it is determined that it is desirable to provide an opportunity for building
occupants to employ manual fire suppression before the automatic sprinklers operate, for
example, in an area containing valuable documents, a separate early warning fire detection
system should be considered. The system should utilize detection devices providing the fastest
response with respect to the type of fire expected from combustibles in the occupancy.
4-2.2.7 Installation of an operating and well-maintained detection and alarm system connected to
a central station or fire department, while not a substitute for a fire sprinkler system, permits
buildings to be evacuated more quickly and reduces the amount of damage from fire if the fire is
detected and contained at an early stage.
4-2.2.8 The potential for water damage from automatic sprinklers is often misunderstood. Some
water damage occurs when sprinklers operate to control a fire. However, this damage is usually
small compared to the amount of damage the fire would have caused if the sprinkler system had
not controlled or extinguished it. Reports of water damage in sprinklered buildings are often
exaggerated in comparison to the small amount of damage resulting from fires successfully
controlled by sprinklers.
4-2.3 Halon 1301 Total Flooding Systems.
Halon 1301 is a colorless, odorless, electrically nonconductive gaseous agent that leaves no
residue and requires no agent cleanup after discharge.
4-2.3.1 Halon 1301 is included in the Montreal Protocol on Substances that Deplete the Ozone
Layer, signed September 16, 1987. New extinguishing agents that will replace halons are under
development.
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4-2.3.2 Halon 1301 extinguishing systems can be designed to protect large or small rooms or
enclosures, or entire buildings in some special applications. They are used often to protect
hazards with high-value contents that are particularly susceptible to water damage.
4-2.3.3 Halon 1301 works by interfering with the combustion process, not by diluting or
displacing oxygen. Consequently, the usual 5 to 7 percent concentration of Halon 1301 will
extinguish most fires. Although Halon 1301 vapor has a low toxicity, the decomposition
products it generates during a fire can be hazardous. Therefore, the fire area should be promptly
evacuated. The safety precautions described in NFPA 12A, Standard on Halon 1301 Fire
Extinguishing Systems, should be followed.
4-2.3.4 A Halon 1301 system consists of a supply of the extinguishant in one or more containers
and nozzles strategically spaced throughout the protected enclosure. The containers should be
centrally located and connected to the nozzles by a piping network or placed at various locations
in or near the hazard, with each container connected directly to its nozzle or piped to one or more
nozzles. The type of nozzles selected, and their number and placement, should be such that their
force of discharge does not adversely affect the building or room contents.
4-2.3.5 Halon is discharged automatically by a fire detection system within the protected hazard;
manual release also is provided.
4-2.4 Carbon Dioxide Systems.
Carbon dioxide extinguishes a fire by lowering the oxygen level below the 15 percent required
for flame production. Personnel should be evacuated before agent discharge to avoid suffocation
and reduced visibility during and after the discharge. These systems should not be used in
occupied areas. (See NFPA 12, Standard on Carbon Dioxide Extinguishing Systems.)
4-2.5
Halon 1301 systems or carbon dioxide systems are appropriate in places of worship for totally
enclosed rooms where sacred or valuable materials that might be damaged by water, such as
relics, paintings, documents, or altar hangings, are stored.
4-2.5.1 Where these systems are installed, the safety hazard to personnel should be carefully
evaluated. Explicit warning information and instructions should be conspicuously posted.
Similar precautions may be required for other special extinguishing systems.
4-2.6 Wet Chemical and Dry Chemical Systems.
These systems are particularly suited for the protection of kitchen range hoods and their
associated cooking surfaces and exhaust ducts. Such cooking facilities can constitute a serious
hazard in places of worship, and their protection is recommended where cooking operations
produce grease-laden vapors, regardless of frequency of use. Both wet chemical and dry
chemical systems interfere with the combustion process and react with cooking oils and fats to
form a fire suppressing foam on the oil or fat surface. In addition, the water content of wet
chemicals has a cooling effect. (See NFPA 17, Standard for Dry Chemical Extinguishing
Systems, and NFPA 17A, Standard for Wet Chemical Extinguishing Systems.) Other types of
systems are discussed in Appendix A. These systems are not recommended for complete area or
building protection.
4-2.7 Portable Fire Extinguishers.
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There are many types and sizes of hand-operated extinguishers; each is designed for use in
fighting one or more of the several classes of fire that may occur. Care should be taken to select
the type most suited for each individual condition. All clerics and staff should be trained in the
proper use of portable extinguishers. Congregants should neither be relied upon nor encouraged
to use extinguishers due to the possibility of misuse, injury, or delayed alarm. Congregation
evacuation and sending the alarm should always take precedence over the use of portable fire
extinguishers. (See NFPA 10, Standard for Portable Fire Extinguishers.)
4-2.8 Standpipes and Hoses.
Where standpipes and hose lines are required or installed to provide reliable and effective fire
streams, they should be installed in accordance with NFPA 14, Standard for the Installation of
Standpipe and Hose Systems. Skill in the use of hose streams is essential; damage or personal
injury can be caused through their use by untrained persons.
4-2.9 Notification.
It should be emphasized that the use of fire extinguishers and standpipe hoses should not be
allowed to delay the transmission of alarms.
Chapter 5 Leadership Responsibilities
5-1 What One Can Do as a Local Leader.
The protection of a place of worship is very important to everyone who attends worship
services. Members of a parish council, a building committee, a board of deacons or trustees, and
concerned members of the congregation are all responsible for fire safety in their place of
worship. The installation of fire protection systems can meet with resistance, especially if funds
for the purpose are limited. However, to ensure fire protection, needed systems should be
installed someday. A current lack of funds is a good argument for developing a comprehensive
fire protection plan as soon as possible and for installing the needed systems in phases, as funds
become available.
5-1.1
Before any discussion regarding fire protection is begun, the local fire authority should be
consulted. The authority may know of or have access to quality fire protection engineers and
certified installers. It is not recommended that the fire department or non-NICET (National
Institute for Certification in Engineering Technologies) certified alarm installers design the
actual system. However, fire authority input into the overall plan is helpful. Fire protection
installation with minimum “stopgap” measures should not be begun until the future overall plan
is in place. Ensure that the fire detection control equipment that is installed can be expanded.
5-1.2
The 1970s saw an increasing application of a “systems” approach to fire safety for many types
of buildings and occupancies. This systems approach is called “fire risk analysis” and suggests
simultaneous consideration of all fire prevention and protection features, with special attention to
their interaction. Traditionally, fire safety factors have been considered separately, e.g.,
construction, contents, protection devices, occupants, and cost. This often resulted in redundant
protection and unnecessary expense while large fire losses continued to occur. While it is a rare
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instance for the average place of worship to have redundant fire protection, the systems approach
does appear to be an appropriate application. To ensure their undamaged longevity, these places
of worship warrant the latest technical advances the fire protection community can offer. It is
essential to have the advice of a qualified fire protection engineer in planning new construction,
alterations, and upgrade of protection. (See Appendix B.)
5-1.3
Local leadership should look first to its congregation for any special expertise in the areas of
electrical installation, fire protection, or insurance. Leadership is cautioned, however, to avoid
utilizing the inexperienced person in place of a fire protection engineer or NICET-certified
technician.
5-1.4
It is very important for the leadership group to develop mutually acceptable fire protection
goals and to understand the systems that should be installed to meet those goals.
5-1.5
A rational approach to fire safety has two major components.
(a) A statement of the outcome, goal, or objective
(b) A logical structure that describes the scope of responsibility of the individual or committee
in charge in implementing decisions that affect fire safety.
5-1.6
The systems approach suggests that realistic fire safety objectives be determined for each
hazard. Then, various alternatives can be examined by means of a structured analysis to see
which best meets the stated objectives. One way to develop a systems perspective to achieve fire
safety objectives is to use NFPA 550, Guide to the Firesafety Concepts Tree.
5-1.7
Each hazard is unique and should be considered only on the basis of its individual
characteristics and problems. A systematic approach enables those in charge to better understand
and control fire safety and its cost.
5-2 Setting Responsibility.
The care, maintenance, and safety of the place of worship property is the responsibility of the
local trustees. The trustees should establish an ongoing safety committee. They should select
committee members with special expertise, such as police or fire fighters, to regularly inspect
security measures and fire hazards. Others, equally qualified, should be selected to inspect
building structures, electrical systems, and heating units. The safety committee should consult
with local police and fire officials for professional advice.
The local police should have the telephone numbers of the appointed security manager and
administrators. The committee should also be responsible for making certain that all activities
are properly supervised, both on and off premises. Other staff members or volunteers from the
congregation should provide assistance when necessary.
Members of the congregation and concerned neighborhood citizens should be encouraged to
be watchful during off hours and report any suspicious activity. The building should be locked
when it is not in use. This is an absolute necessity. Doors and windows should be secured with
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locking devices. Control over the distribution of keys should be maintained. No one should be
allowed in the building without proper supervision. If possible, areas adjacent to the building,
including courtyards and cemeteries, should be locked.
5-3 What Is Being Done.
5-3.1
Many organizations are working to help reduce the tragic losses that have been occurring in
places of worship.
5-3.1.1 The NFPA Committee on Protection of Cultural Resources developed this document. It
is the Committee’s hope that the leaders, lay persons, congregation members, and all people who
build or use places of worship have a better understanding of the need to address the fire safety
factors pertinent to these occupancies.
5-3.1.2 The committee is planning a marketing program to alert all those concerned with places
of worship of the existence of this document. The committee hopes that users of this document
will develop fire protection plans, install detection and suppression systems, and otherwise
establish programs to reduce fire losses in the places of worship for which they are responsible.
However, despite the availability of modern sprinkler and other extinguishing systems and fire
detection and alarm systems, losses will not be reduced unless these systems are installed and
maintained, and a fire safety program is developed and used in each place of worship.
5-3.2 Local Fire Department Involvement.
Many times, persons who are responsible for obtaining fire protection systems for places of
worship overlook a key factor that will help achieve fire protection goals: the local fire
department. Consult with the fire department early and often, for there are many ways in which
the fire department can provide assistance. Major areas of assistance that may be offered include:
(a) Preplanning the fire attack to enable the “rescue” of valuable and irreplaceable artifacts
(b) Determining water availability and pressure, in order to determine the size of a fire that can
be contained and extinguished
(c) Developing fire protection goals
(d) Evaluating implementation plans
(e) Providing referrals to fire protection professionals to be used as consultants
(f) Testing the installed systems
(g) Providing referrals to places of worship involved in the same process for the purpose of
sharing experience and knowledge.
Chapter 6 Construction, Alteration, and Renovation
6-1 Introduction.
6-1.1
Construction, alteration, and renovation of a building increase fire hazards while reducing
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available protection against fire. Such operations often generate large quantities of combustible
debris and large stockpiles of combustible building materials. In addition, cutting and welding
associated with such operations introduce significant ignition potentials that otherwise would not
be present. Finally, during such operations, fire protection can be reduced when, for example,
sprinkler systems are shut down or openings in walls or ceilings are left unprotected. The threat
of arson also is higher during work on a building, because site access might be less controlled
and combustible materials might be readily available.
6-1.2
Fires during construction, alteration, or renovation can be eliminated or controlled through
planning and implementation of fire prevention measures, fire protection systems, rapid
communications, and on-site security.
6-1.3
A fire safety program should be included in all construction, alteration, or renovation
contracts. The right of the owner to administer and enforce this program should be established,
even though the building may be entirely under the jurisdiction of the contractor. An overall
construction fire safety program should emphasize:
(a) Good housekeeping
(b) On-site security
(c) Restoration and installation of fire protection systems as work progresses
(d) Organization and training of an on-site fire brigade
(e) Rapid communication
(f) Consideration of special construction hazards discussed in Section 6-2.
6-1.4
This chapter summarizes measures for preventing and minimizing fire damage during
construction, alteration, and renovation operations. NFPA 241, Standard for Safeguarding
Construction, Alteration, and Demolition Operations, should be consulted for more specific
information. Local fire officials and other fire protection authorities can be consulted for
additional guidance. The unique and potentially dangerous situations that can confront fire
fighters during such operations require the building operator to ensure that the fire department
receives complete information about the site, the nature and schedule of the work, temporary
protective measures that are in effect, and special hazards that might be present. It is essential
that good communication with the fire department be maintained for the duration of the project.
6-2 Construction Hazards.
6-2.1 Temporary Structures, Enclosures, and Equipment.
Temporary offices, trailers, sheds, and other facilities should be noncombustible or otherwise
fire-safe. Only flame resistant materials should be used for temporary enclosures. Proper
precautions should be taken with internal combustion engine-powered equipment. Combustible
forms, lumber, and other materials should be kept to a minimum in and around the building.
Structures, equipment, and materials should not impede egress of occupants or workers from the
building or hinder access by fire apparatus to the building and hydrants.
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6-2.2 Cutting and Welding.
Cutting, welding, brazing, soldering, grinding, thermal spraying, pipe thawing, applying
roofing with a torch, or doing any other similar hot work should require a local permit. Such a
permit should not be issued until it has been determined that such work is to be carried out
safely. All gas-operated cutting and welding equipment and operations should be according to
applicable NFPA standards. These operations should be provided with first-aid extinguishing
equipment and a designated fire watch.
6-2.3 Temporary Heating Equipment.
Temporary heating equipment should be listed and installed, used, and maintained according
to the manufacturer’s instructions and applicable NFPA standards.
6-2.4 Smoking.
Smoking should be prohibited near hazardous operations or combustible materials. Signs that
read “NO SMOKING” should be posted in these areas. Smoking should be permitted only in
designated areas where safe receptacles for smoking materials are provided.
6-2.5 Housekeeping.
Accumulations of combustible waste material and debris should be removed from the building
and its immediate vicinity after each work shift or more frequently, as necessary for safe
operation. Rubbish should not be burned on the premises without a permit from the authority
having jurisdiction. Good housekeeping should be maintained and access always kept clear.
6-2.6 Flammable Liquids.
Use and storage of flammable liquids should be carefully controlled and monitored. Potential
sources of ignition should be identified and safeguarded wherever such liquids are in use.
Ventilation should be provided for operations involving the application or use of materials
containing flammable liquids. Storage of flammable liquids should be according to NFPA 30,
Flammable and Combustible Liquids Code.
6-2.7 Electric Utilities.
Electrical wiring and equipment for light, heat, or power purposes should be according to
pertinent provisions of NFPA 70, National Electrical Code®. Temporary lighting bulbs and
fixtures should be protected from contact with combustibles. Temporary wiring should be
removed immediately upon completion of construction or purpose for which the wiring was
installed.
6-2.8 Roofing Operations.
All roofing operations involving heat sources and hot processes should be conducted by a
qualified contractor.
6-2.9 Other Hazardous Operations.
Operations that might introduce fire hazards should be reviewed to minimize or eliminate
them. Open-flame paint stripping should be prohibited. Disposal of dust from floor sanders and
other operations should be in a closed metal container outside the building and should be
performed at the close of the workday.
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6-3 Fire Protection.
6-3.1 Owner’s Responsibility.
The owner should designate a fire safety program manager to be responsible for the fire safety
program and to ensure that it is carried out through completion of the project. The manager also
should be responsible for prefire planning with appropriate fire agencies.
6-3.2 Site Security.
All access to the building should be secured when not in use. Security fences and guard
services are desirable and should be required by the authority having jurisdiction.
6-3.3 Fire Alarm Reporting.
If no public fire alarm box is located near the premises, telephone service to the responding
fire department or equivalent alarm monitoring facilities should be available. The staff should be
instructed to notify the fire department immediately in case of fire. The local fire department
number should be conspicuously posted near each telephone.
6-3.4 Access for Fire Fighting.
Prefire planning should designate a suitable location for a command post. This location should
be furnished with building plans, emergency information, keys, communications, and other
appropriate equipment.
Access for use of heavy fire fighting equipment should be provided to the immediate job site at
the start of the project and maintained until completion.
In buildings over one story in height, at least one stairway in useable condition always should
be provided.
Free access from the street to fire hydrants and to outside connections for standpipes,
sprinklers, or other fire extinguishing equipment, whether permanent or temporary, should be
provided and maintained at all times. Protective pedestrian walkways, other construction, and
material storage should not interfere with access to hydrants, fire department connections, or fire
extinguishing systems.
Free access to permanent, temporary, or portable fire extinguishers and other first-response fire
equipment always should be maintained.
6-3.5 Water Supply.
Water supply for fire protection, either temporary or permanent, should be available wherever
combustible material is present. Where underground water mains and hydrants are to be
provided, they should be installed, completed, and in service prior to the beginning of
construction work.
6-3.6 Sprinkler Protection.
If automatic sprinkler protection is to be provided, the installation should be placed in service
as soon as possible. In existing buildings with sprinkler protection, the system should be kept in
service as long as possible during alterations or renovations.
The building should not be occupied, nor should furnishings and other contents be moved into
the building, until the sprinkler system has been completed and tested or restored to service to
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the extent that the protection is not susceptible to frequent impairment attributable to testing and
corrections. This is essential where sprinklers are required for safety to life.
Operation of sprinkler control valves should be permitted only by properly authorized
personnel and must be accompanied by notification of duly designated parties. When the
sprinkler protection is being turned off and on regularly for connection of newly completed
segments, the sprinkler control valves should be checked after each work period to ensure that
protection is in service.
6-3.7 Automatic Fire Detection and Alarm Systems.
Care should be taken to protect all existing automatic alarm and detection systems while the
building is under renovation or alteration. Smoke detectors should be covered to prevent
contamination during the construction, alteration, or renovation of the building. The smoke
detectors should remain covered until all trades have completed their work. If an existing
automatic detection and alarm system has been altered, the entire system should be tested prior
to occupancy.
6-3.8 Fire Extinguishers.
Suitability, distribution, and maintenance of extinguishers should be in accordance with NFPA
10, Standard for Portable Fire Extinguishers. At least one approved fire extinguisher should be
provided in plain sight on each floor at each usable stairway. Additional extinguishers might be
required.
6-3.9 Fire Barriers.
Fire walls and exit stairways should be given priority for installation. Approved fire doors with
approved hardware and closing devices should be installed as soon as practical and preferably
before combustible material is introduced. After installation, fire doors should not be obstructed
from closing.
6-3.10 New Construction.
Building and safety codes, properly administered and enforced, limit the extent to which
combustible materials can be used in the construction of a new building.
A fire sprinkler system installed throughout the premises not only can help safeguard life and
property from fire, but also can provide favorable construction options in area, height, ceiling
clearance, travel distance to exits, and flame spread of interior finish.
Security devices help to foil thieves, vandals, and arsonists when they sound an alarm and send
a signal to a remote monitoring point. Heating equipment and electrical systems are least likely
to start fires when they have been properly installed and are properly maintained. The likelihood
of lightning-originated fire can be reduced by the installation and maintenance of a certified
lightning protection system. Proper installation of cooking equipment with an automatic
suppression system reduces the dangers of a kitchen fire. Standards and codes applicable to
built-in fire prevention features have been developed by NFPA and are incorporated by reference
in most building and safety codes.
Chapter 7 Maintenance of Fire Protection Systems
7-1 Periodic Maintenance and Testing.
Copyright 1996 NFPA

Earlier chapters have described the need for installing fire protection systems in places of
worship and the types of systems available. Many places of worship are installing such systems.
However, one aspect of fire protection that is often misunderstood is the importance of including
periodic maintenance and testing of fire protection systems in the overall fire protection plan.
7-1.1
Once a fire protection system has been installed, it is extremely important to first conduct a
thorough acceptance test followed by regular periodic tests on all parts of the system.
7-1.2
Failure to properly service sprinklers and standpipes can result in them freezing, causing
extensive water damage. Inadvertent shutting off of the water supply, either in the building or
outside in the street, prevents proper operation and extinguishment in the event of fire. Similarly,
fire detection systems need their detectors, alarm signals, wires, controls, and both the primary
and secondary (standby) power supply checked for proper operation, or they might not perform
properly when needed.
7-1.3
A periodic test of each device in the system is essential, because testing is the only way to
determine that the device has not failed. This testing should be performed either by qualified fire
alarm maintenance personnel or by qualified building maintenance personnel.
7-1.4
The following is a sample fire alarm test and maintenance schedule.
(a) All functions of the fire alarm systems should be tested during the acceptance test and as
described in Chapter 7 of NFPA 72, National Fire Alarm Code.
(b) Smoke detectors should be cleaned annually unless environmental conditions warrant more
frequent cleaning. It is preferable to use a high-power vacuum cleaner with a brush attachment to
perform this operation.
(c) Where required by the authority having jurisdiction, the sensitivity of all smoke detectors
should be checked in accordance with Chapter 7 of NFPA 72, National Fire Alarm Code.
NOTE: Detector sensitivity should not be tested or measured using any device that administers an unmeasured
concentration of smoke or other aerosol into the detector.

(d) The secondary power (standby) system should be tested under load, and battery
connections should be cleaned annually.
(e) A maintenance and test log should be kept, with one copy stored inside the fire alarm
control panel.
7-1.5
The recent trend by fire service officials to establish minimum testing and maintenance
requirements in order to reduce needless alarms will help these systems perform as designed
should the need arise. However, in jurisdictions where there are few or no requirements for
maintenance, the installing contractor should be consulted for maintenance and testing
recommendations in accordance with the requirements of the appropriate NFPA standards.
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7-2 Testing and Maintenance Requirements.
The NFPA publishes several standards and guidelines for the testing and maintenance of
various fire protection systems, including:
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems
NFPA 13, Standard for the Installation of Sprinkler Systems
NFPA 13A, Recommended Practice for the Inspection, Testing, and Maintenance of Sprinkler
Systems
NFPA 14A, Recommended Practice for the Inspection, Testing, and Maintenance of Standpipe
and Hose Systems
NFPA 17, Standard for Dry Chemical Extinguishing Systems
NFPA 17A, Standard for Wet Chemical Extinguishing Systems
NFPA 20, Standard for the Installation of Centrifugal Fire Pumps
NFPA 25, Standard for the Inspection, Testing, and Maintenance of Water-Based Fire
Protection Systems
NFPA 72, National Fire Alarm Code
NFPA 1221, Standard for the Installation, Maintenance, and Use of Public Fire Service
Communication Systems.
7-3 Special Requirements
Where a place of worship incorporates other types of uses into its buildings, such as
classrooms and facilities for cooking, eating, or sleeping (as described in Chapter 8), various fire
protection and detection systems might have to be installed or upgraded to comply with zoning,
building, or life safety codes. Once installed, many of these systems have mandatory service and
testing requirements that must be met.
Chapter 8 Mixed-Use Occupancies
8-1 General.
Although protection of the place of worship itself is the major emphasis of this recommended
practice, attention should also be directed to other areas associated with places of worship. While
the place of worship might be adequately protected, the same level of protection might not be
adequate for areas with other hazards and occupancies, such as kitchens, storage areas,
auditoriums and gymnasiums, museums, and libraries.
8-2 Kitchens.
Many places of worship have associated kitchen and cooking facilities whose inherent fire
hazards present a serious threat. Cleanliness is essential for all kitchen areas. The installation of
grease ducts and range hoods should allow for proper maintenance and easy cleaning in
accordance with NFPA 96, Standard for the Installation of Equipment for the Removal of Smoke
and Grease-Laden Vapors from Commercial Cooking Equipment. Grease accumulations on
range hoods, stoves, ducts, and filters should be removed on a frequent basis, using
nonflammable cleaners. An approved, automatic fire extinguishing system, such as a dry or wet
chemical system, should be installed over the cooking surfaces wherever cooking operations are
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regularly performed. Additionally, consideration should be given to providing automatic
sprinkler protection throughout the kitchen area. These systems should be connected to and
supervised by the automatic detection and alarm system.
8-3 Storage Areas.
Storage areas often present a serious fire hazard and are best protected with automatic
sprinklers. Good housekeeping practices are essential and should receive regular attention.
Concealed spaces in the attic, basement, and beneath stairs should be kept free from
accumulations of combustible materials. All flammable liquids, such as paints, varnishes,
cleaning solvents, and floor polishes, should be stored inside an approved flammable liquids
storage cabinet, and quantities of these materials stored inside the building should be kept to a
minimum. Approved, self-closing trash cans should be used to house oily rags. Trash disposal
should be performed regularly, and quantities of combustibles stored should be kept to a
minimum.
8-4 Schools.
Places of worship often contain preschool or nursery school facilities. These occupancies
require additional protection as described in NFPA 101, Life Safety Code. The local authority
having jurisdiction must be consulted prior to the place of worship starting a school in its
building.
8-5 Homeless Shelters.
Places of worship may contain sleeping rooms for the homeless. This occupancy requires
additional protection as described in NFPA 101, Life Safety Code. The local authority having
jurisdiction must be consulted prior to the addition of a sleeping room occupancy to a place of
worship.
8-6 Auditoriums and Gymnasiums.
Auditoriums should comply with all local laws or rules relating to capacity, aisle spacing,
seating arrangements, and exit facilities. The need for flame-retardant treatment and the possible
need for a flame-retardant curtain should be given careful consideration. Similarly, special
precautions should be taken to minimize the risk associated with combustible stage props,
temporary lighting, and other special hazards introduced in conjunction with plays, festivals,
tournaments, and similar productions.
8-7 Museums and Artifacts.
Occasionally, museums and similar artifact display areas are provided in conjunction with a
place of worship property. For guidance in protecting valuable collections, which also often have
historical significance, NFPA 911, Recommended Practice for the Protection of Museums and
Museum Collections, should be consulted.
8-8 Libraries.
Many religious institutions house important specialized libraries containing religious works,
archives, and even genealogical information, often of historic significance and sentimental value.
Such libraries often include historic documents such as records of births, deaths, and marriages,
and other historically significant items in their collections. These libraries and areas similarly
occupied should be protected following the practices recommended in NFPA 910, Recommended
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Practice for the Protection of Libraries and Library Collections.
Chapter 9 Fire Safety and Fire Protection Systems
9-1 Life Safety.
Control of the conditions that threaten the lives of individuals in building fires is the purpose
of the various standards, regulations, and codes concerned with life safety.
9-1.1
Concern for the safety of building occupants is even greater than concern for the safety of the
property of religious organizations.
9-1.2
While the records of fire occurrences in places of worship indicate a remarkably small
incidence of related fatalities, the possibility of catastrophic loss of life exists. The probability of
fire occurring during a period when people are assembled for worship or other purposes
increases when their activities involve ignition sources (e.g., candles, censers, and torches),
additional fuel in the form of decorations, and furnishings (e.g., draperies, table cloths, or
Christmas trees).
9-1.3
Attendance at special events can fill the place of worship to overflowing; a fire emergency
during such an occasion can result in panic, injury, and death. The potential for panic and loss of
life depends on the extent to which overcrowding has been permitted to obstruct the means of
egress.
9-1.4
Places of worship are essentially places of public assembly that often are used for other
activities such as senior citizen centers, preschool or day-care centers for children, and childrens’
clubs and organizations (e.g., Boy Scouts, Girl Scouts, and local civic groups). Such
mixed-occupancy situations can be more hazardous than any of the occupancies would be
individually; therefore, more than one fire code or standard will apply.
9-2 Occupancy.
9-2.1 Overcrowding.
Frequently overlooked is the potential for a catastrophic loss of life from fire or panic arising
from an incident that might be insignificant in an unoccupied building. Attendance at services
can vary widely, ranging from light to overcrowded. Although occasions for capacity occupancy
are predictable, special precautions to minimize attendant hazards are taken far too infrequently.
Other perils to life safety can arise when the place of worship is the site of a fund-raising event,
such as a dance, a supper, a casino or bingo night, or a charity bazaar. Such events can result in
overcrowded rooms, exceeding the capacity of means of egress.
9-3 Means of Egress.
Evacuation of occupants is the primary approach to life safety from fire. NFPA 101, Life
Safety Code, and model building codes detail specific requirements for ensuring adequate means
of egress.NFPA 101 defines an exit as a space separated from other spaces of the building that
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provides a protected way of travel to a safe area. Emergency egress problems in existing
buildings generally arise with respect to number of exits, exit capacities, arrangement of exits, or
construction details. Elevators provide access to places in the building from which persons who
cannot use stairs might not be able to evacuate during a fire emergency. These individuals will
need a place of refuge to await rescue by the fire service.
9-3.1 Number of Exits.
Codes specify the number of exits required for each floor as well as for the entire building.
Requirements for a minimum number of exits are established in order to increase the reliability
of the egress system. The intent of the codes is that for any single fire situation that prohibits
travel to one exit, there will be an alternative exit available. A minimum of two means of egress
is a fundamental life safety principle, and codes allow very few exceptions to this rule.
Additional exits might be required because of arrangement or capacity of exits.
9-3.2 Exit Capacities.
Codes regulate the capacity of exits by relating the required width of various exit elements to
the number of occupants the exits serve, and by establishing minimum widths for each of the exit
elements. It is the intent of the codes to provide an exit capacity large enough to move the total
number of occupants into the safety of the exits before access to the exits becomes difficult.
9-3.3 Arrangement of Exits.
In addition to the number and capacity of exits, the codes generally require that exits be
located in order to facilitate their use in a fire emergency. Requirements address remoteness,
travel distance, direct exit to the building exterior, and dead ends.
9-3.3.1 Remoteness. Codes generally require that exits be as remote from each other as practical
and be arranged to allow direct access in separate directions. The intent of providing exit
remoteness is to minimize dangers that result when access to all exits is blocked by a single fire.
The term “remote” is subjective and frequently a matter of interpretation.
9-3.3.2 Travel Distance. Requirements governing travel distance to an exit are intended to
establish a maximum interval of time for an occupant to reach an exit. Travel distances are
measured by mapping the path of travel to an exit. Where combined with requirements for
minimum number of exits and exit remoteness, the limitations on travel distance ensure that even
if one exit is blocked by a fire, an occupant would still be able to reach another exit or a location
of refuge before the fire had spread in a manner that would prevent escape. The actual time for
escape implied by maximum travel distance limitations is not explicitly stated in the codes.
9-3.3.3 Dead-End Travel. Dead-end corridors of any length are undesirable features in
buildings for two reasons. First, people who use a dead-end corridor to get to an exit could be
trapped by fire or smoke between them and the exit. Second, it is possible to mistakenly enter a
dead-end corridor rather than the exit and, under smoky or low light conditions, become
confused and trapped.
9-3.3.4 Construction Details. Fire and building codes typically contain many requirements for
the various exit components that comprise a building’s egress system. Subject areas typically
covered by the codes include means of separation from other spaces, allowable materials
(including interior finish, furnishings, and decorations), handrails, tread and riser design,
landings, platforms, guards, door hardware, signs, lighting, alarms, and emergency lighting. The
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intent of these provisions is to ensure a quality design that promotes safe and easy passage or
refuge when required. Individual code requirements tend to be numerous and highly specific.
9-3.3.5 Means of egress from the building should be clearly identified by illuminated exit signs.
The signs should be clearly visible and should indicate the direction to the nearest means of
egress.
9-4 Influence of Fire Protection Systems.
Code requirements are also influenced by fire protection equipment, such as sprinkler systems,
fire detection systems, and smoke control systems, as indicated in 9-4.1 through 9-4.3.
9-4.1 Automatic Sprinkler System.
Where a complete automatic sprinkler system is provided throughout the building, NFPA 101,
Life Safety Code, permits increased travel distance to exits and the use of interior finishes of
greater combustibility than otherwise would be allowed. Installation of an automatic sprinkler
system is a particularly valuable option in dealing with travel distance problems in existing
buildings. Automatic sprinklers are considered a primary requirement for life safety in
windowless buildings, buildings with inoperable windows, and underground structures. For
example, NFPA 101, Life Safety Code, provides that no room or space in which the floor level is
below that of the outside exit doors shall be occupied by more than 50 persons unless the
building is equipped with an automatic sprinkler system.
9-4.2 Automatic Smoke Detection/Fire Alarm System.
While they do not affect structural code requirements to any great extent, automatic smoke
detection systems serve two valuable functions: (1) notifying building occupants of a fire so they
can evacuate promptly and, (2) when connected to a central station, calling the fire service while
the fire is still small. Management of the use of the means of egress is enhanced by including
voice/alarm communication capability in the automatic smoke detection/fire alarm system.
9-4.3 Smoke Control.
Protection of the means of egress from contamination by smoke during a fire emergency
should be a primary fire safety objective for a place of worship. An engineered smoke control
system (especially pressurization of the exit stairs and protected exit passageways) should be
considered as one means of achieving the fire safety objectives established for the place of
worship. Depending on building construction, interior finish, furnishings, and other contents, a
substantial level of smoke contamination can be sustained from even a relatively small,
well-controlled fire. A smoke control system generally should be considered a compliment to the
protection provided by automatic sprinklers or other fire suppression systems and the fire
barriers that define the fire zones. The smoke control system can keep smoke from spreading
beyond the original fire zone and can protect the exits from smoke infiltration so that they also
can be utilized as a place of refuge pending rescue by the fire service for those unable to use the
stairs. (See NFPA 92A, Recommended Practice for Smoke-Control Systems.)
Chapter 10 Emergency Action Planning
10-1 Emergency Management.
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10-1.1 Fire Emergency Preplanning.
It is impossible to predict how serious an emergency incident will become. It is imperative for
religious leaders to understand what is expected of them before the emergency occurs. In
preplanning for emergencies, a governing body for the place of worship should:
(a) Develop and maintain a practical, easy-to-follow, written plan. This plan should be
distributed to all members of the organization, and it should be updated periodically. Contact the
local fire service for assistance. In developing the plan, the following components should be
included as a minimum.
1. Someone should be assigned to take charge during a fire emergency. A line of succession
for essential areas of responsibility, such as calling the fire department immediately upon
discovery of fire, should be established. It should be remembered that the person assigned might
not be present at the time of the fire.
2. A modified plan for periods when the building is not in use (or minimally used) should be
developed, as there will be fewer occupants available to assist in emergency operations.
3. A current comprehensive phone list should be maintained in a safe location for each of
the following:
• All public safety agencies
• All key staff and lay leaders
• Major vendors and contractors (electricians, carpenters, plumbers, glaziers, board-up services,
cleanup services, hardware stores, etc.).
4. A current comprehensive list of emergency supplies and equipment that can be
reasonably expected to be accessible during an emergency should be maintained in a safe
location.
5. Simple and specific instructions for seldom-performed emergency tasks should be
developed. These individualized one-page instruction sheets should be incorporated into the
emergency plan. Examples might include:
• Utility shutoff location and instructions
• Emergency elevator procedures
• Fire annunciator panel operation
• Automatic sprinkler operation and shutoff.
(b) Maintain copies of important documents at a safe off-site location.
(c) Prepare and post floor plans that show primary and alternative evacuation routes and areas
of refuge. Establish a means of determining who is missing.
(d) Provide periodic training in the use, location, and maintenance of portable fire
extinguishers for staff, lay leaders, teachers, etc.
(e) Conduct scheduled, semiannual fire drills (preferably unannounced). Ensure that an
adequate number of trained lay leaders are available to provide direction and support in the
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evacuation of all occupants, with particular attention to assisting handicapped persons and small
children.
NOTE: There are special evacuation chairs available for moving physically impaired people down stairs and
along horizontal paths of egress.

(f) Post emergency telephone numbers on all telephones.
(g) Provide emergency power for all fire protection systems, emergency lighting, and all exit
signs.
(h) Request the local fire service to make periodic prefire plans and fire prevention inspections
of the building.
(i) Develop an attitude among staff, lay leaders, and membership that fire prevention is
everybody’s responsibility.
10-1.2 Action When Fire Occurs.
When a fire occurs, the following actions should be taken without delay.
(a) Sound the alarm and evacuate the building
(b) Call the fire service
(c) Activate the emergency organization
(d) Account for all persons
(e) Take whatever special action the emergency requires
(f) Make certain that someone directs the fire service to the correct location
(g) Cooperate with the fire service
(h) Institute cleanup action and restoration of building functions, with special attention to
liturgical artifacts, relics, and historic records.
(i) Ensure that building fire protection devices, such as sprinklers, portable fire extinguishers,
smoke detection systems, etc., are restored to service
(j) Assist with assessment of damage or loss
(k) Prepare a statement for news media
(l) Conduct a post-fire analysis with staff and lay leaders to praise good decisions and effective
action during the period of crisis and to learn from the mistakes made
(m) Update and improve the fire plan, based on what is learned each time it is executed.
Chapter 11 Summary
11-1
The concepts and recommendations in this document will assist those responsible for places of
worship to develop fire protection plans for these properties.
Long-range fire protection goals should be set by the leadership, who then must take a
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common sense approach to reaching those goals by a series of intermediate steps.
As stated previously, those responsible for a place of worship should develop an emergency
action plan for dealing with fire.
No building is immune from fire, but with proper precautions and careful planning, serious
loss from fire can be prevented.
Chapter 12 Referenced Publications
12-1
The following documents or portions thereof are referenced within this recommended practice
and should be considered part of the recommendations of this document. The edition indicated
for each reference is current as of the date of the NFPA issuance of this document.
12-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 10, Standard for Portable Fire Extinguishers, 1990 edition.
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, 1993 edition.
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems, 1992 edition.
NFPA 13, Standard for Installation of Sprinkler Systems, 1991 edition.
NFPA 13A, Recommended Practice for the Inspection, Testing, and Maintenance of Sprinkler
Systems, 1987 edition.
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1993 edition.
NFPA 14A, Recommended Practice for the Inspection, Testing, and Maintenance of Standpipe
and Hose Systems, 1989 edition.
NFPA 17, Standard for Dry Chemical Extinguishing Systems, 1990 edition.
NFPA 17A, Standard for Wet Chemical Extinguishing Systems, 1990 edition.
NFPA 20, Standard for the Installation of Centrifugal Fire Pumps, 1993 edition.
NFPA 25, Standard for the Inspection, Testing, and Maintenance of Water-Based Fire
Protection Systems, 1992 edition.
NFPA 30, Flammable and Combustible Liquids Code, 1993 edition.
NFPA 70, National Electrical Code, 1993 edition.
NFPA 72, National Fire Alarm Code, 1993 edition.
NFPA 80, Standard for Fire Doors and Fire Windows, 1992 edition.
NFPA 90A, Standard for the Installation of Air Conditioning and Ventilating Systems, 1993
edition.
NFPA 90B, Standard for the Installation of Warm Air Heating and Air Conditioning Systems,
1993 edition.
NFPA 92A, Recommended Practice for Smoke-Control Systems, 1993 edition.
NFPA 96, Standard for the Installation of Equipment for the Removal of Smoke and
Grease-Laden Vapors from Commercial Cooking Equipment, 1991 edition.
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NFPA 101, Life Safety Code, 1991 edition.
NFPA 241, Standard for Safeguarding Construction, Alteration, and Demolition Operations,
1993 edition.
NFPA 251, Standard Methods of Fire Tests of Building Construction and Materials, 1990
edition.
NFPA 550, Guide to the Firesafety Concepts Tree, 1986 edition.
NFPA 780, Lightning Protection Code, 1992 edition.
NFPA 910, Recommended Practice for the Protection of Libraries and Library Collections,
1991 edition.
NFPA 911, Recommended Practice for the Protection of Museums and Museum Collections,
1991 edition.
NFPA 1221, Standard for the Installation, Maintenance, and Use of Public Fire Service
Communication Systems, 1991 edition.
Fire Protection Handbook, 17th edition, 1991.
Appendix A
This Appendix is not a part of the recommendations of this NFPA document, but is included for
information purposes only.
A-1
Most fires that occur in places of worship can be expected to fall into one or more of these
categories:
Class A. Fires involving ordinary combustible materials such as paper, wood, textile fibers,
etc., where a cooling, blanketing, or wetting extinguishment agent is required.
Class B. Fires involving oils, greases, paints, and flammable liquids, where a smothering or
blanketing action is required for extinguishment.
Class C. Fires involving live electrical equipment where a nonconducting extinguishing agent
with a smothering action is required.
A-2 Glossary of Fire Protection Systems.
Tables A-2 and A-3 describe detection, alarm, and extinguishing systems that are appropriate
for use in places of worship. Included are comments about the intended or optimum applications
of each system and suggestions for their applications. Insofar as possible, nontechnical
terminology has been used so that the information presented will be readily understandable to
persons who have been delegated fire safety responsibility.
Table A-2 Glossary of Fire Detection and Alarm Systems
Classification of Fire Detection Systems by Method of Detection
Type

Description

Comments

1. Smoke detection systems. These systems use devices that respond to the smoke particles
These systems are intended for early warnin
produced by a fire. They operate on the ionization, photoelectric, or installation in ventilation ducts. See NFPA
cloud chamber principle of operation. Spot-type smoke detectors
Code.
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use either the ionization principle of operation or the photoelectric
principle. Line-type smoke detectors use the photoelectric principle.
Air sampling-type smoke detectors use either the ionization,
photoelectric, or cloud chamber principle. Properly installed, smoke
detectors can detect smoke particles in very early stages of fire in
the areas where they are located.
2. Heat detection systems.

These systems use heat-responsive devices of either the “spot” or
“line” type. They are mounted either on exposed ceiling surfaces or
a sidewall near the ceiling. Heat detectors are designed to respond
when the operating element reaches a predetermined temperature
(fixed temperature detector), when the temperature rises at a rate
exceeding a predetermined value (rate-of-rise detector), or when the
temperature of the air surrounding the device reaches a
predetermined level, regardless of the rate of temperature rise (rate
compensation detector). Some devices incorporate both fixed
temperature and rate-of-rise detection principles. Spot-type
detectors are usually small devices a few inches in diameter.
Line-type detectors are usually lengths of heat-sensitive cable or
small bore metal tubing.

These systems are relatively low cost. They
smoldering fires. Line-type detectors can be
inconspicuous manner by taking advantage
patterns. See NFPA 72, National Fire Alarm
temperature surrounding a fixed temperatur
operates usually is considerably higher than
because it takes time for the air to raise the
operating element to its set point. Rate com
compensate for thermal lag and respond mo
surrounding air reaches the set point.

3. Flame detection systems. These systems use devices that respond to the appearance of radiant
energy visible to the human eye (approximately 4000 to 7000
angstroms) or to radiant energy outside the range of human vision
[usually infrared (IR) or ultraviolet (UV) or both]. Flame detectors
are sensitive to glowing embers, coals, or actual flames, which
radiate to the detector’s energy of sufficient intensity and spectral
quality to initiate the detector.

Since flame detectors are essentially line-of
care should be taken in applying them to en
respond to the required area of fire in the zo
will not be unduly compromised by the per
presence of intervening structural members
or materials. See NFPA 72, National Fire A

Classification of Fire Detection and Alarm Systems by Method of Alarm Reporting
Type
1. Local protective
signaling system.

Description
An alarm system operating in the protected premises, responsive to
the operation of a manual fire alarm box, water flow in a sprinkler
system, or detection of a fire by a smoke-, heat-, or flame-detecting
system.

Comments

The main purpose of this system is to provi
the occupants of the building. Someone mu
transmit the alarm to fire authorities. See N
Alarm Code.

2. Auxiliary protective
signaling system.

An alarm system utilizing a standard municipal fire alarm box to
transmit a fire alarm from a protected property to municipal fire
headquarters. These alarms are received on the same municipal
equipment and are carried over the same transmission lines as are used
to connect fire alarm boxes located on streets. Operation is initiated by
the local fire detection and alarm system installed at the protected
property.

3. Central station
signaling system.

An alarm system connecting protected premises to a privately owned
This is a flexible system. It can handle many
central station whose function is to monitor the connecting lines
including trouble within systems at protected
constantly and record any indication of fire, supervisory, or other
72, National Fire Alarm Code.
trouble signals from the protected premises. When a signal is received,
the central station will take such action as is required, such as
informing the municipal fire department of a fire or notifying the
police department of intrusion.

4. Remote station
protective signaling
system.

An alarm system connecting protected premises over telephone lines to See NFPA 72, National Fire Alarm Code.
a remote station, such as a fire station or a police station. Includes
separate receiver for individual functions being monitored, such as fire
alarm signal or sprinkler water flow alarm.

5. Proprietary protective
signaling system.

An alarm system that serves contiguous or noncontiguous properties
This system requires 24-hour attendance at a
under one ownership from a central supervising station at the protected station. See NFPA 72, National Fire Alarm
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Some communities will accept this type of s
not. See NFPA 72, National Fire Alarm Cod
Standard for the Installation, Maintenance,
Fire Service Communication Systems.

property. Similar to a central station system, but owned by the
protected property.
6. Emergency voice/alarm This system is used to supplement any of the systems listed above by
communication system.
permitting voice communication throughout a building so that
instructions may be given to building occupants. During a fire
emergency, prerecorded messages may be played or fire department
personnel may transmit live messages or both.

See NFPA 72, National Fire Alarm Code.

Classification of Fire Detection and Alarm Systems by Type of Control
Type

Description

Comments

1. Conventional system.

This type of fire detection system utilizes copper wire to interconnect This is the most common type of fire alarm
all initiating devices and signaling appliances to the fire alarm control basic alarm, trouble, and supervisory signal
panel. The wiring must be installed in a “closed-loop” fashion for each used for small to medium-size systems.
zone circuit to ensure proper electrical supervision or monitoring of the
circuit conductors for integrity.

2. Microprocessor-based
system.

This system is identical to the conventional system, with the exception Most modern systems are microprocessor-ba
that the fire alarm control panel has more features available, such as
provide features desired by installers, owner
smoke detector alarm verification and system “walk test.” Some of
departments.
these systems “multiplex” information to their attached remote
annunciators over four conductors, rather than one conductor per zone.

3. Addressable multiplex
system.

This system utilizes initiating devices and control points, each assigned
a unique three- or four-digit number that is called the detector’s
“address.” The fire alarm control panel’s microprocessor is
programmed with this address number. All activity by or affecting the
device is monitored and recorded at the control panel.

This type of system provides more detailed
alarm, trouble, or supervisory conditions. Es
is zoned by device rather than by an entire f
equipment for addressable multiplex system
generally, installation costs are reduced subs
are more flexible, and maintenance is more

4. Addressable analog
multiplex system.

This type of system is identical to the addressable multiplex system,
with the exception that the smoke and heat detectors connected to the
microprocessor are analog devices. The analog devices sense the fire
signature and continuously send information to the control panel
microprocessor, which determines the sensitivity, alarm point, and
maintenance window of the analog device. Accordingly, this system is
also called “intelligent” or “smart.”

Analog systems provide the maximum flexib
that can be obtained from a fire alarm system
computer-based systems do require sophistic
expertise to maintain and service, so this sho
the design process.

5. Wireless system.

This system uses battery-powered initiating devices, which transmit the
alarm or trouble signal to a receiver/control panel. Each initiating
device can be individually identified by the control panel for
annunciation purposes.

The battery in each initiating device will las
one year, but must be replaced whenever the
transmits a battery depletion signal to the co
systems can be used where it is not possible
the electrical cable needed by hard-wired sy

Table A-3 Glossary of Fire Extinguishing Systems
Type
1. Wet-pipe automatic
sprinkler system.

Description
A permanently piped water system under pressure, using
heat-actuated sprinklers. When a fire occurs, the sprinklers exposed
to the high heat operate and discharge water individually to control or
extinguish the fire.
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Comments

This system automatically detects and controls
be installed in spaces subject to freezing. Migh
choice in spaces where the likelihood of mecha
sprinklers or piping is high, such as in low-ceil
could result in accidental discharge of water. W
potential for water damage to contents, such as
of art, records, and furnishings, the system may

with mechanically operated on-off or cycling h
minimize the amount of water discharged (see
instances, the operation of only one sprinkler w
until the arrival of fire fighters. Often the opera
sprinkler system will make the use of hose line
fighters unnecessary, thus reducing the amount
onto the fire and the subsequent amount of wat
NFPA 13, Standard for the Installation of Spri
and NFPA 22, Standard for Water Tanks for P
Protection.
2. Preaction automatic
sprinkler system.

A system employing automatic sprinklers attached to a piping system
containing air that might or might not be under pressure, with a
supplemental fire detection system installed in the same area as the
sprinklers. Actuation of the fire detection system by a fire opens a
valve that permits water to flow into the sprinkler system piping and
to be discharged from any sprinklers that are subsequently opened by
the heat from the fire.

This system automatically detects and controls
installed in areas subject to freezing. Minimize
discharge of water due to mechanical damage t
piping, and thus is useful in areas where it is pe
system leaks would pose a hazard for works of
records, and other materials susceptible to dam
destruction by water. However, such water dam
1.6 accidental discharges per year per 1,000,00
Failure of the actuation system would prevent
preaction sprinkler system, except by manual o
water supply valve, and thus presents a potenti
that reduces the reliability of this system comp
wet-pipe systems. Furthermore, the preaction s
significantly higher level of regular maintenan
additional potential failure modes that further r
reliability relative to wet-pipe systems. Most o
water-sensitive items can be salvaged from w
one has found a way to recover them from a
13, Standard for the Installation of Sprinkler S
NFPA 22, Standard for Water Tanks for Priva
Protection.

3. On-off automatic
sprinkler system.

A system similar to the preaction system, except that the fire detector
operation acts as an electrical interlock, causing the control valve to
open at a predetermined temperature and close when normal
temperature is restored. If the fire rekindles after its initial control,
the valve will reopen and water will again flow from the opened
heads. The valve will continue to open and close in accordance with
the temperature sensed by the fire detectors. Another type of on-off
system is a standard wet-pipe system with on-off sprinklers. Here,
each individual sprinkler is equipped with a temperature-sensitive
device that causes the sprinkler to open at a predetermined
temperature and close automatically when the temperature at the
sprinkler is restored to normal.

In addition to the favorable feature of the autom
system, these systems have the ability to autom
flow of water when no longer needed, thus elim
unnecessary water damage. See NFPA 13, Stan
Installation of Sprinkler Systems, and NFPA 22
Water Tanks for Private Fire Protection.

4. Dry-pipe automatic
sprinkler system.

A system employing automatic sprinklers attached to a piping system
containing air under pressure. When a sprinkler operates, the air
pressure is reduced, thus allowing the dry-pipe valve to open and allow
water to flow through any opened sprinklers.

(See No. 1.) This system can protect areas subj
Water supply must be in a heated area. See NF
Standard for the Installation of Sprinkler Syste
22, Standard for Water Tanks for Private Fire

5. Standpipe and hose
system.

A piping system in a building to which hoses are connected for
emergency use by building occupants or by the fire department.

This system is a desirable complement to an au
sprinkler system. Staff must be trained in order
effectively. See NFPA 14, Standard for the Ins
Standpipe and Hose Systems.

6. Halon automatic
system.

A permanently piped system using a limited, stored supply of a halon
gas under pressure and discharge nozzles to totally flood an enclosed
space. Released automatically by a suitable detection system.
Extinguishes fires by inhibiting the chemical reaction of fuel and
oxygen.

This system causes no agent damage to protect
manuscripts, records, paintings, or other irrepla
objects; also leaves no agent residue. Although
vapor has low toxicity, its decomposition produ
fire can be hazardous. Therefore, the fire area s
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evacuated promptly upon sounding of a fire ala
Halon discharge. Halon 1211 total flooding sys
prohibited in normally occupied areas, but Hal
in portable fire extinguishers. Halons might no
deep-seated fires in ordinary solid combustible
fabrics, etc., but they are effective on surface f
materials. These systems require special precau
damage caused by their extremely rapid releas
high-velocity discharge from nozzles might be
dislodge substantial objects directly in the path
have been taking place regarding the future ava
Halon because of its ozone-depleting character
extinguishing agents to replace the Halons are
development. See NFPA 12A, Standard on Ha
Extinguishing Systems, and NFPA 12B, Standa
1211 Fire Extinguishing Systems.
7. Carbon dioxide
automatic system.

Operates in the same way as halon systems (No. 6), except uses carbon This system is the same as the automatic system
dioxide gas. Extinguishes fires by reducing oxygen content of air
appropriate for service and utility areas. Person
below combustion support point.
evacuate before agent discharge to avoid suffo
not extinguish deep-seated fires in ordinary sol
such as paper, fabrics, etc., but effective on sur
these materials. See NFPA 12, Standard on Ca
Extinguishing Systems.

8. Dry chemical system.

A permanently piped system that discharges a dry chemical from fixed
nozzles by means of an expellant gas. The system either totally floods
an enclosed space or applies the dry chemical directly onto the fire in a
local application. The dry chemical extinguishes fires by the
interaction of the dry chemical particles to stop the chain reaction that
takes place in flame combustion. The dry chemical is released
mechanically or with a suitable detection system.

This system leaves a powdery deposit on all ex
in and around the hazard being protected; it req
This type of system provides excellent protecti
when installed in the ducts and hood over cook
such as deep fat fryers, range griddles, and bro
a source of ignition. May not extinguish deep-s
is effective on surface fires. See NFPA 17, Sta
Chemical Extinguishing Systems.

9. High-expansion foam
system.

A fixed extinguishing system that generates a foam agent for total
flooding of confined spaces and for volumetric displacement of
vapor, heat, and smoke. Acts on the fire by: a. Preventing free
movement of air. b. Reducing the oxygen concentration at the fire. c.
Cooling. Released automatically by a suitable detection system.

Where personnel might be exposed to a high-e
discharge, suitable safeguards should be provid
prompt evacuation of the area. The discharge o
amounts of high-expansion foam can inundate
blocking vision, making hearing difficult, and
discomfort in breathing. It also leaves residue a
cleanup. High- expansion foam, where used in
with water sprinklers, will provide more positiv
extinguishment than either extinguishment sys
independently, where properly designed. See N
Standard for Medium- and High-Expansion Fo

10. Wet chemical
extinguishing system.

Operates in the same way as Halon systems (No. 6), except uses
liquid agent usually released by automatic mechanical thermal
linkage. Effective for restaurant, commercial, and institutional hoods,
plenums, ducts, and associated cooking appliances.

This system leaves agent residue that is confin
protection area(s) and requires cleanup. Excell
facilities having range hoods and ducts. See NF
Standard for Wet Chemical Extinguishing Syst

Appendix B Resources
This Appendix is not a part of the recommendations of this NFPA document, but is included for
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information purposes only.
B-1
A fire protection consultant can be a valuable resource in evaluating the current status of fire
safety for a place of worship and in recommending creative solutions to improve fire safety and
achieve fire safety goals. In order to realize maximum benefit from engaging a fire protection
consultant, the consultant’s qualifications and the client’s needs should be properly matched. The
consultant should have qualifications equivalent to member grade in the Society of Fire
Protection Engineers.
One should evaluate the experience of the consultant, both as a company and as an individual
consultant team member, in providing fire protection consulting services to places of worship.
Other experience to be considered is past work for historic buildings, museums, or libraries.
One also should compare the consultant’s experience with the nature of the work to be
performed and the size of the project to be undertaken. As a final evaluation of experience, one
should consider whether the specific team proposed by the consultant has worked together and
the degree to which their past work includes team experiences.
After having collected information on the fire protection consultant’s qualifications, one
should contact references to determine how the consultant has actually performed on similar
projects.
CAUTION: The management of places of worship should be equally critical where selecting a contractor or
accepting a volunteer to do the fire protection work. Do-it-yourself projects by unqualified people or awarding
contracts to unqualified contractors can cause more fire safety problems than solutions. Further, violations of
local ordinances or poor workmanship can result in the expense of remedial work or can result in fire.

B-1.1 NFPA.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA publishes this and related documents on fire protection and answers inquiries on these
documents. The association also conducts educational seminars, studies, and literature searches
for a fee.
NFPA maintains a list of fire protection consultants.
B-1.2 SFPE.
Society of Fire Protection Engineers, One Liberty Square, Boston, MA 02109-4825.
SFPE is a professional society of fire protection engineers. The society meets annually, publish
technical information, conduct technical seminars, and support local chapters. Members are
located in all parts of the world. Names and addresses of members in a particular geographic area
can be obtained from society headquarters.
B-1.3 NICET.
National Institute for Certification in Engineering Technologies, 1420 King St., Alexandria,
VA 22314-2715.
NICET certifies technicians in the following areas of fire protection:
(a) Automatic sprinkler system layout,
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(b) Special hazards system layout (automatic and manual foam-water, halon, carbon dioxide,
and dry chemical systems), and
(c) Fire detection and alarm systems.
Those with NICET certification can also assist in the selection and use of fire protection
systems. NICET provides certification for four levels of competence in all three specified areas
of fire protection.
B-1.4 UL.
Underwriters Laboratories Inc., 333 Pfingsten Rd., Northbrook, IL 60062.
UL has a certification service through which alarm companies may become qualified to certify
that installed fire warning systems comply with NFPA standards and are properly tested and
maintained. A list of alarm service companies authorized to issue UL certificates is available. UL
also publishes safety standards and annual directories of labeled and listed products and fire
resistant assemblies.
Appendix C Emergency Action Plan Checklist
Yes

No

1. Has an emergency action plan been established with assigned responsibilities?

______

______

2. Has a clear-cut emergency organization been established, preferably following existing lines of
authority?

______

______

3. Are organization members designated by position and not just by name?

______

______

4. Do organization members know their own responsibilities, as well as who has decision-making
authority in any given situation?

______

______

5. Has a central command center location been established?

______

______

6. Are communications at the command center adequate?

______

______

7. Do emergency organization members know under what circumstances they are to report to the
command center?

______

______

8. Are emergency telephone numbers posted in the command center and throughout the building?

______

______

9. Do organization members know what medical resources are available and how to access them?

______

______

10. Are evacuation procedures established and familiar to all employees?

______

______

11. Have special procedures been established for evacuation of the handicapped?

______

______

12. Are fire-reporting procedures established and familiar to all employees?

______

______

13. Have fire fighting plans been developed that coordinate internal and external resources?

______

______

14. Have emergency shutdown procedures been developed?

______

______

15. Have plans been made for capture and control of elevators?

______

______

16. Have arrangements been made for emergency repair or restoration of service?

______

______

Copyright 1996 NFPA

17. Have drills and training been adequate to ensure a workable emergency plan?

______

______

18. Are floor plans showing location of all exits, fire-protection equipment, shutoff valves, etc.,
readily available for use by the fire service and other emergency personnel?

______

______

19. Has a positive method been established to notify the fire service?

______

______

20. Has responsibility been established to ensure a timely evacuation?

______

______

21. Does the emergency action plan call for the entire area to be inspected to make certain that total
evacuation was achieved?

______

______

22. If a fire is discovered, have plans been made to ensure that the fire alarm has been activated?

______

______

23. Have plans been made to direct occupants to a safe outside area?

______

______

24. Have plans been made to direct and assist the fire service upon its arrival?

______

______

25. Has a fire brigade been established to monitor a fire pending arrival of the fire service?

______

______

26. Has a plan been established to begin salvage operations as soon as dictated by safety personnel?

______

______

27. Has the salvage plan been reviewed with the fire service?

______

______

28. Has the entire emergency action plan been reviewed with the local fire service?

______

______

Appendix D Fire Safety Self-Inspection Form
This Appendix is not a part of the recommendations of this NFPA document, but is included for
information purposes only.
NFPA 912 provides guidance to those individuals or groups of individuals who are charged
with the construction, alteration, maintenance, and operation of buildings that are used as places
of assembly for religious services and related activities. The self-inspection form that follows
can help to implement some of the fire safety practices recommended in this document. This
form also can enable those same individuals or groups to evaluate the state of their preparedness
for a fire emergency and might reveal deficiencies that require remedial action.
The self-inspection form is intended for in-house use at regular intervals. However, such an
inspection should not take the place of two other vital safety measures: (1) a thorough, objective,
periodic inspection by municipal fire officials or fire safety specialists and (2) regularly
scheduled testing of installed fire detection and extinguishing systems by specialists skilled in
their maintenance.
Places of worship vary widely in character. Not all items listed below will be applicable. By
eliminating such inapplicable items, the form can be appropriately modified to meet the specific
needs of users.
These self-inspections should do more than disclose conditions of negligence that could be the
source of fire or that might result in greater damage and, possibly, loss of life in case of fire. The
primary purpose is to ensure the correction of these conditions. Therefore, it is imperative that all
questions answered “no” be considered as indicators of fire safety deficiencies. It is important
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for those who are responsible for fire safety in places of worship to initiate actions to correct
those deficiencies.
Building operators wishing to develop more detailed checklists, especially for periodic
inspection of fire protection systems, may wish to refer to Chapter 7 of NFPA 72, National Fire
Alarm Code.
Fire Safety Self-Inspection Form for Places of Worship General Conditions
1. Construction: fire resistive ______ noncombustible ______combustible ______
(See NFPA 220, Standard on Types of Building Construction.)
2. Size:
Floor area

________

Number of floors

________

Number of connecting buildings or wings

________

Number of entrances

________

Number of emergency exits

________

Number of exit width units available

________

Number of employees

________

Number of visitors per day

________
average

________

maximum

________

Number of exit width units required by NFPA 101, Life
Safety Code
3. Exposures:

Serious

Moderate

Light

None

North

________

________

________

________

East

________

________

________

________

South

________

________

________

________

West

________

________

________

________

(See NFPA 80A, Recommended Practice for Protection of Buildings from Exterior Fire Exposures.)
4. Water Supply:
Municipal system ________Reservoir/pond ________Storage tanks ________
Capacity ________
Size of water mains ________
Distance from hydrants ________
5. Fire Service:
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Municipal fire department ________Facility brigade ________Both ________
Time required for fire service to reach building ________
6. Fire Protection:

Yes

No

Partial

Standpipe system

________

________

________

Sprinkler system

________

________

________

Inert gas extinguishing system

________

________

________

Automatic fire detection system

________

________

________

Local fire alarm system

________

________

________

Direct alarm to fire service or central station

________

________

________

Monitored night guard service

________

________

________

*Fire walls and self-closing fire doors protecting
horizontal openings between building units

________

________

________

*Furnace room separated from rest of building by fire
walls and self-closing fire doors

________

________

________

*Fire-resistive enclosures protecting stairways and other
vertical openings

________

________

________

*Exit doors opening outward

________

________

________

*Locked exit doors equipped with panic hardware

________

________

________

*See NFPA 101, Life Safety Code.

________

________

________

List any changes in character of buildings, occupancy, water supply or hydrants, accessibility, or other general
conditions affecting fire safety since the previous inspection: ___________________________________
____________________________________________________________________________________
____________________________________________________________________________________

General Inspection
1. Roof:

Yes

No

N/A

Comments

Is roof covering noncombustible?

________

________

________

________

Are scuppers and drains unobstructed?

________

________

________

________

Are lightning arresters in good condition?

________

________

________

________

Are skylights protected by screens?

________

________

________

________

Is access to fire escapes unobstructed?

________

________

________

________

Do fire escape stairs appear to be in good condition?

________

________

________

________

Are fire escape stairs unobstructed?

________

________

________

________

Are standpipe and sprinkler roof tanks and supports in good

Copyright 1996 NFPA

condition?

________

________

________

________

Are standpipe and sprinkler control valves secured in proper
position?

________

________

________

________

Are all aisles and exitways of sufficient width to comply with
NFPA 101, Life Safety Code?

________

________

________

________

Are self-closing fire doors unobstructed and properly equipped
with a closing device?

________

________

________

________

Are fire exits and directional signs properly illuminated?

________

________

________

________

Is the emergency lighting system operable?

________

________

________

________

Are corridors and stairways unobstructed?

________

________

________

________

Are fire exits unlocked and unobstructed?

________

________

________

________

Are sprinklers unobstructed?

________

________

________

________

________

________

________

________

________

________

________

________

Are recorded weekly inspections made of all sprinkler control
valves to make certain they are open?

________

________

________

________

Are dry-pipe valves (for sprinklers in areas exposed to freezing) in
service, with air pressure normal?

________

________

________

________

Are all fire detection and fire suppression systems in service and
tested regularly?

________

________

________

________

Are sufficient fire extinguishers present?

________

________

________

________

Are extinguishers of the proper type? (See NFPA 10, Standard for
Portable Fire Extinguishers.)

________

________

________

________

Are extinguishers properly mounted and labeled?

________

________

________

________

Are extinguishers properly charged and tagged with inspection
tags?

________

________

________

________

Is housekeeping properly maintained?

________

________

________

________

Are cleaning supplies safely stored?

________

________

________

________

Are all trash receptacles emptied at least daily?

________

________

________

________

Are supply closets and slop sink areas clean and orderly?

________

________

________

________

Are electric hot plates and coffee makers prohibited or limited to
those with an appropriate automatic shutoff bearing the label of a
testing laboratory?

________

________

________

________

Are space heaters prohibited?

________

________

________

________

2. All Floors (inspect from top floor to basement):

Are standpipe hose outlets properly marked and unobstructed?
Are sprinkler control valves properly labeled and unobstructed?
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Are extension cords prohibited?

________

________

________

________

3. Ground Floor:

________

________

________

________

Do entrance and exit doors provide unobstructed egress?

________

________

________

________

Is safe egress uncompromised by security measures?

________

________

________

________

General Inspection (cont.)
Yes

No

N/A

Comments

4. Basement:
Is rubbish removed from the building daily?

________

________

________

________

________

________

________

________

________

________

________

________

Are sprinklers unobstructed and at least 18 in. (457 mm) above top
of storage?

________

________

________

________

5. Sanctuaries, Auditoriums, and Classrooms:
Is safe capacity posted?

________

________

________

________

Is occupancy restricted to the capacity posted as safe?

________

________

________

________

Are standing and sitting in aisles prohibited?

________

________

________

________

________

________

________

________

________

________

________

________

Are aisles unobstructed?

________

________

________

________

Does projection room meet local codes?

________

________

________

________

Are smoking regulations enforced?

________

________

________

________

6. Kitchen and Dining Area:

________

________

________

________

Is capacity posted?

________

________

________

________

Is occupancy limited to the safe seating capacity?

________

________

________

________

Are aisles of sufficient width to comply with NFPA 101, Life
Safety Code?

________

________

________

________

Are exit routes unobstructed and properlyilluminated?

________

________

________

________

*Are ranges, hoods, and exhaust ducts cleaned regularly?

________

________

________

________

Do exhaust ducts terminate in a safe area?

________

________

________

________

Is rubbish removed from the premises on a regular schedule?
Are stocks of flammable liquids stored away from the building?

Do furnishings and wall coverings comply with fire safety standards
Are exits unobstructed, unlocked, and properly illuminated?
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Are grease ducts and deep fryers equipped with automatic fire
detectors and extinguishing systems?
________

________

________

________

If below ground level, is area sprinklered?
*Note date when ranges, hoods, and exhaust ducts were last cleaned.
Exterior Inspection

________

________

________

________

1. Evacuation:

________

________

________

________

Do all exits, emergency exits, and fire escapes have
unobstructed passage to safe areas
________

________

________

________

2. Environment:

________

________

________

________

Are grounds clear of accumulations of flammable material?
________

________

________

________

Have neighboring occupancies minimized exterior fire hazards?
________

________

________

________

Is fire service access clear?

________

________

________

________

Are standpipe systems and sprinkler system fire department
connections unobstructed and operable?
________

________

________

________

Are hydrants unobstructed?

________

________

________

Are fire department connections compatible with fire department
equipment?
________ ________

________

________

________

Personnel Inspection
Yes

No

N/A

Comments

1. Training:
Do all staff members know how to transmit a fire alarm?

________

________

________

________

Do all staff members know their assigned duties in evacuating the
building?

________

________

________

________

Do all staff members know how and when to use portable fire
extinguishers?

________

________

________

________

________

________

________

________

Do all staff members know their responsibilities in fire prevention?
2. Organization:
Is there a fire protection manager or a designated alternate on duty

Copyright 1996 NFPA

whenever the building is occupied?

________

________

________

________

Does the fire protection manager conduct an adequate training
program for himself/herself and the entire staff?

________

________

________

________

Is the written fire emergency plan up-to-date and properly
distributed?

________

________

________

________

________

________

________

________

Has someone been assigned to handle emergency operations (e.g.,
salvage, reports to authorities and news media)?

Note date of latest fire drill: _____________________________________________________________________
Special Comment
Inspection made by: __________________________ Date: ___________________________________________
Title: ___________________________________________________________________________________
Report reviewed by: __________________________ Date: ___________________________________________
Title: ___________________________________________________________________________________

Appendix E Referenced Publications
E-1
The following documents or portions thereof are referenced within this recommended practice
for information purposes only and should not be considered part of the recommendations of this
document. The edition indicated for each reference is current as of the date of the NFPA issuance
of this document.
E-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 10, Standard for Portable Fire Extinguishers, 1990 edition.
NFPA 11A, Standard for Medium- and High-Expansion Foam Systems, 1988 edition.
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, 1993 edition.
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems, 1992 edition.
NFPA 12B, Standard on Halon 1211 Fire Extinguishing Systems, 1990 edition.
NFPA 13, Standard for the Installation of Sprinkler Systems, 1991 edition.
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1993 edition.
NFPA 17, Standard for Dry Chemical Extinguishing Systems, 1990 edition.
NFPA 17A, Standard for Wet Chemical Extinguishing Systems, 1990 edition.
NFPA 22, Standard for Water Tanks for Private Fire Protection, 1993 edition.
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NFPA 72, National Fire Alarm Code, 1993 edition.
NFPA 80A, Recommended Practice for Protection of Buildings from Exterior Fire Exposures,
1993 edition.
NFPA 101, Life Safety Code, 1991 edition.
NFPA 220, Standard on Types of Building Construction, 1992 edition.
NFPA 1221, Standard for the Installation, Maintenance, and Use of Public Fire Service
Communication Systems, 1991 edition.

NFPA 914
1994 Edition
Recommended Practice for Fire Protection in Historic
Structures

Copyright © 1994 NFPA, All Rights Reserved
1994 Edition
This edition of NFPA 914, Recommended Practice for Fire Protection in Historic Structures,
was prepared by the Technical Committee on Protection of Cultural Resources and acted on by
the National Fire Protection Association, Inc., at its Annual Meeting held May 16–18, 1994, in
San Francisco, CA. It was issued by the Standards Council on July 14, 1994, with an effective
date of August 5, 1994, and supersedes all previous editions.
The 1994 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 914
The Committee on Protection of Cultural Resources: Libraries, Museums, Places of Worship,
and Historic Structures was first organized as the Committee on Libraries, Museums and
Historic Buildings in 1940. The first committee document, published in 1948, was the manual,
Protecting Our Heritage: Historic Buildings, Museums and Libraries. A second edition of the
manual was published in 1970.
The committee has revised and updated this material as a recommended practice to incorporate
changes in the state of the art, to make the document more usable, and to reflect the new
technology of both fire detection and fire extinguishing systems. NFPA 913, Recommended
Copyright 1996 NFPA

Practice for the Protection of Historic Structures and Sites, was adopted at the 1987 Annual
Meeting in Cincinnati.
The committee approved a request in November 1984 to develop a publication similar to
NFPA 913 for buildings rehabilitated for new uses. A recommended practice was prepared in
draft form for the 1988 Annual Meeting but was not considered by the committee to be ready for
publication. The committee continued to revise and organize the material, and the document was
submitted once again at the 1989 Annual Meeting in Washington, DC, where the first edition
was adopted. The original title was Recommended Practice for Fire Protection in Rehabilitation
and Adaptive Reuse of Historic Structures.
Since the 1989 edition of NFPA 914, a great number of historic structures have been
extensively damaged or destroyed by fire. It is hoped that this 1994 edition, with its expanded
fire protection guidelines, will assist the management of historic structures to recognize the need
for an overall fire protection plan and to emphasize their responsibility to address fire protection
and to preserve the historic integrity of these irreplaceable artifacts of history and culture.
Note that the title of the document has been changed to Recommended Practice for Fire
Protection in Historic Structures, to more accurately depict the content of the revised document
and to recognize that existing NFPA 913 is in the process of being combined with NFPA 911,
Recommended Practice for the Protection of Museums and Museum Collections. It is anticipated
that NFPA 913 will be withdrawn at the Association’s annual meeting in 1995.
Technical Committee on Protection of Cultural Resources
Danny L. McDaniel, Chair
Colonial Williamsburg Foundation, VA
John W. Koester, Secretary
Johnson & Higgins, MD
Nicholas Artim III, Fire-Safety Network, VT
Paul Baril, Dept. of Communications, Ontario, Canada
Robert D. Barnes, Robert D. Barnes, PE, IL
Stephen E. Bush, U.S. Library of Congress, DC
John T. Cullinan, Cerberus Pyrotronics, NJ
Rep. Nat’l Electrical Manufacturers Assn.
Wilbur Faulk, The J. Paul Getty Museum, CA
Diane Gould, Sedgwick James of New England, MA
John Heller, Brown Sprinkler Corp., KY
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Rep. Nat’l Fire Sprinkler Assn.
John E. Hunter, Nat’l Park Service/U.S. Dept. of the Interior, DC
William Jackson, Nat’l Library of Scotland, Edinburgh, Scotland
Gary S. Keith, Factory Mutual Engineering & Research Corp., MA
Thomas W. Mahon, CIGNA Property & Casualty Cos., CA
Rep. American Insurance Services Group, Inc.
Harry B. McDonald, Shelburne Museum, VT
John F. McLean, Willis Corroon, NY
Ross Merrill, Nat’l Gallery of Art, DC
Wayne D. Moore, The Fire Protection Alliance Inc., MA
Rep. Automatic Fire Alarm Assn., Inc.
John Morris, Loss Control Services, Walnut Creek, CA
Norman P. Radtke, Field Museum of Natural History, IL
Paul G. Schneider, Jr., New York State Parks, NY
Kathy A. Slack, Reliable Automatic Sprinkler Co., Inc., MD
Edward R. Sniechoski, Smithsonian Institution, DC
John C. Sullivan, Chubb Group of Insurance Cos., PA
Don L. Tolliver, Kent State University, OH
John M. Watts Jr., Fire Safety Inst., VT
William A. Webb, Rolf Jensen & Assoc. Inc., IL
Alternates
Anil K. Bansal, Insurance Co. of North America, NY
(Alt. to T. W. Mahon)
Deborah L. Freeland, Johnson & Higgins, CA
(Alt. to J. W. Koester)
Donald C. Garner, Factory Mutual Engineering & Research Corp., MA
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(Alt. to G. S. Keith)
William R. MacDonald, IEI (North America) Inc., MA
(Alt. to J. T. Cullinan)
John W. McCormick, Rolf Jensen & Assoc. Inc., NJ
(Alt. to W. A. Webb)
Thomas F. Norton, U.S. Naval Historical Center, MA
(Alt. to W. D. Moore)
Charles A. Sabah, C A Sabah & Co. Inc., CA
(Alt. to FSSA Rep)
Woodrow W. Stratton, U.S. Library of Congress, DC
(Alt. to S. E. Bush)
Linda K. Swenson, Chubb Group of Insurance Cos., MA
(Alt. to J. C. Sullivan)
J. Andrew Wilson, Smithsonian Institution, DC
(Alt. to E. R. Sniechoski)
Nonvoting
Stewart Kidd, The Fire Protection Assn., London, England
Harry C. Lein, Windham, ME
(Member Emeritus)
Ralph H. Lewis, Harpers Ferry, WV (Member Emeritus)
Charles E. Zimerman, Norfolk, VA (Member Emeritus)
Richard Ortisi-Best, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this edition. Since
that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the Association
or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on fire safety
recommendations for libraries, museums, places of worship, and historic structures and their contents but
shall not overlap the provisions of NFPA 101®, Life Safety Code®.

NFPA 914
Recommended Practice for
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Fire Protection in Historic Structures
1994 Edition
Information on referenced publications can be found in Chapter 7 and Appendix E.

Chapter 1 Introduction
1-1 Scope.
This document describes principles and practices of fire safety for historic structures and for
those who operate, use, or visit them. It covers ongoing operation and rehabilitation and
acknowledges the need to preserve historic integrity.
1-1.1 Operation.
Continuous monitoring of fire safety is a necessary component of the management and
operation of historic structures.
1-1.2 Rehabilitation.
Buildings undergoing renovation present unique conditions for three reasons: acutely
increased susceptibility to fire loss, application of a separate set of regulatory requirements, and
opportunity for nonintrusive installation of fire protection devices and systems.
1-1.3 Historic Integrity.
Historic structures are irreplaceable artifacts of history and culture with unmeasurable
intangible value. Special consideration is necessary to design fire and life safety into such
structures without sacrificing historic integrity.
1-1.4 Libraries and Museums.
This document does not cover library and museum collections, which are the subjects of NFPA
910, Recommended Practice for the Protection of Libraries and Library Collections, and NFPA
911, Recommended Practice for the Protection of Museums and Museum Collections,
respectively.
1-2 Purpose.
The purpose of this recommended practice is to reduce fire losses in and to historic buildings.
The document provides guidance on fire prevention and protection of historic buildings in
several different areas of functional responsibility.
1-2.1 Management.
Whether it is a manager, owner, architect, or contractor, someone is managerially responsible
(knowingly or otherwise) for fire safety in each historic structure. This document will familiarize
management with the problems of fire safety in historic structures and with the means of
addressing them.
1-2.2 Authority Having Jurisdiction.
Most ordinances regulating building construction and fire safety have a provision that accords
special consideration for historic buildings. The intent of such provisions is to encourage greater
flexibility in the regulation of structures that are important to our cultural heritage. This
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document will assist authorities having jurisdiction in the administration of these provisions.
1-2.3 Historic Preservation.
The objective of historic preservation is to avoid the loss of culturally significant structures,
and one of the greatest threats to older buildings is damage or destruction by fire. This document
focuses on the preservation from the effects of fire with minimum intrusive impact.
1-2.4 Fire Safety Specialist.
Historic buildings pose a unique fire safety problem. Special consideration must be given to
implementing fire safety without destroying or impacting the significant historic character of a
building. This document emphasizes the additional limitations imposed on the fire safety
specialist and provides guidance on how to work within these limitations.
1-2.5 Design Professional.
Architects and engineers involved in the rehabilitation or restoration of historic structures need
guidance on incorporating fire safety objectives in the design phase and providing adequate fire
protection during renovation. This document provides planning and design solutions appropriate
for historic buildings.
1-3 Equivalency Concepts.
1-3.1
Nothing in this document is intended to prevent the use of systems, methods, or devices of
equivalent or superior quality, strength, fire resistance, effectiveness, durability, and safety as
alternatives to those described by this recommended practice, provided technical documentation
is submitted to the authority having jurisdiction to demonstrate equivalency, and the system,
method, or device is approved for the intended use.
1-3.2
The specific recommendations of this document may be permitted to be modified by the
authority having jurisdiction to allow alternative arrangements that will secure the level of fire
protection intended by this document.
1-4 Background.
1-4.1 Historic Preservation.
In the last several decades, recognition of the importance of historic buildings has increased
around the world. Although such structures as house museums and public monuments have long
been identified as having historical and cultural significance, the types and quantities determined
to be worthy of protection have expanded greatly and now include a wide variety of building
types.
Thousands of buildings are listed or registered by national agencies, individually or as
components of historic districts. Local jurisdictions also can designate historic or heritage
buildings. Designation is intended to protect the architectural character and integrity of a
structure, including all original and significant exterior and interior spaces and features.
Review of proposed rehabilitation or maintenance work might be required by a local, regional,
or federal authority for a variety of regulatory requirements or incentive programs. These
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reviews are separate from those conducted for building code and fire protection purposes.
Where local design review commissions have authority, approval typically is necessary for
exterior work only. Higher level administrative authorities are usually involved where
government funds or tax incentives are used; the scope of these reviews is likely to include all
exterior and interior work. Similarly, guidelines for treatment of historic buildings might be
contained in local ordinances or in national standards. For example, in the United States, the
Secretary of the Interior’s Standards for Rehabilitation and Guidelines for Rehabilitating Historic
Buildings are used for all federally funded or assisted projects, and in many cases for projects
receiving local funding and permits.
As early in the rehabilitation process as possible, the authorities having jurisdiction for review
should be consulted. Historic preservation organizations and agencies can be of assistance in
identifying those authorities, consultants, and architects who specialize in historic preservation.
(See Appendix B.)
1-4.2 Consequences of Fire.
Historic structures are susceptible to many perils, including humidity, pollution, insects, mold,
theft, vandalism, and weather. However, fire is the most serious because it can destroy quickly
and completely. Conservation efforts can restore structures damaged by perils other than fire, but
once the historic fabric is burned, it is lost forever. Even if the structure is not completely
destroyed, it is important to recognize that a small fire can quickly inflict massive damage to
decorative features and building contents. Recent fires in historic buildings illustrate the severity
of the problem. (See Chapter 2.)
1-4.3 Life Safety.
An even greater concern is the threat to the lives of persons inside a burning building.
Preservation of the structure and its contents is secondary to saving human life. Providing life
safety can present difficult problems, since most historic structures predate the development of
modern building codes. Historic buildings tend to be combustible and seldom have adequate
means of emergency egress by contemporary standards. Open stairways, absence of smoke and
fire barriers, and flammable finishes allow fire to develop and spread rapidly. Exit signs and
emergency lighting might not have existed when these structures were built, but their absence
can leave visitors confused as to how and where to leave the building in an emergency situation.
Special plans for occupant protection and emergency evacuation might be necessary to avoid
unacceptable risk of injury or death from fire in a historic structure. (See NFPA 101®, Life
Safety Code ®.)
1-4.4 Building Codes and Standards.
Building regulations are written primarily for new construction. They establish a minimum
standard for building construction through the use of prescriptive standards that specify
allowable materials or techniques, or they establish performance standards that specify the level
of performance any proposed material or assembly must meet. Most codes determine allowable
construction techniques or materials by weighing the degree of safety provided by the building
(its construction classification) against the degree of hazard presented by the user (occupancy
classification) and by taking into account such factors as installed fire detection and suppression
systems. Most codes make reference to specific standards prepared by government agencies or
private associations, such as NFPA. These standards typically are narrowly focused and provide
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more detailed information than codes.
Most code documents are modified at regular intervals in response to new safety precepts and
technological advances. Each modification has the potential to exacerbate inherent conflicts that
exist between a code and the historic or existing building constructed prior to adoption of that
code. The conflicts typically must be resolved by local officials with the authority to approve
noncomplying alternatives in special circumstances, or through variance hearings, usually
conducted at a higher level of authority.
1-4.5 Responsibility.
Owners, governing boards, and staffs of historic structures have a significant responsibility for
the preservation and protection of property entrusted to their care. Such stewardship might rest
with managers, curators, or administrators who are qualified in conservation but have little
knowledge or experience in fire safety. Nevertheless, it is the duty of persons responsible for
historic structures to manage and operate their buildings to prevent fires, reduce losses, and
respond appropriately to emergencies. There is an obligation to ensure that fire hazards are
identified and analyzed by qualified staff or consultants and that corrective measures are taken
without negative impact on structure integrity. Those in charge must recognize that there are fire
problems inherent in operating a historic structure and that appropriate policies and procedures
need to be developed and implemented.
1-5 Definitions.
Adaptive Use. A use for a building other than that for which the structure was originally
designed or intended.
Addition. An extension or increase in the floor area or height of a building or structure.
Approved. Acceptable to the authority having jurisdiction.
NOTE: The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations, procedures, equipment, or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure, or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations that is in a
position to determine compliance with appropriate standards for the current production of listed items.

Atrium. A floor opening or series of floor openings connecting two or more stories that is
covered at the top of the series of openings and is used for purposes other than as an enclosed
stairway, elevator hoistway, escalator opening, or utility shaft used for plumbing, electrical, air
conditioning, or communication facilities.
Authority Having Jurisdiction. The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner, since
jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is primary, the authority
having jurisdiction may be a federal, state, local, or other regional department or individual such as a fire chief;
fire marshal; chief of a fire prevention bureau, labor department, or health department; building official; electrical
inspector; or others having statutory authority. For insurance purposes, an insurance inspection department, rating
bureau, or other insurance company representative may be the authority having jurisdiction. In many
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circumstances, the property owner or his or her designated agent assumes the role of the authority having
jurisdiction; at government installations, the commanding officer or departmental official may be the authority
having jurisdiction.

Collections. An assemblage of objects, works of art, and historic documents or natural history
specimens, or both, collected according to a rational scheme and maintained so they can be
preserved, studied, or interpreted for public benefit. Collections might be used in museum
exhibits, as furnishings in period rooms, for research, or they might be kept in storage.
Compartment. See “Fire Compartment.”
Compliance. Adherence or conformance to laws and standards.
Conservation. The broad range of practices involved in the preservation of historic and artistic
works. Conservation encompasses four explicit functions: examination, documentation,
preservation, and restoration. Examination is a procedure used to determine the nature, method
of manufacture, or properties of materials and the causes of their deterioration. Documentation
procedures record the condition of an object before, during, and after treatment and outline, in
detail, treatment methods and materials used. Preservation is action taken to prevent, stop, or
retard deterioration. The process includes both the stabilization of the condition of a work of art
by conservation and the stabilization of the environment surrounding a work of art by
preventative conservation methods to minimize the effects of agents of deterioration. Restoration
is the reconstruction of missing parts in an effort to recreate the original appearance of a
damaged work of art.
Early Warning. A signal provided by a system that detects fire in its earliest stages of
development to enhance the opportunity of building occupants to escape and to commence
manual suppression of the fire prior to arrival of fire service units.
Equivalency. An alternative means of providing fire safety greater than or equal to that
afforded by strict conformance to specification standards.
Exit. That portion of a means of egress that is separated from all other spaces of the building or
structure by construction or equipment to provide a protected way of travel to the exit discharge.
Exit Access. That portion of a means of egress that leads to an entrance to an exit.
Exit Discharge. That portion of a means of egress between the termination of an exit and a
public way.
Fire Barrier. A continuous membrane, either vertical or horizontal, such as a wall or floor
assembly, that is designed and constructed with a specified fire resistance rating to limit the
spread of fire, and that also will restrict the movement of smoke. Such barriers might have
protected openings.
Fire Compartment. A space within a building that is enclosed by fire barriers on all sides,
including the top and bottom.
Fire Hazard. Any situation, process, material, or condition that, on the basis of applicable data,
can cause a fire or explosion or provide a ready fuel supply to augment the spread or intensity of
a fire or explosion and that poses a threat to life or property.
Fire Resistance Rating. The time, in minutes or hours, that materials or assemblies have
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withstood a fire exposure as established in accordance with the test procedures of NFPA 251,
Standard Methods of Fire Tests of Building Construction and Materials.
Fire Stop. A fire-resistant material, barrier, or construction installed in concealed spaces or
between structural elements of a building to prevent the extension of fire through walls, ceilings,
and the like.
Hazardous Areas. Areas of structures, buildings, or parts thereof having a degree of hazard
greater than that normal to the general occupancy of the building or structure. Examples include
storage or use of combustibles or flammables; toxic, noxious, or corrosive materials; or use of
heat-producing appliances.
Historic Building. A structure and its associated additions and site deemed to have historical,
architectural, or cultural significance by a local, regional, or national jurisdiction. Designation
might be in an official existing or future national, regional, or local historic register, listing, or
inventory.
Historic Character. The essential quality of a historic building or space that provides its
significance. The character might be determined by the historic background, including
association with a significant event or person, the architecture or design, or the contents or
elements and finishes of the building or space.
Historic Fabric. Original or added building/construction materials, features, and finishes that
existed during the period deemed to be most architecturally or historically significant, or both.
Historic Preservation. Generic term that encompasses all aspects of the professional and public
concern related to the maintenance of a historic structure, site, or element in its current
condition, as originally constructed, or with the additions and alterations determined to have
acquired significance over time.
Historic Structure. A structure built or constructed, such as a building, monument, or bridge,
that is deemed to have historical, architectural, or cultural significance by a local, regional, or
national jurisdiction.
Horizontal Opening. An opening through a wall.
Means of Egress. A continuous and unobstructed way of exit travel from any point in a
building or structure to a public way.
Means of Escape. A way out of a building or structure that does not conform to the strict
definition of means of egress but does provide an alternate way out.
Noncombustible. Material that, in the form in which it is used and under normal conditions
anticipated, will neither aid combustion nor add appreciable heat to an ambient fire.
Occupancy. The purpose for which a building or portion thereof is used or intended to be used.
Occupant Load. The total number of persons that may be permitted to occupy a building or
portion thereof at any one time.
Preservation. The act or process of applying measures to sustain the existing form, integrity, or
materials of a building, structure, or artifact and the existing form or vegetive cover of the site.
Protection. The act or process of applying measures designed to affect the physical condition
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of a building, structure, or artifact by guarding it from deterioration, loss, or attack or to cover or
shield it from damage. Protection in its broadest sense also includes long-term efforts to deter or
prevent vandalism, theft, arson, and other criminal acts against historic resources.
Rehabilitation. The act or process of returning a structure to a state of utility through repair or
alteration that makes possible an efficient contemporary use, including the preservation of those
portions or features of the structure that are significant to its historical, architectural, or cultural
values.
Restoration. The act or process of reestablishing accurately the form and details of a structure,
site, or artifact as it appeared at a particular period in time by means of removal of later work or
by the reconstruction of missing earlier work.
Separation. See “Fire Barrier.”
Self-closing. Equipped with an approved device that will ensure closing after having been
opened.
Should. Indicates a recommendation or that which is advised but not required.
Smoke Barrier. A continuous membrane, either vertical or horizontal, such as a wall, floor, or
ceiling assembly, that is designed and constructed to restrict the movement of smoke. A smoke
barrier might or might not have a fire resistance rating. Such barriers might have protected
openings.
Vertical Opening. An opening through a floor or roof.
Chapter 2 Historic Building Fire Experience
2-1 Fire Ignition Factors.
Common causes of fires in historic structures include faulty electrical wiring, arson, careless or
illicit smoking, malfunction of heating equipment, improper use of heat-producing appliances,
open flames and sparks, exposures from nearby burning structures, storage, and burning
vegetation. Electrical service and central heating systems might be inadequate for contemporary
use, might have been installed many years ago, and might not have been properly upgraded for
contemporary use. Many historic structures employ candles, fireplaces, forges, stoves, and a
variety of other open-flame devices to interpret the structure and life of a previous period. Fires
can occur at any time; however, experience shows that fire hazards increase when a structure is
undergoing renovation, maintenance, or rehabilitation. Additional details pertaining to fire
ignition hazards are presented in 3-4.1.
2-2 Fire Spread Factors.
Fire growth and spread occurs because of inadequate barriers, delayed detection and alarm,
absence of automatic suppression systems, and delayed or difficult manual suppression. The first
few minutes following ignition are critical. A small fire can grow large in only a few minutes.
This is particularly true in historic structures, which are often of combustible construction or
contain combustible contents. In the absence of automatic fire detection, discovery is left to an
occupant, security personnel, or chance. At the point of discovery, the fire could be so well
established that the loss will be substantial.
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Though historic properties require painstaking attention to details for the preservation of
historic authenticity, it is possible to provide an appropriate level of fire protection for the site
and personal safety for staff members and visitors without jeopardizing the original historic
fabric or appearance.
The structure fires described briefly in Section 2-3 illustrate conditions under which fires
spread or were confined to their origin and the resultant direct damage.
2-3 Representative Fire Examples.
The following is a partial list of fires that have occurred in various historic structures. Losses
are to direct property and do not include long-term impact (e. g., business interruption), which
can equal or exceed direct loss.
Windsor Castle
Windsor, England — November 20, 1992
Original construction — 1358
Estimated loss — in excess of £30 million
A fire of accidental origin severely damaged this English royal home. Ignition occurred when
an improperly placed, high intensity electrical lamp ignited adjacent combustible curtains.
Despite the efforts of over 200 fire fighters, severe damage occurred in the castle’s Chester
Tower, Queen’s Chapel, St. George’s Hall, Queen’s Guard Chamber, Waterloo Chamber, Grand
Reception Room, Brunswick Towers, Crimson Drawing Room, Star Chamber, and Long
Corridor. Lost in the fire were several fine artifacts and objects, including a nineteenth century
Henry Willis pipe organ. Also lost were many ornate construction features.
Factors contributing to the loss included unsafe work practices, inappropriate fire barriers,
concealed construction, and lack of automatic fire sprinklers. The fire occurred during
renovations, and much of the artwork had been removed prior to the fire. The fire could have
destroyed this art had it been present.
Grafton Village Store
Grafton, Vermont — December 20, 1991
Original construction — 1841
Estimated loss $250,000
A fire of electrical origin started in the basement of this historic town store. Flames spread
across the back portion of the building and traveled to the second floor via internal ventilation
ducts. Prompt response by the local fire department ultimately controlled the blaze before total
loss of the structure. The store remained closed to the public for approximately six months while
repairs were made.
Factors contributing to the loss included limited horizontal and vertical fire barriers and lack of
automatic fire detection and suppression systems.
Savoy Theatre
Central London, England — February 12, 1990
Original construction — 1910, refurbished 1929
Loss £10 million
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This famous theatre in London’s Strand district was severely damaged by a fire during
renovation less than two weeks before reopening. The fire caused collapse of the auditorium
ceiling, destroying much of the historic art deco interior. This area was not protected by
automatic sprinklers or detection. The stage area was protected by automatic sprinklers,
preventing fire damage to that area. Fire spread beyond the auditorium was also prevented by
fire doors. In addition to direct losses, additional resources were required to relocate theater
operations.
Loss factors included improper use of open-flame paint removers; readily ignitible dry
timbers; lack of automatic fire detection, suppression, and alarm; and difficult manual
fire-fighting access.
Chiado
Lisbon, Portugal — August 25, 1988
Original construction — 13th century, rebuilt 1755; several construction modifications
through the years.
Fire began at the Armazens Grandella commercial building and spread to partially or totally
destroy eighteen buildings in the periphery of the “Baixa Pombalina.” Delayed fire detection
allowed the fire to grow to an excessive size before manual fire fighting began. When fire
fighters arrived, further delay resulted due to difficult access caused by narrow streets and
automobile parking.
Factors contributing to the loss included a late alarm, total absence of vertical and horizontal
fire barriers, combustible finish materials, high volumes of combustible contents, lack of
automatic detection, lack of automatic and manual suppression equipment, and narrow streets
and difficult access.
Home of Franklin D. Roosevelt National Historic Site
Hyde Park, New York — January 23, 1982
Original core construction — early 19th century
Extensive remodeling — 1915
Estimated loss $1,220,000, structural; $1,010,000, collections
A fire suspected to be of electrical origin started in the attic of this historic house museum
during a contract to replace old electrical wiring. Flames spread throughout the attic and third
floor of the central portion of the house resulting in severe structure damage. Water and smoke
damage extended to the lower floors. Fire service response, including 200 fire fighters and 35
pieces of emergency apparatus, saved the structure from total loss. National Park Service rangers
and curators worked through the night with fire fighters to salvage historic furnishings. The
building was closed for an extensive period for repairs.
Factors contributing to the loss included limited fire barriers, aged wiring, and lack of
automatic fire suppression. A primary factor was a decision to save approximately $2,500 by not
installing heat detectors in the attic when the fire detection system was installed throughout the
rest of the house.
Chapter 3 Identification and Evaluation of Existing Conditions
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3-1 Introduction.
Providing adequate fire protection to a historic building while protecting historic character can
be a difficult task. The effort requires a thorough building survey to identify critical historic
elements, spaces, and features; restoration and preservation objectives; code deficiencies; and
existing fire and life safety hazards by qualified professionals. This survey provides the basis for
all planning and design decisions, and it is essential for rehabilitation projects of all types,
including those intended for original or existing uses and those that involve new uses.
3-2 Identification of Historic Elements, Spaces, and Features.
3-2.1 Exterior.
Exterior historic elements consist of those features outside of the building that define the
structure’s character. These include the building’s exterior construction, adjacent structures, and
the site grounds.
3-2.1.1 Construction Features. Construction features include sheathing or facade materials,
roofing materials, chimneys, skylights, cornices, windows and doors, and extensions such as
porches, railings, and other attached building components. Major and minor facades should be
studied such that, if exterior modifications or additions are necessary, they can be located on the
least visible and significant elevation in order to keep the impact to a minimum.
3-2.1.2 Adjacent Structures. Adjacent structures are those independent buildings and edifices
that could have an effect on the historic building’s mission and could impact or be impacted by
fire safety improvements. These structures might be part of, or independent of, the historic
building site. Adjacent structures might include buildings, sheds, vehicles, and displays.
3-2.1.3 Site Elements. Site elements include exterior components that help define the historic
building. These elements could impact or be impacted by fire safety improvements. Site
elements include vegetation, roads and driveways, walking paths, fencing and exterior use.
3-2.2 Interior.
Interior historic elements consist of those features within the building that are important in and
of themselves or in conjunction with other features, or both. These include construction features,
floor plans, and individual spaces.
3-2.2.1 Construction Features. Construction features are distinctive architectural details of
significant form or historic function that are characteristic of the period. Historic fabric and
spaces include those original to the building and changes to originals that have acquired
significance in their own right. Specific elements might include wainscoting, parquet flooring,
picture molding, mantels, ceiling medallions, built-in bookshelves and cabinets, crown molding,
and arches, as well as simpler, more utilitarian features, such as plain windows and doors and
associated trim. The significance of some architectural features might be that they are worked by
hand, exhibit fine craftsmanship, or are particularly characteristic of the building style.
Some features might indicate later changes and alterations that have gained significance over
time, such as lobby alterations, changes to wall and floor finishes, and later millwork.
3-2.2.2 Floor Plans. Floor plans might be an important characteristic of the building type, style,
period of construction, or historic function. Even if the plan has been altered over time, it might
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have historic significance. For example, alterations that are additive (large rooms divided into
smaller ones) rather than subtractive (where walls have been removed) might be easily corrected
to restore the building’s integrity.
3-2.2.3 Significant Spaces. Significant spaces are rooms or other interior locations that are
typical of the building type or style or are associated with specific persons or events.
The sequence of consciously designed spaces could be important to the understanding and
appreciation of the building or original architect. Examples are a foyer opening into a large hall;
front and rear parlors connected by pocket doors; an office lobby opening into an elevator hall;
and a hallway leading to a stairwell.
Spaces might have distinctive proportions, such as ceiling height to room size, or significant or
unusual room shapes or volumes such as rooms with curved walls, rooms with six or eight walls,
or rooms with vaulted ceilings.
3-2.3 Historic Documentation.
Relevant information might exist in the files of local or national historic organizations. If the
historic resource is listed in a register or listing of historic places, a careful review of the official
register nomination should be the first step in this assessment. An understanding of why and
when the individual building or historic district achieved significance will help in evaluating
those spaces and features that are significant for their association with specific events or persons,
architectural importance, or information potential.
In some cases, older register listings might neglect to describe all architectural spaces and
features of the building’s exterior and interior. This should not be construed to mean that the
building possesses no character-defining elements. In such cases, professional preservation
judgment can be of great assistance.
3-3 Code, Standard, and Regulation Compliance.
The existing conditions evaluation should include a review of all safety-related requirements
to determine if and where the historic building is deficient with respect to applicable codes.
Specifically-mandated codes might vary from place to place. Contact should be made with local
fire and building authorities in order to determine the codes and standards in effect.
The code review will illustrate those areas of the building where code requirements are most
stringent and conflicts between code requirements and historic preservation concerns are most
likely to occur. In some examples, this review might assist in determining building use and
designs that cause the least damage to historic character.
Typical code or safety deficiencies found in historic buildings might relate to construction,
building systems, egress systems, use and occupancy, fire protection systems, and site concerns.
Some deficiencies can be addressed readily without damage to the historic character of the
building, while others require innovative solutions outside the strict compliance with codes and
standards for new construction. Several of these deficiencies with some solution options to
achieve compliance with fire safety code and standard objectives are described in 3-3.1 through
3-3.6.
3-3.1 Common Building Construction Deficiencies.
Common building construction deficiencies might include inadequate fire resistance of interior
or exterior walls, insufficient interior compartmentation, deficient fire stopping, inadequate
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tenant separation, insufficiently protected combustible construction, excessive building height
and fire area, and combustible materials or flammable finishes.
3-3.2 Common Building System Fire Safety Deficiencies.
Common building system fire safety deficiencies might include inadequately sized mechanical
and electrical systems; insufficient dampers, inadequate chimney design, height, or lining; and
inappropriate mechanical or electrical enclosures.
3-3.3 Typical Egress System Deficiencies.
Typical egress system deficiencies might include insufficient number of exits; undersized exit
route width; inadequate fire resistance of exit corridors, doors, or stairways; exit routes that do
not lead directly to the exterior; dead-end corridors; excessive exit travel distance; inappropriate
exit route configuration; and unenclosed monumental stairs.
3-3.4 Building Use and Occupancy Code Deficiencies.
Building use and occupancy code deficiencies might include a use or occupancy not permitted
in the particular construction type, incompatible uses, excessive or inappropriate human
occupancy, and hazardous activities or processes.
3-3.5 Fire Protection System Deficiencies.
Fire protection system deficiencies might include inoperative or insufficient automatic
sprinkler protection; lack of manual fire-fighting systems (e.g., standpipes, fire extinguishers);
inadequate water supply for fire protection use; insufficient smoke detectors, manual fire alarm
stations, and audible alarms; unmonitored fire detection, suppression, and alarm systems; and
nonexistent or inadequate lightning protection.
3-3.6 Site Concerns.
Site concerns might include inadequate separation distance between buildings, incompatible
site uses, exterior fire hazards, and difficult access for fire-fighting vehicles.
3-4 Fire Hazards.
A fire hazard is a condition that might contribute to the start or spread of a fire or to the
endangerment of people or property by fire. The general elements of fire hazards are ignition
sources, combustibility of materials, and structural fire hazards.
3-4.1 Ignition Sources.
Ignition is the initiation of combustion. It originates with the heating of a fuel by a heat source.
When the temperature of the material is raised sufficiently, it begins to pyrolyze or decompose
from heat into simpler substances, primarily combustible gases and vapors. Different substances
are produced at varying rates and temperatures. When an adequate mass of combustible gases
and vapors is mixed with oxygen or air and exposed to an energy source of sufficient intensity,
ignition will take place.
Any form of energy is a potential ignition source. Most often the source is open flames or
electrical wiring and appliances. Smoking, candles, solid-fuel heating, and similar combustion
processes represent likely sources of ignition. Certain occupancies such as restaurants and repair
facilities significantly increase the number and variety of heat sources. An example of a more
unusual ignition source associated with historic buildings is the capacity of historic “bull’s eye”
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glass to focus rays of the sun. (See Goldstone, “Hazards from the Concentration of Solar
Radiation by Textured Window Glass.”)
3-4.1.1 Electricity. Inadequate electrical service and misuse of appliances are also common
hazards. Electricity starts a fire when current flowing through a conductor encounters resistance,
which generates heat. When the conductor is of proper size, this heat is dissipated. Excessive
heat can be generated by overloads, arcing, faults, high resistance at poor connections or lack of
adequate cooling or heat dissipation. Conditions leading to electrically caused fires most often
involve wiring. A fire threat exists wherever protective wire insulation is damaged by heat,
moisture, oils, vibration, impact, or operating conditions that result in loose connections. Motors
are the next most frequent source of electrical fire ignition. Motor fires result from electrical
malfunction (faults, arcing, lightning surges), overheating, and bearing failure (i.e., inadequate
lubrication).
3-4.1.2 Arson. In recent decades, deliberately set fires have become a significant problem. Arson
is a major threat to fire safety and always should be considered. Loss experience indicates that
infrequently attended occupancies are the most frequent arson target. Building storage areas
offer large amounts of potential fuel and are usually unoccupied. These are favorable conditions
for an arsonist. Mercantile and other public access areas are the next most frequent incendiary
target due to large amounts of combustibles and easy circulation.
3-4.1.3 Smoking. Smoking is a major fire cause. Improperly handled and disposed cigarettes and
matches used by smokers present a threat that can be minimized by control and education.
Where smoking is allowed, precautions should be enacted to minimize associated hazards. Total
prohibition of smoking in a building could result in occupants smoking in hidden,
combustible-filled areas.
3-4.1.4 Overheated Materials. Many processes use heated flammable liquids or baking, drying,
or other high-temperature operations. Excessive overheating can lead to generation of flammable
vapors and ignition of combustibles. Several fires have been started by the hot surfaces of
electrical equipment, piping, boilers, furnaces, ovens, dryers, flues, ductwork, and incandescent
light bulbs. Heat conducted from this equipment can ignite adjacent combustibles. Friction in
machinery components is also a potential fire cause. Loose or worn moving parts rubbing against
each other can generate enough heat to ignite nearby combustibles, such as lint and paper dust.
Common friction sources include misaligned drive belts and worn or improperly lubricated
bearings.
3-4.1.5 Open Flames. Improperly used open flames from portable torches, space heaters,
cigarette lighters, and matches are a significant fire problem. In older structures, chimneys are
particularly dangerous if not properly lined and pointed. Torches used for cutting, welding,
soldering, and brazing can ignite adjacent combustibles. Space-heating equipment can be
knocked over or used in close proximity to combustibles, resulting in fire.
3-4.1.6 Exposures. A building fire could start because of heat generated from a fire in a nearby
structure, yard storage, or vegetation. Important factors include physical separation between
exposed hazards, combustibility of the exposed building’s exterior, and extent and protection of
openings.
3-4.1.7 Spontaneous Ignition and Chemical Reactions. Some materials undergo
Copyright 1996 NFPA

self-oxidation, giving off heat. When confined, more heat will be generated than will be
dissipated, with ignition the likely result. Typical products subject to spontaneous ignition
include rags or paper soaked in finishing, animal, and vegetable oils. Paint deposits containing
drying oils can heat up and ignite.
Chemical reactions can result in fires and explosions. Typical adverse reactions occur when
chemicals react with other materials and when decomposition of unstable chemicals and
hazardous processes are out of control.
3-4.1.8 Lightning. Fires can be started by direct lightning strikes and lightning induced surges
(overvoltage) in electrical circuits. The installation of lightning (surge) arresters on power and
communication lines where they enter structures is recommended and is covered in NFPA 70,
National Electrical Code®, Article 280.
3-4.2 Combustibility of Materials.
3-4.2.1 Material Properties. The tendency of a material to ignite is a function of its chemistry,
physical state, surface texture, and moisture content. Different chemical compositions have
different minimum temperatures at which they will ignite. Ignition is a function of time as well
as temperature. A potential fuel subjected to a relatively high temperature for a short period of
time might not ignite, while the same fuel can undergo ignition when exposed for a longer
duration to a lower temperature. For example, wood products have a normal ignition temperature
of 400°F to 500°F (204°C to 260°C), but they have been found to ignite when subjected to a
much lower heat source of 228°F (109°C) for four days. (See NFPA Fire Protection Handbook.)
The contents of most buildings consist of combustible materials. Accumulations of readily
ignitible items constitute a fire hazard. Construction materials, such as siding and roofing, can
increase the possibility of fire spread from other buildings. This is especially true of wood
shingles that are not fire-retardant treated.
3-4.2.2 Flame Spread. Combustibility is the principal factor contributing to the spread of flame
across surfaces. Once ignition takes place, the flame heats surrounding material, causing it to
ignite and thereby spread across the surface. The rate at which flame spread occurs is measured
by test. (See NFPA 255, Standard Method of Test of Surface Burning Characteristics of Building
Materials.) Most building codes and NFPA 101, Life Safety Code, place restrictions on the use of
materials with high flame-spread rates.
A single layer of paint and most wall coverings add little fuel to a fire. Even if paint or
coverings burn completely, only a small amount of heat is liberated and little damage results. On
the other hand, the substrate on which the paint or paper is applied can have a great influence on
flame spread. Paint on a metal ceiling might not ignite at all under fire exposure because the heat
is dissipated by the metal.
Walls in older buildings might have been repeatedly painted or papered. Where multiple layers
of paint and paper are present, flame spread can be significantly increased.
The existence of interior wood paneling, as found in many historic structures, adds to the fuel
and thereby increases flame spread. Combustible composition ceiling and wall materials and
plastics, in the form of both high density solids and expanded foam products, also can contribute
to flame spread. Flame spread in low density cellulosic materials, used extensively in some older
buildings for ceiling tile and wall panels, will likely be rapid.
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3-4.2.3 Environmental Factors. Sustained burning of the fuel material depends on its
combustibility and on additional factors, such as interaction of surfaces, fluid flows, and thermal
absorptions. These factors are neither well defined nor predictable outside of the laboratory.
Observed conditions that produce these effects include arrangement of combustibles, wall
materials, and room dimensions.
Furnishings and other combustibles that are close together will cause fire to spread easily from
one item to another. A fire starting in a corner will grow in size about four times faster than a fire
in the middle of a room. Flame spread is much faster on vertical surfaces than on horizontal
surfaces.
In general, fire develops more slowly in larger spaces. This is particularly true with respect to
the height of the ceiling. A high ceiling is inherently more fire-safe than a low colonial ceiling.
Fires that can vent to the outside through windows or other means are slower to spread to other
parts of a building.
3-4.3 Structural Fire Hazards.
Structural features of buildings that constitute fire hazards are of two types. There are
structural conditions that promote the vertical and horizontal fire propagation, as well as
conditions that could lead to structural failure during a fire.
3-4.3.1 Fire Spread. Most buildings form a connected series of compartments. As such, they are
inherently safer from fire if a fire can be contained to the compartment of origin. Unfortunately,
design, construction, and use practices create many avenues for fire spread. For example, some
construction can create virtual chimneys in the stud channels, allowing fire to spread the full
height of the building. Paths of fire spread can be either horizontal or vertical.
3-4.3.1.1 Means of Horizontal Fire Spread.
Means of horizontal fire spread include:
Doorways.
Ceiling voids over walls.
Floor cavities under walls.
Utility and service chase-through walls.
Voids in projecting eaves or cornices.
Wall failure.
Openings produced by distortion or failure of structural members in a fire.
Open attic spaces and cocklofts.
Corridors.
3-4.3.1.2 Means of Vertical Fire Spread.
Means of vertical fire spread include:
Stairways.
Conduction of heat through hearth slab to supporting timbers below.
Wall cavities penetrating floor.
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Utility and service chases penetrating floor.
Shafts for elevators, dumbwaiters, laundry chutes, and trash chutes.
Breaching of floor or ceiling by fire.
Atriums.
Windows or other exterior openings.
3-4.3.2 Structural Integrity. The ability of structural framing to resist the effects of a severe fire
is dependent on the framing material and its dimensions. Wood members, while combustible,
might have a limited fire resistance, which depends on size, since fire resistance is a function of
the surface-to-mass ratio of a member. Large-dimensioned lumber, such as that used in heavy
timber construction, provides significant endurance from the effects of fire. Studs and joists have
little fire resistance, although older, fully dimensioned members are significantly better than
modern thin-webbed, or strap-hung construction. Steel, although noncombustible, is subject to
decreased structural capacity at relatively low fire temperature. Structural members can be
protected to improve their resistance to fire.
3-5 Means of Egress.
3-5.1 Occupant Evacuation.
Evacuation of occupants is the primary approach to life safety from fire. Egress problems in
existing buildings generally arise with respect to number of exits, exit capacities, arrangement of
exits, or construction details.
3-5.2 Egress Codes.
NFPA 101, Life Safety Code, and most building codes detail specific requirements for ensuring
adequate means of egress. NFPA 101 requires exits to be separated from other spaces of the
building to provide a protected way of travel to a safe area.
3-5.3 Number of Exits.
Codes specify the number of exits that must be provided for each floor as well as for the entire
building. Minimum exit requirements are established to increase the reliability of the egress
system. A minimum of two means of egress is a fundamental life safety principle, and codes
permit very few exceptions to this rule. The intent is that, for any single fire situation that
prohibits travel to one exit, there will be an alternate exit available. Additional exits might be
required after consideration of the arrangement or capacity of exits.
3-5.4 Exit Capacities.
Codes regulate the capacity of exits by establishing a relationship between the required width
of various exit elements and the number of occupants they serve and by establishing minimum
widths for each of the exit elements. It is the intent of the codes to provide an exit capacity large
enough to move the total expected number of occupants into the safety of the exits before access
to the exits becomes difficult.
3-5.5 Exit Arrangement.
In addition to code requirements for exit number and capacity, codes generally require that
exits be located to facilitate their use in a fire emergency. Requirements address remoteness,
maximum travel distance, direct exit to the exterior, and maximum dead-end travel distance.
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3-5.5.1 Remoteness. Codes generally require that exits be as remote from each other as practical
and that they be arranged to allow direct access in separate directions. The intent of providing
exit remoteness is to minimize the probability that access to all exits will be blocked by a single
fire. The term “remote” is subjective and frequently is a matter of interpretation.
3-5.5.2 Travel Distance. Code requirements governing travel distance to an exit are intended to
establish a maximum interval of time for an occupant to reach an exit. Travel distances are
measured by mapping the path of travel to an exit. When combined with requirements for
minimum number of exits and exit remoteness, the limitations on travel distance ensure that even
if one exit is blocked by a fire, an occupant will still be able to reach another exit or a location of
refuge before the fire has spread in a manner that would prevent escape. The actual time for
escape implied by maximum travel distance limitations is not explicitly stated in the codes.
3-5.5.3 Dead-End Travel. Dead-end corridors of any length are undesirable features in
buildings for two reasons. First, people who use a dead-end corridor to reach an exit could be
trapped by fire or smoke between themselves and the exit. Second, it is possible to mistakenly
enter a dead-end corridor rather than an exit and, under smoky or poor light conditions, become
trapped or confused.
3-5.6 Egress Route Identification.
In general, exit routes must be clearly marked to assist occupants with evacuation path
identification. During a fire emergency, visibility can become rapidly obscured by smoke and
fire products. Rapid exit identification by occupants is necessary before conditions become
untenable. Identification methods include exit signage, escape route diagrams, and emergency
illumination.
3-5.7 Construction Details.
Codes provide many requirements for the details of various exit components that make up a
building’s egress system. Typical areas covered include means of separation from other spaces,
allowable materials, handrails, tread and riser design, landings, platforms, guards, door
hardware, alarms, and lighting. The intent of these provisions is to ensure a quality design that
will promote safe and easy passage. Individual code requirements tend to be numerous and
highly specific.
Chapter 4 Planning and Design
4-1 Objectives in Rehabilitation Planning.
The primary fire protection objective in rehabilitation planning is to achieve the best protection
program for the historic building while maintaining its historic integrity and character. Because
of the unique character of each historic structure, achieving this objective necessitates an
understanding of historic preservation and fire protection concepts.
4-1.1 Historic Preservation.
Historic buildings should be treated with the sensitivity prescribed by conventional historic
preservation criteria and standards.
4-1.1.1 Secretary of the Interior’s Standards. In the United States, the Secretary of the Interior
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provides guidelines for rehabilitation and operation of historic sites. This information is provided
as an example of national criteria.
(a) Every reasonable effort shall be made to provide a compatible use for a property which
requires minimal alteration of the building, structure, or site and its environment, or to use a
property for its originally intended purpose.
(b) The distinguishing original qualities or character of a building, structure, or site and its
environment shall not be destroyed. The removal or alteration of any historic material or
distinctive architectural feature should be avoided when possible.
(c) All buildings, structures, and sites shall be recognized as products of their own time.
Alterations which have no historical basis and that seek to create an earlier appearance shall be
discouraged.
(d) Changes which may have taken place in the course of time are evidence of the history and
development of a building, structure, or site and its environment. These changes may have
acquired significance in their own right, and this significance shall be recognized and respected.
(e) Distinctive stylistic features or examples of skilled craftsmanship which characterize a
building, structure, or site shall be treated with sensitivity.
(f) Deteriorated architectural features shall be repaired rather than replaced wherever possible.
In the event replacement is necessary, the new material should match the material being replaced
in composition, design, color, texture, and other visual qualities. Repair or replacement of
missing architectural features should be based on accurate duplications of features, substantiated
by historic, physical, or pictorial evidence rather than on conjectural designs or the availability
of different architectural elements from other buildings or structures.
(g) The surface cleaning of structures shall be undertaken with the gentlest means possible.
Sandblasting and other cleaning methods that will damage the historic building materials shall
not be undertaken.
(h) Every reasonable effort shall be made to protect and preserve archaeological resources
affected by or adjacent to any project.
(i) Contemporary design for alterations and additions to existing properties shall not be
discouraged when such alterations and additions do not destroy significant historical,
architectural or cultural material, and such design is compatible with the size, scale, color,
material, and character of the property, neighborhood or environment.
(j) Wherever possible, new additions or alterations to structures shall be done in such a manner
that if such additions or alterations were to be removed in the future, the essential form and
integrity of the structure would be unimpaired.
4-1.2 Administrative and Review Requirements.
4-1.2.1 Historic Preservation. Depending on funding sources and federal, state, or local
legislation, review by state or federal preservation offices or local historic review commissions
might be required to ensure that the historic building is treated with sensitivity. Projects should
be discussed with the appropriate preservation authorities as early as possible in the planning
stages.
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4-1.2.2 Code Enforcement. Proposed rehabilitation projects should be discussed with the
appropriate building and fire code officials as early as possible in the planning stages to
determine if code or safety conflicts exist. Many codes have special provisions for historic
buildings (see Appendix B) and for the consideration of alternative methods or systems that will
provide levels of safety equivalent to those required for new construction (see NFPA 101, Life
Safety Code, Section 1-5). In some cases, special appeal or variance boards exist and should be
requested to address those situations where fire safety and protection concerns and historic
preservation goals cannot be resolved acceptably by the standard review process. Most building
code officials are willing to work with owners, architects, and engineers and will consider
alternative construction methods, provided a reasonable or equivalent level of life and property
protection is proposed.
4-2 Concepts of Fire Safety Planning.
4-2.1 Management Responsibility.
The key to any successful fire protection program lies in the effort extended by the
management. Without the active participation and direction of high level management, the
effectiveness of the fire protection effort will be seriously hindered. This is true in an operational
facility as well as in a facility undergoing rehabilitation.
Fire safety is an essential and permanent part of historic structure operations and should be a
key consideration when that structure is scheduled for rehabilitation. Owners and others
entrusted with the management or operation of buildings having historic significance have prime
responsibility for ensuring that the historic structure is protected against the disastrous effects of
fire.
Using advice from qualified fire safety professionals (see Appendix B), the management team
should develop fire safety objectives and a fire safety plan for the complete facility. As part of
this plan, the management should decide how the building, its contents, and the occupants are to
be protected during the rehabilitation process as well as when it is completed.
Regardless of the complexity or size of the project, management should collaborate with
preservation architects, structural engineers, fire protection engineers, fire service
representatives, risk management specialist, and others with experience and expertise in the
design of fire protection systems and the historic building interface.
4-2.2 Elimination or Control of Fire Safety and Life Safety Hazards.
The planning process for the rehabilitation of a historic structure should include provisions to
control hazards that are not an inherent part of the historic fabric of the structure or its operation.
Fire safety problems identified in the evaluation of existing conditions (see Chapter 3) should be
ranked by priority to help identify the most undesirable conditions. These hazards might include
life safety issues, such as exit facilities, as well as fire ignition and material combustibility
considerations. Every effort should be made to eliminate as many of the identified hazards as
possible.
Where a specific hazard is an essential part of the historic fabric of the building, the threat to
the building and contents should be controlled by providing special protection for the hazard.
The approach taken can use any or a combination of the elements discussed in Section 4-3.
As part of the elimination and control of fire hazards, a planned rehabilitation should be based
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upon the building’s inherent fire safety features and not introduce new fire hazards. Alterations
might change the conditions that previously have kept the building fire-safe.
4-3 Elements of a Fire Safety Plan.
4-3.1 Management Involvement.
Management involvement in fire safety planning is critical to successful program
implementation. Management should consider the following four steps to ensure the fire safety
of the historic property both during and after the rehabilitation process:
(a) Evaluate fully the existing conditions of the building.
(b) Educate and train appropriate personnel in the importance and implementation of a sound
fire prevention program. Provide or have available trained, properly equipped fire-fighting and
salvage organizations.
(c) Institute management and operation practices that eliminate the cause of fire both during
and after the planned rehabilitation. Construction contracts should specify methods of control of
combustibles and hazards, including measures such as those provided in NFPA 241, Standard
for Safeguarding Construction, Alteration, and Demolition Operations. (See Chapter 5.)
(d) Incorporate appropriate fire protection measures in the rehabilitation effort in order to limit
any damage if a fire occurs; appropriate measures include structural compartmentation,
automatic detection and alarm, and fixed extinguishing systems.
4-3.2 Prevention.
4-3.2.1 General. When planning for the rehabilitation of a historic building, great care should be
exercised to provide for the abatement of fire hazards throughout the construction period and
following rehabilitation.
4-3.2.2 Design. To reduce the possibility of fire, existing fire safety standards such as NFPA 70,
National Electrical Code®, and other NFPA and industry standards should be consulted during
the design of electrical, mechanical, and similar systems.
4-3.2.3 Education and Training. For buildings that will be occupied during the rehabilitation
process, staff members should be instructed to identify obvious fire hazards and report them to a
designated individual. Staff members also should receive hands-on training in the use of the fire
suppression equipment provided. They should be instructed to report a fire and evacuate the area
before attempting to extinguish the fire. If this level of training is not practical for the entire
staff, then specific staff members should be designated for such training.
A fire response team or floor marshal plan can help organize specific staff members to react
quickly to any fire emergency. Team members should be kept apprised of the rehabilitation work
in progress and the possible hazards that will be introduced or will arise during construction.
4-3.2.4 Operation and Maintenance. Special precautions should be taken during the demolition
and construction processes necessary to complete the rehabilitation project. See Chapter 5 for a
discussion of specific hazards and processes.
4-3.2.5 Enforcement. The responsibility for enforcement of fire prevention measures should be
clearly assigned and should include enforcement of the construction contract requirements
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relating to fire perils. Authority should be given to stop work pending correction of flagrant
abuses. Responsible local authorities, such as fire and building departments, should be consulted.
4-3.3 Limiting Combustibility.
4-3.3.1 Construction Materials. Careful consideration should be given to the use of
fire-resistive materials and methods wherever they will not damage the structure’s historic
character. This is especially true in concealed areas and other areas not exposed to the public.
Inert or fire-resistive materials should be used where appropriate, including in some cases
where the structure is to be substantially rebuilt or where items used in original construction are
unavailable. Ingenuity can produce fire-safe components that simulate wood roofing and
numerous other products. In some instances, the use of substitute materials for original wood
might be appropriate. For example, rough-sawn wood can be duplicated in appearance by casting
concrete in a mold or form that bears the marks that are desirable on the surface of the finished
product, or wood shingles can be easily simulated with fire-resistant materials. Wood siding,
wood shingles, and shakes that have been given a fire-retardant treatment are commercially
available. Wood frame structural members and siding materials can be protected with
spray-applied coatings or membrane-applied protection to enhance the fire resistance of the
materials or assemblies where properly maintained. Even if community fire regulations and
codes do not require the use of such materials, they should be considered.
Mechanical systems should be designed to minimize the use of combustible materials or
lubricants. Noncombustible insulation materials should be used where such materials are to be
installed.
Scaffolding and forms should be of noncombustible materials. Where noncombustible
materials cannot be substituted, scaffolding and form lumber should be fire-retardant treated.
Tarpaulins, if used, should be fire-retardant treated.
4-3.3.2 Interior Finish Materials. Choice of furnishings and interior finishes should be given
careful consideration. For example, where highly combustible wood veneer paneling must be
replaced, it might be appropriate to substitute a fire-resistive product. Fire-retardant treated wood
products used as interior finishes are readily available. Fire-resistant carpeting is available, and
draperies of glass fiber or other fire-resistive materials should be considered.
Coatings are available that will effectively reduce the surface flamespread rating of many
combustible materials. Although they do not render a material noncombustible, they
significantly reduce the ease with which a material will ignite. Such coatings should be
considered whenever a noncombustible substitute is either unavailable or not suited to a
particular application. Caution is necessary to avoid a coating that contains a chemical or other
product that will damage or unacceptably alter the appearance of any historic material to which it
is applied.
4-3.3.3 Furnishings and Contents. Noncombustible materials should be used as much as
possible for furnishings and other contents of the building. Where the intended occupancy of the
building introduces combustible contents for which there are no substitutes, the building’s fire
loading should be considered when fire suppression systems are designed.
4-3.4 Compartmentation.
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4-3.4.1 Horizontal Fire and Smoke Barriers. The planning for the rehabilitation of a historic
structure should consider the use of fire-rated walls and doors to subdivide building areas into
separate fire areas and to segregate specific hazards, such as furnaces, boilers, or storage areas,
from the remainder of the building. These fire-rated barriers should be designed to resist the
passage of smoke. Other walls also should be designed to resist smoke passage and to confine
the effects of a fire where possible. Such designs often can be incorporated while maintaining the
historic fabric and character of the structure.
4-3.4.2 Vertical Enclosures. Provisions should be made to enclose stairways, ventilation shafts,
and other vertical openings with fire-rated construction to prevent the vertical spread of fire and
smoke. Where the historic fabric of the building prevents such enclosures, alternative protection,
such as sprinkler systems, should be provided.
4-3.4.3 Fire Stops. Fire stops should be provided in concealed spaces to prevent the spread of
fire within walls and between rafters and floor joists. Filling concealed spaces with inert
material, such as mineral wool insulation or other similar fire-resistive materials, can further
retard the spread of fire. However, it is necessary to guard against the damaging effects of
condensation within the insulation in exterior wood frame or furred masonry walls by using an
appropriate vapor barrier.
4-3.5 Structural Protection.
The existing structural fire resistance should be determined wherever possible. For older
structures, the U.S. Department of Housing and Urban Development has developed the
“Guideline on Fire Ratings of Archaic Materials and Assemblies,” in their series of rehabilitation
guidelines, to assist in identifying approximate fire resistance qualities of older construction
methods and materials.
Wherever possible, new materials to be installed should be selected based on their ability to
enhance the fire resistance of the basic structure. Gypsum wallboard, plaster, and other finish
materials can improve the fire resistance rating of structural members if applied correctly.
4-3.6 Detection and Alarm.
Significant improvement in protection from fire can be achieved by installation of a detection
and alarm system connected to an alarm monitoring service or a fire department. Fire has much
less chance of doing great damage if it is detected and contained at an early stage. Furthermore,
structures can be evacuated more quickly if prompt warning of a fire is given.
Various types of fire detection and signal systems are described in Appendix A.
4-3.6.1 Fire Detection Systems.
4-3.6.1.1 Various automatic fire detectors can detect a fire condition from smoke, a critical
temperature or rate of temperature rise, or infrared or ultraviolet radiation from the fire. These
detectors can provide the warning needed to get people safely out of the structure, notify the fire
department, and start fire extinguishing action promptly. In buildings with automatic sprinkler
systems, the fire detection system may provide a window of time for manual suppression by
building occupants before detection and suppression by the automatic sprinkler(s) directly above
the fire. Appropriate specialists should be consulted to determine which kinds of detectors best
fit the conditions in different parts of the structure. (See Appendix B.)
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4-3.6.1.2 Where it is determined that it is desirable to provide an opportunity for building
occupants to employ manual fire suppression before the sprinkler(s) over the fire opens, a
separate early warning fire detection system should be considered that utilizes the detection
device providing the fastest response with respect to the type of fire expected from combustibles
in the occupancy.
4-3.6.1.3 Installed detection and alarm systems should not only sound an alarm within the
structure but also should transmit a signal to an alarm monitoring service or to a local fire
department. Subsequent to an alarm, the fire department should be contacted immediately to
verify that the alarm was received.
4-3.6.2 Fire Detectors. Fires produce heat, smoke, flame, and other signatures that detection
systems recognize and to which they respond. Fire detectors are most typically designed to
detect fire at a specific point in space (spot detectors), requiring a number of properly located
units to cover a large area. There are also linear or line-type detectors (wires, pneumatic tubes,
and photoelectric beams) that often can be arranged to provide automatic detection less
obtrusively and in unusual configurations. (See Appendix A.)
4-3.6.2.1 Heat Detectors. Heat detectors are designed to respond when the operating element
reaches a predetermined temperature (fixed temperature detector), when the temperature rises at
a rate exceeding a predetermined amount (rate-of-rise detector), or when the temperature of the
air surrounding the device reaches a predetermined level, regardless of the rate of temperature
rise (rate compensation detector). Heat detectors respond best to relatively large, high
heat-producing fires.
4-3.6.2.2 Smoke Detectors. In almost every structural fire, measurable amounts of smoke are
produced prior to measurable amounts of heat. Thus, smoke detectors are preferred for earlier
warning of fire. Smoke detectors respond to the visible or invisible particulate matter produced
in fires. Smoke detectors are available for spot placement, line-of-sight linear beam and air
sampling applications.
4-3.6.2.3 Manual Alarm Devices. In some instances, a person may discover a developing fire
prior to automatic detector operation. Manual alarm stations are provided to permit that person to
activate the building fire alarm system.
4-3.6.3 Applications.
4-3.6.3.1 The primary function of an automatic detection system is to alert the occupants of a
building to the presence of a fire. This may be especially important under the following
conditions:
(a) In large buildings where persons in one part of the building may not be aware of a fire in
another part.
(b) In buildings where a fire may start in an unoccupied area.
(c) In occupancies where there is a large number of people, requiring significant time to
evacuate.
(d) In situations where there are relatively long travel distances to exits.
(e) In buildings where the nature and arrangement of fuel makes a fast-growing fire possible.
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(f) In buildings that do not have sufficient barriers to limit the spread of fire and smoke.
(g) In residential occupancies.
4-3.6.3.2 Automatic fire detection also performs the function of initiating the process of fire
suppression by alerting trained occupants or the municipal fire service to respond. Before any
suppression can begin, a fire must be detected and the suppression activated. This can be
accomplished on-site by individuals trained in the use of fire extinguishers or by a properly
equipped and staffed fire department. Fire size at detection will impact the ability of manual
suppression to control the fire.
4-3.6.4 Design Considerations. Expected fire size should be considered when designing a fire
detection system. (See NFPA 72, National Fire Alarm Code, Chapter 5.)
Where ceilings are 20 ft (6.1 m) or greater in height, it is imperative that engineering
assistance be obtained. (See Appendix B.)
The design of fire detection systems also should consider normal combustion processes in the
occupancy to minimize false alarms. Attention should be given to activities that normally
produce products of combustion (e.g., food preparation, automobile parking, smoking), steam, or
other aerosols.
Generally, system design should include detection throughout the entire building. Partial
protection may result in a delayed response to a fire causing larger losses.
4-3.7 Fire Extinguishment.
4-3.7.1 General. An essential element in any fire safety plan is consideration of the means
available to suppress a fire once it has begun. Management must make critical decisions as to the
type of fire suppression capability that will be provided in the building. Immediate response by
operation of an automatic extinguishing system can be crucial in minimizing the damage to
historic structures and their contents. Response by trained building personnel with appropriate
extinguishing equipment also may minimize damage to historic structures and their contents.
Operation of any of these systems should cause activation of an alarm at a constantly attended
location, or activation of the building alarm system as described in NFPA 101, Life Safety Code.
The provision of these systems is equally important during the rehabilitation process and
afterward.
4-3.7.2 Automatic Fire Extinguishing Systems.
4-3.7.2.1 General. Automatic fixed extinguishing systems are the most effective means of
suppressing fires in buildings. Their use in historic buildings is recommended. They should be
installed carefully to avoid damage to architectural and historic features and spaces.
Without some type of automatic extinguishing system, a fire can only increase in intensity
until the fire department arrives. At that time, the fire department is faced with extinguishing a
much larger fire than would have existed if an automatic extinguishing system had activated, and
the damage due to extinguishing the fire in this manner would be substantially greater.
Example: A fire department using one or more hose lines inside a building is capable of
delivering water at a rate of 250 gal/min (946 L/min) per hose. Automatic sprinkler systems
typically discharge water at a rate of 15 gal/min to 25 gal/min (57 L/min to 95 L/min) per
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sprinkler.
In general, it is considered good engineering practice to utilize total flooding gaseous systems
only in combination with automatic sprinkler systems, rather than as an alternative. (See NFPA
Fire Protection Handbook, Section 5, Chapter 18. Also see comparative design attributes in
Appendix A.) The combination of a total flooding gaseous system with an automatic sprinkler
system provides a higher probability of confining fire growth to an area less than that typically
covered by one sprinkler [e.g., 100 ft2 (9.3 m2)]. The total flooding gaseous system becomes a
reliable substitute for manual suppression in the window of time between early warning
detection and sprinkler operation.
The discharge of gaseous agents and dry chemicals is governed by automatic controls using
smoke or heat detection devices. The various types of automatic extinguishing systems are
described in Appendix A.
4-3.7.2.2 Automatic Sprinkler Systems. An automatic sprinkler system consists of a network of
piping with a sprinkler(s) uniformly spaced along the piping to provide protection to a specified
area or building. Water is supplied to the piping from a supply system, such as a municipal or
private water distribution system. Effective operation is dependent upon an adequate and
dependable water supply.
Different types of sprinkler systems can be designed for specific areas. These include wet-pipe
systems, dry-pipe systems, preaction systems and deluge systems; all are discussed in Table A-3.
Systems vary in method of operation and whether or not water is normally in the piping system.
In most systems, only those sprinklers that are heated to the predetermined temperature will
operate; sprinklers in other areas will remain closed. Typically, most fires are controlled by the
operation of fewer than five sprinklers.
The potential for water damage from automatic sprinklers is often misunderstood. Some water
damage will occur when sprinklers operate to control a fire. However, this damage is usually
minimal when compared to the amount of damage the fire would have caused if the sprinkler
system had not controlled or extinguished it. Reports of water damage in sprinklered buildings
are often exaggerated in comparison to the small amount of fire damage resulting from
successful fire control by the sprinklers. Automatic sprinkler systems should be installed in
accordance with NFPA 13, Standard for the Installation of Sprinkler Systems.
4-3.7.2.3 Halon 1301 Total Flooding Systems. Halon 1301 is a colorless, odorless, electrically
nonconductive gaseous agent that leaves no residue and requires no agent cleanup after
discharge.
Halon 1301 extinguishing systems can be designed to protect rooms or other enclosures. They
are often used to protect occupancies with high-value contents susceptible to damage by other
types of extinguishing agents.
Halon 1301 works by interfering with the combustion process, not by diluting or displacing
oxygen. Consequently, the usual 5 to 7 percent concentration of Halon 1301 will extinguish most
fires. Although Halon 1301 vapor has a low toxicity, its decomposition products during a fire
can be hazardous. Therefore, the fire area should be promptly evacuated. The safety precautions
described in NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems, should be
followed.
A Halon 1301 system consists of a supply of the extinguishant in one or more containers and a
Copyright 1996 NFPA

nozzle(s) strategically placed in (throughout) the protected enclosure. The containers can be
centrally located and connected to the nozzles by a piping network or placed at various locations
in or near the hazard, with each container connected directly to its nozzle or piped to one or more
nozzles. The types of nozzles selected, and their number and placement, should be such that their
force of discharge will not adversely affect the building or room contents.
The halon discharge is usually released automatically by a fire detection system within the
protected hazard, which includes a means for manual release.
It should be noted that, due to the deleterious effect that Halon 1301 and other
cholorofluorocarbons (CFCs) have on stratospheric ozone, international health organizations
have severely limited current production of CFCs and will totally ban production by the year
2000. However, Halon 1301 may continue to be available for essential uses (for both new
systems and for refilling existing systems) by recycling from nonessential uses. It is important
that existing systems be serviced and maintained on a regular basis to avoid accidental
discharges. Nevertheless, as reserves of Halon 1301 become scarce, this agent can be expected to
become expensive for most applications.
4-3.7.2.4 Carbon Dioxide Systems. Carbon dioxide extinguishes a fire by lowering the oxygen
level below the 15 percent necessary for flame production. Personnel must be evacuated before
agent discharge to avoid suffocation and reduced visibility during and after the discharge period.
These systems should not be used in normally occupied areas.
4-3.7.2.5 Clean Agent Systems. Clean agent systems consist of a supply of extinguishant in one
or more containers and a nozzle(s) strategically placed in (throughout) the protected, enclosed
space. The containers can be centrally located and connected to the nozzles by a piping network
or placed at various locations in or near the hazard, with each container connected directly to its
nozzle or piped to one or more nozzles. The types of nozzles selected, and their placement,
should be such that their force of discharge will not adversely affect the building or room
contents.
“Clean” agents are not known to chemically damage artifacts, which often makes them
preferred to other types of fire extinguishing systems. To be effective, however, these agents
must be tightly contained within the room being protected. They are best suited for protecting the
sensitive and delicate contents of a room (not the building structure). Total flooding fixed
systems using gaseous agents depend on achieving and maintaining the concentration of the
agent needed for effective extinguishment. Openings in the compartment (open windows or
doors, ventilation systems that continue to operate) may prevent the achievement of an effective
extinguishing agent concentration. Where a high reliability of operation is needed for protection
of high-value collections, a back-up system, such as an automatic sprinkler system in
combination with a total flooding gaseous agent system, should be considered. The new clean
agents, while similar to Halon 1301, may not be compatible with existing containers and other
components.
It is good engineering practice to utilize total flooding gaseous systems only in combination
with automatic sprinkler systems, rather than as an alternative (See NFPA Fire Protection
Handbook, Section 5, Chapter 18. Also, see comparative design attributes in Appendix A.) The
combination of a total flooding gaseous system with an automatic sprinkler system provides a
higher probability of confining fire growth to an area less than that typically covered by the
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operation of one sprinkler [e.g., 100 ft2 (9.3 m2)]. The total flooding gaseous system becomes a
reliable substitute for manual suppression in the window of time between early warning
detection and sprinkler operation. Human response (e.g., occupant manual extinguishing action)
is the least reliable means of fire suppression, especially considering those periods when the
building is not occupied and is most vulnerable.
Explicit warning information and instructions for building occupants should be conspicuously
posted. Similar precautions may be needed for other special extinguishing systems.
Clean agent systems are described in NFPA 2001, Standard on Clean Agent Fire
Extinguishing Systems.
4-3.7.3 Manual Fire-Fighting Capability.
4-3.7.3.1 Portable Fire Extinguishers. Portable fire extinguishers are important items of fire
protection equipment and should be installed in accordance with NFPA 10, Standard for
Portable Fire Extinguishers. These extinguishers allow the use of a limited quantity of
extinguishing agent on a small fire at the moment the fire is discovered and, therefore, should be
available in adequate numbers.
The extinguishers should be the type intended for the class of fire anticipated. Multiclass
portable extinguishers are available that remove any doubt regarding the correct extinguisher to
be used. Extinguishers should be properly located and inspected regularly so they will be in
working order when needed. Personnel should know their locations and be instructed in their
use. It must be emphasized that the use of fire extinguishers should not delay the transmission of
alarms to the fire department.
The selection and use of portable extinguishers should include the following health and safety
considerations:
(a) Gaseous agent-type extinguishers contain agents whose vapor may be toxic, and their
decomposition products can be hazardous. Where using these extinguishers in unventilated
spaces, such as small rooms, closets, motor vehicles, or other confined spaces, operators and
others should avoid breathing the gases produced by thermal decomposition of the agent. As in
the case of total flooding gaseous suppression systems, production of halogenated extinguishing
agents for portable extinguishers terminated on January 1, 1994, due to their ozone-depleting
properties. (See 4-3.7.2.3.)
(b) Carbon dioxide extinguishers contain an extinguishing agent that will not support life
where used in sufficient concentration to extinguish a fire. The use of this type of extinguisher in
an unventilated space can dilute the oxygen supply. Prolonged occupancy of such spaces can
result in loss of consciousness due to oxygen deficiency.
Also see NFPA 10, Standard for Portable Fire Extinguishers, A-2-1, for other health and
safety considerations.
4-3.7.3.2 Standpipe and Hose. Where standpipes and hose lines are required or installed to
provide reliable and effective fire streams in the shortest possible time, they should be installed
in accordance with NFPA 14, Standard for the Installation of Standpipe and Hose Systems.
Training and skill in the use of hose streams are essential to avoid injury and unnecessary
property damage. Building occupants should not attempt to use fire hose unless properly trained
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in accordance with safety and regulations (e.g., OSHA.) It should be emphasized that the use of
standpipe hose lines, as with the use of fire extinguishers, should not delay the transmission of
alarms to the fire department. A waterflow alarm should be provided on a wet standpipe system.
4-3.7.3.3 Hydrants and Outside Protection. Where a municipal water system or a private water
system with sufficient capacity and pressure is available, fire hydrants should be provided to
enable the fire department to quickly connect their pumpers and lay hose lines to the building.
Where possible, hydrants should be provided on all sides of the building. Care should be taken to
avoid placing hydrants too close to the building so that the fire department will not be prevented
from using the hydrant due to fire exposure from the building.
4-4 Developing the Fire Safety Plan.
4-4.1 Selecting Fire Safety Plan Elements.
4-4.1.1 Elements of a fire safety plan should be selected to control or mitigate identified fire
hazards appropriate to the objectives of historic preservation and fire safety. The best protection
will be afforded by a combination of strategies designed to address specific fire safety problems.
In addition, reliability can be greatly improved by the use of redundant or overlapping strategies.
A realistic fire safety objective for the fire safety plan is to provide a high probability of
confining fire to the room in which it originates.
4-4.1.2 Fire Hazards. Table 4-4.1.2 shows categories and examples of fire hazards discussed in
Section 4-4. Fire safety plan elements should address the specific hazards of each building.
Table 4-4.1.2 Categories of Fire Hazards in Historic Buildings
Ignition sources
Arson
Lightning
Chimneys
Exposures
Heating, mechanical and electrical systems
Smoking (management)
Special hazards (e.g., restaurants, laboratories)
Combustibles
Roofing materials
Siding
Construction materials
Interior finish
Contents
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Trash (management)
Structural features
Superstructures
Concealed spaces
Horizontal openings (large fire areas)
Vertical openings
Structural assemblies
Means of egress
Number of exits
Capacity of exits
Location of exits
Travel distances
Protection of means of egress

4-4.1.3 Fire Safety Plan Elements. Possible elements of a fire safety plan discussed in Section
4-3 are summarized in Table 4-4.1.3. These are the alternative strategies for dealing with the
identified fire hazards.
Table 4-4.1.3 Elements of a Fire Safety Plan
Prevention

Structural protection

Operation and maintenance

Fire resistance

Education and training
Enforcement

Detection and alarm
Facilitating egress
Facilitating suppression

Limiting combustibility
Material substitution

Suppression systems

Protection with overlayer

Manual

Coating

Sprinklers

Fire retardant treatment

Special hazard systems

Compartmentation
Enclosure
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Subdivision
Barriers, doors, dampers

4-4.1.4 Table 4-4.1.4 shows the categories of fire hazards and categories of fire safety plan
elements most likely to be effective at elimination or control of various problem situations. The
table emphasizes two points:
(a) There is typically more than one way to deal with a particular fire hazard; and
(b) The same fire safety plan element may be effective in controlling or mitigating more than
one fire hazard.
In general, the choice of fire safety plan elements should be based on evaluation of costs and
benefits of each alternative. However, removing or changing an essential historic feature
represents a cost or loss of value that cannot be readily quantified. The concern for authenticity
may be so strong that the feature must be preserved, thus limiting the choice of design
alternatives.
Table 4-4.1.4 Effective Fire Safety Plan Elements and Associated Fire Hazards

4-4.2 Sources of Information.
To develop a fire safety plan successfully, knowledge of the subject and resourcefulness are
necessary. The requisite knowledge is available from a number of sources described below.
More specific identification of resources may be found in the appendices to this document.
4-4.2.1 Human Resources. Every building is unique, and no two fire safety problems exist
under the same set of conditions. However, experience has demonstrated the value of grouping
certain similar sets of conditions and solutions. This expertise is most often found in the
organizations and consultants that focus on fire safety. Appendix B identifies some of the
resources that may be appropriate for a particular situation.
4-4.2.2 Codes and Standards.
4-4.2.2.1 Model Codes. Almost every jurisdiction has applicable codes and standards for fire
safety. However, not all building codes are the same. For example, NFPA 101, Life Safety Code,
is the only such code that provides specific chapters for both new and existing buildings. There
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may be situations where the approach to fire safety of one code is more fitting to particular
circumstances than another code. Appendix B lists the most common model building codes and
their specific approach to historic buildings.
4-4.2.2.2 Special Legislation. Many states have adopted special legislation to deal with the
particular problems of fire safety in historic structures. These ordinances should be consulted to
determine alternative approaches to identified fire safety issues.
4-4.2.3 Special Publications. In 1980, a series of rehabilitation guidelines was prepared by the
National Institute of Building Sciences for the Department of Housing and Urban Development.
They were designed for voluntary adoption and use by states and communities as a means to
upgrade and preserve the nation’s building stock while maintaining reasonable standards for
health and safety. Two of these guidelines, which are particularly applicable to fire safety, are
the “Egress Guideline for Residential Rehabilitation” and the “Guideline on Fire Ratings of
Archaic Materials and Assemblies.”
4-4.2.3.1 Egress Guideline for Residential Rehabilitation. This document lists design
alternatives for the components of egress that are regulated by current codes, such as number and
arrangement of exits, corridors, stairs, travel distance, dead-end travel, and exit capacity and
width. Although written primarily for residential occupancies, it has a much broader application.
4-4.2.3.2 “Guideline on Fire Ratings of Archaic Materials and Assemblies.” This document
contains fire ratings of building materials and assemblies that are no longer found in current
building codes and related reference standards. Introductory material discusses flame spread, the
effects of penetrations, and methods for determining ratings of assemblies not listed in the
guideline. Information from “Guideline on Fire Ratings of Archaic Materials and Assemblies” is
provided in Appendix D.
4-4.2.4 Fire Safety Concepts Tree. One approach used to qualitatively evaluate alternative
arrangements for equivalent safety from fire is the NFPA Fire Safety Concepts Tree. This tool is
documented in NFPA 550, Guide to the Firesafety Concepts Tree. The tree represents all
possible means of meeting fire safety objectives. Increasing fire safety measures on one branch
of the tree theoretically offsets a lack of required measures on another branch, thus establishing
an arrangement for equivalent fire protection.
Chapter 5 Fire Protection and Safe Practices in the Construction Phase
5-1 Introduction.
The potential for fire during the rehabilitation of a building is usually greater than during its
normal use and occupancy. During this period, fire protection facilities generally have not been
completed, and an unprotected steel or wood structure may be exposed throughout the building.
The products of demolition and crating, boxes, cartons, etc., are highly combustible. Welding
and cutting operations, plumbing torches, tar kettles, temporary heating equipment, and wiring
serve as ignition sources that create a potential rapid-developing fire situation. Frequently,
automatic sprinkler protection, yard hydrant systems, and standpipe and hose facilities have not
yet been finished, thereby severely hampering fire fighters. Proper steps to improve these
conditions must be taken to reduce the loss potential in structures undergoing rehabilitation and
restoration.
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It is good fire protection practice to complete, and place in service, automatic fire suppression
systems, standpipes, detection systems, and fire barriers as early in the project as possible.
Preplanning of the construction phase should include discussions with the owner of the
building, the architect, the contractor(s), and project manager about fire safety. Owners should
have a designated person who will represent their interests in making sure that fire safety
precautions are practiced on the job site. The general contractor should designate a person who
will ensure that the job site is maintained in a fire safe manner. The public fire department and
other fire protection authorities should be consulted for their guidance. If a facility can be closed
to the public during the rehabilitation work, fire safety efforts can concentrate on the
construction processes and the hazards introduced to the facility.
When the facility is to remain open to the public during the rehabilitation process, extreme fire
safety and life safety hazards can be created. Extra effort must be made to ensure that necessary
life safety and fire protection features are not compromised by any construction process. To
reduce the level of hazard to occupants and the structure, construction areas should be separated
from public use areas as much as possible, including the use of noncombustible partitions.
Required exits should be maintained or supplementary routes provided. Guards may need to be
employed to help keep the public out of construction areas and to assist the public in exiting
when alternate exit routes are required.
5-2 Temporary Construction and Equipment.
5-2.1 Construction Offices and Sheds.
Construction of temporary offices, trailers, sheds, and other facilities for the storage of tools
and materials, where located closely together or located within the building, on the sidewalk
bridging, or within 30 ft (9.2 m) of the building, should be of Type II noncombustible
construction, (see NFPA 220, Standard on Types of Building Construction). Offices, trailers,
sheds, and other facilities of combustible construction should be located at least 30 ft (9.2 m)
from the main building and from each other. Only safely installed, approved heating devices
should be used in construction offices and sheds. Ample clearance should be provided around
stoves and heaters and all chimney and vent connectors to prevent ignition of adjacent
combustible materials. (See NFPA 241, Standard for Safeguarding Construction, Alteration, and
Demolition Operations.)
5-2.2 Construction Equipment and Materials.
Internal combustion engine-powered air compressors, hoists, derricks, pumps, etc., should be
located such that the exhausts discharge away from combustible materials. When the exhausts
are piped outside the building under construction, a clearance of a least 6 in. (152 mm) should be
maintained between such piping and combustible materials. Service areas or fuel for
construction equipment should not be located within buildings.
Construction materials should be kept to a minimum within the structure. Materials not
immediately needed should be safely stored away from the structure. Flammable and
combustible liquids necessary for the construction project should be utilized only in quantities
necessary to complete a day’s work. All other quantities should be stored in accordance with
5-3.3. In addition, they should be stored downgrade and 50 ft (15.2 m) away from the main
construction project and away from vehicle travel.
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Storage of combustible construction components within the building should be kept to the
minimum required to complete a day’s project. Where steel construction is present, combustible
storage should not be placed in areas where specified fire-resistive coatings have not been
applied. Highly combustible materials, such as foam, plastic, or rubber products, should not be
stored inside the building. Equipment and materials should be stored in secured areas with
sprinkler protection if possible. If such areas are not available, materials should be subdivided
and stored in secured noncombustible structures. Where equipment is too large to be stored
within the above areas, it should be stored in secured fenced-in yard areas. Storage of
construction materials should not impede egress from buildings or access of fire apparatus to
hydrants or to the building.
5-3 Construction Processes and Hazards.
5-3.1 Cutting and Welding Operations.
Cutting and welding operations on the job site should require a permit that is under the
supervision of the designated person in charge of fire protection. Any such operations should be
carried out in accordance with the requirements of NFPA 51B, Standard for Fire Prevention in
Use of Cutting and Welding Processes.
A permit should not be issued until it has been determined that cutting and welding can be
safely conducted at the desired location and combustibles have been moved away or safely
covered. The permit should require that a person trained in the use of fire extinguishers be
stationed in the vicinity of the cutting or welding operation for the duration of the work and for
thirty minutes thereafter to ensure that sparks or drops of hot metal from the work do not start a
fire. At the close of the workday, the work should be inspected by the supervisor so that any
smoldering may be detected. Storage of flammable gases utilized in the welding or cutting
process should be in a safe location protected from vehicle damage and high temperatures.
If the structure has a wooden floor, the floor should be wet down before and after welding or
cutting operations are conducted. Adequate precautions should be taken so that wetting down
will not introduce a personnel safety hazard or cause damage to historic building materials or
finishes. All combustibles in the area should be relocated or be covered with fire-resistive
tarpaulins.
5-3.2 Temporary Heating Equipment.
As much as possible, the permanent building heating equipment should be maintained in
service to provide heat for the workers and to prevent freezing of water pipes. Supplemental
heating devices should be situated so they are not likely to overturn and otherwise should be
installed in accordance with their listing, including clearance to combustible material,
equipment, or construction. Portable equipment using oil or liquefied petroleum gas as fuel
should be removed to a safe location and allowed to cool prior to refueling.
Where temporary heating equipment must be used, only steam heaters, approved electric
heaters, approved gas-and oil-fired space heaters, or indirect-fired gasoline heaters located
outside the building should be permitted. A portable, adequately sized, dry chemical fire
extinguisher should be located near all portable heating devices. Sizing of fire extinguishers
should be in accordance with NFPA 10, Standard for Portable Fire Extinguishers. The design
and installation of these heaters should comply with appropriate standards such as NFPA 31,
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Standard for the Installation of Oil-Burning Equipment, NFPA 54, National Fuel Gas Code, and
NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum Gases.
Chimney or vent connectors from direct-fired heaters, where required, should be maintained at
least 18 in. (457 mm) from combustibles. Temporary heating equipment should be attended and
maintained by competent personnel.
5-3.3 Flammable Liquids.
The use and storage of flammable liquids should be carefully controlled and monitored. All
flammable liquids should be handled only in approved safety cans. Potential sources of ignition
should be identified and safeguarded wherever operations involving flammable liquids are to be
conducted. Adequate ventilation should be provided for operations involving the use or
application of materials that produce flammable vapors. All flammable liquids should be stored
in accordance with the provisions of NFPA 30, Flammable and Combustible Liquids Code.
5-3.4 Roofing.
Asphalt and tar kettles, where used in roofing or other operations, should be located in a safe
place on the ground outside the building or on a noncombustible roof to avoid the danger of
igniting combustible material below. Used roofing mops should not be stored within the
building. Continuous supervision should be required while kettles are in operation, and metal
covers should be provided for all kettles to smother flames in case of fire. Suitable fire
extinguishers should be provided in the vicinity of such operations.
5-3.5 Plumbing.
Plumbing operations involving open flame should be conducted only under the supervision of
the person in charge of fire protection. Such work should take place only after it has been
determined that the work can be conducted safely at the desired location, that combustibles have
been moved away or safely covered, and that a charged fire extinguisher is available. At the
close of the workday, the work must be inspected by the supervisor so that any smoldering may
be detected.
5-3.6 Demolition Work.
If demolition work is necessary during a project, all gas supplies should be shut off at a point
outside the building and the outlet should be capped. Electrical service should be reduced or
eliminated in the affected area. Flame-cutting should not be done in combustible buildings. Fire
walls, fire doors, and cutoffs should be maintained in good repair where possible.
In cold weather areas, heating should be maintained as long as possible to prevent the freezing
of sprinkler lines, hoses, and fire extinguishers. Where automatic sprinklers are present, they
should remain in service as long as possible. Where sprinklers are removed or extended, lines
should be capped and impairment safeguards provided to minimize the downtime of systems.
NFPA 241, Standard for Safeguarding Construction, Alteration, and Demolition Operations,
should govern all demolition operations.
5-3.7 Other Hazardous Operations.
Operations that introduce fire hazards should be reviewed to determine if other, safer methods
can be utilized. Paint stripping operations involving open flames should not be permitted. Floor
sanders should have their dust accumulation bags emptied before the close of the day. Dust
should be disposed of in closed metal containers outside of the building. Other operations should
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be similarly controlled to reduce the possibility of fire ignition.
5-3.8 Smoking.
Smoking should be prohibited altogether or restricted to designated areas. Smoking areas
should be selected on the basis of their remoteness from exposed combustible materials, the low
degree of danger from an incipient fire that could spread rapidly, and the availability of fire
protection equipment and personnel. Receptacles for spent smoking materials should be provided
in the smoking area, and housekeeping should be exemplary. Stringent restrictions on smoking
also serve to promote general awareness of the need for fire safety. Surreptitious smoking
outside designated areas should be dealt with severely.
5-3.9 Housekeeping.
Extreme care should be taken to prevent even small accumulations of debris or rubbish inside
construction areas or close to an exterior fire hazard. Debris and rubbish should be removed from
the site daily and should not be burned in the vicinity. Contractors should be required to provide
ample receptacles for rubbish, papers, etc. If a chute is employed for removal of debris, it should
be erected on the outside of the building. Burning of waste materials on the premises should not
be permitted.
Housekeeping is always an essential consideration in any fire protection plan. During periods
of construction, it takes on added importance, since the construction process introduces many
temporary hazards.
5-3.10 Electrical.
Electrical wiring and equipment for light, heat, or power should be installed in compliance
with the requirements of NFPA 70, National Electrical Code. Attention should be given to
ensure that temporary lighting, bulbs, and fixtures do not come in contact with combustible
materials. Circuit breakers for circuits that are not being utilized should be shut off.
5-3.11 Environmental Conditions.
Attention should be focused on possible fire exposure hazards created by weather and
environment-related conditions. Fire damage may not be confined to the building of origin and
could spread to adjacent property. If the fire threat to adjoining or nearby buildings is severe, the
provision of fire doors, temporary barriers, or sprinkler water curtains should be evaluated.
Windstorm damage, while not necessarily related directly to loss by fire, may, in fact,
contribute directly to an increase in the fire hazard. Open structures are particularly susceptible
to damage from high winds that may cause skewing and misalignment of the structure and
disrupt existing water supplies or delivery systems for fire protection. Secure, temporary
coverings to openings should be provided.
Water supplies may be affected and may freeze in cold weather if temporary doors or window
closures are blown away. Roof construction also may be damaged to the extent that freezing of
equipment may occur. Entry of wind into a building also may blow debris, lumber scraps, or
tarpaulins against heating devices, thereby causing ignition of these materials. Consequently,
proper care should be given to eliminating both direct loss from wind and the attendant
possibility of resultant fire damage.
5-3.12 Arson.
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Deliberate and malicious setting of fires is the most common cause of fire incidents in the
construction phase of building rehabilitation. Control of access to the property, as described in
Section 5-1, is essential in preventing arson. The practice of good housekeeping, as described in
5-2.2 and 5-3.9, will minimize the amount of combustible material readily available to facilitate
an arson fire. If a location has experienced labor management difficulty or has sustained a set
fire or other vandalism, it is established as a target for arson. Additional security is
recommended for target properties.
5-4 Fire Protection.
5-4.1 Fire Barriers.
Fire walls and exit stairways, if required for the completed building, should be given
construction priority. Fire doors with approved closing devices and hardware should be installed
as soon as practical and before combustible materials are introduced. After installation, fire
doors should not be obstructed from closing.
5-4.2 Existing Fire Detection Systems.
Existing fire detection and alarm systems should be maintained in operating order wherever
possible. Should a temporary fire detection system with some form of connection to the fire
department be installed, this system should include only heat detectors and manual fire alarm
boxes, with smoke detectors installed only in areas that are not affected by the construction. The
smoke detectors that are deemed necessary to be used within the construction area must be
protected from dust, dirt, and extreme temperatures during construction.
When construction has finished for the day, a security guard or other authorized person should
be instructed to uncover the smoke detectors in the construction area to avoid delayed alarms
during nonworking hours. Care should be taken to avoid disabling the fire alarm system or
causing false alarms during the rehabilitation work.
5-4.3 Fire Fighting.
5-4.3.1 Access. A suitable location at the site should be designated as a command post and
provided with plans; emergency information; keys; communications; and fire-fighting, salvage,
and medical equipment, as needed. The person in charge of fire protection shall return to the
location immediately if a fire occurs.
Access for heavy fire-fighting equipment to the immediate job site should be provided at the
start of construction and maintained until all construction is completed.
Free access from the street to fire hydrants and to outside connections for standpipes,
sprinklers, or other fire extinguishing equipment, whether permanent or temporary, should be
provided and maintained at all times. Protective pedestrian walkways should be constructed so as
not to impede access to hydrants, fire department connections, or fire extinguishing equipment.
Prefire planning should be updated periodically with local authorities. For large projects, a fire
safety coordinator for the site should be provided. The duty of this coordinator should be to
ensure that all procedures, precautionary measures, and safety standards are laid down,
understood, and complied with by all personnel on the construction site.
During construction operations, free access to permanent, temporary, or portable first aid fire
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equipment should be maintained. In all buildings over one story in height, at least one stairway
should be provided in usable condition at all times.
5-4.3.2 Water Supply. The water supply for either temporary or permanent fire protection
should be made available as soon as construction begins and combustible material accumulates.
The local fire authority should be contacted regarding adequacy of the water supply for hose
lines.
Where underground water mains are to be provided, they should be installed, completed, and
in service with hydrants or standpipes located as directed by the local fire authority prior to
construction work.
5-4.3.3 Standpipes. In all buildings in which new standpipes are required or where they exist in
buildings being altered, they should be maintained in accordance with the progress of building
activity such that they are always ready for fire department use.
5-4.3.4 Sprinkler Protection. Where automatic sprinkler protection is to be provided, the
installation should be placed in service and monitored as soon as possible. Where sprinkler
protection existed prior to the rehabilitation project, the system should be kept in service as long
as possible during the rehabilitation work to provide continuous protection. Where sprinklers
must be taken out of service for modification, they should be returned to service as soon as
possible. System downtime must be minimized.
5-4.3.5 Manual Fire-Fighting Equipment.
5-4.3.5.1 Hose and nozzles should be provided and made ready for use as soon as either the
temporary or permanent water supply is available.
5-4.3.5.2 For every building operation, including those occurring in a tool house, storeroom, or
other structure located in or adjacent to the building under rehabilitation, or within a room or
space used for storage, a workshop, or employee clothes changing, the proper type and size of
fire extinguishers should be provided and maintained in an accessible location.
At least one approved fire extinguisher also should be provided in plain sight on each floor at
each usable stairway.
5-5 Supervision and Watch Service.
5-5.1
A capable and qualified person having the necessary authority should be placed in charge of
fire protection and security. Responsibilities should include maintenance and location of fire
protection equipment, general supervision of safeguards and location of portable heating
equipment, and the establishment and maintenance of safe cutting and welding operations. In
addition, only authorized personnel should be allowed within the construction areas to prevent
theft, vandalism, or arson. Watch service personnel should be acquainted with developments
during the day and receive information on the status of fire protection equipment and emergency
procedures.
5-5.2
A public fire alarm box near the premises, telephone service to the fire department, or
equivalent facilities should be readily available. Instructions should be issued to notify the fire
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department immediately in case of fire. Where telephone service is employed, the local fire
department number should be conspicuously posted near each telephone. Clear access to the site
and buildings should be maintained at all times.
5-5.3
If welding operations have been conducted during the previous working period, the incoming
watchperson should be alerted to check the location where welding was done as a part of the
regular rounds. Where watch service is not provided, use of gas-operated welding or cutting
equipment should be discontinued a minimum of three hours before the end of the workday.
Chapter 6 Operations and Maintenance
6-1 General.
Historic structures may house a variety of ongoing uses including, but not limited to, private
office and residential, public tour, hotel/bed and breakfast, education, retail/antique space, and
restaurants. Several occupancy types may coexist within the same structure.
Each use can introduce unique fire hazards, such as cooking/beverage service, special heating
systems, hazardous storage, specialized office or medical systems, and smoking.
Management has the primary responsibility to periodically review fire hazards within their
respective facilities and implement appropriate maintenance and protection programs.
6-2 Operations.
Regular operations within historic structures often increase fire hazards. While it may not be
practical to eliminate all threats completely, fire potential can be minimized through appropriate
hazard control procedures.
6-2.1 Heating Plant.
Heating plants contain various heat-producing appliances, including furnaces, boilers, and fan
motors. Fire risk may be significant. Concerns include failure of heating vessels under pressure,
decay of combustion chambers, damaged fuel lines, and ductwork fatigue. Historic buildings
often have older heating plants that need more frequent maintenance intervals.
Plant rooms should be cut off from the rest of the building by fire-rated walls, ceilings, and
floors. Doors into plant rooms should have fire ratings equivalent to that of their corresponding
walls. All pipe chases, utility holes, and ductwork should be sealed in a manner that produces an
equivalent wall rating to minimize the spread of smoke and heat to other areas of the building.
The temptation to store combustibles such as maintenance supplies, janitorial equipment, and
general contents should be avoided.
6-2.2 Electrical Systems.
Outdated or overloaded wiring is a common concern in many older buildings. Concerns
include degraded insulation or outdated styles (e.g., knob and tube) that are incapable of carrying
modern electrical loads.
Frequent tripping of circuit breakers or fuses may indicate a severe overload condition and fire
potential. The trip cause should be identified and corrected.
Extension cords should not be used as a substitute for fixed wiring.
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6-2.3 Structure.
Holes and breaches in walls, floors, and ceilings frequently occur as new electrical and other
building systems are installed. Removal or obstruction of doors is a common deficiency.
Accelerated spread of fire, smoke, and toxic gases could be the results. All new construction
activities should include repairing all breaches to restore the original fire resistance. Doors
should be maintained closed or in closable condition. Holes should not be made in doors.
Concealed spaces often provide hidden paths of unrestricted fire travel within walls, ceilings,
and floors. Fires originating within these areas are usually difficult to identify and remedy.
Installation of fire stops within concealed spaces is advised.
Nearby buildings, woodlands, flame-producing activities (e.g., outdoor barbecues), and debris
allowed to accumulate around exterior walls may produce a fire hazard. Refuse and combustible
storage should be removed from near building exteriors.
6-2.4 Fireplaces and Wood Stoves.
Flame-producing devices, such as fireplaces and wood stoves, are common in historical
buildings. Chimneys may become coated with combustion products (pitch), providing an
opportunity for chimney fires. Chimney flues may lose bricks or mortar, allowing ignition of
combustible structural members. Where insulation deterioration occurs or creosote buildup is
found, fireplace and wood stove use should be discontinued until repairs are made.
Sparks and embers escaping from a heating unit are also a fire threat. The floor area in front of
a fireplace should be of noncombustible material. Using screens to confine burning contents is
recommended. Wood stoves should remain closed when in use. Stove bases should be
noncombustible.
6-2.5 Lightning Protection.
A lightning protection system should be in place to carry current safely from the building to
the ground. All buildings and nearby trees should be protected. Lightning protection systems
should not be used for other purposes, such as television and radio antennas. Lightning
protection systems should be designed and maintained in accordance with NFPA 780, Lightning
Protection Code.
6-2.6 Cooking and Beverage Systems.
Ovens, stoves, coffee makers, and other heat-producing kitchen appliances are a common fire
threat to historic structures. Cooking ranges should be maintained free from adjacent
combustibles. Range hoods, exhaust vents, and associated ducts should not be obstructed.
Cooking and beverage equipment (e.g., coffee makers) should be turned off when not in use or
when liquid levels are low. The location of a coffee maker should allow enough ventilation to
mitigate heat buildup and, in turn, the threat of fire.
6-2.7 Fire Protection Systems.
Systems should be inspected and maintained by qualified personnel.
6-2.8 Fire Life Safety.
Historic structures were built prior to contemporary fire codes. Providing adequate fire life
safety can be difficult. Assigned occupant loads, egress route improvements, proper emergency
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lighting and exit signs, and interior finishes and furniture control represent possible solutions.
NFPA 101, Life Safety Code, and local building or fire authorities should be consulted.
6-3 Maintenance.
Fire hazards increase as building systems and appliances age. Failure of mechanical and
electrical systems are among the most common sources of fire ignition. Most failures develop
over an extended period of time and are predictable. A routine inspection and maintenance
program for building systems and occupant use appliances can reduce failure and consequent
ignition probability. Dangerous conditions can be identified and remedied before ignition or
costly repair, or both.
Motor-bearing wear, electrical insulation breakdown, and drive belt failure are some of the
common concerns. Lint and dust accumulation on motors, heating elements, and electrical
switches add ignitible fuels. It should be recognized that any mechanical or electrical machine,
appliance, or device is capable of producing heat and is a potential ignition source.
6-3.1 Heating Plant.
Heating system malfunctions are a major cause of accidental fire. All heating systems should
be inspected, cleaned, and serviced annually. Higher frequencies are advised where systems are
subject to severe conditions. Procedures should include identification and remedy of excessive
heat and wear conditions, bearing lubrication, filter replacement, dust/lint removal, elimination
of adjacent combustible storage, fuel line and supply inspection, exhaust duct/flue inspection and
cleaning, and burner adjustment.
6-3.2 Electrical Systems.
Electrical system malfunctions are responsible for many accidental fires. All electric systems
should be annually inspected and serviced. Higher frequencies are advised for where systems are
subject to more severe use (e.g., frequent wire flexing, corrosive environments). Procedures
should include identification and remedy of excessive heat situations. Specialty electrical
equipment (e.g., medical, industrial, or office systems) should be maintained in accordance with
the manufacturer’s recommendations, with defective equipment repaired or removed.
6-3.3 Structure.
Holes and breaches in walls, floors, and ceilings are common deficiencies that can allow the
unrestricted spread of fire, smoke, and toxic gases. Regular inspections should identify breaches
and repairs that should be made to restore the original fire resistance of the construction.
6-3.4 Fireplaces and Wood Stoves.
All fireplaces and wood stoves should be inspected and cleaned as necessary, with increased
frequency during significant use periods. Signs of excessive heat or wear should be corrected
immediately. A safe clearance should be maintained between fireplaces and stoves and any
adjacent combustibles.
6-3.5
Proper maintenance of lightning protection systems is essential to effective protection.
Particular attention should be given to ground connections, as rods may be broken or corroded at
ground level or just below ground level, where the damage is not apparent. Materials
(components) may be missing because of storm damage or stolen because of their value.
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6-3.6 Clothes Dryers.
Lint accumulations coming in contact with dryer heating elements is a common ignition
hazard. Dryers should be cleaned as necessary to remove excess lint buildup.
6-3.7 Cooking and Beverage Systems.
Fire protection systems in cooking and beverage areas should be tested and maintained in
accordance with Table A-3 and the manufacturer’s recommendations. Fuel lines should be
periodically inspected. Grease filters should be changed to prevent combustible buildup and loss
of ventilation airflow.
6-3.8 Fire Protection Systems.
Fire protection systems must be regularly inspected and maintained to ensure reliability.
System inspections should include all fire detection, alarm, and extinguishing devices including,
but not limited to, manual fire alarm stations, smoke and heat detectors, fire alarm panels and
cabling, sprinklers, standpipes, special hazard systems, and water sources. Table A-3 provides
information regarding various fire protection systems.
6-3.9 Life Safety Systems.
Means of egress must be maintained in proper condition. Obstructions, missing or damaged
exit signs, tripping hazards, and other dangerous conditions must be avoided. NFPA 101, Life
Safety Code, and local building or fire authorities should be consulted.
Chapter 7 Referenced Publications
7-1
The following documents or portions thereof are referenced within this recommended practice
and should be considered part of the recommendations of this document. The edition indicated
for each reference is the current edition as of the date of the NFPA issuance of this document.
7-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 10, Standard for Portable Fire Extinguishers, 1994 edition.
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems, 1992 edition.
NFPA 13, Standard for the Installation of Sprinkler Systems, 1994 edition.
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1993 edition.
NFPA 30, Flammable and Combustible Liquids Code, 1993 edition.
NFPA 31, Standard for the Installation of Oil-Burning Equipment, 1992 edition.
NFPA 51B, Standard for Fire Prevention in Use of Cutting and Welding Processes, 1994
edition.
NFPA 54, National Fuel Gas Code, 1992 edition.
NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum Gases, 1992 edition.
NFPA 70, National Electrical Code, 1993 edition.
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NFPA 72, National Fire Alarm Code, 1993 edition.
NFPA 101, Life Safety Code, 1994 edition.
NFPA 220, Standard on Types of Building Construction, 1992 edition.
NFPA 241, Standard for Safeguarding Construction, Alteration, and Demolition Operations,
1993 edition.
NFPA 251, Standard Methods of Fire Tests of Building Construction and Materials, 1990
edition.
NFPA 255, Standard Method of Test of Surface Burning Characteristics of Building Materials,
1990 edition.
NFPA 550, Guide to the Firesafety Concepts Tree, 1986 edition.
NFPA 780, Lightning Protection Code, 1992 edition.
NFPA 910, Recommended Practice for the Protection of Libraries and Library Collections,
1991 edition.
NFPA 911, Recommended Practice for the Protection of Museums and Museum Collections,
1991 edition.
NFPA 2001, Standard on Clean Agent Fire Extinguishing Systems, 1994 edition.
NFPA Fire Protection Handbook, 17th edition, 1991.
7-1.2 Other Publications.
7-1.2.1 BOCA Publication. Building Officials and Code Administrators International, 4051
West Flossmoor Road, Country Club Hills, IL 60477.
BOCA National Building Code, 1987.
7-1.2.2 ICBO Publication. International Conference of Building Officials, 5360 South
Workman Mill Road., Whittier, CA 90601.
Uniform Building Code, 1988.
7-1.2.3 SBCCI Publication. Southern Building Code Congress International, 116 Brown Marx
Building, Birmingham, AL 35213.
Standard Building Code, 1988.
7-1.2.4 U.S. Government Publications. Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402.
“Egress Guideline for Residential Rehabilitation,” Rehabilitation Guideline No. 5, U.S.
Department of Housing and Urban Development, 1980.
“Guideline on Fire Ratings of Archaic Materials and Assemblies,” Rehabilitation Guideline
No. 8, U.S. Department of Housing and Urban Development, 1980.
“The Secretary of the Interior’s Standards for Rehabilitation and Guidelines for Rehabilitating
Historic Buildings,” National Park Service, U.S. Department of the Interior, 1983.
National Register of Historic Places.
7-1.2.5 Goldstone, Barbara M., “Hazards from the Concentration of Solar Radiation by Textured
Window Glass,” Building Research Establishment Report, Department of the Environment, UK,
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1982.
Appendix A Basics of Fire and Fire Protection Systems
This Appendix is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
A-1
Most fires that occur in historic structures and landmarks can be expected to fall into one or
more of the following categories:
Class A. Fires involving ordinary combustible materials, such as paper, wood, and textile
fibers, where a cooling, blanketing, or wetting extinguishing agent is needed.
Class B. Fires involving oils, greases, paints, and flammable liquids, where a smothering or
blanketing action is needed for extinguishment.
Class C. Fires involving live electrical equipment, where a nonconducting extinguishing agent
with a smothering action is needed.
A-2 Glossary of Fire Protection Systems.
Tables A-2 and A-3 describe detection, alarm, and extinguishing systems that are appropriate
for use in historic structures. Included are comments about the intended or optimum applications
of each system and recommendations for their applications. Insofar as possible, nontechnical
terminology has been used so that the information presented will be readily understandable to
persons who have been delegated fire safety responsibility.
Table A-2 Glossary of Fire Detection and Alarm Systems
Classification of Fire Detection Systems by Method of Detection
Type

Description

Comments

1. Smoke detection systems

These systems use devices that respond to the
These systems are intended for early wa
smoke particles produced by a fire. They operate
for installation in ventilation ducts. (See
on the ionization, photoelectric, or cloud chamber Alarm Code.)
principle of operation. Spot-type smoke detectors
use either the ionization principle of operation or
the photoelectric principle. Line-type smoke
detectors use the photoelectric principle. Air
sampling-type smoke detectors use either the
ionization, photoelectric, cloud chamber, or other
particle analysis principle. Properly installed,
smoke detectors can detect smoke particles in very
early stages of fire in the areas where they are
located.

2. Heat detection systems

These systems use heat-responsive devices of
either the “spot” or “line” type. They are mounted
either on exposed ceiling surfaces or a sidewall
near the ceiling. Heat detectors are designed to
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These systems are relatively low in cost
small, smoldering fires. Line-type detect
relatively inconspicuous manner by taki
designs and patterns. (See NFPA 72, Na

3. Flame detection systems

respond when the operating element reaches a
predetermined temperature (fixed temperature
detector), when the temperature rises at a rate
exceeding a predetermined value (rate-of-rise
detector), or when the temperature of the air
surrounding the device reaches a predetermined
level, regardless of the rate of temperature rise
(rate compensation detector). Some devices
incorporate both fixed temperature and rate-of-rise
detection principles. Spot-type detectors are
usually small devices a few inches in diameter.
Line-type detectors are usually lengths of
heat-sensitive cable or small bore metal tubing.

The air temperature surrounding a fixed
time it operates usually is considerably h
temperature, because it takes time for th
temperature of the operating element to
thermal lag. Rate compensation devices
lag and respond more quickly when the
the set point.

These systems use devices that respond to radiant
energy visible to the human eye (approximately
4000 to 7000 angstroms) or to radiant energy
outside the range of human vision [usually infrared
(IR) or ultraviolet (UV), or both]. Flame detectors
are sensitive to glowing embers, coals, or actual
flames with energy of sufficient intensity and
spectral quality to initiate the detector.

Since flame detectors are essentially line
care should be taken in their application
to respond to the area of fire in the zone
protected will not be unduly compromis
temporary presence of intervening struct
opaque objects or materials. (See NFPA
Code.)

Classification of Fire Detection and Alarm Systems by Method of Alarm Reporting
Type

Description

Comments

1. Local fire alarm system

An alarm system operating in the protected premises,
responsive to the operation of a manual fire alarm
box, waterflow in a sprinkler system, or detection of
a fire by a smoke, heat, or flame detection system.

The main purpose of this system is to p
alarm for the occupants of the building
be present to transmit the alarm to fire
72, National Fire Alarm Code.)

2. Auxiliary fire alarm system

An alarm system utilizing a standard municipal fire
alarm box to transmit a fire alarm from a protected
property to municipal fire headquarters. These
alarms are received on the same municipal
equipment and are carried over the same
transmission lines as are used to connect fire alarm
boxes located on streets. Operation is initiated by the
local fire detection and alarm system installed at the
protected property.

Some communities will accept this typ
will not. (See NFPA 72, National Fire
1221, Standard for the Installation, Ma
Public Fire Service Communication Sy

3. Central station fire alarm system An alarm system connecting protected premises to a
privately owned central station whose function is to
monitor the connecting lines constantly and record
any indication of fire, supervisory, or other trouble
signals from the protected premises. When a signal
is received, the central station will take such action
as is required, such as informing the municipal fire
department of a fire or notifying the police

This is a flexible system. It can handle
including trouble within systems at pro
NFPA 72, National Fire Alarm Code.)

Copyright 1996 NFPA

department of intrusion.

4. Remote station fire alarm system An alarm system connecting protected premises over (See NFPA 72, National Fire Alarm C
telephone lines to a remote station, such as a fire
station or a police station. Includes separate receiver
for individual functions being monitored, such as fire
alarm signal or sprinkler waterflow alarm.

5. Proprietary fire alarm system

An alarm system that serves contiguous or
This system requires 24-hour attendan
noncontiguous properties under one ownership from supervising station. (See NFPA 72, Na
a central supervising station at the protected
property. Similar to a central station system, but
owned by the protected property.

6. Emergency voice/alarm
communication system

This system is used to supplement any of the
(See NFPA 72, National Fire Alarm C
systems described above by permitting voice
communication throughout a building so that
instructions may be given to building occupants.
During a fire emergency, prerecorded messages may
be played, or fire department personnel may transmit
live messages, or both.

Classification of Fire Detection and Alarm Systems by Type of Control
Type

Description

Comments

1. Conventional system

This type of fire detection system utilizes copper
wire to interconnect all initiating devices and
signaling appliances to the fire alarm control panel.
The wiring must be installed in a “closed-loop”
fashion for each zone circuit to ensure proper
electrical supervision or monitoring of the circuit
conductors for integrity.

This is the most common type of fire a
basic alarm, trouble, and supervisory s
used for small to medium size systems

2. Microprocessor-based system

This system is identical to the conventional system,
with the exception that the fire alarm control panel
has more features available, such as smoke detector
alarm verification and system “walk test.” Some of
these systems “multiplex” information to their
attached remote annunciators over four conductors,
rather than one conductor per zone.

Most modern systems are microproces
provide features desired by installers, o
departments.

3. Addressable multiplex system

This system utilizes initiating devices and control
points, each assigned a unique three- or four- digit
number that is called the detector’s “address.” The
fire alarm control panel’s microprocessor is
programmed with this address number. All activity

This type of system provides more deta
alarm, trouble, or supervisory conditio
system is zoned by device rather than b
area. The equipment for addressable m
costly but, generally, installation costs
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by or affecting the device is monitored and recorded substantially, operations are more flexi
at the control panel.
more efficient.

4. Addressable analog multiplex
system

This type of system is identical to the addressable
multiplex system, with the exception that the smoke
and heat detectors connected to the microprocessor
are analog devices.

Analog systems provide the maximum
information that can be obtained from
These computer-based systems do dem
technical expertise to maintain and serv
considered in the design process.

The analog devices sense the fire signature and
continuously send information to the control panel
microprocessor, which determines the sensitivity,
alarm point, and maintenance window of the analog
device
Accordingly, this system is also called “intelligent”
or “smart.”

5. Wireless system

This system uses battery-powered initiating devices,
which transmit the alarm or trouble signal to a
receiver/control panel. Each initiating device can be
individually identified by the control panel for
annunciation purposes.

Table A-3 Glossary of Fire Extinguishing Systems
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The battery in each initiating device w
one year, but must be replaced whenev
transmits a battery depletion signal to t
Wireless systems can be used where it
feasible to install the electrical cable n
systems.
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Appendix B Resources
This Appendix is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
B-1 APT.
Association for Preservation Technology, Box 2487, Station D, Ottawa, Ontario K1P 5W6.
APT is an organization for the preservation of historic resources, rehabilitation and reuse of
historic structures, and history of building technology. APT responds to inquiries and provides
consulting references. It distributes publications and offers training courses in various aspects of
the preservation/rehabilitation field.
B-2 NFPA.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA publishes this and related documents on fire protection and answers inquiries on these
documents. It also conducts educational seminars, studies, and literature searches for a fee.
NFPA maintains a list of fire protection consultants.
B-3 NICET.
National Institute for Certification in Engineering Technologies, 1420 King Street, Alexandria,
VA 22314.
NICET certifies technicians in the following areas of fire protection:
(a) Automatic sprinkler system layout;
(b) Special hazards systems layout (automatic and manual foam water, halon, carbon dioxide,
and dry chemical systems); and
(c) Fire alarm systems.
Those with NICET certification can also assist in the selection and use of fire protection
systems.
B-4 NPS.
National Park Service, National Register of Historic Places Branch, Interagency Resources
Division, Department of the Interior, 1100 L Street NW, Room 640, Washington, DC 20004.
NPS publishes the “The Secretary of the Interior’s Standards for Rehabilitation and Guidelines
for Rehabilitating Historic Buildings.” NPS answers inquiries, provides reference services,
conducts seminars, and makes referrals.
B-5 NTHP.
National Trust for Historic Preservation, 1785 Massachusetts Avenue NW, Washington, DC
20036.
NTHP promotes preservation of sites, buildings, and objects. It publishes magazines and books
on historic preservation and offers advisory services, conferences, and workshops.
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B-6 SFPE.
Society of Fire Protection Engineers, 60 Batterymarch Street, Boston, MA 02116.
SFPE is a professional society of fire protection engineers. The Society meets annually,
publishes technical information, conducts technical seminars, and supports local chapters.
Members are located in all parts of the world. Names and addresses of members in a particular
geographic area can be obtained from Society headquarters.
B-7 UL.
Underwriters Laboratories, 333 Pfingsten Road, Northbrook, IL 60062.
UL has a certification service through which alarm companies may be qualified to issue
certification that installed fire warning systems comply with NFPA standards and are properly
tested and maintained. A list of alarm service companies authorized to issue UL certificates is
available. UL also publishes safety standards and annual directories of labeled and listed
products and fire-resistant assemblies.
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Appendix D Guideline on Fire Ratings of Archaic Materials and Assemblies
This Appendix is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
Prepared by the National Institute of Building Sciences, Washington, D.C. for the U.S.
Department of Housing and Urban Development Office of Policy Development and Research
under Cooperative Agreement H-5033.
The contents of this publication do not necessarily reflect the views and policies of the
Department of Housing and Urban Development or the U.S. Government.
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Introduction
The Guideline on Fire Ratings of Archaic Materials and Assemblies focuses upon the
fire-related performance of archaic construction. “Archaic” encompasses construction typical of
an earlier time, generally prior to 1950. “Fire-related performance” includes fire resistance,
flame spread, smoke production, and degree of combustibility.
The purpose of this guideline is to update the information which was available at the time of
original construction, for use by architects, engineers, and code officials when evaluating the fire
safety of a rehabilitation project. In addition, information relevant to the evaluation of general
classes of materials and types of construction is presented for those cases when documentation of
the fire performance of a particular archaic material or assembly cannot be found.
It has been assumed that the building materials and their fastening, joining, and incorporation
into the building structure are sound mechanically. Therefore, some determination must be made
that the original manufacture, the original construction practice, and the rigors of aging and use
have not weakened the building. This assessment can often be difficult because process and
quality control was not good in many industries, and variations among locally available raw
materials and manufacturing techniques often resulted in a product which varied widely in its
strength and durability. The properties of iron and steel, for example, varied widely, depending
on the mill and the process used.
There is nothing inherently inferior about archaic materials or construction techniques. The
pressures that promote fundamental change are most often economic or technological—matters
not necessarily related to concerns for safety. The high cost of labor made wood lath and plaster
uneconomical. The high cost of land and the congestion of the cities provided the impetus for
high-rise construction. Improved technology made it possible. The difficulty with archaic
materials is not a question of suitability, but familiarity.
Code requirements for the fire performance of key building elements (e.g., walls, floor/ceiling
assemblies, doors, shaft enclosures) are stated in performance terms: hours of fire resistance. It
matters not whether these elements were built in 1908 or 1980, only that they provide the
required degree of fire resistance. The level of performance will be defined by the local
community, primarily through the enactment of a building or rehabilitation code. This guideline
is only a tool to help evaluate the various building elements, regardless of what the level of
performance is required to be.
The problem with archaic materials is simply that documentation of their fire performance is
not readily available. The application of engineering judgment is more difficult because building
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officials may not be familiar with the materials or construction method involved. As a result,
either a full-scale fire test is required or the archaic construction in question removed and
replaced. Both alternatives are time consuming and wasteful.
This guideline and the accompanying Appendix are designed to help fill this information void.
By providing the necessary documentation, there will be a firm basis for the continued
acceptance of archaic materials and assemblies.
1 Fire-Related Performance of Archaic Materials and Assemblies
1.1 Fire Performance Measures.
This guideline does not specify the level of performance required for the various building
components. These requirements are controlled by the building occupancy and use and are set
forth in the local building or rehabilitation code.
The fire resistance of a given building element is established by subjecting a sample of the
assembly to a “standard” fire test which follows a “standard” time-temperature curve. This test
method has changed little since the 1920’s. The test results tabulated in the Appendix have been
adjusted to reflect current test methods.
The current model building codes cite other fire-related properties not always tested for in
earlier years: flame spread, smoke production, and degree of combustibility. However, they can
generally be assumed to fall within well defined values because the principal combustible
component of archaic materials is cellulose. Smoke production is more important today because
of the increased use of plastics. However, the early flame spread tests, developed in the early
1940’s, also included a test for smoke production.
“Plastics”, one of the most important classes of contemporary materials, were not found in the
review of archaic materials. If plastics are to be used in a rehabilitated building, they should be
evaluated by contemporary standards. Information and documentation of their fire-related
properties and performance is widely available.
Flame spread, smoke production and degree of combustibility are discussed in detail below.
Test results for eight common species of lumber, published in an Underwriter’s Laboratories’
report (104), are noted in the following table:
TUNNEL TEST RESULTS FOR EIGHT SPECIES OF LUMBER
Flame
Spread

Fuel
Contributed

Smoke
Developed

Western White Pine

75

50-60

50

Northern White Pine

120-215

120-140

60-65

Ponderosa Pine

80-215

120-135

100-110

Yellow Pine

180-190

130-145

275-305

Red Gum

140-155

125-175

40-60

Yellow Birch

105-110

100-105

45-65

Douglas Fir

65-100

50-80

10-100

Species of Lumber
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Western Hemlock

60-75

40-65

40-120

FLAME SPREAD
The flame spread of interior finishes is most often measured by the ASTM E-84 “tunnel test”.
This test measures how far and how fast the flames spread across the surface of the test sample.
The resulting flame spread rating (FSR) is expressed as a number on a continuous scale where
cement-asbestos board is 0 and red oak is 100. (Materials with a flame spread greater than red
oak have a FSR greater than 100.) The scale is divided into distinct groups or classes. The most
commonly used flame spread classifications are: Class I or A*, with a 0-25 FSR; Class II or B,
with a 26-75 FSR; and Class III or C, with a 76-200 FSR. The NFPA Life Safety Code also has a
Class D (201-500 FSR) and Class E (over 500 FSR) interior finish.
These classifications are typically used in modern building codes to restrict the rate of fire
spread. Only the first three classifications are normally permitted, though not all classes of
materials can be used in all places throughout a building. For example, the interior finish of
building materials used in exits or in corridors leading to exits is more strictly regulated than
materials used within private dwelling units.
In general, inorganic archaic materials (e.g., bricks or tile) can be expected to be in Class I.
Materials of whole wood are mostly Class II. Whole wood is defined as wood used in the same
form as sawn from the tree. This is in contrast to the contemporary reconstituted wood products
such as plywood, fiberboard, hardboard, or particle board. If the organic archaic material is not
whole wood, the flame spread classification could be well over 200 and thus would be
particularly unsuited for use in exits and other critical locations in a building. Some plywoods
and various wood fiberboards have flame spreads over 200. Although they can be treated with
fire retardants to reduce their flame spread, it would be advisable to assume that all such
products have a flame spread over 200 unless there is information to the contrary.
_____
*Some codes use Roman numerals, others use letters.

SMOKE PRODUCTION
The evaluation of smoke density is part of the ASTM E-84 tunnel test. For the eight species of
lumber shown in the table above, the highest levels are 275-305 for Yellow Pine, but most of the
others are less smoky than red oak which has an index of 100. The advent of plastics caused
substantial increases in the smoke density values measured by the tunnel test. The ensuing
limitation of the smoke production for wall and ceiling materials by the model building codes
has been a reaction to the introduction of plastic materials. In general, cellulosic materials fall in
the 50-300 range of smoke density which is below the general limitation of 450 adopted by many
codes.
DEGREE OF COMBUSTIBILITY
The model building codes tend to define “noncombustibility” on the basis of having passed
ASTM E-136 or if the material is totally inorganic. The acceptance of gypsum wallboard as
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noncombustible is based on limiting paper thickness to not over 1/8 inch and a 0-50 flame spread
rating by ASTM E-84. At times there were provisions to define a Class I or A material (0-25
FSR) as noncombustible, but this is not currently recognized by most model building codes.
If there is any doubt whether or not an archaic material is noncombustible, it would be
appropriate to send out samples for evaluation. If an archaic material is determined to be
noncombustible according to ASTM E-136, it can be expected that it will not contribute fuel to
the fire.
1.2 Combustible Construction Types.
One of the earliest forms of timber construction used exterior load-bearing masonry walls with
columns and/or wooden walls supporting wooden beams and floors in the interior of the
building. This form of construction, often called “mill” or “heavy timber” construction, has
approximately 1 hour fire resistance. The exterior walls will generally contain the fire within the
building.
With the development of dimensional lumber, there was a switch from heavy timber to “balloon
frame” construction. The balloon frame uses load-bearing exterior wooden walls which have
long timbers often extending from foundation to roof. When longer lumber became scarce,
another form of construction, “platform” framing, replaced the balloon framing. The difference
between the two systems is significant because platform framing is automatically fire-blocked at
every floor while balloon framing commonly has concealed spaces that extend unblocked from
basement to attic. The architect, engineer, and code official must be alert to the details of
construction and the ease with which fire can spread in concealed spaces.
2 Building Evaluation
A given rehabilitation project will most likely go through several stages. The preliminary
evaluation process involves the designer in surveying the prospective building. The fire
resistance of existing building materials and construction systems is identified; potential
problems are noted for closer study. The final evaluation phase includes: developing design
solutions to upgrade the fire resistance of building elements, if necessary; preparing working
drawings and specifications; and the securing of the necessary code approvals.
2.1 Preliminary Evaluation.
A preliminary evaluation should begin with a building survey to determine the existing
materials, the general arrangement of the structure and the use of the occupied spaces, and the
details of construction. The designer needs to know “what is there” before a decision can be
reached about what to keep and what to remove during the rehabilitation process. This
preliminary evaluation should be as detailed as necessary to make initial plans. The fire-related
properties need to be determined from the applicable building or rehabilitation code, and the
materials and assemblies existing in the building then need to be evaluated for these properties.
Two work sheets are shown below to facilitate the preliminary evaluation.
Two possible sources of information helpful in the preliminary evaluation are the original
building plans and the building code in effect at the time of original construction. Plans may be
on file with the local building department or in the offices of the original designers (e.g.,
architect, engineer) or their successors. If plans are available, the investigator should verify that
the building was actually constructed as called for in the plans, as well as incorporate any later
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alterations or changes to the building. Earlier editions of the local building code should be on file
with the building official. The code in effect at the time of construction will contain fire
performance criteria. While this is no guarantee that the required performance was actually
provided, it does give the investigator some guidance as to the level of performance which may
be expected. Under some code administration and enforcement systems, the code in effect at the
time of construction also defines the level of performance that must be provided at the time of
rehabilitation.
Figure 1 illustrates one method for organizing preliminary field notes. Space is provided for
the materials, dimensions, and condition of the principal building elements. Each floor of the
structure should be visited and the appropriate information obtained. In practice, there will often
be identical materials and construction on every floor, but the exception may be of vital
importance. A schematic diagram should be prepared of each floor showing the layout of exits
and hallways and indicating where each element described in the field notes fits into the
structure as a whole. The exact arrangement of interior walls within apartments is of secondary
importance from a fire safety point of view and need not be shown on the drawings unless these
walls are required by code to have a fire resistance rating.
The location of stairways and elevators should be clearly marked on the drawings. All exterior
means of escape (e.g., fire escapes) should be identified.**
The following notes explain the entries in Figure 1.
_____
**Problems providing adequate exiting are discussed in length in the Egress Guideline for Residential
Rehabilitation.

Exterior Bearing Walls: Many old buildings utilize heavily constructed walls to support the
floor/ceiling assemblies at the exterior of the building. There may be columns and/or interior
bearing walls within the structure, but the exterior walls are an important factor in assessing the
fire safety of a building.
The field investigator should note how the floor/ceiling assemblies are supported at the exterior
of the building. If columns are incorporated in the exterior walls, the walls may be considered
non-bearing.
Interior Bearing Walls: It may be difficult to determine whether or not an interior wall is load
bearing, but the field investigator should attempt to make this determination. At a later stage of
the rehabilitation process, this question will need to be determined exactly. Therefore, the field
notes should be as accurate as possible.
FIGURE 1 PRELIMINARY EVALUATION FIELD NOTES
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Exterior Non-Bearing Walls: The fire resistance of the exterior walls is important for two
reasons. These walls (both bearing and non-bearing) are depended upon to: a) contain a fire
within the building of origin; or b) keep an exterior fire outside the building. It is therefore
important to indicate on the drawings where any openings are located as well as the materials
and construction of all doors or shutters. The drawings should indicate the presence of wired
glass, its thickness and framing, and identify the materials used for windows and door frames.
The protection of openings adjacent to exterior means of escape (e.g., exterior stairs, fire
escapes) is particularly important. The ground floor drawing should locate the building on the
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property and indicate the precise distances to adjacent buildings.
Interior Non-Bearing Walls (Partitions): A partition is a “wall that extends from floor to
ceiling and subdivides space within any story of a building”. (48) Figure 1 has two categories (A
& B) for Interior Non-Bearing Walls (Partitions) which can be used for different walls, such as
hallway walls as compared to inter-apartment walls. Under some circumstances there may be
only one type of wall construction; in others, three or more types of wall construction may occur.
The field investigator should be alert for differences in function as well as in materials and
construction details. In general, the details within apartments are not as important as the major
exit paths and stairwells. The preliminary field investigation should attempt to determine the
thickness of all walls. A term introduced below called “thickness design” will depend on an
accurate (± 1/4 inch) determination. Even though this initial field survey is called “preliminary”,
the data generated should be as accurate and complete as possible.
The field investigator should note the exact location from which his or her observations are
recorded. For instance, if a hole is found through a stairwell wall which allows a cataloguing of
the construction details, the field investigation notes should reflect the location of the “find”. At
the preliminary stage it is not necessary to core every wall; the interior details of construction
can usually be determined at some location.
Structural Frame: There may or may not be a complete skeletal frame, but usually there are
columns, beams, trusses, or other like elements. The dimensions and spacing of the structural
elements should be measured and indicated on the drawings. For instance, if there are ten inch
square columns located on a thirty foot square grid throughout the building, this should be noted.
The structural material and cover or protective materials should be identified wherever possible.
The thickness of the cover materials should be determined to an accuracy of ± 1/4 inch. As
discussed above, the preliminary field survey usually relies on accidental openings in the cover
materials rather than a systematic coring technique.
Floor/Ceiling Structural Systems: The span between supports should be measured. If possible,
a sketch of the cross-section of the system should be made. If there is no location where
accidental damage has opened the floor/ceiling construction to visual inspection, it is necessary
to make such an opening. An evaluation of the fire resistance of a floor/ceiling assembly requires
detailed knowledge of the materials and their arrangement. Special attention should be paid to
the cover on structural steel elements and the condition of suspended ceilings and similar
membranes.
Roofs: The preliminary field survey of the roof system is initially concerned with
water-tightness. However, once it is apparent that the roof is sound for ordinary use and can be
retained in the rehabilitated building, it becomes necessary to evaluate the fire performance. The
field investigator must measure the thickness and identify the types of materials which have been
used. Be aware that there may be several layers of roof materials.
Doors: Doors to stairways and hallways represent some of the most important fire elements to be
considered within a building. The uses of the spaces separated largely controls the level of fire
performance necessary. Walls and doors enclosing stairs or elevator shafts would normally
require a higher level of performance than between the bedroom and bath. The various uses are
differentiated in Figure 1.
Careful measurements of the thickness of door panels must be made, and the type of core
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material within each door must be determined. It should be noted whether doors have
self-closing devices; the general operation of the doors should be checked. The latch should
engage and the door should fit tightly in the frame. The hinges should be in good condition. If
glass is used in the doors, it should be identified as either plain glass or wired glass mounted in
either a wood or steel frame.
Materials: The field investigator should be able to identify ordinary building materials. In
situations where an unfamiliar material is found, a sample should be obtained. This sample
should measure at least 10 cubic inches so that an ASTM E-136 fire test can be conducted to
determine if it is combustible.
Thickness: The thickness of all materials should be measured accurately since, under certain
circumstances, the level of fire resistance is very sensitive to the material thickness.
Condition: The method attaching the various layers and facings to one another or to the
supporting structural element should be noted under the appropriate building element. The
“secureness” of the attachment and the general condition of the layers and facings should be
noted here.
Notes: The “Notes” column can be used for many purposes, but it might be a good idea to
make specific references to other field notes or drawings.
After the building survey is completed, the data collected must be analyzed. A suggested work
sheet for organizing this information is given below as Figure 2.
The required fire resistance and flame spread for each building element are normally
established by the local building or rehabilitation code. The fire performance of the existing
materials and assemblies should then be estimated, using one of the techniques described below.
If the fire performance of the existing building element(s) is equal to or greater than that
required, the materials and assemblies may remain. If the fire performance is less than required,
then corrective measures must be taken.
The most common methods of upgrading the level of protection are to either remove and
replace the existing building element(s) or to repair and upgrade the existing materials and
assemblies. Other fire protection measures, such as automatic sprinklers or detection and alarm
systems, also could be considered, though they are beyond the scope of this guideline. If the
upgraded protection is still less than that required or deemed to be acceptable, additional
corrective measures must be taken. This process must continue until an acceptable level of
performance is obtained.
FIGURE 2 PRELIMINARY EVALUATION WORKSHEET
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2.2 Fire Resistance of Existing Building Elements.
The fire resistance of the existing building elements can be estimated from the tables and
histograms contained in the Appendix. The Appendix is organized first by type of building
element: walls, columns, floor/ceiling assemblies, beams, and doors. Within each building
element, the tables are organized by type of construction (e.g., masonry, metal, wood frame), and
then further divided by minimum dimensions or thickness of the building element.
A histogram precedes every table that has 10 or more entries. The X-axis measures fire
resistance in hours; the Y-axis shows the number of entries in that table having a given level of
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fire resistance. The histograms also contain the location of each entry within that table for easy
cross-referencing.
The histograms, because they are keyed to the tables, can speed the preliminary investigation.
For example, Table 1.3.2, Wood Frame Walls 4” to Less than 6” Thick, contains 96 entries.
Rather than study each table entry, the histogram shows that every wall assembly listed in that
table has a fire resistance of less than 2 hours. If the building code required the wall to have 2
hours fire resistance, the designer, with a minimum of effort, is made aware of a problem that
requires closer study.
Suppose the code had only required a wall of 1 hour fire resistance. The histogram shows far
fewer complying elements (19) than noncomplying ones (77). If the existing assembly is not one
of the 19 complying entries, there is a strong possibility the existing assembly is deficient. The
histograms can also be used in the converse situation. If the existing assembly is not one of the
smaller number of entries with a lower than required fire resistance, there is a strong possibility
the existing assembly will be acceptable.
At some point the existing building component or assembly must be located within the tables.
Otherwise, the fire resistance must be determined through one of the other techniques presented
in the guideline. Locating the building component in the Appendix Tables not only guarantees
the accuracy of the fire resistance rating, but also provides a source of documentation for the
building official.
2.3 Effects of Penetrations in Fire Resistant Assemblies.
There are often many features in existing walls or floor/ceiling assemblies which were not
included in the original certification or fire testing. The most common examples are pipes and
utility wires passed through holes poked through an assembly. During the life of the building
many penetrations are added, and by the time a building is ready for rehabilitation it is not
sufficient to just consider the fire resistance of the assembly as originally constructed. It is
necessary to consider all penetrations and their relative impact upon fire performance. For
instance, the fire resistance of the corridor wall may be less important than the effect of plain
glass doors or transoms. In fact, doors are the most important single class of penetrations.
A fully developed fire generates substantial quantities of heat and excess gaseous fuel capable
of penetrating any holes which might be present in the walls or ceiling of the fire compartment.
In general, this leads to a severe degradation of the fire resistance of those building elements and
to a greater potential for fire spread. This is particularly applicable to penetrations located high
in a compartment where the positive pressure of the fire can force the unburned gases through
the penetration.
Penetrations in a floor/ceiling assembly will generally completely negate the barrier qualities
of the assembly and will lead to rapid spread of fire to the space above. It will not be a problem,
however, if the penetrations are filled with noncombustible materials strongly fastened to the
structure. The upper half of walls are similar to the floor/ceiling assembly in that a positive
pressure can reasonably be expected in the top of the room, and this will push hot and/or burning
gases through the penetration unless it is completely sealed.
Building codes require doors installed in fire resistive walls to resist the passage of fire for a
specified period of time. If the door to a fully involved room is not closed, a large plume of fire
will typically escape through the doorway, preventing anyone from using the space outside the
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door while allowing the fire to spread. This is why door closers are so important. Glass in doors
and transoms can be expected to rapidly shatter unless constructed of listed or approved wire
glass in a steel frame. As with other building elements, penetrations or non-rated portions of
doors and transoms must be upgraded or otherwise protected.
Table 5-1 in Section V of the Appendix contains 41 entries of doors mounted in sound
tightfitting frames. Part 3.4 below outlines one procedure for evaluating and possibly upgrading
existing doors.
3 Final Evaluation and Design Solution
The final evaluation begins after the rehabilitation project has reached the final design stage and
the choices made to keep certain archaic materials and assemblies in the rehabilitated building.
The final evaluation process is essentially a more refined and detailed version of the preliminary
evaluation. The specific fire resistance and flame spread requirements are determined for the
project. This may involve local building and fire officials reviewing the preliminary evaluation
as depicted in Figures 1 and 2 and the field drawings and notes. When necessary, provisions
must be made to upgrade existing building elements to provide the required level of fire
performance.
There are several approaches to design solutions that can make possible the continued use of
archaic materials and assemblies in the rehabilitated structure. The simplest case occurs when the
materials and assembly in question are found within the Appendix Tables and the fire
performance properties satisfy code requirements. Other approaches must be used, though, if the
assembly cannot be found within the Appendix or the fire performance needs to be upgraded.
These approaches have been grouped into two classes: experimental and theoretical.
3.1 The Experimental Approach.
If a material or assembly found in a building is not listed in the Appendix Tables, there are
several other ways to evaluate fire performance. One approach is to conduct the appropriate fire
test(s) and thereby determine the fire-related properties directly. There are a number of
laboratories in the United States which routinely conduct the various fire tests. A current list can
be obtained by writing the Center for Fire Research, National Bureau of Standards, Washington,
D.C. 20234.
The contract with any of these testing laboratories should require their observation of specimen
preparation as well as the testing of the specimen. A complete description of where and how the
specimen was obtained from the building, the transportation of the specimen, and its preparation
for testing should be noted in detail so that the building official can be satisfied that the fire test
is representative of the actual use.
The test report should describe the fire test procedure and the response of the material or
assembly. The laboratory usually submits a cover letter with the report to describe the provisions
of the fire test that were satisfied by the material or assembly under investigation. A building
official will generally require this cover letter, but will also read the report to confirm that the
material or assembly complies with the code requirements. Local code officials should be
involved in all phases of the testing process.
The experimental approach can be costly and time consuming because specimens must be
taken from the building and transported to the testing laboratory. When a load bearing assembly
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has continuous reinforcement, the test specimen must be removed from the building, transported,
and tested in one piece. However, when the fire performance cannot be determined by other
means there may be no alternative to a full-scale test.
A “non-standard” small-scale test can be used in special cases. Sample sizes need only by
10-25 square feet, while full-scale tests require test samples of either 100 or 180 square feet in
size. This small-scale test is best suited for testing non-load bearing assemblies against thermal
transmission only.
3.2 The Theoretical Approach.
There will be instances when materials and assemblies in a building undergoing rehabilitation
cannot be found in the Appendix Tables. Even where test results are available for more or less
similar construction, the proper classification may not be immediately apparent. Variations in
dimensions, loading conditions, materials, or workmanship may markedly affect the performance
of the individual building elements, and the extent of such a possible effect cannot be evaluated
from the tables.
Theoretical methods being developed offer an alternative to the full-scale fire tests discussed
above. For example, Section 4302(b) of the 1979 Edition of the Uniform Building Code
specifically allows an engineering design for fire resistance in lieu of conducting full scale tests.
These techniques draw upon computer simulation and mathematical modeling, thermodynamics,
heat-flow analysis, and materials science to predict the fire performance of building materials
and assemblies.
One theoretical method known as the “Ten Rules of Fire Endurance Ratings” was published by
T. Z. Harmathy in the May, 1965 edition of Fire Technology. (35) Harmathy’s Rules provide a
foundation for extending the data within the Appendix Tables to analyze or upgrade current as
well as archaic building materials or assemblies.
Harmathy’s Ten Rules
Rule 1: The “thermal”*** fire endurance of a construction consisting of a number of parallel
layers is greater than the sum of the “thermal” fire endurances characteristic of the individual
layers when exposed separately to fire.
The minimum performance of an untested assembly can be estimated if the fire endurance of the
individual components is known. Though the exact rating of the assembly cannot be stated, the
endurance of the assembly is greater than the sum of the endurance of the components.
_____
***The “thermal” fire endurance is the time at which the average temperature on the unexposed side of a
construction exceeds its initial value by 250° when the other side is exposed to the “standard” fire specified by
ASTM Test Method E-19.

When a building assembly or component is found to be deficient, the fire endurance can be
upgraded by providing a protective membrane. This membrane could be a new layer of brick,
plaster, or drywall. The fire endurance of this membrane is called the “finish rating.” Appendix
Tables 1.5.1 and 1.5.2 contain the finish ratings for the most commonly employed materials.
(See also the notes to Rule 2).
The test criteria for the finish rating is the same as for the thermal fire endurance of the total
assembly: average temperature increases of 250°F above ambient or 325°F above ambient at any
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one place with the membrane being exposed to the fire. The temperature is measured at the
interface of the assembly and the protective membrane.
Rule 2: The fire endurance of a construction does not decrease with the addition of further
layers.
Harmathy notes that this rule is a consequence of the previous rule. Its validity follows from the
fact that the additional layers increase both the resistance to heat flow and the heat capacity of
the construction. This, in turn, reduces the rate of temperature rise at the unexposed surface.
This rule is not just restricted to “thermal” performance but affects the other fire test criteria:
direct flame passage, cotton waste ignition, and load bearing performance. This means that
certain restrictions must be imposed on the materials to be added and on the loading conditions.
One restriction is that a new layer, if applied to the exposed surface, must not produce additional
thermal stresses in the construction, i.e., its thermal expansion characteristics must be similar to
those of the adjacent layer. Each new layer must also be capable of contributing enough
additional strength to the assembly to sustain the added dead load. If this requirement is not
fulfilled, the allowable live load must be reduced by an amount equal to the weight of the new
layer. Because of these limitations, this rule should not be applied without careful consideration.
Particular care must be taken if the material added is a good thermal insulator. Properly
located, the added insulation could improve the “thermal” performance of the assembly.
Improperly located, the insulation could block necessary thermal transmission through the
assembly, thereby subjecting the structural elements to greater temperatures for longer periods of
time, and could cause premature structural failure of the supporting members.
Rule 3: The fire endurance of constructions containing continuous air gaps or cavities is greater
than the fire endurance of similar constructions of the same weight, but containing no air gaps
or cavities.
By providing for voids in a construction, additional resistances are produced in the path of heat
flow. Numerical heat flow analyses indicate that a 10 to 15 percent increase in fire endurance
can be achieved by creating an air gap at the mid-plane of a brick wall. Since the gross volume is
also increased by the presence of voids, the air gaps and cavities have a beneficial effect on
stability as well. However, constructions containing combustible materials within an air gap may
be regarded as exceptions to this rule because of the possible development of burning in the gap.
There are numerous examples of this rule in the tables. For instance:
Table 1.1.4; Item W-8-M-82: Cored concrete masonry, nominal 8 inch thick wall with one unit
in wall thickness and with 62% minimum of solid material in each unit, load bearing (80 PSI),
Fire endurance: 2-1/2 hours.
Table 1.1.5; Item W-10-M-11: Cored concrete masonry, nominal 10 inch thick wall with two
units in wall thickness and a 2 inch air space, load bearing (80 PSI). The units are essentially the
same as item W-8-M-82. Fire endurance: 3-1/2 hours.
These walls show 1 hour greater fire endurance by the addition of the 2 inch air space.
Rule 4: The farther an air gap or cavity is located from the exposed surface, the more beneficial
is its effect on the fire endurance.
Radiation dominates the heat transfer across an air gap or cavity, and it is markedly higher where
the temperature is higher. The air gap or cavity is thus a poor insulator if it is located in a region
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which attains high temperatures during fire exposure.
Some of the clay tile designs taken advantage of these factors. The double cell design, for
instance, insures that there is a cavity near the unexposed face. Some floor/ceiling assemblies
have air gaps or cavities near the top surface and these enhance their thermal performance.
Rule 5: The fire endurance of a construction cannot be increased by increasing the thickness of a
completely enclosed air layer.
Harmathy notes that there is evidence that if the thickness of the air layer is larger than about 1/2
inch, the heat transfer through the air layer depends only on the temperature of the bounding
surfaces, and is practically independent of the distance between them. This rule is not applicable
if the air layer is not completely enclosed, i.e., if there is a possibility of fresh air entering the
gap at an appreciable rate.
Rule 6: Layers of materials of low thermal conductivity are better utilized on that side of the
construction on which fire is more likely to happen.
As in Rule 4, the reason lies in the heat transfer process, though the conductivity of the solid is
much less dependent on the ambient temperature of the materials. The low thermal conductor
creates a substantial temperature differential to be established across its thickness under transient
heat flow conditions. This rule may not be applicable to materials undergoing physico-chemical
changes accompanied by significant heat absorption or heat evolution.
Rule 7: The fire endurance of asymmetrical constructions depends on the direction of heat flow.
This rule is a consequence of Rules 4 and 6 as well as other factors. This rule is useful in
determining the relative protection of corridors and stairwells from the surrounding spaces. In
addition, there are often situations where a fire is more likely, or potentially more severe, from
one side or the other.
Rule 8: The presence of moisture, if it does not result in explosive spalling, increases the fire
endurance.
The flow of heat into an assembly is greatly hindered by the release and evaporation of the
moisture found within cementitious materials such as gypsum, portland cement, or magnesium
oxy-chloride. Harmathy has shown that the gain in fire endurance may be as high as 8 percent
for each percent (by volume) of moisture in the construction. It is the moisture chemically bound
within the construction material at the time of manufacture or processing that leads to increased
fire endurance. There is no direct relationship between the relative humidity of the air in the
pores of the material and the increase in fire endurance.
Under certain conditions there may be explosive spalling of low permeability cementitious
materials such as dense concrete. In general, one can assume that extremely old concrete has
developed enough minor cracking that this factor should not be significant.
Rule 9: Load-supporting elements, such as beams, girders and joists, yield higher fire
endurances when subjected to fire endurance tests as parts of floor, roof, or ceiling assemblies
than they would when tested separately.
One of the fire endurance test criteria is the ability of a load-supporting element to carry its
design load. The element will be deemed to have failed when the load can no longer be
supported.
Failure usually results for two reasons. Some materials, particularly steel and other metals, lose
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much of their structural strength at elevated temperatures. Physical deflection of the supporting
element, due to decreased strength or thermal expansion, causes a redistribution of the load
forces and stresses throughout the element. Structural failure often results because the supporting
element is not designed to carry the redistributed load.
Roof, floor, and ceiling assemblies have primary (e.g., beams) and secondary (e.g., floor joists)
structural members. Since the primary load-supporting elements span the largest distances, their
deflection becomes significant at a stage when the strength of the secondary members (including
the roof or floor surface) is hardly affected by the heat. As the secondary members follow the
deflection of the primary load-supporting element, an increasingly larger portion of the load is
transferred to the secondary members.
When load-supporting elements are tested separately, the imposed load is constant and equal to
the design load throughout the test. By definition, no distribution of the load is possible because
the element is being tested by itself. Without any other structural members to which the load
could be transferred, the individual elements cannot yield a higher fire endurance than they do
when tested as parts of a floor, roof or ceiling assembly.
Rule 10: The load-supporting elements (beams, girders, joists, etc.) of a floor, roof, or ceiling
assembly can be replaced by such other load-supporting elements which, when tested separately,
yielded fire endurances not less than that of the assembly.
This rule depends on Rule 9 for its validity. A beam or girder, if capable of yielding a certain
performance when tested separately, will yield an equally good or better performance when it
forms a part of a floor, roof, or ceiling assembly. It must be emphasized that the supporting
element of one assembly must not be replaced by the supporting element of another assembly if
the performance of this latter element is not known from a separate (beam) test. Because of the
load-reducing effect of the secondary elements that results from a test performed on an assembly,
the performance of the supporting element alone cannot be evaluated by simple arithmetic. This
rule also indicates the advantage of performing separate fire tests on primary load-supporting
elements.
Illustration of Harmathy’s Rules. Harmathy provided one schematic figure which illustrated
his Rules.* It should be useful as a quick reference to assist in applying his Rules.
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Example Application of Harmathy’s Rules. The following examples, based in whole or in part
upon those presented in Harmathy’s paper (35), show how the Rules can be applied to practical
cases.
EXAMPLE 1
Problem
A contractor would like to keep a partition which consists of a 3-3/4 inch thick layer of red clay
brick, a 1-1/4 inch thick layer of plywood, and a 3/8 inch thick layer of gypsum wallboard, at a
location where 2 hour fire endurance is required. Is this assembly capable of providing a 2 hour
protection?
Solution
(1) This partition does not appear in the Appendix Tables.
(2) Bricks of this thickness yield fire endurances of approximately 75 minutes (Table 1.1.2,
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Item W-4-M-2).
(3) The 1-1/4 inch thick plywood has a finish rating of 30 minutes.
(4) The 3/8 inch gypsum wallboard has a finish rating of 10 minutes.
(5) Using the recommended values from the tables and applying Rule 1, the fire endurance (FI)
of the assembly is larger than the sum of the individual layers, or
FI > 75 + 30 + 10 = 115 minutes
Discussion
This example illustrates how the Appendix Tables can be utilized to determine the fire
resistance of assemblies not explicitly listed.
EXAMPLE 2
Problem
(1) A number of buildings to be rehabilitated have the same type of roof slab which is
supported with different structural elements.
(2) The designer and contractor would like to determine whether or not this roof slab is
capable of yielding a 2 hour fire endurance. According to a rigorous interpretation of ASTM
E-119, however, only the roof assembly, including the roof slab as well as the cover and the
supporting elements, can be subjected to a fire test. Therefore, a fire endurance classification
cannot be issued for the slabs separately.
(3) The designer and contractor believe this slab will yield a 2 hour fire endurance even
without the cover, and any beam of at least 2 hour fire endurance will provide satisfactory
support. Is it possible to obtain a classification for the slab separately?
Solution
(1) The answer to the question is yes.
(2) According to Rule 10 it is not contrary to common sense to test and classify roofs and
supporting elements separately. Furthermore, according to Rule 2, if the roof slabs actually yield
a 2 hour fire endurance, the endurance of an assembly, including the slabs, cannot be less than 2
hours.
(3) The recommended procedure would be to review the tables to see if the slab appears as part
of any tested roof or floor/ceiling assembly. The supporting system can be regarded as separate
from the slab specimen, and the fire endurance of the assembly listed in the table is at least the
fire endurance of the slab. There would have to be an adjustment for the weight of the roof cover
in the allowable load if the test specimen did not contain a cover.
(4) The supporting structure or element would have to have at least a 2 hour fire endurance
when tested separately.
Discussion
If the tables did not include tests on assemblies which contained the slab, one procedure would
be to assemble the roof slabs on any convenient supporting system (not regarded as part of the
specimen) and to subject them to a load which, besides the usually required superimposed load,
includes some allowances for the weight of the cover.
EXAMPLE 3
Problem
A steel-joisted floor and ceiling assembly is known to have yielded a fire endurance of 1 hour
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and 35 minutes. At a certain location, a 2 hour endurance is required. What is the most
economical way of increasing the fire endurance by at least 25 minutes?
Solution
(1) The most effective technique would be to increase the ceiling plaster thickness. Existing
coats of paint would have to be removed and the surface properly prepared before the new
plaster could be applied. Other materials (e.g., gypsum wallboard) could also be considered.
(2) There may be other techniques based on other principles, but an examination of the
drawings would be necessary.
Discussion
(1) The additional plaster has at least three effects:
a) The layer of plaster is increased and thus there is a gain of fire endurance (Rule 1).
b) There is a gain due to shifting the air gap farther from the exposed surface (Rule 4).
c) There is more moisture in the path of heat flow to the structural elements (Rules 7 and 8).
(2) The increase in fire endurance would be at least as large as that of the finish rating for the
added thickness of plaster. The combined effects in (1) above would further increase this by a
factor of 2 or more, depending upon the geometry of the assembly.
EXAMPLE 4
Problem
The fire endurance of item W-10-M-1 in Table 1.1.5 is 4 hours. This wall consists of two 3-3/4
inch thick layers of structural tiles separated by a 2 inch air gap and 3/4 inch portland cement
plaster or stucco on both sides. If the actual wall in the building is identical to item W-10-M-1
except that it has a 4 inch air gap, can the fire endurance be estimated at 5 hours?
Solution
The answer to the question is no for the reasons contained in Rule 5.
EXAMPLE 5
Problem
In order to increase the insulating value of its precast roof slabs, a company has decided to use
two layers of different concretes. The lower layer of the slabs, where the strength of the concrete
is immaterial (all the tensile load is carried by the steel reinforcement), would be made with a
concrete of low strength but good insulating value. The upper layer, where the concrete is
supposed to carry the compressive load, would remain the original high strength, high thermal
conductivity concrete. How will the fire endurance of the slabs be affected by the change?
Solution
The effect on the thermal fire endurance is beneficial:
(1) The total resistance to heat flow of the new slabs has been increased due to the replacement
of a layer of high thermal conductivity by one of low conductivity.
(2) The layer of low conductivity is on the side more likely to be exposed to fire, where it is
more effectively utilized according to Rule 6. The layer of low thermal conductivity also
provides better protection for the steel reinforcement, thereby extending the time before reaching
the temperature at which the creep of steel becomes significant.
3.3 “Thickness Design” Strategy.
The “thickness design” strategy is based upon Harmathy’s Rules 1 and 2. This design
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approach can be used when the construction materials have been identified and measured, but
the specific assembly cannot be located within the tables. The tables should be surveyed again
for thinner walls of like material and construction detail that have yielded the desired or greater
fire endurance. If such an assembly can be found, then the thicker walls in the building have
more than enough fire resistance. The thickness of the walls thus becomes the principal concern.
This approach can also be used for floor/ceiling assemblies, except that the thickness of the
cover† and the slab become the central concern. The fire resistance of the untested assembly will
be at least the fire resistance of an assembly listed in the table having a similar design but with
less cover and/or thinner slabs. For other structural elements (e.g., beams and columns), the
element listed in the table must also be of a similar design but with less cover thickness.
_____
†Cover: the protective layer or membrane of material which slows the flow of heat to the structural elements.

3.4 Evaluation of Doors.
A separate section on doors has been included because the process for evaluation presented
below differs from those suggested previously for other building elements. The impact of
unprotected openings or penetrations in fire resistant assemblies has been detailed in Part 2.3
above. It is sufficient to note here that openings left unprotected will likely lead to failure of the
barrier under actual fire conditions.
For other types of building elements (e.g., beams, columns), the Appendix Tables can be used to
establish a minimum level of fire performance. The benefit to rehabilitation is that the need for a
full-scale fire test is then eliminated. For doors, however, this cannot be done. The data
contained in Appendix Table 5.1, Resistance of Doors to Fire Exposure, can only provide
guidance as to whether a successful fire test is even feasible.
For example, a door required to have 1 hour fire resistance is noted in the tables as providing
only 5 minutes. The likelihood of achieving the required 1 hour, even if the door is upgraded, is
remote. The ultimate need for replacement of the doors is reasonably clear, and the expense and
time needed for testing can be saved. However, if the performance documented in the table is
near or in excess of what is being required, then a fire test should be conducted. The test
documentation can then be used as evidence of compliance with the required level of
performance.
The table entries cannot be used as the sole proof of performance of the door in question
because there are too many unknown variables which could measurably affect fire performance.
The wood may have dried over the years; coats of flammable varnish could have been added.
Minor deviations in the internal construction of a door can result in significant differences in
performance. Methods of securing inserts in panel doors can vary. The major non-destructive
method of analysis, an x-ray, often cannot provide the necessary detail. It is for these, and similar
reasons, that a fire test is still felt to be necessary.
It is often possible to upgrade the fire performance of an existing door. Sometimes, “as is” and
modified doors are evaluated in a single series of tests when failure of the unmodified door is
expected. Because doors upgraded after an initial failure must be tested again, there is a potential
savings of time and money.
The most common problems encountered are plain glass, panel inserts of insufficient
thickness, and improper fit of a door in its frame. The latter problem can be significant because a
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fire can develop a substantial positive pressure, and the fire will work its way through otherwise
innocent-looking gaps between door and frame.
One approach to solving these problems is as follows. The plain glass is replaced with
approved or listed wire glass in a steel frame. The panel inserts can be upgraded by adding an
additional layer of material. Gypsum wallboard is often used for this purpose. Intumescent paint
applied to the edges of the door and frame will expand when exposed to fire, forming an
effective seal around the edges. This seal, coupled with the generally even thermal expansion of
a wood door in a wood frame, can prevent the passage of flames and other fire gases. Figure 3
illustrates these solutions.
Because the interior construction of a door cannot be determined by a visual inspection, there
is no absolute guarantee that the remaining doors are identical to the one(s) removed from the
building and tested. But the same is true for doors constructed today, and reason and judgment
must be applied. Doors that appear identical upon visual inspection can be weighed. If the
weights are reasonably close, the doors can be assumed to be identical and therefore provide the
same level of fire performance. Another approach is to fire test more than one door or to
dismantle doors selected at random to see if they had been constructed in the same manner.
Original building plans showing door details or other records showing that doors were purchased
at one time or obtained from a single supplier can also be evidence of similar construction.
More often though, it is what is visible to the eye that is most significant. The investigator
should carefully check the condition and fit of the door and frame, and for frames out of plumb
or separating from the wall. Door closers, latches, and hinges must be examined to see that they
function properly and are tightly secured. If these are in order and the door and frame have
passed a full-scale test, there can be a reasonable basis for allowing the existing doors to remain.
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4 Summary
This section summarizes the various approaches and design solutions discussed in the preceding
sections of the guideline. The term “structural system” includes: frames, beams, columns, and
other structural elements. “Cover” is a protective layer(s) of materials or membrane which slows
the flow of heat to the structural elements. It cannot be stressed too strongly that the fire
endurance of actual building elements can be greatly reduced or totally negated by removing part
of the cover to allow pipes, ducts, or conduits to pass through the element. This must be repaired
in the rehabilitation process.
The following approaches shall be considered equivalent.
4.1
The fire resistance of a building element can be established from the Appendix Tables. This is
subject to the following limitations:
• The building element in the rehabilitated building shall be constructed of the same materials
with the same nominal dimensions as stated in the tables.
• All penetrations in the building element or its cover for services such as electricity, plumbing,
and HVAC shall be packed with noncombustible cementitious materials and so fixed that the
packing material will not fall out when it loses its water of hydration.
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• The effects of age and wear and tear shall be repaired so that the building element is sound and
the original thickness of all components, particularly covers and floor slabs, is maintained.
This approach essentially follows the approach taken by model building codes. The assembly
must appear in a table either published in or accepted by the code for a given fire resistance
rating to be recognized and accepted.
4.2
The fire resistance of a building element which does not explicitly appear in the Appendix
Tables can be established if one or more elements of same design but different dimensions have
been listed in the tables. For walls, the existing element must be thicker than the one listed. For
floor/ceiling assemblies, the assembly listed in the table must have the same or less cover and the
same or thinner slab constructed of the same material as the actual floor/ceiling assembly. For
other structural elements, the element listed in the table must be of a similar design but with less
cover thickness. The fire resistance in all instances shall be the fire resistance recommended in
the table. This is subject to the following limitations:
• The actual element in the rehabilitated building shall be constructed of the same materials as
listed in the table. Only the following dimensions may vary from those specified: for walls,
the overall thickness must exceed that specified in the table; for floor/ceiling assemblies, the
thickness of the cover and the slab must be greater than, or equal to, that specified in the
table; for other structural elements, the thickness of the cover must be greater than that
specified in the table.
• All penetrations in the building element or its cover for services such as electricity, plumbing,
or HVAC shall be packed with noncombustible cementitious materials and so fixed that the
packing material will not fall out when it loses its water of hydration.
• The effects of age and wear and tear shall be repaired so that the building element is sound and
the original thickness of all components, particularly covers and floor slabs, is maintained.
This approach is an application of the “thickness design” concept presented in Part 3.3 of the
guideline. There should be many instances when a thicker building element was utilized than the
one listed in the Appendix Tables. This guideline recognizes the inherent superiority of a thicker
design. Note: “thickness design” for floor/ceiling assemblies and structural elements refers to
cover and slab thickness rather than total thickness.
The “thickness design” concept is essentially a special case of Harmathy’s Rules (specifically
Rules 1 and 2). It should be recognized that the only source of data is the Appendix Tables. If
other data are used, it must be in connection with the approach below.
4.3
The fire resistance of building elements can be established by applying Harmathy’s Ten Rules
of Fire Resistance Ratings as set forth in Part 3.2 of the Guideline. This is subject to the
following limitations:
• The data from the tables can be utilized subject to the limitations in 4.2 above.
• Test reports from recognized journals or published papers can be used to support data utilized
in applying Harmathy’s Rules
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• Calculations utilizing recognized and well established computational techniques can be used in
applying Harmathy’s Rules. These include, but are not limited to, analysis of heat flow,
mechanical properties, ~deflections, and load bearing capacity.
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Introduction
The tables and histograms which follow are to be used only within the analytical framework
detailed in the main body of this guideline.
Histograms precede any table with 10 or more entries. The use and interpretation of these
histograms is explained in Part 2 of the guideline. The tables are in a format similar to that found
in the model building codes. The following example, taken from an entry in Table 1.1.2, best
explains the table format.

1. Item Code: The item code consists of a four place series in the general form w-x-y-z in which each member of
the series denotes the following:
w = Type of building element (e.g., W=Walls; F=Floors, etc.)
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x = The building element thickness rounded down to the nearest one inch increment (e.g., 4-5/8” is rounded off
to 4“)
y = The general type of material from which the building element is constructed (e.g., M=Masonry; W=Wood,
etc.)
z = The item number of the particular building element in a given table
The item code shown in the example W-4-M-50 denotes the following:
W = Wall, as the building element
4 = Wall thickness in the range of 4” to less than 5“
M = Masonry construction
50 = The 50th entry in Table 1.1.2
2. The specific name or heading of this column identifies the dimensions which, if varied, has the greatest impact
on fire resistance. The critical dimension for walls, the example here, is thickness. It is different for other building
elements (e.g., depth for beams; membrane thickness for some floor/ceiling assemblies). The table entry is the
named dimension of the building element measured at the time of actual testing to within ± 1/8 inch tolerance.
The thickness tabulated includes facings where facings are a part of the wall construction.
3. Construction Details: The construction details provide a brief description of the manner in which the building
element was constructed.
4. Performance: This heading is subdivided into two columns. The column labeled “Load” will either list the load
that the building element was subjected to during the fire test or it will contain a note number which will list the
load and any other significant details. If the building element was not subjected to a load during the test this
column will contain “n/a”, which means “not applicable”.
The second column under performance is labeled “Time” and denotes the actual fire endurance time observed in
the fire test.
5. Reference Number: This heading is subdivided into three columns: Pre-BMS-92; BMS-92; and Post BMS-92.
The table entry under this column is the number in the Bibliography of the original source reference for the test
data.
6. Notes: Notes are provided at the end of each table to allow a more detailed explanation of certain aspects of the
test. In certain tables the notes given to this column have also been listed under the “Construction Details” and/or
“Load” columns.
7. Rec Hours: This column lists the recommended fire endurance rating, in hours, of a building element. In some
cases, the recommended fire endurance will be less than that listed under the “Time” column. In no case is the
“Rec Hours” greater than given in the “Time” column.
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Figure 1.1.1 Walls—Masonry 0” to less than 4” thick

Table 1.1.1 Masonry Walls 0” to less than 4” thick
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Table 1.1.1 Masonry Walls 0” to less than 4” thick (continued)
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Figure 1.1.2 Walls—Masonry 4” to less than 6” thick

Table 1.1.2 Masonry Walls 4” to less than 6” thick
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Table 1.1.2 Masonry Walls 4” to less than 6” thick (continued)
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Table 1.1.2 Masonry Walls 4” to less than 6” thick (continued)
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Table 1.1.2 Masonry Walls 4” to less than 6” thick (continued)
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Table 1.1.2 Masonry Walls 4” to less than 6” thick (continued)

Copyright 1996 NFPA

Copyright 1996 NFPA

Figure 1.1.3 Walls—Masonry 6” to less than 8” thick

Table 1.1.3 Masonry Walls 6” to less than 8” thick
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Table 1.1.3 Masonry Walls 6” to less than 8” thick (continued)
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Table 1.1.3 Masonry Walls 6” to less than 8” thick (continued)
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Figure 1.1.4 Walls—Masonry 8” to less than 10” thick

Table 1.1.4 Walls — Masonry 8” to less than 10” thick
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Table 1.1.4 Walls — Masonry 8” to less than 10” thick (continued)
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Table 1.1.4 Walls — Masonry 8” to less than 10” thick (continued)
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Table 1.1.4 Walls — Masonry 8” to less than 10” thick (continued)
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Table 1.1.4 Walls — Masonry 8” to less than 10” thick (continued)

Copyright 1996 NFPA

Copyright 1996 NFPA

Copyright 1996 NFPA

Figure 1.1.5 Walls—Masonry 10” to less than 12” thick

Table 1.1.5 Walls — Masonry 10” to less than 12” thick
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Table 1.1.5 Walls — Masonry 10” to less than 12” thick (continued)
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Figure 1.1.6 Walls—Masonry 12” to less than 14” thick

Table 1.1.6 Walls — Masonry 12” to less than 14” thick
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Table 1.1.6 Walls — Masonry 12” to less than 14” thick (continued)
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Table 1.1.6 Walls — Masonry 12” to less than 14” thick (continued)
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Figure 1.1.7 Walls—Masonry 14” or more thick

Table 1.1.7 Walls — Masonry 14” or more thick
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Table 1.1.7 Walls — Masonry 14” or more thick (continued)
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Figure 1.2.1 Walls—Metal Frame 0” to less than 4” thick

Table 1.2.1 Walls — Metal Frame 0” to less than 4” thick
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Table 1.2.1 Walls — Metal Frame 0” to less than 4” thick (continued)
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Figure 1.2.2 Walls—Metal Frame 4” to less than 6” thick

Table 1.2.2 Walls — Metal Frame 4” to less than 6” thick
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Table 1.2.2 Walls — Metal Frame 4” to less than 6” thick (continued)
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Table 1.2.3 Walls — Metal Frame 6” to less than 8” thick
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Table 1.2.4 Walls — Metal Frame 8” to less than 10” thick
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Table 1.3.1 Wood Frame Walls 0” to less than 4” thick
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Figure 1.3.2 Wood Frame Walls
4” to less than 6” thick

Table 1.3.2 Wood Frame Walls 4” to less than 6” thick
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Table 1.3.2 Wood Frame Walls 4” to less than 6” thick (continued)
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Table 1.3.2 Wood Frame Walls 4” to less than 6” thick (continued)
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Table 1.3.2 Wood Frame Walls 4” to less than 6” thick (continued)
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Table 1.3.3 Wood Frame Walls 6” to less than 8” thick

Table 1.4.1 Walls — Miscellaneous Materials 0” to less than 4” thick
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Table 1.4.2 Walls — Miscellaneous Materials 4” to less than 6” thick

Figure 1.5.1 Finish Ratings — Inorganic Materials

Table 1.5.1 Finish Ratings — Inorganic Materials
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Table 1.5.2 Finish Rating — Organic Materials
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Section II—Columns
Table 2.1.1 Reinforced Concrete Columns Minimum Dimension 0” to less than 6”
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Figure 2.1.2 Reinforced Concrete Columns
Minimum Dimension 10” to less than 12”

Table 2.1.2 Reinforced Concrete Columns Minimum Dimension 10” to less than 12”
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Table 2.1.2 Reinforced Concrete Columns Minimum Dimension 10” to less than 12”
(continued)
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Table 2.1.3 Minimum Dimension 12” to less than 14”

Table 2.1.4 Reinforced Concrete Columns Minimum Dimension 14” to less than 16”
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Figure 2.1.5 Reinforced Concrete Columns
Minimum Dimension 16” to less than 18”

Table 2.1.5 Reinforced Concrete Columns Minimum Dimension 16” to less than 18”

Copyright 1996 NFPA

Table 2.1.6 Reinforced Concrete Columns Minimum Dimension 18” to less than 20”
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Figure 2.1.7 Reinforced Concrete Columns
Minimum Dimension 20” to less than 22”

Table 2.1.7 Reinforced Concrete Columns Minimum Dimension 20” to less than 22”
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Table 2.1.7 Reinforced Concrete Columns Minimum Dimension 20” to less than 22”
(continued)
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Table 2.1.8 Hexagonal Reinforced Minimum Dimension 12” to less than 14”

Table 2.1.9 Hexagonal Reinforced Concrete Columns Minimum Dimension 14” to less than
Copyright 1996 NFPA

16”

Table 2.1.10 Hexagonal Reinforced Concrete Columns Diameter — 16” to less than 18”

Table 2.1.11 Hexagonal Reinforced Concrete Columns Diameter — 20” to less than 22”
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Table 2.2 Round Cast Iron Columns
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Figure 2.3 Steel Columns — Gypsum Encasements

Table 2.3 Steel Columns—Gypsum Encasements
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Table 2.4 Timber Columns Minimum Dimension
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Table 2.5.1.1 Steel Columns—Concrete Encasements Minimum Dimension less than 6”

Table 2.5.1.2 Steel Columns—Concrete Encasements 6” to less than 8” thick
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Figure 2.5.1.3 Steel Columns—Concrete Encasements
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Minimum Dimension 8” to less than 10”

Table 2.5.1.3 Steel Columns—Concrete Encasements Minimum Dimension 8” to less than
10”

Table 2.5.1.3 Steel Columns—Concrete Encasements Minimum Dimension 8” to less than
10” (continued)

Copyright 1996 NFPA

Copyright 1996 NFPA

Figure 2.5.1.4 Steel Columns—Concrete Encasements
Minimum Dimension 10” to less than 12”

Table 2.5.1.4 Steel Columns—Concrete Encasements Minimum Dimension 10” to less than
12”
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Table 2.5.1.4 Steel Columns—Concrete Encasements Minimum Dimension 10” to less than
12” (continued)
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Figure 2.5.1.5 Steel Columns—Concrete Encasements
Minimum Dimension 12” to less than 14”

Table 2.5.1.5 Steel Columns—Concrete Encasements Minimum Dimension 12” to less than
14”
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Table 2.5.1.5 Steel Columns—Concrete Encasements Minimum Dimension 12” to less than
14” (continued)
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Figure 2.5.1.6 Steel Columns—Concrete Encasements
Minimum Dimension 14” to less than 16”

Table 2.5.1.6 Steel Columns—Concrete Encasements Minimum Dimension 14” to less than
16”
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Table 2.5.1.7 Steel Columns—Concrete Encasements Minimum Dimension 16” to less than
18”
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Table 2.5.2.1 Steel Columns—Brick & Block Encasements Minimum Dimension 10” to less
than 12”
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Table 2.5.2.2 Steel Columns—Brick & Block Encasements Minimum Dimension 12” to less
than 14”

Table 2.5.2.3 Steel Columns—Brick & Block Encasements Minimum Dimension 14” to less
than 16”
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Table 2.5.3.1 Steel Columns—Plaster Encasements Minimum Dimension 6” to less than 8”

Table 2.5.3.2 Steel Columns—Plaster Encasements Minimum Dimension 8” to less than
10”
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Table 2.5.4.1 Steel Columns—Miscellaneous Encasements Minimum Dimension 6” to less
than 8”

Table 2.5.4.2 Steel Columns—Miscellaneous Encasements Minimum Dimension 8” to less
than 10”
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Table 2.5.4.3 Steel Columns—Miscellaneous Encasements Minimum Dimension 10” to less
than 12”

Table 2.5.4.4 Steel Columns—Miscellaneous Encasements Minimum Dimension 12” to less
than 14”
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Section III—Floor/Ceiling Assemblies

Figure 3.1 Floor/Ceiling Assemblies—Reinforced Concrete
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Table 3.1 Floor/Ceiling Assemblies—Reinforced Concrete

Table 3.1 Floor/Ceiling Assemblies—Reinforced Concrete (continued)
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Table 3.1 Floor/Ceiling Assemblies—Reinforced Concrete (continued)
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Table 3.1 Floor/Ceiling Assemblies—Reinforced Concrete (continued)
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Figure 3.2 Floor/Ceiling Assemblies—Steel Structural Elements

Table 3.2 Floor/Ceiling Assemblies—Steel Structural Elements
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Table 3.2 Floor/Ceiling Assemblies—Steel Structural Elements (continued)
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Table 3.2 Floor/Ceiling Assemblies—Steel Structural Elements (continued)
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Table 3.2 Floor/Ceiling Assemblies—Steel Structural Elements (continued)
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Figure 3.3 Floor/Ceiling Assemblies—Wood Joist

Table 3.3 Floor/Ceiling Assemblies—Wood Joist

Copyright 1996 NFPA

Table 3.3 Floor/Ceiling Assemblies—Wood Joist (continued)
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Table 3.3 Floor/Ceiling Assemblies—Wood Joist (continued)
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Figure 3.4 Floor/Ceiling Assemblies—Hollow Clay Tile With Reinforced Concrete

Table 3.4 Floor/Ceiling Assemblies—Hollow Clay Tile With Reinforced Concrete
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Table 3.4 Floor/Ceiling Assemblies—Hollow Clay Tile With Reinforced Concrete
(continued)

Copyright 1996 NFPA

Copyright 1996 NFPA

Section IV—Beams
Table 4.1.1 Reinforced Concrete Beams Depth 10” to less than 12”
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Table 4.1.2 Reinforced Concrete Beams Depth 12” to less than 14”
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Table 4.1.3 Reinforced Concrete Beams Depth 14” to less than 16”

Table 4.2.1 Reinforced Concrete Beams—Unprotected Depth 10” to less than 12”
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Table 4.2.2 Steel Beams—Concrete Protection Depth 10” to less than 12”

Section V—Doors
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Figure 5.1 Resistance of Doors to Fire Exposure

Table 5.1 Resistance of Doors to Fire Exposure
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Table 5.1 Resistance of Doors to Fire Exposure (continued)
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Appendix E Referenced Publications
E-1
The following documents or portions thereof are referenced within this recommended practice
Copyright 1996 NFPA

for informational purposes only and thus are not considered part of the recommendations of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
E-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 11A, Standard for Medium- and High-Expansion Foam Systems, 1994 edition.
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, 1993 edition.
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems, 1992 edition.
NFPA 13, Standard for the Installation of Sprinkler Systems, 1994 edition.
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1993 edition.
NFPA 17, Standard for Dry Chemical Extinguishing Systems, 1994 edition.
NFPA 17A, Standard for Wet Chemical Extinguishing Systems, 1994 edition.
NFPA 22, Standard for Water Tanks for Private Fire Protection, 1993 edition.
NFPA 72, National Fire Alarm Code, 1993 edition.
NFPA 1221, Standard for the Installation, Maintenance, and Use of Public Fire Service
Communication Systems, 1994 edition.
NFPA 2001, Standard on Clean Agent Fire Extinguishing Systems, 1994 edition.

NFPA 921
1995 Edition
Guide for Fire and Explosion Investigations
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1995 Edition
This edition of NFPA 921, Guide for Fire and Explosion Investigations, was prepared by the
Technical Committee on Fire Investigations and acted on by the National Fire Protection
Association, Inc., at its Fall Meeting held November 14–16, 1994, in Toronto, Ontario, Canada.
It was issued by the Standards Council on January 13, 1995, with an effective date of February 7,
1995, and supersedes all previous editions.
The 1995 edition of this document has been approved by the American National Standards
Institute.
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Changes other than editorial are indicated by a vertical rule in the margin of the pages on
which they appear. These lines are included as an aid to the user in identifying changes from the
previous edition.
Origin and Development of NFPA 921
NFPA 921, Guide for Fire and Explosion Investigations, was developed by the Committee on
Fire Investigations to assist in improving the fire investigation process and the quality of
information on fires resulting from the investigative process. The guide is intended for use by
both public sector employees who have statutory responsibility for fire investigation and private
sector persons conducting investigations for insurance companies or litigation purposes. The
goal of the Committee is to provide guidance to investigators that is based on accepted scientific
principles or scientific research.
The first edition of the document, issued by the Association in 1992, focused largely on the
determination of origin and cause of fires and explosions involving structures. This second
edition of the document includes revised chapters on the collection and handling of physical
evidence, safety, and explosions. NFPA 907M, Manual for the Determination of Electrical Fire
Causes, has been withdrawn as an individual document and integrated with revisions into this
document as a separate chapter. Elements of NFPA 907M that relate to other chapters of this
document have been relocated appropriately. New chapters dealing with the investigation of
motor vehicle fires, management of major investigations, incendiary fires, and appliances have
been added.
The committee is continuing its work, and future editions will include information on
wildfires, failure analysis, building and fire protection systems, and the use of canines in the
detection of accelerants.
Technical Committee on Fire Investigations
Richard L. P. Custer, Chair
Custer Powell, Inc., MA
Thomas W. Aurnhammer, Farmington Fire Dept., NM
Joseph Callahan, Aetna Life & Casualty, CT
Daniel L. Churchward, Royal Insurance, IN
John David DeHaan, California Criminalistics Inst., CA
Rep. California Dept. of Justice/Bureau of Forensic Services
Michael DiMascio, Solutions Engr Inc., MA
Philip J. DiNenno, Hughes Assoc., Inc., MD
Bruce V. Ettling, T. F. I. Services, WA
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Ronald L. Hopkins, Eastern Kentucky University, KY
Rep. NFPA Fire Service Section
Patrick M. Kennedy, John A. Kennedy & Assoc., IL
Rep. Nat’l Assn. of Fire Investigators
Terry B. King, Anderson Fire Dept., IN
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Chapter 1 Administration
1-1 Scope.
This document is designed to assist individuals who are charged with the responsibility of
investigating and analyzing fire and explosion incidents and rendering opinions as to the origin,
cause, responsibility, or prevention of such incidents.
1-2 Purpose.
The purpose of this document is to establish guidelines and a recommended practice for the
safe and systematic investigation or analysis of fire and explosion incidents. Fire investigation or
analysis and the accurate listing of causes is fundamental to the protection of lives and property
from the threat of hostile fire or explosions. It is through an efficient and accurate determination
of the cause and responsibility that future fire incidents can be avoided.
Proper fire origin and cause determination are also essential for the meaningful compilation of
fire statistics. Accurate statistics form part of the basis of fire prevention codes, standards, and
training.
This document is designed to produce a systematic, working framework or outline by which
effective fire investigation and origin and cause analysis can be accomplished.
As every fire and explosion incident is in some way different and unique from any other, this
document is not designed to encompass all the necessary components of a complete investigation
or analysis of any one case.
In addition, it is recognized that time and resource limitations or existing policies may limit the
degree to which the recommendations in this document will be applied in a given investigation.
This document has been developed as a model for the advancement of fire investigation
technology.
1-3 Definitions.
Absolute Temperature. A temperature measured in degrees Kelvin (K) or degrees Rankine (R)
where zero is the lowest possible temperature and 273°K corresponds to 0°C and 460°R
corresponds to 0°F. °K = °C + 273 and °R = °F + 460.
Accelerant. An agent, often an ignitible liquid, used to initiate or speed the spread of fire.
Accident. An unplanned event, sometimes but not necessarily injurious or damaging, that
interrupts an activity. A chance occurrence arising from unknown causes; an unexpected
happening due to carelessness, ignorance, and the like.
Ambient. Surrounding, especially pertaining to the local environment, as in ambient air and
ambient temperature.
Ampacity. The current, in amperes, that a conductor can carry continuously under the
conditions of use without exceeding its temperature rating.
Ampere. The unit of electrical current represented by the symbol “I.”
Approved.* Acceptable to the authority having jurisdiction.
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Arc. A high temperature luminous electric discharge across a gap.
Arcing Through Char. Arcing associated with a matrix of charred material (e.g., charred
conductor insulation) that acts as a semiconductive material.
Area of Origin. The room or area where the fire began. (See also Point of Origin.)
Arrow Pattern. A fire pattern displayed on the cross section of a burned wooden structural
member.
Arson. The crime of maliciously and intentionally, or recklessly, starting a fire or causing an
explosion. Precise legal definitions vary among jurisdictions, wherein it is defined by statutes
and judicial decisions.
Autoignition. Initiation of combustion by heat but without a spark or flame.
Autoignition Temperature. The lowest temperature at which a combustible material ignites in
air without a spark or flame.
Backdraft. An explosion resulting from the sudden introduction of air (oxygen) into a confined
space containing oxygen deficient superheated products of incomplete combustion.
Bead. A round globule of resolidified metal at the end of the remains of an electrical conductor
that was caused by arcing.
Blast Pressure Front. The expanding leading edge of an explosion reaction that separates a
major difference in pressure between normal ambient pressure ahead of the front and potentially
damaging high pressure at and behind the front.
BLEVE. Boiling liquid expanding vapor explosion.
British Thermal Unit (Btu). The quantity of heat required to raise the temperature of one pound
of water 1°F at the pressure of 1 atmosphere and temperature of 60°F.
Burning Rate. See Heat Release Rate.
Cause. The circumstances, conditions, or agencies that bring together a fuel, ignition source,
and oxidizer (such as air or oxygen) resulting in a fire or a combustion explosion.
Ceiling Layer. A buoyant layer of hot gases and smoke produced by a fire in a compartment.
Char. Carbonaceous material that has been burned and has a blackened appearance.
Char Blisters. Convex segments of carbonized material separated by cracks or crevasses that
form on the surface of char, forming on materials such as wood as the result of pyrolysis or
burning.
Clean Burn. A fire pattern on surfaces where soot has been burned away.
Code. A set of rules and standards that have been adopted as mandatory regulations having the
force and effect of law.
Combustible. Capable of burning, generally in air under normal conditions of ambient
temperature and pressure, unless otherwise specified. Combustion can occur in cases where an
oxidizer other than the oxygen in air is present, e.g., chlorine, fluorine, or chemicals containing
oxygen in their structure.
Copyright 1996 NFPA

Combustible Gas Indicator. An instrument that samples air and indicates whether there are
combustible vapors present. Some units may indicate the percentage of the lower explosive limit
of the air-gas mixture.
Combustible Liquid. A liquid having a flash point at or above 100°F (37.8°C). (See also
Flammable Liquid.)
Combustion Products. Heat, gases, solid particulates, and liquid aerosols produced by burning.
Conduction. Heat transfer to another body or within a body by direct contact.
Convection. Heat transfer by circulation within a medium, such as a gas or a liquid.
Deflagration. A combustion reaction in which the velocity of the reaction front through the
unreacted fuel medium is less than the speed of sound.
Detection. (a) Sensing the existence of a fire, especially by a detector, from one or more
products of the fire, such as smoke, heat, ionized particles, infrared radiation, and the like. (b)
The act or process of discovering and locating a fire.
Detonation. A reaction in which the velocity of the reaction front through the unreacted fuel
medium is equal to or greater than the speed of sound.
Drop Down. The spread of fire by the dropping or falling of burning materials. Synonymous
with “Fall Down.”
Entrain. To draw along with or after.
Explosion. The sudden conversion of potential energy (chemical or mechanical) into kinetic
energy with the production and release of gases under pressure, or the release of gas under
pressure. These high pressure gases then do mechanical work such as moving, changing, or
shattering nearby materials.
Explosive. Any chemical compound, mixture, or device the primary purpose of which is to
function by explosion.
Explosive Material. Any material that can act as fuel for an explosion.
Exposed Surface. The side of a structural assembly or object that is directly exposed to the fire.
Extinguish. To cause to cease burning.
Failure. Distortion, breakage, deterioration, or other fault in an item, component, system,
assembly, or structure that results in unsatisfactory performance of the function for which it was
designed.
Failure Analysis. A logical, systematic examination of an item, component, system, assembly,
or structure and its place and function in a system, to identify and analyze the probability,
causes, and consequences of potential and real failures.
Fall Down. See Drop Down.
Finish Rating. The time in minutes, determined under specific laboratory conditions, at which
the stud or joist in contact with the exposed protective membrane in a protected combustible
assembly reaches an average temperature rise of 250°F (121°C) or an individual temperature rise
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of 325°F (163°C) as measured behind the protective membrane nearest the fire on the plane of
the wood.
Fire. A rapid oxidation process with the evolution of light and heat in varying intensities.
Fire Analysis. The process of determining the origin, cause, development, and responsibility as
well as the failure analysis of a fire or explosion.
Fire Cause. See Cause.
Fire Investigation. The process of determining the origin, cause, and development of a fire or
explosion.
Fire Propagation. See Fire Spread.
Fire Scene Reconstruction. The process of recreating the physical scene during fire scene
analysis through the removal of debris and the replacement of contents or structural elements in
their prefire positions.
Fire Spread. The movement of fire from one place to another.
Flame. The luminous portion of burning gases or vapors.
Flame Front. The leading edge of burning gases of a combustion reaction.
Flameover. The condition where flames propagate through or across the ceiling layer only and
do not involve the surfaces of target fuels.
Flammable. Capable of burning with a flame.
Flammable Limit. The upper or lower concentration limits at a specified temperature and
pressure of a flammable gas or a vapor of an ignitible liquid and air, expressed as a percentage of
fuel by volume that can be ignited.
Flammable Liquid. A liquid having a flash point below 100°F (37.8°C) (tag closed cup) and
having a vapor pressure not exceeding 40 psia (2068 mm Hg) at 100°F (37.8°C). (See also
Combustible Liquid.)
Flash Fire. A fire that spreads rapidly through a diffuse fuel, such as dust, gas, or the vapors of
an ignitible liquid, without the production of damaging pressure.
Flash Point of a Liquid. The lowest temperature of a liquid, as determined by specific
laboratory tests, at which the liquid gives off vapors at a sufficient rate to support a momentary
flame across its surface.
Flashover. A transition phase in the development of a contained fire in which surfaces exposed
to thermal radiation reach ignition temperature more or less simultaneously and fire spreads
rapidly throughout the space.
Forensic. Legal; pertaining to courts of law.
Fuel. A material that yields heat through combustion.
Fuel Controlled Fire. A fire in which the heat release rate and growth rate are controlled by the
characteristics of the fuel, i.e., quantity and geometry, and adequate air for combustion is
available.
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Fuel Gas. Natural gas, manufactured gas, LP-Gas, and similar gases commonly used for
commercial or residential purposes, i.e., heating, cooling, or cooking.
Fuel Load. The total quantity of combustible contents of a building, space, or fire area,
including interior finish and trim, expressed in heat units or the equivalent weight in wood.
Gas. The physical state of a substance that has no shape or volume of its own and will expand
to take the shape and volume of the container or enclosure it occupies.
Glowing Combustion. Luminous burning of solid material without a visible flame.
Ground Fault. A current that flows outside the normal circuit path, such as:
(a) Through the equipment grounding conductor,
(b) Through conductive material other than the electrical system ground (metal water or
plumbing pipes, etc.),
(c) Through a person,
(d) Through a combination of these ground return paths.
Hazard. Any arrangement of materials and heat sources that presents the potential for harm,
such as personal injury or ignition of combustibles.
Heat. A form of energy characterized by vibration of molecules and capable of initiating and
supporting chemical changes and changes of state.
Heat Flux. The measure of the rate of heat transfer to a surface. Heat flux is expressed in
kilowatts/m2, kilojoules/m2/sec, or Btu/ft2/sec.
Heat of Ignition. The heat energy that brings about ignition. Heat energy comes in various
forms and usually from a specific object or source. Therefore, the heat of ignition is divided into
two parts: “equipment involved in ignition” and “form of heat of ignition.” (Definition from
NFPA 901, Uniform Coding for Fire Protection.)
Heat Release Rate (HRR). The rate at which heat energy is generated by burning. The heat
release rate of a fuel is related to its chemistry, physical form, and availability of oxidant and is
ordinarily expressed as Btu/sec or kilowatts (kW).
High Explosive. A material that is capable of sustaining a reaction front that moves through
the unreacted material at a speed equal to or greater than that of sound in that medium [typically
3300 ft/sec (1000 m/sec)]; a material capable of sustaining a detonation. (See also Detonation.)
High Order Explosion. A rapid pressure rise or high-force explosion characterized by a
shattering effect upon the confining structure or container and long missile distances.
Ignitible Liquid. Any liquid or the liquid phase of any material that is capable of fueling a fire,
including a flammable liquid, combustible liquid, or any other material that can be liquefied and
burn.
Ignition. The process of initiating self-sustained combustion.
Ignition Energy. The quantity of heat energy that must be absorbed by a substance to ignite
and burn.
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Ignition Temperature. Minimum temperature a substance must attain in order to ignite under
specific test conditions. Reported values are obtained under specific test conditions and may not
reflect a measurement at the substance’s surface. Ignition by application of a pilot flame above
the heated surface is referred to as pilot ignition temperature. Ignition without a pilot energy
source has been referred to as autoignition temperature, self-ignition temperature, or spontaneous
ignition temperature. The ignition temperature determined in a standard test is normally lower
than the ignition temperature in an actual fire scenario.
Ignition Time. The time between the application of an ignition source to a material and the
onset of self-sustained combustion.
Isochar. A line on a diagram connecting points of equal char depth.
Kilowatt. A measurement of energy release rate.
Kindling Temperature. See Ignition Temperature.
Low Explosive. An explosive that has a reaction velocity of less than 3300 ft/sec (1000 m/sec).
Low Order Explosion. A slow rate of pressure rise or low force explosion characterized by a
pushing or dislodging effect upon the confining structure or container and short missile
distances.
Material First Ignited. The fuel that is first set on fire by the heat of ignition. To be
meaningful, both a type of material and a form of material should be identified.
Noncombustible Material. A material that, in the form in which it is used and under the
condition anticipated, will not ignite, burn, support combustion, or release flammable vapors
when subjected to fire or heat. Also called incombustible material (not preferred).
Nonflammable. (a) Not readily capable of burning with a flame. (b) Not liable to ignite and
burn when exposed to flame. Its antonym is flammable.
Ohm. The unit of electrical resistance represented by the symbol “R.” A single ohm is the
resistance between two points of a conductor when a constant difference of potential of one volt
between these two points produces in this conductor a current of one ampere.
Origin. See Point of Origin or Area of Origin.
Overcurrent. Any current in excess of the rated current of equipment or the ampacity of a
conductor. It may result from an overload (see definition), short circuit, or ground fault.
Overload. Operation of equipment in excess of normal, full-load rating, or of a conductor in
excess of rated ampacity, which, when it persists for a sufficient length of time, would cause
damage or dangerous overheating. A fault, such as a short circuit or ground fault, is not an
overload. (See also Overcurrent.)
Oxygen Deficiency. Insufficiency of oxygen to support combustion. (See also
Ventilation-Controlled Fire.)
Piloted Ignition Temperature. See Ignition Temperature.
Plastic. Any of a wide range of natural or synthetic organic materials of high molecular weight
that can be formed by pressure, heat, extrusion, and other methods into desired shapes. Plastics
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are usually made from resins, polymers, cellulose derivatives, caseins, and proteins. The
principal types are thermosetting and thermoplastic.
Plume. The column of hot gases, flames, and smoke rising above a fire. Also called convection
column, thermal updraft, or thermal column.
Point of Origin. The exact physical location where a heat source and a fuel come in contact
with each other and a fire begins.
Pointer. The difference in height of a series of fire- damaged vertical wood members ranging
from higher being farthest away from a source of heating to the shorter being closer.
Premixed Flame. A flame for which the fuel and oxidizer are mixed prior to combustion, as in
a laboratory Bunsen burner or a gas cooking range. Propagation of the flame is governed by the
interaction between flow rate, transport processes, and chemical reaction.
Preservation. Application or use of measures to prevent damage, change or alteration, or
deterioration.
Products of Combustion. See Combustion Products.
Proximate Cause. The cause that directly produces the effect without the intervention of any
other cause.
Pyrolysis. The transformation of a compound into one or more other substances by heat alone.
Pyrolysis often precedes combustion.
Radiant Heat. Heat energy carried by electromagnetic waves longer than light waves and
shorter than radio waves. Radiant heat (electromagnetic radiation) increases the sensible
temperature of any substance capable of absorbing the radiation, especially solid and opaque
objects.
Radiation. Heat transfer by way of electromagnetic energy.
Rate of Heat Release. See Heat Release Rate.
Rekindle. A return to flaming combustion after incomplete extinguishment, such as a fire
reigniting at some time after being put out. Residual heat and hidden embers may restart a fire
several hours after it has been declared out if overhauling has not been sufficiently thorough.
Risk. (a) The degree of peril; the possible harm that might occur. (b) The statistical probability
or quantitative estimate of the frequency or severity of injury or loss.
Rollover. See Flameover.
Scientific Method. The systematic pursuit of knowledge involving the recognition and
formulation of a problem, the collection of data through observation and experiment, and the
formulation and testing of a hypothesis.
Seat of Explosion. A crater-like indentation created at the point of origin of an explosion.
Seated Explosion. An explosion with a highly localized point of origin, such as a crater.
Secondary Explosion. Any subsequent explosion resulting from an initial explosion.
Self-Heating. The result of exothermic reactions, occurring spontaneously in some materials
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under certain conditions, whereby heat is liberated at a rate sufficient to raise the temperature of
the material.
Self-Ignition. Ignition resulting from self-heating. Synonymous with spontaneous ignition.
Self-Ignition Temperature. The minimum temperature at which the self-heating properties of a
material lead to ignition.
Short Circuit. An abnormal connection of low resistance between normal circuit conductors
where the resistance is normally much greater. This is an overcurrent situation but it is not an
overload.
Smoke. An airborne particulate product of incomplete combustion suspended in gases, vapors,
or solid and liquid aerosols.
Smoke Condensate. The condensed residue of suspended vapors and liquid products of
incomplete combustion.
Smoke Explosion. See Backdraft.
Smoldering. Combustion without flame, usually with incandescence and smoke.
Soot. Black particles of carbon produced in a flame.
Spalling. Chipping or pitting of concrete or masonry surfaces.
Spark. A small, incandescent particle.
Spark, Electric. A small incandescent particle created by some arcs.
Spontaneous Heating. Process whereby a material increases in temperature without drawing
heat from its surroundings. The process results from oxidation often aided by bacterial action
where agricultural products are involved.
Spontaneous Ignition. Initiation of combustion of a material by an internal chemical or
biological reaction that has produced sufficient heat to ignite the material.
Standard. (a) An official, detailed statement of specifications and requirements, such as for
equipment or testing. (b) An object that serves as a basis for comparison or acceptance.
Suppression. The sum of all the work done to extinguish a fire from the time of its discovery.
Fire extinguishment.
Temperature. The intensity of sensible heat of a body as measured by a thermometer or similar
instrument. The lowest possible temperature is absolute zero on the Kelvin temperature scale
(–273° on the Celsius scale). At absolute zero it is impossible for a body to release any energy.
Thermal Column. See Plume.
Thermal Expansion. The proportional increase in length, volume, or superficial area of a body
with rise in temperature. The amount of this increase per degree temperature, called the
coefficient of thermal expansion, is different for different substances.
Thermal Inertia. The properties of a material that characterize its rate of surface temperature
rise when exposed to heat. Thermal inertia is related to the product
of the material’s thermal conductivity (k), it density (rho or r), and its heat capacity (c).
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Thermoplastic. Plastic materials that soften and melt under exposure to heat and can reach a
flowable state.
Thermoset Plastics. Plastic materials that are hardened into a permanent shape in the
manufacturing process and are not commonly subject to softening when heated. Typically forms
char in a fire.
Time Line. Graphical representation of the events in the fire incident displayed in
chronological order.
Vapor. The gas phase of a substance; particularly of those that are normally liquids or solids at
ordinary temperatures. (See also Gas.)
Vapor Density. The ratio of the average molecular weight of a given volume of gas or vapor to
the average molecular weight of an equal volume of air at the same temperature and pressure.
Vector. An arrow used in a fire scene drawing to show the direction of heat, smoke, or flame
flow.
Vent. An opening for the passage of, or dissipation of, fluids, such as gases, fumes, smoke, and
the like.
Ventilation. (a) Circulation of air in any space by natural wind or convection or by fans
blowing air into or exhausting air out of a building. (b) A fire-fighting operation of removing
smoke and heat from the structure by opening windows and doors or making holes in the roof.
Ventilation-Controlled Fire. A fire in which the heat release rate or growth is controlled by the
amount of air available to the fire.
Venting. The escape of smoke and heat through openings in a building.
Volt. The unit of electrical pressure (electromotive force) represented by the symbol “E.” The
difference in potential required to make a current of one ampere flow through a resistance of one
ohm.
1-4* Units of Measure.
Metric units of measurement in this standard are in accordance with the modernized metric
system known as the International System of Units (SI). The unit of liter is outside of but
recognized by SI and is commonly used in international fire protection.
1 inch = 2.54 centimeters
1 foot = 0.3048 meter
1 square foot = 0.09290 square meter
1 cubic foot = 7.481 gallons
1 cubic foot = 0.02832 cubic meter
1 U.S. gal = 3.785 liters
1 pound = 0.4536 kilogram
1 ounce (weight) = 28.35 grams
1 foot per second = 0.3048 meter per second
1 pound per cubic foot = 16.02 kilograms per cubic meter
1 gallon per minute = 0.06308 liters per second
1 atmosphere = pressure exerted by 760 millimeters of mercury of standard density at 0°C, 14.7
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pound per square inch, 101.3 kilopascal
1 Btu/sec = 1.055 kilowatts
1 Btu = 1055 joules
1 kilowatt = 0.949 Btu/second
Chapter 2 Basic Methodology
2-1 Nature of Fire Investigations.
A fire or explosion investigation is a complex endeavor involving both art and science. The
compilation of factual data, as well as an analysis of those facts, should be accomplished
objectively and truthfully. The basic methodology of the fire investigation should rely on the use
of a systematic approach and attention to all relevant details. The use of a systematic approach
often will uncover new factual data for analysis, which may require previous conclusions to be
reevaluated.
2-2 Systematic Approach.
The systematic approach recommended is that of the scientific method, which is used in the
physical sciences. This method provides for the organizational and analytical process so
desirable and necessary in a successful fire investigation.
2-3 Relating Fire Investigation to the Scientific Method.
The scientific method is a principal of inquiry that forms a basis for legitimate scientific and
engineering processes, including fire incident investigation.
The scientific method is applied using the following six steps.
2-3.1 Recognize the Need.
First, one must determine that a problem exists. In this case a fire or explosion has occurred
and the cause must be determined and listed so that future, similar incidents can be prevented.
2-3.2 Define the Problem.
Having determined that a problem exists, the investigator or analyst must define in what
manner the problem can be solved. In this case, a proper origin and cause investigation must be
conducted. This is done by an examination of the scene and by a combination of other data
collection methods, such as the review of previously conducted investigations of the incident, the
interviewing of witnesses or other knowledgeable persons, and the results of scientific testing.
2-3.3 Collect Data.
Facts about the fire incident are now collected. This is done by observation, experiment, or
other direct data gathering means. This is called empirical data because it is based on observation
or experience and is capable of being verified.
2-3.4 Analyze the Data (Inductive Reasoning).
All of the collected and observed information is analyzed by inductive reasoning. This is the
process in which the total body of empirical data collected is carefully examined in the light of
the investigator’s knowledge, training, and experience. Subjective or speculative information
cannot be included in the analysis, only facts that can be clearly proven by observation or
experiment.
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2-3.5 Develop a Hypothesis.
Based on the data analysis, the investigator must now produce a hypothesis or group of
hypotheses to explain the origin and cause of the fire or explosion incident. This hypothesis must
be based solely on the empirical data that the investigator has collected.
2-3.6 Test the Hypothesis (Deductive Reasoning).
All other reasonable origins and causes must be eliminated. The investigator does not have a
truly provable hypothesis unless it can stand the test of careful and serious challenge. This is
done by the principle of deductive reasoning, in which the investigator compares his or her
hypothesis to all known facts. If the hypothesis cannot withstand an examination by deductive
reasoning, it must either be discarded as not provable and a new more adequate hypothesis tested
or the fire cause must be listed as “unknown.”
2-4 Basic Method of a Fire Investigation.
Using the scientific method in most fire or explosion incidents should involve the following
six major steps from inception through final analysis.
2-4.1 Receiving the Assignment.
The investigator should be notified of the incident, what his or her role will be, and what he or
she is to accomplish.
2-4.2 Preparing for the Investigation.
The investigator should marshal his or her forces and resources and plan the conduct of the
investigation.
2-4.3 Examination of the Scene.
The investigator should conduct the examination of the scene and collect basic data necessary
to the analysis.
2-4.4 Recording the Scene.
The scene should be photographed and diagrammed, and notes of the progress of the
investigation should be made. Valuable empirical data should be noted and preserved.
2-4.5 Collecting and Preserving Evidence.
Valuable physical evidence should be recognized, properly collected, and preserved for further
testing and evaluation or courtroom presentation.
2-4.6 Analyzing the Incident.
An incident scenario or failure analysis should be described, explaining the origin, cause, and
responsibility for the incident. This analysis should be reported in the proper forum to help
prevent reoccurrence.
2-5 Reporting Procedure.
The reporting procedure may take many written or oral forms, depending on the specific
responsibility of the investigator.
Chapter 3 Basic Fire Science
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3-1 Chemistry of Combustion.
The fire investigator should have a basic understanding of combustion principles and be able
to use them to help in interpretation of evidence at the fire scene and the development of
conclusions regarding the origin and cause of the fire.
The body of knowledge associated with combustion and fire would easily fill several
textbooks. The discussion presented in this section should be considered as introductory. The
user of this guide is urged to consult the technical literature for additional details.
3-1.1 Fire Tetrahedron.
The combustion reaction can be characterized by four components: the fuel, the oxidizing
agent, heat, and a self-sustained chemical reaction. These four components have been classically
symbolized by a four-sided solid geometric form called a tetrahedron (see Figure 3-1.1). Fires
can be prevented or suppressed by controlling or removing one or more of the sides of the
tetrahedron.

Figure 3-1.1 The tetrahedron of fire.

3-1.1.1 Fuel. A fuel is any substance that can undergo combustion. The majority of fuels
encountered are organic and contain carbon and combinations of hydrogen and oxygen in
varying ratios. In some cases, nitrogen will be present; examples include wood, plastics,
gasoline, alcohol, and natural gas. Inorganic fuels contain no carbon and include combustible
metals, such as magnesium or sodium. All matter can exist in one of three phases: solid, liquid,
or gas. The phase of a given material depends on the temperature and pressure and can change as
conditions vary. If cold enough, carbon dioxide, for example, can exist as a solid (dry ice). The
normal phase of a material is that which exists at standard conditions of temperature [21°C
(70°F)] and pressure [14.7 psi (101.6 kPa) or 1 atmosphere at sea level].
Combustion of a solid or liquid fuel takes place above the fuel surface in a region of vapors
created by heating the fuel surface. The heat can come from the ambient conditions, from the
presence of an ignition source, or from exposure to an existing fire. The application of heat
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causes vapors or pyrolysis products to be released into the atmosphere where they can burn if in
the proper mixture with air and if a competent ignition source is present. Ignition is discussed in
Section 3-3.
Some solid materials can undergo a charring reaction where oxygen reacts directly with solid
material. Charring can be the initial or the final stage of burning. Sometimes charring
combustion breaks into flame; on other occasions charring continues through the total course of
events.
Gaseous fuels do not require vaporization or pyrolysis before combustion can occur. Only the
proper mixture with air and an ignition source are needed.
The form of a solid or liquid fuel is an important factor in its ignition and burning rate. For
example, a fine wood dust ignites easier and burns faster than a block of wood. Some flammable
liquids, such as diesel oil, are difficult to ignite in a pool but can ignite readily and burn rapidly
when in the form of a fine spray or mist.
For the purposes of the following discussion, the term fuel is used to describe vapors and gases
rather than solids.
3-1.1.2* Oxidizing Agent. In most fire situations, the oxidizing agent is the oxygen in the
earth’s atmosphere. Fire can occur in the absence of atmospheric oxygen when fuels are mixed
with chemical oxidizers. Many chemical oxidizers contain readily released oxygen. Ammonium
nitrate fertilizer (NH4NO3), potassium nitrate (KNO3), and hydrogen peroxide (H2O2) are
examples.
Normal air contains 21 percent oxygen. In oxygen- enriched atmospheres, such as in areas
where medical oxygen is in use or in high pressure diving or medical chambers, combustion is
greatly accelerated. Materials that resist ignition or burn slowly in air can burn vigorously when
additional oxygen is present. Combustion can be initiated in atmospheres containing very low
percentages of oxygen depending on the fuel involved. As the temperature of the environment
increases, the oxygen requirements are further reduced. While flaming combustion can occur at
concentrations as low as 14 to 16 percent oxygen in air at room temperatures of 70°F (21°C),
flaming combustion can continue at close to 0 percent oxygen under post flashover temperature
conditions. Also, smoldering combustion once initiated can continue in a low oxygen
environment even when the surrounding environment is at a relatively low temperature. The
hotter the environment, the less oxygen is required. This later condition is why wood and other
materials can continue to be consumed even though the fire is in a closed compartment with low
oxygen content. Fuels that are enveloped in a layer of hot, oxygen-depleted combustion products
in the upper portion of a room can also be consumed.
It should be noted that certain gases can form flammable mixtures in atmospheres other than
air or oxygen. One example is a mixture of hydrogen and chlorine gas.
For combustion to take place, the fuel vapor or gas and the oxidizer must be mixed in the
correct ratio. In the case of solids and liquids, the pyrolysis products or vapors disperse away
from the fuel surface and mix with the air. As the distance from the fuel source increases, the
concentration of the vapors and pyrolysis products decreases. The same process acts to reduce
the concentration of a gas as the distance from the source increases.
Fuel burns only when the fuel/air ratio is within certain limits known as the flammable
(explosive) limits. In cases where fuels can form flammable mixtures with air, there is a
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minimum concentration of vapor in air below which propagation of flame does not occur. This is
called the lower flammable limit. There is also a maximum concentration above which flame
will not propagate called the upper flammable limit. These limits are generally expressed in
terms of percentage by volume of vapor or gas in air.
The flammable limits reported are usually corrected to a temperature of 32°F (0°C) and 1
atmosphere. Increases in temperature and pressure result in reduced lower flammable limits
possibly below 1 percent and increased upper flammable limits. Upper limits for some fuels can
approach 100 percent at high temperatures. A decrease in temperature and pressure will have the
opposite effect. Caution should be exercised when using the values for flammability limits found
in the literature. The reported values are often based on a single experimental apparatus that does
not necessarily account for conditions found in practice.
The range of mixtures between the lower and upper limits is called the flammable (explosive)
range. For example, the lower limit of flammability of gasoline at ordinary temperatures and
pressures is 1.4 percent, and the upper limit is 7.6 percent. All concentrations by volume falling
between 1.4 and 7.6 percent will be in the flammable (explosive) range. All other factors being
equal, the wider the flammable range, the greater the likelihood of the mixture coming in contact
with an ignition source and thus the greater the hazard of the fuel. Acetylene, with a flammable
range between 2.5 and 100 percent, and hydrogen, with a range from 4 to 75 percent, are
considered very dangerous and very likely to be ignited when released.
Every fuel/air mixture has an optimum ratio at which point the combustion will be most
efficient. This occurs at or near the mixture known by chemists as the stoichiometric ratio. When
the amount of air is in balance with the amount of fuel (i.e., after burning there is neither unused
fuel or air), the burning is referred to as stoichiometric. This condition rarely occurs in fires
except in certain types of gas fires. (See Chapter 13.)
Fires usually have either an excess of air or an excess of fuel. When there is an excess of air,
the fire is considered to be fuel controlled. When there is more fuel present than air, a condition
that occurs frequently in well-developed room or compartment fires, the fire is considered to be
ventilation controlled.
In a fuel controlled compartment fire, all the burning will take place within the compartment
and the products of combustion will be much the same as burning the same material in the open.
In a ventilation controlled compartment fire the combustion inside the compartment will be
incomplete. The burning rate will be limited by the amount or air entering the compartment. This
condition will result in unburned fuel and other products of incomplete combustion leaving the
compartment and spreading to adjacent spaces. Ventilation controlled fires can produce massive
amounts of carbon monoxide.
If the gases immediately vent out a window or into an area where sufficient oxygen is present,
they will ignite and burn when the gases are above their ignition temperatures. If the venting is
into an area where the fire has caused the atmosphere to be deficient in oxygen, such as a thick
layer of smoke in an adjacent room, it is likely that flame extension in that direction will cease,
although the gases can be hot enough to cause charring and extensive heat damage.
3-1.1.3 Heat. The heat component of the tetrahedron represents heat energy above the minimum
level necessary to release fuel vapors and cause ignition. Heat is commonly defined in terms of
intensity or heating rate (Btu/sec or kilowatts) or as the total heat energy received over time (Btu
or kilojoules). In a fire, heat produces fuel vapors, causes ignition, and promotes fire growth and
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flame spread by maintaining a continuous cycle of fuel production and ignition.
3-1.1.4 Self-Sustained Chemical Reaction. Combustion is a complex set of chemical reactions
that results in the rapid oxidation of a fuel producing heat, light, and a variety of chemical
by-products. Slow oxidation, such as rust or the yellowing of newspaper, produces heat so
slowly that combustion does not occur. Self-sustained combustion occurs when sufficient excess
heat from the exothermic reaction radiates back to the fuel to produce vapors and cause ignition
in the absence of the original ignition source. For a detailed discussion of ignition, see Section
3-3.
Combustion of solids can occur by two mechanisms: flaming and smoldering. Flaming
combustion takes place in the gas or vapor phase of a fuel. With solid and liquid fuels, this is
above the surface. Smoldering is a surface burning phenomenon with solid fuels and involves a
lower rate of heat release and no visible flame. Smoldering fires frequently make a transition to
flaming after sufficient total energy has been produced or when airflow is present to speed up the
combustion rate.
3-2 Heat Transfer.
The transfer of heat is a major factor in fires and has an effect on ignition, growth, spread,
decay (reduction in energy output), and extinction. Heat transfer is also responsible for much of
the physical evidence used by investigators in attempting to establish a fire’s origin and cause.
It is important to distinguish between heat and temperature. Temperature is a measure that
expresses the degree of molecular activity of a material compared to a reference point such as the
freezing point of water. Heat is the energy that is needed to maintain or change the temperature
of an object. When heat energy is transferred to an object, the temperature increases. When heat
is transferred away, the temperature decreases.
In a fire situation, heat is always transferred from the high temperature mass to the low
temperature mass. Heat transfer is measured in terms of energy flow per unit of time (Btu/sec or
kilowatts). The greater the temperature difference between the objects, the more energy is
transferred per unit of time and the higher the heat transfer rate is. Temperature can be compared
to the pressure in a fire hose and heat or energy transfer to the waterflow in gallons per minute.
Heat transfer is accomplished by three mechanisms: conduction, convection, and radiation. All
three play a role in the investigation of a fire, and an understanding of each is necessary.
3-2.1 Conduction.
Conduction is the form of heat transfer that takes place within solids when one portion of an
object is heated. Energy is transferred from the heated area to the unheated area at a rate
dependent on the difference in temperature and the physical properties of the material. The
properties are the thermal conductivity (k), the density (ρ), and the heat capacity (c). The heat
capacity (specific heat) of a material is a measure of the amount of heat necessary to raise its
temperature (Btu/pound/degree of temperature rise).
If thermal conductivity (k) is high, the rate of heat transfer through the material is high. Metals
have high thermal conductivities (k), while plastics or glass have low thermal conductivity (k)
values. Other properties (k and c) being equal, high density (ρ) materials conduct heat faster than
low density materials. This is why low density materials make good insulators. Similarly,
materials with a high heat capacity (c) require more energy to raise the temperature than
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materials with low heat capacity values.
Generally, conduction heat transfer is considered between two points with the energy source at
a constant temperature. The other point will increase to some steady temperature lower than that
of the source. This condition is known as steady state. Once steady state is reached, thermal
conductivity (k) is the dominant heat transfer property. In the growing stages of a fire,
temperatures are continuously changing, resulting in changing rates of heat transfer. During this
period, all three properties, thermal conductivity (k), density (ρ), and heat capacity (c), play a
role. Taken together, these properties are commonly called the thermal inertia of a material and
are expressed in terms of “k, rho, c.” Table 3-2.1 provides data for some common materials.
The impact of the thermal inertia on the rise in temperature in a space or on the material in it is
not constant through the duration of a fire. Eventually, as the materials involved reach a constant
temperature, the effects of density (ρ) and heat capacity (c) become insignificant relative to
thermal conductivity. Therefore, thermal inertia of a material is most important at the initiation
and early stages of a fire (pre-flashover).
Conduction of heat into a material as it affects its surface temperature is an important aspect of
ignition. Thermal inertia is an important factor in how fast the surface temperature will rise. The
lower the thermal inertia of the material, the faster the surface temperature will rise. Conduction
is also a mechanism of fire spread. Heat conducted through a metal wall or along a pipe or metal
beam can cause ignition of combustibles in contact with the heated metals. Conduction through
metal fasteners such as nails, nail plates, or bolts can result in fire spread or structural failure.
Table 3-2.1 Thermal Properties of Selected Materials
Thermal Conductivity (k)
(W/m × K)
Material
Copper

Density (ρ)
(kg/m3)

Heat
Capacity (cρ)
(J/kg × K)

387

8940

380

0.8-1.4

1900-2300

880

Gypsum Plaster

0.48

1440

840

Oak

0.17

800

2380

Pine (Yellow)

0.14

640

2850

Polyethylene

0.35

940

1900

Polystyrene
(Rigid)

0.11

1100

1200

Polyvinylchloride

0.16

1400

1050

PolyurethaneA

0.034

20

1400

Concrete

ATypical values, properties vary.
NOTE: From An Introduction to Fire Dynamics, Drysdale, Dougal, John Wiley and Sons, 1985, p. 36.

3-2.2 Convection.
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Convection is the transfer of heat energy by the movement of heated liquids or gases from the
source of heat to a cooler part of the environment.
Heat is transferred by convection to a solid when hot gases pass over cooler surfaces. The rate
of heat transfer to the solid is a function of the temperature difference, the surface area exposed
to the hot gas, and the velocity of the hot gas. The higher the velocity of the gas, the greater the
rate of convective transfer.
In the early history of a fire, convection plays a major role in moving the hot gases from the
fire to the upper portions of the room of origin and throughout the building. As the room
temperatures rise with the approach of flashover, convection continues, but the role of radiation
increases rapidly and becomes the dominant heat transfer mechanism. See 3-5.3.2 for a
discussion of the development of flashover. Even after flashover, convection can be an important
mechanism in the spread of smoke, hot gases, and unburned fuels throughout a building. This
can spread the fire or toxic or damaging products of combustion to remote areas.
3-2.3 Radiation.
Radiation is the transfer of heat energy from a hot surface to a cooler surface by
electromagnetic waves without an intervening medium. For example, the heat energy from the
sun is radiated to earth through the vacuum of space. Radiant energy can be transferred only by
line-of-sight and will be reduced or blocked by intervening materials. Intervening materials do
not necessarily block all radiant heat. For example, radiant heat is reduced on the order of 50
percent by some glazing materials.
The rate of radiant heat transfer is strongly related to a difference in the fourth power of the
absolute temperature of the radiator and the target. At high temperatures, small increases in the
temperature difference result in a massive increase in the radiant energy transfer. Doubling the
absolute temperature of the hotter item without changing the temperature of the colder item
results in a 16-fold increase in radiation between the two objects. (See Figure 3-2.3.)
The rate of heat transfer is also strongly affected by the distance between the radiator and the
target. As the distance increases, the amount of energy falling on a unit of area falls off in a
manner that is related to both the size of the radiating source and the distance to the target.
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Figure 3-2.3 Relation of radiation to temperature.

3-3 Ignition.
In order for most materials to be ignited they must be in a gaseous or vapor state. A few
materials may burn directly in a solid state or glowing form of combustion including some forms
of carbon and magnesium. These gases or vapors must then be present in the atmosphere in
sufficient quantity to form a flammable mixture. Liquids with flash points below ambient
temperatures do not require additional heat to produce a flammable mixture. The fuel vapors
produced must then be raised to their ignition temperature. The time and energy required for
ignition to occur is a function of the energy of the ignition source, the thermal inertia (k, rho, c)
of the fuel, and the minimum ignition energy required by that fuel and the geometry of the fuel.
If the fuel is to reach its ignition temperature, the rate of heat transfer to the fuel must be greater
than the conduction of heat into or through the fuel and the losses due to radiation and
convection. Table 3-3 shows the temperature of selected ignition sources.
Table 3-3 Reported Temperatures of Selected Ignition Sources

Copyright 1996 NFPA

Source

Temperature
°F

°C

BenzeneA

1690

920

GasolineA

1798

1026

JP-4B

1700

927

KeroseneA

1814

990

MethanolA

2190

1200

WoodC

1800

1027

Cigarette (puffing)

1520-1670

830-910

Cigarette (free burn)

930-1300

500-700

2550

1400

570

300

Flames

EmberD

Mechanical SparkE
Steel Tool
Copper-nickel alloy

AAn Introduction to Fire Dynamics, Drysdale, Dougal, John Wiley and Sons, 1985.
BThe Heat Radiation from Petroleum Fires, Hagglund and Persson, FOA Report C 20126-D6(A3),
Forsvarerts Forskningsanstalt, Stockholm.
CAn Experimental Study of the Radiation from Wood Flames, Hagglund and Persson, FOA Report C
4589-D6(A3), Forsvarerts Forskningsanstalt, Stockholm.
DCigarette Ignition of Soft Furnishings—A Literature Review with Commentary, John Krasny, Center for Fire
Research, National Bureau of Standards, June 1987.
EFire Protection Handbook, 15th ed., NFPA, Quincy, MA., 1981, pp. 4–105.

3-3.1 Ignition of Solid Fuels.
For solid fuels to burn with a flame, the substance must either be melted and vaporized (like
thermoplastics) or be pyrolyzed into gases or vapors (i.e., wood or thermoset plastic). In both
examples, energy must be supplied to the fuel to generate the vapors.
High density materials of the same generic type (woods, plastics) conduct energy away from
the area of the ignition source more rapidly than low density materials, which act as insulators
and allow the energy to remain at the surface. For example, given the same ignition source, oak
takes longer to ignite than a soft pine. Low density foam plastic, on the other hand, ignites more
quickly than high density plastic.
The amount of surface area for a given mass (surface area to mass ratio) also affects the
quantity of energy necessary for ignition. It is relatively easy to ignite one pound of thin pine
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shavings with a match, while ignition of a one-pound solid block of wood with the same match is
very unlikely.
Because of the higher surface area to mass ratio, corners of combustible materials are more
easily burned than flat surfaces. Table 3-3.1 shows the time for ignition of wood exposed to
varying temperatures.
The relationship between ignition energy and time to ignition for thin and thick materials is
illustrated in Figure 3-3.1(a). When exposed to their ignition temperature, thin materials ignite
faster than thick materials (e.g., paper vs. plywood). [See Figure 3-3.1(b).]
Table 3-3.1 Time Required to Ignite Wood Specimens
No Ignition
in 40 min
Wood
1
1 /4 in. × 11/4 in. × 4 in.
(32 mm × 32 mm × 102 mm)

Exposure before ignition, by Pilot Flame, Min

356°F

392°F

437°F

482°F

572°F

662°F

°F

°C

(180°C)

(200°C)

(225°C)

(250°C)

(300°C)

(350°C

Long leaf pine

315

157

14.3

11.8

8.7

6.0

2.3

1.4

Red oak

315

157

20.0

13.3

8.1

4.7

1.6

1.2

Tamarack

334

167

29.9

14.5

9.0

6.0

2.3

0.8

Western larch

315

157

30.8

25.0

17.0

9.5

3.5

1.5

Noble fir

369

187

-

-

15.8

9.3

2.3

1.2

Eastern hemlock

356

180

-

13.3

7.2

4.0

2.2

1.2

Redwood

315

157

28.5

18.5

10.4

6.0

1.9

0.8

Sitka spruce

315

157

40.0

19.6

8.3

5.3

2.1

1.0

Basswood

334

167

-

14.5

9.6

6.0

1.6

1.2

NOTE: From Fire Protection Handbook, Table 3-3B, NFPA (17th edition, 1991).
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Figure 3-3.1(a) Relationship of energy source to ignition time for thick and thin materials.

Figure 3-3.1(b) Relationship of material thickness to ignition time when exposed to ignition temperature.

3-3.2 Ignition of Liquids.
In order for the vapors of a liquid to form an ignitible mixture, the liquid must be at or above
its flash point. The flash point of a liquid is the lowest temperature at which it gives off sufficient
vapor to support a momentary flame across its surface based on an appropriate ASTM test
method. The value of the flash point may vary depending on the type of test used. Even though
most of a liquid may be slightly below its flash point, an ignition source can create a locally
heated area sufficient to result in ignition.
Atomized liquids or mists (those having a high surface area to mass ratio) can be more easily
ignited than the same liquid in the bulk form. In the case of sprays, ignition can often occur at
ambient temperatures below the published flash point of the bulk liquid provided the liquid is
heated above its flash point and ignition temperature at the heat source.
3-3.3 Ignition of Gases.
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Combustible substances in the gaseous state have extremely low mass and require the least
amount of energy for ignition.
3-3.4 Ignition Properties of Materials.
Table 3-3.4 provides ignition property data for selected solids, liquids, and gases.
Table 3-3.4 Ignition Properties of Selected Materials
Ignition
Temperature

Material

°F

Minimum
Radiant
Flux
(kW/m2)

°C

Energy
Required (kJ/m2)

Minimum
Ignition
Energy
(mJ)

Solids
PolyethyleneA

910

488

19

1500-5100

-

PolystyreneA

1063

573

29

1300-6400

-

Polyurethane

852-1074

456-579

16-30

150-770

-

945

507

21

3320

-

Soft WoodB

608-660

320-350

-

-

-

Hard WoodB

595-740

313-393

-

-

-

Dusts
(Cloud)C
Aluminum

1130

610

-

-

10

Coal

1346

730

-

-

100

Grain

805

430

-

-

30

LiquidsD
Acetone

869

465

Benzene

928

498

-

-

0.22E

Ethanol

685

363

-

-

-

Gasoline

853

456

-

-

-

Kerosene

410

210

-

-

-

Methanol

867

464

-

-

0.14E

Methyl ethyl

759

404

-

-

0.53E

(Flexible)A
PVCA

1.15E

(100 Oct)

ketone
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896

480

-

-

2.5F

Acetylene

581

305

-

-

0.02E

Methane

999

537

-

-

0.28E

900-1170

482-632

-

-

0.30F

842

450

-

-

0.25E

Toluene
GasesD

Natural Gas
Propane

AFire Protection Handbook, Table A-6, NFPA (17th edition, 1991).
BFire Protection Handbook, pp. 3-25, NFPA (17th edition, 1991).
CFire Protection Handbook, Table 5-9A, NFPA (16th edition, 1986).
DIgnition temperatures from NFPA 325, Guide to Fire Hazard Properties of Flammable Liquids, Gases, and
Volatile Solids, 1991.
EThe SFPE Handbook of Fire Protection Engineering, Table 2-5.2, NFPA, 1988.
FFire Protection Handbook, Table 11-3B, NFPA (15th edition, 1981).

3-3.5 Self-Heating and Self-Ignition.
Self-heating is the process whereby a material increases in temperature without drawing heat
from its surroundings. Self-heating of a material to its ignition temperature results in
self-ignition.
Most organic materials capable of combining with oxygen will oxidize at some critical
temperature with the evolution of heat. Generally, self-heating and self-ignition are most
commonly encountered in organic materials such as animal and vegetable solids and oils.
Self-heating and self-ignition of materials such as motor or lubricating oils does not occur.
Certain inorganic materials, such as metal powders, may undergo self-heating and self-ignition
under isolated conditions.
There are three factors that control or influence the occurrence of self-heating and
self-ignition:
(a) The rate of heat generation,
(b) The effects of ventilation, and
(c) The insulating effects of the material’s immediate surroundings.
The rate of heat generation is slow. In order for self-ignition to occur, the rate of heat
generation by the material undergoing self-heating must be faster than the rate at which the heat
is being dissipated or transferred to its immediate surroundings. When the temperature of the
self-heating material increases, the elevated temperatures result in an increase in the rate of heat
generation. In all cases, however, the initial temperature of the pile can affect its ability to
self-heat. Occasionally, products have been stacked while warm, resulting in self-heating that
would not otherwise have occurred.
The effects of ventilation are also significant. In order for self-ignition to occur, sufficient air
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must be available to permit oxidation but not so much that the heat is carried away by convection
as rapidly as it is being generated. As such, the material must be sufficiently porous to allow for
oxygen to permeate through the mass to the point of combustion, and the material must also
char.
A rag saturated with linseed oil, for example, that might self-heat and self-ignite when
crumpled at the bottom of a wastebasket, would not be expected to do so if hung on a clothesline
where effects of ventilation through air movement would dissipate the heat faster than it is being
generated.
Closely related to the effects of ventilation is the insulating effect of the material’s immediate
surroundings. The crumpled rag saturated with linseed oil at the bottom of a wastebasket is
insulated by both the rag itself and the wastebasket. This insulating effect results in the heat
being retained within the material and not being as quickly dissipated to the material’s
immediate surroundings. In a large pile of material, the pile itself may provide enough insulation
to allow self-heating in the core of the pile.
Because of the many possible combinations of these controlling or influencing factors, it is
difficult to predict with any certainty when a material will self-heat. Table 3-3.5 lists a few
materials subject to self-heating. A more complete list is found in Table A-10 of the Fire
Protection Handbook, 17th edition. Omission of any material does not necessarily indicate that it
is not subject to self-heating.
Table 3-3.5 Some Materials Subject to Spontaneous Ignition
Material

Tendency

Charcoal

High

Fish Meal

High

Linseed oiled rags

High

Brewing grains

Moderate

Foam rubber

Moderate

Hay

Moderate

Manure

Moderate

Wool wastes

Moderate

Bailed rags

Variable (Low to Moderate)

Sawdust

Possible

Grain

Low

NOTE: Fire Protection Handbook, Table A-10, NFPA (17th edition, 1991).

3-4 Fuel Load.
The term fuel load has been used in the past to indicate the potential severity of a fire and has
been expressed in terms of Btu (British thermal unit) or pounds of fuel per square foot of floor
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area. The Btus were expressed in wood equivalent based on 8,000 Btu per pound. The fuel load
was determined by weighing the fuel in a room and converting the weight of plastic to pounds of
wood using 16,000 Btu per pound as the value for plastic (one pound of plastic equals two
pounds of wood). The total Btus (or pounds of fuel) were divided by the area of the room floor.
While this approach can be a measure of the total heat available if all the fuel burns, it does not
depict how fast the fire will develop once the fire starts. The speed of development of a fire
determined from witness statements is often used as evidence of an incendiary fire if the fire
“grew faster than would be expected given the fuel load present.”
Total fuel load in the room has no bearing on the rate of growth of a given fire in its
pre-flashover stage. During this development stage, the rate of fire growth is determined by the
heat release rate (HRR) from the burning of individual fuel arrays. This is controlled by the
chemical and physical properties of the fuel and the surface area of the fuel array. HRR is
expressed in terms of Btu/second or kilowatts. After flashover, the heat release rate in the fire is
controlled by the above factors and the availability of air and the exposed combustible surface.
Pine shavings, for example, burn faster than a block of wood of the same weight. Finely
ground wood flour dispersed in air burns very rapidly and can result in an explosion. Plastics can
have heat release rates significantly greater than the same item made of cellulose. Compare a
cotton mattress to one of the same size but made of polyurethane foam (see Table 3-4). The
difference between these materials relates not only to the chemical composition of the fuel but
also the physical properties, including those that determine the thermal inertia (see 3-2.1).
Low density materials burn faster than high density materials of similar chemistry. Soft pine,
for example, would burn faster than oak, and light weight foam plastics burn faster than more
dense rigid plastics. Peak heat release rate values for typical fuels are presented in Table 3-4.
These values should be considered representative values for typical similar fuel items. The actual
peak heat release rate for a particular item is best determined by test.
Table 3-4 Representative Peak Heat Release Rates (Unconfined Burning)
Fuel (lb)
Wastebasket-small (1.5-3)

Peak HRR (kW)
4-18

Trash Bags-11 gal with mixed
plastic and paper trash (21/2 - 71/2)

140-350

Cotton Mattress (26-29)

40-970

TV Sets (69-72)

120-290

Plastic Trash Bags/Paper Trash (2.6-31)

120-350

PVC Waiting Room Chair-Metal Frame (34)
Cotton Easy Chair (39-70)
Gasoline/Kerosene in 2 sq foot pool

270
290-370
400

Christmas Trees-dry (14-16)

500-650

Polyurethane Mattress (7-31)

810-2630
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Polyurethane Easy Chair (27-61)
Polyurethane Sofa (113)

1350-1990
3120

Values from:
Fire Behavior of Upholstered Furniture, Babrauskas and Krasny, NBS Monograph 173, National Bureau of
Standards, November 1985.
NFPA 72, National Fire Alarm Code, Table C-2-2.2.1(a), 1993 edition.
Heat Release Rate Characteristics of Some Combustible Fuel Sources in Nuclear Power Plants, B. T. Lee,
NBSIR 85-3195, National Bureau of Standards, 1985.

3-5 Fire Development.
The rate and pattern of fire development depend on a complex relationship between the
burning fuel and the surrounding environment. In confined burning, the collection of heat at the
top of the room can raise the temperature of the ceiling and produce a large body of high
temperature smoke. The radiation from this upper portion of the space can significantly enhance
the rate of heat release from a burning item. In such cases, the values given in Table 3-4 would
be inappropriately low.
3-5.1 Plumes.
Heat from a fire in the open rises as a column of hot gas called a plume. The resulting airflow
draws cool air into the base of the fire from all directions. Cool air is also drawn into the plume
above ground level by the moving mass of hot air [see Figure 3-5.1(a)]. This inflow of cool air
into the plume is called entrainment and results in decreased temperatures with increasing height
in the plume. [See Figure 3-5.1(b).]
Fire spread will be primarily by radiant ignition of nearby fuels. Spread rate over solids will
generally be slow unless aided by air movement (wind) or sloping surfaces.

Figure 3-5.1(a) Fire plume in the open.

Copyright 1996 NFPA

Figure 3-5.1(b) Temperature in a fire plume.

3-5.2 Unconfined Fires.
When no ceiling exists over a fire, and the fire is far from walls, the hot gases and smoke of
the plume continue to rise vertically. Such conditions would exist for a fire outdoors. The same
conditions can exist with a fire in a building at the very early stages when the plume is small or if
the fire is in a very large volume space with a high ceiling such as an atrium. Fire spread from an
unconfined fire plume will be primarily by radiant ignition of nearby fuels. The spread rate
across solid materials will generally be slow unless aided by air movement (wind in the case of
outdoor fires) or sloping surfaces that allow preheating of the fuel.
3-5.3 Confined Fires.
When plumes interact with the ceiling or walls of a compartment, the flow of smoke and hot
gases and the growth of the fire will be affected. Low heat release rate fires, remote from walls
or other bounding surfaces, such as the back of a couch, will behave as if they were in the open.
3-5.3.1 Fires Confined by a Ceiling. When a ceiling exists over a fire, and the fire is far from
walls, the hot gases and smoke in the rising plume strike the ceiling surface and spread in all
directions until stopped by an intervening wall. As the hot gases flow away from the centerline
of the plume under the ceiling, a thin layer is formed. Heat is conducted from this layer into the
cooler ceiling above, and cool air is entrained from below. This layer is deepest and hottest near
the plume centerline and becomes less deep and cooler as the distance (r) from the centerline of
the plume increases [see Figure 3-5.3.1(a)].
As in the case of the fire in the open, temperatures will decrease with increasing height above
the fire. In addition, due to the cooling by entrainment and heat losses to the ceiling, the layer
temperature decreases with increased distance (r) from the plume centerline [see Figure
3-5.3.1(b)].
Fire spread with a plume confined by a ceiling will be by ignition of combustible ceiling or
wall material, ignition of nearby combustibles such as room contents or warehouse stock, or a
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combination of these mechanisms. The gases in the upper (smoke) layer may transfer heat to
materials in this upper layer by convection and radiation. Transfer of heat below the smoke layer
is dominated by radiation. Fire growth when the plume is confined by a ceiling will be faster
than when the plume is unconfined.
Factors such as ceiling height and distance from the plume can have significant effects on the
response time of fire protection devices, such as heat and smoke detectors and automatic
sprinklers. For a given device and fire size (HRR), the response time of the device will increase
with higher ceilings and with increasing distance from the plume. Stated another way, the higher
the ceiling or the farther away the device, the larger the heat output from the fire will be at the
time the device responds. These factors should be considered when attempting to understand
why a fire appears to be larger than expected at the time of alarm or sprinkler operation.

Figure 3-5.3.1(a) Fire confined by a ceiling in a large room.
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Figure 3-5.3.1(b) Ceiling layer temperature away from the plume.

3-5.3.2 Compartment Fires and Flashover. The heat output from a fire in a compartment is
confined by walls as well as the ceiling. The proximity of the walls results in a more rapid
development of the hot gas layer at the ceiling and the creation of a much deeper layer. Figure
3-5.3.2(a) depicts a room with a door opening. There are two fuel packages in the room; one is
the item first ignited and the other is the “target” fuel or second item ignited. Initially, the ceiling
layer will be thin, resembling the no-wall situation. However, as the gases reach the walls and
can no longer spread horizontally, the bottom of the layer will descend and become uniform in
depth. Smoke detectors in the compartment of origin will generally respond early in this stage of
fire development.
When the smoke level reaches the top of the door opening, it will begin to flow out of the
compartment. If the rate of smoke production does not exceed the rate of smoke flow out of the
compartment, the ceiling layer will not descend further [see Figure 3-5.3.2(b)].
If the fire grows in size, the bottom of the ceiling layer will continue to descend, the
temperature of the hot smoke and gases will increase, and radiant heat from the layer will begin
to heat the unignited target fuel. A well-defined flow pattern will be established at the opening
with the hot combustion products flowing out the top and cool air flowing into the compartment
under the smoke layer [see Figure 3-5.3.2(c)].
At the start of this stage of burning, there is sufficient air to burn all of the materials being
pyrolyzed. This is referred to as fuel controlled burning. As the burning progresses, the
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availability of air may continue to be sufficient and the fire may continue to have sufficient
oxygen even as it grows. Normally, this would be a location that had a large door or window
opening as compared to fuel surface burning. In such cases, the gases collected at the upper
portion of the room, while hot, will contain significant oxygen and relatively small amounts of
unburned fuel.
If the amount of air resident in the room, plus that transported to the room through the HVAC
system or drawn in through openings, is not sufficient to burn all of the combustibles being
pyrolyzed by the fire, the fire will shift from fuel control to ventilation control. In that situation,
the ceiling layer will contain unburned products of combustion such as hydrocarbon vapors,
carbon monoxide, and soot. In general, there will be insufficient oxygen for flaming in the
ceiling layer. In both cases, the gases can be well above the temperatures necessary to char or
pyrolyze combustible finished materials in the hot layer.
Automatic sprinklers will normally operate early during this phase or even during the prior
phase of burning. Quick response sprinklers will operate much sooner than standard sprinklers.
Detectors located outside the compartment may operate depending upon their location and the
ability of smoke to travel from the fire to the point of the detector.
As the fire continues to grow, the ceiling layer gas temperatures approach 900°F (480°C),
increasing the intensity of the radiation on the exposed combustible contents in the room. The
surface temperature of these combustible contents rises, and pyrolysis gases are produced and
become heated to their ignition temperature. When the upper layer temperature reaches
approximately 1100°F (590°C), pyrolysis gases from the combustible contents ignite along with
the bottom of the ceiling layer. This is the phenomenon known as flashover [see Figure
3-5.3.2(d)]. The terms flameover and rollover are often used to describe the condition where
flames propagate through or across the ceiling layer only and do not involve the surfaces of
target fuels. Flameover or rollover generally precede flashover but may not always result in
flashover.
Flashover represents a transition from a condition where the fire is dominated by burning of
the first item ignited (and nearby items subject to direct ignition) to a condition where the fire is
dominated by burning of all items in the compartment. It is important for investigators to be
aware of the fact that flashover is a triggering condition not a closed-ended event. The
post-flashover condition is called full room involvement. The onset of flashover occurs when the
hot gas layer imposes radiant energy levels (flux) on unignited fuels of approximately 20
kW/m2. This flux level is usually sufficient to ignite ordinary combustible materials. Flux levels
in full room involvement are considerably higher than at the beginning of flashover. Levels at
the floor of 170 kW/m2 have been recorded.
Once flashover conditions have been reached, full room involvement will follow in the
majority of fires unless the fuel is exhausted, the fire is oxygen deprieved, or the fire is
extinguished. In full room involvement, the hot layer can be at floor level but tests and actual
fires have shown the hot layer is not always at floor level. (See Figure 3-5.3.2(e).]
At the time of flashover, the compartment door becomes a restriction to the amount of air
available for combustion inside the compartment, and the majority of the pyrolysis products will
burn outside the compartment. Flameover or rollover generally occurs prior to flashover but may
not always result in flashover conditions throughout a compartment particularly where there is a
large volume or high ceiling involved or there is limited fuel present.
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Research has shown that time to flashover from open flame can be as short as 11/2 minutes in
residential fire tests with contemporary furnishings, or it may never occur. The rate of heat
release from a fully developed room flashover can be on the order of 10,000 kW (10 megawatts)
or more.

Figure 3-5.3.2(a) Early compartment fire development.

Figure 3-5.3.2(b) Ceiling layer development in compartment fire.
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Figure 3-5.3.2(c) Pre-flashover conditions in compartment fire.

Figure 3-5.3.2(d) Flashover conditions in compartment fire.
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Figure 3-5.3.2(e) Post-flashover or full room involvement in compartment fire.

3-5.4 Effects of Enclosures on Fire Growth.
For a fire in a given fuel package, the size of the ventilation opening, the volume of the
enclosure, the ceiling height, and the location of the fire with respect to the walls and corners
will affect the overall fire growth rate in the enclosure.
3-5.4.1* Ventilation Opening. The minimum size fire that can cause a flashover in a given
room is a function of the ventilation provided through an opening. This function is known as the
ventilation factor and is defined as the area of the opening (Ao) times the square root of the
height of the opening (ho).
An approximation of the heat release rate for flashover (HRRfo) can be found from the
relationship:

where Ao is in square meters and ho is in meters. The same formula using English units would
be:

where Ao is in square feet and ho is in feet.
A log v. log graph of the HRR for a range of ventilation factors is shown in Figure 3-5.4.1. If the
room dimensions are known, a closer approximation can be found using the following
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relationship:

where Ao is the area of the ventilation opening in square meters and Aw is the area of the walls,
ceiling, and floor in square meters. This relationship accounts for heat losses to the bounding
surfaces of the room (i.e., the walls, ceiling, and floor). If the losses to the floor are small, then
the floor area can be deleted from the value of Aw. The same formula using English units would
be:

where Ao and Aw are in square feet and ho is in feet.

Figure 3-5.4.1 Minimum heat release rate for flashover.

3-5.4.2 Room Volume and Ceiling Height. Development of a ceiling layer of sufficient
temperature to cause radiant ignition of exposed combustible fuels and the layer gases is
necessary for flashover. High ceilings or large compartment volumes will delay this buildup of
temperature and therefore delay or possibly prevent flashover from occurring. The distance
between the bottom of the hot layer and the combustible fuel is also a factor but of less
importance.
Copyright 1996 NFPA

3-5.4.3 Location of the Fire in the Compartment. When a burning fuel package is away from a
wall, air is free to flow into the plume from all directions and mix with the fuel gases. This
brings air for combustion into the flame zone and cools the upper part of the plume by
entrainment (see 3-5.1).
If the fuel package or the fire plume is against a wall (not in a corner), air will be able to enter
the plume from only about half of the theoretical circle around it. This will result in longer
flames and a faster rise in the temperature of the gases in the ceiling layer. This, in turn, leads to
flashover sooner than if the same fuel package had been in the center of the compartment.
When the same fuel package is placed in a corner, 75 percent of the airflow into the plume is
restricted, resulting in even longer flames, higher plume and ceiling layer temperatures, and
shorter times to flashover.
It should be noted that walls or other barriers to airflow will affect flame length and plume
temperature outdoors as well.
The possible effect of the location of walls relative to the fire should be considered in
interpreting the extent of damage as a clue to fire origin. In making the determination, the
possibility that the fuel in the suspected area of origin was not the first material ignited and that
the greater degree of damage was the result of wall or corner effects should be eliminated.
3-5.5* Flame Height.
The height of flames above the surface of burning fuels is directly related to the HRR of the
fire. For a given fuel, the HRR is related to the amount of surface burning. If the flame height of
a fire is known or can be estimated, the approximate HRR can be determined. The height of the
flame is related to the heat output of a simple pool or single item fire by the relationship:

If the flame height is known, the heat release rate Q can be estimated by using the following
formula:

Where:
Hf = flame height in meters
k = wall effect factor
The value of k to be used is:
k = 1 when there are no nearby walls
k = 2 when the fuel package is at a wall
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k = 4 when the fuel package is in a corner
= fuel heat release rate in kilowatts.
For a typical wastebasket fire of 150 kW where there are no nearby walls (k=1); this yields an
estimated flame plume of 1.3 m (4.3 ft). For an upholstered chair, where the heat
order of 500 kW, the plume would be about 2.1 m (6.9 ft) in height.

is on the

3-6 Products of Combustion.
The chemical products of combustion can vary widely depending on the fuels involved and the
amount of air available. Complete combustion of hydrocarbon fuels containing only hydrogen
and carbon will produce carbon dioxide and water. Materials containing nitrogen, such as silk,
wool, and polyurethane foam, produce nitrogen oxides and possibly hydrogen cyanide as
combustion products. Literally hundreds of compounds have been identified as products of
incomplete combustion of wood.
When less air is available for combustion as in ventilation-controlled fires, the production of
carbon monoxide increases as does the production of soot and unburned fuels.
Combustion products exist in all three states of matter: solid, liquid, and gas. Solid material
makes up the ash and soot products that represent the visible “smoke.” Many of the other
products of incomplete combustion exist as vapors or as extremely small tarry droplets or
aerosols. These vapors and droplets often condense on surfaces that are cooler than the smoke,
resulting in smoke patterns that can be used to help determine the origin and spread of the fire.
Such surfaces include walls, ceilings, and glass. Since the condensation of residue results from
temperature differences between the smoke body and the affected surface, the presence of a
deposit is evidence that smoke did engulf the surface, but the lack of deposit or the presence of a
sharp line of demarcation is not evidence of the limits of smoke involvement.
Soot and tarry products often accumulate more heavily on ceramic tiled surfaces than on other
surrounding surfaces due to the heat conduction properties of ceramic tile. Those surfaces that
remain the coolest the longest tend to collect the most condensate.
Some fuels, such as alcohol or natural gas, burn very cleanly, while others, such as fuel oil or
styrene, will produce large amounts of sooty smoke even when the fire is fuel controlled.
Smoke is generally considered to be the collection of the solid, liquid, and gaseous products of
incomplete combustion.
Smoke color is not necessarily an indicator of what is burning. While wood smoke from a
well-ventilated fire is gray or light colored, the same fuel under the low oxygen conditions of a
post-flashover fire can be black. Black smoke can be produced by burning plastic materials as
well as burning flammable liquids.
The action of fire fighting can also have an effect on the color of the smoke being produced.
The application of water can produce large volumes of condensing vapor that will appear white
or gray when mixed with black smoke from the fire. This is often noted by witnesses at the fire
scene and has been misinterpreted to indicate a change of fuel being burned.
Smoke production rates are generally lower in the early stages of a fire but increase greatly
with the onset of flashover.
3-7 Fire Pattern Development.
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The damage created by flame, radiation, hot gases, and smoke creates patterns that
investigators use to locate the area or point of fire origin.
The patterns seen by an investigator can represent much of the history of the fire. Each time
another fuel package is ignited or the ventilation to the fire changes, the rate of energy
production and heat distribution will change. Any burning item can produce a plume and thus a
“V” pattern. Determining which pattern was produced at the point of origin by the first material
ignited becomes more and more difficult as the size and duration of the fire increase.
The means by which patterns can arise are discussed here. Guidance on the use and
interpretation of patterns is found in Chapters 4 and 11.
3-7.1 Plume Generated Patterns.
The shape of the plume of rising hot gases above a burning item can be described as a cone
with its apex directed down toward the source of heat. When undisturbed, the angle between the
plume boundaries and vertical is approximately 15 degrees. Near the source of heat, the sides
diverge to form a cone describing the boundary of the flame zone.
As gases rise in the plume, they are cooled by air entrainment, and as the plume temperatures
approach that of the surrounding air, the upper boundaries spread outward. The presence of a
physical barrier, such as a ceiling, will contribute to the lateral extension of the plume boundary.
When a plume is truncated by a vertical surface, such as a wall surface, “V” or “U” shaped
damage patterns can be created on the surface. In the hot gas portion of the plume, the “V” will
be upright. In the flame zone, the damage pattern will resemble an inverted “V.” Taken together
the overall pattern is often described as an hourglass. [See Figure 3-7.1(a).]
The plume width varies with the size of the base of the fire and will increase over time as the
fire spreads. A narrow pattern will develop from a small surface area fire, and a wide pattern will
develop from a fire with a large surface area. However, the angles of the legs of the “V” will
remain at approximately 10-15 degrees, regardless of the heat release rate (HRR) of the fuel.
[See Figure 3-7.1(b).]
Although an undisturbed plume above a flaming fire will have boundaries sloping outward at
approximately 15 degrees, airflow in the vicinity can cause the plume to become unstable,
resulting in larger angles. Fire plumes adjacent to combustible surfaces may also produce larger
angles.
Where the surface is combustible, the fire will often spread laterally, expanding the width of
the burn pattern beyond that which would have been present on a noncombustible surface. The
extent of spread will depend on the flame spread properties of the surface, its orientation to other
burning materials, and the temperature of any hot gases impinging on it. In such instances, the
pattern can leave marks vastly different from the expected 12-15 degree slope of a single plume.
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Figure 3-7.1(a) Hourglass pattern.
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Figure 3-7.1(b) Effects of fire base on “V” width.

3-7.2 Ventilation Generated Patterns.
Blowing air over glowing embers will raise their temperatures and can generate enough heat to
melt metals. More heat is transferred by convection as the velocity of the hot gas increases.
These phenomena can explain the presence of numerous burn patterns.
Airflow over coals or embers can raise temperatures high enough to burn holes through floors.
If a building burns extensively and collapses, embers buried in debris can produce holes in
floors. Once a hole is made, air can flow up through the hole, and the burning rate can increase.
These types of patterns have often been erroneously attributed to ignitible liquids. It is more
likely that holes in floors may be caused by glowing combustion or radiation. Because the
surface below a liquid remains cool (or at least below the boiling point of the liquid) until the
liquid is consumed, holes in the floor from burning ignitible liquids will probably only result
when the ignitible liquid has soaked into the floor or accumulated below the floor level.
Evidence other than shape alone is necessary to confirm that an ignitible liquid produced a given
pattern.
When a door is closed on a fire, hot gases (being lighter) can escape through the space at the
top of a closed door, resulting in charring. Cool air may enter the compartment at the bottom of
the door. [See Figure 3-7.2(a).] In a fully developed room fire where the hot gases extend to the
floor, the hot gases may escape under the door and cause charring under the door and possibly
through the threshold. [See Figure 3-7.2(b).] This can also occur if glowing debris falls against
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the door either on the inside or the outside. [See Figure 3-7.2(c).]
Ventilation of fires and hot gases through windows, doors, or other openings in a structure
greatly increases the velocity of the flow over combustible materials. In addition, well-vented
fires burn with higher heat release rates. These factors combined with higher radiation
temperatures can act to burn wood at a higher rate and can spall concrete or deform metal
components. Areas of great damage are indicators of a high heat release rate, ventilation effects,
or long exposure. Such areas, however, are not always the point of fire origin. For example, fire
could spread from slow burning fuels to rapid burning fuels with the latter producing most of the
fire damage.

Figure 3-7.2(a) Airflow around door.
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Figure 3-7.2(b) Hot gases under door.
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Figure 3-7.2(c) Glowing embers at base of door.

3-7.3 Hot Gas Layer Generated Patterns.
The radiant flux from the overhead hot gas layer can produce damage to the upper surfaces of
contents and floor covering materials. This commonly begins as the environment within the
room approaches flashover conditions. Similar damage to floor surfaces from radiant heat
frequently occurs in adjacent spaces outside rooms that are fully involved in fire. Damage to
hallway floors and porches are examples. If the fire does not progress to full room involvement
(see 3-5.3.2), the damage may include blistering, charring, or melting. Protected surfaces may
exhibit no damage. At this time in the fire development, a line of demarcation representing the
lower extent of the hot gas layer may form on vertical surfaces. The degree of damage generally
will be uniform except where there is drop down, burning of isolated items that are easily
ignited, or protected areas. Damage to the undersides of furnishings below the bottom of the hot
layer is unlikely.
3-7.4 Patterns Generated by Full Room Involvement.
If a fire progresses to full room involvement (see 3-5.3.2), damage found at low levels in the
room down to and including the floor can be more extensive due to the effects of high radiative
flux and the convected heat from the descending hot gas layer. Damage can include charring of
the undersides of furniture, burning of carpet under furniture, uniform burning around table legs,
burning of baseboards and the undersides of doors, and burning on floor covering in corners.
Holes can be burned through carpet and floors. The effects of protected areas and floor clutter on
low burn patterns should be considered (see 4-17.7.2 and 4-18.2). Although the degree of
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damage will increase with time, the extreme conditions of the full room involvement can
produce major damage in a few minutes depending on ventilation and fuels present.
Chapter 4 Fire Patterns
4-1 Introduction.
One of the major objectives of a fire scene examination is the recognition, identification, and
analysis of fire patterns. The analysis of fire patterns is performed in an attempt to trace fire
spread, identify areas and points of origin, and identify the fuels involved.
The circumstances of every fire are different from every other fire because of the differences in
the structures, fuel loads, ignition factors, airflow, ventilation, and many other variable factors.
This discussion, therefore, cannot cover every possible variation in fire patterns and how they
come about. The basic principles are covered here, and the investigator should apply them to the
particular fire incident under investigation.
4-2 Dynamics of Pattern Production.
The recognition, identification, and proper analysis of fire patterns by an investigator depends
on an understanding of the dynamics of fire development and heat and flame spread. This
includes an understanding of the way that the three modes of heat transfer (conduction,
convection, and radiation) produce the fire patterns and the nature of flame, heat, and smoke
movement within a structure (see Chapter 3).
4-3 Fire Patterns Defined.
Fire patterns are the visible or measurable physical effects that remain after a fire. These
include thermal effects on materials, such as charring, oxidation, consumption of combustibles,
smoke and soot deposits, distortion, melting, color changes, changes in the character of
materials, structural collapse, and other effects.
4-3.1 Lines or Areas of Demarcation.
Lines or areas of demarcation are the borders defining the differences in certain heat and
smoke effects of the fire on various materials. They appear between the affected area and
adjacent unaffected or less affected areas.
The production of lines and areas of demarcation, and the subsequent fire patterns that they
define, depend on a combination of variables: the material itself, the rate of heat release of the
fire, fire suppression activities, temperature of the heat source, ventilation, and the amount of
time that the material is exposed to the heat.
For example, a particular material may display the same heat exposure patterns from exposure
to a low temperature heat source for a long period of time as to a high temperature heat source
for a shorter period of time. The investigator should keep this concept in mind while analyzing
the nature of fire patterns.
4-3.2 Surface Effect.
The nature and material of the surface that contains the fire pattern will have a bearing on the
shape and nature of the pattern itself.
The shape and texture of the surface can affect the actual shape of the lines of demarcation
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displayed or increase or decrease the amount of pyrolysis and combustion by differing surface
areas. If both a smooth and rough surface of the same material are exposed to the same source of
heat, the rougher surface will sustain more damage. This is a result of the turbulence of the hot
gases interacting with the surface as well as an increase in the surface to mass ratio. Differing
surface coverings, such as paint, tiles, brick, wallpaper, plaster, etc., may increase or decrease the
rate of heat treatment or burning.
Combustible surfaces will be darkened by the beginnings of pyrolysis, be burned, or be in
various stages of charring, including the total loss of material. Noncombustible surfaces, such as
mineral materials or metals, may exhibit color changes, oxidation, physical distortions, or
melting.
4-3.3 Penetrations of Horizontal Surfaces.
Penetration of horizontal surfaces, from above or below, can be caused by radiant heat, direct
flame impingement, or localized smoldering with or without the effects of ventilation.
Penetrations in a downward direction are often considered unusual because the more natural
direction of heat movement is upward through the action of buoyancy. In fully flashed over
compartments, however, hot gases may be forced through small, preexisting openings in a floor,
resulting in a penetration. Penetrations may also arise as the result of intense burning under
furniture items such as polyurethane mattresses, couches, or chairs. Flaming or smoldering under
collapsed floors or roofs can also lead to floor penetrations. Any downward penetration, such as
a hole burned into a floor or a tabletop, should be carefully noted and analyzed by the
investigator.
Whether a hole burned into a horizontal surface was created from above or below may be
identified by an examination of the sloping sides of the hole. Sides that slope downward from
above toward the hole are indicators that the fire was from above. Sides that are wider at the
bottom and slope upward toward the center of the hole indicate that the fire was from below.
(See Figure 4-3.3.)
Another reliable means of determining whether a fire moved up through, or down through, a
surface is to compare the extent of destruction on the two levels separated by the surface. If fire
moved up through the surface, the damage to the bottom side of the penetrated surface will be
more extensive when compared to the top side. The converse is true when the fire moved
downward.
It is, of course, possible for both upward and downward movement to occur through a hole
during the course of a fire. The investigator should keep in mind that only the last movement
through the hole may be evident.
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Figure 4-3.3 Burn pattern with fire from above and below.

4-3.4 Loss of Material.
Typically when wood or other combustible surfaces burn they lose material and mass. The
shapes and quantities of remaining combustibles can themselves produce lines of demarcation
and, ultimately, fire patterns to be analyzed by the investigator.
For example, the fact that the tops of wooden wall studs are burned away at progressively
lower heights can be used in the “pointer and arrow” fire pattern analysis of fire spread.
4-3.5 Victim Injuries.
The investigator should carefully note and document the position and condition of any fire
victims and their relationship to other objects or victims. Autopsy reports and medical records
may provide useful information regarding burn damage. For example, burn damage patterns and
protected areas can be used in a similar way as damage to furniture and other items discussed in
previous sections.
4-4 Types of Fire Patterns.
There are two basic types of fire patterns: movement patterns and intensity patterns. These
types of patterns are defined largely by the fire dynamics discussed in Chapter 3. Often a
systematic use of more than one type of fire pattern at a fire scene can be used in combination to
lead back to the heat source that produced them.
4-4.1 Movement Patterns.
Flame and heat movement patterns are produced by the growth and movement of fire and the
products of combustion away from an initial heat source. If accurately identified and analyzed,
these patterns can be traced back to the origin of the heat source that produced them.
4-4.2 Intensity (Heat) Patterns.
Flame and heat intensity patterns are produced by the response of materials to the effects of
various intensities of heat exposure. The various heat effects on a certain material can produce
lines of demarcation. These lines of demarcation may be helpful to the investigator in
determining the characteristics and quantities of fuel materials, as well as the direction of fire
spread.

Copyright 1996 NFPA

4-5 Surface Effect of Char.
Many surfaces are decomposed in the heat of a fire. The binder in paint will char and darken
the color of the painted surface. Wallpaper and the paper surface of gypsum wallboard char
when heated. Vinyl and other plastic surfaces on walls, floors, tables, or counters also discolor
and char. Wood surfaces also char, but, because of the greater significance of wood char, it is
being treated in greater detail.
The degree of discoloration and charring can be compared to adjacent areas to find the areas of
greatest burning.
4-5.1 Wood Char.
Charred wood is likely to be found in nearly all structural fires. When exposed to elevated
temperatures, wood undergoes chemical decomposition that drives off gases, water vapor, and
various pyrolysis products as smoke. The solid residue that remains is mainly carbon. Char
shrinks as it forms, and develops cracks and blisters.
4-5.2* Rate of Charring.
The depth of char measurements should not be relied on to determine the duration of the
burning. The rule of 1 in. (2.54 cm) in 45 min for the rate of charring of pine is based on one set
of laboratory conditions in a test furnace. Fires may burn with more or less intensity during the
course of an uncontrolled fire than under a controlled laboratory fire. Actual laboratory char
rates from exposure to heat from one side vary from 0.4 in. (1 cm) per hr at 750°F (390°C) to 10
in. (25.4 cm) per hr at temperatures approaching 2000°F (1090°C) in intense fires. Even these
figures will vary with the species of the wood, orientation of the grain, moisture content, and
other variables. Charring rate is also a function of the velocity of hot gases and the ventilation
conditions. Fast moving gases or ventilation can lead to rapid charring.
The rate of charring and burning of wood in general has no relation to its age once the wood
has been dried. Wood tends to gain or lose moisture according to the ambient temperature and
humidity. Thus, old dry wood is no more combustible than new kiln-dried wood if they have
both been exposed to the same atmospheric conditions.
Overall, the use of the nature of char to make determinations about fuels involved in a fire
should be done with careful consideration of all the possible variables that can affect the speed
and severity of burning.
4-5.3 Depth of Char.
Analysis of the depth of charring is most reliable for evaluating fire spread, rather than for the
establishment of specific burn times or intensity of heat from adjacent burning materials. By
measuring the relative depth and extent of charring, the investigator may be able to determine
what portions of a material or construction were exposed the longest to a heat source. The
relative depth of char from point to point is the key to appropriate use of charring — locating the
places where the damage was most severe due to exposure, ventilation, or fuel placement. The
investigator may then deduce the direction of fire spread, with decreasing char depths being
farther away from the heat source.
4-5.3.1 Depth of Char Diagram. Lines of demarcation that may not be obviously visible can
often be identified for analysis by a process of measuring and charting depths of char on a grid
diagram. By drawing lines connecting points of equal char depth (isochars) on the grid diagram,
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lines of demarcation may be identified.
4-5.3.2 Depth of Char Analysis. Certain key variables affect the validity of depth of char
pattern analysis. These factors include:
(a) Single versus multiple heat or fuel sources creating the char patterns being measured.
Depth of char measurements may be useful in determining more than one fire or heat source.
(b) Char measurements should be compared only for identical materials. It would be invalid to
compare the depth of char from a 2 in. by 4 in. stud to the depth of char of an adjacent wooden
wall panel.
(c) Ventilation factors influencing the rate of burning. Wood can exhibit deeper charring when
adjacent to a ventilation source or an opening where hot fire gases can escape.
(d) Consistency of measuring technique and method. Each comparable depth of char
measurement should be made with the same tool and same technique. (See Chapter 8.)
4-5.3.3 Measuring Depth of Char. Consistency in the method of measuring the depth of char is
the key to accurate figures. Sharp pointed instruments, such as pocket knives, are not suitable for
accurate measurements. The sharp end of the knife will have a tendency to cut into the
noncharred wood beneath.
Thin, blunt ended probes, such as certain types of calipers, tire tread depth gauges, or
specifically modified metal rulers, are best.
The same measuring tool should be used for any set of comparable measurements. Nearly
equal pressure for each measurement while inserting the measuring device is also necessary for
accurate results.
Char depth measurements should be made at the center of char blisters, rather than in or near
the crevasses between blisters. (See Figure 4-5.3.3.)
When determining the depth of charring, the investigator should take into consideration any
burned wood that may have been completely destroyed by the fire and add that missing depth of
wood to the overall depth measurement.
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Figure 4-5.3.3 Measuring depth of char.

4-5.4 Depth of Char Patterns with Fuel Gases.
When fugitive fuel gases are the initial fuel sources for fires, they produce relatively even
depths of char over the often wide areas that they cover.
Progressive changes in depth of char that are used by investigators to trace fire spread may
exist only in those areas to which the fire spreads from the initial locations of the pocketed fuel
gases.
Deeper charring may exist in close proximity to the point of gas leakage, as burning may
continue there after the original quantity of gas is consumed. This charring may be highly
localized because of the pressurized gas jets that can exist at the immediate point of leakage and
may assist the investigator in locating the leak.
4-5.5 Misconceptions about Char.
The appearance of the char and cracks has been given meaning by the fire investigation
community beyond what has been substantiated by controlled experimentation. It has been
widely stated that the presence of large shiny blisters (alligator char) is proof that a liquid
accelerant was present during the fire. This is a misconception. These types of blisters can be
found in many different types of fires. There is no justification that the appearance of large,
curved blisters is an exclusive indicator of an accelerated fire.
It is sometimes claimed that the surface appearance of the char, such as dullness, shininess, or
colors, has some relation to the use of a hydrocarbon accelerant. There is no scientific evidence
of such a correlation, and the investigator is advised not to claim indications of accelerant on the
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basis of the appearance of the char alone.
Depth of char is often used to estimate the duration of a fire. The rate of charring of wood
varies widely depending upon such variables as:
(a) Rate and duration of heating;
(b) Ventilation effects;
(c) Surface area to mass ratio;
(d) Direction, orientation, and size of wood grain;
(e) Species of wood (pine, oak, fir, etc.);
(f) Moisture content; and
(g) Nature of surface coating.
The investigator is cautioned that no specific time of burning can be determined based solely
on depth of char.
4-6 Spalling.
Spalling, for use in fire investigations, is the breakdown in surface tensile strength of concrete,
masonry, or brick caused by exposure to high temperatures and rates of heating resulting in
mechanical forces within the material. These forces are believed to result from one or more of
the following:
(a) Moisture present in uncured or “green” concrete;
(b) Differential expansion between reinforcing rods or steel mesh and the surrounding
concrete;
(c) Differential expansion between the concrete mix and the aggregate (this is most common
with silicon aggregates);
(d) Differential expansion between the fine grained surface finished layers and the courser
grained interior layers; and
(e) Differential expansion between the fire exposed surface and the interior of the slab.
Spalling of concrete or masonry surfaces may be caused by heat, freezing chemicals, or
abrasion. It may be more readily induced in poorly formulated or finished surfaces. Spalling is
characterized by distinct lines of striation and the loss of surface material resulting in cracking,
breaking, chipping, or the formation of craters on the surface.
Spalling of concrete, masonry, or brick has often been linked to unusually high temperatures
caused by burning accelerant. While spalling does involve high rates of heat release or a rapid
rise in temperatures, accelerant need not be involved at all. The primary mechanism of spalling
is the expansion or contraction of the surface while the rest of the mass expands or contracts at a
different rate.
Spalled areas may appear lighter in color than adjacent areas. This lightening can be caused by
exposure of clean subsurface material. Adjacent areas may also tend to be sooted.
Another factor in the spalling of concrete is the loading and stress in the material at the time of
the fire. Since these high stress or high load areas may not be related to the fire location, spalling
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of concrete on the underside of ceilings or beams may not be directly over the origin of the fire.

Figure 4-6 Spalling on ceiling.

4-6.1 Misconceptions about Spalling.
The use of spalling evidence in fire investigations is one of the most misunderstood and
improperly used evidential elements.
Among the misconceptions are that spalling is caused only by the presence of liquid
accelerant. Exposure to any high rate of heating by flame or high levels of radiation from any
fuel, whether solid, liquid, or gas, can cause spalling.
The rapid cooling of a heated mass of concrete, brick, or masonry can also cause spalling. A
common source of rapid cooling in a fire situation is extinguishment water.
The presence or absence of spalling at a fire scene should not, in and of itself, be construed as
an indicator of the presence or absence of liquid fuel accelerant. Even the presence of high heat
producing flammable liquids will not normally cause spalling. The ability of the surface to
absorb or hold the liquid may be a factor in the production of spalling, especially on horizontal
surfaces such as concrete floors. For example, a painted or sealed concrete floor is unlikely to
spall. Rapid and intense heat development from an ignitible liquid fire may cause spalling on
adjacent surfaces, or a resultant fire may cause spalling on the surface after the ignitible liquid
burns away.
In evaluating the significance of a spalled area, the investigator should identify the condition
of the surface before the fire.
Overall, it should be noted that the importance of spalling to the fire investigator lies in the
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documentation and analysis of a heat source.
4-7 Oxidation.
Oxidation is the basic chemical process associated with combustion. Oxidation of some
materials that do not burn can produce lines of demarcation and fire patterns of use to fire
investigators. Oxidation for these purposes may be defined as a combination of oxygen with
substances such as metals, rock, or soil that is brought about by high temperatures.
The effects of oxidation include change of color and change of texture. The higher the
temperature and the longer the time of exposure, the more pronounced the effects of oxidation
will be. Bare galvanized steel with mild heating will get a dull whitish surface from oxidation of
the zinc coating. This oxidation also eliminates the protection that the zinc gave the steel. If the
unprotected steel is wet for some time, it will then rust. Thus there can be a pattern of rusted
compared to nonrusted galvanized steel.
When uncoated iron or steel is oxidized in a fire, the surface first gets a blue-gray dullness.
Oxidation can proceed to thick layers of oxide that can flake off. After the fire, if the metal has
been wet, the usual rust-colored oxide may appear.
On stainless steel surfaces, mild oxidation can give color fringes, and severe oxidation will
give a dull gray color.
Copper forms a dark red or black oxide when exposed to heat. The color is not significant.
What is significant is that the oxidation can form a line of demarcation. The thickness of the
oxide can show greater fire conditions. The more it is heated, the greater the oxidation. These
color changes can form lines of demarcation.
Rocks and soil when heated to very high temperatures will often change colors that may range
from yellowish to red.
Soot and char are also subject to oxidation. The dark char of the paper surface of gypsum
wallboard, soot deposits, and paint can be oxidized by continued exposure to fire heat. The
carbon will be oxidized to gases and disappear from whatever surface it was on. This will result
in what is known as clean burn (see Section 4-11).
4-8 Melting of Materials.
The melting of a material is a physical change from a reaction caused by heat. The border
between the melted and solid portions of a fusible material can produce lines of heat and
temperature demarcation that the investigator can use to define fire patterns.
Many solid materials soften or melt at elevated temperatures ranging from a little over room
temperatures to thousands of degrees. A specific melting temperature or range is characteristic
for each material. (See Table 4-8.)
Melting temperatures of common metals range from as low as 338°F to 370°F (170°C to
188°C) for solder to as high as 2660°F (1460°C) for steel. When the metals or their residues are
found in fire debris, some inferences concerning the temperatures in the fire can be drawn.
Thermoplastics melt at rather low temperatures ranging from around 200°F (93°C) to near
750°F (400°C). They can also be consumed in a fire. Thus, the melting of plastics can give
information on temperatures but mainly where there have been hot gases but little or no flame in
that immediate area.
Glass melts or softens over a range of temperatures. Nevertheless, glass can give useful
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information on temperatures during a fire.
Table 4-8 Melting Temperatures of Common Materials
(Approximate)
Aluminum (Alloys)B

1050-1200°F

566-650°C

AluminumA

1220°F

660°C

Brass (Yellow)B

1710°F

932°C

Brass (Red)B

1825°F

996°C

Bronze (Aluminum)B

1800°F

982°C

Cast Iron (Gray)A

2460-2550°F

1350-1400°C

Cast Iron (White)A

1920-2010°F

1050-1100°C

ChromiumA

3350°F

1845°C

CopperA

1981°F

1082°C

Fire Brick (Insulating)A

2980-3000°F

1638-1650°C

GlassA

1100-2600°F

593-1427°C

GoldA

1945°F

1063°C

IronA

2802°F

1540°C

LeadA

621°F

327°C

Magnesium (AZ31B alloy)B

1160°F

627°C

NickelA

2651°F

1455°C

ParaffinA

129°F

54°C

ABSD

190-257°F

88-125°C

AcrylicD

194-221°F

90-105°C

NylonD

349-509°F

176-265°C

PolyethyleneD

251-275°F

122-135°C

PolystyreneD

248-320°F

120-160°C

PolyvinylchlorideD

167-221°F

75-105°C

3224°F

1773°C

Plastics (Thermo)

PlatinumA
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PorcelainA

2820°F

1550°C

Pot MetalE

562-752°F

300-400°C

3060-3090°F

1682-1700°C

1760°F

960°C

275-350°F

135-177°C

Steel (Stainless)B

2600°F

1427°C

Steel (Carbon)B

2760°F

1516°C

TinA

449°F

232°C

Wax (Paraffin)C

120-167°F

49-75°C

White Pot MetalE

562-752°F

300-400°C

707°F

375°C

Quartz (SiO2)A
SilverA
Solder (Tin)A

ZincA

AMarks’ Standard Handbook for Mechanical Engineers, 8th edition, McGraw-Hill, Inc., New York.
BHandbook of Chemistry and Physics, 71st edition, CRC Press, Boca Raton, 1990-91.
CNFPA 325, Guide to Fire Hazard Properties of Flammable Liquids, Gases, and Volatile Solids, 1994
edition.
DPlastics Handbook, 1986-87 edition, McGraw-Hill, Inc., New York, October 1986.
EEngineering Formulas, Kurt Gleck, 5th edition, McGraw-Hill, Inc., New York, 1986.

4-8.1 Temperature Determination.
If the investigator knows the approximate melting temperature of a material, an estimate can
be made of the temperature to which the melted material was subjected. This knowledge may
assist in evaluating the intensity and duration of the heating, the extent of heat movement, or the
relative rates of heat release from fuels.
When using such variable materials as glass, plastics, and white pot metals for making
temperature determinations, the investigator is cautioned that there are a wide variety of melting
temperatures for these generic materials. The best method when utilizing such materials as
temperature indicators is to take a sample of the material and have its melting temperature
ascertained by a competent laboratory, materials scientist, or metallurgist.
Wood and gasoline burn at essentially the same flame temperature. The flame temperatures
achieved by all hydrocarbon fuels (plastics and ignitible liquids) and cellulosic fuels are
approximately the same, although the fuels release heat at different rates.
The temperature achieved by an item at a given location within a structure or fire area depends
on how much it is heated. The amount of heating depends on the temperature and velocity of the
airflow, the geometry and physical properties of the heated item, its proximity to the source of
heat, and the amount of heat energy present. Burning metals and highly exothermic chemical
reactions can produce temperatures significantly higher than hydrocarbon or cellulosic fueled
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fires.
Identifiable temperatures achieved in structural fires rarely remain above 1900°F (1040°C) for
long periods of time. These identifiable temperatures are sometimes called “effective fire
temperatures” for they reflect physical effects that can be defined by specific temperature ranges.
The investigator can use the analysis of the melting and fusion of materials to assist in
establishing if higher than expected heat energy was present.
4-8.2 Alloying of Metals.
The melting of certain metals may not always be caused by fire temperatures higher than the
metals’ stated melting point. It may be caused by alloying.
During a fire, a metal with a relatively low melting point may drip onto other metals that do
not often melt in fires. This phenomenon can also occur when component parts of a heated object
are in contact with each other. If the lower-melting-temperature metal can mix with the
higher-melting-temperature metal, that mixture (alloy) will melt at a temperature less than the
melting temperature of the higher-melting-temperature metal and in some cases less than that of
either metal. Examples of relatively low-melting-temperature metals are aluminum, zinc, and
lead. (See Table 4-8.) Metals that can be affected by alloying include copper and iron (steel).
Copper alloying is often found, but iron (steel) alloying might be found in only a few cases of
sustained fire.
Copper wiring and tubing or piping are often affected by alloying. Drips of
low-melting-temperature metal may simply stick to the surface if the heating has been brief.
With further heating the low-melting-temperature metal will wet the surface and begin to mix.
Aluminum can mix through the wire or wall of the tubing to give a yellow alloy at about 10
percent aluminum, but that is not often found. More commonly the aluminum will mix in higher
proportions and give a brittle silvery alloy. The surface of the spot of aluminum on the surface of
the copper may appear gray, and the surface may be fairly dark near the copper-aluminum
interface. Copper that has been alloyed with aluminum will be very brittle. For example, bending
copper wire at the point of alloying will likely cause it to break there.
When zinc alloys with copper, a yellowish brass will result. Because zinc is less common in
buildings than aluminum, zinc alloying is not often encountered.
Alloys do not form readily with steel in fires. However, if aluminum or zinc is heated for a
long time with a steel object, that object may develop pits or holes from alloying.
If fire evidence containing aluminum-alloyed copper is exposed to weather, the alloy may
corrode away leaving neat holes in tubing or blunt ends on wires. Those edges will not have the
appearance of melting.
Alloying may be confirmed by metallurgical analysis, and the alloy may be identified. When
metals with high melting temperatures are found to have melted due to alloying, it is not an
indication that accelerants or unusually high temperatures were present in the fire.
4-9 Thermal Expansion and Deformation of Materials.
Many materials change shape temporarily or permanently during fires. Nearly all common
materials expand when heated. That can affect the integrity of solid structures when they are
made from different materials. If one material expands more than another material in a structure,
the difference in expansion can cause the structure to fail.
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The bending of steel beams and columns in a fire above about 1000°F (538°C) is caused by the
progressive loss of strength of the steel. The more the load on any unrestrained steel object, the
more will be the deformation for a given time and temperature. Bending is not a matter of
melting. Thermal expansion can also be a factor in the bending of the beam, if the ends of the
beam are restrained.
Plastered surfaces are also subject to thermal expansion. Locally heated portions of plaster
walls and ceilings may expand and separate from their support lath. This breaking away of the
plaster can produce lines or areas of heat demarcation displaying “V” patterns, “U” patterns, and
truncated cone patterns.
4-10 Smoke and Soot.
Fuels that contain carbon can form soot in their flames. Petroleum products and most plastics
form soot most readily. When flames touch walls and ceilings, soot will commonly deposit. A
specific deposit shows where there has been a particular fuel load. Soot also deposits on surfaces
by settling. Such general soot deposits show merely that soot formed nearby but do not indicate
the specific source.
Smoke and soot can collect on cooler surfaces of a building or its contents, often on upper
parts of walls in rooms adjacent to the fire. Smoke, especially from smoldering fires, tends to
condense on walls, windows, and other cooler surfaces. Because deposits of pyrolysis products
tend to be widely distributed, they do not help locate the exact point of origin.
Smoke condensates are shades of brown whereas soot is black. Smoke condensates can be wet
and sticky, thin or thick, or dried and resinous. These deposits, after drying, are not easily wiped
off. Where there has been open flame, the deposits will likely be a mixture of soot and smoke.
Some fires might produce only dry soot deposits that wipe easily from windows or other
surfaces. Floors and top surfaces of contents often get a coating of soot that settles on them
during and after sooty fires. When smoke deposits on a window are heated later in a fire, the
brown deposit will be carbonized and turn black.
Both the carbonized smoke deposit and soot deposits can be burned off of windows or other
surfaces by prolonged exposure to fire.
4-11 Clean Burn.
Clean burn is a phenomenon that appears on noncombustible surfaces when the soot and
smoke condensate that would normally be found adhering to the surface is burned off. This
produces a clean area adjacent to areas darkened by products of combustion. Clean burn is
produced most commonly by direct flame contact or intense radiated heat.
Although they can be indicative of intense heating in an area, clean burn areas by themselves
do not necessarily indicate areas of origin. The lines of demarcation between the clean burn and
sooted areas may be used by the investigator to determine direction of fire spread or differences
in intensity or time of burning.
The investigator should be careful not to confuse the clean burn area with spalling. Clean burn
does not show the loss of surface material that is a characteristic of spalling.
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Figure 4-11 Clean burn on wall surface.

4-12 Calcination.
The term calcination is used by fire investigators to cover the numerous changes that occur in
plaster or gypsum wall surfaces during a fire. Calcination of a true plaster wall involves driving
the chemically bound water out of the gypsum.
The gypsum wallboard most often used has a more complex response to heat than plaster. First
the paper surface will char and might also burn off. The gypsum on the side exposed to fire
becomes gray from charring of the organic binder and destiffener in it. With further heating, the
gray color will go all the way through, and the paper surface on the backside will char. The face
exposed to fire will become whiter as the carbon is burned away. When the entire thickness of
wallboard has turned whitish, there will be no paper left on either face, and the gypsum will be
dehydrated and converted to a crumbly solid. Such a wallboard might stay on a vertical wall but
will drop off of an overhead surface. Fire-rated gypsum wallboard has mineral fibers or
vermiculite particles embedded in the gypsum to preserve the strength of the wallboard during
fire exposure. The fibers add strength to the wallboard even after it has been thoroughly
calcined.
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Color changes other than shades of gray may occur after gypsum wall surfaces are exposed to
heat. The color itself has no significance to the fire investigator. However, the difference
between colors may show lines of demarcation.
The relationship between the calcined and not calcined areas on plaster or gypsum wallboard
can also display lines of demarcation.
4-13 Window Glass.
Many texts have related fire growth history or fuels present to the type of cracking and
deposits that resulted on window glass. There are several variables that affect the condition of
glass after the fire. These include rate of heating, degree of insulation to the edges of the glass
provided by glazing, degree of restraint provided by the window frame, history of flame contact,
and cooling history. The following discussion relates to common flat or plate glass.
4-13.1* Breaking of Glass.
Current research indicates that temperature gradients in the glass between the exposed glass
and the insulated portions of 140°F (60°C) or greater will result in long, smoothly undulating
cracks radiating from the edges of the frame to the center of the pane.
If the edge of the glass is mounted in a frame that protects the edge from the radiated heat of
the fire, a temperature difference can develop between the unprotected center portion of the glass
and the protected edge. This can result in cracks that spread throughout the glass, which join
together and can result in collapse of the pane. Cracked glass may or may not fall from the
frame.
If flame suddenly contacts one side of a glass pane while the unexposed side is relatively cool,
a stress can develop between the two faces and the glass can fracture between the faces.
Crazing is a term used in the fire investigation community to describe a complicated pattern of
short cracks in glass. These cracks may be straight or crescent shaped and may or may not
extend through the thickness of the glass. Crazing has been theorized as being the result of very
rapid heating of one side of the glass while the other side remains relatively cool. There is no
published research to confirm this theory. However, there is published research establishing that
crazing can be created by the rapid cooling of glass in a hot environment by the application of
water spray.
Occasionally with small size panes, differential expansion between the exposed and unexposed
faces may result in the pane popping out of its frame.
The pressures alone developed by fires in buildings generally are not sufficient to either break
glass windows or force them from their frames. Pressures required to break ordinary window
glass are in the order of 0.3 psi to 1.0 psi (2.07 kPa to 6.90 kPa) while pressures from fire are in
the order of 0.002 psi to 0.004 psi (0.014 kPa to 0.028 kPa).
The investigator is urged to be careful not to make conclusions from glass breaking
morphology alone. Both types of damage have been found in adjacent windows. The small
craters or pits found in the surface of glass are believed to result from rapid cooling by water
spray during fire suppression activities.
4-13.2 Staining of Glass.
Glass fragments that are free of soot or condensates have likely been subjected to rapid
heating, failure early in the fire, or flame contact. The proximity of the glass to the area of origin
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or heat source and ventilation are factors that can affect the degree of staining.
The presence of a thick, oily soot on glass, including hydrocarbon residues, has been
erroneously interpreted as positive proof of the presence or use of liquid accelerant. Such
staining can also result from the incomplete combustion of wood or other cellulosic materials.
Such staining, therefore, cannot be exclusively interpreted as having come from an accelerant.
4-14* Collapsed Furniture Springs.
The collapse of springs cannot be used to indicate exposure to a specific heat source, such as
“flaming accelerant” or “smoldering combustion.” Actual laboratory testing has shown that the
annealing of springs and the associated loss of spring tension are merely a function of the total
heat treatment. Both short-term heating at high temperatures and long-term heating at moderate
temperatures over about 750°F (about 400°C) can anneal furniture springs and cause them to
loose their springiness. The presence of a weight load upon the springs at the time of heating
increases the loss of spring tension.
4-15 Location of Objects.
Certain types of patterns can be used to locate the positions of objects as they were during a
fire.
4-15.1 Heat Shadowing.
Heat shadowing results from an object blocking the travel of radiated heat, convected heat, or
direct flame contact from its source to the material upon which the pattern is produced.
Conducted heat, however, does not produce heat shadowing.
The object blocking the travel of the heat energy may be a solid or liquid, combustible or
noncombustible. Any object that absorbs or reflects the heat energy may cause the production of
a pattern on the material in protects.
Heat shadowing can change, mask, or prohibit the production of identifiable lines of
demarcation that may have appeared on that material. Patterns produced by the heat shadowing,
may, however, assist the fire investigator in the process of reconstruction during origin
determination.
4-15.2 Protected Areas.
Closely related in appearance to the resulting pattern of heat shadowing is a protected area. A
protected area results from an object preventing the products of combustion from depositing on
the material that the object protects, or prevents the protected material from burning.
The object preventing the depositing of products of combustion may be a solid or liquid,
combustible or noncombustible. Any object that prevents the settling of the products of
combustion, or prevents the burning of the material, may prevent the development of a pattern on
the material it protects.
Patterns produced by protected areas may, however, assist the fire investigator in the process
of fire scene reconstruction during the origin determination by indicating the location of objects
in their prefire locations. (See Section 11-7.)
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Figure 4-15.2 Photograph on top shows protected area, while photograph at bottom shows how the chair was
positioned during the fire.

4-16 Locations of Patterns.
Fire patterns may be found on any surface that has been exposed to the effects of the fire or its
by-products. These surfaces would include interior surfaces, external surfaces and structural
members, and outside exposures surrounding the fire scene.
Interior surfaces would commonly include walls, floors, ceilings, doors, windows, furnishings,
appliances, machinery, equipment, other contents, personal property, confined spaces, attics,
closets, and the insides of walls.
Exterior surfaces would commonly include walls, eaves, roofs, doors, windows, gutters and
down spouts, utilities (meters, service drops, etc.), porches, and decks.
Outside exposures would commonly include outbuildings, adjacent structures, trees and
vegetation, utilities (poles, lines, meters, fuel storage tanks, transformers, etc.), vehicles, and
other objects.
4-16.1 Walls, Ceilings, and Floors.
Fire patterns are often found on walls, ceilings, and floors. As the hot gas zone and the flame
zone of the fire plume encounter these obstructions, patterns are produced that investigators may
use to trace a fire’s origin. (See Chapter 3.)
4-16.1.1 Walls. Patterns that are displayed on walls are the most noticeable. The patterns may
appear as heat treatment lines of demarcation on the surfaces of the walls or may be manifested
as deeper burning. Once the actual surface coverings of the walls are destroyed by burning, the
underlying support studs can also display various patterns. These patterns are most commonly
“V” patterns, “U” patterns, clean burn, and spalling.
4-16.1.2 Ceilings. The investigator should not ignore patterns that occur on ceilings or the
bottom surfaces of such horizontal constructions as tabletops or shelves. The buoyant nature of
fire gases concentrate the heat energy at horizontal surfaces above the heat source. Therefore, the
patterns that are created on the underside of such horizontal surfaces can be indicators of
locations of heat sources. Although areas immediately over the source of heat and flame will
generally experience heating before the other areas to which the fire spreads, circumstances can
occur where fuel at the origin burns out quickly but the resulting fire spreads to an area where a
larger supply of fuel can ignite and burn for a longer period of time. This can cause more damage
to the ceiling than in the area immediately over the origin.
These horizontal patterns are roughly circular. Portions of circular patterns are often found
where walls meet ceilings or shelves and at the edges of tabletops and shelves.
The investigator should determine the approximate center of the circular pattern and
investigate below this center point for a heat source.
4-16.1.3 Damage Inside Walls and Ceilings. Fire damage to combustible construction elements
behind walls and ceilings has sometimes been interpreted to mean that the fire started within the
wall or ceiling. This may not always be correct.
It is possible for the heat of a fire to be conducted through a wall or ceiling surface and ignite
wooden structural members within the wall or ceiling. The ability of the surface to withstand the
passage of heat over time is called its finish rating.
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While the finish rating of a surface material only represents the performance of the material in
a specific laboratory test (e.g., UL 263, Standard for Safety Fire Tests of Building Construction
and Materials), and not necessarily the actual performance of the material in a real fire event,
knowledge of the finish ratings concept can be of value to an investigator’s overall fire spread
analysis.
This heat transfer process can be observed by the charring of the wooden structural element
covered by the protective membrane. (See Figure 4-16.1.3.)

Figure 4-16.1.3 Charring of wooden structural elements by heat conduction through wall surface material.

4-16.1.4* Floors. Floors should not be ignored by the investigator. Patterns on floors and floor
coverings can be produced by the effects of intense radiation from flaming furniture, burning
plastics or liquids, or from the hot gas layer produced by flaming combustion. Should flashover
occur, it results from a radiant heat flux that exceeds 20 kW/m2, a typical value for the radiant
ignition of common combustible construction materials. Post-flashover or full room involvement
conditions can typically produce fluxes in excess of 170 kW/m2 and may modify or obliterate
pre-existing patterns. Flashover produces a radiant heat flux that exceeds 2 watts/cm2, a typical
value for the radiant ignition of common combustible construction materials.
Since 1970, carpeting and rugs manufactured or imported to be sold in the United States have
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been resistance to ignition or fire spread. Typically, cigarettes or matches dropped on carpet will
not set them on fire. ASTM D2859, Standard Test Method for Flammability of Finished Textile
Floor Covering Materials, (Methanamine Pill Test), describes the test used to measure the
ignition characteristics of carpeting from a small ignition source. Carpeting and rugs passing the
pill test will have very limited ability to spread flame or char in a horizontal direction when
exposed to small ignition sources such as a cigarette or match.
Fire will not spread across a room on the surface of these carpets or rugs without external help
such as from a fire external to the carpet in which case the fire spread on the carpet will
terminate at a point where the radiant energy from the exposing fire is less than the minimum
needed to support flame spread on the carpet (critical radiant flux). Carpet is expected to burn
when exposed to flashover conditions since the radiant heat flux that produces flashover exceeds
the carpet’s critical radiant flux.
Seams or cracks between floorboards and areas around door thresholds can show evidence of
burning from radiation or collection of ignitible liquids within the space between boards. If the
presence of ignitible liquids are suspected, samples should be collected and laboratory tests used
to verify their presence.
Post-flashover (full room involvement) burning can also produce holes in floors and around
door thresholds due to the presence of hot combustible fire gases and the air source provided by
the gaps in construction. Even small gaps can provide sufficient air for combustion of floors.
Glowing embers can also produce holes in floors. (See 3-7.2.)
Holes burned in floors or burning under baseboards, door sills, and between floorboards are
often attributed to the presence of ignitible liquids. These patterns can result with no liquids
involved at all. In the absence of an otherwise explainable fuel and scenario, the use of an
accelerant should be considered and samples should be taken.
Fire-damaged vinyl floor tiles often exhibit curled tile edges exposing the floor beneath. The
curling of tile edges can frequently be seen in nonfire situations and is due to natural shrinkage
and curling of the tiles from loss of plasticizer. In a fire situation, the presence of radiation from
a hot gas layer will produce the same patterns. This pattern can also be caused by ignitible
liquids. Analysis for their presence may be difficult due to the presence of hydrocarbons in tile
adhesives.
Unburned areas present after a fire can reveal the location of content items that protected the
floor or floor covering from radiation damage or smoke staining.
4-16.2 Outside Surfaces.
External surfaces of structures can also display fire patterns. In addition to the regular patterns,
both vertical and horizontal external surfaces can display burn-through. All other variables being
equal, these burn-through areas can identify areas of intense or longer burning.
4-16.3 Building Contents.
The sides and tops of building contents can form the bounding surfaces for fire patterns as
well. Any patterns that can be produced on walls, ceilings, and floors can also be produced on
the sides, tops, and underside of chairs, tables, shelves, furniture, appliances, equipment,
machinery, or any other contents. The patterns will be similar in shape but may only display
portions of patterns because of their size.
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4-16.4 Elevation.
Patterns can also be used to determine the height at which burning may have begun within the
structure.
4-16.4.1 Low Burn Patterns. It is common for the lowest portions of fire patterns to be closer to
their heat sources. In general, fires tend to burn upward and outward from their origins. Fire
plumes made up of the hot gases and airborne products of combustion are expanding and less
dense than the surrounding air and are therefore buoyant. The growth in volume and buoyancy
causes these heated products to rise and spread. The investigator should identify these areas of
low burning and be cognizant of their possible proximity to a point of origin.
4-16.4.2 Fall Down (Drop Down). The investigator must keep in mind that during the progress
of a fire, burning debris often falls to lower levels and then burns upward from there. This
occurrence is known as “fall down” or “drop down.” Fall down can ignite other combustible
materials producing low burn patterns that may be confused with the area of fire origin.
4-17 Pattern Geometry.
Various patterns having distinctive geometry or shape are created by the effects of fire and
smoke exposure on building materials and contents. In order to identify them for discussion and
analysis they have been described in the field by terms that are indicative of their shapes. While
these terms generally do not relate to the manner in which the pattern was formed, the
descriptive nature of the terminology makes the patterns easy to recognize. The discussion below
will refer to patterns by their common names and provide some information about how they were
formed and their interpretation. Additional information can be found in Section 3-7.
Since the interpretation of all possible fire patterns cannot be traced directly to scientific
research, the user of this guide is cautioned that alternative interpretations of a given pattern are
possible. In addition, patterns other than those described may be formed. Definitive scientific
research in this area has begun.
4-17.1 “V”-Shaped Patterns.
The “V”-shaped pattern is a common fire pattern displayed on vertical surfaces, such as walls,
doors, and the sides of furnishings and appliances.
The lateral spread of the sides of the pattern is created by the radiated heat energy from above
and by the upward and outward movement of flames and hot gases when encountering a
horizontal obstruction, such as a ceiling, eaves, tabletop, or shelf.
The angled lines of demarcation, which produce the “V” pattern, can often be traced back,
from the higher to lower levels, toward a point of origin. The low point or vertex of the “V” may
often indicate the point of origin. Generally, the more obtuse or wide the angle of the “V,” the
longer the burned material will have been subjected to the heating where combustible walls are
involved (see 3-7.1).
The angle of the “V” on a vertical combustible surface will be wider than on a noncombustible
surface for a comparable heat source and time of burning.
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Figure 4-17.1 Typical “V” pattern showing wall and wood stud damage.

4-17.1.1 Misconceptions about “V” Patterns. A common misconception associated with the
shape of “V” patterns is that narrow angle “Vs” are produced by fast burning fires and wide
angle “Vs” are produced by slow burning fires. The angles of lines of demarcation of a “V”
pattern are actually associated with the size of the fire, burning rate, ventilation, and
combustibility of walls rather than the relative rate of heat release alone (see 3-7.1). The value of
these patterns lies in the direction of spread that they depict, not in what caused them.
4-17.2 Inverted Cone Patterns.
Inverted cones, often called inverted “Vs” are triangular patterns, wider at their base than at
the top. They are almost always displayed by lines of heat and temperature demarcation on
vertical walls emanating from floor level. They are most commonly associated with volatile
fuels, such as pooled flammable or combustible liquids or natural gas.
Inverted cones are commonly caused by the vertical flame plumes of the burning volatile fuels
not reaching the ceiling. The type of fuel source combined with the geometry of the room in
which they occur and the width of the fuel source base at floor level are the major factors in their
formation.
4-17.2.1 Misconceptions about Inverted Cone Patterns. Many common misconceptions
abound about the formation factors and significance of the inverted cone pattern. The term
inverted cone is often used as a misnomer for the truncated cone pattern, but they are neither
synonymous nor even directly related.
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Inverted cone patterns are manifestations of relatively short-lived fires that do not fully evolve
into floor to ceiling flame plumes or flame plumes that are not vertically restricted by ceilings.
Because they often appear on noncombustible surfaces, they do not always readily spread to
nearby combustibles. For this reason, many investigators have taken to inferring from these
patterns that the fires that caused them were fast burning.
The correct analysis of such patterns is that the burning was of relatively short duration rather
than any relationship to the rate of heat release. That short duration occurred because additional
fuel sources did not become involved after the initial fuel was consumed.
Inverted cone patterns have been interpreted as proof of flammable liquid fires, but any fuel
source (leaking fuel gas, Class A fuels, etc.) that produces flame zones that do not become
vertically restricted by a horizontal surface, such as a ceiling or furniture, can produce inverted
cone patterns.
4-17.2.2 Inverted Cone Patterns with Natural Gas. Leaking natural gas is prone to the
production of inverted cone patterns. This is especially true in the case of natural gas if the
leakage occurs from below floor level and escapes above at the intersection of the floor and a
wall. The subsequent burning often does not reach the ceiling and is manifested in the production
of the characteristic triangular inverted cone pattern shape.
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Figure 4-17.2.2 Inverted cone pattern at the floor level.

4-17.3 Hourglass Patterns.
The plume of hot gases above a fire is composed of a hot gas zone shaped like a “V” and a
flame zone at its base. The flame zone is shaped like an inverted “V.” When the hot gas zone is
truncated by a vertical plane surface, the typical “V” pattern is formed. If the fire itself is very
close to or in contact with the vertical surface, the resulting pattern will show the effects of both
the hot gas zone and the flame zone together as a large “V” above an inverted “V.” The inverted
“V” is generally smaller and may exhibit more intense burning or clean burn. The overall pattern
that results is called an “hourglass.” (See 3-7.1.)
4-17.4 “U”-Shaped Patterns.
“U” patterns are similar to the more sharply angled “V” patterns but display gently curved
lines of demarcation and curved rather than angled lower vertices. “U”-shaped patterns are
created by the effects of radiant heat energy on the vertical surfaces more distant from the same
heat source than surfaces displaying sharp “V” patterns. The lowest lines of demarcation of the
“U” patterns are generally higher than the lowest lines of demarcation of corresponding “V”
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patterns that are closer to the fire source.
“U” patterns are analyzed similarly to “V” patterns, with the additional aspect of noting the
relationship between the height of the vertex of the “U” pattern as compared to the height of the
vertex of the corresponding “V” patterns.
If there are two patterns from the same heat source, the one with the lower vertex will be
closer to that heat source.

Figure 4-17.4 Development of “U”-shaped pattern.

4-17.5 Truncated Cone Patterns.
Truncated cone patterns, also called truncated plumes, are three-dimensional fire patterns
displayed on both horizontal and vertical surfaces. It is the interception or truncating of the
natural cone-shaped or hourglass-shaped effects of the fire plume by these vertical and
horizontal surfaces that causes the patterns to be displayed. Many fire movement patterns, such
as “V” patterns, “U” patterns, circular patterns, and “pointer or arrow” patterns, are related
directly to the three-dimensional “cone” effect of the heat energy created by a fire.
The cone shaped dispersion of heat is caused by the natural expansion of the fire plume as it
rises and the horizontal spread of heat energy when the fire plume encounters an obstruction to
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its vertical movement, such as the ceiling of a room. Thermal damage to a ceiling will generally
extend beyond the circular area attributed to a “truncated cone.” The truncated cone pattern
combines two-dimensional patterns such as “Vs,” “pointers and arrows,” and “U”-shaped
patterns on vertical surfaces with the circular patterns displayed on ceilings and other horizontal
surfaces.
The combination of more than one 2-dimensional pattern on perpendicular vertical and
horizontal surfaces gives the truncated cone pattern its three-dimensional character.
A theoretical demonstration of the truncated cone pattern is when the four vertical walls of a
room each display varied “V” or “U” patterns, as well as circular or portions of circular patterns
appearing on the ceiling. Corresponding patterns may also be discernible on the furnishings in
the room.

Figure 4-17.5 Truncated cone pattern.

4-17.6 Pointer and Arrow Patterns.
These fire patterns are commonly displayed on vertical wooden wall studs or furring strips of
walls whose surface sheathing has been destroyed by fire or was nonexistent. The progress and
direction of fire spread along a wall can often be identified and traced back toward its source by
an examination of the relative heights and burned away shapes of the wall studs left standing
after a fire. In general, shorter and more severely charred studs will be closer to a source of fire
than taller studs. The heights of the remaining studs increase as distance from a source of fire
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increases. The difference in height and severity of charring will be noted on the studs.
The shape of the studs’ cross section will tend to produce “arrows” pointing back toward the
general area of the source of heat. This is caused by the burning off of the sharp angles of the
edges of the studs on the sides toward the heat source that produces them.
More severe charring can be expected on the side of the stud closest to the heat source.

Figure 4-17.6(a) Wood wall studs showing decreasing damage as distance from fire increases.

Figure 4-17.6(b) Cross section of wood wall stud pointing toward fire.

4-17.7 Circular-Shaped Patterns.
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Patterns that are generally circular in shape are common at fire scenes. These patterns are
never truly circular unless they represent areas that have been protected from burning by circular
items, such as wastebaskets or the bottoms of furniture items.
4-17.7.1 Bottoms of Horizontal Surfaces. Patterns on the underside of horizontal surfaces, such
as ceilings, tabletops, and shelves, can appear in roughly circular shapes. The more centralized
the heat source, the more circular or nearly circular the patterns may appear.
Portions of circular patterns can appear on the underside of surfaces that partially block the
heated gases or fire plumes. This can occur when the edge of the surface receiving the pattern
does not extend far enough to show the entire circular pattern or is adjacent to a wall.
Within the circular pattern, the center may show more heat treatment, such as deeper charring.
By locating the center of the circular pattern, the investigator may find a valuable clue to the
source of greatest heating, immediately below.
4-17.7.2 Irregular Patterns. Irregular, curved, or “pool-shaped” patterns on floors and floor
coverings cannot always be reliably identified as resulting from ignitible liquids on the basis of
observation alone.
The lines of demarcation between the damaged and undamaged areas of irregular patterns
range from sharp edges to smooth graduations depending on the properties of the material and
the intensity of heat exposure. Denser materials like oak flooring will generally show sharper
lines of demarcation than thermoplastic (e.g., nylon) carpet. The absence of a carpet pad often
leads to sharper lines.
These patterns are common in situations of post-flashover conditions, long extinguishing
times, or building collapse. These patterns may result from the effects of hot gases, flaming and
smoldering debris, melted plastics, or ignitible liquids. If the presence of ignitible liquids is
suspected, supporting evidence such as the use of a combustible gas indicator, chemical analysis
of debris for residues, or the presence of liquid containers should be sought. It should be noted
that many plastic materials release hydrocarbon fumes when they pyrolize or burn. These fumes
may have an odor similar to petroleum products and can be detected by combustible gas
indicators when no ignitible liquid accelerant has been used. A “positive” reading should prompt
further investigation and the collection of samples for more detailed chemical analysis. It should
be noted that pyrolysis products, including hydrocarbons, can be detected in gas
chromatographic analysis of fire debris in the absence of the use of accelerants. It can be helpful
when analyzing carpet debris for the laboratory to burn a portion of the comparison sample and
run a gas chromatographic analysis on both. By comparing the results of the burned and
unburned comparison samples with those from the fire debris sample, it may be possible to
determine whether or not hydrocarbon residues in the debris sample were products of pyrolysis
or residue of an accelerant.
However, when overall fire damage is limited and small or isolated irregular patterns are
found, the presence of ignitible liquids may be more likely, although the use of supporting
evidence is still recommended.
Pooled ignitible liquids that soak into flooring or floor covering materials as well as melted
plastic can produce irregular patterns. These patterns can also be produced by localized heating
or fallen fire debris.
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4-17.7.3 Doughnut-Shaped Patterns. A distinct “doughnut”-shaped pattern where a roughly
ring-shaped burn area surrounds a less burned area may result from an ignitible liquid. When a
liquid causes this pattern, it is due to the effects of the liquid cooling the center of the pool as it
burns while flames at the perimeter of the doughnut produce charring of the floor or floor
covering. When this condition is found, further examination must be conducted as supporting
evidence to the presence of ignitible liquids.
In any situation where the presence of ignitible liquids is suggested, the effects of flashover,
airflow, hot gases, melted plastics, and building collapse must be eliminated.
4-17.8 Liquids Versus Melted Solids.
Many modern plastic materials will burn. They react to heating by first liquefying, and, then,
when they burn as liquids, they produce irregularly shaped or circular patterns. When found in
unexpected places, such patterns can be erroneously identified as flammable or combustible
liquid patterns and associated with an incendiary fire cause.
Often the association of an ignitible liquid with a particular irregular pattern has been ruled out
on the presumption that ignitible liquid vapors will always cause explosions. This is not the case.
The expansion of the products of combustion from flammable liquids will cause explosions only
if they are sufficiently confined to damage the structure or confining vessel and have the proper
fuel-to-air mixture (see 3-1.1.2 and 13-8.2.1). Whether an explosion occurs is a function of the
quantity of vaporized fuel present at the time of ignition, the presence of venting openings in the
structure, and the strength and construction of the confining structure.
The investigator should be careful to properly identify the initial fuel source for any irregularly
shaped or circular patterns.
4-17.9 Commercial Fuel Gas Patterns.
The burning of the common commercial fuel gases, natural gas and liquefied petroleum (LP)
gases, can provide distinctive fire patterns. Distinctive localized burning between ceiling joists,
between interior vertical wall studs, and in the corners of ceilings of rooms is quite common and
a good indicator of the presence of natural gas.
Natural gas has a vapor density of 0.65; therefore it is lighter than air and will rise when
released. This property of natural gas will create gas pockets in the upper areas of rooms and
structures.
The liquefied petroleum (LP) gases, being heavier than air (with vapor densities of about 1.5
for propane and 2.0 for butane), also tend to pocket within a structure, though at low levels.
However, the buoyant nature of their products of combustion when ignited prevents them from
producing similar pocketing burn patterns as natural gas.
4-17.10 Saddle Burns.
“Saddle burns” are distinctive “U”- or saddle-shaped patterns that are sometimes found on the
top edges of floor joists. They are caused by fire burning downward through the floor above the
affected joist. Saddle burns display deep, heavy charring, and the fire patterns are highly
localized and gently curved. (See Figure 4-17.10.)
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Figure 4-17.10 Saddle burn in a floor joist.

4-18 Linear Patterns.
Patterns that have overall linear or elongated shapes can be called linear patterns. They usually
appear on horizontal surfaces.
4-18.1 Trailers.
In many incendiary fires, when fuels are intentionally distributed or “trailed” from one area to
another, the elongated patterns may be visible. Such fire patterns, known as “trailers,” can be
found along floors to connect separate fire sets, or up stairways to move fires from one floor or
level within a structure to another. Fuels used for trailers may be ignitible liquids, solids, or
combinations of these. (See Figure 4-18.1.)
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Figure 4-18.1 Trailer running up a stairway.

4-18.2 Protected Floor Areas.
Often when the floor area is cleared of debris to examine damage, long, wide, straight patterns
will be found showing areas of extensive heat damage bounded on each side by undamaged or
less damaged areas. These patterns often have been interpreted to be “trailers.” While this is
possible, the presence of furniture, stock, counters, or storage may result in these linear patterns.
These patterns may also result from wear on floors and the floor covering due to high traffic.
Irregularly shaped objects on the floor, such as clothing or bedding, may also provide protection
and produce patterns that may be inaccurately interpreted.
4-18.3 Fuel Gas Jets.
Jets of ignited fuel gases, such as LP or natural gas, can produce linear patterns or lines of
demarcation, particularly on noncombustible surfaces.
4-19 Area Patterns.
Some patterns may appear to cover entire rooms or large areas without any readily identifiable
sources or beginnings. These patterns are most often formed when the fuels that create them are
widely dispersed before ignition, or when the movement of the fire through the areas is very
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rapid as in a flash fire.
4-19.1 Flashover and Full Room Involvement.
In the course of a flashover transition, fire spreads rapidly to all exposed combustible materials
as the fire progresses to full room involvement (see 3-5.3.2). This process can produce relatively
even burning on vertical surfaces. If the fire is terminated before full room involvement,
relatively uniform burning can be evident above the bottom of the hot layer. When the fire has
progressed to full room involvement, the area pattern may be uneven and extend to the base of
the wall.
4-19.2 Flash Fires.
The ignition of gases or the vapors of liquids does not necessarily always cause explosions.
Whether or not an explosion occurs depends on the location and concentration of fuel gas, and
the geometry, venting, and strength of the confining structure.
If the fuel/air mixtures of the gases or vapors are near the lower flammable or explosive limit
(LEL) and there is no explosion associated with ignition, the gases may burn as a flash fire, and
there will be little or no subsequent burning. This is caused by the total consumption of the
available fuel without significantly raising the temperatures of other combustibles. In this case,
the fire patterns may be superficial and difficult to trace to any specific point of ignition. In
addition, separate areas of burning from pocket fuel gas may exist and further confuse the tracing
of fire spread. (See Figure 4-19.2.)

Figure 4-19.2 Blistering of varnish on door and slight scorching of draperies are the only indications of the
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natural gas flash fire.

4-20 Material Distortion.
Patterns can be seen in the physical change of shape and distortion of some objects that are
subjected to the heat of the fire.
4-20.1 Distorted Light Bulbs.
Incandescent light bulbs can sometimes show the direction of heat impingement. As the side of
the bulb facing the source of heating is heated and softened the gases inside a bulb of greater
than 25 watts can begin to expand and bubble out the softened glass. This has been traditionally
called a “pulled” light bulb, though the action is really a response to internal pressure rather than
a pulling. The bulged or “pulled” portion of the bulb will be in the direction of the source of the
heating.
With bulbs of 25 watts or less, because they contain a vacuum, the distortion can be pulled
inward on the side in the direction of the source of heating.
Often these light bulbs will survive fire extinguishment efforts and can be used by the
investigator to show the direction of fire travel. In evaluating a distorted light bulb, the
investigator must be careful to ascertain that the bulb has not been turned in its socket by prior
investigators or fire service personnel. (See Figure 4-20.1.)

Figure 4-20.1 A typical “pulled” bulb showing that the heating was from the right side.

4-20.2 Metal Construction Elements.
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Studs, beams, columns, and the construction components that are made of high melting point
metals, such as steel, can be distorted by heating. The higher the coefficient of thermal expansion
of the metal, the more prone it is to heat distortion. The amount and location of distortion in a
particular metal construction can indicate which areas were heated to higher temperatures or for
longer times (see Section 4-9). In some cases, elongation of beams can result in damage to walls.
(See Figure 4-20.2.)

Figure 4-20.2 Damage to an outside brick wall caused by thermal expansion of an I-beam in the basement.

Chapter 5 Legal Considerations
5-1 Introduction.
Legal considerations impact on every phase of a fire investigation. Whatever the capacity in
which a fire investigator functions (public or private), it is important that the investigator be
informed regarding all relevant legal restrictions, requirements, obligations, standards, and
duties. Failure to do so could jeopardize the reliability of any investigation and could subject the
investigator to civil liability or criminal prosecution.
It is the purpose of this chapter to alert the investigator to those areas that usually require legal
advice, knowledge, or information. This chapter does not attempt to state the law as it is applied
in each jurisdiction. Such a task exceeds the scope of this guide. To the extent that statutes or
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case law are referred to, they are referred to by way of example only, and the user of this guide is
reminded that “the law” is in a constant state of flux. Analogized to a living thing, both case law
and statutory law are constantly subject to creation (by new enactment or decision), change (by
modification or amendment), and death (by being repealed, overruled, or vacated). It is
recommended that the investigator seek legal counsel to assist in understanding and complying
with the legal requirements of any particular jurisdiction. Recognition of applicable legal
requirements and considerations will help to ensure the reliability and admissibility of the
investigator’s records, data, and opinions.
5-2 Preliminary Legal Considerations.
5-2.1 Authority to Conduct the Investigation.
The investigator should ascertain the basis and extent of his or her authority to conduct the
investigation. Normally, the authority is public or governmental (i.e., police department, fire
department, office of the fire marshal); contractual (e.g., insurance); or otherwise private (e.g., in
the event of investigation conducted in anticipation of litigation). Proper identification of the
basis of authority will assist the investigator in complying with applicable legal requirements and
limitations.
The scope of authority granted to investigators from the public or governmental sector is
usually specified within the codified laws of each jurisdiction, as supplemented by applicable
local, agency, and department rules and regulations. Many states and local jurisdictions (i.e.,
cities, towns, or counties) have licensing or certification requirements for investigators. If such
requirements are not followed, the results of the investigation may not be admissible and the
investigator may face sanctions.
5-2.2 Right of Entry.
The fact that an investigator has authority to conduct an investigation does not necessarily
mean that he or she has the legal right to enter the property that was involved in the fire. Rights
of entry are frequently enumerated by statutes, rules, and regulations. Illegal entry upon the
property could result in charges against the investigator (i.e., trespassing; breaking and entering;
or obstructing, impeding, or hampering a criminal investigation).
Once a legal right of entry onto the property has been established, the investigator should
notify any officer or authority then in charge of the scene of his or her entry. An otherwise legal
right of entry does not authorize entry onto a crime scene investigation. Further authorization by
the specific agency or officer in charge is required. Once on the property, extreme caution should
be exercised to preserve the scene and protect the evidence.
Frequently, code provisions designed to protect public safety mandate that a building involved
in a fire be promptly demolished to avoid danger to the public. This act can deny an investigator
the only opportunity to examine the scene of a fire. When it is important to do so, court ordered
relief prohibiting the demolition until some later and specified date may be obtained, most
typically by way of injunction, to allow for the investigator’s presence at the scene. This may
prove costly, however, as the party seeking the delay may be required to post a bond, procure
guards, and secure the property during the intervening time period. Legal counsel should be able
to anticipate needs in this regard and promptly respond to such needs.
Remain aware that investigators and others may be required to produce evidence by order of
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court or pursuant to a subpoena. Exercise caution. The investigator should not destroy, dispose
of, or remove any evidence unless clearly and legally entitled to do so. Regarding investigations
of major or catastrophic fires, courts are becoming increasingly more willing to enter orders
designed to preserve the fire scene, thereby preserving the rights of all interested parties and
entities to be aware of and examine all available evidence.
In the event that destruction, disposal, or removal is authorized or necessary, the investigator
should engage in such acts only after the scene has been properly recorded and the record has
been verified as to accuracy and completeness.
5-2.3 Method of Entry.
Whereas “right of entry” refers to the legal authority to be on a given premise or fire scene,
this section concerns itself with how that authority is obtained. There are four general methods
by which entry may be obtained: consent, exigent circumstance, administrative search warrant,
and criminal search warrant.
5-2.3.1 Consent. The person in lawful control of the property can grant the investigator
permission or consent to enter and remain on the property. This is a voluntary act on the part of
the responsible person and can be withdrawn at any time by that person. When consent is
granted, the investigator should document it. One effective method is to have the person in
lawful control sign a written waiver.
5-2.3.2 Exigent Circumstance. It is generally recognized that the fire department has the legal
authority to enter a property to control and extinguish a hostile fire. It has also been held that the
fire department has an obligation to determine the origin and cause of the fire in the interest of
the public good and general welfare.
The time period in which the investigation may continue or should conclude has been the
subject of a Supreme Court decision (Michigan v. Tyler, 436 U.S. 499), when the Court held that
the investigation may continue for a “reasonable period of time,” which may depend on many
variables. When the investigator is in doubt as to what is a “reasonable time,” one of the other
methods to secure or maintain entry should be considered.
5-2.3.3 Administrative Search Warrant. The purpose of an administrative search warrant is
generally to allow those charged with the responsibility, by ordinance or statute, to investigate
the origin and cause of a fire and fulfill their obligation according to the law.
An administrative search warrant may be obtained from a court of competent jurisdiction upon
a showing that consent has not been granted or has been denied. It is not issued upon the
traditional showing of “probable cause,” as is the criminal search warrant, although it is still
necessary to demonstrate that the search is reasonable. The search must be justified by a showing
of reasonable governmental interest. If a valid public interest justifies the intrusion, then valid
and reasonable probable cause has been demonstrated.
The scope of an administrative search warrant is limited to the investigation of the origin and
cause of the fire. If during the search permitted by an administrative search warrant, evidence of
a crime is discovered, the search should be stopped and a criminal search warrant should be
obtained (Michigan v. Clifford, 464 U.S. 287).
5-2.3.4 Criminal Search Warrant. The purpose of a criminal search warrant is to allow the
entry of government officials or agents to search for and collect any evidence of a crime. A
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criminal search warrant is obtained upon the traditional showing of probable cause, in that the
investigator is required to show that probable cause exists that a crime has been committed.
The investigator’s application for obtaining a criminal search warrant typically includes: the
purpose and scope of the search; the location; the party against whom the search is directed; the
time in which the search is to be initiated and concluded; and the evidence that can be expected
to be recovered.
5-3 Evidence.
Rules of evidence regulate the admissibility of proof at a trial. The purpose of rules of
evidence is to ensure that the proof offered is reliable. A goal of every fire investigation is to
produce RELIABLE documents, samples, statements, information, data, and conclusions.
It is not necessary that every fire investigator become an expert on rules of evidence. If the
practices and procedures recommended within this guide are complied with, the results of the
investigation should be admissible.
5-3.1 Federal Rules of Evidence.
Evidentiary requirements, standards, and rules vary greatly from jurisdiction to jurisdiction.
For this reason, those rules of evidence that are in effect in individual states, territories,
provinces, and international jurisdictions should be consulted. The United States Federal Rules
of Evidence have been relied upon throughout this guide for guidance in promoting their general
criteria of relevance and identification.
The Federal Rules of Evidence became effective on July 1, 1975. The federal rules are
applicable in all civil and criminal cases in all United States Courts of Appeal, District Courts,
Courts of Claims, and before United States magistrates. The federal rules are recognized as
having essentially codified the well-established rules of evidence, and many states have adopted,
in whole or in part, the federal rules.
5-3.2 Types of Evidence.
There are basically three types of evidence, all of which in some manner relate to fire
investigations. They are demonstrative evidence, documentary evidence, and testimonial
evidence and are described in detail below.
5-3.2.1 Demonstrative Evidence. This is a type of evidence that consists of things as
distinguished from testimony of witnesses about things. It is evidence from which one can derive
a relevant firsthand sense impression, by seeing, touching, smelling, or hearing the evidence.
Demonstrative evidence must be authenticated. Things are authenticated in one of two ways:
witness identification (recognition testimony) or by establishing a chain of custody (establishing
an unbroken chain of possession from the taking of the thing from the fire scene to the exhibiting
of the thing).
5-3.2.1.1 Photographs/Illustrative Forms of Evidence. Among the most frequently utilized
types of illustrative demonstrative evidence are maps, sketches, diagrams, and models. They are
generally admissible on the basis of testimony that they are substantially accurate representations
of what the witness is endeavoring to describe.
Photographs and movies are viewed as a graphic portrayal of oral testimony and become
admissible when a witness has testified that they are correct and accurate representations of
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relevant facts personally observed by the witness. The witness often need not be the
photographer but must know about the facts represented or the scene or objects photographed.
Once this knowledge is shown, the witness can state whether a photograph correctly and
accurately portrays those facts.
5-3.2.1.2 Samples. Chain of custody is especially important regarding samples. To ensure
admissibility of a sample an unbroken chain of possession must be established.
5-3.2.2 Documentary Evidence. Documentary evidence is any evidence in written form. It may
include the fire investigator’s report, the investigator’s notes, the fire incident report, and any
witness statement reduced to writing. Documentary evidence is generally admissible if the
documents are maintained in the normal course of business.
All witness statements should be properly signed by the witness, dated, and witnessed by a
third party when possible. It is important to obtain the full name, address, and telephone number
of the witness. Any additional identifying information (i.e., date of birth, social security number,
and automobile license number) may prove helpful in the event that difficulties are later
encountered in locating the witness. Statements actually written by the witness may be required
in certain jurisdictions.
5-3.3 Testimonial Evidence.
Testimonial evidence is that which is elicited from a witness, in contrast to evidence consisting
of documents or things. Testimonial evidence is that given by a competent live witness speaking
under oath or affirmation. Investigators are frequently called upon to give testimonial evidence
regarding the nature, scope, conduct, and results of their investigation. It is incumbent upon all
witnesses to respond completely and honestly to all questions.
5-3.4 Postfire Interviews and Witness Statements.
Postfire interviews of witnesses and the taking of witness statements are an important aspect of
the fire investigation process. For specific procedures and techniques to be utilized when
conducting interviews, see Section 7-3.
5-3.4.1 Constitutional Considerations. Within the United States and its territories, investigators
should be aware of the constitutional safeguards that are generally applicable to any witness,
when the interview is conducted by a representative, employee, or agent of any governmental
entity. This includes members of public fire services and generally extends to most investigators
functioning in a public capacity. Constitutional protection need not be afforded by investigators
functioning in a private capacity.
Within the United States and its territories, witnesses being interviewed have constitutional
guarantees under the Fifth and Sixth Amendments. These guarantees include the right to have an
attorney present during questioning. Questions regarding personal identification are not subject
to constitutional protection.
In light of the numerous criminal charges that can be made as a result of a fire, each
investigator should ascertain whether he or she is required to give warning under the “Miranda
Rule” and, if so, when to give it and how to give it.
The “Miranda Rule” requires that, prior to any custodial interrogation, the person/witness must
be warned:
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(a) That they have a right to remain silent;
(b) That any statement they do make may be used as evidence against them;
(c) That they have the right to the presence of an attorney; and
(d) That, if they cannot afford an attorney, one will be appointed for them prior to any
questioning if they so desire.
Unless and until these warnings or a waiver of these rights are demonstrated at trial, no
evidence obtained in the interrogation may be used against the accused (formerly the witness).
(Miranda v. Arizona, 384 U.S. 436.)
Witnesses interviewed in “custodial settings” must be advised of their constitutional rights.
Though interviews conducted on a fire scene are not generally considered to be custodial,
dependent upon the circumstances, they may be custodial. The custodial setting depends on
many variables, including the location of the interview; the length of the interview; who is
present and who participates; and the witness’s perception of whether he or she will be restrained
if he or she attempts to leave. If there is any doubt in the mind of the investigator as to whether
the witness is being questioned in a custodial setting, the witness should be advised of his or her
constitutional rights. It is recommended that, when a witness is advised of his or her
constitutional rights, as required by the “Miranda Rule,” they be on a written form that can be
signed by the witness.
5-4 Criminal Prosecution.
Though there are certain fire-related crimes that appear to exist in all jurisdictions (e.g., arson),
the full scope of possible criminal charges is as varied as the jurisdictions themselves, their
resources, histories, interests, and concerns.
5-4.1 Arson.
Arson is the most commonly recognized fire-related crime. Black’s Law Dictionary, 5th
Edition, 1979, defines arson as follows:
Arson. At common law, the malicious burning of the house of another. This definition,
however, has been broadened by state statutes and criminal codes. For example, the Model Penal
Code, Section 220.1(1), provides that a person is guilty of arson, a felony of the second degree, if
he starts a fire or causes an explosion with the purpose of: (a) destroying a building or occupied
structure of another; or (b) destroying or damaging any property, whether his own or another’s,
to collect insurance for such a loss.
In several states, this crime is divided into arson in the first, second, and third degrees, the first
degree including the burning of an inhabited dwelling-house in the nighttime; the second degree,
the burning (at night) of a building other than a dwelling-house, but so situated with reference to
a dwelling-house as to endanger it; the third degree, the burning of any building or structure not
the subject of arson in the first or second degree, or the burning of property, his own or another’s
with intent to defraud or prejudice the insurer thereof.
5-4.1.1 Arson Statutes. The laws of each jurisdiction must be carefully researched regarding the
requirements, burden of proof, and penalties for the crime of arson. Arson generally, or in the
first and second degrees (if so classified), is deemed a felony offense. Such felony offenses
require proof that the person intentionally damaged property by starting or maintaining a fire or
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causing an explosion. Arson in the third degree (if so classified) generally requires only reckless
conduct that results in the damage of property and is often a misdemeanor offense.
5-4.1.2 Factors to Be Considered. The following factors are of relevance to most investigations
when there is a possibility that the criminal act of arson was committed:
(a) Was the building, starting, or maintaining of a fire, or the causing of an explosion
intentional?
(b) Was another person present in or upon the property?
(c) Who owned the property?
(d) If the property involved was a building, what type of building and what type of occupancy
was involved in the fire?
(e) Did the criminal actor act recklessly, though aware of the risk present?
(f) Was there actual presence of flame?
(g) Was actual damage to the property or bodily injury to a person caused by the fire or
explosion?
5-4.2 Other Fire-Related Criminal Acts.
The bases of fire-related criminal prosecution vary greatly from jurisdiction to jurisdiction. It
is impossible to list all possible offenses. The following nonexclusive list of sample acts that can
result in criminal prosecution will alert the investigator to the possibilities in any given
jurisdiction: insurance fraud; leaving fires unattended; allowing fires to burn uncontrolled;
allowing fires to escape; burning without proper permits; reckless burning; negligent burning;
reckless endangerment; criminal mischief; threatening a fire or bombing; failure to report a fire;
failure to report smoldering conditions; tampering with machinery, equipment, or warning signs
used for fire detection, prevention, or suppression; failure to assist in suppression or control of a
fire; sale or installation of illegal or inoperative fire suppression or detection devices; and use of
certain equipment or machinery without proper safety devices, without the presence of fire
extinguishers, or without other precautions to prevent fires.
Criminal sanctions are almost universally imposed for failures to obey orders of fire marshals,
fire wardens, and other officials and agents of public sector entities created to promote,
accomplish, or otherwise ensure fire prevention, protection, suppression, or safety.
Key industries or resources within a given jurisdiction often result in the enactment of special
and detailed criminal provisions. By way of example, criminal statutes exist with specific
reference to fires in coal mines, woods, prairie lands, forests, parks, and during drought or
emergency conditions. Special provisions also exist regarding the type of occupancy or use of a
given structure (i.e., penal/correctional institutions, hospitals, nursing homes, day care or child
care centers, and schools). The use or transporting of hazardous or explosive materials is
regulated in nearly all jurisdictions.
5-5 Arson Reporting Statutes.
Many jurisdictions have enacted statutes requiring that information be released to public
officials regarding fires that may have been the result of a criminal act.
Commonly referred to as the “arson immunity acts,” the arson reporting statutes generally
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provide that an insurance company must, upon written request from a designated public entity or
official, release enumerated items of information and documentation regarding any loss or
potential loss due to a fire of “suspicious” or incendiary origin. The information is held in
confidence until its use is required in a civil or criminal proceeding. The insurance company is
held immune from civil liability and criminal prosecution, premised upon its release of the
information, pursuant to the statute.
The number of jurisdictions with an arson reporting act are growing, and it is anticipated that
they will continue to grow. As enacted in each jurisdiction, the acts vary greatly as to both
requirements and criminal sanctions. Each act does impose criminal sanctions for failure to
comply.
In order to avoid criminal prosecution, the insurance companies and investigators operating on
its behalf should be aware of any applicable arson reporting act. One should be alert to the
following variations that currently exist:
(a) In addition to the insurance company, some jurisdictions require compliance by its
employees, agents, investigators, insureds, and attorneys.
(b) In addition to response to specific written requests for information or documentation, some
jurisdictions state that an insurance company MAY inform the proper authorities whenever it
suspects a fire was of “suspicious origin.” Other jurisdictions state that an insurance company
MUST inform the proper authorities whenever it suspects a fire was of “suspicious origin.”
NOTE: The term, “suspicious origin,” as used within this section, refers to the actual language of some arson
reporting statutes. This guide does not recognize mere suspicion as an accurate or acceptable level of proof for
making determinations of origin or cause, nor does it recognize “suspicious origin” as an accurate or
acceptable description of cause or origin. This guide discourages the use of such terms.

(c) In addition to requiring production of specifically enumerated items of information and
documentation, some jurisdictions require production of all information and documentation.
(d) Though most jurisdictions ensure absolute confidentiality of the information and
documentation released, pending its use at a criminal or civil proceeding, other jurisdictions
allow its release to other interested public entities and officials.
(e) In many jurisdictions, the immunity from civil liability and criminal prosecution is lost in
the event that information was released maliciously or in bad faith.
5-6 Civil Litigation.
Many fires result in civil litigation. These lawsuits typically involve claims of damages for
death, injury, property damage, and financial loss caused by a fire or explosion. The majority of
civil lawsuits are premised upon allegations of negligence. A significant number of civil lawsuits
are premised upon the legal principle of product liability or alleged violations of applicable
codes and standards.
5-6.1 Negligence.
Negligence generally applies to situations in which a person has not behaved in the manner of
a reasonably prudent person in the same or similar circumstances. Liability for negligence
requires more than conduct. The elements that traditionally must be established to impose legal
liability for negligence may be stated briefly as follows:
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Duty: A duty requiring an actor to conform to a certain standard of conduct, for the protection
of others against unreasonable risks;
Failure: A failure by the actor to conform to the standard required;
Cause: A reasonably close causal connection between the conduct of the actor and resulting
injury to another (generally referred to as “legal cause” or “proximate cause”); and
Loss: Actual loss or damage resulting to the interests of another.
A hypothetical example of the application of the elements of negligence is as follows: The
operator of a nursing home has a DUTY to install operable smoke detectors within the nursing
home for the protection of the inhabitants of the nursing home. A reasonably prudent nursing
home operator would have installed the smoke detectors. The operator of the nursing home
FAILED to install operable smoke detectors. A fire began in a storage room. Because there were
no smoke detectors, the staff and occupants of the nursing home were not alerted to the presence
of the fire in time to allow the occupants to reach safety, and an occupant who could have
otherwise been saved died as a result of the fire. The death of the occupant was proximately
CAUSED by the failure to install operable smoke detectors. The death constitutes actual LOSS
or DAMAGE to the deceased occupant and his or her family. Once all four elements are
established, liability for negligence may be imposed.
5-6.2 Codes, Regulations, and Standards.
Various codes, regulations, and standards have evolved through the years to protect lives and
property from fire. Violations of codes, regulations, rules, orders, or standards can establish a
basis of civil liability in fire or explosion cases. Further, many jurisdictions have legislatively
determined that such violations either establish negligence or raise a presumption of negligence.
By statute, violation of criminal or penal code provisions may also entitle the injured party to
double or treble damages.
5-6.3 Product Liability.
Product liability refers to the legal liability of manufacturers and sellers to compensate buyers,
users, and even bystanders for damages or injuries suffered because of defects in goods
purchased. This tort makes manufacturers liable if their product has a defective condition that
makes it unreasonably dangerous (unsafe) to the user or consumer.
Although the ultimate responsibility for injury or damage most frequently rests with the
manufacturer, liability may also be imposed upon a retailer, occasionally upon a wholesaler or
middleman, a bailor or lessor, and infrequently upon a party wholly outside the manufacturing
and distributing process, such as a certifier. This ultimate responsibility may be imposed by an
action by the plaintiff against the manufacturer directly, or by way of claims for indemnification
or contribution against others who might be held liable for the injury caused by the defective
product. [See Black’s Law Dictionary, 6th edition, p. 1209 (1990).]
5-6.4 Strict Liability.
Courts apply the concept of strict liability in product liability cases in which a seller is liable
for any and all defective or hazardous products that unduly threaten a consumer’s personal
safety. This concept applies to all members involved in the manufacturing and selling of any
facet of the product.
The concept of strict liability in tort is founded on the premise that when a manufacturer
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presents a product or good to the public for sale, the manufacturer represents that the product or
good is suitable for its intended use.
In order to recover in strict liability, it is essential to prove that the product was defective when
placed in the stream of commerce and was, therefore, unreasonably dangerous.
The following types of defects have been recognized: design defects, manufacturing defects,
failure to warn or inadequacy of warning, and failure to comply with applicable standards, codes,
rules, or regulations. The three most commonly applied defects are described as follows:
Design Defect - in which the basic design of the product contains a fault or flaw that has made
the product unreasonably dangerous.
Manufacturing Defect - in which the design of the product may have been adequate, but a fault
or mistake in the manufacturing or assembly of the product has made it unsafe.
Inadequate Warnings - in which the consumer was not properly instructed in the proper or safe
use of the product; or warned of any inherent danger in the possession of, or any reasonably
foreseeable use or misuse of, the product.
Strict liability applies, although the seller has exercised all possible care in the preparation and
sale of a product. It is not required that negligence be established. (See Restatement of the Law,
Second, Torts, §402A.)
5-7 Expert Testimony.
5-7.1 General Witness.
An investigator will often be called to give testimony before courts, administrative bodies,
regulatory agencies, and related entities. In addition to giving factual testimony, an investigator
may be called to give conclusions or opinions regarding a fire.
5-7.2 Litigation or Expert Witness.
For purposes of litigation, only expert witnesses are allowed to offer opinion testimony, at the
discretion of the court. An expert witness is generally defined as someone with sufficient skill,
knowledge, or experience in a given field so as to be capable of drawing inferences or reaching
conclusions or opinions that an average person would not be competent to reach. The expert’s
opinion testimony should aid the judge or jury in their understanding of the fact at issue and
thereby aid in the search for truth.
The opinion or conclusion of the investigator testifying as an expert witness is of no greater
value in ascertaining the truth of a matter than that warranted by the soundness of the
investigator’s underlying reasons and facts. The evidence that forms the basis of any opinion or
conclusion must be relevant and reliable and, therefore, admissible. The proper conduct of an
investigation will ensure that these indices of reliability and credibility are met.
Chapter 6 Planning the Investigation
6-1 Introduction.
The intent of this chapter is to identify basic considerations of concern to the investigator prior
to beginning the incident scene investigation.
Regardless of the number of people involved, the need to preplan investigations remains
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constant. Considerations for determining the number of investigators assigned include budgetary
constraints, available manpower, complexity, loss of life, and size of the scene to be
investigated.
The person responsible for the investigation of the incident should identify the resources at
their disposal and those available from outside sources before those resources are needed. It is
their responsibility to acquire additional resources as needed. Assistance can be gained from
local or state building officials, universities and state colleges, and numerous other public and
private agencies.
The “team concept” of investigating an incident is recommended. It is understood that the
investigator, at many incident scenes, may have to photograph, sketch the scene, collect
evidence, interview, and be responsible for the entire scene investigation without other
assistance. These functions and others described in this document should be performed
regardless of the number of people involved with the investigation.
6-2 Basic Incident Information.
Prior to beginning the incident scene investigation, numerous events, facts, and circumstances
must be identified. Accuracy is important since a mistake at this point could jeopardize the
subsequent investigation results.
6-2.1 Location.
The investigator, once notified of an incident, must obtain as much background information as
possible relative to the incident from the notifier. If the travel distance is great, arrangements
may be required to transport the investigation team to the incident scene.
The location of the incident may also dictate the need for specialized equipment and facilities.
(See 6-4.1.)
6-2.2 Date and Time of Incident.
The investigator should accurately determine the day, date, and time of the incident. The age
of the scene may have an effect on the planning of the investigation. The greater the delay
between the incident and the investigation, the more important it becomes to review preexisting
documentation and information, e.g., incident reports, photographs, building plans, and
diagrams.
6-2.3 Weather Conditions.
Weather conditions at the time of the fire must be determined in advance of the scene
investigation in order to properly conduct the cause and origin determination. Factors such as
wind direction and velocity, temperature, and rain can effect ignition and fire spread.
Weather at the time of the investigation may necessitate the need for special clothing and
equipment. Weather may also determine the amount of time the team members can work an
incident scene. Extreme weather may also require greater safety precautions be taken on behalf
of the team members; for example, when the weight of snow on a structure weakens it.
6-2.4 Size and Complexity of Incident.
The size and complexity of the incident scene may suggest the need for assistance for the
investigator. A large incident scene area may create communication problems for the
investigators, and arrangements for efficient communications should be made.
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The size and complexity of the scene will also affect the length of the investigation, and
preparations may be needed for housing and feeding the team members. Generally, the larger the
incident scene, the greater the length of time required to conduct the investigation.
6-2.5 Type and Use of Structure.
The investigator should identify the type and use of the incident structure. The use or
occupancy of the structure, (e.g. industrial plant, chemical processing plant, storage warehouse,
nuclear facility, or radiological waste storage) may necessitate special containment of debris,
contamination, or radiation, including water run-off at the scene. Additionally, appropriate
hazardous materials or contamination clothing, breathing apparatus, and other protective devices
and equipment may be necessary to ensure safety at the incident scene. Conditions at certain
scenes may be so hazardous that the investigators must work within monitored stay times.
Knowledge of the type of construction and construction materials will provide the investigator
with valuable background information and allow anticipation of circumstances and problems to
be encountered by the investigation team.
6-2.6 Nature and Extent of Damage.
Information on the condition of the scene may alert the investigator to special requirements for
the investigation, such as utility testing equipment, specialized expertise, additional manpower,
and special safety equipment. The investigator may be operating under time constraints and
should plan accordingly.
6-2.7 Security of Scene.
The investigator should promptly determine the identity of the individual, authority, or entity
that has possession or control of the scene. Right of access and means of access should be
established.
Scene security is a consideration. If possible, arrangements should be made to preserve the
scene until the arrival of the investigator(s). If this is not possible, arrangements should be made
to photograph and document existing conditions prior to disturbance or demolition.
6-2.8 Purpose of Investigation.
While planning the investigation, the investigator must remain aware of his or her role, scope,
and areas of responsibility. Numerous investigators may be involved from both the private and
public sectors. Mutual respect and cooperation in the investigation is required.
6-3 Organizing the Investigation Functions.
There are basic functions that are commonly performed in each investigation. These are the
leadership/coordinating function; photography, note taking, mapping, and diagramming (see
Chapter 8); interviewing witnesses (see Chapter 7); searching the scene (see Chapter 11);
evidence collection and preservation (see Chapter 9); and safety assessment (see Chapter 10).
In addition, specialized expertise in such fields as electrical, heating and air conditioning, or
other engineering fields are often needed. The investigator should, if possible, fulfill these
functions with the personnel available. In assigning functions, those special talents or training
that individual members possess should be utilized.
6-4 Preinvestigation Team Meeting.
If the investigator has established a team, a meeting should take place prior to the on-scene
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investigation. The team leader or investigator should address questions of jurisdictional
boundaries and assign specific responsibilities to the team members. Personnel should be
advised of the condition of the scene and the safety precautions required.
6-4.1 Equipment and Facilities.
Each person on the fire scene should be equipped with appropriate safety equipment, as
required. A complement of basic tools should also be available. The tools and equipment listed
below may not be needed on every scene, but in planning the investigation, the investigator
should know where to obtain these tools and equipment if the investigator does not carry them.
Personal Safety Equipment
Helmet or hard hat
Turnout gear or coveralls
Gloves
Safety boots or shoes
Flashlight
Respiratory protection (type depending on exposure)
Eye protection
Tools and Equipment
Evidence collecting container (see Section 9-5 for recommendations)
Writing/drawing equipment
Camera and film (see 8-2.2.1 and 8-2.2.2 for recommendations)
Shovel
Broom
Rake
Screwdrivers (multiple types)
Tape measure
Rulers
Directional compass
Paint brushes
Lighting
Tape recorder
Hydrocarbon detector
Pen knife
Axe
Saw
Pliers — wire cutters
Tongs
Tweezers
Magnet
Pry bar
Claw hammer
Hatchet
Sieve
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Paper towels/wiping cloths
Styrofoam cups
Marking pens
Evidence labels (sticky)
Hand towels
Soap and hand cleaner
Ladder
Absorption material
Rope
Volt — Ohm meter
Twine
6-5 Specialized Personnel and Technical Consultants.
In planning a fire investigation, specialized personnel may be needed to provide technical
assistance. There are many different facets to fire investigation. If the investigator is unfamiliar
with a particular aspect, they should never hesitate to call in another fire investigative expert
who has more knowledge or experience in a particular aspect of the investigation. For example,
there are some experts who specialize in explosions.
Sources for these specialized personnel/experts include colleges or universities, government
agencies (federal, state, and local), societies or trade groups, consulting firms, and others. When
bringing in specialized personnel, it is important to remember that conflict of interest should be
avoided. Identification of special personnel in advance is recommended. The following sections
list examples of professional or specific engineering and scientific disciplines along with areas
where these personnel may help the fire investigator. This section is not intended to list all
sources for these specialized personnel and technical consultants.
It should be kept in mind that fire investigation is a specialized field. Those individuals not
specifically trained and experienced in the discipline of fire investigation and analysis, even
though they may be expert in related fields, may not be well qualified to render opinions
regarding fire origin and cause. In order to offer origin and cause opinions, additional training or
experience is generally necessary.
The following descriptions are general and do not imply that the presence or absence of a
referenced area of training affects the qualifications of a particular specialist.
6-5.1 Materials Engineer or Scientist.
A person in this field can provide specialized knowledge about how materials react to different
conditions, including heat and fire. In the case of metals, someone with a metallurgical
background may be able to answer questions about corrosion, stress, failure, or fatigue. A
polymer scientist or chemist may offer assistance regarding how plastics react to heat and other
conditions present during a fire; and the combustion and flammability properties of plastics.
6-5.2 Mechanical Engineer.
A mechanical engineer may be needed to analyze complex mechanical systems or equipment,
including heating, ventilation, and air conditioning (HVAC) systems; especially how these
systems may have affected the movement of smoke within a building. The mechanical engineer
may also be able to perform strength-of-material tests.
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6-5.3 Electrical Engineer.
An electrical engineer may provide information regarding building fire alarm systems, energy
systems, power supplies, or other electrical systems or components. An electrical engineer may
assist by quantifying the normal operating parameters of a particular system and determining
failure modes.
6-5.4 Chemical Engineer/Chemist.
A chemical engineer has education in chemical processes, fluid dynamics, and heat transfer.
When a fire involves chemicals, a chemical process, or a chemical plant, the chemical engineer
may help the investigator identify and analyze possible failure modes.
A chemist has extensive education in the identification and analysis of chemicals and may be
used by the investigator in identifying a particular substance found at a fire scene. The chemist
may be able to test a substance to determine its chemical and physical reaction to heat. When
there are concerns about toxicity or the human reaction to chemicals or chemical decomposition
products, a chemist, biochemist, or microbiologist should be consulted by the investigator.
6-5.5 Fire Science and Engineering.
Within the field of fire science and engineering, there are a number of areas of special
expertise that can provide advice and assistance to the investigator.
6-5.5.1 Fire Protection Engineer. Fire protection engineering encompasses all the traditional
engineering disciplines in the science and technology of fire and explosions. The fire protection
engineer deals with the relationship of ignition sources to materials in determination of what may
have started the fire. He or she is also concerned with the dynamics of fire, and how it affects
various types of materials and structures. The fire protection engineer should also have
knowledge of how fire detection and suppression systems (e.g., smoke detectors, automatic
sprinklers, or Halon systems) function and be able to assist in the analysis of how a system may
have failed to detect or extinguish a fire. The complexity of fire often requires the fire protection
engineer to use many of the other engineering and scientific disciplines to study how a fire starts,
grows, and goes out. Additionally, a fire protection engineer should be able to provide
knowledge of building and fire codes, fire test methods, fire performance of materials, computer
modeling of fires, and failure analysis.
6-5.5.2 Fire Engineering Technologist. Individuals with bachelor of science degrees in fire
engineering technology, fire and safety engineering technology, or a similar discipline, or
recognized equivalent, typically have studied fire dynamics and fire science; fire and arson
investigation, fire suppression technology, fire extinguishment tactics, and fire department
management; fire protection; fire protection structures and systems design; fire prevention;
hazardous materials; applied upper-level mathematics and computer science; fire-related human
behavior; safety and loss management; fire and safety codes and standards; and fire science
research.
6-5.5.3 Fire Engineering Technician. Individuals with associate of science level degrees in fire
and safety engineering technology or similar disciplines, or recognized equivalent, typically may
have studied fire dynamics and fire science; fire and arson investigation; fire suppression
technology, tactics, and management; fire protection; fire protection structures and systems
design; fire prevention; hazardous materials; mathematics and computer science topics;
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fire-related human behavior; safety and loss management; fire and safety codes and standards; or
fire science research.
6-5.6 Industry Expert.
When the investigation involves a specialized industry, piece of equipment, or processing
system, an expert in that field may be needed to fully understand the processes involved.
Experience with the specific fire hazards involved and the standards or regulations associated
with the industry and its equipment and processes can provide valuable information to the
investigator. Industry experts can be found within companies, trade groups, or associations.
6-5.7 Attorney.
An attorney can provide needed legal assistance with regard to rules of evidence, search and
seizure laws, gaining access to a fire scene, and obtaining court orders.
6-5.8 Insurance Agent/Adjuster.
An insurance agent or adjuster may be able to provide the investigator with information
concerning the building and its contents prior to the fire, fire protection systems in the building,
and the condition of those systems. Additional information regarding insurance coverage and
prior losses may be available.
Chapter 7 Sources of Information
7-1 General.
7-1.1 Purpose of Obtaining Information.
The thorough fire investigation always involves the examination of the fire scene, either by
visiting the actual scene or by evaluating the prior documentation of that scene. The fire
investigation should not, however, end with a mere examination of the fire scene.
By necessity, the thorough fire investigation also encompasses interviewing and the research
and analysis of other sources of information. These activities are not a substitute for the fire
scene examination. They are a complement to it.
In harmony, then, the fire scene examination, interviewing, and the research and analysis of
other sources of information provide the fire investigator with an opportunity to establish the
origin, cause, and responsibility for a particular fire.
7-1.2 Reliability of Information Obtained.
Generally, any information solicited or received by the fire investigator during a fire
investigation is only as reliable as the source of that information. As such, it is essential that the
fire investigator evaluate the accuracy of the source of the information. Certainly, no information
should be considered to be accurate or reliable without such an evaluation of its source.
This evaluation may be based on many varying factors depending on the type and form of
information. These factors may include the fire investigator’s common sense, the fire
investigator’s personal knowledge and experience, the source of information’s reputation, or the
source of information’s particular interest in the results of the fire investigation.
7-2 Legal Considerations.
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7-2.1 Freedom of Information Act.
The Freedom of Information Act provides for making information held by federal agencies
available to the public unless it is specifically exempted from such disclosure by law. Most
agencies of the federal government have implemented procedures designed to comply with the
provisions of the act. These procedures inform the public where specific sources of information
are available and what appeal rights are available to the public if requested information is not
disclosed.
Like the federal government, most states have also enacted similar laws that provide the public
with the opportunity to access sources of information concerning government operations and
their work products. The fire investigator is cautioned, however, that the provisions of such state
laws may vary greatly from state to state.
7-2.2 Privileged Communications.
Privileged communications are those statements made by certain persons within a protected
relationship such as husband-wife, attorney-client, priest-penitent, and the like. Such
communications are protected by law from forced disclosure on the witness stand at the option of
the witness spouse, client, or penitent.
Privileged communications are generally defined by state law. As such, the fire investigator is
cautioned that the provisions of such laws may vary greatly from state to state.
7-2.3 Confidential Communications.
Closely related to privileged communications, confidential communications are those
statements made under circumstances showing the speaker intended the statements only for the
ears of the person addressed.
7-3 Forms of Information.
Sources of information will present themselves in different forms. Generally, information is
available to the fire investigator in four forms. These forms include verbal, written, visual, and
electronic.
7-3.1 Verbal.
Verbal sources of information, by definition, are limited to the spoken word. Such sources,
which may be encountered by the fire investigator, may include, but are not limited to, verbal
statements during interviews, telephone conversations, tape recordings, radio transmissions,
commercial radio broadcasts, and the like.
7-3.2 Written.
Written sources of information are likely to be encountered by the fire investigator during all
stages of an investigation. Such sources may include, but are not limited to, written reports,
written documents, reference materials, newspapers, and the like.
7-3.3 Visual.
Visual sources of information, by definition, are limited to those that are gathered utilizing the
sense of sight. Beginning first with the advent of still photography, such sources may include,
but are not limited to, photographs, videotapes, motion pictures, and computer generated
animations.
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7-3.4 Electronic.
Computers have become an integral part of modern informational and data systems. As such,
the computer system maintained by any particular source of information may provide a wealth of
information relevant to the fire investigation.
7-4 Interviews.
7-4.1 Purpose of Interviews.
The purpose of any interview is to gather both useful and accurate information. Witnesses can
provide such information about the fire and explosion incident even if they were not
eyewitnesses to the incident.
7-4.2 Types of Interviews.
Interviews can generally be categorized into three different types. These include interviews
with those you can approach with an attitude of trust, interviews with those you must approach
with caution, and interviews with those you must approach with an attitude of distrust.
7-4.3 Preparation for the Interview.
The fire investigator must be thoroughly prepared prior to conducting any type of interview,
especially if the investigator intends to solicit relevant and useful information. The most
important aspect of this preparation is a thorough understanding of all facets of the investigation.
The fire investigator should also carefully plan the setting of the interview, namely, when and
where the interview will be held. Although the time that the interview is conducted may be
determined by a variety of factors, the interview should generally be conducted as soon as
possible after the fire or explosion incident. A timely interview will ensure an accurate
recollection of the incident by the witness.
Whenever possible, the interview should be conducted after the examination of the fire scene,
although there are instances when this may be impractical. This is important for two reasons.
First, the scene examination may serve as the basis for specific questions relating to the incident.
Secondly, if interviews are conducted before the scene examination, the investigator may be
prejudiced during the later examination of the scene by the information obtained during the
interview. The environmental setting is an important consideration for the effectiveness of the
interview. The interview should be conducted in a setting that is free of distractions.
The interviewer and the person being interviewed must be properly identified. The interview
should, therefore, begin with the proper identification of the person conducting the interview.
The date, time, and location of the interview, as well as any witnesses to it, should be
documented.
The person being interviewed should also be completely and positively identified. Positive
identification may include the person’s full name, date of birth, Social Security number, driver’s
license number, physical description, home address, home telephone number, place of
employment, business address, business telephone number, or whatever other information may
be deemed pertinent to establish positive identification.
Lastly, the fire investigator should also establish a flexible plan or outline for the interview.
7-4.4 Interviews with Those You Can Approach with an Attitude of Trust.
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This type of interview involves those persons whose information can be substantially
considered as reliable. Such persons may include, but are not limited to, government officials,
representatives of financial institutions, citizen witnesses, and others who have no specific
interest in the results of the investigation.
Generally, when preparing to conduct this type of interview, the fire investigator may want to
make an appointment to establish a comfortable and cooperative mood. The setting of the
interview is not of great importance and, in fact, the interview may be best conducted at the
home or office of the person being interviewed to maintain that comfortable and cooperative
mood. During the interview itself, the fire investigator should use a flexible checklist to ensure
that all necessary information is solicited from the person being interviewed.
7-4.5 Interviews with Those You Must Approach with Caution.
This type of interview involves those persons whose information may or may not be
considered reliable. Such persons include those who may potentially have a specific interest in
the results of the investigation. As such, the fire investigator must be certain to verify the validity
of any information solicited during this type of interview. Generally, when preparing to conduct
this type of interview, the fire investigator should not make an appointment. This prevents the
person being interviewed from preparing responses to inquiries that may be made during the
interview. The setting of the interview becomes more important and, in fact, the fire investigator
may wish to conduct the interview in a location where the person being interviewed may not feel
so comfortable. Like the previous type of interview, the fire investigator should use a flexible
checklist to ensure that all necessary information is solicited from the person being interviewed.
7-4.6 Interviews with Those You Must Approach with an Attitude of Distrust.
This type of interview involves those persons whose information should be considered as
unreliable unless substantially verified. Such persons include those who have an obvious or
documented specific interest in the results of the investigation such as the suspect(s) in an
incendiary fire investigation.
Generally, when preparing to conduct this type of investigation, the fire investigator should not
make an appointment. This prevents the person being interviewed from preparing responses to
inquiries that may be made during the interview. The setting of the interview becomes extremely
important and, in fact, the fire investigator should conduct the interview in a location where the
investigator feels comfortable. And, like the previous types of interviews, the fire investigator
should use a flexible checklist to ensure that all necessary information is solicited from the
person being interviewed.
7-4.7 Documenting the Interview.
All interviews, regardless of their type, should be documented. Tape recording the interview or
taking written notes during the interview are two of the most common methods of documenting
the interview. Both of these methods, however, often tend to distract or annoy the person being
interviewed, resulting in some information not being solicited from them. The investigator
should obtain signed written statements from as many witnesses as possible to enhance their
admissibility in court.
7-5 Governmental Sources of Information.
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7-5.1 Municipal Government.
7-5.1.1 Municipal Clerk. The municipal clerk maintains public records regarding municipal
licensing and general municipal business.
7-5.1.2 Municipal Assessor. The municipal assessor maintains public records regarding plats or
maps of real property including dimensions, addresses, owners, and taxable value of the real
property and any improvements.
7-5.1.3 Municipal Treasurer. The municipal treasurer maintains public records regarding
names and addresses of property owners, names and addresses of taxpayers, legal descriptions of
property, amount of taxes paid or owed on real and personal property, and former owners of the
property.
7-5.1.4 Municipal Street Department. The municipal street department maintains public
records regarding maps of the streets; maps showing the locations of conduits, drains, sewers,
utility conduits; correct street numbers; old names of streets; abandoned streets and
rights-of-way; and alleys, easements, and rights-of-way.
7-5.1.5 Municipal Building Department. The municipal building department maintains public
records regarding building permits, electrical permits, plumbing permits, blueprints, and
diagrams showing construction details and records of various municipal inspectors.
7-5.1.6 Municipal Health Department. The municipal health department maintains public
records regarding birth certificates, death certificates, records of investigations related to
pollution, and other health hazards and records of health inspectors.
7-5.1.7 Municipal Board of Education. The municipal board of education maintains public
records regarding all aspects of the public school system.
7-5.1.8 Municipal Police Department. The municipal police department maintains public
records regarding local criminal investigations and other aspects of the activities of that
department.
7-5.1.9 Municipal Fire Department. The municipal fire department maintains public records
regarding fire incident reports, emergency medical incident reports, records of fire inspections,
and other aspects of the activities of that department.
7-5.1.10 Other Municipal Agencies. Many other offices, departments, and agencies typically
exist at the municipal level of government. The fire investigator may encounter different
governmental structuring in each municipality. As such, the fire investigator may need to solicit
information from these additional sources.
7-5.2 County Government.
7-5.2.1 County Recorder. The county recorder’s office maintains public records regarding
documents relating to real estate transactions, mortgages, certificates of marriage and marriage
contracts, divorces, wills admitted to probate, official bonds, notices of mechanics’ liens, birth
certificates, death certificates, papers in connection with bankruptcy, and other such writings as
are required or permitted by law.
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7-5.2.2 County Clerk. The county clerk maintains public records regarding naturalization
records, civil litigation records, probate records, criminal litigation records, and records of
general county business.
7-5.2.3 County Assessor. The county assessor maintains public records such as plats or maps of
real property in the county, which include dimensions, addresses, owners, and taxable value.
7-5.2.4 County Treasurer. The county treasurer maintains public records regarding names and
addresses of property owners, names and addresses of taxpayers, legal descriptions of property,
amounts of taxes paid or owed on real and personal property, and all county fiscal transactions.
7-5.2.5 County Coroner/Medical Examiner. The county coroner/medical examiner maintains
public records regarding the names or descriptions of the deceased, dates of inquests, property
found on the deceased, cause and manners of death, and documents regarding the disposition of
the deceased.
7-5.2.6 County Sheriff’s Department. The county sheriff’s department maintains public
records regarding county criminal investigations and other aspects of the activities of that
department.
7-5.2.7 Other County Agencies. Many other offices, departments, and agencies typically exist
at the county level of government. The fire investigator may encounter different governmental
structuring in each county. As such, the fire investigator may need to solicit information from
these additional sources.
7-5.3 State Government.
7-5.3.1 Secretary of State. The secretary of state maintains public records regarding charters
and annual reports of corporations, annexations, and charter ordinances of towns, villages, and
cities; trade names and trademarks registration; notary public records; and U.C.C. statements.
7-5.3.2 State Treasurer. The state treasurer maintains public records regarding all state fiscal
transactions.
7-5.3.3 State Department of Vital Statistics. The State Department of Vital Statistics maintains
public records regarding births, deaths, and marriages.
7-5.3.4 State Department of Revenue. The State Department of Revenue maintains public
records regarding individual state tax returns; corporate state tax returns; and past, present, and
pending investigations.
7-5.3.5 State Department of Regulation. The State Department of Regulation maintains public
records regarding names of professional occupation license holders and their backgrounds,
results of licensing examinations, consumer complaints, past, present, or pending investigations,
and the annual reports of charitable organizations.
7-5.3.6 State Department of Transportation. The State Department of Transportation
maintains public records regarding highway construction and improvement projects, motor
vehicle accident information, motor vehicle registrations, and driver’s license testing and
registration.
7-5.3.7 State Department of Natural Resources. The State Department of Natural Resources
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maintains public records regarding fish and game regulations, fishing and hunting license data,
recreational vehicles license data, waste disposal regulation, and environmental protection
regulation.
7-5.3.8 State Insurance Commissioner’s Office. The state insurance commissioner’s office
maintains public records regarding insurance companies licensed to transact business in the state,
licensed insurance agents, consumer complaints, and records of past, present, or pending
investigations.
7-5.3.9 State Police. The state police maintain public records regarding state criminal
investigations and other aspects of the activities of that agency.
7-5.3.10 State Fire Marshal’s Office. The state fire marshal’s office maintains public records
regarding fire inspection and prevention activities, fire incident databases, and fire investigation
activities.
7-5.3.11 Other State Agencies. Many other offices, departments, and agencies typically exist at
the state level of government. The fire investigator may encounter different government
structuring in each state. As such, the fire investigator may need to solicit information from these
additional sources.
7-5.4 Federal Government.
7-5.4.1 Department of Agriculture. Under this department, the Food Stamps and Nutrition
Services Agency maintains public records regarding food stamps and their issuance.
The Consumer and Marketing Service maintains public records regarding meat inspection,
meat packers and stockyards, poultry inspection, and dairy product inspection.
The U.S. Forest Service maintains public records regarding forestry and mining activities.
The investigative activities of the Department of Agriculture are contained in the Office of the
Inspector General. The investigative area of the Secretary of Agriculture is the Office of
Investigations.
7-5.4.2 Department of Commerce. Under this department, the Bureau of Public Roads
maintains public records regarding all highway programs in which federal assistance was given.
The National Marine Fisheries Service maintains public records regarding the names,
addresses, and registration of all ships fishing in local waters.
The Commercial Intelligence Division Office maintains public records regarding trade lists,
trade contract surveys, and world trade directory reports.
The U.S. Patent Office maintains public records regarding all patents issued in the United
States, as well as a roster of attorneys and agents registered to practice before that office.
The Trade Mission Division maintains public records regarding information on members of
trade missions.
The investigative activities of the Department of Commerce are contained in the Office of
Investigations and Security.
7-5.4.3 Department of Defense. The Department of Defense oversees all of the military
branches of the armed services including the Army, the Navy, the Marine Corps, the Air Force,
and the Coast Guard. Each of these branches of the military maintains public records regarding
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its activities and personnel. Each of these branches has offices that conduct criminal
investigations within its specific branch of armed service.
7-5.4.4 Department of Health and Human Services. Under this department, the Food and
Drug Administration maintains public records regarding its enforcement of federal laws under its
jurisdiction.
The Social Security Administration maintains public records with regard to its activities.
The investigative activities of the Department of Health and Human Services are contained in
the Office of Security and Investigations.
7-5.4.5 Department of Housing and Urban Development. The Department of Housing and
Urban Development maintains public records regarding all public housing programs in which
federal assistance has been given. The investigative activities of the Department of Housing and
Urban Development are contained in the Compliance Division.
7-5.4.6 Department of the Interior. Under this department, the Fish and Wildlife Service
maintains public records regarding violations of federal laws related to fish and game.
The Bureau of Indian Affairs maintains public records regarding censuses of Indian
reservations, names, degree of Indian blood, tribe, family background, and current addresses of
all Indians, especially those residing on federal Indian reservations.
The National Park Service maintains public records regarding all federally owned or federally
maintained parks and lands.
Each division of the Department of Interior has its own investigative office.
7-5.4.7 Department of Labor. Under this department, the Labor Management Services
Administration maintains public records regarding information on labor and management
organizations and their officials.
The Employment Standards Administration maintains public records regarding federal laws
related to minimum wage, overtime standards, equal pay, and age discrimination in employment.
The investigative activities of the Department of Labor are contained in the Labor Pension
Reports Office Division.
7-5.4.8 Department of State. The Department of State maintains public records regarding
passports, visas, and import/export licenses.
The investigative activities of the Department of State are contained in the Visa Office.
7-5.4.9 Department of Transportation. Under this department, the Environment Safety and
Consumer Affairs Office maintains public records regarding its programs to protect the
environment, to enhance the safety and security of passengers and cargo in domestic and
international transport, and the monitoring of the transportation of hazardous and dangerous
materials.
The United States Coast Guard maintains public records regarding persons serving on U.S.
registered ships, vessels equipped with permanently installed motors, vessels over 16 ft long
equipped with detachable motors, information on where and when ships departed or returned
from U.S. ports, and violations of environmental laws.
7-5.4.10 Department of the Treasury. Under this department, the Bureau of Alcohol, Tobacco,
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and Firearms maintains public records regarding distillers, brewers, and persons or firms who
manufacture or handle alcohol; retail liquor dealers; manufacturers and distributors of tobacco
products; firearms registration; federal firearms license holders, including manufacturers,
importers, and dealers; federal explosive license holders, including manufacturers, importers,
and dealers; and the origin of all firearms manufactured and imported after 1968.
The U.S. Customs Service maintains public records regarding importers; exporters;
customhouse brokers; customhouse truckers; and the registry, enrollment, and licensing of
vessels not licensed by the Coast Guard or the United States that transport goods to and from the
United States.
The Internal Revenue Service maintains public records regarding compliance with all federal
tax laws.
The U.S. Secret Service maintains public records regarding counterfeiting and forgery of U.S.
coins and currencies and records of all threats on the life of the president and his immediate
family, the vice-president, former presidents and their wives, wives of deceased presidents,
children of deceased presidents until age sixteen, president and vice-president elect, major
candidates for the office of president and vice-president, and heads of states representing foreign
countries visiting in the United States.
7-5.4.11 Department of Justice. Under this department, the Antitrust Division maintains public
records regarding federal sources of information relating to antitrust matters.
The Civil Rights Division maintains public records regarding its enforcement of all federal
civil rights laws that prohibit discrimination on the basis of race, color, religion, or national
origin in the areas of education, employment, and housing, and the use of public facilities and
public accommodations.
The Criminal Division maintains public records regarding its enforcement of all federal
criminal laws except those specifically assigned to the Antitrust, Civil Rights, or Tax Divisions.
The Drug Enforcement Administration maintains public records regarding all licensed
handlers of narcotics, the legal trade of narcotics and dangerous drugs, and its enforcement of
federal laws relating to narcotics and other drugs.
The Federal Bureau of Investigation maintains public records regarding criminal records,
fingerprints, and its enforcement of federal criminal laws.
The Immigration and Naturalization Service maintains public records regarding immigrants,
aliens, passengers and crews on vessels from foreign ports, naturalization records, deportation
proceedings, and the financial statements of aliens and persons sponsoring their entry into the
United States.
7-5.4.12 U.S. Postal Service. The U.S. Postal Service maintains public records regarding all of
its activities. The investigative activities of the U.S. Postal Service are contained in the Office of
the Postal Inspector.
7-5.4.13 Department of Energy. The Department of Energy is an executive department of the
U.S. government that works to meet the nation’s energy needs. The department develops and
coordinates national energy policies and programs. It promotes conservation of fuel and
electricity. It also conducts research to develop new energy sources and more efficient ways to
use present supplies. The secretary of energy, a member of the president’s cabinet, heads the
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department.
7-5.4.14 United States Fire Administration. The United States Fire Administration maintains
an extensive database of information related to fire incidents through its administration of the
National Fire Incident Reporting System (NFIRS).
In addition, the administration maintains records of ongoing research in fire investigation,
information regarding arson awareness programs, technical and reference materials focusing on
fire investigation, and coordinates the distribution of the Arson Information Management System
(AIMS) software.
7-5.4.15 Other Federal Agencies. There are a variety of other federal agencies and
commissions that are part of the federal level of government. These federal agencies and
commissions all maintain a variety of public records. As such, the fire investigator may need to
solicit information from these additional sources. The U.S. Senate Committee on Government
Operations publishes a handy reference entitled, “Chart of the Organization of Federal Executive
Departments and Agencies.” This chart provides the exact name of an office, division, or bureau
and the place it occupies in the organizational structure in a department or agency. With this
reference, it should not be difficult for the fire investigator to determine the jurisdiction of a
federal government agency or commission.
7-6 Private Sources of Information.
7-6.1 National Fire Protection Association.
The National Fire Protection Association was organized in 1896 to promote the science and
improve the methods of fire protection and prevention, to obtain and circulate information on
these subjects, and to secure the cooperation of its members in establishing proper safeguards
against loss of life and property. The Association is an international, charitable, technical, and
educational organization.
The Association is responsible for the development and distribution of the National Fire
Codes®. In addition to these, the Association has developed and distributed a wealth of technical
information, much of which is of significant interest to the fire investigator.
7-6.2 Society of Fire Protection Engineers.
Organized in 1950, the Society of Fire Protection Engineers is a professional organization for
engineers involved in the multifaceted field of fire protection. The society works to advance fire
protection engineering and its allied fields, to maintain a high ethical standard among its
members, and to foster fire protection engineering education.
7-6.3 American Society for Testing and Materials.
The American Society for Testing Materials, founded in 1898, is a scientific and technical
organization formed for “the development of standards on characteristics and performance of
materials, products, systems, and services, and the promotion of related knowledge.” It is the
world’s largest source of voluntary consensus standards.
Many of these standards focus on acceptable test methods when conducting a variety of
fire-related tests often requested by fire investigators. Those predominant standards, which
outline fire tests, are discussed in Chapter 9 of this document.
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7-6.4 National Association of Fire Investigators.
The National Association of Fire Investigators was organized in 1961. Its primary purposes are
to increase the knowledge and improve the skills of persons engaged in the investigation and
analysis of fires, explosions, or in the litigation that ensues from such investigations.
The Association also originated and implemented the National Certification Board. Each year,
the Board certifies fire and explosion investigators and fire investigation instructors. Through
this program, those certified are recognized for their knowledge, training, and experience and
accepted for their expertise.
7-6.5 International Association of Arson Investigators.
The International Association of Arson Investigators (IAAI) was founded in 1949 by a group
of public and private officials to address fire and arson issues. The purpose of the Association is,
through education and training, to strive to control arson and other related crimes in addition to
providing basic and advanced fire investigator training. The IAAI has chapters located
throughout the world.
In addition to an annual seminar, there are also regional seminars focusing on fire investigator
training and education. The Association publishes the Fire and Arson Investigator, a quarterly
magazine. The IAAI offers a written examination for investigators meeting IAAI minimum
qualifications to become an IAAI certified fire investigator (CFI).
7-6.6 Regional Fire Investigations Organizations.
In additional to the National Association of Fire Investigators, the International Association of
Arson Investigators, and its state chapters, many regional fire investigation organizations exist.
These organizations generally exist as state or local fire/arson task forces, professional societies
or groups of fire investigators, or mutual aid fire investigation teams.
7-6.7 Real Estate Industry.
The real estate industry maintains certain records that may prove beneficial to the fire
investigator during the investigation. Besides records of persons and businesses who are selling
or purchasing property, real estate offices often maintain extensive libraries of photographs of
homes and businesses located in their sales territory. These photographs may be of interest to the
fire investigator.
7-6.8 Abstract and Title Companies.
Abstract and title companies are another valuable source of information. Records maintained
by such companies include maps and tract books; escrow indexes of purchasers and sellers of
real estate; escrow files containing escrow instructions, agreements, and settlements; and abstract
and title policies.
7-6.9 Financial Institutions.
Financial institutions, including banks, saving and loan associations, brokers, transfer agents,
dividend disbursing agents, and commercial lending services, all maintain records that serve as
sources of valuable information. Besides the financial information about a particular person or
business, the records of financial institutions contain other information about all facets of a
person’s life or a business’s history.

Copyright 1996 NFPA

7-6.10 Insurance Industry.
The insurance industry certainly has an interest in the results of most fire and explosion
incidents. The industry’s primary interest in such investigations is the detection of the crime of
arson and other fraud offenses. The insurance industry can, however, also provide the fire
investigator with a diverse amount of information concerning the involved structure or vehicle
and the person(s) who have insured it. (See Section 5-5.)
The insurance industry also funds the Property Insurance Loss Register (PILR), which receives
reports of property losses through fire, burglaries, and thefts. It is a computerized index of the
insurance companies who paid the claims, the person to whom the claim was paid, the type of
claim, and the like. It can serve as a valuable source of information to the fire investigator.
7-6.11 Educational Institutions.
Educational institutions are not often considered as a source of information by fire
investigators. The records maintained by such institutions can, however, provide an insight into a
person’s background and interests.
7-6.12 Utility Companies.
During the normal course of business, utility companies maintain extensive databases,
particularly concerning their customers. The fire investigator should not overlook that these
companies, whether publicly owned or private, also maintain records concerning the quality of
and problems associated with the distribution of their products or services.
7-6.13 Trade Organizations.
Trade organizations are often one of the most valuable sources of information available to the
fire investigator. These organizations promote the interest of many of the prominent trades. Their
value to the fire investigator is that each organization focuses on a specific trade or discipline. As
such, they often function as clearinghouses for knowledge in their area of expertise. Besides this
expertise, most trade organizations develop and distribute publications that serve as important
reference materials to the fire investigator.
7-6.14 Other Private Sources.
There are a variety of other private sources of information. These private sources all maintain a
variety of records. As such, the fire investigator may need to solicit information from these
additional sources.
7-7 Conclusion.
The number and diversity of governmental and private sources of information for the fire
investigator is unlimited. While not a comprehensive listing, by any means, those sources of
information enumerated in this chapter should provide the fire investigator with a realization that
his or her ability to solicit information pertinent to a particular fire investigator is also unlimited.
Chapter 8 Recording the Scene
8-1 Introduction.
In recording any fire or explosion scene, the investigator’s goal is to record the scene through a
medium that will allow the investigator to recall his or her observations at a later date and to
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document the conditions at the scene. Common methods of accomplishing this goal include the
use of photographs, videotapes, diagrams, maps, overlays, tape recordings, and notes.
Thorough and accurate recording of the scene is critical because it is from this compilation of
factual data that investigative opinions and conclusions will be developed and supported.
8-2 Photography.
A visual documentation of the fire scene can be made using either film or video photography.
Images can portray the scene better than words. They are the most efficient reminders of what
the investigator saw while at the scene. Patterns and items may become evident that were
overlooked at the time the photographs or videos were made. They can also substantiate reports
and statements of the investigator.
Taking a basic photography or video course through a vocational school, camera club, or
camera store would be most helpful in getting the photographer familiar with the equipment.
As many photographs should be taken as are necessary to adequately document and record the
fire scene. It is recognized that time and expense considerations may impact the number of
photographs to be taken, and the photographer should exercise discretion. It is far preferable to
err on the side of taking too many photographs rather than too few.
The exclusive use of video tapes, motion pictures, or slides is not recommended. They are
more effectively used in conjunction with still photographs. Also, additional equipment is
obviously required to review and utilize videos, films, and slides.
8-2.1 Timing.
Photographs taken during or as soon as practical after a fire are an important means of
recording the fire scene, as the scene may become altered, disturbed, or even destroyed. Some
reasons why time is important include:
(a) The building is in danger of imminent collapse or the structure must be demolished for
safety reasons.
(b) The condition of the building contents creates an environmental hazard that needs
immediate attention.
(c) Evidence must be documented when discovered as layers of debris are removed, similar to
an archaeological dig. Documenting the layers can also assist in understanding the course of the
fire.
8-2.2 Basics.
The most fundamental aspect of photography that an investigator should grasp and
comprehend is how a camera works. The easiest way to learn how a camera works is to compare
the camera to the human eye.
One of the most important aspects to remember about fire investigation photography is light.
The average fire scene consists of blackened subjects and blackened background creating much
less than ideal conditions for taking a photograph. As one can imagine walking into a dark room
causes the human eye to expand its pupil in order to gather more light, likewise the camera
requires similar operation. The person in a dark room normally turns on the light to enhance the
vision just as a photographer uses flash or flood light to enhance the imitated vision of the
camera.
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Both the human eye and the camera project an inverted image on the light sensitive surface:
the film in the camera and the retina in the eye. The amount of light admitted is regulated by the
iris (eye) or diaphragm (camera). In both, the chamber through which the light passes is coated
with a black lining to absorb the stray light and avoid reflection.
8-2.2.1 Types of Cameras. There is a multitude of camera types available to the investigator
from small, inexpensive models to elaborate versions with a wide range of attachments.
Some cameras are fully automatic giving some investigators a sense of comfort knowing that
all they need to do is point and shoot. These cameras will set the film speed from a code on the
film canister, adjust the lens opening (f-stop), and focus the lens by means of a beam of infrared
light.
Manual operation is sometimes desired by the investigator so specialty photographs can be
obtained that the automatic camera with its built-in options cannot perform. For example, with a
manual camera, bracketing (taking a series of photographs with sequentially adjusted exposures)
can be performed to ensure at least one properly exposed photograph when the correct exposure
is difficult to measure. There are some cameras that can be operated in a manual as well as an
automatic mode, providing a choice from the same camera. Most investigators prefer an
automatic camera.
A 35-mm single lens reflex camera is preferred over other formats, but the investigator who
has a non-35-mm camera should continue to take photographs as recommended. A back-up
camera that instantly develops prints can be advantageous, especially for an important
photograph as of a valuable piece of evidence.
8-2.2.2 Film. There are many types of film and film speeds available in both slide and print film.
There are numerous speeds of film (ASA ratings) especially in the 35 mm range. Since 35 mm
(which designates the size of the film) is most recognized and utilized by fire investigators, film
speeds will be discussed using this size only. The common speeds range from 25 to 1600 in color
and to 6400 in black and white. The numbers are merely a rating system. As the numbers get
larger, the film requires less light. While the higher ASA rated (faster) film is better in low light
conditions with no flash, a drawback is that it will produce poorer quality enlargements, which
will have a grainy appearance. The film with the lowest rating that the investigator is
comfortable with should be used because of the potential need for enlargements. Most
investigators use a film with an ASA rating between 100 and 400. Fire investigators should
practice and become familiar with the type and speed of film they intend to use on a regular
basis.
8-2.2.3 Prints versus Slides. There are advantages and disadvantages to both prints and slides.
A benefit of slides over prints is that large size images may be displayed at no additional cost.
When showing slides in court, every juror’s attention can be kept on what the investigator is
testifying about. If prints are utilized, the investigator’s testimony may only be vaguely recalled
if the jury member is busy looking at photographs being passed among the jurors as testimony
continues. The use of poster-sized enlargements can help.
Conversely, during testimony of a long duration or detailed explanations of the scene, slides
are a burden to refer to without the use of a projector. In this case photographs are easier to
handle and analyze. When slides are used, problems can occur, such as the slides jamming or a
lamp burning out in the projector. In this case there may be no alternate way to display the scene
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to the jurors without delay. Prints require no mechanical devices to display them, and notations
for purposes of identification, documentation, or description are easily affixed on or adjacent to a
still photograph.
Regardless of camera type, film speed, or whether slides or prints are being taken, it is
recommended that the investigator use color film. The advantage of color film is that the final
product can more realistically depict the fire scene by showing color variations between objects
and smoke stains.
8-2.2.4 Lenses. The camera lens is used to gather light and to focus the image on the surface of
the film. Most of today’s lenses are compound, meaning that multiple lenses are located in the
same housing. The fire investigator needs a basic understanding of the lens function to obtain
quality photographs. The convex surface of the lens collects the light and sends it to the back of
the camera where the film lies. The aperture is an adjustable opening in the lens that controls the
amount of light admitted. The adjustments of this opening are sectioned into measurements
called f-stops. As the f-stop numbers get larger the opening gets smaller, admitting less light.
These f-stop numbers are listed on the movable ring of the adjustable lenses. Normally the
higher the f-stop that can be used, the better the quality of the photograph.
Focal lengths in lenses range from a normal lens (50 mm, most similar to the human eye)
through the wide angle (28 mm or less) lenses to telephoto and zoom lenses (typically 100 mm
or greater). The investigator needs to determine what focal lengths will be used regularly and
become familiar with the abilities of each.
The area of clear definition or depth of field is the distance between the farthest and nearest
objects that will be in focus at any given time. The depth of field depends on the distance to the
object being photographed, the lens opening, and the focal length of the lens being used. The
depth of field will also determine the quality of detail in the investigator’s photographs. For a
given f-stop, the shorter the focal length of the lens, the greater the depth of field. For a given
focal length lens, a larger f-stop (smaller opening) will provide a greater depth of field. The more
depth of field, the more minute details that will be seen. This is an important technique to master.
These are the most common lens factors that the fire investigator needs to be familiar with. If a
fixed lens camera is used the investigator need not be concerned with adjustments because the
manufacturer has preset the lens. A recommended lens is a medium range zoom, such as the
35-70 mm, providing a wide angle with a good depth of field and the ability to take high
magnification close-ups (macros).
8-2.2.5 Filters. The investigator should know that problems can occur with the use of colored
filters. Unless proper knowledge of their end results is known, it is recommended they not be
used. If colored filters are used, the investigator should take a photograph with a clear filter also.
The clear filter can be continually used and is a good means of protecting the lens.
8-2.2.6 Lighting. The most usable light source known is the sun. No artificial light source can
compare realistically with color, definition, and clarity. At the beginning and end of the day,
inside a structure or an enclosure, or on an overcast day, a substitute light source will most likely
be needed. This can be obtained from a flood light or from a strobe or flash unit integrated with
the camera.
Because a burned area has poor reflective properties, artificial lighting using flood lights is
useful. These, however, will need a power source either from a portable generator or from a
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source within reach by extension cord.
Flash units are necessary for the fire investigator’s work. The flash unit should be removable
from the camera body so that it can be operated at an angle oblique to that of the lens view. This
practice is valuable in reducing the amount of reflection, exposing more depth perception, and
amplifying the texture of the heat and flame damaged surfaces. Another advantage to a
detachable flash unit is that, if the desired composition is over a larger area, the angle and
distance between the flash and the subject can be more balanced.
A technique that will cover a large scene is called photo painting. This can be accomplished by
placing the camera in a fixed position with the shutter locked open. A flash unit can be fired
from multiple angles, to illuminate multiple subjects or large areas from all angles. The same
general effect can be obtained by the use of multiple flash units and remote operating devices
called slaves.
For close-up work, a ring flash will reduce glare and give adequate lighting for the subject
matter. Multiple flash units can also be used to give a similar effect to the ring flash by placing
them to flash at oblique angles.
A photograph of an 18 percent gray card standard will be beneficial for calibration in the
printing stages of the photographs and can be photographed at the first frame of a roll of film.
This will set the standard of light or flash utilized at each scene.
The investigator should be concerned that glare from a flash or flood light does not distort the
actual appearance of an object. For example, smoke stains could appear lighter or nonexistent. In
addition, shadows created could be interpreted as burn patterns. Movie lights used with video
tapes can cause the same problems as still camera flash units. Using bounce flash, light defusers,
or other techniques could alleviate this problem.
The investigator concerned with the potential outcome of a photograph can bracket the
exposure. Bracketing is the process of taking the same subject matter at slightly different
exposure settings to ensure at least one correct exposure.
8-2.2.7 Special Types of Photography. Today’s technology has produced some specialty types
of photography. Infrared, laser, and microscopic photography can be used under controlled
circumstances. An example would be the ability of laser photography to document a latent
fingerprint found on a body. The fire investigator should determine where this type of
photography is available and make contact with persons or organizations who have these special
capabilities to learn about these techniques.
8-2.3 Composition and Techniques.
Photographs may be the most persuasive factor in the acceptance of the fire investigator’s
theory of the fire’s evolution.
In fire investigation, a series of photographs should be taken to portray the structure and
contents that remain at the fire scene. The investigator generally takes a series of photographs
working from the outside toward the inside of a structure as well as from the unburned toward
the heaviest burned areas. The concluding photographs are usually of the area and point of origin
as well as any elements of the cause of the fire.
It can be useful for the photographer to record, and thereby document, the entire fire scene and
not just the suspected point of origin as it may be necessary to show the degree of smoke spread
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or evidence of undamaged areas.
8-2.3.1 Sequential Photos. Sequential photographs are helpful in understanding the relationship
of a small subject to its relative position in a known area. The small subject is first photographed
from a distant position where it is shown in context with its surroundings. Additional
photographs are then taken increasingly closer until the subject is the focus of the entire frame.

Figure 8-2.3.1 Sequential photographs of a chair.

8-2.3.2 Mosaics. A mosaic or collage of photographs can be useful at times when a sufficiently
wide angle lens is not available and a panoramic view is desired. This is created by assembling a
number of photographs in overlay form to give a more than peripheral view of an area. An
investigator needs to identify items (bench marks) in the edge of the view finder that will appear
in the print and take the next photograph with that same reference point on the opposite side of
the view finder. The two prints can then be combined to obtain a wider view than the camera is
capable of taking in a single shot.
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Figure 8-2.3.2 Mosaic of warehouse burn scene from aerial truck.

8-2.3.3 Photo Diagram. A photo diagram can be useful to the investigator also. When the
finished product of a floor plan is completed, it can be copied and directional arrows can be
drawn to indicate the direction from which each of the photographs was taken. Corresponding
numbers are then placed on the photographs. This will assist in orientation when reviewed by
someone unfamiliar with the fire scene. A diagram prepared to log a set of photographs might
appear as shown in Figure 8-2.3.3.
Recommended documentation includes identification of the photographer, identification of the
fire scene (i.e., address or incident number), and the date that the photographs were taken.
The exact time a photograph is taken does not always need to be recorded. There are instances,
however, when the time period during which a photograph was taken will be important to an
understanding of what the photograph depicts. In photographing an identical subject, natural
lighting conditions that exist at noon may result in a significantly different photographic image
than natural lighting conditions that exist at dusk. When lighting is a factor, the approximate
time or period of day should be noted. Also, the specific time should be noted for any
photograph taken prior to extinguishment of the fire as these often help establish time lines in the
fire’s progress.
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Figure 8-2.3.3 Diagram showing photo locations.

8-2.3.4 Assisting Photographer. If a person other than the fire investigator is taking the
photographs, the angles and composition need to be supervised by the fire investigator to ensure
the shots needed to document the fire are obtained. Investigators must communicate their needs
to the photographer as they may not have a chance to return to the fire scene. The investigators
should not assume the photographer understands what essential photographs are needed without
discussing the content of each photo.
8-2.3.5 Photography and the Courts. For the fire investigator to weave photographs and
testimony together in the court room, one requirement in all jurisdictions is that the photograph
must be relevant to the testimony. There are other requirements that may exist in other
jurisdictions, including noninflammatory content, clarity of the photograph, or lack of distortion.
In most courts, if the relevancy exists, the photograph will usually withstand objections. Since
the first color photographs were introduced into evidence in a fire trial, most jurisdictions have
not distinguished between color or black and white photographs, if the photograph met all other
jurisdictional criteria.
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8-2.4 Video.
In recent years, advancements have made motion pictures more available to the
nonprofessional through the use of video cameras. There are different formats available for video
cameras including VHS, BETA, and 8 mm. Video is a very useful tool to the fire investigator. A
great advantage to video is the ability to orient the fire scene by progressive movement of the
viewing angle. In some ways it combines the use of the photo diagram, photo indexing, floor
plan diagram, and still photos into a single operation.
When taking videos or movies, “zooming-in” or otherwise exaggerating an object should be
avoided as it can be considered as presenting a dramatic effect rather than an objective effect,
that is sometimes required for evidence in litigation work.
Another use of video is for interviews of witnesses, owners, occupants, or suspects when the
documentation of their testimony is of prime importance. If demeanor is important to an
investigator or to a jury the video will sometimes reveal it.
The exclusive use of video tape or movies is not recommended, because such types of
photography are often considered less objective and less reliable than still photographs. Video
should be used in conjunction with still photographs.
8-2.5 Suggested Activities to Be Documented.
An investigation can be enhanced if as many aspects of the fire ground activities can be
documented as possible or practical. The documentation should include suppression activities,
overhaul, and the origin and cause investigation.
8-2.5.1 During the Fire. Photographs of the fire in progress should be taken if the opportunity
exists. These help show the fire’s progression as well as fire department operations. As the
overhaul phase often involves moving the contents and sometimes structural elements,
photographing the overhaul phase will assist in understanding the scene before the fire.
8-2.5.2 Crowd or People Photographs. Photographs of people in a crowd are often valuable for
identifying individuals who may have additional knowledge that can be valuable to the overall
investigation.
8-2.5.3 Fire Suppression Photographs. Fire suppression activities pertinent to the investigation
include the operation of automatic systems as well as the activities of the responding fire
services. All aspects pertinent to these, such as hydrant locations, engine company positions,
hose lays, attack line locations, etc., play a roll in the eventual outcome of the fire. Therefore, all
components of those systems should be photographed.
8-2.5.4 Exterior Photographs. A series of exterior shots should be taken to establish the
location of a fire scene. These could include street signs or access streets, numerical addresses,
or landmarks that can be readily identified and are likely to remain for some time. Surrounding
areas that would represent remote evidence, such as fire protection and exposure damage, should
also be photographed. Exterior photographs should also be taken of all sides and corners of a
structure to reveal all structural members and their relationships with each other.
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Figure 8-2.5.4 The scene should be photographed from all angles and corners.

8-2.5.5 Structural Photographs. Structural photographs document the damage to the structure
after heat and flame exposure. Structural photos can expose burn patterns to track the evolution
of the fire and can assist in understanding the fire’s origin.
A recommended procedure is to include as much as possible all exterior angles and views of
the structure. Oblique corner shots can give reference points for orientation. Photographs should
show all angles necessary for a full explanation of a condition.
Photographs of structural failures such as windows, roofs, or walls should be taken because
such failures can change the route of fire travel and play a significant roll in the eventual
outcome of the fire. Code violations or structural deficiencies should also be photographed
because fire travel patterns may have resulted from those deficiencies.
8-2.5.6 Interior Photographs. Interior photographs are equally important. Lighting conditions
will likely change from the exterior, calling for the need to adjust technique, but the concerns
(tracking and documenting fire travel backward toward the fire origin) are the same. All
ventilation points accessed or created by the fire should be photographed, as well as all smoke,
heat, and burn patterns.
Rooms within the immediate area of the fire origin should be photographed even if there is no
damage. Closets and cabinet interiors should also be documented. In small buildings this could
involve all rooms, but in large buildings it may not be necessary to photograph all rooms unless
there is a need to document the presence, absence, or condition of contents.
All heat-producing appliances or equipment, such as furnaces, in the immediate area of the
origin or connected to the area of origin should be photographed to document their role, if any,
in the fire cause.
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All furniture should be photographed in its original position before and after reconstruction as
well as any protected areas left by any furnishings or other contents. [See Figure 8-2.5.6(b).]
The position of doors and windows during a fire is important, so photographs should be taken
that would document those indications and resulting patterns.
Interior fire protection devices such as detectors, sprinklers, extinguishers used, door closers,
or dampers should be photographed.
Clocks should be photographed to indicate the time power was discontinued to them or the
time in which fire or heat physically stopped their movement.

Figure 8-2.5.6(a) Photograph all four walls and both sides of each door.

Figure 8-2.5.6(b) Floor tile protected from radiant heat by wire.

8-2.5.7 Utility and Appliance Photographs. The utility (gas, electric) entrances and controls
both inside and outside a structure should be photographed. This includes gas and electric
meters, gas regulators, and their location relative to the structure. Also, the electric utility pole(s)
near the structure that are equipped with the transformer serving the structure and the electrical
services coming into the structure, and the fuse or circuit breaker panels should be photographed.
If there are gas appliances in the fire area of origin, the position of all controls on the gas
appliances should be photographed. When photographing electrical circuit breaker panels, the
position of all circuit breaker handles and the panel schedule indicating what electrical
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equipment is supplied by each breaker should be photographed. Likewise, all electrical cords and
convenience outlets pertinent to the fire’s location should be photographed.
8-2.5.8 Evidence Photographs. Items of evidentiary value should be photographed at the scene
and can be rephotographed at the investigator’s office or laboratory if a more detailed view is
needed. During the excavation of the debris strata, articles in the debris may or may not be
recognized as evidence. If photographs are taken in a archaeological manner, the location and
position of evidence that can be of vital importance will be documented permanently.
Photographs orient the articles of evidence in their original location as well as show their
condition when found. Evidence is essential in any court case, and the photographs of evidence
stand strong with proper identification. In an evidentiary photograph, a ruler can be used to
identify relative size of the evidence. Other items can also be used to identify the size of
evidence as long as the item is readily identifiable and of constant size, e.g, a penny. A
photograph should be taken of the evidence without the ruler or marker prior to taking a
photograph with the marker.
8-2.5.9 Victim Photographs. The locations of occupants should be documented, and any
evidence of actions taken or performed by those occupants photographed. This would include
marks on walls, beds they were in, or protected areas where a body was located. If there is a
death involved, the body should be photographed. Surviving victims’ injuries and their clothing
worn should also be photographed.

Figure 8-2.5.9 Protected area where body was located.
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8-2.5.10 Witness Viewpoint Photographs. If during an investigation witnesses surface and give
testimony as to what they observed from a certain vantage point, a photograph should be taken
from the most identical view available. This photograph will orient all persons involved with the
investigation as well as a jury to the direction of the witnesses’ observation and could support or
refute the possibility of them seeing what they said they saw.
8-2.5.11 Aerial Photographs. The views from a high vantage point, which can be an aerial fire
apparatus, adjacent building or hill, or from an airplane or helicopter, can often reveal fire spread
patterns. Aerial photography can be expensive, and a number of special problems exist that can
affect the quality of the results. It is suggested that the investigator seek the advice or assistance
of an experienced aerial photographer when such photographs are desired.
8-2.6 Photography Tips.
Investigators can help themselves by remembering certain photography tips.
(a) Upon arrival at a fire scene and after shooting an 18 percent gray card, photograph a
written “title sheet” that shows identifying information (i.e., location, date, or situational
information).
(b) Label the film canister after each use to prevent confusion or loss.
(c) If the investigator’s budget will allow, bulk film can be purchased and loaded into
individual canisters that can allow for specific needs in multiple roll sizes and can be less
expensive in certain situations.
(d) Carry a tripod that will allow for a more consistent mosaic pattern, alleviate movement and
blurred photographs, and assist in keeping the camera free of fire debris. A quick release shoe on
the tripod will save time.
(e) Do not combine multiple fire incidents on one roll of film. Complete each fire scene and
remove the last roll from the camera before leaving the scene. This will eliminate many types of
potential confusion and problems later on.
(f) Carry extra batteries, especially in cold weather when they can be drained quickly. Larger
and longer life battery packs and battery styles are available.
(g) The investigator should remember not to leave the batteries in the photography equipment
for an extended period of time. Leaking batteries can cause a multitude of problems to electrical
and mechanical parts.
(h) Avoid obstruction of the flash or lens by hands, camera strap, or parts of the fire scene.
Additionally, when the camera is focused and ready to shoot, both eyes should be opened to
determine if the flash went off.
8-3 Note Taking.
Note taking is a complement to drawings and photographs and should primarily be used to
supplement items and document items that cannot be photographed or drawn. These may
include:
(a) Names and addresses,
(b) Model/serial numbers,
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(c) Statements,
(d) Photo log,
(e) Identification of items,
(f) Types of materials (e.g., wood paneling, foam plastic, carpet).
8-3.1 Tape Recorders.
Many investigators like to dictate their notes into portable tape recorders. Since people may
have difficulty phrasing sentences, it is perfectly acceptable to edit the transcribed version of a
tape recording before filing the notes.
The investigator should be careful not to rely solely on tape recorders or any single piece of
equipment when documenting critical pieces of information or evidence.
8-4 Drawings.
Various types of drawings, including sketches, diagrams, and plans, can be made or obtained
to assist the investigator in documenting and analyzing the fire scene.
Depending on the size or complexity of the fire, various techniques can be used to prepare the
drawings. The exact detail required in the drawings depends on the decision of the specific
investigator. As with photographs, drawings are used to support memory, as the investigator
typically gets only one chance to inspect the fire scene.
8-4.1 Fire Investigation Drawings.
After selecting the level of detail to which a drawing will be made, the fire investigator needs
to decide how to record the damage patterns observed during the investigation. Once again, the
detail needed is the decision of the investigator and should be made with the realization that
there may be only one chance to document the scene. The detail may be a general approximation
or a precise measurement. Supplemented by photographs, drawings of damage patterns provide
good documentation of a fire scene and can assist an investigator in reanalyzing a fire scene if
previously unknown information becomes available.
8-4.2 Types of Drawings.
The investigator may wish to make several types of drawings to assist in analyzing or
explaining a fire scene. Figures 8-4.2(a) through 8-4.2(f) are illustrative of drawing
documentation.
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Figure 8-4.2(a) Site plan showing photo and witness locations.
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Figure 8-4.2(b) Detailed floor plan.
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Figure 8-4.2(c) Prefire contents diagram.
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Figure 8-4.2(d) Exploded room diagram showing damage patterns, sample locations, and photo locations.
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Figure 8-4.2(e) Contents reconstruction diagram showing damaged furniture in original positions.
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Figure 8-4.2(f) An Isochar diagram showing lines of equal char depth on exposed floor joists.

8-4.3 Selection of Drawings.
In selecting the type of drawing to obtain or create, the investigator should ask what
construction features, equipment, or other factors were important to the cause, origin, and spread
of the fire. For example, if the interior finish of a facility contributed to the fire, then a drawing
showing the location of the material is important; or if the building caught fire due to an
adjoining building burning, then a plan showing the location of the two buildings would be
important. If a flammable liquid was used in a fire, it would be important to show where it was
used and how it was connected.
8-4.4* Symbols.
The selection of drawing symbols is the investigator’s decision. Most importantly, the
investigator should be consistent with the symbols used on a fire scene drawing. If an “E” is used
to represent an “Exit Sign,” it should not also represent an “Entrance.”
8-4.5 Minimum Drawings.
In all fire cases the minimum drawing should consist of a simple sketch. A typical building
sketch would show the relative locations of rooms, stairs, windows, doors, and associated
damage. These drawings can be done freehand with dimensions that are paced off or
approximated. This type of drawing should suffice on fire cases where the fire analysis and
conclusions are simple. (See Figure 8-4.5.)
More complex scenes or litigation cases may require developing or acquiring actual building
plans and detailed documentation of construction, equipment, furnishings, witnesses, and
damage.
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Figure 8-4.5 Minimum drawing for simple fire analysis.

8-4.6 Architectural and Engineering Drawings.
Many types of drawings are available and, to a student of drawing presentation, there are many
references available for additional reading. For the fire investigator trying to document a scene, it
is more important to be aware of the general names of drawings and the level of detail on each
type of drawing. The architectural and engineering community generally use the following types
of drawings in the design and construction process, starting with the least detail and in order:
(a) Sketches. Freehand drawings of concepts.
(b) Schematic Design Drawings. Drafted drawings showing the preliminary design layout with
little detail.
(c) Design Development Drawings. Drafted drawings defining and detailing the schematic
drawings.
(d) Construction Drawings. Drafted drawings with extensive detail showing what was used by
contractors to build the structure.
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(e) As-Built Drawings. Drafted drawings showing any field modifications to the construction
drawings and reflecting the finished structure.
8-4.6.1 Drawing Variations. Within the design and construction process, there are several types
of drawings with which the investigator should be familiar. The most common drawings, along
with the specialty that generally prepare them, are shown in Table 8-4.6.1.
Table 8-4.6.1 Design and Construction Drawing That May Be Available
Type

Information

Discipline

Topographical

Shows the various grade of the land

Surveyor

Site Plan

Shows the structure on the property with sewer, water, electrical distributions to the structure

Civil Engineer

Floor Plan

Shows the walls and rooms of structure as if you were looking down on it

Architect

Plumbing

Layout and size of piping for fresh and waste water

Mechanical Engine

Electrical

Size and arrangement of service entrance, switches and outlets, fixed electrical appliances

Electrical Engineer

Mechanical

HVAC system

Mechanical Engine

Sprinkler/Fire Alarm

Self-explanatory

Fire Protection Eng

Structural

Frame of building

Structural Enginee

Elevations

Shows interior/exterior walls

Architect

Cross Section

Shows what the inside of components look like if cut through

Architect

Details

Show close-ups of complex areas

All Disciplines

8-5 Architectural and Engineering Schedules.
On larger projects, it may be necessary to detail the types of equipment in lists that are called
“schedules.” Where many components are needed with great detail, a schedule will usually exist.
Typical schedules are as follows:
(a) Fan schedule,
(b) Door schedule,
(c) Interior finish schedule,
(d) Lighting schedule.
8-6* Specifications.
Architects and engineers prepare specifications to accompany their drawings. While the
drawings show the geometry of the project, the specifications detail the quality of the materials,
responsibilities of various contractors, and the general administration of the project.
Specifications are usually divided into sections for the various components of the building. For
the fire investigator, the properties of materials could be identified through a specification review
and may assist in the analysis.
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Chapter 9 Physical Evidence
9-1 General.
During the course of any fire investigation, the fire investigator is likely to be responsible for
locating, collecting, identifying, storing, examining, and arranging for testing of physical
evidence. The fire investigator must be thoroughly familiar with the recommended and accepted
methods of processing such physical evidence.
9-2 Physical Evidence.
Physical evidence, defined generally, is any physical or tangible item that tends to prove or
disprove a particular fact or issue. Physical evidence at the fire scene may be relevant to the
issues of the origin, cause, spread, or the responsibility for the fire.
9-2.1 Authority and Decision to Collect Physical Evidence.
The decision on what physical evidence to collect at the incident scene for submission to a
laboratory or other testing facility for examination and testing, or for support of a fact or opinion,
rests with the fire investigator. This decision may be based on a variety of considerations, such
as the scope of the investigation, legal requirements, or prohibition (see Section 5-2). Additional
evidence may also be collected by others, including other investigators, insurance company
representatives, manufacturer’s representatives, owners, and occupants.
9-2.2 Comparison Samples.
When collecting physical evidence for examination and testing, it is often necessary to also
collect comparison samples.
The collection of comparison samples is especially important when collecting materials that
are believed to contain liquid or solid accelerant. For example, the comparison sample for
physical evidence consisting of a piece of carpeting believed to contain a liquid accelerant would
be a piece of the same carpeting that does not contain any of the liquid accelerant. Comparison
samples allow the laboratory to evaluate the possible contributions of volatile pyrolysis products
to the analysis and also to estimate the flammability properties of the normal fuel present.
If mechanical or electrical equipment is suspected in the fire ignition, similar equipment may
be identified or collected as a comparison sample.
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Figure 9-2.2 Collection of a comparison sample.

9-3 Preservation of the Fire Scene and Physical Evidence.
9-3.1 Preservation of the Fire Scene.
The fire scene itself should be considered evidence because the examination and analysis of
that fire scene is vitally important in determining the origin of the fire, the cause of the fire, and
the responsibility for the fire. The preservation of the fire scene should begin with arriving
fire-fighting units. Improper preservation of the fire scene will usually result in the
contamination, loss, or unnecessary movement of other physical evidence within that fire scene,
any one of which may reduce the evidentiary value of the physical evidence. The fire
investigator should, therefore, secure the fire scene from unauthorized intrusions. Access to the
fire scene should be limited to only those persons who need to be there.
Fire crews should avoid causing unnecessary damage when using straight stream hose lines,
pulling ceilings, breaking windows, collapsing walls, and performing overhaul and salvage. Use
of power tools and gasoline- or diesel-powered equipment should be carefully monitored to
guard against fuel spillage, and refueling of any equipment should be done outside the building.
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Figure 9-3.1 Physical evidence such as this small paper match could easily be destroyed or lost in an
improperly preserved fire scene.

9-3.2 Preservation of Physical Evidence.
The fire investigator will usually locate specific items of physical evidence within the fire
scene. The movement of such physical evidence should be avoided whenever possible until it has
been properly documented.
Often, it will be necessary for the fire investigator to preserve and protect specific items of
physical evidence. Burn patterns on the floor, for example, may have to be roped off or covered
with a tarp to prevent them from being walked on. Other physical evidence may have to be
covered with cardboard boxes to protect it. Whatever type of physical evidence is encountered,
the fire investigator should take every reasonable precaution to preserve and protect it.
9-4 Contamination of Physical Evidence.
Contamination of physical evidence can occur from improper methods of collection, storage,
or shipment. Like improper preservation of the fire scene, any contamination of physical
evidence may reduce the evidentiary value of the physical evidence.
9-4.1 Contamination of Evidence Containers.
Often, physical evidence becomes contaminated through the use of contaminated evidence
containers. As such, the fire investigator should take every reasonable precaution to ensure that
new and uncontaminated evidence containers are stored separately from used containers or
contaminated areas.
One practice that may help to limit a possible source of cross contamination of evidence
collection containers, including steel paint cans or glass jars, is to seal them immediately after
receipt from the supplier. The containers should remain sealed during storage and transportation
to the evidence collection site. An evidence collection container should be opened only to
receive evidence at the collection point at which time it would be resealed pending laboratory
examination.
9-4.2* Contamination During Collection.
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Most contamination of physical evidence occurs during its collection. This is especially true
during the collection of liquid and solid accelerant evidence. The liquid and solid accelerant may
be absorbed by the fire investigator’s gloves or may be transferred onto the collection tools and
instruments.
Avoiding cross contamination of any subsequent physical evidence, therefore, becomes critical
to the fire investigator. To prevent such cross contamination, the fire investigator can wear
disposable plastic gloves or place his or her hands into plastic bags during the collection of the
liquid or solid accelerant evidence. New gloves or bags should always be used during the
collection of each subsequent item of liquid or solid accelerant evidence.
An alternative method to limit contamination during collection is to utilize the evidence
container itself as the collection tool. For example, the lid of a metal can may be used to scoop
the physical evidence into the can, thereby eliminating any cross contamination from the fire
investigator’s hands, gloves, or tools.
Likewise, any collection tools or overhaul equipment such as brooms, shovels, or squeegees
utilized by the fire investigator need to be thoroughly cleaned between the collection of each
item of liquid or solid accelerant evidence to prevent similar cross contamination. The fire
investigator should be careful, however, not to use waterless or other types of cleaners that may
contain volatile solvents.
9-5 Methods of Collection.
The collection of physical evidence is an integral part of a properly conducted fire
investigation. The method of collection of the physical evidence is determined by many factors,
including:
(a) Physical state — whether the physical evidence is a solid, liquid, or gas;
(b) Physical characteristics — the size, shape, and weight of the physical evidence;
(c) Fragility — how easily the physical evidence may be broken, damaged, or altered;
(d) Volatility — how easily the physical evidence may evaporate.
Regardless of which method of collection is employed, the fire investigator should be guided
by the policies and procedures of the laboratory that will examine or test the physical evidence.
9-5.1* Documenting the Collection of Physical Evidence.
Physical evidence should be thoroughly documented before it is moved. This documentation
can be best accomplished through field notes, written reports, sketches, and diagrams with
accurate measurements and photography. The diagramming and photography should always be
accomplished before the physical evidence is moved or disturbed. The investigator should
endeavor to maintain a list of all evidence removed and who removed it.
The purpose of such documentation is two-fold. First, the documentation should assist the fire
investigator in establishing the origin of the physical evidence, including not only its location at
the time of discovery, but also its condition and relationship to the fire investigation. Secondly,
the documentation should also assist the fire investigator in establishing that the physical
evidence has not been contaminated or altered.

Copyright 1996 NFPA

Figure 9-5.1 Using photography to document the collection of evidence.

9-5.2 Collection of Traditional Forensic Physical Evidence.
Traditional forensic physical evidence includes, but is not limited to, finger and palm prints,
bodily fluids such as blood and saliva, hair and fibers, footwear impressions, tool marks, soils
and sand, woods and sawdust, glass, paint, metals, handwriting, questioned documents, and
general types of trace evidence. Although usually associated with other types of investigations,
these types of physical evidence may also become part of a fire investigation. The recommended
methods of collection of such traditional forensic physical evidence varies greatly. As such, the
fire investigator should consult with the forensic laboratory that will examine or test the physical
evidence.
9-5.3 Collection of Evidence for Accelerant Testing.
An accelerant is any agent, often an ignitible liquid, used to initiate or speed the spread of fire.
Accelerant may be found in any state: gas, liquid, or solid. Evidence for accelerant testing should
be collected and tested in accordance with ASTM E1387, Standard Test Method for Flammable
or Combustible Liquid Residues in Extracts from Samples of Fire Debris by Gas
Chromatography.
Liquid accelerants have unique characteristics that are directly related to their collection as
physical evidence. These characteristics include the following:
(a) Liquid accelerants are readily absorbed by most structural components, interior furnishings,
and other fire debris.
(b) Generally, liquid accelerants float when in contact with water (alcohol is a noted
exception).
(c) Liquid accelerants have remarkable persistence (survivability) when trapped within porous
material.
9-5.3.1 Collection of Liquid Samples for Accelerant Testing. When a possible liquid
accelerant is found in a liquid state, it can easily be collected using any one of a variety of
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methods. Whichever method is employed, however, the fire investigator must be certain that the
evidence does not become contaminated.
If readily accessible, the liquid accelerant may be collected with a new syringe, eye dropper,
pipette, siphoning device, or the evidence container itself. Sterile cotton balls or gauze pads may
also be used to absorb the liquid. This method of collection results in the liquid accelerant
becoming absorbed by the cotton balls or gauze pads. The cotton balls or gauze pads and their
absorbed contents then become the physical evidence that must be sealed in an airtight container
and submitted to the laboratory for examination and testing.
9-5.3.2 Collection of Liquid Evidence Absorbed by Solid Materials. Often, liquid accelerant
evidence may be found only if the liquid accelerant has been absorbed by solid materials,
including soils and sands. This method of collection merely involves the collection of these solid
materials with their absorbed contents. The collection of these solid materials may be
accomplished by scooping them with the evidence container itself or by cutting, sawing, or
scraping. Raw, unsealed, or sawed edges, ends, nail holes, cracks, knot holes, and other similar
areas of wood, plaster, sheet rock, mortar, or even concrete are particularly good areas to sample.
If deep penetration is suspected, the entire cross section of material should be removed and
preserved for laboratory evaluation. In some solid material, such as soil or sand, the liquid
accelerant may absorb deeply into the material. The investigator should therefore remove
samples from a greater depth.
In those situations where liquid accelerants are believed to have become trapped in porous
material such as a concrete floor, the fire investigator may use absorbent materials such as lime,
diatomaceous earth, or non-self-rising flour. This method of collection involves spreading the
absorbent onto the concrete surface, allowing it to stand for 20 to 30 minutes, and securing it in a
clean, airtight container. The absorbent is then extracted in the laboratory. The investigator
should be careful to use clean tools and containers for the recovery step since the absorbent is
easily contaminated. A sample of the unused absorbent should be preserved separately for
analysis as a comparison sample.
9-5.3.3 Collection of Solid Samples for Accelerant Testing. Solid accelerant may be common
household materials and compounds or dangerous chemicals. When collecting solid accelerant
evidence, the fire investigator must ensure that the solid accelerant evidence is maintained in the
physical state in which it was found. Since some incendiary materials remain corrosive or
reactive, care must be taken in packaging to ensure the corrosive nature of these residues does
not attack the packaging container. In addition such materials should be handled carefully by
personnel for their own safety.
9-5.4 Collection of Gaseous Samples.
During certain types of fire and explosion investigations, especially those involving fuel gases,
it may become necessary for the fire investigator to collect a gaseous sample. The collection of
gaseous samples may be accomplished by several methods.
The first method involves the use of commercially available mechanical sampling devices.
These devices merely draw a sample of the gaseous atmosphere and contain it in a sample
chamber or draw it through a trap of charcoal or polymer adsorbing material for later analysis.
Another method is the utilization of evacuated air sampling cans. These cans are specifically
designed for taking gaseous samples.
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Still another method employs the use of a clean glass bottle filled with distilled water. Distilled
water is utilized as it has had most of the impurities removed from it. This method simply
requires that the fire investigator pour the distilled water out of its bottle in the atmosphere to be
sampled. As the distilled water leaves the bottle, it is replaced by the gaseous sample. The bottle
is then capped, and the sample has been obtained.

Figure 9-5.4 Gathering a gaseous sample.

9-5.5 Collection of Electrical Equipment and Components.
Before attempting to collect electrical equipment or components, the fire investigator should
verify that all sources of electricity are off or disconnected. All safety procedures described in
Chapter 10 should be followed. Electrical equipment and components may be collected as
physical evidence to assist the fire investigator in determining whether or not the component was
related to the cause of the fire.
Electrical components, after being involved in a fire, may become brittle and subject to
damage if mishandled. Therefore, methods and procedures used in collection must preserve, as
far as practical, the condition in which the physical evidence was found. Before any electrical
component is collected as physical evidence, it should be thoroughly documented, including
being photographed and diagrammed. Electrical wiring can usually be easily cut and removed.
This type of evidence may consist of a short piece, a severed or melted end, or it might be a
much longer piece, including an unburned section where the wiring’s insulation is still intact.
The fire investigator should collect the longest section of wiring practicable so that any
remaining insulation can also be examined. Before wires are cut, a photograph should be taken
of the wire(s), and then both ends of the wire should be tagged and cut so that they can be
identified as to:
(a) The device or appliance to which it was attached or from which it was severed,
(b) The circuit breaker or fuse number or location to which the wire was attached or from
which it was severed,
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(c) The wire’s path or the route it took between the device and the circuit protector.
Electrical switches, receptacles, thermostats, relays, junction boxes, electrical distribution
panels, and similar equipment and components are often collected as physical evidence. It is
recommended that these types of electrical evidence be removed intact, in the condition in which
they were found.
When practical, it is recommended that any fixtures housing such equipment and components
be removed without disturbing the components within them. Electrical distribution panels, for
example, should be removed intact. An alternative method, however, would be the removal of
individual fuse holders or circuit breakers from the panel. If the removal of individual
components becomes necessary, the fire investigator should be careful not to operate or
manipulate them, and to carefully document their position and function in the overall electrical
distribution system.
If the investigator is unfamiliar with the equipment, he or she should obtain assistance from
someone knowledgeable regarding the equipment prior to disassembly or on-scene testing to
prevent damage to the equipment or components.
9-5.6 Collection of Appliances or Small Electrical Equipment.
Whenever an appliance or other type of equipment is believed to be part of the ignition
scenario, it is recommended that the fire investigator have it examined or tested. Appliances may
be collected as physical evidence to support the fire investigator’s determination that the
appliance was or was not the cause of the fire. This type of physical evidence may include many
diverse items from the large (furnaces, water heaters, stoves, washers, dryers) to the small
(toasters, coffee pots, radios, irons, lamps).
Where practical, the entire appliance or item of equipment should be collected as physical
evidence. This includes any electrical power cords or fuel lines supplying or controlling it.
Where the size or damaged condition of an appliance or item of equipment makes it
impractical to be removed in its entirety, it is recommended that it be secured in place for
examination and testing. Often, however, only a single component or group of components in an
appliance or item of equipment may be collected as physical evidence. In that case, the fire
investigator must ensure that the removal, transportation, and storage of such evidence maintains
the physical evidence in its originally discovered condition.
9-6 Evidence Containers.
Once collected, physical evidence should be placed and stored in an appropriate evidence
container. Like the collection of the physical evidence itself, the selection of an appropriate
evidence container also depends on the physical state, physical characteristics, fragility, and
volatility of the physical evidence. The evidence container should preserve the integrity of the
evidence and prevent any change to or contamination of the evidence.
Evidence containers may be common items, such as envelopes, paper bags, plastic bags, glass
containers, or metal cans, or they may be containers specifically designed for certain types of
physical evidence. The investigator’s selection of an appropriate evidence container should be
guided by the policies and procedures of the laboratory that will examine or test the physical
evidence or the use to which the evidence will be subjected.
9-6.1 Liquid and Solid Accelerant Evidence Containers.
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It is recommended that containers used for the collection of liquid and solid accelerant
evidence be limited to four types. These include metal cans, glass jars, special evidence bags,
and common plastic evidence bags.
The fire investigator should be concerned with preventing the evaporation of the accelerant
and preventing its contamination. It is important, therefore, that the container used be completely
sealed to prohibit such evaporation or contamination.
9-6.1.1 Metal Cans. The recommended container for the collection of liquid and solid accelerant
evidence is an unused, unlined metal can. It is important that the can be unlined, as the common
lacquer linings in some cans may cause erroneous test results during laboratory examination and
testing of the physical evidence contained in such cans. In order to allow space for vapor
samples to be taken during such examinations and testing, the can should not be more than
two-thirds full.
The advantages of using metal cans include their availability, economic price, durability, and
ability to prevent the evaporation of volatile liquids.
The disadvantages, however, include the inability to view the evidence without opening the
container, the space requirements for storage, and the tendency of the container to rust when
stored for long periods of time. If metal cans are used to store bulk quantities of volatile liquids,
such as gasoline, high storage temperatures [above 100°F (38°C)] can produce sufficient vapor
pressure to force the lid open and cause loss of sample. For such samples, glass jars may be more
appropriate.

Figure 9-6.1.1 Various types of metal cans.

9-6.1.2 Glass Jars. Glass jars can also be used for the collection of liquid and solid accelerant
evidence. It is important that the jars not have glued cap liners or rubber seals, especially when
bulk liquids are collected. The glue often contains traces of solvent that can contaminate the
sample, and rubber seals can soften or even dissolve in the presence of liquid accelerants or their
vapors, allowing leakage or loss of the sample. In order to allow space for vapor samples to be
taken during examination and testing, the glass jar should not be more than two-thirds full.
The advantages of using glass jars include their availability, low price, the ability to view the
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evidence without opening the jar, the ability to prevent the evaporation of volatile liquids, and
their lack of deterioration when stored for long periods of time.
The disadvantages, however, include their tendency to break easily and their physical size,
which often prohibits the storage of large quantities of physical evidence.
9-6.1.3 Special Evidence Bags. Special bags designed specifically for liquid and solid
accelerant evidence can also be used for collection. Unlike common plastic evidence bags, these
special evidence bags do not have a chemical composition that can cause erroneous test results
during laboratory examination and testing of the physical evidence contained in such bags.
The advantages of using special evidence bags include their ready availability in a variety of
shapes and sizes, economic price, ability to view the evidence without opening the bag, ease of
storage, and ability to prevent the evaporation of volatile liquids.
The disadvantages, however, are that they are susceptible to being damaged easily, resulting in
the contamination of the physical evidence contained in them; they may be difficult to seal
adequately; and they have a tendency to degrade or decompose when in contact with some types
of liquid and solid accelerant.
9-6.1.4 Common Plastic Bags. Common plastic bags may also be used for the collection of
liquid and solid accelerant evidence. However, they may have a chemical composition that may
cause erroneous test results during laboratory examination and testing of the physical evidence
contained in such bags. As such, common plastic bags should be used only when no other
alternative is available.
The advantages of using common plastic bags include their ready availability in a variety of
shapes and sizes, economic price, ability to view the evidence without opening the bag, and ease
of storage.
The disadvantages, however, are their susceptibility to easy damage (tearing and penetration),
resulting in the contamination of the physical evidence contained in them, and their marked
inability to retain light hydrocarbons and alcohols, resulting in loss of the sample,
misidentification, or cross contamination between containers in the same box.
9-7 Identification of Physical Evidence.
All evidence must be marked or labeled for identification at the time of collection.
Recommended identification includes the name of the fire investigator collecting the physical
evidence, the date and time of collection, an identification name or number, the case number and
item designation, a description of the physical evidence, and where the physical evidence was
located. This can be accomplished directly on the container or on a preprinted tag or label that is
then securely fastened to the container.
The fire investigator should be careful that the identification of the physical evidence cannot
be easily damaged, lost, removed, or altered. The fire investigator should also be careful that the
placement of the identification, especially adhesive labels, does not interfere with subsequent
examination or testing of the physical evidence at the laboratory.
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Figure 9-7 Marking of the evidence container.

9-8 Transportation and Storage of Physical Evidence.
Transportation of physical evidence to the laboratory or testing facility can be done either by
hand delivery or shipment.
9-8.1 Hand Delivery.
Whenever possible, it is recommended that physical evidence be hand delivered for
examination and testing. Hand delivery minimizes the potential of the physical evidence
becoming damaged, misplaced, or stolen.
During such hand delivery, the fire investigator should take every precaution to preserve the
integrity of the physical evidence. It is recommended that the physical evidence remain in the
immediate possession and control of the fire investigator until arrival and transfer of custody at
the laboratory or testing facility.
The fire investigator should define the scope of the examination or testing desired in writing.
This request should include the name, address, and telephone number of the fire investigator; a
detailed listing of the physical evidence being submitted for examination and testing; and any
other information required, dependent on the nature and scope of the examination and testing
requested. This request may also include the facts and circumstances of the incident yielding the
physical evidence.
9-8.2 Shipment.
It may sometimes become necessary to ship physical evidence to a laboratory or testing facility
for examination and testing. When this becomes necessary, the fire investigator should take
every precaution to preserve the integrity of that physical evidence.
The fire investigator should choose a cardboard box of sufficient size to adequately hold all of
the individual evidence containers from a single investigation. Physical evidence from more than
one investigation should never be placed in the same shipment.
The individual evidence containers should be packaged securely within the cardboard box. The
cardboard box should be sealed with tamper-resistant tape to detect unauthorized opening. The
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outside of the cardboard box should be marked conspicuously to indicate that it contains physical
evidence.
A “Letter of Transmittal” should be placed in a sealed envelope and attached to the sealed
cardboard box. A letter of transmittal is a written request for laboratory examination and testing.
It should include the name, address, and telephone number of the fire investigator, a detailed
listing of the physical evidence being submitted for examination and testing, the nature and
scope of the examination and testing desired, and any other information required, depending on
the nature and scope of the examination and testing requested. This letter of transmittal may also
include the facts and circumstances of the incident yielding the physical evidence.
Both the sealed cardboard box and the sealed envelope containing the letter of transmittal
should then be wrapped in parcel wrapping paper. This outer wrapping should also be sealed
with tamper-resistant tape. This outer wrapping allows review of the letter of transmittal before
actual opening of the cardboard box containing the physical evidence. (See Figure 9-8.2.)
Before shipment, it is recommended that the fire investigator perform a photographic survey of
the sealed package. A photographic survey is simply a series of photographs that show the
condition of the sealed package prior to its shipment.
The sealed package should be shipped by registered United States mail or any commercial
courier service. The fire investigator should, however, always request return receipts and
signature surveillance.
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Figure 9-8.2 Shipping evidence.

9-8.2.1 Shipping Electrical Evidence. In addition to the procedures described in 9-8.2, the
investigator should be aware that some electrical equipment components with sensitive
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electromechanical components may not be suitable for shipment. Examples include certain
circuit breakers, relays, or thermostats. The fire investigator should consult personnel at
laboratory or testing facilities for advice on how to transport the evidence.
9-8.2.2 Volatile or Hazardous Materials. The fire investigator is cautioned about shipping
volatile or hazardous materials. The investigator must ensure that such shipments are made in
accordance with applicable federal, state, and local law. When dealing with volatile evidence it
is important that the evidence be protected from extremes of temperature. Freezing or heating of
the volatile materials may affect lab test results. Generally, the lower the temperature at which
the evidence is stored, the better the volatile sample will be preserved, but it should not be
allowed to freeze.
9-8.3 Storage of Evidence.
Physical evidence should be maintained in the best possible condition until it is no longer
needed. It should always be protected from loss, contamination, and degradation. Heat, sunlight,
and moisture are the chief sources of degradation of most kinds of evidence. Dry and dark
conditions are preferred, and the cooler the better. Refrigeration of volatile evidence is strongly
recommended. If a sample is being collected for fire-debris analysis, it may be frozen since
freezing will prevent microbial and other biological degradation. However, freezing may
interfere with flash point or other physical tests and may burst water-filled containers.
9-9 Chain of Custody of Physical Evidence.
The value of physical evidence entirely depends on the fire investigator’s efforts to maintain
the security and integrity of that physical evidence from the time of its initial discovery and
collection to its subsequent examination and testing. At all times after its discovery and
collection, physical evidence should be stored in a secured location that is designed and
designated for this purpose. Access to this storage location must be limited in order to limit the
chain of custody to as few persons as possible. Wherever possible, the desired storage location is
one that is under the sole control of the fire investigator.
When it is necessary to pass chain of custody from one person to another, this should be done
using a form on which the receiving person signs for the physical evidence. Figure 9-9 shows an
example of such a form.
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Figure 9-9 Chain of custody form.

9-10 Examination and Testing of Physical Evidence.
Once collected, physical evidence is usually examined and tested in a laboratory or other
testing facility. Physical evidence may be examined and tested to identify its chemical
composition; to establish its physical properties; to determine its conformity or lack of
conformity to certain legal standards; to establish its operation, inoperation, or malfunction; to
determine its design sufficiency or deficiency, or other issues that will provide the fire
investigator with an opportunity to understand and determine the origin of a fire, the specific
cause of a fire, the contributing factors to a fire’s spread, or the responsibility for a fire. The
investigator should consult with the laboratory or other testing facility to determine what specific
services are provided and what limitations are in effect.
9-10.1 Laboratory Examination and Testing.
A wide variety of standardized tests are available depending on the physical evidence and the
issue or hypothesis being examined or tested. Such tests should be performed and carried out by
procedures that have been standardized by some recognized group. Such conformance better
ensures that the results are valid and that they will be comparable to results from other
laboratories or testing facilities.
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It should be noted that the results of many laboratory examinations and tests may be affected
by a variety of factors. These factors include the abilities of the person conducting or interpreting
the test, the capabilities of the particular test apparatus, the maintenance or condition of the
particular test apparatus, sufficiency of the test protocol, and the quality of the sample or
specimen being tested. Fire investigators must be aware of these factors when using the
interpretations of test results.
If it is determined that testing might alter the evidence, interested parties should be notified
prior to testing to allow them an opportunity to object or be present at the testing. Guidance
regarding notification can be found in ASTM E860, Standard Practice for Examining and
Testing Items That Are or May Become Involved in Product Liability Litigation.
9-10.2 Test Methods.
The following is a listing of selected analytical methods and tests that are applicable to certain
fire investigations. When utilizing laboratories to perform any of these tests, investigators should
be aware of the quality of the laboratory results that can be expected.
9-10.2.1 Gas Chromatography (GC). The test method separates the mixtures into their
individual components and then provides a graphical representation of each component and its
relative amount. The method is useful for mixtures of gases or liquids that can be vaporized
without decomposition. Gas chromatography is sometimes a preliminary test that may indicate
the need for additional testing to specifically identify the components. For most petroleum
distillate accelerants, gas chromatography provides adequate characterization if conducted
according to accepted methods. These methods are described in ASTM E1387, Standard Test
Method for Flammable or Combustible Liquid Residues in Extracts from Samples of Fire Debris
by Gas Chromatography.
9-10.2.2 Mass Spectrometry (MS). This test method is usually employed in conjunction with
gas chromatography. The method further analyzes the individual components that have been
separated during gas chromatography.
9-10.2.3 Infrared Spectrophotometer (IR). This test method can identify some chemical
species by their ability to absorb infrared light in specific wavelength regions.
9-10.2.4 Atomic Absorption (AA). This test method identifies the individual elements in
nonvolatile substances, such as metals, ceramics, or soils.
9-10.2.5 X-Ray Fluorescence. This test analyzes for metallic elements by evaluating an
element’s response to X-ray photons.
9-10.2.6 Flash Point by Tag Closed Tester (ASTM D56). This test method covers the
determination of the flash point, by Tag closed tester, of liquids having low viscosity and a flash
point below 200°F (93°C). Asphalt and those liquids that tend to form a surface film under test
conditions, and materials that contain suspended solids are tested using the Pensky-Martens
closed tester.
9-10.2.7 Flash and Fire Points by Cleveland Open Cup (ASTM D92). This test method
covers determination of the flash and fire points of all petroleum products, except oils, and those
having an open cup flash point below 175°F (79°C).
9-10.2.8 Flash Point by Pensky-Martens Closed Tester (ASTM D93). These test methods
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cover the determination of the flash point by Pensky-Martens closed-cup tester of fuel oils,
lubricating oils, suspensions of solids, liquids that tend to form a surface film under test
conditions, and other liquids.
9-10.2.9 Flash Point and Fire Point of Liquids by Tag Open-Cup Apparatus (ASTM
D1310). This test method covers the determination by Tag open-cup apparatus of the flash point
and fire point of liquids having flash points between 0°F and 325°F (–18°C and 163°C) and fire
points up to 325°F (163°C).
9-10.2.10 Flash Point by Setaflash Closed Tester (ASTM D3828). These test methods cover
procedures for the determination of flash point by a Setaflash closed tester. Setaflash methods
require smaller specimens than the other flash point tests.
9-10.2.11 Autoignition Temperature of Liquid Chemicals (ASTM E659). This method covers
the determination of hot- and cool-flame autoignition temperatures of a liquid chemical in air at
atmospheric pressure in a uniformly heated vessel.
9-10.2.12 Heat of Combustion of Hydrocarbon Fuels by Bomb Calorimeter (High Precision
Method) (ASTM D2382). This test method covers the determination of the heat of combustion
of hydrocarbon fuels. It is designed specifically for use with aviation fuels when the permissible
difference between duplicate determinations is of the order of 0.1 percent. It can be used for a
wide range of volatile and nonvolatile materials where slightly greater differences in precision
can be tolerated.
9-10.2.13 Flammability of Apparel Textiles (ASTM D1230). This test method covers the
evaluation of the flammability of textile fabrics as they reach the consumer for or from apparel
other than children’s sleepwear or protective clothing.
9-10.2.14 Cigarette Ignition Resistance of Mock-Up Upholstered Furniture Assemblies
(ASTM E1352). This test method is intended to cover the assessment of the resistance of
upholstered furniture mock-up assemblies to combustion after exposure to smoldering cigarettes
under specified conditions.
9-10.2.15 Cigarette Ignition Resistance of Components of Upholstered Furniture (ASTM
E1353). This test method is intended to evaluate the ignition resistance of upholstered furniture
component assemblies when exposed to smoldering cigarettes under specified conditions.
9-10.2.16 Flammability of Finished Textile Floor Covering Materials (ASTM D2859). This
test method covers the determination of the flammability of finished textile floor covering
materials when exposed to an ignition source under controlled laboratory conditions. It is
applicable to all types of textile floor coverings regardless of the method of fabrication or
whether they are made from natural or manmade fibers. Although this test method may be
applied to unfinished material, such a test is not considered satisfactory for the evaluation of a
textile floor covering material for ultimate consumer use.
9-10.2.17 Flammability of Aerosol Products (ASTM D3065). This method covers the
determination of flammability hazards for aerosol products.
9-10.2.18 Surface Burning Characteristics of Building Materials (ASTM E84). This test
method for the comparative surface burning behavior of building materials is applicable to
exposed surfaces, such as ceilings or walls, provided that the material or assembly of materials,
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by its own structural quality or the manner in which it is tested and intended for use, is capable
of supporting itself in position or being supported during the test period. This test is conducted
with the material in the ceiling position. This test is not recommended for use with cellular
plastic.
9-10.2.19 Fire Tests of Roof Coverings (ASTM E108). This method covers the measurement
of relative fire characteristics of roof coverings under simulated fire originating outside the
building. It is applicable to roof coverings intended for installation on either combustible or
noncombustible decks, when applied as intended for use.
9-10.2.20 Critical Radiant Flux of Floor-Covering Systems Using a Radiant Heat Energy
Source (ASTM E648). This test method describes a procedure for measuring the critical radiant
flux of horizontally mounted floor covering systems exposed to a flaming ignition source in
graded radiant heat energy environment, in a test chamber. The specimen can be mounted over
underlayment, a simulated concrete structural floor, bonded to a simulated structural floor, or
otherwise mounted in a typical and representative way.
9-10.2.21 Room Fire Experiments (ASTM E603). This guide covers full-scale compartment
fire experiments that are designed to evaluate the fire characteristics of materials, products, or
systems under actual fire conditions. It is intended to serve as a guide for the design of the
experiment and for the interpretation of its results. The guide may be used as a guide for
establishing laboratory conditions that simulate a given set of fire conditions to the greatest
extent possible.
9-10.2.22 Concentration Limits of Flammability of Chemicals (ASTM E681). This test
method covers the determination of the lower and upper concentration limits of flammability of
chemicals having sufficient vapor pressure to form flammable mixtures in air at 1 atmosphere
pressure at the test temperature. This method may be used to determine these limits in the
presence of inert dilution gases. No oxidant stronger than air should be used.
9-10.2.23 Measurement of Gases Present or Generated During Fires (ASTM E800).
Analytical methods for the measurement of carbon monoxide, carbon dioxide, oxygen, nitrogen
oxides, sulfur oxides, carbonyl sulfide, hydrogen halide, hydrogen cyanide, aldehydes, and
hydrocarbons are described, along with sampling considerations. Many of these gases may be
present in any fire environment. Several analytical techniques are described for each gaseous
species, together with advantages and disadvantages of each. The test environment, sampling
constraints, analytical range, and accuracy often dictate use of one analytical method over
another.
9-10.2.24 Heat and Visible Smoke Release Rates for Materials and Products (ASTM E906).
This test method can be used to determine the release rates of heat and visible smoke from
materials and products when exposed to different levels of radiant heat using the test apparatus,
specimen configurations, and procedures described in this test method.
9-10.2.25 Pressure and Rate of Pressure Rise for Combustible Dusts (ASTM E1226). This
test method can be used to measure composition limits of explosibility, ease of ignition, and
explosion pressures of dusts and gases.
9-10.2.26 Heat and Visible Smoke Release Rates for Materials and Products Using an
Oxygen Consumption Calorimeter (ASTM E1354). This test method is a bench-scale
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laboratory instrument for measuring heat release rate, radiant ignitibility, smoke production,
mass loss rate, and certain toxic gases of materials.
9-10.2.27 Ignition Properties of Plastics (ASTM D1929). This test method covers a laboratory
determination of the self-ignition and flash-ignition temperatures of plastics using a hot-air
ignition furnace.
9-10.2.28 Flammability of Apparel Fabrics by Semi-Restraint Method (ASTM D3659).
This test method covers the evaluation of the flammable properties of fabrics in a vertical
configuration.
9-10.2.29 Dielectric Withstand Voltage (Mil-Std-202F Method 301). This test method, also
called high potential, over potential, voltage-breakdown, or dielectric-strength test, consists of
the application of a voltage higher than rated voltage for a specific time between mutually
insulated portions of a component part or between insulated portions and ground.
9-10.2.30 Insulation Resistance (Mil-Std-202F Method 302). This test measures the resistance
offered by the insulating members of a component part to an impressed direct voltage tending to
produce a leakage current through or on the surface of these members.
9-10.3 Sufficiency of Samples.
Fire investigators often misunderstand the abilities of laboratory personnel and the capabilities
of their scientific laboratory equipment. These misconceptions usually result in the fire
investigator collecting a quantity of physical evidence that is too small to examine or test.
Certainly, the fire investigator will not always have the opportunity to determine the quantity
of physical evidence he or she can collect. Often, the fire investigator can collect only that
quantity that is discovered during his or her investigation.
Each laboratory examination or test requires a certain minimum quantity of physical evidence
to facilitate proper and accurate results. As such, the fire investigator must be familiar with these
minimum requirements. The laboratory that examines or tests the physical evidence should be
consulted concerning these minimum quantities.
9-10.4 Comparative Examination and Testing.
During the course of certain fire investigations, the fire investigator may wish to have
appliances, electrical equipment, or other products examined to determine their compliance with
recognized standards. Such standards are published by the American Society for Testing and
Materials, Underwriters Laboratories Inc., and other agencies.
Another method of comparative examination and testing involves the use of an exemplar
appliance or product. Utilizing an exemplar allows the testing of an undamaged example of a
particular appliance or product to determine whether or not it was capable of causing the fire.
Care should be taken that the sample is the same make and model as the product involved in the
fire.
9-11 Evidence Disposition.
The fire investigator is often faced with disposing of evidence after an investigation has been
completed. The investigator should not destroy or discard evidence unless proper authorization is
received. Circumstances may require that evidence be retained for many years and ultimately
may be returned to the owner.
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Criminal cases such as arson require that the evidence be kept until the case is adjudicated.
During the trial, evidence submitted such as reports, photographs, diagrams, and items of
physical evidence will become part of the court record and will be kept by the courts. Volatile or
large physical items may be returned to the investigator by the court. There may be other
evidence still in the investigators possession that was not used in the trial. Once all appeals have
been exhausted, the investigator may petition the court to either destroy or distribute all of the
evidence accordingly. A written record of authorization to dispose of the evidence should be
kept. The criminal investigator should be mindful of potential civil cases resulting from this
incident. This may require retention of the evidence beyond the criminal proceedings.
Chapter 10 Safety
10-1* General.
Fire scenes by their nature are dangerous places. Fire investigators have a duty to themselves
and to others who may be endangered at fire scenes to exercise due caution during their
investigations.
10-1.1 Investigating the Scene Alone.
Fire scene examinations should not be undertaken alone. A minimum of two individuals
should be present. In that way, if an investigator should become trapped or injured, assistance
would be at hand.
If it is impossible for the investigator to be accompanied, he or she should, at the least, notify a
responsible person of where they will be and when they can reasonably be expected to return.
10-1.2 Safety Clothing and Equipment.
Proper safety equipment, including safety shoes or boots, gloves, safety helmet, and protective
clothing, such as coveralls or turnout gear, should be worn at all times while investigating the
scene.
Certain other equipment might also be necessary to maintain safety. This equipment includes
flashlights or portable lighting, safety glasses or goggles, appropriate filter masks or
self-contained breathing apparatus, lifelines or nets, ladders, and hazardous environment suits.
Some of this equipment requires special training in its use. The investigator should not attempt to
use personal protective equipment or other safety equipment without the appropriate training.
10-1.3 Fire Scene Hazards.
The investigator should remain aware of the general and particular dangers of the scene that is
under investigation. The investigator should keep in mind the potential for serious injury at any
time and not become complacent or take unnecessary risks. The need for this awareness is
especially important when the structural stability of the scene is unknown or when the
investigation requires that the investigator be working above or below ground level.
10-1.4 Personal Health and Safety.
The investigator must be cognizant of factors associated with chemical, biological,
radiological, or other potential hazards that may threaten personal health and safety while
conducting fire scene examinations. Where these conditions exist, special precautions should be
taken as necessary. Special equipment may be required, such as rubber gloves, specialized filter
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masks or self-contained breathing apparatus (SCBA), or hazardous material suits.
10-1.5 Investigator Fatigue.
It is common for investigators to put in long periods of strenuous personal labor during an
incident scene investigation. This may result in fatigue, which can adversely influence an
investigator’s physical coordination, strength, or judgment to recognize or respond to hazardous
conditions or situations.
Periodic rest, fluid replacement, and nourishment should be provided. This is particularly
necessary on large or major incident scenes.
10-2 Factors Influencing Scene Safety.
Many varying factors can influence the danger potential of a fire or explosion scene. The
investigator should be constantly on the alert for these conditions and ensure appropriate safety
precautions are taken by all persons working at the scene.
10-2.1 Status of Suppression.
If the investigator is going to enter parts of the structure before the fire is completely
extinguished, he or she must receive permission from the fire ground commander. The
investigator must coordinate his or her activities with the fire suppression personnel and keep the
fire ground commander advised of the areas into which he or she will be entering and working.
The investigator should not move into other areas of the structure without informing the fire
ground commander. The investigator should never enter a burning structure unless accompanied
by fire suppression personnel.
When conducting an investigation in a structure soon after the fire is believed extinguished,
the investigator should be mindful of the possibility of a rekindle. The investigator should be
alert for continued burning or a rekindle and remain aware at all times of the fastest or safest
means of egress.
10-2.2 Structural Stability.
By their nature, most structures that have been involved in fires or explosions are structurally
weakened. Roofs, ceilings, partitions, load bearing walls, and floors may have been
compromised by the fire or explosion.
The investigator’s task requires that he or she enter these structures and often requires that he
or she perform tasks of debris removal that may dislodge or further weaken these already
unsound structures. Before entering such structures, or beginning debris removal, the
investigator should make a careful assessment of the structural stability and safety of the
structure. If necessary, the investigator should seek the help of qualified structural experts to
assess the need for the removal of dangerously weakened construction or make provisions for
shoring up load bearing walls, floors, ceilings, or roofs.
The investigator should also be especially mindful of hidden holes in floors or other dangers
that may be hidden by standing water or loosely stacked debris. The investigator should also
keep in mind that the presence of pooled extinguishment water or weather-related factors, such
as the weight of rain water, high winds, snow, and ice, can affect the ability of structures to
remain sound. For example, a badly damaged structure may only continue to stand until the ice
melts.
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10-2.3 Utilities.
The investigator should learn the status of all utilities (electric, gas, and water) within the
structure under investigation. He or she must know, before entering, if electric lines are
energized, fuel gas lines charged, or if water mains and lines are operative. This knowledge is
necessary to prevent the possibility of electrical shock or inadvertent release of fuel gases or
water during the course of the investigation.
10-2.4 Electrical Hazards.
Although the fire investigators may arrive on the scene hours or even days later, they must
recognize potential hazards in order to avoid injury or even death. Serious injury or death can
result from electric shocks or burns. Investigators as well as fire officers should learn to protect
themselves from the dangers of electricity while conducting fire scene examinations. The risk is
particularly high during an examination of the scene immediately following the fire. When
conditions warrant, the investigator should ensure that the power to the building or the area
affected, has been disconnected. The fire investigator should not disconnect the building’s
electric power, but should ensure that the authorized utility does so.
When electrical service has been interrupted and the power supply has been disconnected, a
tag or lock should be attached to the meter indicating that power has been shut off. In
considering potential electrical hazards, always assume that danger is present. The investigator
should personally verify that the power has been disconnected. If any doubt exists as to whether
the equipment is energized, call the local electric utility for verification.
The investigator may be working at fire scenes that have been equipped with temporary
wiring. The investigator should be aware that temporary wiring for lighting or power
arrangements are often improperly installed, improperly grounded, not properly insulated, and
may be unsafe.
The investigator should consider the following electrical hazards when examining the fire
scene:
(a) Consider all wires energized or “hot,” even when the meter has been removed or
disconnected.
(b) When approaching a fire scene, be alert to fallen electrical wires on the street, ground, or in
contact with a metal fence, guard rail, or other conductive material, including water.
(c) Look out for antennas that have fallen on existing power lines, metal siding that has
become energized, and underground wiring.
(d) Use caution when using or operating ladders or elevating equipment in the vicinity of
overhead electric lines.
(e) Note that building services are capable of delivering high amperage and that short
circuiting can result in an intense electrical flash with the possibility of serious physical injury
and burns.
(f) Do not depend on your rubber footwear as an insulator.
(g) Do not enter a flooded basement if the electrical system is energized. Never manually
switch off energized electrical equipment while standing in water.
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(h) Avoid operating any electrical switch or non-explosionproof equipment in the area that
might cause an explosion if flammable gas or vapors are suspected of being present. (See
10-2.7.) When electric power must be shut off, it should be done at a point remote from the
explosive atmosphere.
(i) Establish lines of communication and close cooperation with the utility company. Power
company personnel possess the expertise and equipment necessary to deal with electrical
emergencies.
(j) Locate and avoid underground electric supply cables before digging or excavating on the
fire scene.
(k) Be aware of multiple electrical services that may not be disconnected, extension cords from
neighboring buildings, and similar installations.
(l) Always use a meter to determine whether the electricity is off or not.
10-2.5 Standing Water.
Standing water can provide a variety of dangers to the investigator. Puddles of water in the
presence of energized electrical systems can be lethal if the investigator should touch an
energized wire while standing in a puddle.
Pools of water that may appear to be only inches deep may in fact be well over the
investigators head and pose the danger of drowning. Pools of water may also conceal hidden
danger, such as holes or dangerous objects, that may trip or otherwise injure the investigator.
Investigators must be cognizant of these hidden dangers and take proper precautions to avoid
injury.
10-2.6 Safety of Bystanders.
Fire and explosion scenes always generate the interest of bystanders. Their safety, as well as
the security of the scene and its evidence, must be addressed by the investigator.
The investigation scene should be secured from entry by the curious. This may be
accomplished by the mere roping off of the area and the posting of “Keep Out” signs or may
require the assistance of police officers, fire service personnel, or other persons serving as
guards. Any unauthorized individuals found within the fire investigation scene area should be
identified, their identity noted, and then required to leave.
10-2.7 Safety of the Fire Scene Atmosphere.
Fires and explosions often generate toxic or noxious gases. The presence of hazardous
materials in the structure is certain. Homes contain chemicals in the kitchen, bath, and garage
that can create great risk to the investigator if he or she is exposed to them. Commercial and
business structures are generally more organized in the storage of hazardous materials, but the
investigator cannot assume that the risk is less in such structures. Many buildings older than 20
years will contain asbestos. The investigator should be aware of the possibility that he or she
could become exposed to dangerous atmospheres during the course of an investigation.
In addition, it is not uncommon for atmospheres with insufficient oxygen to be present within
a structure that has been exposed to fire or explosion. Fire scene atmospheres may contain
ignitible gas, vapors, and liquids. The atmosphere should be tested using appropriate equipment
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to determine if such hazards or conditions exist before working in or introducing ignition sources
into the area. Such ignition sources may include electrical arcs from flashlights, radios, cameras
and their flashes, and smoking materials.
Chapter 11 Origin Determination
11-1 Introduction.
This chapter will recommend a procedure to follow in determining the origin of the fire.
Chapter 12, “Cause Determination,” will further develop the investigative effort based on the
results from the origin determination. Generally, if the origin of a fire cannot be determined, the
cause cannot be determined.
Determination of the origin of the fire frequently involves the coordination of information
derived from:
(a) The physical marks (fire patterns) left by the fire;
(b) The observations reported by persons who witnessed the fire or were aware of conditions
present at the time of the fire;
(c) The analysis of the physics and chemistry of fire initiation, development, and growth as an
instrument to related known or hypothesized fire conditions capable of producing those
conditions.
In some instances, a single item, such as an irrefutable article of physical evidence or
dependable eyewitness to the initiation, can be the basis for a conclusive determination of origin.
In most cases, however, no single item is sufficient in itself. The investigator then must use all of
the available resources in developing potential scenarios and determining which scenarios
plausibly fit all of the evidence available. When an apparently plausible scenario fails to fit some
item of evidence, it is critical that the investigator determine whether the scenario or the
evidence is erroneous. In some cases, it will be impossible to unquestionably fix the origin of a
fire. It is important that the determination of a single point of origin not be made unless the
evidence is conclusive. Where a single point cannot be identified, it can still be valuable for
many purposes to identify possible sources of origin. In such instances, the investigator should
provide the complete list of plausible explanations for the origin with the supporting evidence for
each option.
The purpose of determining the origin of the fire is to identify the geographical location where
the fire began. If the specific location where the heat source ignited the first fuel can be
identified, then the point of origin can be determined. The process to determine the origin
involves the identification of pertinent fire patterns, the documentation of these patterns, and the
analysis of the patterns. The process almost always involves the plotting of fire movement from
the areas of least damage to the areas of greatest damage.
The various activities of origin determination often occur simultaneously with those of cause
investigation and failure analysis. Likewise, recording the scene, note taking, photography, and
evidence identification and collection are performed simultaneously with these efforts.
Generally, the various activities of origin determination will follow a routine sequence, while the
specific actions within each activity are taking place at the same time.
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Investigators should establish a systematic procedure to follow for each type of incident. By
following a familiar procedure, the investigator can concentrate on the incident at hand and not
have to dwell on the details of what the next step in the procedure will be. More importantly, the
investigator may avoid inadvertently overlooking a significant facet of the investigation.
This chapter will discuss a recommended procedure for the examination of the fire scene.
Basically, this procedure consists of a preliminary scene examination, the development of a
preliminary fire-spread scenario, an in-depth examination of the fire scene, fire scene
reconstruction, a final fire-spread scenario, and the identification of the fire’s origin.
Throughout this chapter, the discussion will address the recommended techniques to follow
when examining a fire scene. This technique serves to inform the investigator but not limit the
origin determination to only this procedure. All aspects of the fire event should be considered by
the investigator during the investigation. Such aspects as witness statements, the investigator’s
past experiences, and fire-fighting procedures play important roles in the determination of the
fire origin. However, these aspects are addressed in other areas of this guide and in other texts on
these subjects.
11-2 Fire Damage Assessment.
Investigators will be making assessments of fire spread throughout the examination of the
scene. These assessments include recognizing and documenting heat movement and intensity
patterns and analyzing the importance and direction of each pattern found. (See Chapters 4 and
8.)
11-2.1 Notes.
During this process, the investigator should be making detailed, written, or tape-recorded
notes. These notes should list all the pertinent observations, including the type, location,
description, and measurements of the patterns; the material upon which the patterns are
displayed; and the investigator’s analysis of the direction and intensity of the patterns.
11-2.2 Photography.
The patterns should be photographed several different ways to effectively show their shape,
size, relationship to other patterns, and the location within the fire scene. These photographs
include changing the angle of viewing of the camera in documenting the pattern and using
different lighting techniques to highlight the texture of the pattern.
11-2.3 Vector Diagrams.
The use of heat and flame vector diagrams can be a very useful tool for analysis by the
investigator. Vectoring is applied by constructing a diagram of the scene, which includes walls,
doorways and doors, windows, and any pertinent furnishings or contents. Then, through the use
of arrows, the investigator notes his or her interpretations of the direction of heat or flame
spread. The arrows can point in the direction of fire travel from the heat source, or point back
toward the heat source, as long as the direction of the vectors is consistent throughout the
diagram. The arrows can be labeled to show any one of several variable factors, such as
temperature, duration of heating, heat flux, or intensity.
Complimentary vectors can be added together to show actual heat movement directions. In that
case, the investigator should clearly identify which vectors represent actual fire patterns and
which vectors represent heat flow derived from the investigator’s interpretations of these
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patterns. A vector diagram can give the investigator an overall viewpoint to analyze. The
diagram can also be used to identify any conflicting patterns that need to be explained.
An important point to be made regarding this discussion is the terminology “heat source” and
“source of heat.” These terms are not synonymous with the “origin” of the fire. Instead, these
terms relate to any heat source. The heat source may or may not be generated by the initial fuel.
An example of this would be a fire that spreads into a garage and ignites the flammable liquids
stored there. These flammable liquids then produce a new heat source that produces fire patterns
on the garage’s surfaces.
11-2.4 Depth-of-Char Survey Grid Diagrams.
The investigator should record in his or her notes the results of any depth-of-char surveys that
are conducted. This notation should be documented in the notes as well as on a drawn diagram.
For analysis purposes, the investigator can construct a depth-of-char grid diagram. On this
diagram the char measurements are recorded on graph paper to a convenient scale. Once the
depth-of-char measurements have been recorded on the diagram, lines are drawn connecting
points of equal, or nearly equal, char depths. The resulting “isochars” may display identifiable
lines of demarcation and intensity patterns.
11-3 Preliminary Scene Assessment.
An initial assessment should be made of the fire scene. This assessment should begin from the
areas of least damage to the areas of greatest damage and include an overall look at the structure,
both exterior and interior, and all pertinent areas surrounding the building. The purpose of this
initial examination is to determine the scope of the investigation, such as equipment and
manpower needed, to determine the safety of the fire scene, and to determine the areas that
warrant further study.
Descriptions of all locations should be as precise as possible. Directions should be oriented to
a compass or to a reference, such as the front of the structure. In every instance the location, and
any related discussion, should be stated in such a fashion that others using the description can
clearly locate the area in question.
11-3.1 Surrounding Areas.
Investigators should include in their examination the areas around the structure. These areas
may exhibit significant evidence, or fire patterns away from the involved structure, that enable
the investigator to better define the site and the investigation. Anything of interest should be
documented as to its location in reference to the structure.
Surrounding areas should be examined for evidence that may relate to the incident, such as
contents from the burned structure and fire patterns. This phase of the examination can be used
to canvas the neighborhood for witnesses to the fire and for persons that can provide information
about the building that burned.
11-3.2 Weather.
Determine the weather on the day of the loss. Analyze any weather factors that may have
influenced the fire.
The surrounding area may also provide evidence of the weather conditions. Wind direction
may be indicated by the fire damage on the surrounding structures or vegetation.
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11-3.3 Structural Exterior.
A walk around the entire structure will reveal the extent and location of damage and help
determine the size of the scene that must be examined as well as the possibility of extension from
an outside fire source. The construction and use of the structure should be noted. The
construction refers to how the building was built, types of materials used, exterior surfaces,
previous remodeling, and any unusual features that may have affected how the fire began and
spread. A significant consideration is the degree of destruction that can occur in a structure
consisting of mixed types and methods of construction. For instance, if a structure consists of
two parts, one built in the early 1900s and the second built in the 1960s, the degree of destruction
can vary considerably within these two areas with all other influencing factors being equal.
The nature of occupancy refers to the current use of the building. Use is being defined as the
activities conducted; the manner in which such activities are undertaken; and the type, number,
and condition of those occupying the space. If the use of the building has changed from what it
was originally built for, this change should be considered.
The fire damage on the exterior should be noted to assist in determining those areas where
further study is warranted. An in-depth examination of the damage is not necessary at this point
in the investigation.
11-3.4 Structure Interior.
On the initial assessment, investigators should examine all rooms and areas of the structure.
The investigator should be observant of conditions of occupancy, including methods of storage,
nature of contents, and living conditions. The type of construction and surface covering should
be noted. Smoke and heat movement, areas of fire damage, and extent of damage in each area —
severe, moderate, minor, or none — should be noted. This damage should be compared with the
damage seen on the exterior. The investigator should use this opportunity to assess the soundness
of the structure. This aspect is critical to determine if the structure is safe to work in. See Chapter
10 for further information regarding safety.
The primary purpose of the preliminary interior assessment is to identify the areas that require
closer examination. Therefore, the investigator should be observant for possible fire origins, fire
patterns, fuel loading, burning, and potential ignition sources.
During this assessment, the investigator should note any indication of postfire site alterations.
Site alterations can include debris removal or movement, content removal or movement,
electrical service panel alterations to facilitate temporary lighting, and gas meter removal. Such
alterations can greatly affect the investigator’s interpretation of the physical evidence. If site
alterations are indicated, the persons who altered the site should be questioned as to the extent of
their alterations and the documentation they may have of the unaltered site.
At the conclusion of the preliminary scene assessment, the investigator should have
determined the safety of the fire scene, the probable manpower and equipment requirements, and
the areas around and in the structure that will require a detailed inspection. The preliminary
scene assessment is an important aspect of the investigation. The investigator should take as
much time in this assessment as is needed to make these determinations. Time spent in this
endeavor will save much time and effort in later steps of the investigation.
11-4 Preliminary Scenario Development.
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The identification of areas of interest comes by formulating a preliminary scenario as to how
the fire spread through the structure. This preliminary scenario is developed by noting the areas
of greater destruction and lesser destruction, and attempting to track the fire back to its source.
Such a scenario allows the investigator to organize and plan for the work to be done. The
development of the preliminary scenario is a critical point in the investigation. It is important at
this stage that the investigator attempts to identify any other feasible scenarios, and through the
remaining course of the investigation, keeps these alternative scenarios under consideration until
or at such time as conclusive evidence or rationale is developed for setting them aside.
One very important consideration must be kept in mind, however. The investigation should not
be planned solely to prove the preliminary scenario to the detriment of maintaining an unbiased
mind. The investigation is intended to identify all facts that exist and to use those facts to
develop opinions based on sound fire-science principles and experience. The investigative effort
may cause the scenario to change many times before the final opinion is formed. These changes
are why the scenario must be considered preliminary until the investigation is completed. A
narrow-minded approach to this effort prevents the normal development of the scenario from
preliminary to final. (See Chapter 2.)
The investigator should continue to reevaluate the areas of interest by considering the
additional data accumulated as the investigation progresses. The examination and documentation
of heating, ventilation, and air conditioning (HVAC) systems; fire protection systems; cooking
and other appliances; electrical distribution systems; and utilities should be included. The areas
to be examined should not be limited to only those that suffered fire damage. Examination of
these systems that have little or no fire damage may provide assistance later in identifying the
cause for the fire.
11-5 Detailed Exterior Surface Examination.
Once the preliminary scene assessment is completed, the structure needs to be analyzed in
detail. The purpose of this effort is to identify where the fire began. This analysis begins with the
exterior surface examination.
Even if the fire clearly originated from within the structure, the exterior analysis should be
performed. Observations, photographs, and sketches can help orient the investigator to the
structure, help to determine the manner in which the structure burned, and document details that
may resolve issues that have not yet been raised.
11-5.1 Prefire Conditions.
The prefire conditions of the structure should be determined. Such details as state of repair,
condition of foundations and chimneys, insect damage, state of repair of fire suppression
systems, etc., may prove to be significant data. Documentation of these conditions at this time
may be the only opportunity to record them.
11-5.2 Utilities.
The investigator should locate and document the utilities associated with the structure,
including the type and rated size of the electrical service and the fuel gas type. The meter
readings for the utilities that provide them should be recorded. The locations of fuel tanks and
their manner of connection to the structure should be noted.
11-5.3 Doors and Windows.
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The condition of each door, especially those that allow access to the structure should be
documented. The investigator should note if the door is intact or broken and if it has been forced
open. The means of securing the door, such as dead bolt, padlock, etc., should be documented. If
the door is broken, the investigator should determine if the door was broken before or after the
fire began. In some cases this can be accomplished by inspecting the splintered wood and noting
if it is burned or unburned, and clean of smoke or smoke stained. Sometimes a further
observation is possible where the position of the door, either open or closed during the fire, can
be determined by noting if the hidden surfaces on the door jamb or the hinges are clean of
smoke.
Clean surfaces indicate that the door was closed during the time smoke was present. However,
stained surfaces do not always indicate the door was open. If smoke accumulates in sufficient
quantity and there is a pressure difference between the areas separated by the door, smoke can
flow through cracks around a closed door to stain those hidden surfaces. The pressure
differences involved can be due to the fire-produced smoke temperatures;
mechanically-produced air movement from ventilation, exhaust or similar fan-driven systems;
wind effects; or buoyant (stack) effects caused by the temperature differentials between the
building and the exterior environment.
The condition of the windows and the glass should be documented. Regarding what position
the windows were in during the fire, the same characteristics apply with the windows that were
discussed with the doors. With broken glass, the location of the pieces may provide insight as to
what broke the pane. Once the fire breaches either the doors or windows, the improved
ventilation affects the rate of combustion of the fire and the manner in which it spreads in the
structure. The investigator should strive to learn if the opening occurred prior to, during, or after
extinguishment of the fire.
11-5.4 Explosion Evidence.
Any displacement of the exterior surfaces must be documented. The distance the pieces
traveled and the extent of movement of walls and roofs should be noted on a diagram of the
structure. Charring or smoke staining on hidden surfaces, which became exposed by the
displacement of the structural component, should be noted on the diagram also. A detailed
discussion of explosions is found in Chapter 13.
11-5.5 Fire Damage.
The fire damage on the exterior surfaces should be documented. The investigator should pay
particular attention to the damage that is associated with natural and unnatural openings.
Window, door, and vent openings provide natural passages for smoke and heat and can be
indicators of the flow of fire and fire products. Unnatural openings include holes created by the
fire and holes created during the suppression effort. Holes created by the fire indicate an area of
intense burning inside the structure. Separate and distant holes created by fire can be indicative
of multiple origins, concentrated fuel loads, or simply a spreading fire that developed more than
one intense impact on a vulnerable point in the structure envelope.
Holes created by fire suppression activities are generally associated with forced entry attempts,
ventilation of the combustion gases, or spot-fire extinguishment. Ventilation attempts can greatly
affect fire movement inside the building, thereby creating fire patterns that appear abnormal.
Investigators should use care in evaluating such fire damage by conferring with the fire combat
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personnel to learn what happened inside the structure when the ventilation took place. Such
evidence can be helpful in appraising the flow of fire and fire effects, using methods such as
vectoring.
11-6 Detailed Interior Surface Examination.
An interior surface examination generally is performed before any attempt is made to
formulate an opinion as to fire origin. In the majority of structure fires, the origin is within the
structure, and no finite origin determination is possible by just an exterior examination. In the
event the fire clearly did not begin inside, the interior should still be evaluated and documented.
Many issues can arise from a fire’s occurrence that do not relate to origin determination.
Photographs and diagrams of the interior can provide answers to questions that arise from these
issues.
The interior surface examination will follow a procedure similar to the exterior surface
examination. The analysis of the fire damage should utilize the same techniques discussed in
Section 11-5.
11-6.1 Prefire Conditions.
The prefire conditions in the interior of the structure should be documented, especially in the
areas where there was fire development and spread. The housekeeping, or lack of it, should be
noted. The presence of any evidence of concentrations of easily ignitible materials, such as trash,
should be noted. The inspector should note if the electrical devices are properly utilized. Any
indications that might relate to electrical overloading, power cord abuse, appliance abuse, etc.,
should be noted. These do not solely determine a fire cause, but they can be supportive, or
contradictory, to subsequent cause determinations.
Any interior fire suppression or fire protection devices, such as smoke alarms, fire
extinguishing systems, fire doors, etc., should be located. The inspector should determine if they
are in working order and if they functioned properly during the fire. The inspector should note if
they have been disabled or inadequately maintained.
The inspector should look at the fuel loads present in the structure, and note if they are
consistent with what is expected in this structure and if they added to the fire’s development. The
fuel load considerations should include the interior surface covering and furnishings.
The ultimate determination is whether or not the prefire conditions created the fire or greatly
contributed to the fire’s origin, cause, or spread.
11-6.2 Utilities.
The condition of the utility services in the structure should be located and documented.
Documentation may involve simply photographing the electrical distribution panel for a home,
or it may involve studying a complex electrical distribution system for a large industrial
building. In either event, the type and method used to distribute electricity should be determined
and damage to the systems documented.
The fuel gas utility should be identified and documented. The purpose of this examination is to
assist in determining if the fuel gas contributed to the fire’s spread. If the examination reveals
that fuel gases may have had a role in the fire’s spread, then the distribution system should be
examined in detail, including pressure testing for leaks. Remember, fires can, and usually do,
cause a perfectly good gas distribution system to leak.
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11-6.3 Explosion.
The procedure used in the exterior surface examination should also be used inside the building.
Any displacement of interior structures should be noted, including the distance of the
displacement and the direction. The center of explosion damage should be located if possible.
Once the investigation has determined that an explosion has occurred, the investigator should
try to determine if the explosion preceded a fire or followed a fire’s inception. This can
sometimes be determined by noting the condition of normally hidden or protected surfaces, such
as inside the walls. Unburned components from the structure found outside the perimeter of the
structure can also be an indication of a prefire explosion. Postfire explosions can produce
flaming brands that have been propelled outside the structure. See Chapter 13 for a detailed
discussion on the investigation of explosions.
11-7 Fire Scene Reconstruction.
The purpose of fire scene reconstruction is to recreate as near as possible the state that existed
prior to the fire. Such fire scene reconstruction allows the investigator to see the fire patterns on
the exposed surfaces and should enable the investigator to make a more accurate origin analysis.
A further benefit is the probability that complete exposure of the fire scene will enable other
persons to better visualize the fire patterns. Interviews, diagrams, photographs, and other means
can be helpful in establishing prefire conditions.
Since the preliminary scene assessment has identified the areas warranting further study, the
task of fire scene reconstruction may not require the removal of debris and the replacement of
the contents throughout the entire structure. As mentioned previously, the preliminary scene
assessment should not be done hastily. Careful analysis of the fire scene may help to reduce to a
practical level the strenuous task of debris removal. If the area to be reconstructed cannot be
reduced, then the investigator should accept the necessity of removing the debris from the entire
area of destruction.
11-7.1 Safety.
Another important consideration is safety during the reconstruction effort. Debris removal can
weaken a structure and cause it to collapse. Debris removal can uncover holes in the floor and
expose energized electrical wiring. A recent development is the recognition of the risk to the
investigator from hazardous substances. Risks encountered during an investigation should be
minimized before the investigation continues. See Chapter 10 for a detailed discussion on safety.
11-7.2 Debris Removal.
Adequate debris removal is essential. Inadequate removal of debris and the resultant exposure
of only portions of the fire patterns can lead to gross misinterpretation of the fire patterns. A fire
scene investigation involves dirty, strenuous work. Acceptance of this fact is the first step in
conducting a proper fire investigation.
The removal of debris during overhaul is an area of concern to the fire investigator. Fire crews
that remove all debris and contents from the fire scene may remove evidence, thus making origin
determination more difficult. During the suppression stage of the fire ground activities, no more
site alteration should be made than necessary to ensure extinguishment of the fire. When
circumstances call for substantial site alterations, an attempt should be made to document the fire
scene prior to the alterations if possible.
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Use some thought as to where debris will be placed during reconstruction. Moving debris
twice is counter-productive. Debris removal should be performed in a deliberate and systematic
fashion. This means the debris should be removed in layers with adequate documentation as the
process continues. If more than one investigator is doing the removal, they should discuss the
purpose for the debris removal and what they expect to find. A discussion may prevent one
investigator from throwing away something the other investigator feels is important.
11-7.3 Contents.
Any contents or their remains uncovered during debris removal should be noted as to their
location, condition, and orientation. This is important to the replacement of these contents in
their prefire positions. Once the debris has been removed, the contents should be placed in their
prefire positions for analysis of the fire patterns on them.
When the contents have been displaced during fire suppression activities, postfire replacement
becomes much more difficult. Usually the position where the item sat will bear a mark from the
item, such as table legs leaving small clear spots on the floor. The problem is knowing which leg
goes to which spot. If a definite determination is not possible, then the item should not be
included in the fire scene reconstruction. A guess as to how contents were oriented can be
wrong, thereby contributing false data to the analysis process. An alternative is to document the
content in all probable positions in the hope that later information will pinpoint the true location.
11-7.4 Models in Reconstruction.
In recent years, the development of fire science and technology has produced a number of
analytical tools derived from the physics and chemistry of fire and the measurement of the
property of materials. Many of these are in the form of collected interrelated calculations
frequently called “fire models.” The analytical reconstruction techniques provide an additional
tool in the analysis of the fire and origin determinations. Until very recently, the computational
methods required large computers and a high level of science expertise to use and understand the
meaning and validity of the outputs.
Currently a series of more user-friendly, simpler to operate analytical tools have emerged.
Some can be executed with simple hand-held calculators. Most, however, require the modern
personal computer as the minimum tool. As emerging tools, these fire models require varying
degrees of expertise by the user. In general, the user of a fire model is responsible for
ascertaining that the method used is appropriate, that the data input is proper, and that the output
is properly interpreted. Those who are not sufficiently informed to have a level of confidence
sufficient that they can support the use of the fire models and their validity, if challenged, should
not unilaterally use such methods. Users that do not have that competence should not use these
analytical tools without the guidance and assistance of a person who can take that responsibility.
Because of the value of these tools, however, practitioners are urged to become aware of them
and to study, understand, and use those most appropriate to their needs and capabilities.
11-8 Fire-Spread Scenario.
Once the factual information is compiled from the exterior and interior surface examinations,
the investigator should finalize the fire-spread scenario on how the fire spread in and on the
structure. The purpose of the fire-spread scenario is to determine an area of fire origin.
Contradictions to the scenario must be recognized and resolved. If resolution is not possible, then
the scenario should be reevaluated to minimize the contradictions. To resolve contradictions,
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reexamine the data to see if another reason can be found for why the damage exists as it does.
Other investigators can be enlisted to assist in the evaluation of the fire damage and its
explanation. Ultimately, a weighing of the scenario against the remaining contradictions must be
made to decide if the determination as to an area of origin is valid.
If an area of origin is identified, then all potential ignition sources should be located and
identified for a further reduction of the area of origin to a point of origin.
If no determination is made as to the fire’s origin, then the determination of the fire’s cause
becomes very difficult. In some instances, where no origin determination is possible, a witness
may be found who saw the fire in its incipient stage and can provide the investigator with an area
of fire origin. Such circumstances create a burden on the fire investigator to conduct as thorough
an investigation as possible to find facts that can support or refute the witness’s statements.
11-9 Total Burns.
A fire that is allowed to burn unimpeded until it self-extinguishes due to a lack of fuel can
present unique problems to the investigator. This does not mean, however, that such fire scenes
are not worthy of investigation. While such circumstances generally produce fire scenes
incapable of origin and cause determinations, some will render valuable information when
subjected to a systematic and thorough analysis.
Although there are many reasons that a fire will burn itself out, for this discussion consider the
isolated dwelling that burns until all combustible materials have been consumed, unimpeded by
any extinguishment efforts and without witnesses. In such fires, all available information should
be gathered about the building, its occupancy, and weather conditions on the day of the fire. If at
all possible, photographs or floor plans of the building should be obtained. (See Chapter 7 for a
discussion on sources of information.)
The information to be obtained includes the physical description of the structure and the type
of construction. This information may be obtained from the insurance carrier, local zoning
authorities, and local building officials. The local utilities should be consulted for information on
the building’s past and recent utility requirements.
In the case of the occupancy of the building, the insurance carrier, real estate officials, and
neighbors should be consulted.
Even though the initial view of the site may show nothing other than a hole in the ground
containing fire debris, the site should be approached systematically. A slow methodical search
from the perimeter should be made, walking around the entire remains. All recognizable items
should be noted and inspected. A site plan should be made with these items located on it.
Inspection within the perimeter may verify the floor plan of the structure. The noncombustible
contents of the structure generally will be found almost directly beneath their prefire location.
This generally will allow the investigator to identify the bathrooms, kitchens, and utility rooms.
Sometimes the vertical locations of contents will assist the investigator in determining what
level they had occupied within the structure. For instance, bed frames from second story
bedrooms will generally end up on top of the first story contents with debris sandwiched
between them.
Once the initial site assessment is complete, the debris should be carefully removed and the
contents located, identified, and studied. One of the benefits of this type of structural destruction
is that the site is rarely altered by earlier investigations or overhaul operations.
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A purpose of the examination of the contents is to determine if the noncombustible contents
found correspond to the type and amount of contents expected in a structure of the same
occupancy. Residential structures contain essential contents such as refrigerators and heating
systems, and most contain other contents such as televisions and cooking appliances. These
items will survive in some degree even in the most severe fires.
Another purpose for studying the contents is to note the differing degrees of heating effects on
them. If contents in one area of the structure exhibit melted metal remains while others do not,
then the investigator can make the assumption that temperatures in one area exceeded
temperatures in another. If the metal remains of the contents are badly oxidized, such
examinations may not be possible.
Total burn fire scenes present their own unique problems, but then so do many other fire
scenes. Although the primary objective of the fire investigator is to determine the origin and
cause for a fire, there are areas of interest to other involved parties that deserve to be considered.
Careful examination of totally burned sites can answer questions that may arise from these other
parties long after the fire scene has been cleaned up.
Chapter 12 Cause Determination
12-1 General.
The determination of the cause of a fire requires the identification of those circumstances and
factors that were necessary for the fire to have occurred. Those circumstances and factors
include, but are not limited to, the device or equipment involved in the ignition, the presence of a
competent ignition source, the type and form of the material first ignited, and the circumstances
or human actions that allowed the factors to come together to allow the fire to occur.
The cause of any particular fire may involve several circumstances and factors. For example,
consider a fire that starts when a blanket is ignited by an incandescent lamp in a closet. The
various factors include having a lamp hanging down too close to the shelf, putting combustibles
too close to the lamp, and leaving the lamp on while not using the closet. The absence of any one
of those factors would have prevented the fire. The function of the investigator is to identify
those factors and circumstances that contributed to the cause.
12-2 Classification of the Cause.
The cause of a fire may be classified as accidental, natural, incendiary (arson), or
undetermined.
12-2.1 Accidental Fire Cause.
Accidental fires involve all those where the proven cause does not involve a deliberate human
act to ignite or spread fire into an area where the fire should not be. In most cases this
classification will be clear, but some deliberately set fires can still be accidental. For example, a
trash fire in a legal setting might be spread by a sudden gust of wind. The spread of fire was
accidental even though the initial fire was deliberate.
12-2.2 Natural Fire Cause.
Natural fire causes involve fires caused without direct human intervention, such as lightning,
earthquake, wind, and the like.
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12-2.3 Incendiary Fire Cause.
The incendiary fire is one deliberately set under circumstances in which the person knows that
the fire should not be set.
12-2.4 Undetermined Fire Cause.
Whenever the cause cannot be proven, the proper classification is undetermined. The fire
might still be under investigation, and the cause may be determined later. In the instance in
which the investigator fails to identify all of the components of the cause of the fire, it need not
always be classified as undetermined. If the physical evidence establishes one factor, such as the
presence of an accelerant, that may be sufficient to establish the cause even where other factors
such as ignition source cannot be determined. Those situations are also encountered to a lesser
degree in accidentally causedfires. Determinations under such situations are more subjective.
Therefore, investigators should strive to keep an open unbiased thought process during an
investigation.
Use of the term “suspicious” is not an accurate description of a fire cause. Mere suspicion is
not an acceptable level of proof for making a determination of cause within the scope of this
guide and should be avoided.
12-3 Source and Form of Heat of Ignition.
The source of ignition energy will be at or near the point of origin, although in some
circumstances the two may appear not to coincide. Some sources of ignition will remain at the
point of origin in recognizable form, whereas others may be greatly altered or even completely
destroyed. Nevertheless, the source should be identified for the cause to be proven. Sometimes
the source can only be inferred, and the cause as found will be the most probable one.
A competent ignition source must have sufficient temperature and energy and be in contact
with the fuel long enough to raise it to its ignition temperature.
The ignition process involves generation, transmission, and heating.
(a) The competent ignition source must generate a level of energy sufficient to raise the fuel to
its ignition temperature and must be capable of transmitting that level of energy to the fuel.
(b) Transmission of sufficient energy raises the fuel to its ignition temperature. Where the
energy source is in direct contact with the fuel such as the contact of an overheated wire with its
insulation, the transfer is a direct conduction from the source to the fuel. Where there is a
separation, however, there must be a form of energy transport. This can be by contact with the
flaming gases from a burning item, by radiation from the flame or surfaces or gases heated by
that flame, or a combination of heating by the flow of hot gases and radiation.
(c) Heating of the potential fuel must occur by the energy that reaches it. Each fuel reacts
differently to the energy that impacts on it. Some may be reflected, and some may be transmitted
through the material. Some is dispersed through the material, and some heats the material,
causing its temperature to rise. The term thermal inertia is used to describe the response of a
material to the energy impacting on it. Thermal inertia is defined as the product of thermal
conductivity, density, and specific heat. These three properties determine the manner in which a
material will transmit heat from the exposed surface to its core or an unexposed surface and
distribute and absorb heat within the element itself. The surface temperature of a material with a
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low thermal inertia (such as foam plastic) will rise much more quickly when exposed to energy
from a high temperature source than a material with higher thermal inertia (such as wood
paneling). Thin materials will also heat more quickly from a given source of energy.
Once the area and possibly the point of origin is identified, the investigator must identify the
heat producing device, substance, or circumstance that could have caused the ignition. Heat
producing devices can include fixed and portable heaters, gas fired or electric appliances,
furnaces, water heaters, wood stoves, lamps, internal combustion engines, and clothes dryers.
The investigator should also look for devices that may have malfunctioned. Such devices
include many of the above plus electrical service equipment, receptacles, kitchen and laundry
appliances, motors, transformers, and heavy machinery.
Sources of ignition for gases or vapors include arcs from motors with brushes, arcs from
switches that are not explosionproof, gas or electric pilots, or flames in gas appliances.
Flammable gases or liquid vapors, such as those from gasoline, may travel a considerable
distance before reaching an ignition source. Only under specific conditions will ignition take
place, the most important being concentration within the flammable limits and an ignition source
of sufficient energy located in the flammable mixture. This separation of the fuel source and the
origin of the fire can cause confusion.
Information should be obtained from owners or occupants when possible about what potential
ignition sources were in the area of origin, how and when they were used, and recent activities in
the area. That gathering of information is especially important when the source of ignition does
not survive the fire. That information would also be helpful in alerting an investigator to small or
easily overlooked items when examining the area of origin. When electrical energy sources are
considered as potential producers of the heat of ignition, the investigator should refer to Chapter
14 of this guide.
12-4 First Material Ignited.
The first material ignited (initial fuel) is that which first sustains combustion beyond the
igniting source. For example, the wood of the match would not be the initial fuel, but paper,
flammable liquid, or draperies would be if the match was used to ignite them.
The physical configuration of the fuel plays a significant role in its ability to be ignited. A
nongaseous fuel with a high surface-to-mass ratio is much more readily ignitible than a fuel with
a low surface-to-mass ratio. Examples of high surface-to-mass fuels include dusts, fibers, and
paper. If the initial fuel has high surface-to-mass ratio, then the intensity and duration
characteristics for a heat source become less stringent. The higher the surface-to-mass ratio of
the fuel, the less energy the heat source must produce to ignite the fuel, although the ignition
temperature is the same. Gases and vapors are fully dispersed (in effect an extremely high
surface-to-mass ratio) and can be ignited by a low heat energy source instantly.
The initial fuel could be part of a device that malfunctions. Examples include insulation on a
wire that is heated red hot by excessive current or the plastic case on an overheating coffee
maker.
The initial fuel might be something too close to a heat producing device. Examples are
clothing against an incandescent lamp or a radiant heater, wood framing too close to a wood
stove or fireplace, or combustibles too close to an engine exhaust manifold or catalytic converter.
The initial fuel is important for understanding the events that caused the fire. For example, if
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the remains of a match were found on the burned surface of a wood end table in the area of
origin, one should not jump to the conclusion that the match ignited the wood table top. The
match almost certainly would go out without igniting the solid wood surface. Maybe the match
had been blown out and dropped there by an occupant. Was there any paper or other light fuel
that could have carried flame to a chair or other fuels? Remember that the initial fuel must be
capable of being ignited within the limitations of the ignition source.
Unusual residues might remain from the initial fuel. Those residues could arise from thermite,
magnesium, or other pyrotechnic materials.
Gases and vapors can be the initial fuel and can cause confusion because the point of ignition
can be some distance away from where sustained fire starts in the structure or furnishings. When
ignition causes a low order explosion, it is obvious that a gas, vapor, or dust is involved. Layered
vapors of gasoline might not ignite violently so that, unless evidence of the accelerant is found,
the source of ignition many feet from where the puddle burned might be difficult to associate
with the fire.
12-5 Ignition Factor (Cause).
A fuel by itself or an ignition source by itself does not create a fire. Fire results from the
combination of fuel and an ignition source. Therefore, the investigator should be cautious about
deciding on a cause of a fire just because a readily ignitible fuel and a potential ignition source
were present. The sequence of events that allowed the source of ignition and the fuel to get
together establishes the cause.
To define the ignition sequence requires determining events and conditions that might have
occurred or have been created in the past. Furthermore, the order in which those past events
occurred might have to be determined. Consider a fire in a restaurant kitchen that started when a
deep fat fryer ignited and spread through the kitchen. The cause is more than simply “the deep
fat fryer overheated.” Was the control turned up too high? Did the control contacts stick? Why
did the high temperature cut-off not prevent overheating? Those factors are some that could
make a difference between a minor incident and a large hostile fire. In each fire investigation the
various contributing factors should be investigated and included in the ultimate explanation of
the ignition sequence.
The investigator is cautioned not to “rule out a cause” merely because there is no obvious
evidence for it. Do not rule out the electric heater because there is no arcing in the wires or the
contacts are not stuck. Obviously, arson is not eliminated because the lab did not find accelerant
in the evidence. The same standard applies to accidental fire causes. Potential causes should be
ruled out only if there is definite evidence that they could not have caused the fire. The electric
heater could be ruled out if it was not plugged in. A smoldering cigarette can be ruled out if the
room was well involved 10 minutes after a reliable witness passed through and saw no smoke.
12-6 Opinions.
When forming opinions from hypotheses about fires or explosions, the investigator should set
standards for the degree of confidence in those opinions. Use of the scientific method dictates
that any hypothesis formed from an analysis of the data collected in an investigation must stand
the challenge of reasonable examination. (See Chapter 2.)
There are four levels of confidence that can be regularly applied to such opinions.
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(a) Conclusive. At this level of confidence, the hypotheses has been tested and withstood all
appropriate challenges while all reasonable alternatives to the hypotheses have been considered
and eliminated due to their failure to withstand a valid challenge, leaving only that hypothesis
under consideration as true.
(b) Probable. This level of confidence corresponds to being more likely true than not. At this
level of confidence, the chance of the hypothesis being true is more than 50 percent.
(c) Possible. At this level of confidence, the hypothesis can be demonstrated to be feasible but
cannot be declared probable.
(d) Suspected. This level of confidence corresponds to a perception that the hypothesis may be
true, but there are insufficient data to draw a conclusion to the exclusion of any other reasonable
conclusion.
Ultimately, the decision as to the level of confidence in data collected in the investigation or
any hypothesis drawn from an analysis of the data rests with the investigator. The final opinion
is only as good as the quality of the data used in reaching that opinion. If the confidence level of
the opinion is only “possible” or “suspected,” the cause should be listed as unknown,
undetermined, or under investigation.
Chapter 13 Explosions
13-1* General.
Historically, the term explosion has been difficult to define precisely.
The manifestation that an explosion occurred includes damage or change brought about by the
restriction of the expanding blast pressure front as an integral element, producing physical
effects on containers or nearby surfaces.
This effect can result from the confinement of the blast pressure front or the impact of an
unconfined pressure or shock wave upon an object, such as a person or structure.
For fire and explosion investigations, an explosion is the sudden conversion of potential
energy (chemical or mechanical) into kinetic energy with the production and release of gases
under pressure, or the release of gas under pressure. These high pressure gases then do
mechanical work, such as moving, changing, or shattering nearby materials.
Although an explosion is almost always accompanied by the production of a loud noise, the
noise itself is not an essential element in the definition of an explosion. The generation and
violent escape of gases, or the violent escape of gases, are the primary criteria of an explosion.
Although the ignition of a flammable vapor/air mixture within a can, which bursts the can or
even only pops off the lid, is considered an explosion, the ignition of the same mixture in an
open field, while it is a deflagration, may not be an explosion as defined in this document even
though there may be the release of high pressure gas, a localized increase in air pressure, and a
distinct noise. The failure and bursting of a tank or vessel from hydrostatic pressure of a
noncompressible fluid such as water is not an explosion because the pressure is not created by
gas. Explosions must be gas dynamic.
In applying this chapter, the investigator should keep in mind that there are numerous factors
that control the effects of explosions and the nature of the damage produced. These factors
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include the type, quantity, and configuration of the fuel; the size and shape of the containment
vessel or structure; the type and strength of the materials of construction of the containment
vessel or structure; and the type and amount of venting present. (See Section 13-5.)
Sections of this chapter present explosion analysis techniques and terms that have been
developed primarily from the analysis of explosions involving diffuse fuel sources, such as
combustible industrial and fuel gases, dusts, and the vapors from ignitible liquids in buildings of
lightweight construction. The reader is cautioned that application of these principles to structures
of other construction types may require additional research to other references on explosions.
The analysis of explosions involving condensed phase (solid or liquid) explosives, particularly
detonating (high) explosives, may also require specialized knowledge that goes beyond the scope
of this text.
13-2* Types of Explosions.
There are two major types of explosions with which investigators are routinely involved:
mechanical and chemical, with several subtypes within these. These types are differentiated by
the source or mechanism by which the explosive pressures are produced.
13-2.1* Mechanical Explosions.
Mechanical explosions are explosions in which a high pressure gas produces a purely physical
reaction. These reactions do not involve changes in the basic chemical nature of the substances
in the container. A purely mechanical explosion is the rupture of a gas storage cylinder or tank
under high pressure resulting in the release of the stored high pressure gas, such as compressed
air, carbon dioxide, or oxygen.
The boiling liquid expanding vapor explosion (BLEVE) is a type of mechanical explosion.
These are explosions involving vessels that contain liquids under pressure at temperatures above
their atmospheric boiling points. The liquid need not be flammable. A BLEVE can occur with
vessels as small as disposable lighters or aerosol cans and as large as tank cars or industrial
storage tanks.
A BLEVE can occur when the temperature of the liquid and vapor within a confining tank or
vessel is raised to the point where the increasing internal pressure can no longer be contained
and the vessel explodes. This may also result from a reduction in the strength of a container as a
result of mechanical damage or localized heating above the liquid level. This rupture of the
confining vessel releases the pressurized liquid and allows it to vaporize almost instantaneously.
If the contents are ignitible, there is almost always a fire. If the contents are noncombustible,
there can still be a BLEVE, but no ignition of the vapors. Ignition usually occurs either from the
original external heat that caused the BLEVE or from some electrical or friction source created
by the blast or shrapnel.
A common example of a BLEVE not involving an ignitible liquid is the bursting of a steam
boiler. The source of overpressure is the steam created by heating and vaporizing water. When
the pressure of the steam can no longer be confined by the boiler, the vessel fails and an
explosion results. No chemical, combustion, or nuclear reaction is necessary. The steam under
pressure is the energy source. The chemical nature of the steam (H2O) is not changed.
13-2.1.1 BLEVEs. The boiling liquid expanding vapor explosion (BLEVE) is the type of
mechanical explosion that will be encountered most frequently by the fire investigator. These are
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explosions involving vessels that contain liquids under pressure at temperatures above their
atmospheric boiling points. The liquid need not be flammable. BLEVEs are a subtype of
mechanical explosions. They are sufficiently common that they are treated here as a separate
explosion type. A BLEVE can occur in vessels as small as disposable lighters or aerosol cans
and as large as tank cars or industrial storage tanks.
A BLEVE frequently occurs when the temperature of the liquid and vapor within a confining
tank or vessel is raised by an exposure fire to the point where the increasing internal pressure can
no longer be contained and the vessel explodes. This rupture of the confining vessel releases the
pressurized liquid and allows it to vaporize almost instantaneously. If the contents are ignitible,
there is almost always a fire. If the contents are noncombustible, there can still be a BLEVE, but
no ignition of the vapors. Ignition usually occurs either from the original external heat that
caused the BLEVE or from some electrical or friction source created by the blast or shrapnel.
BLEVE’s may also result from mechanical damage, overfilling, runaway reaction, overheating
vapor-space explosion and mechanical failure.

Figure 13-2.1.1(a) An LP-Gas cylinder that suffered a BLEVE as a result of exposure to an external fire.
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Figure 13-2.1.1(b) A railroad tank car of butadiene that suffered a BLEVE as a result of heating created by
an internal chemical reaction.

13-2.2* Chemical Explosions.
In chemical explosions, the generation of high pressure gas is the result of exothermic
reactions wherein the fundamental chemical nature of the fuel is changed. Chemical reactions of
the type involved in an explosion usually propagate in a reaction front away from the point of
initiation.
Chemical explosions can involve solid combustible or explosive mixtures of fuel and oxidizer,
but more common to the fire investigator will be the propagating reactions involving gases,
vapors, or dusts mixed with air. Such combustion reactions are called propagation reactions
because they occur progressively through the reactant (fuel) with a definable flame front
separating the reacted and unreacted fuel.
13-2.2.1 Combustion Explosions. The most common of the chemical explosions are those
caused by the burning of combustible hydrocarbon fuels. These are combustion explosions and
are characterized by the presence of a fuel with air as an oxidizer. A combustion explosion may
also involve dusts. In combustion explosions, the elevated pressures are created by the rapid
burning of the fuel and rapid production of large volumes of combustion by-products and heated
gases. Because these events are likely to be encountered by the fire investigator, combustion
explosions are considered here as a separate explosion type.
Combustion reactions are classified as either deflagrations or detonations, depending on the
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velocity of the flame front propagation through the fuel. Deflagrations are combustion reactions
in which the velocity of the reaction is less than the speed of sound in the unreacted fuel
medium. Detonations are combustion reactions in which the velocity of the reaction is faster than
the speed of sound in the unreacted fuel medium.
Several subtypes of combustion explosions can be classified according to the types of fuels
involved. The most common of these fuels are:
(a) Flammable gases,
(b) Vapors of ignitible (flammable and combustible) liquids,
(c) Dusts,
(d) Low explosives (those that undergo deflagration),
(e) High explosives (those that undergo detonation),
(f) Smoke and flammable products of incomplete combustion (backdraft explosions).
NOTE: The chemical structure of high explosives allows for oxidation reactions to occur during detonation.
Detonation of a high explosive is not a combustion reaction in the usual sense. Generally, there is no separate
oxidizer. Rather, the explosive compound decomposes as a shock wave travels through it at supersonic speed.
The reaction is exothermic.

13-2.3 Electrical Explosions.
High energy electrical arcs may generate sufficient heat to cause an explosion. The rapid
heating of the surrounding gases results in a mechanical explosion that may or may not cause a
fire. The clap of thunder accompanying a lightning bolt is an example of an electrical explosion
effect. Electrical explosions require special expertise to investigate and are not covered in this
document.
13-2.4 Nuclear Explosions.
In nuclear explosions, the high pressure is created by the enormous quantities of heat produced
by the fusion or fission of the nuclei of atoms. The investigation of nuclear explosions is not
covered by this document.
13-3 Characterization of Explosion Damage.
For descriptive and investigativepurposes, it can be helpful to characterize incidents,
particularly in structures, on the basis of the type of damage noted. The terms high order and low
order explosion have been used to characterize explosion damage. The terms high and low yield
explosion have also been used. Use of the terms high and low order damage is recommended to
reduce confusion with similar terms used to describe the energy release from explosives. (See
Section 13-12.) The differences in damage are more a function of the rate of pressure rise and the
strength of the confining or restricting structure, than the maximum pressures reached.
It should be recognized that the use of the terms “low order damage” and “high order damage”
may not always be appropriate and a site may contain evidence spanning both categories.
13-3.1 Low Order Damage.
Low order damage is characterized by walls bulged out or laid down, virtually intact, next to
the structure. Roofs may be lifted slightly and returned to their approximate original position.
Windows may be dislodged, often without glass being broken. Debris produced is generally
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large and thrown short distances. Low order damage is produced by slow rates of pressure rise.
(See Figure 13-3.1.)

Figure 13-3.1 Low order damage in a dwelling.

13-3.2* High Order Damage.
High order damage is characterized by shattering of the structure producing small, pulverized
debris. Walls, roofs, and structural members are splintered or shattered with the building
completely demolished. Debris is thrown great distances, possibly hundreds of feet. High order
damage is the result of rapid rates of pressure rise. (See Figure 13-3.2.)
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Figure 13-3.2 High order damage shown by shattered and splintered remains of a four-bedroom house.

13-4 Effects of Explosions.
An explosion is a gas dynamic phenomenon that under ideal theoretical circumstances will
manifest itself as an expanding spherical heat and pressure wave front. The heat and pressure
waves produce the damage characteristic of explosions. The effects of explosions can be
observed in four major groups: blast pressure wave effect, shrapnel effect, thermal effect, and
seismic effect.
13-4.1 Blast Pressure Front Effect.
The explosion of a material produces a large quantity of gases. These gases expand at a high
speed and move outward from the point of origin. The gases and the displaced air moved by the
gases produce a pressure front that is primarily responsible for the damage and injuries
associated with explosions.
The blast pressure front occurs in two distinct phases based on the direction of the forces in
relation to the point of origin of the explosion. These are the positive pressure phase and
negative pressure phase.
A typical pressure history from an idealized detonation is shown in Figure 13-4.1 and consists
of a positive and negative phase. The area under the pressure-time curve is called the “impulse”
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of the explosion.

Figure 13-4.1 Typical pressure history from an idealized detonation.

13-4.1.1 Positive Pressure Phase. The positive pressure phase is that portion of the blast
pressure front in which the expanding gases are moving away from the point of origin. The
positive pressure phase is more powerful than the negative and is responsible for the majority of
pressure damage. The negative pressure phase may be undetectable by witnesses or by postblast
examination in diffuse-phase (gas/vapor) explosions.
13-4.1.2 Negative Pressure Phase. As the extremely rapid expansion of the positive pressure
phase of the explosion moves outward from the origin of the explosion, it displaces, compresses,
and heats the ambient surrounding air. A low air pressure condition (relative to ambient) is
created at the epicenter or origin. When the positive pressure phase dissipates, air rushes back to
the area of origin to equilibrate the low air pressure condition, creating the negative pressure
phase.
The negative pressure phase can cause secondary damage and move items of physical evidence
toward the point of origin. Movement of debris during the negative pressure phase may conceal
the point of origin. The negative pressure phase is usually of considerably less power then the
positive pressure phase but may be of sufficient strength to cause collapse of structural features
already weakened by the positive pressure phase.
13-4.1.3 Shape of Blast Front. Under ideal theoretical conditions the shape of the blast front
from an explosion would be spherical. It expands evenly in all directions from the epicenter. In
the real world, the confinement or obstruction of the blast pressure wave changes and modifies
the direction, shape, and force of the front itself.
Venting of the confining vessel or structure may cause damage outside of the vessel or
structure. The most damage can be expected to be in the path of the venting. For example, the
blast pressure front in a room may travel through a doorway and damage items or materials
directly in line with the doorway in the adjacent room. The same relative effect may be seen
directly in line with the structural seam of a tank or drum that fails before the sidewalls.
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The blast pressure front may also be reflected off solid obstacles and redirected, resulting in a
substantial increase or possible decrease in pressure depending on the characteristics of the
obstacle struck.
After propagating reactions have consumed their available fuel, the force of the expanding
blast pressure front decreases with the increase in distance from the epicenter of the explosion.
13-4.1.4 Rate of Pressure Rise vs. Maximum Pressure. The type of damage caused by the
blast pressure front of an explosion is dependent not only on the total amount of energy
generated but also, and often to a larger degree, on the rate of energy release and the resulting
rate of pressure rise.
Relatively slow rates of pressure rise will produce the pushing or bulging type of damage
effects seen in low order damage. The weaker parts of the confining structure, such as windows
or structural seams, will rupture first, thereby venting the blast pressure wave and reducing the
total damage effects of the explosion.
In explosions where the rate of pressure rise is very rapid, there will be more shattering of the
confining vessel or container, and debris will be thrown great distances, as the venting effects are
not allowed sufficient time to develop. This is characteristic of high order damage.
Where the pressure rise is less rapid, the venting effect will have an important impact on the
maximum pressure developed. See NFPA 68, Guide for Venting of Deflagrations, for equations,
data, and guidance on calculating the theoretical effect of venting on pressure during a
deflagration. Such calculations assume a structure or vessel that can sustain such a high pressure.
The maximum theoretical pressure developable by a deflagration can, under some circumstances
be as high as 7-9 atmospheres (in the range of 120 psi). In commonly encountered situations,
such as fugitive gas explosions in residential or commercial buildings, the maximum pressure
will be limited to a level slightly higher than the pressure that major elements of the building
enclosure (walls, roof, large windows, etc.) can sustain without rupture. In a well built residence,
this will seldom exceed 3 psi.
13-4.2 Shrapnel Effect.
When the containers, structures, or vessels that contain or restrict the blast pressure fronts are
ruptured, they are often broken into pieces that may be thrown over great distances. These pieces
of debris are called shrapnel or missiles. They can cause great damage and personal injury often
far from the source of the explosion. In addition, shrapnel can often sever electric utility lines,
fuel gas or other flammable fuel lines, or storage containers, thereby adding to the size and
intensity of postexplosion fires or causing additional explosions.
The distance to which missiles can be propelled outward from an explosion depends greatly on
their initial direction. Other factors include their weight and aerodynamic characteristics. An
idealized diagram for missile trajectories is shown in Figure 13-4.2 for several different initial
directions. The actual distances that missiles can travel depend greatly on aerodynamic
conditions and occurrences of ricochet impacts.
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Figure 13-4.2 Idealized missile trajectories for several initial flight directions.

13-4.3 Thermal Effect.
Combustion explosions release quantities of energy that heat combustion gases and ambient air
to high temperatures. This energy can ignite nearby combustibles or cause burn injuries to
personnel. These secondary fires increase the damage and injury from the explosion and
complicate the investigation process. Often it is difficult to determine which occurred first, the
fire or the explosion.
All chemical explosions produce great quantities of heat. The thermal damage (see effective
temperature in 4-8.1) depends on the nature of the explosive fuel as well as the duration of peak
temperature. Detonating explosions produce extremely high temperatures of very limited
duration, whereas deflagration explosions produce lower temperatures but for much longer
periods. The duration and intensity of the heat greatly affect the damage and injury potential of
the explosion.
Fireballs and firebrands are possible thermal effects of explosions, particularly BLEVEs
involving flammable vapors. Fireballs are the momentary ball of flame present during or after
the explosive event. High intensity, short duration thermal radiation may be present with a
fireball. Firebrands are hot or burning fragments propelled from the explosion. All these effects
may serve to initiate fires away from the center of the explosion.
13-4.4 Seismic Effect.
As the blast pressure wave expands, and as the damaged portions of large structures are
knocked to the ground, significant localized seismic or earth tremors can be transmitted through
the ground. These seismic effects, usually negligible for small explosions, can produce
additional damage to structures and underground utility services, pipelines, tanks, or cables.
13-5 Factors Controlling Explosion Effects.
Factors that can control the effects of explosions include the type and configuration of the fuel;
nature, size, volume, and shape of any containment vessel or object affected; location and
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magnitude of ignition source; venting of the blast pressure wave; relative maximum pressure;
and rate of pressure rise. The nature of these factors and their various combinations in any one
explosion incident can produce a wide variety of physical effects with which the investigator will
be confronted.
13-5.1 Blast Pressure Front Modifiers.
Various phenomena affect the characteristics of a blast pressure front as it travels away from
the source. These are described below.
13-5.1.1 Reflection. As a blast pressure front encounters objects in its path, the blast pressure
front may amplify due to its reflection. This reflection in some cases will cause the overpressure
to increase and sometimes amplify it as much as eight times at the surface of reflection,
depending on the angle of incidence. This effect is negligible with deflagrations, where the
pressure in an entire vessel equalizes at approximately the speed of sound in air (i.e., strong
shock wave not present).
13-5.1.2 Refraction and Blast Focusing. Atmospheric inhomogeneities can cause nonideal blast
pressure front behavior at times. When a blast pressure front encounters a layer of air at a
significantly different temperature, it may cause it to bend, or refract. This is because the speed
of sound is proportional to the square root of temperature in air. A low-level temperature
inversion can cause an initially hemispherical blast front to refract and focus on the ground
around the center of the explosion. Severe weather-related wind shear can cause focusing in the
downwind direction. This effect is negligible with deflagrations.
13-6* Seated Explosions.
The “seat” of an explosion is defined as the crater or area of greatest damage located at the
point of initiation (epicenter) of an explosion. Material may be thrown out of the crater. This
material is called ejecta and may range from large rocks to fine dust. The presence of a seat
indicates the explosion of a concentrated fuel source in contact with or in close proximity to the
seat.
These “seats” can be of any size, depending on the size and strength of the explosive material
involved. They typically range in size from a few inches (cm) to 25 ft (7.6 m) in diameter. They
display an easily recognizable crater of pulverized soil, floors, or walls located at the center of
otherwise less damaged areas. Seated explosions are generally characterized by high pressure
and rapid rates of pressure rise.
Only certain specific types or configurations of explosive fuels can produce seated explosions.
These include explosives, steam boilers, tightly confined fuel gases or liquid fuel vapors, and
BLEVEs occurring in relatively small containers, such as cans or barrels.
In general, it is accepted that explosive velocities must exceed the speed of sound
(detonations) to produce seated explosions unless the damage is produced by shrapnel from a
failing vessel.
13-6.1 Explosives.
Explosions fueled by many explosives are most easily identified by their highly centralized
epicenters or “seats.” High explosives especially produce such high velocity positive pressure
phases at detonation that they often shatter their immediate surroundings and produce craters or
highly localized areas of great damage (seats).
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13-6.2 Boiler and Pressure Vessels.
A boiler explosion often creates a “seated” explosion because of its high energy, rapid rate of
pressure release, and confined area of origin.
Boiler and pressure vessel explosions will exhibit effects similar to explosives, though with
lesser localized overpressure near the source.
Each of these involve a rapid release of energy from a containment vessel resulting in a
pressure wave that decays with distance.
13-6.3 Confined Fuel Gas and Liquid Vapor.
Fuel gases or ignitible liquid vapors when confined to such small vessels as tanks, barrels, or
other containers can also produce “seated” explosions.
13-6.4 BLEVE.
A boiling liquid expanding vapor explosion will produce a “seated” explosion if the confining
vessel (barrel or small tank) is of a small size, and the rate of pressure release when the vessel
fails is rapid enough.
13-7 Nonseated Explosions.
Nonseated explosions occur most often when the fuels are dispersed or diffused at the time of
the explosion because the rates of pressure rise are moderate and the explosive velocities are
subsonic (deflagrations). It must be kept in mind that even supersonic detonations may produce
nonseated explosions under certain conditions.
13-7.1 Fuel Gases.
Fuel gases, such as natural gas and liquefied petroleum (LP) gases, most often produce
nonseated explosions. This is because these gases often are confined in large containers, such as
individual rooms or structures, and their explosive speeds are subsonic (deflagrations).
13-7.2 Pooled Flammable/Combustible Liquids.
Explosions from the vapors of pooled flammable or combustible liquids are nonseated
explosions. The large areas that they cover and their subsonic explosive speeds preclude the
production of small, high damage “seats.”
13-7.3* Dusts.
Although dust explosions are often among the most violent and damaging of explosions, they
most often occur in confined areas of relatively wide dispersal, such as grain elevators, materials
processing plants, and coal mines. These large areas of origin preclude the production of
pronounced “seats.”
13-7.4 Backdraft or Smoke Explosion.
Backdraft or smoke explosions almost always involve a widely diffused volume of
combustible gases and particulate matter. Their explosive velocities are subsonic (deflagration),
thereby precluding the production of pronounced “seats.”
13-8 Gas/Vapor Explosions.
The most commonly encountered explosions are those involving gases or vapors, especially
fuel gases or the vapors of ignitible liquids. Violent explosions can be encountered with lighter
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than air gases such as natural gas but are reported less frequently than with gases or vapors
having vapor densities higher than 1.0 (heavier than air). Table 13-8 provides some useful
properties of common flammable gases. NFPA 68, Guide for Venting of Deflagrations, provides
a more complete introduction to the fundamentals of these explosions.
Table 13-8 Combustion Properties of Common Flammable Gases
Limits of Flammability
Percent by Volume in Air

Air Need
Burn
1 m3
of Ga

Btu
per ft3

MJ/m3

(Gross)

(Gross)

Lower

Upper

(Air = 1.0)

(ft3)

(m3)

High inert type1

958-1051

35.7-39.2

4.5

14.0

0.660-0.708

9.2

9.2

High methane type2

1008-1071

37.6-39.9

4.7

15.0

0.590-0.614

10.2

10.2

High Btu type3

1071-1124

39.9-41.9

4.7

14.5

0.620-0.719

9.4

9.4

Blast furnace gas

81-111

3.0-4.1

33.2

71.3

1.04-1.00

0.8

0.8

Coke oven gas

575

21.4

4.4

34.0

0.38

4.7

4.7

Propane
(commercial)

2516

93.7

2.15

9.6

1.52

24.0

24.0

Butane
(commercial)

3300

122.9

1.9

8.5

2.0

31.0

31.0

Sewage gas

670

24.9

6.0

17.0

0.79

6.5

6.5

Acetylene

1499

208.1

2.5

81.0

0.91

11.9

11.9

Hydrogen

325

12.1

4.0

75.0

0.07

2.4

2.4

Anhydrous ammonia

386

14.4

16.0

25.0

0.60

8.3

8.3

Carbon monoxide

314

11.7

12.5

74.0

0.97

2.4

2.4

Ethylene

1600

59.6

2.7

36.0

0.98

14.3

14.3

Methyl
acetylene,
propadiene, stabilized4

2450

91.3

3.4

10.8

1.48

-

-

Gas

Specific Gravity

Air Needed to
Burn
1 ft3
of Gas

Natural gas

1Typical composition CH 71.9-83.2%; N 6.3-16.20%
4
2
2Typical composition CH 87.6-95.7%; N 0.1-2.39%
4
2
3Typical composition CH 85.0-90.1%; N 1.2-7.5%
4
2
4MAPP® Gas
From the NFPA Fire Protection Handbook, 17th edition, Table 3-7C.
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13-8.1* Minimum Ignition Energy for Gases and Vapors.
Gaseous fuel-air mixtures are the most easily ignitible fuels capable of causing an explosion.
Ignition temperatures in the 700°F to 1100°F (370°C to 590°C) range are common. Minimum
ignition energies begin at approximately 0.25 millijoules.
13-8.2 Interpretation of Explosion Damage.
The explosion damage to structures (low order and high order) is related to a number of
factors. These include the fuel-air ratio, vapor density of the fuel, turbulence effects, volume of
the confining space, location and magnitude of the ignition source, venting, and the characteristic
strength of the structure.
13-8.2.1* Fuel-Air Ratio. Often the nature of damage to the confining structure can be an
indicator of the fuel-air mixture ratio at the time of ignition.
Some fire investigation literature has indicated than an entire volume must be occupied by a
flammable mixture of gas and air for there to be an explosion. This is not the case, as relatively
small volumes of explosive mixtures capable of causing damage may result from gases or vapors
collecting in a given area. (See 13-8.2.2.)
Explosions that occur in mixtures at or near the lower explosive limit (LEL) or upper
explosive limit (UEL) of a gas or vapor produce less violent explosions than those near the
optimum concentration (i.e., usually just slightly rich of stoichiometric). This is because the
less-than-optimum ratio of fuel and air results in lower flame speeds and lower maximum
pressures. In general, these explosions tend to push and heave at the confining structure
producing low order damage.
The flame speed is the local velocity of a freely propagating flame relative to a fixed point. It
is the sum of the burning velocity and the translational velocity of the flame front. The maximum
laminar flame speeds for methane and propane are 11.5 ft/sec (3.5 m/sec) and 13.1 ft/sec (4
m/sec) respectively.
The burning velocity is the rate of flame propagation relative to the velocity of the unburned
gas ahead of it. The fundamental burning velocity is the burning velocity for laminar flame under
stated conditions of composition, temperature, and pressure of the unburned gas. Fundamental
burning velocity is an inherent characteristic of a combustible and is a fixed value whereas flame
speed can vary widely depending on the existing parameters of temperature, pressure, confining
volume and configuration, combustible concentration, and turbulence.
The burning velocity is the velocity at which a flame reaction front moves into the unburned
mixture as it chemically transforms the fuel and oxidant into combustion products. It is only a
fraction of the flame speed. The transitional velocity is the sum of the velocity of the flame front
caused by the volume expansion of the combustion products due to the increase in temperature
and any increase in the number of moles and any flow velocity due to motion of the gas mixture
prior to ignition. The burning velocity of the flame front can be calculated from the fundamental
burning velocity, which is reported in NFPA 68, Guide for Venting of Deflagrations, at
standardized conditions of temperature, pressure, and composition of unburned gas. As pressure
and turbulence increase substantially during an explosion, the fundamental burning velocity will
increase, further accelerating the rate of pressure increase. NFPA 68, Guide for Venting of
Deflagrations, lists data on the various materials.
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Explosions of mixtures near the LEL do not tend to produce large quantities of postexplosion
fire, as nearly all of the available fuel is consumed during the explosive propagation.
Explosions of mixtures near the UEL tend to produce postexplosion fires because of the
fuel-rich mixtures. The delayed combustion of the remaining fuel produces the postexplosion
fire. Often a portion of the mixture over the UEL has fuel that does not burn until it is mixed
with air during the explosion’s venting phase or negative pressure phase, thereby producing the
characteristic following fire.
When optimum (most violent) explosions occur, it is almost always at mixtures near or just
above the stoichiometric mixture (slightly fuel rich). This is the optimum mixture. These
mixtures produce the most efficient combustion and therefore the highest flame speeds, rates of
pressure rise, maximum pressures, and consequently the most damage. Postexplosion fires can
occur if there are pockets of overly rich mixture.
For common lighter-than-air gases in residential buildings, an explosion involving an optimum
concentration will sometimes result in some destructive shattering effects of wooden structural
materials.
13-8.2.2* Vapor Density. The vapor density of the gas or vapor fuel can have a marked effect
on the nature of the explosion damage to the confining structure. This is especially true in
dwellings and other buildings.
Heavier-than-air gases and vapors (vapor density greater than 1.0), such as from ignitible
liquids and LP-Gases, tend to settle to lower areas. Lighter-than-air gases, such as natural gas,
tend to rise and collect in upper areas. For example, signs of postblast burning in pocketed areas
between ceiling joists may be indicative of a lighter-than-air fuel rather than heavier-than-air
gases or vapors. (See 4-17.9.) Due to their higher mobility and tendency to escape upwards,
lighter-than-air gases are less likely to produce hazardous situations than heavier-than-air gases,
which can pool in basements, wells, and tanks.
A natural gas leak in the first story of a multistory structure may well be manifested in an
explosion with an epicenter in an upper story. The natural gas, being lighter than air, will have a
tendency to rise through natural openings and may even migrate inside walls. The gas will
continue to disperse in the structure until an ignition source is encountered.
An LP-Gas leak on the first story of a house, if it is not ignited there, can travel away from the
source and due to its density will tend to migrate downward. The gas may collect in lower areas
of the house and concentrate.
Ignition of the gas will only occur if the concentration is within the flammable limits and in
contact with a competent ignition source (one with enough energy).
Whether lighter- or heavier-than-air gases are involved, there may be evidence of the passage
of flame where the fuel air layer was. Scorching, blistering of paintwork, etc., showing
“tidemarks” are indicators of this type of phenomena. The operation of heating and air
conditioning systems, temperature gradients, and the effects of wind on a building can cause
mixing and movement that can reduce the effects of vapor density. Vapor density effects are
greatest in still-air conditions.
Full-scale testing of the distribution of flammable gas concentrations in rooms has shown that
near stoichiometric concentrations of gas would develop between the location of the leak and
either (1) the ceiling for lighter-than-air gases, or (2) the floor for heavier-than-air gases. It was
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also reported that a heavier-than-air gas leaked at floor level would create a greater concentration
at floor level and the gas would slowly diffuse upward. A similar but inverse relationship is true
for a lighter-than-air gas leaked at ceiling height. Ventilation, both natural and mechanical, can
change the movement and mixing of the gas and can result in gas spreading to adjacent rooms.
The vapor density of the fuel is not necessarily indicated by the relative elevation of the
structural explosion damage above floor level. It was once widely thought that if the walls of a
particular structure were blown out at floor level, the fuel gas was heavier than air, and
conversely if the walls were blown out at ceiling level, the fuel was lighter than air. Since
explosive pressure within a room equilibrates at the speed of sound, a wall will experience a
similar pressure-time history across its entire height. The level of the explosion damage within a
conventional room is a function of the construction strength of the wall headers and bottom
plates, the least resistive giving away first.
13-8.2.3 Turbulence. Turbulence within a fuel-air mixture increases the flame speed and
therefore greatly increases the rate of combustion and the rate of pressure rise. Turbulence can
produce rates of pressure rise with relatively small amounts of fuel that can result in high order
damage even though there may have only been a lean limit (LFL) mixture present. The shape
and size of the confining vessel can have a profound effect on the severity of the explosion by
affecting the nature of turbulence. The presence of many obstacles in the path of the combustion
wave has shown to increase turbulence and greatly increase the severity of the explosion, mainly
due to increasing the flame speed of the mixture involved. Other mixing and turbulence sources,
such as fans and forced air ventilation, may increase the explosion effects.
13-8.2.4* Nature of Confining Space. The nature of containment, its size, shape, construction,
volume, materials, and design, will also greatly change the effects of the explosion. For example,
a specific percentage by volume of natural gas mixed with air will produce completely different
effects if it is contained in a 1000-ft3 (28.3-m3) room than if it is contained in a 10,000-ft3
(283.2-m3) room at the time of ignition. This is true even though the velocity of the flame front
and the maximum overpressure achieved will be essentially the same.
A long, narrow corridor filled with a combustible vapor-air mixture, when ignited at one end,
will be very different in its pressure distribution, rate of pressure rise, and its effects on the
structure than if the same volume of fuel-air were ignited in a cubical compartment.
In general, the smaller the volume of the vessel, the higher the rate of pressure rise for a given
fuel-air mixture, and the more violent the explosion.
During the explosion, turbulence caused by obstructions within the containment vessel can
increase the damage effects. This turbulence can be caused by solid obstructions, such as
columns or posts, machinery, or wall partitions, which may concentrate or reflect the blast
pressure wave.
13-8.2.5* Location and Magnitude of Ignition Source. The highest rate of pressure rise will
occur if the ignition source is in the center of the confining structure. The closer the ignition
source is to the walls of the confining vessel or structure, the sooner the flame front will reach
the wall and be cooled by heat transfer to the walls. The result is a loss of energy and a
corresponding lower rate of pressure rise and a less violent explosion. The energy of the ignition
source generally has a minimal effect on the course of an explosion, but unusually large ignition
sources (e.g., blasting caps, explosive devices, etc.) can significantly increase the speed of
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pressure development and in some instances cause a deflagration to transition into a detonation.
13-8.2.6 Venting. With gas-, vapor-, or dust-fueled explosions, the venting of the containment
vessel will also have a profound effect on the nature of explosion damage. For example, it is
possible to cause a length of steel pipe to burst in the center, if it is sufficiently long, in spite of
the fact that it may be open at both ends. The number, size, and location of doors and windows in
a room may determine if the room experiences complete destruction or merely a slight
movement of the walls and ceiling.
Venting of a confining vessel or structure may also cause damage outside of the vessel or
structure. The most damage can be expected in the path of venting. For example, the blast
pressure front in a room may travel through a doorway and damage items or materials directly in
line with the doorway in the adjacent room The same relative effect may be seen directly in line
with the structural seam of a tank or drum that fails before the sidewalls.
With detonations, venting effects are minimal as the high speeds of the blast pressure fronts
are too fast for any venting to relieve the pressures.
13-8.3 Underground Migration of Fuel Gases.
It is possible for fuel gases that have leaked from underground piping systems to migrate
underground (sometimes for great distances), enter structures, and create flammable
atmospheres. Both lighter- and heavier-than-air fuel gases can migrate through the soil or follow
the exterior of underground pipes (through annular void spaces) and can enter structures in these
manners. These gases are commonly referred to as “fugitive” gases because they have escaped
from the confines of piping or gas system components.
Fuel gases such as natural gas and propane have little or no odor themselves. In order for these
gases to be detected when leaking, they must be artificially odorized by the addition of such
odorant chemicals as n-butyl mercaptan, ethyl mercaptan, Thiopane, or similar chemicals. The
mixture of the fuel gas and odorant is not always stable and can be altered by passage of the fuel
gases through materials that adsorb or absorb odorant (e.g., soil, etc.) or react with it (e.g., new
steel piping and tanks). In many soils the odor can be sufficiently changed so that it is not
recognized as leaking gas. This phenomenon is known as “scrubbing” and can result in
deodorized gas entering a structure undetected.
Fuel gases migrating underground have been known to enter buildings by seeping into
underground sewer lines, electrical or telephone conduits, drain tiles, or even directly through
basement and foundation walls, none of which are as gastight as water or gas lines. These gases
can also permeate the soil and dissipate harmlessly into the air. However, if the surface of the
ground is obstructed by rain, snow, frozen earth or water, or paving, the gases may migrate
laterally and enter structures. Long existing underground leaks may be located by the presence of
grass or other vegetation that has been killed or turned brown over the area of the leak.
13-8.4 Multiple Explosions.
A migration and pocketing effect is also often manifested by the production of multiple
explosions, generally referred to as secondary explosions (and sometimes cascade explosions).
Gas and vapors that have migrated to adjacent stories or rooms can collect or pocket on each
level. When an ignition and explosion takes place in one story or room, subsequent explosions
can occur in adjoining areas or stories.
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The migration and pocketing of gases often produces areas or pockets with different air-fuel
mixtures. One pocket could be within the explosive range of the fuel while a pocket in an
adjoining room or story could be over the upper explosive limit (UEL). When the first mixture is
ignited and explodes, damaging the structure, the dynamic forces of the explosion, including the
positive and negative pressure phases, tend to mix air into the fuel-rich mixture and bring it into
the explosive range. This mixture in turn will explode if an ignition source of sufficient energy is
present. In this way a series of vapor-gas explosions is possible.
Multiple explosions are a very common occurrence. However, often the explosions occur so
rapidly that witnesses report hearing only one, but the physical evidence, including multiple
epicenters, indicates more than one explosion.
13-8.5* Importance of Gas Odorant.
LP and natural gas do not inherently have an odor. A disagreeable smelling odorant is added as
a safety feature. Odorant is required in most natural and LP-Gases. Butyl mercaptans are the
most common odorants in natural gas, and ethyl mercaptan and thiopane are the most common
odorants in LP gas. Odorant verification should be part of any explosion investigation involving,
or potentially involving, flammable gas, especially if it appears that there were no indications of
a leaking gas detected by people present. The oderant’s presence should be verified. Stain tubes
can be used in the field, and gas chromatography can be used as a lab test for more accurate
results. Some people cannot detect these odorants for various reasons, and under certain
conditions the odorant’s effectiveness can be reduced to a point that it cannot be detected.
13-9 Dust Explosions.
Finely divided solid materials (dusts and fines), when dispersed in the air, can fuel particularly
violent and destructive explosions. Even materials that are not normally considered to be
combustible, such as aspirin, aluminum, or milk powders, can produce explosions when burned
as dispersed dusts.
Dust explosions occur in a wide variety of materials: agricultural products, such as grain dusts
and sawdust; carbonaceous materials, such as coal and charcoal; chemicals; drugs, such as
aspirin and ascorbic acid (Vitamin C); dyes and pigments; metals, such as aluminum,
magnesium, and titanium; plastics; and resins, such as synthetic rubber.
NFPA 68, Guide for Venting of Deflagrations, provides a more complete introduction to
fundamentals of dust explosions.
13-9.1* Particle Size.
Since the combustion reaction takes place at the surface of the dust particle, the rates of
pressure rise generated by combustion are largely dependent on the surface area of the dispersed
dust particles. For a given mass of dust material the total surface area, and consequently the
violence of the explosion, increases as the particle size decreases. The finer the dust, the more
violent the explosion. In general, an explosion hazard concentration of combustible dusts can
exist when the particles are 420 microns or less in diameter.
13-9.2* Concentration.
The concentration of the dust in air has a profound effect on its ignitibility and violence of the
blast pressure wave. As with ignitible vapors and gases, there are minimum explosive
concentrations of specific dusts required for a propagating combustion reaction to occur.
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Minimum concentrations can vary with the specific dust from as low as 0.015 oz/ft3 to 2.0 oz/ft3
(20 g/m3 to 2000 g/m3) with the most common concentrations being less than 1.0 oz/ft3 (1000
g/m3).
Unlike most gases and vapors, however, there is generally no reliable maximum limit of
concentration. The reaction rate is controlled more by the surface area to mass ratio than by a
maximum concentration.
Similar to gases and vapors, the rate of pressure rise and the maximum pressure that occur in
the dust explosion are higher if the pre-explosion dust concentration is at or close to the optimum
mixture. The combustion rate and maximum pressure decrease if the mixture is fuel-rich or
fuel-lean. The rate of pressure rise and total explosion pressure are very low at the lower
explosive limit and at very high fuel-rich concentrations.
13-9.3 Turbulence in Dust Explosions.
Turbulence within the suspended dust-air mixture greatly increases the rate of combustion and
thereby the rate of pressure rise. The shape and size of the confining vessel can have a profound
effect on the severity of the dust explosion by affecting the nature of turbulence. An example is
the pouring of grain from a great height into a largely empty storage bin.
13-9.4* Moisture.
Generally, increasing the moisture content of the dust particles increases the minimum energy
required for ignition and the ignition temperature of the dust suspension. The initial increase in
ignition energy and temperature is generally low, but, as the limiting value of moisture
concentration is approached, the rate of increase in ignition energy and temperature becomes
high. Above the limiting values of moisture, suspensions of the dust will not ignite. The moisture
content of the surrounding air, however, has little effect on the propagation reaction once
ignition has occurred.
13-9.5 Minimum Ignition Energy for Dust.
Dust explosions have been ignited by open flames, smoking materials, light bulb filaments,
welding and cutting, electric arcs, static electric discharges, friction sparks, heated surfaces, and
spontaneous heating.
Ignition temperatures for most material dusts range from 600°F to 1100°F (320°C to 590°C).
Layered dusts generally have lower ignition temperatures than the same dusts suspended in air.
Minimum ignition energies are higher for dusts than for gas or vapor fuels and generally fall
within the range of 10 to 40 millijoules, higher than most flammable gases or vapors.
13-9.6 Multiple Explosions.
Dust explosions in industrial scenarios usually occur in a series. The initial ignition and
explosion are most often less severe than subsequent secondary explosions. However, the first
explosion puts additional dust into suspension, which results in additional explosions. The
mechanism for this is that structural vibrations due to one explosion will propagate faster than
the combustion wave, lofting dust ahead of it. In facilities such as grain elevators these
secondary explosions often progress from one area to another, or building to building.
13-10 Backdraft or Smoke Explosions.
When fires occur within rooms or structures that are relatively airtight, it is common for fires
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to become oxygen depleted. In these cases, high concentrations of heated airborne particulates
and aerosols, carbon monoxide, and other flammable gases can be generated due to incomplete
combustion. These heated fuels will collect in a structure where there is insufficient oxygen to
allow combustion to occur and insufficient ventilation to allow them to escape.
When this accumulation of fuels mixes with air, such as by the opening of a window or door,
they can ignite and burn sufficiently fast to produce low order damage, though usually with less
than 2 psi overpressure in conventional structures. These are called backdrafts and smoke
explosions.
13-11 Outdoor Vapor Cloud Explosions.
An outdoor vapor cloud explosion is the result of the release of gas, vapor, or mist into the
atmosphere forming a cloud within the fuel’s flammable limits, and subsequent ignition. The
principal characteristic of the event is potentially damaging pressures within and beyond the
boundary of the cloud due to deflagration or detonation phenomena.
This phenomena also has been referred to as an “unconfined vapor-air explosion” or
“unconfined vapor-cloud explosion.” While completely unconfined vapor cloud explosions are
possible, most involve at least some partial restriction of pressure by manmade or natural
structures.
Outdoor vapor cloud explosions have generally occurred at process plants, in flammable liquid
or flammable gas storage areas, or have involved large transport vehicles (e.g., railroad tank
cars.) Large amounts of fuel (hundreds of pounds or more) are generally involved. The
Flixborough, England, process plant explosion in 1974 involving cyclohexane is a classic
example of such an explosion.
13-12* Explosives.
Explosives are any chemical compound, mixture, or device, the primary purpose of which is to
function by explosion. Explosives are categorized into two main types, low explosives and high
explosives (not to be confused with low order and high order damage).
13-12.1 Low Explosives.
Low explosives are characterized by deflagration (subsonic blast pressure wave) or a relatively
slow rate of reaction and the development of low pressure when initiated. Common low
explosives are smokeless gunpowder, flash powders, solid rocket fuels, and black powder. Low
explosives are designed to work by the pushing or heaving effects of the rapidly produced hot
reaction gases.
It should be noted that some low explosives (such as double base smokeless powder) can
achieve detonation under circumstances where confinement is adequate to produce adequate
reaction speed, where the ignition source is very strong, or where instabilities in combustion
occur.
13-12.2 High Explosives.
High explosives are characterized by a detonation propagation mechanism. Common high
explosives are dynamites, water gel, TNT, ANFO, RDX, and PETN. High explosives are
designed to produce shattering effects by nature of their high rate-of-pressure rise and extremely
high detonation pressure (on the order of one million psi). These high localized pressures are
responsible for cratering and localized damage near the center of the explosion.
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The effects produced by diffuse phase (fuel-air) explosions and solid explosives are very
different. In a diffuse phase explosion (usually deflagration), structural damage will tend to be
uniform and omnidirectional, and there will be relatively widespread evidence of burning,
scorching, and blistering. In contrast, the rate of combustion of a solid explosive is extremely
fast in comparison to the speed of sound. Therefore, pressure does not equalize through the
explosion volume and extremely high pressures are generated near the explosive. The pressure
and the resultant level of damage rapidly decays with distance away from the center of the
explosion. At the location of the explosion, there should be evidence of crushing, splintering, and
shattering effects produced by the higher pressures. Away from the source of the explosion there
is usually very little evidence of intense burning or scorching, except where hot shrapnel or
firebrands have landed on combustible materials.
13-12.3 Investigation of Explosive Incidents.
The investigation of incidents involving explosives requires very specialized training.
Explosives are strictly regulated by local and federal laws, so most explosives incidents will be
investigated by law enforcement or regulatory agencies. It is suggested that only investigators
with the appropriate training endeavor to conduct such investigations. Those without this
training should contact law enforcement or other agencies for assistance.
13-13 Investigating the Explosion Scene.
The objectives of the explosion scene investigation are no different from those for a regular
fire investigation: determine the origin, identify the fuel and ignition source, determine the cause,
and establish the responsibility for the incident. A systematic approach to the scene examination
is equally or even more important with an explosion investigation than in a fire investigation.
Explosion scenes are often larger and more disturbed than fire scenes. Without a preplanned,
systematic approach, explosion investigations become even more difficult or impossible to
conduct effectively.
Typical explosion incidents can range from a small pipe bomb in a dwelling to a large process
explosion encompassing an entire facility. While the investigative procedures described below
are more comprehensive for the large incidents, the same principles should be applied to small
incidents, with appropriate simplification.
When damage is very extensive and includes much structural damage, an explosion dynamics
expert and structural expert should be consulted early in the investigation to aid in the complex
issues involved.
13-13.1 Securing the Scene.
The first duty of the investigator is to secure the scene of the explosion. First responders to the
explosion should establish and maintain physical control of the structure and surrounding areas.
Unauthorized persons should be prevented from entering the scene or touching blast debris
remote from the scene itself because the critical evidence from an explosion (whether accidental
or criminal) may be very small and may be easily disturbed or moved by people passing through.
Evidence is also easily picked up on shoes and tracked out. Properly securing the scene also
tends to prevent additional injuries to unauthorized persons or the curious who may attempt to
enter an unsafe area.
13-13.1.1 Establishing the Scene. As a general rule, the outer perimeter of the incident scene
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should be established at 11/2 times the distance of the farthest piece of debris found. Significant
pieces of blast debris can be propelled great distances or into nearby buildings or vehicles, and
these areas should be included in the scene perimeter. If additional pieces of debris are found, the
scene perimeter should be widened.
13-13.1.2 Obtain Background Information. Before beginning any search, all relevant
information should be obtained pertaining to the incident. This should include a description of
the incident site and systems or operations involved, and conditions and events that led to the
incident. The locations of any combustibles and oxidants that were present and what abnormal or
hazardous conditions existed that might account for the incident need to be determined. Any
pertinent information regarding suspected explosive materials and causes will of course be of
interest and will aid in the search as well.
Examination should be made of witness accounts, maintenance records, operational logs,
manuals, weather reports, previous incident reports, and other relevant records in developing the
evidence. Recent changes in equipment, procedures, and operating conditions can be especially
significant.
Obtaining drawings of the building or process will greatly improve documentation of the
scene, especially if notes can be made on them.
13-13.1.3 Establish a Scene Search Pattern. The investigator should establish a scene search
pattern. With the assistance of investigation team members, the scene should be searched from
the outer perimeter inward toward the area of greatest damage. The final determination of the
location of the explosion’s epicenter should be made only after all of the scene has been
examined.
The search pattern itself may be spiral, circular, or grid shaped. Often the particular
circumstances of the scene will dictate the nature of the pattern. In any case, the assigned areas
of the search pattern should overlap so that no evidence will be lost at the edge of any search
area. It is often useful to search areas more than once. When this is done, a different searcher
should be used to help ensure that evidence is not overlooked.
The number of actual searchers will depend on the physical size and complexity of the scene.
The investigator in charge should keep in mind, however, that too many searchers can often be
as counterproductive as too few. Searchers should be briefed as to the proper procedures for
identifying, logging, photographing, and marking and mapping the location of evidence.
Consistent procedures are imperative whenever there are several searchers involved.
The location of evidence may be marked with chalk marks, spray paint, flags, stakes, or other
marking means. After photographing, the evidence may be tagged, moved, and secured. (See
Chapters 8 and 9.)
13-13.1.4 Safety at the Explosion Scene. All of the fire investigation safety recommendations
listed in Chapter 10 also apply for the investigation of explosions. In addition, there are some
special safety considerations when dealing with an explosion scene.
Structures that have suffered explosions are often more structurally damaged than merely
burned buildings. The possibility of floor, wall, ceiling, roof, or entire building collapse is much
greater and should always be considered.
In the case of fuel gas or dust explosions, secondary explosions are the rule rather than the
Copyright 1996 NFPA

exception. Early responders need to remain alert to that possibility. Leaking gas or pools of
flammable liquids need to be made safe before the investigation is begun. Toxic materials in the
air or on material surfaces need to be neutralized. The use of appropriate personal safety
equipment is recommended.
Explosion scenes that involve bombings or explosives have added dangers. Investigators
should be on the lookout for additional devices and undetonated explosives. The modus operandi
(M.O.) of some bomber/arsonists includes using secondary explosive devices specifically
targeted for the law enforcement or fire service personnel who will be responding to the bombing
incident.
A thorough search of the scene should be conducted for any secondary devices prior to the
initiation of the postblast investigation. If undetonated explosive devices or explosives are found,
it is imperative that they not be moved or touched. The area should be evacuated and isolated,
and explosives disposal authorities summoned.
13-13.2 Initial Scene Assessment.
Once the explosion scene has been established, the investigator should make an initial
assessment of the type of incident with which he or she is dealing. If at any time during the
investigation the investigator determines that the explosion was fueled by explosives or involved
an Improvised Explosive Device (IED), he or she should discontinue the scene investigation,
secure the scene, and contact the appropriate law enforcement agency.
Table 13-13.2 provides the investigator with a basic general guide for comparing the
characteristics of explosion damage and fuels. It can aid in including or eliminating some kinds
of explosions or fuels from the initial investigative assessment. For example, if the evidence
indicates that high order damage occurred, it can be assumed that the explosion was not the
result of a backdraft.
Table 13-13.2 Typical Explosion Characteristics
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13-13.2.1 Identify Explosion or Fire. The first task in the initial assessment is to determine if
the incident was a fire, explosion, or both, and which came first. Often the evidence of an
explosion is not obvious, e.g., where a weak explosion of fuel gases is involved.
The investigator should look for signs of an overpressure condition existing within the
structure, including displacement or bulging of walls, floors, ceilings, doors and windows, roofs,
other structural members, nails, screws, utility service lines, panels, and boxes. Localized
fragmentation and pressure damage should be noted as attributable to condensed phase explosive
fuel reaction.
The investigator should look for and assess the nature and extent of heat damage to the
structure and its components and decide if it can be attributed to fire alone.
13-13.2.2 High or Low Order Damage. The investigator should attempt to determine if the
nature of damage indicates high order or low order damage. (See Section 13-3.) This will help
classify the type, quantity, and mixture of the fuel involved.
13-13.2.3 Seated or Nonseated Explosion. The investigator should determine if the explosion
was seated or nonseated. This will help classify the type of possible fuel involved. (See Section
13-6.)
13-13.2.4 Identify Type of Explosion. The investigator should identify the type of explosion
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involved, e.g., mechanical, combustion, other chemical reaction, or BLEVE.
13-13.2.5 Identify Potential General Fuel Type. The investigator should identify which types
of fuels were potentially available at the explosion scene by identifying the condition and
location of utility services, especially fuel gases and sources of ignitible dusts or liquids.
The investigator should analyze the nature of damage in comparison to the typical damage
patterns available from:
(a) Lighter-than-air gases,
(b) Heavier-than-air gases,
(c) Liquid vapors,
(d) Dusts,
(e) Explosives,
(f) Backdrafts,
(g) BLEVEs.
13-13.2.6 Establish the Origin. The investigator should attempt early on to establish the origin
of the explosion. This will usually be identified as the area of most damage and will sometimes
include a crater or other localized area of severe damage in the case of a seated explosion. In the
case of a diffuse fuel-air explosion, the origin will be the confining volume or room-of-origin.
13-13.2.7 Establish the Fuel Source and Explosion Type. The investigator should identify
which types of fuel were available at the explosion scene by identifying the condition and
location of utility services, especially fuel gases, processing by-product dusts, or ignitible
liquids.
The investigator should analyze the nature of damage in comparison to the typical damage
patterns attributable to:
(a) Lighter-than-air gases,
(b) Heavier-than-air gases,
(c) Liquid vapors,
(d) Dusts,
(e) Explosives,
(f) Backdrafts, and
(g) BLEVEs.
Thus, the type of explosion is established.
13-13.2.8 Establish Ignition Source. The investigator should attempt to identify the ignition
source involved. This can at times be very difficult. Examination should be made for potential
sources, such as hot surfaces, electrical arcing, static electricity, open flames, sparks, chemicals,
etc., where fuel-air mixtures are involved.
Where explosives are involved, the initiation source may be a blasting cap or other pyrotechnic
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device. Wires and device components will sometimes survive.
13-13.3 Detailed Scene Assessment.
Armed with general information from the initial scene assessment, the investigator may now
begin a more detailed study of the blast damage and debris. As in any fire incident investigation,
the investigator should record his or her investigation and findings by accurate note taking,
photography, diagramming, and mapping. It is important to use proper collection and
preservation techniques. (See Chapters 8 and 9.)
13-13.3.1 Identify Damage Effects of Explosion. The investigator should make a detailed
examination and analysis of the specific explosion or overpressure damage. Damaged articles
should be identified as having been affected by one or more of the following typical explosion
forces:
(a) Blast pressure wave — positive phase,
(b) Blast pressure wave — negative phase,
(c) Shrapnel impact,
(d) Thermal,
(e) Seismic.
The investigator should examine and classify the type of damage present—whether it was
shattered, bent, broken, or flattened—and also look for changes in the pattern. At distances away
from a detonation explosion epicenter, the pressure rise will be fairly moderate and the effects
will resemble those of a deflagration explosion, while materials in the immediate vicinity of the
detonation epicenter will exhibit splintering and shattering.
The investigator should make a detailed examination and analysis of the specific explosion or
overpressure damage. Damaged articles should be identified as having been affected by one or
more of the damaging effects of explosions: blast pressure fronts, shrapnel impact, thermal
effects, and ground effects.
The investigator should examine and classify the type of damage to each significant item
present—whether it was shattered, bent, broken, or flattened—and also look for changes in the
pattern. At distances away from a detonation explosion center, the pressure rise will be fairly
moderate and the effects will resemble those of a deflagration explosion. Items in the immediate
vicinity of the detonation center will exhibit splintering and shattering (brittle failure).
The scene should be carefully examined and fragments of any foreign material recovered, as
well as debris from the seat itself. The fragments may require forensic laboratory analysis for
their identification, but whether they are fragments of the original vessel or container, or portions
of an improvised explosive device, they may be critical to the investigation.
Tables 13-13.3.1(a) and (b) can be used as a simplified guide to estimate the peak blast
overpressure from the observed building damage and casualty data. These data are from peak
overpressure applied to the structure’s exterior. The effects of overpressure on the inside of the
structure are considered to be similar, but the overpressure values may be different in some
cases, depending on the construction involved.
Table 13-13.3.1(a) Human Injury Criteria
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(Includes Injury from Flying Glass and Direct Overpressure Effects)
Overpressure
(psi)

Injury

Comments

Source

0.6

Threshold for injury from flying glass*

Based on studies using sheep and dogs

A

1.0 - 2.0

Threshold for skin laceration from flying glass

Based on Army data

B

1.5

Threshold for multiple skin penetrations from flying glass Based on studies using sheep and dogs
(bare skin)*

A

2.0 - 3.0

Threshold for serious wounds from flying glass

Based on Army data

B

2.4

Threshold for eardrum rupture

Conflicting data on eardrum rupture

B

2.8

10% probability of eardrum rupture

Conflicting data on eardrum rupture

B

3.0

Overpressure will hurl a person to the ground

One source suggested an overpressure of 1.0 psi
for this effect

C

3.4

1% eardrum rupture

Not a serious lesion

D

4.0 - 5.0

Serious wounds from flying glass near 50% probability

Based on Army data

B

5.8

Threshold for body-wall penetration from flying glass
(bare skin)*

Based on studies using sheep and dogs

A

6.3

50% probability of eardrum rupture

Conflicting data on eardrum rupture

B

7.0 - 8.0

Serious wounds from flying glass near 100% probability

Based on US Army data

B

10.0

Threshold lung hemorrhage

Not a serious lesion [applies to a blast of long
duration (over 50 msec)]; 20-30 psi required for 3
msec duration waves

D

14.5

Fatality threshold for direct blast effects

Fatality primarily from lung hemorrhage

B

16.0

50% eardrum rupture

Some of the ear injuries would be severe

D

17.5

10% probability of fatality from direct blast effects

Conflicting data on mortality

B

20.5

50% probability of fatality from direct blast effects

Conflicting data on mortality

B

25.5

90% probability of fatality from direct blast effects

Conflicting data on mortality

B

27.0

1% mortality

A high incidence of severe lung injuries [applies
to a blast of long duration (over 50 msec)]; 60-70
psi required for 3 msec duration waves

D

29.0

99% probability of fatality from direct blast effects

Conflicting data on mortality

B

*Interpretation of tables of data presented in reference.
A. Fletcher, Richmond, and Yelverron, 1980.
B. Lees, F. P., Loss Prevention in the Process Industries, Vol I, Butterworths, London and Boston, 1980.
C. Brasie and Simpson, 1968.
D. U.S. Department of Transportation, 1988.
E. U.S. Airforce, 1983.
F. McRae, 1984.
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Table 13-13.3.1(b) Property Damage Criteria
Overpressure
(psi)

Damage

Source(s)

0.03

Occasional breaking of large glass windows
already understrain

B

0.04

Loud noise (143dB). Sonic boom glass failure

B

0.10

Breakage of windows, small, under strain

B

0.15

Typical pressure for glass failure

B

0.30

“Safe distance” (probability 0.95 no serious
damage beyond this value). Missile limit. Some
damage to house ceilings. 10% window glass
broken.

B

0.4

Minor structural damage

0.5 - 1.0

Shattering of glass windows, occassional
damage to window frames. One source reported
glass failure at 0.147 psi.

0.7

Minor damage to house structures

B

1.0

Partial demolition of houses, made uninhabitable

B

1.0 - 2.0

Shattering of corrugated asbestos siding

B, D
B, C, E, F

B, C, E, F

Failure of corrugated aluminum/steel paneling
Failure of wood siding panels (standard housing
construction)
1.3

Steel frame of clad building slightly distorted

B

2.0

Partial collapse of walls and roofs of houses

B

2.0 - 3.0

Shattering of nonreinforced concrete or cinder
block wall panels (1.5 psi according to another
source)

2.3

Lower limit of serious structural damage

B

2.5

50% destruction of brickwork of house

B

3.0

Steel frame building distorted and pulled away
from foundations

B

3.0 - 4.10

Collapse of self-framing steel panel buildings

B, C, D

B, C, D, E

Rupture of oil storage tanks
Snapping failure—wooden utility tanks
4.0

Cladding of light industrial buildings ruptured

B

4.8

Failure of reinforced concrete structures

F

Copyright 1996 NFPA

5.0

Snapping failure—wooden utility poles

B, C

5.0 - 7.0

Nearly complete destruction of houses

B

7.0

Loaded train wagons overturned

B

7.0 - 8.0

Shearing/flexure failure of brick wall panels [8
in. to 12 in. (20.3 cm to 30.5 cm) thick, not
reinforced]
Sides blown in of steel frame buildings
Overturning of loaded rail cars

B, C, D, E

E
C, D

9.0

Loaded train box cars completely demolished

B

10.0

Probable total destruction of buildings

B

30.0

Steel towers blown down

88.0

Crater damage

C,D
F

It is noted that the estimation of structural damage from an explosion is a very complex topic.
A thorough treatment involves maximum pressure and impulse of the explosion, as well as the
natural period and strength characteristics of the confining structure. Generally, one can expect a
peak overpressure of 1 to 2 psi to cause the failure of most light structural assemblies such as
nonreinforced wood siding, corrugated steel panels, or masonry block walls. In comparison,
much higher overpressures can be tolerated when the structural design is reinforced, particularly
with materials of good ductility (e.g., steel).
13-13.3.2 Identify Preblast and Postblast Fire Damage. Fire or heat damage should be
identified as having been caused by a preexisting fire or by the thermal effect of the explosion.
Debris that has been propelled away from the point of origin should be examined to determine if
it has been burned. Debris of this nature that is burned may be an indicator that a fire preceded
the explosion.
Probably the most common sign of an overpressure condition is window glass thrown some
distance from the windows of the structure. The residue of smoke or soot on fragments of
window glass or other structural debris reveals that the explosion followed a fire by some time,
whereas perfectly clean pieces of glass or debris, thrown large distances from the structure
indicate an explosion preceding the fire.
The direction of flow of melted and resolidified debris may tell the investigator the position or
attitude of the debris at the time of heat exposure.
13-13.3.3 Locate and Identify Articles of Evidence. Investigators should locate, identify, note,
log, photograph, and map any of the many and varied articles of physical evidence. Because of
the propelling nature of explosions, the investigator should keep in mind that significant pieces
of evidence may be found in a wide variety of locations including: outside the exploded
structure, embedded in the walls or other structural members of the exploded structure, on or in
nearby vegetation, inside adjacent structures or vehicles, or embedded in these adjacent
structures. In the case of bombing incidents or incidents involving the explosion of tanks,
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appliances, or equipment, significant pieces of evidence debris may have pierced the bodies of
victims or be contained in their clothing.
The clothing of anyone injured in an explosion should be obtained for examination and
possible analysis. The investigator should ensure that photographs are taken of the injuries and
that any material removed from the victims during medical treatment or surgery is preserved.
This is true whether the person survives or not.
Investigators should note the condition and position of any damaged and displaced structural
components, such as walls, ceilings, floors, roofs, foundations, support columns, doors,
windows, sidewalks, driveways, and patios.
Investigators should note the condition and position of any damaged and displaced building
contents, such as furnishings, appliances, heating or cooking equipment, manufacturing
equipment, victims’ clothing, and personal effects.
Investigators should note the condition and position of any damaged and displaced utility
equipment, such as fuel gas meters and regulators, fuel gas piping and tanks, electrical
boxes/meters, electrical conduits and conductors, heating oil tanks, parts of explosive devices, or
fuel vessels.
13-13.3.4 Identify Force Vectors. Investigators should identify, diagram, photograph, and note
those pieces of debris that indicate the direction and relative force of the explosion. Keep in
mind that the force necessary to shatter a wall is more than that necessary to merely dislodge or
displace it. The force necessary to shatter a window is less than that to displace a wall, but more
than that necessary to blow out a window intact. The greater the force, the farther that similar
pieces of debris will be thrown from the epicenter.
The investigator should log, diagram, and photograph varying missile distances and directions
of travel for similar debris, such as window glass. Larger, more massive missiles should be
measured and weighed for comparison of the forces necessary to propel them.
The distance as well as the direction of significant pieces of evidence from the apparent
epicenter of the explosion may be critical. The location of all significant pieces should be
completely documented on the explosion scene diagram along with notes as to both distance and
direction. This allows the investigator to reconstruct the trajectories of various components.
13-14 Analyze Origin (Epicenter).
After identifying the force vectors, the investigator should trace backward from the least to the
most damaged areas following the general path of the explosion force vectors. This is known as
an explosion dynamics analysis. It can be accomplished most efficiently by plotting on a diagram
of the exploded structure the various directions of debris movement and if possible, an estimate
of the relative force necessary for the damage or movement of each significant piece of debris.
(See Figure 13-14.)
The analysis of the explosion dynamics is based on the debris movement away from the
epicenter of the explosion in a roughly spherical pattern and the decreasing force of the
explosion as the distance from the epicenter increases.
Often, more than one explosion dynamics diagram is necessary. The first would show a
relatively large area that may indicate a specific area or room for further study as the origin. A
second, smaller scale diagram can than be constructed to analyze the explosion dynamics of the
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area of origin itself. This is especially useful when dealing with a “seated” explosion.
Often, especially when dealing with “nonseated” explosions such as fugitive fuel gas
explosions, the epicenter may not be pinpointed any more than to a specific room or area.
The explosion dynamics analysis is often complicated by evidence of a series of explosions
each with its own epicenter. This situation calls for a detailed comparison of the force vectors.
Movement of more solid debris, such as walls, floors, and roofs, is generally less in subsequent
explosions than in the first. The first forceful explosion tends to vent the structure allowing more
of the positive pressure phase of subsequent explosions to be released.
This is true, however, only when the secondary explosions are of the same or lesser force than
the first. Dust explosions are a notable exception to this phenomenon with subsequent explosions
almost always being more powerful than the first. (See Figure 13-14.)
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Figure 13-14 Explosion dynamics diagram.

13-15 Analyze Fuel Source.
Once the origin or epicenter of the explosion has been identified, the investigator should
determine the fuel. This is done by a comparison of the nature and type of damage to the known
available fuels at the scene.
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All available fuel sources must be considered and eliminated until one fuel can be identified as
meeting all of the physical damage criteria. For example, if the epicenter of the explosion is
identified as a 6-ft (1.8-m) crater of pulverized concrete in the center of the floor, fugitive natural
gas can be eliminated as the fuel, and only fuels that can create “seated” explosions should be
considered.
Chemical analysis of debris, soot, soil, or air samples can be helpful in identifying the fuel.
With explosives or liquid fuels, gas chromatography, mass spectrography, or other chemical tests
of properly collected samples may be able to identify their presence.
Air samples taken in the vicinity of the area of origin can be used in identifying gases or the
vapors of liquid fuels. For example, commercial “natural gas” is a mixture of methane, ethane,
propane, nitrogen, and butane. The presence of ethane in an air sample may show that
commercial “natural gas” was there rather than naturally occurring “swamp, marsh, or sewer”
gas, which is all methane.
Once a fuel is identified, the investigator should determine its source. For example, if the fuel
is identified as a lighter-than-air gas and the structure is serviced by natural gas, the investigator
should locate the source of gas that will most likely be at or below the epicenter, possibly from a
leaking service line or malfunctioning gas appliance.
All gas piping, including from the street mains or LP-Gas storage tanks, up to and through the
service regulator and meter, to and including all appliances, should be examined and leak tested
if possible. (See NFPA 54, National Fuel Gas Code, Appendix D, or the National Fuel Gas
Code Handbook.) Leak testing inside a building that has had a fire or gas explosion should be
performed using air or an inert gas.
Odorant verification should be part of any explosion investigation involving, or potentially
involving, flammable gas, especially if there are indications that there were no indications of a
leaking gas detected by people present. Its presence should be verified. Stain tubes can be used
in the field, and gas chromatography can be used as a lab test for accurate results. (See Section
13-8.8.)
13-16 Analyze Ignition Source.
When the origin and fuel are identified, the means of ignition must be analyzed. This is often
the most difficult part of the overall explosion investigation because, especially with fugitive fuel
gases, multiple ignition sources are present. In the event of multiple possible ignition sources,
the investigator should take into consideration all the available information, including witness
statements. A careful evaluation of every possible ignition source should be made. Factors to
consider include:
(a) Minimum ignition energy of the fuel,
(b) Ignition energy of the potential ignition source,
(c) Ignition temperature of the fuel,
(d) Temperature of the ignition source,
(e) Location of the ignition source in relation to the fuel,
(f) Simultaneous presence of the fuel and ignition source at the time of ignition,
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(g) Witness accounts of conditions and actions immediately prior to and at the time of the
explosion.
13-17 Analyze to Establish Cause.
Having identified the origin, fuel, and ignition source, the investigator should now analyze and
determine what brought together the fuel and ignition at the origin. The circumstances that
brought these elements together at that time and place are the cause (see Chapter 12).
Part of this analysis may include considerations of how the explosion could have been
prevented, such as failure to conform to existing codes or standards. It should be noted that due
to the destructive effects of fire and explosions, the cause cannot always be determined.
Many techniques are suggested below to aid in establishing causation. The choice of the
technique(s) used will depend on the unique circumstances of the incident.
13-17.1 Time Line Analysis.
Based on the background information gathered (i.e., statements, logs, etc.), a sequence of
events should be tabulated for both prior to the explosion and during the explosion.
Consistencies and inconsistencies with causation theories can then be surmised and a “best fit”
theory established.
13-17.2 Damage Pattern Analysis.
Various types of damage patterns can be documented for further analysis, principally debris
and structural damage.
13-17.2.1 Debris Analysis. Investigators should identify, diagram, photograph, and note those
pieces of debris that indicate the direction and relative force of the explosion. In general, the
greater the explosive energy, the farther that similar pieces of debris will be thrown from the
center of the explosion. However, different drag/lift (aerodynamic) characteristics of various
fragment shapes will tend to favor some going farther.
The distance as well as the direction of significant pieces of evidence from the apparent center
of the explosion may be critical. The location of all significant pieces should be completely
documented on the explosion scene diagram along with notes as to both distance and direction.
This allows the investigator to reconstruct the trajectories of various components. In some cases
it is desirable to weigh and make geometric measurements of significant missiles, especially
large ones. This can then be used in a more complete engineering analysis of trajectories.
13-17.2.2 Relative Structural Damage Analysis. Investigators should diagram the relative
damage to the areas surrounding the explosion site. Such a diagram can be called an “iso-damage
contour map.” Criteria for contours may be simple overpressure levels in some cases, or the
relative damage ratings for structures. Several techniques are employed for this purpose. Such an
analysis will give additional clues to explosion propagation, and can be used for further input to
a more complete engineering analysis.
13-17.3* Correlation of Blast Yield with Damage Incurred.
There are several methods that analysts use to correlate the degree of damage and projectile
distance with the type and amount of fuel involved. Due to the great differences in chemical
dynamics between solid explosives and gas-vapor deflagrations, it is not possible to directly
correlate the amount of fuel involved in one to the weight of explosive used in the other. Weight
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equivalencies for common condensed-phase explosives can be found in the literature (see
Appendix A).
13-17.4 Analysis of Damaged Items and Structures.
Frequently the determination of the cause in explosion incidents requires a multidisciplinary
approach to relate damage to the fuels involved. The use of special experts may be necessary.
(See Section 6-5.)
13-17.5 Correlation of Thermal Effects.
A collection of articles exhibiting heat damage from an explosive event may be evidence of a
fireball or fire during the sequence of events. This may be further proof that the explosion
involved a BLEVE, a fuel jet fire, or other phenomena, depending on the character of those
articles. Specialized analysis of thermal damage effects can be conducted by an engineer trained
in this area. From this material, an iso-thermal diagram (heat damage map) can be developed.
Chapter 14 Electricity and Fire
14-1 Introduction.
This chapter discusses the analysis of electrical systems and equipment. The primary emphasis
is on buildings with 120/240- volt, single-phase electrical systems. These voltages are typical in
residential and commercial buildings. This chapter will discuss the basic principles of physics
that relate to electricity and fire.
Electrical equipment as an ignition source should be considered equally with all other sources
and not as either a first or last choice. The presence of electrical wiring or equipment at or near
the point of a fire does not necessarily mean that the fire was of electrical cause. Often the fire
may destroy insulation or cause changes in the appearance of conductors or equipment that can
lead to false assumptions if not carefully evaluated.
Electrical conductors and equipment that are appropriately used and protected by properly
sized and operating fuses or breakers do not normally present a fire hazard. They may, however,
provide an ignition source if easily ignitible materials are present.
14-2 Basic Electricity.
14-2.1
The purpose of this chapter is to present basic electrical terms and concepts briefly and simply
in order to assist people in developing a working understanding of them.
14-2.2
Water flowing through a pipe is familiar to everyone. This has some similarities to electrical
current flowing in an electrical system. Because of this, a limited comparison between a
hydraulic system and an electrical system can be used to make it easier to understand an
electrical system.
14-2.3
Below is a table of the basic elements of a hydraulic system along with the corresponding
elements of an electrical system.
Elements of the

Elements of the
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Hydraulic System

Electrical System

Pump

Generator

Pressure

Voltage

Pounds per square inch (psi)

Volts

Pressure gauge

Voltmeter

Water

Electrons

Flow

Current

Gallons per minute (gpm)

Amperes (amps)

Flowmeter

Ammeter

Valve

Switch

Friction

Resistance (ohms)

Friction loss

Voltage drop

Pipe size — inside diameter

Wire size — AWG No.

14-2.4
In a hydraulic system, a pump is used to create the hydraulic pressure necessary to force the
water through pipes. In an electrical system, a generator is used to create the necessary electrical
pressure to force electrons along a wire. This electrical pressure is the voltage. The amount of
hydraulic pressure is expressed in pounds per square inch and can be measured with a pressure
gauge. The amount of electrical pressure is expressed in volts and is measured with a voltmeter.
14-2.5
In the hydraulic system, it is water that flows in a useful way. In the electrical system, it is
electrons that flow in a useful way, and this flow is called electrical current. The amount of water
flow is expressed in gallons per minute (gpm) and may be measured with a flowmeter. The
amount of electrical current is expressed in amperes (amps) and may be measured with an
ammeter. Electric current can be either direct current (dc), such as supplied by a battery, or
alternating current (ac), such as supplied by the electric utility companies.
14-2.6
Direct current flows in only one direction, as in a circulating water system, while alternating
current flows back and forth with a specific frequency. In the United States, the frequency of 60
Hertz or 60 cycles per second is used. For the majority of applications encountered in this text, it
is satisfactory to visualize ac circuits as if they are the more easily understood dc circuits.
Notably excepted are transformers, which will not work on dc. The specifics of the differences
between the behavior of alternating current versus direct current are beyond the scope of this
manual.
14-2.7
The water pipe provides the pathway for the water to flow. In the electrical system, conductors
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such as wire provide the pathway for the current.
14-2.8
In a closed circulating hydraulic system (as opposed to a fire hose delivery system where water
is discharged out of the end), water flows in a loop, returning to the pump, where it is circulated
again through the loop. If the valve is closed, the flow stops everywhere in the system. When the
valve is opened, the flow resumes. An electrical system is also a closed system in that the current
must flow in a loop or in a completed circuit. If the switch is turned on, the circuit is completed
and the current flows. When the switch is turned off, the circuit is opened and current flow stops
everywhere in the circuit. (See Figure 14-2.8.)

Figure 14-2.8 Water pressure is measured by a pressure gauge. Voltage is measured by a voltmeter. A valve is
used to turn water on and off. A switch is used to turn the electricity to a motor on and off. Pressure drop in a
pipeline depends on gallons per minute and can be measured by subtracting the reading of one pressure
gauge from that of a second pressure gauge. Voltage drop depends on the resistance of the conductors and the
amperage through them. It can be measured by subtracting the voltage readings.

14-2.9
Friction losses in pipes result in pressure drops. Electrical friction in wires and other parts, that
is resistance, also results in electrical pressure drops or voltage drops. To express resistance as a
voltage drop, Ohm’s Law must be used. (See 14-2.13.)
When electricity flows through a conducting material such as a wire, a pipe or any piece of
metal, some heat is generated. The amount of heat depends on the resistance of the material
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through which the current is flowing and the amount of current. Some electrical equipment, such
as heating units, is designed with appropriate resistance to convert electricity to heat.
14-2.10
The flow of water in a pipe at a given pressure drop is controlled by the pipe size. A larger
pipe will allow more gallons per minute of water to flow than will a smaller pipe at a given
pressure drop. Similarly, larger wires allow more current to flow than do smaller wires. Wire
sizes are given American Wire Gauge (AWG) numbers. The larger the number, the smaller the
wire diameter. Small wire such as No. 22 AWG is used in telephone and other signal circuits
where small currents are involved. Larger wires such as Nos. 14, 12, and 10 AWG are used in
residential circuits. The larger the diameter (and hence the larger the cross-sectional area) of the
wire, the lower the AWG number and the less the resistance of the wire. This means that a No.
12 AWG copper wire will be allowed to conduct a larger current than a smaller No. 14 AWG
copper wire. (See Figure 14-2.10.)

Figure 14-2.10 Conductors. American Wire Gauge (AWG) sizes, diameters of cross sections, and resistance of
conductors commonly found in building wiring.

14-2.11
The ampacity of a conductor is the current that can be safely carried without harmful heating
of the insulation. For example, Table 310-16 from NFPA 70, National Electrical Code®, lists
the ampacity of No. 8 AWG copper wire with TW insulation (moisture resistant thermoplastic)
as 40 amperes. The table lists the same No. 8 AWG copper wire with THWN insulation
(moisture and heat-resistant thermoplastic with nylon jacket) as 50 amperes.
The table ampacity values may need to be adjusted for ambient temperature, number of
conductors in a conduit or other factors.
14-2.12
Some wire materials conduct current better, that is, with less resistance, than others. Silver
conducts better than copper, copper conducts better than aluminum, aluminum conducts better
than steel, etc. This means that a No. 12 AWG copper wire will have less resistance than the
same size No. 12 AWG aluminum wire.
14-2.13
Ohm’s Law states that the voltage in a circuit is equal to the current multiplied by the
resistance, or,
Voltage = Current × Resistance (E = I × R)
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Voltage (E) is measured in volts, current (I) is measured in amperes, and resistance (R) is
measured in ohms.
Using this simple law, the voltage drop can be found if the current and resistance are known.
Rearranging the terms, we can solve for current if voltage and resistance are known.

Also, resistance can be found if the current and voltage are known.

See Figure 14-2.13.

Figure 14-2.13 Ohm’s Law.

A voltmeter and an ammeter can be used to determine the resistance. If the resistance and the
voltage can be measured, the amperage can be calculated.
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14-2.14
When electrons are moved (electrical current) through a resistance, electrical energy is spent.
This energy may appear in a variety of ways such as light in a lamp or heating of a conductor.
The rate at which energy is used is called power. The amount of power is expressed in watts. A
100-watt light bulb generates more light and heat than a 60-watt light bulb. (See Figure 14-2.14.)

Figure 14-2.14 The power, in watts (P), consumed by a light bulb is a product of the current (I) squared and
the resistance (R) of the light bulb.

14-2.15
Power in electrical systems is measured in watts (P). Resistive appliances such as a hair dryer
or light bulb are rated in watts. Power is computed as shown in the Ohms Law wheel, Figure
14-2.15. The relationships among power, current, voltage, and resistance are important to fire
investigators because of the need to find out how many amperes were drawn in a specific case.
See Figure 14-2.15 for a summary of these relationships. If, for example, several appliances were
found plugged into one extension cord or many appliances were plugged into several receptacles
on the same circuit, the investigator could calculate the current draw to find if the ampacity was
exceeded.

Copyright 1996 NFPA

Figure 14-2.15 Ohms Law wheel resistive circuits.

For example, a hair dryer designed to operate on 120 volts draws 1500 watts.

To check results:
Volts (E) = I × R = 12.5 × 9.6 = 120 volts
Watts = (I)2 × R = (12.5)2 × 9.6 = 1500 watts
14-2.16
The following example will show how to find the total amperes, assuming the heater and
circuit protection are turned on and are carrying current. A portable electric heater and cooking
pot are found plugged into an extension cord made of two No. 18 AWG conductors. The heater
is rated at 1500 watts and the cooking pot is 900 watts. The previous relationships showed that
current equaled power divided by voltage.
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The total amperage of a circuit is the sum of the amperage of each device that is plugged into
the circuit. The total amperage for a circuit consisting of three receptacles is the total amperage
of all devices plugged into these receptacles. Similarly, the total amperage on an extension cord
is the sum of the amperage of each device plugged into the extension cord.
In this example (see Figure 14-2.16), the calculated amperages were 12.5 and 7.5, so the total
amperage of that extension cord when both appliances were operating was 12.5 + 7.5 = 20.0
amperes. Tables of allowable ampacities [from NFPA 70, National Electrical Code, Table
400-5(a)] show that the maximum current should be 10 amperes in the No. 18 AWG extension
cord. Therefore, the cord was carrying an overcurrent. The question to be determined is whether
this created an overload. Did the overcurrent last long enough to cause dangerous overheating or
an overload. In a situation such as Figure 14-2.16 where it appears an overload existed, it is
necessary to show that these conditions will create enough temperature rise to cause ignition. An
overload is not absolute proof of a fire cause. If an overload occurred, this cord could be
considered as a possible heat source, particularly if the heat was confined or trapped, such as
under a rug or between a mattress and box spring, preventing dissipation.
A similar situation exists when a short circuit, conductor-to-conductor contact occurs. This is
by definition a connection of comparatively low resistance. As seen by Ohm’s Law, when the
resistance goes down, the current flow goes up. Although a short circuit does cause a large
current flow, the circuit overcurrent protection devices normally prevent this current from
flowing long enough to cause overheating.
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Figure 14-2.16 Total current calculation.

14-3 Building Electrical Systems.
To reach valid conclusions as to whether a fire is caused by an electrical source, a general
understanding of an electrical installation is necessary. This section will give a description of a
120/240-volt, single-phase electrical service into and through a building. It is intended to allow
an investigator to recognize the various devices and to generally understand their functions.
Most residences and small commercial buildings receive electricity from a transformer through
three wires, either overhead from a pole or underground. Two of the wires are insulated and are
considered the hot wires. The third is a neutral wire that is connected to the ground and may be
uninsulated. The voltage between either of the hot wires and the grounded wire is 120 volts. The
voltage between the two hot wires is 240 volts. The incoming wires go to a utility meter and,
from the meter, to a box that contains either fuses or circuit breakers. These main fuses, together
with a switch or circuit breakers, provide a means of disconnecting the power to the building.
These switches or breakers are called service entrance disconnecting means. From this point,
electricity is distributed by means of branch circuits to various parts of the building and to
appliances and other equipment. This permits the use of smaller wires and smaller fuses or
circuit breakers.
Failure mechanisms that can ultimately result in electrical fires include:
(a) Deterioration;
(b) Misuse or misapplication of the component parts of the system, including deliberate acts
(arson);
(c) Improper installation of electrical systems and equipment;
(d) Accidents;
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(e) Design deficiency;
(f) Manufacturing deficiency.
14-3.1 Service Equipment.
14-3.1.1 The overhead conductors that come from the pole to a building are called the service
drop. They are usually owned and installed by the power company. There will usually be three
conductors, but commercial and industrial buildings will often have four. The three conductors
might be separate, but for many years, two insulated conductors have been wrapped around a
bare grounded conductor to form a cable called a triplex drop. The service drop enters a pipe
(service raceway) through a weatherhead. This keeps water out of the pipes. The utility service
may be underground and is called a service lateral. [See Figures 14-3.1.1(a) and 14-3.1.1(b).]

Figure 14-3.1.1(a) Overhead service.
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Figure 14-3.1.1(b) Underground service.

14-3.1.2 The service entrance conductors go to a meter base and meter which measures how
much energy is used. The meter is outside of most buildings. From the meter base, the service
conductors go to the service equipment where a main switch or disconnect allows the turning off
of all power in the building. This might be a single box and switch or it might be part of a circuit
breaker or fuse panel. If the disconnect is part of a breaker panel there might be up to six (or six
pairs of) main breakers to turn off all power. (See Figure 14-3.1.2.)

Figure 14-3.1.2 Service equipment.
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14-3.2 Grounding Requirements.
14-3.2.1 Grounding one conductor of an electrical system and grounding all metal that may
come in contact with an energized, ungrounded conductor (“hot” wire) reduces the potential
hazards. Any contact between an energized ungrounded circuit conductor and grounded metal
will cause a ground-fault current to flow. When this current is of high enough magnitude, it
causes the operation of the overcurrent devices in the ungrounded circuit conductor and
eliminates the dangerous condition. All conductors and connections in the grounding circuit
should be of sufficiently low resistance to ensure that enough current will flow in the fault to
operate the overcurrent device. Thus, the metal enclosures of conductors (conduits, metal armor
of cables, metal raceway, boxes, cabinets, and fittings) should be grounded.
14-3.2.2 The grounding of exposed noncurrent-carrying metal parts such as covers, cases, and
handles is required on particular cord- and plug-connected appliances in residential occupancies,
including refrigerators; freezers; ranges; air conditioners; washers and dryers; dishwashers; sump
pumps; electrical aquarium equipment; and portable, hand-held, motor-operated tools and
appliances. The latter includes drills, hedge clippers, lawn mowers, wet scrubbers, sanders, and
saws. An exception is that a tool marked “double insulated” may be recognized as providing
equivalent protection. Under certain conditions, ranges and dryers are permitted to be grounded
by means of the neutral conductor.
14-3.2.3 The grounding electrode may consist of a concrete-encased, copper-wire electrode, a
driven pipe or rod, or a metal plate buried below permanent moisture level. The interior metal
cold-water piping system must always be bonded to the service equipment enclosure, the
grounded conductor of the service, the grounding electrode conductor (where of sufficient size),
or to the one or more grounding electrodes used. (See Figure 14-3.2.3.)
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Figure 14-3.2.3 Grounding at a typical small service. A, B, and C are bonding connections that provide a path
to ground.

14-3.3 Panelboards and Overcurrent Protection.
A panelboard has buses that are conductive bars. Panelboards may or may not contain
switches; however, they do contain automatic overcurrent protective devices such as fuses or
circuit breakers for the control and protection of light, heat, and power circuits. The buses are
mounted in a cabinet or cut out box, which is placed in or on a wall. This cabinet is accessible
only from the front.
14-3.3.1 Many fuse panels have a main disconnect in the form of a molded block with two
cartridge fuses. A second such block with two cartridge fuses might be used to supply an electric
range. Both of these blocks must be removed to disconnect all of the power. Screw-in fuses go
only to 30 amperes. Above that, for appliances that use a lot of current, cartridge fuses must be
used. In old installations of fuse panels, an additional panel with cartridge fuses might be added
to supply new large appliances.
14-3.3.2 Residential installations are usually simple, but commercial installations can become
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complicated with several panels and disconnects as well as subpanels in another part of the
building. If assistance is needed in figuring out an electrical system, an electrical inspector
should be consulted. [See Figures 14-3.3.2(a), 14-3.3.2(b), and 14-3.3.2(c).]

Figure 14-3.3.2(a) Fuse panel.
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Figure 14-3.3.2(b) Common arrangement for a circuit-breaker panel.
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Figure 14-3.3.2(c) Photograph of a circuit-breaker panel.

14-3.4 Overcurrent Protection.
Overcurrent protection is provided for the purpose of opening or disconnecting the circuit if
the current becomes excessive or if a fault occurs. In general, an overcurrent device must be
installed in each ungrounded conductor (“hot” wire) of each circuit at the point where it receives
its supply.
14-3.5 Overcurrent Protective Devices.
The most commonly used overcurrent protective devices are circuit breakers and fuses. Plug
fuses are of two basic types, the ordinary Edison-based type and the S-type. Fuses larger than 30
amperes are of the cartridge type. Either of these may or may not be of the time delay-type. [See
Figures 14-3.5(a), 14-3.5(b), and 14-3.5(c).]
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Figure 14-3.5(a) A typical, Edison-based nonrenewable fuse, single element. (Bussmann Division, Cooper
Industries) For replacement purposes only.

Figure 14-3.5(b) Another Edison-based nonrenewable fuse, dual element. (Bussmann Division, Cooper
Industries) For replacement purposes only.

Figure 14-3.5(c) A Type S nonrenewable fuse. The time lag type of fuse is acceptable but not required. These
fuses have been designed so that tampering or bridging can be done only with difficulty. NFPA 70, National
Electrical Code, specifies that fuse holders for plug fuses of 30 amperes or less shall not be used unless they
are designed to use this Type S fuse or are made to accept a Type S fuse through use of an adapter.
(Bussmann Division, Cooper Industries)

14-3.5.1 S-Type Fuse. The S-type fuse is designed so that tampering or bridging is usually
difficult. They are designed with adapters that fit the Edison-based fuse holders. After an adapter
has been properly installed, it cannot be easily removed without damaging the fuse holder. The
adapters are designed to prevent the use of Edison-based fuses in the fuse holder, to prevent a
larger fuse from being used in an adapter designed for a lower rating, and to prevent the use of
pennies and other bridging schemes. Edison-based fuses of any size will fit Edison-based fuse
holders of any size. They are not allowed to be used on new installation and are suitable for
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replacement purposes only.
14-3.5.2 Time-Delay-Type Plug Fuses. Whether of Type S or Edison-based design, the
time-delay-type fuses permit short-time current surges, such as starting currents for motors,
without interruption of the circuit. While these momentary surges can be up to 6 times greater
than the motor’s usual current, they are harmless because they last only a short time. This makes
it possible to use Type S fuses in sizes small enough to give better protection than a
nontime-delay-type that must be oversized to allow for such surges. In the case of a short-circuit
or high-current ground fault, however, the time-delay-type fuse will operate and clear the circuit
as rapidly as the nontime-delay-type fuse.
14-3.5.3 Circuit Breakers.
14-3.5.3.1 Unlike fuses, which must be removed and replaced before power can be restored,
circuit breakers can be reset after they have tripped. The current rating of the breaker is usually
given on the face of the handle. Breakers are designed so that the internal workings will trip with
excessive current, even if the handle is somehow held in the on position. The on and off
positions are indicated either on the handle or on the body. A circuit breaker in service cannot be
manually placed in the tripped position. [See Figure 14-3.5.3.1(a).] Figures 14-3.5.3.1(b), (c),
and (d) show a circuit breaker in three positions: on, off, and tripped. The handle position shown
at the top of the photographs is different for each condition as are the contacts shown at the
lower left of the photographs. The arc chute that normally covers the contact point has been
removed to permit a direct view of the contacts.

Figure 14-3.5.3.1(a) Typical circuit breaker.
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Figure 14-3.5.3.1(b) A 15-ampere residential-type circuit breaker in the closed (on) position. (Challenger
Electrical Equipment Corp., subsidiary of Westinghouse Electric Corp.)

Figure 14-3.5.3.1(c) A 15-ampere residential-type circuit breaker in the open (off) position. (Challenger
Electrical Equipment Corp., subsidiary of Westinghouse Electric Corp.)
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Figure 14-3.5.3.1(d) A 15-ampere residential-type circuit breaker in the open (tripped) position. (Challenger
Electrical Equipment Corp., subsidiary of Westinghouse Electric Corp.)

14-3.5.3.2 Most residential circuit breakers are of the thermal-magnetic type. The thermal
element, usually bimetallic, provides overload protection. The magnetic element provides short
circuit and ground-fault protection for low-resistance ground faults.
14-3.5.3.3 In newer installations, one of the breakers might have a button labeled “push to test.”
This circuit breaker houses a ground-fault circuit-interrupter and turns off with a slight ground
fault to give better protection against electric shock. In addition, it operates as a typical circuit
breaker.
14-3.5.4 Ground-Fault Circuit-Interrupter. A ground-fault circuit-interrupter is a device
intended for the protection of personnel that functions to de-energize a circuit or portion thereof
within an established period of time when a current to ground exceeds some predetermined value
that is less than that required to operate the overcurrent protective device of the supply circuit.
14-3.6 Materials.
This section will identify the various materials used in electrical installations and give
information on their properties. This section is concerned only with the fixed electrical wiring
and service equipment. Wiring and devices in appliances are covered in Chapter 18.
14-3.6.1 Conductors. Conductors in electrical installations usually consists of copper or
aluminum because they are economical and good conductors of electricity. Conductors made of
other metals for special uses will be covered in Chapter 18.
14-3.6.1.1 Copper Conductors. The chemical element copper is used in a pure form to make
conductors. The copper is drawn through progressively smaller holes to squeeze it down to the
Copyright 1996 NFPA

desired size. There is no identifiable crystal structure in such copper. Impurities or alloying
elements would make the copper less conductive to electricity. Pure copper melts at 1082°C or
1980°F. In fires, though, copper melts along the surface of the conductor at temperatures
somewhat below 1082°C and 1980°F because of mixing with the copper oxide that forms in air.
That is why copper conductors tend to melt along their surfaces to form pointed ends, globules,
and thinned areas.
Copper conductors oxidize in fires when the insulation has been lost. The surface usually
becomes blackened with cupric oxide. In some cases where the conductor was in a chemically
reducing condition such as glowing char before cooling, the surface may be either bare of oxide
or be coated with a reddish cuprous oxide.
14-3.6.1.2 Aluminum Conductors. The chemical element aluminum is used in pure form for
conductors. Pure aluminum melts at 660°C (1220°F). A skin of aluminum oxide forms on the
surface, but the oxide does not mix with the metallic aluminum underneath. Therefore, the
melting temperature is not reduced, and aluminum tends to melt throughout the conductor at one
time instead of leaving a core as copper does. Melted aluminum can flow within the skin of
oxide and cool to give odd shapes.
Aluminum cables that are used for service drops may have steel strands in the center for
strength. In a triplex drop, the neutral would have the steel strand.
14-3.6.1.3 Copper-clad Conductors. Copper-clad aluminum conductors have been used but are
not common. Since they are aluminum conductors with a skin of copper, their melting
characteristics would be similar to aluminum conductors.
14-3.6.2 Insulation. Insulation on wires prevents an energized wire from shorting or faulting to
some other wire or conductive object. Insulation could be made of almost any material that can
be applied readily to the wire, does not conduct electricity, and retains its properties for a long
time even at elevated temperatures. For a summary of the types of insulation, see Table 310-13
in NFPA 70, National Electrical Code. Air serves as an insulator when bare conductors are kept
separated.
14-3.6.2.1 Polyvinyl Chloride. Polyvinyl chloride, or PVC, is the most commonly used
thermoplastic insulating material for wiring. PVC must be blended with plasticizers to make it
soft. Pigments and other modifiers are also added. PVC does not oxidize on aging, but it can
slowly lose the plasticizers and become hard and brittle. The hotter the exposure and the longer
the duration of exposure, the more plasticizer is lost. At elevated temperatures PVC becomes
increasingly soft but does not flow until about 175°C (347°F). At high temperatures such as in
direct fire exposure, it chars while giving off the corrosive gas, hydrogen chloride.
On an isolated nonmetallic cable or conductor at room temperatures, PVC insulation will not
continue to burn for more than a few seconds after the ignition source has been removed. When
many conductors are loosely bundled or with cables in a cable tray, small fires on each
conductor or cable help to heat each other, and the fire can grow and spread vertically or
horizontally. Horizontal fire spread will be slower.
When PVC insulation is overheated, such as by hot conductors inside, the plasticizers can be
driven off as a visible smoke. That smoke can be ignited by outside sources or an arc, and the hot
PVC can continue to burn.
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14-3.6.2.2 Rubber. Rubber insulation was the most common insulating material until about in
the 1950s. Rubber insulation contains pigments and various modifiers and antioxidants. In time
it may oxidize and become brittle, especially if kept hot. Embrittled rubber has little strength and
can be broken off of the conductor if it is bent or scraped.
Rubber insulation on isolated conductors and cords at room temperatures usually does not
continue to burn after exposure to and removal of an ignition source because of added fire
retardants and fillers. However, small residual fires in loose bundles of cords or conductors may
grow and spread the fire. Rubber insulation chars when exposed to fire or very high temperatures
and leaves an ash when the rubber is completely burned away.
14-3.6.2.3 Other Materials. Polyethylene and closely related polyolefins are used as insulation,
more commonly on large cables than on wiring that might be used in a home. Polyethylene has a
fairly low melting temperature, and so it is normally molecularly cross-linked to raise the
melting temperature and increase the toughness.
Nylon jackets are put around other insulating materials (usually PVC) to increase the thermal
stability of the insulation.
14-3.6.3 Enclosures. Under most conditions, electrical wiring and equipment must be enclosed
in some kind of protective device, especially at connections.
14-3.6.3.1 Cabinets. The service equipment (meter, main disconnect, and fuse or breaker panels)
is enclosed in cabinets that are usually made of steel although they may be made of plastic or
aluminum.
14-3.6.3.2 Raceways and Conduit. Steel, plastic, and aluminum are used for raceways and
conduit. Steel has good strength and generally will not melt in fires. However, because of its
ability to conduct heat, it quickly allows wiring inside of it to get hot enough to damage
insulation in a fire. Aluminum is sometimes used for conduit. It has good strength but conducts
heat quickly and melts readily in fires. Plastic has good strength but is destroyed by fire.
However, it will not conduct heat inside as fast as metal, and so in a very brief fire it might
prevent faulting in the wiring. Plastic does not conduct electricity and so cannot be used for
grounding as metal conduit can, and it cannot be involved in a ground fault.
14-3.6.3.3 Outlet and Junction Boxes. Steel and plastic are used in outlet and junction boxes.
Most nonmetallic boxes are made of a thermoset plastic that does not continue to burn after the
ignition source is removed. Such plastics char and burn in continued exposure to fire but do not
melt. Some boxes are made of a thermoplastic that can melt and char in the heat of a fire.
14-3.6.4 Fittings. Fittings are used to join sections of conduit or raceway to each other or to
cabinets and boxes. The fittings are usually made of die cast aluminum or zinc. They have low
melting temperatures and so usually will be missing after a fire. Some fittings may have steel
ring nuts or set screws which will usually survive a fire. Also, marks such as from set screws
may be found on ends of steel conduit after a fire to indicate that connectors had been in-place at
some time.
14-3.7 Identification of Conductors.
14-3.7.1 Grounded Conductor. A grounded conductor, usually called a neutral, is defined as an
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intentionally grounded system or circuit conductor. With few exceptions, interior wiring systems
have a grounded conductor that is continuously identified by an outer white or natural gray color.
For sizes larger than No. 6 AWG, identification may be by a distinctive white marking at the
terminations.
In general, the terminals of electrical devices to which a grounded conductor is to be connected
are identified by being made of metal substantially white in color or having a metallic plate
coating substantially white in color. In the case of screw-shell-type lampholders, the identified
(white) terminal is the one that is connected to the screw shell.
14-3.7.2 Ungrounded Conductor. An ungrounded conductor, often called the hot conductor,
originates at a fuse or circuit breaker. The insulation most often is black although, it may be of
any color except white or green. In 240-volt circuits, the two ungrounded conductors are most
often black and red. An ungrounded conductor along with a grounded conductor constitutes a
120-volt circuit.
Terminals intended for an ungrounded conductor are made of brass to distinguish them from
the substantially white terminals of a grounded conductor.
14-3.7.3 Equipment Grounding Conductor. An equipment grounding conductor, usually
called a ground, is defined as the conductor used to connect the noncurrent-carrying metal parts
of equipment to the system grounding conductor and the grounding electrode conductor at the
service equipment.
The equipment grounding conductor of a branch circuit is identified by a continuous green
color or green with one or more yellow stripes, or it may be bare. Larger conductors may be
stripped bare for the entire exposed length or have a distinctive green marking.
14-3.8 Lighting and Appliance Branch Circuits.
A branch circuit is that portion of a wiring system extending beyond the last overcurrent
device protecting the circuit. A branch circuit for small appliances is one supplying one or more
outlets to which appliances are to be connected that has no permanently connected lighting
fixtures and is usually protected by a 20-ampere overcurrent device. A general purpose branch
circuit supplies two or more outlets for lighting and appliances and is usually protected by a 15or 20-ampere overcurrent device. An individual branch circuit is one that usually supplies only
one appliance, and overcurrent protection depends on the requirements of the device. Individual
branch circuits may be 120 volt, 120/240 volt or 240 volt, and may be rated 15, 20, or 30 ampere
and supply any load. (See Table 14-3.8.)
Table 14-3.8 Capacity and Use of Branch Circuits
Wire Size

Ampacity

Use

Copper

Copper-clad
Aluminium and Aluminum

14

12

15

Branch circuit conductors supplying other than
kitchen

12

19

20
25

Small appliance circuit conductors supplying outlets in kitchen for refrigerators,
toasters, electric frying pans, coffee makers,
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and
similar appliances
10

8

30

8

6

40

6

4

55

Large appliances such as ranges and dryers

14-3.9 Switches.
Switches are used for the control of lights and appliances, and as the disconnecting means for
motors and their controllers.
14-3.10 Receptacles.
Fifteen- and 20-ampere receptacles used in recent construction must be the grounding type.
They have a third hole to take a plug with a ground prong. One slot in the face of the receptacle
is longer than the other. It is the “neutral” side, whereas the smaller slot is the “hot” side. Some
plugs, such as on television sets, may be polarized so that they fit into the receptacle only one
way. All grounding plugs are inherently polarized. Within the outlet box, the black insulated
wire should be connected to the brass screw terminal, and the neutral wire to the silver or white
screw. There is a green screw for the grounding wire on grounding receptacles.
Nongrounding-type receptacles may be found in older installations. [See Figures 14-3.10(a) and
14-3.10(b).]

Figure 14-3.10(a) Nongrounding type.

Figure 14-3.10(b) Grounding type.

14-4 Ignition.
14-4.1 General.
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For ignition to be from an electrical source, the following must occur:
(a) Sufficient heat and temperature to ignite the closest combustible material must have been
produced at the point of origin by the electrical source.
(b) The electricity must have been on or another source of electrical energy must have been
available, e.g., battery back-up, emergency power system, other sources.
(c) The electrical wiring, equipment or component must have been energized.
Ignition by an electrical source involves generating both sufficiently high temperature and heat
(competent ignition source) by passage of electrical current to ignite material that is at the point
of origin. Sufficient heat and temperatures may be generated by a wide variety of means, such as
electrical arcs, excessive current through wiring or equipment, resistance heating, or by ordinary
heat sources such as light bulbs and heaters. The requirement for ignition is that the temperature
of the electrical heat source be sustained long enough to bring the adjacent fuel up to its ignition
temperature with air present to allow combustion. (See Chapter 12.)
Knowledge of the power or rate of heat generation is not sufficient by itself to identify a
source of ignition. The distribution and retention of that heat must be considered. For example,
an electric blanket spread out on a bed can continuously dissipate 180 watts safely. If that same
blanket is wadded up, the heating will be concentrated in a smaller space. Most of the heat will
be trapped by the outer layers of the blanket, which will lead to warmer internal temperatures,
and the heat might not be dissipated safely. In contrast to the 180 watts used by a typical electric
blanket, just the few watts used by a small flashlight bulb will cause it to glow white hot,
indicating filament temperatures in excess of 4000°F (2204°C).
In considering the possibility of electrical ignition, the temperature and duration of the heating
must be great enough to ignite the initial fuels. The type and geometry of the fuel must be
evaluated to be sure that the heat was sufficient to generate combustible vapors and for the heat
source still to be hot enough to ignite those vapors. If the reason for the electrical component to
cause the suspected ignition cannot be determined, then other causes should be investigated.
14-4.2 Resistance Heating.
Whenever electric current flows through a conductive material, some heat will be produced.
See Section 14-2.13 for the relationships of current, voltage, resistance, and power (heating).
With proper design and compliance with the codes, wiring systems and devices will have a low
enough resistance so that the current-carrying parts and connections should not overheat. Some
specific parts, such as a lamp filament or a heating element, are designed to become very hot.
The use of copper or aluminum conductors of sufficient size in wiring systems (e.g., 12 AWG
for up to 20 amperes for copper) will keep the resistance low. What little heat that is generated
should be easily dissipated to the air around the conductor under normal conditions.
Common heat-producing devices may cause fires when misused or used with certain
malfunctions. Examples are combustibles put too close to incandescent lamps or heaters, and
coffee makers or deep fat fryers if the temperature controls fail. (See Chapter 18.)
When there is a poor connection in a circuit, such as at a loose screw at a terminal, increased
resistance causes heating at the contact, which promotes formation of an oxide interface. The
oxide conducts current and keeps the circuit functional, but the resistance of the oxide at that
point is significantly greater than in the metals. A spot of heating develops at that oxide interface
Copyright 1996 NFPA

which can become hot enough to glow. If combustible materials are close enough to the hot spot,
they can be ignited. If the heating persists long enough, nearby insulation can fail, producing a
short circuit or fault.
Another aspect that needs more study involves electrochemical corrosion of metals in the
presence of water or moisture.
14-4.3 Overcurrent and Overload.
Overcurrent is the condition in which more current flows in a conductor than is allowed by the
accepted safety standards. The magnitude and duration of the overcurrent determines if there is
an overload or a possible ignition source. An overcurrent at 25 amperes, for example, in a 14
AWG copper conductor, should pose no fire danger except in circumstances that do not allow
dissipation of the heat such as when thermally insulated or bundled in cable applications. A large
overload of 120 amperes in a 14 AWG conductor, for example, would cause the conductor to
glow red hot and could ignite adjacent combustibles.
Very large overcurrents that persist (overload) can bring a conductor up to its melting
temperature. There is a brief parting arc as the conductor melts in two. The melting opens the
circuit and stops further heating.
In order to get a large overcurrent, there must either be a fault that bypasses the normal loads
(short circuit) or far too many loads must be put on the circuit. To have a sustained overcurrent
(overload), the protection (fuses or circuit breakers) must fail to open or must have been
defeated. Ignition by overload is rare in circuits having the same size conductors throughout the
circuit because most of the time, the protection opens and stops further heating before ignition
conditions are obtained. When there is a reduction in the conductor size between the load and the
current protection, the smaller size conductor may be heated beyond its temperature rating. This
can occur without activating the overcurrent protection. For example, see 14-2.16.
In a two-conductor nonmetallic sheathed cable, a short circuit, overcurrent would cause both
circuit conductors to be equally heated. A fault through a ground path outside of the cable would
cause only the ungrounded (hot) conductor to be heated, although something in the ground path
might be heated also. Thus, for the same amount of current, a short circuit would produce more
heating in the cable than would a ground fault. Heating from a short circuit is all within the cable
instead of being partly in the external ground path.
14-4.4 Arcs.
An arc is a high temperature luminous electric discharge across a gap. Temperatures within the
arc are in the range of several thousand degrees depending on circumstances including current,
voltage drop, and metal involved. For an arc to jump even the smallest gap in air spontaneously,
there must be a voltage difference of at least 350 volts. In the 120/240-volt systems being
considered here, arcs do not form spontaneously under normal circumstances. (See Section 14-8.)
In spite of the very high temperatures in an arc path, arcs may not be competent ignition
sources for many fuels. In most cases, the arcing is so brief and localized that solid fuels such as
wood structural members cannot be ignited. Fuels with high surface area to mass ratio, such as
cotton batting and tissue paper, and combustible gases and vapors may be ignited when in
contact with the arc.
14-4.4.1 High voltages can get into a 120/240-volt system through accidental contact between
the distribution system of the power company and the system on the premises. Whether there is a
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momentary discharge or a sustained high voltage, an arc may occur in a device where the
separation of conductive parts is safe at 240 volts but not at many thousands of volts. If easily
ignitible materials are present along the arc path, a fire can be started.
Lightning can send extremely high voltage surges into an electrical installation. Because the
voltages and currents from lightning strikes are so high, arcs can jump at many places, cause
mechanical damage, and ignite many kinds of combustibles. (See 14-8.8.)
14-4.4.2 Static electricity is a stationary charge that builds up on some objects. Walking across a
carpet in a dry atmosphere will produce a static charge that can produce an arc. Other kinds of
motion can cause a build-up of charge, including pulling off clothing, operating conveyor belts,
and flowing liquids. (See Section 14-8.)
14-4.4.3 Parting arcs are brief discharges that occur as an energized electrical path is opened,
such as by turning off a switch or pulling a plug. The arc usually is not seen in the switch but
may be seen if a plug is pulled while the device is drawing current. Motors with brushes may
produce a nearly continuous display of arcs between the brushes and the commutator. At
120/240 volts ac, a parting arc is not sustained and will quickly be quenched. Ordinary parting
arcs in electrical systems are usually so brief and of low enough energy that only combustible
gases, vapors, and dusts can be ignited.
In arc welding, the rod must first be touched to the work piece to start current flowing. Then
the rod is withdrawn a small distance to create a parting arc. If the gap does not become too
great, that arc will be sustained. A welding arc involves enough power to ignite nearly any
combustible material. However, the sustained arc in a welder requires specific design
characteristics not present in most parting arc situations in 120/240-volt systems.
Another kind of parting arc occurs when there is a direct ground fault or a short circuit. The
surge of current melts the metals at the point of contact and causes a brief parting arc as a gap
develops between the metals. The arc quenches immediately, but the explosive energy can throw
particles of melted metal around. (See 14-4.5.)
14-4.4.4 Arcing can occur on or through a material that is not a normal part of the circuit. When
insulation has been charred by fire and the circuit is still energized, arcs may strike through the
char. This is a normal consequence of a fire. (See 14-5.4.)
Arcs that strike through charred electrical insulation do not draw the high currents of a short
circuit. Therefore, such arcs may not open the protection (fuses or circuit breakers) immediately.
Continued arcing through char at these current levels will melt metals at the point of arcing.
14-4.4.5* Arcs may occur on surfaces of nonconductive materials if they become contaminated
with salts, conductive dusts, or liquids. It is thought that small leakage currents through such
contamination causes degradation of the base material leading to the arc discharge, charring or
igniting combustible materials around the arc. Arc tracking is a known phenomena at high
voltages. It has also been reported in experimental studies in 120/240-volt ac systems.
14-4.5 Sparks.
Sparks are luminous particles that can be formed when an arc melts metal and spatters the
particles away from the point of arcing. The term spark has commonly been used for a high
voltage discharge as with a spark plug in an engine. For purposes of electrical fire investigation,
the term spark is reserved for particles thrown out by arcs, whereas an arc is a luminous
electrical discharge.
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Short circuits and high current ground faults, such as when the ungrounded conductor (hot
wire) touches the neutral or a ground, produce a violent event. Because there may be very little
resistance in the short circuit, the current may be many hundreds or thousands of amperes. The
energy that is dissipated at the point of contact is sufficient to melt the metals involved, creating
a gap and a visible arc, and throwing sparks. Protective devices in most cases will open (turn off
the circuit) in a fraction of a second and prevent repetition of the event.
When just copper and steel are involved in arcing, the spatters of melted metal begin to cool
immediately as they fly through the air. However, when aluminum is involved in the faulting, the
particles may actually burn as they fly and continue to be extremely hot until they burn out or are
quenched by landing on some material. Burning aluminum sparks, therefore, may have a greater
ability to ignite fine fuels than do sparks of copper or steel. However, sparks from arcs are
inefficient ignition sources and can ignite only fine fuels when conditions are favorable. In
addition to the temperature, the size of the particles is important for the total heat content of the
particles and the ability to ignite fuels. For example, sparks spattered from a welding arc can
ignite many kinds of fuels because of the relatively large size of the particles and the large total
heat content.
14-4.6 Stray Currents through Water.
Electrical current will flow through water or moisture only when that water or moisture
contains contaminates such as dirt, dust, salts, or mineral deposits. This stray current may
compromise the integrity of electrical wiring, equipment, or components. This condition may
then result in that electrical wiring, equipment, or components becoming an electrical ignition
source.
14-5 Interpreting Damage to Electrical Systems.
14-5.1 General.
Electrical activity that can cause fires may produce characteristic damage that may be
recognizable after a fire. The damage may occur on conductors, contacts, terminals, housings, or
other components. However, many kinds of damage can occur from nonelectrical events or from
electrical activity during a fire. This section will give guidelines for deciding if observed damage
was the cause of a fire or the result of a fire. These guidelines are not absolute, and many times
the physical evidence will not allow a definite conclusion.
14-5.2 Appearance of Arced and Fire Melted Conductors.
When conductors are subjected to highly localized heating, such as from arcs, the ends of the
individual conductors may become rounded or have bulbous globules of resolidified molten
metal. These globules are called beads. Beads can be differentiated from globules created by
nonlocalized heating, such as overload or fire melting, by the presence of a distinct and
identifiable line of demarcation between the melted bead and the adjacent nonmelted portion of
the conductor.
Globules due to fire melting are irregular in shape and size, often tapered, and may be pointed.
They have no distinct boundary lines of demarcation between the globule and the adjacent
fire-heated conductor.
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Figure 14-5.2 Ends of the same conductor, which was exposed to highly localized heating from an arc causing
separation and the bulbous globule appearance of the ends.

14-5.3 Short Circuit and Ground Fault Arcs.
Whenever an energized conductor contacts a grounded conductor or a metal object that is
grounded with nearly zero resistance in the circuit, there will be an arc discharge at the point of
contact. The high current flow can melt the metals in small areas in the conductors or other metal
objects involved producing a gap and the arc. A solid copper conductor typically appears as
though it had been notched with a round file. The notch may or may not go through the
conductor. The conductor will break easily at the notch upon handling. The surface of the notch
can be seen by microscopic examination to have been melted. Sometimes, there can be a
projection of porous copper in the notch. If the fault current is moderate (about 100 to 500
amperes), the notch will be shallow and sometimes rough looking. At low fault currents (under
about 100 amperes), the mark will be a small rough spot with little notching or loss of metal.
The arcing faults melt the metals only at the point of initial contact. The adjacent surfaces will
be unmelted unless fire or some other event causes subsequent melting. In the event of
subsequent melting, it may be difficult to identify the site of the initial short circuit or ground
fault. If the conductors were insulated prior to the faulting, it will be necessary to determine how
the insulation failed or was removed and the conductors came in contact with each other. If the
conductor or other metal object was bare of insulation at the time of the faulting, there may be
spatter of metal onto the otherwise unmelted adjacent surfaces.
Stranded conductors, such as for lamp and appliance cords, appear to display effects from
short circuits and ground faults that are less consistent than those in solid conductors. A stranded
conductor may exhibit a notch with only some of the strands severed, or all of the strands may be
severed with strands fused together or individual strands melted. Ends of individual strands may
show globules that are difficult to distinguish from a bead.
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Figure 14-5.3 Stranded copper lamp cord that was severed by a short circuit.

14-5.4 Arcing During Fires.
Insulation on conductors when exposed to direct fire will likely be charred before being burned
off. That char, when exposed to fire, is conductive enough to allow sporadic arcing through the
char. That arcing can leave surface melting at spots or can melt through the conductor,
depending on the duration and repetition of the arcing. There often will be multiple points of
arcing. Several inches of conductor can be destroyed either by melting or severing of several
small segments.
On appliance cords, lamp cords, extension cords and branch circuit conductors, arcing through
the char may sever the conductors. The remaining section of the conductors away from the
power source becomes de-energized. Those conductors will likely remain in the debris with part
or all of their insulation destroyed. The remains of the conductors between the point of arc
severing and the power supply may remain energized if the protection did not open. Those
conductors can sustain further arcing through the char. Arc severing farthest from the power
supply occurred first. It is necessary to find as much of the conductors as possible to determine
the location of the first arc.
If the fault occurs in service entrance conductors, several feet of conductor may be partly
melted or destroyed by repeated arcing because there is almost no overcurrent protection for the
service entrance. An elongated hole or series of holes extending several feet may be seen in the
conduit. In branch circuits, holes extending for several inches may be seen in the conduit or in
metal panels to which the conductor arced.
When a solid conductor is severed by arcing through the charred insulation it will have some
form of a beaded end. (See Figure 14-5.2.) The bead might have a diameter larger than that of
the conductor or it might have just a rounded end. The beads are often fairly smooth but might be
distorted and irregular. A common characteristic is that the fused metal of the bead will make an
abrupt transition to the unmelted surface of the conductor, assuming no subsequent melting by
fire. When stranded conductors are involved, a bead may be formed that fuses most of the
strands together at the severed end or at the point of arcing.
14-5.5 Overheating Connections.
Metals at an overheating connection will be more severely oxidized than similar metals with
equivalent exposure to the fire. The conductor and terminal parts may have pitted surfaces where
contact has been made. This effect is more likely to be seen with copper conductors and steel
terminals. Where brass or aluminum are involved at the connection, the metals are more likely to
have melted than pitted. This melting can occur from either resistance heating or the fire. Melted
aluminum at the terminal can cause alloying with consequent pitting. (See 14-6.3.)
14-5.6 Overload.
Currents in excess of rated ampacity produce effects in proportion to the degree and duration
of overcurrent. Overcurrents that are large enough and persist long enough to cause damage or
create a danger of fire are called overloads. Under any circumstance, suspected overloads require
that the circuit protection be examined. Mild overloads (about 2 times the ampacity) may cause
long-term deterioration of insulation but do not cause changes in the conductor. Moderate
overloads (about 2 to 5 times ampacity) may generate sufficient heat to melt the PVC insulation
of typical cable at approximately 180°C (356°F). Evidence of mild to moderate overloads may
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not be found on the conductor itself after a fire, because any oxidation of the surface of the
conductor due to the overload will likely be masked by subsequent heating by the fire.
However, evidence of moderate overloads may be found on unburned parts of the circuit
between the fire and the breaker or fuse panel if such an area exists. In that case, the insulation
may be sleeved or melted off and possibly charred from the inside as well as melted. Sleeving is
softened and sagged thermoplastic conductor insulation due to heating of the conductor.
Overloads cause internal heating of the conductor. This heating occurs in the entire length and
cross section of the conductor from the power source to the load. If the overload is severe
(greater than 5 times the ampacity), the conductor may become hot enough to ignite fuels in
contact with it as the insulation melts off. Severe overloads may melt the conductor. If the
conductor melts in two, the circuit is opened and further heating immediately stops. The other
places where melting had started then become frozen as offsets. This effect has been noted in
copper, aluminum, and Nichrome conductors. (See Figure 14-5.6.) The finding of distinct offsets
is a good indication of large overloads but they do not necessarily form with overload.
When an overload melts a conductor, the parting arc can ignite combustible vapors from the
pyrolyzed insulation. Adjacent combustibles or the insulation may become ignited in this
manner. Such occurrences are very rare because in most instances overcurrent protection will
open the circuit before the conductor can reach its melting temperature. Evidence of overcurrent
melting of conductors is not proof of ignition by that means.

Figure 14-5.6 Aluminum conductors severed by overcurrent showing offsets.

Overload in service entrance cables is more common than in branch circuits but is usually a
result of fire. Faulting in entrance cables produces sparking and melting at the point of faulting
unless the conductors maintain continuous contact to allow the sustained massive overloads
needed to melt the cables. Overload in entry cables usually causes only distortion or partial
melting of the insulation back to the transformer.
14-6 Effects Not Electrically Caused.
Conductors may be damaged before or during a fire by other than electrical means and often
these effects are distinguishable from electrical activity.
14-6.1 Conductor Surface Colors.
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When the insulation is damaged and removed from copper conductors by any means, heat will
cause oxidation of the conductor surface. That oxidation may range from a thin dark layer to a
thicker black layer. When the oxidized conductor is held under nonoxidizing conditions, a glaze
of dark reddish cuprous oxide may be formed. Green or blue colors of copper salts may form
when some acids are present. The most common acid is hydrogen chloride, which forms from
decomposition of PVC. These various colors are of no value in determining cause because they
are nearly always results of the fire condition.
14-6.2 Melting by Fire.
When exposed to fire, copper conductors can reach melting temperatures. At first there is
blistering and distortion of the surface. [See Figure 14-6.2(a).] The striations created on the
surface of the wire during the manufacturing become obliterated. The next stage is some flow of
copper on the surface with some hanging drops forming. Further melting may allow flow with
thin areas (necking and drops) [See Figure 14-6.2(b).] In that circumstance, the surface of the
conductor tends to become smooth.
With solid copper conductors, melting by fire occurs first on the surface with an unmelted core
in the center. That is caused by oxidation at the surface, thereby lowering the melting
temperature of the mixed metal and oxide, while the core is still pure copper. When a conductor
is severed by fire melting, the ends tend to be pointed because of the residual core, which is the
last to melt.
Stranded conductors that just reach melting temperatures become stiffened by the fused copper
and oxide mixture on the strands. Further heating can let copper flow among the strands so that
the conductor becomes solid with an irregular surface that can show where the individual strands
were. Continued heating can cause the flowing, thinning, and drop formation of solid conductors.
Magnification is needed to see some of these effects. Large-gauge stranded conductors that melt
in fires can have the strands fused together by flowing metal or the strands may be thinned and
stay separated. In some cases, individual strands may display a bead-like globule even though
the damage to the conductor was from melting.
Metallographic examination of copper wires from fires will show differences in grain structure
depending on how much the copper was heated or if it was melted. In most cases metallographic
examination does not add much useful information and the examination required preparation is
destructive.
Aluminum conductors melt and resolidify into irregular shapes that are of no value for
interpreting cause. Because of the relatively low melting temperature, aluminum conductors can
be expected to melt in almost any fire and so are very rarely able to aid in finding the cause.
Frequently there is melting of components that may be the result of alloying of the metals
involved (see 4-8.2).
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Figure 14-6.2(a) Copper conductors, fire-heated to the melting temperature, showing regions of flow of
copper, blistering, and no surface distortion.

Figure 14-6.2(b) Copper conductors, fire-heated, showing beads, necking, and a pointed end.

Figure 14-6.2(c) Stranded copper conductor in which melting by fire caused the strands to be fused together.
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Figure 14-6.2(d) Aluminum cables that were melted by fire showing thinned areas, bulbous areas, and pointed
ends.

Figure 14-6.2(e) Aluminum cables that were melted by fire while partly protected in conduit.

14-6.3 Alloying.
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Metals such as aluminum and zinc can form alloys when melted in the presence of other
metals. If aluminum drips onto a bared copper conductor during a fire and cools, the aluminum
will be just lightly stuck to the copper. If that spot is further heated by fire, the metals can
penetrate the oxide interface and form an alloy that melts at a lower temperature than does either
pure metal. After the fire, an aluminum alloy spot may appear as a rough gray area on the
surface, or it may be a shiny silvery area. The copper-aluminum alloy is brittle, and the
conductor may readily break if it is bent at the spot of alloying. If the melted alloy drips off of
the conductor during the fire, there would be a pit that is lined with alloy. The presence of alloys
can be confirmed by chemical analysis.
Aluminum conductors that melt from fire heating at a terminal may cause alloying and pitting
of the terminal pieces. There is no clear way of visually distinguishing alloying from the effects
of an overheating connection at this time.
Zinc forms a brass alloy readily with copper. It is yellowish in color and not as brittle as the
aluminum alloy. These alloys or others usually have little value in interpreting the cause of the
fire.
14-6.4 Mechanical Gouges.
Gouges and dents that are formed in a conductor by mechanical means can usually be
distinguished from arcing marks by microscopic examination. Mechanical gouges will usually
show scratch marks from whatever caused the gouge. Dents will show deformation of the
conductors beneath the dents. Dents or gouges will not show the fused surfaces of electrically
caused melting.
14-7 Misconceptions and Cautions.
There are several ideas that have been common among fire investigators, which are either
unproven, misconstrued, incorrect, or true under only limited circumstances.
14-7.1 Undersized Conductors.
Undersized conductors, such as a 14 AWG conductor in a 20-ampere circuit, are sometimes
thought to overheat and cause fires. There is a large safety factor in the allowed ampacities.
Although the current in a 14 AWG conductor is supposed to be limited to 15 amperes, the extra
heating from increasing the current to 20 amperes would not necessarily indicate a fire cause.
The higher operating temperature would deteriorate the insulation faster but would not melt it or
cause it to fall off and bare the conductor without some additional factors to generate or retain
heat. The presence of undersized conductors or overfused protection is not proof of a fire cause.
(See 14-2.16.)
14-7.2 Nicked or Stretched Conductors.
Conductors that are reduced in cross section by being nicked or gouged are sometimes thought
to heat excessively at the nick. Calculations and experiments both have shown that the additional
heating is negligible. Also, it is sometimes thought that pulling conductors through conduit can
stretch them like taffy and reduce the cross section to a size too small for the ampacity of the
protection. Copper conductors do not stretch that much without breaking at the weakest point.
Whatever stretching can occur before the range of plastic deformation is exceeded would not
cause either a significant reduction in cross section or excessive resistance heating.
14-7.3 Deteriorated Insulation.
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When thermoplastic insulation deteriorates with age and heating, it tends to become brittle and
will crack if bent. Those cracks do not allow leakage current unless conductive solutions get into
the cracks. Rubber insulation does deteriorate more easily than thermoplastic insulation and
loses more mechanical strength. Thus, rubber insulated lamp or appliance cords that are subject
to being moved can become hazardous because of embrittled insulation breaking off. However,
simple cracking of rubber insulation as with thermoplastic insulation does not allow leakage of
current unless conductive solutions get into the cracks.
14-7.4 Overdriven Staple.
It is sometimes thought that staples driven too hard over nonmetallic cable cause heating. The
suppositions include induced currents because of the staple being too close to the conductors to
actually cut through the insulation to touch the conductors. A properly installed cable staple with
a flattened top cannot be driven through the insulation. If the staple is bent over, the edge of it
can be driven through the insulation to contact the conductors. In that case, a short circuit would
occur. That circumstance should be evident after a fire by bent points of the staple and by melt
spots on the staple and conductors. The shorting should open the protection and prevent any
further faulting. There would not be any continued heating of the contact, only a fault or nothing.
14-7.5 Short Circuit.
It is often thought that a short circuit in wiring on a branch circuit would ignite insulation on
the conductors and allow fire to propagate. Normally, the quick flash of a parting arc prior to
operation of the circuit protection cannot heat insulation enough to generate ignitible fumes even
though the temperature of the core of the arc may be several thousand degrees.
14-7.6 Beaded Wire.
It is a misconception to believe that a bead on the end of a conductor in and of itself indicates
the cause of the fire.
14-8 Static Electricity.
14-8.1 Introduction to Static Electricity.
Static electricity is the electrical charging of materials through physical contact and separation,
and the various effects that result from the positive and negative electrical charges formed by
this process. This is accomplished by the transfer of electrons (negatively charged) between
bodies, one giving up electrons and becoming positively charged and the other gaining electrons
and becoming oppositely, but equally, negatively charged.
Common sources of static electricity include:
(a) Pulverized materials passing through chutes or pneumatic conveyors;
(b) Steam, air, or gas flowing from any opening in a pipe or hose, when the steam is wet or the
air or gas stream contains particulate matter;
(c) Nonconductive power or conveyor belts in motion;
(d) Moving vehicles;
(e) Nonconductive liquids flowing through pipes or splashing, pouring, or falling;
(f) Movement of clothing layers against each other or contact of footwear with floors and floor
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coverings while walking;
(g) Thunderstorms that produce violent air currents and temperature differences that move
water, dust, and ice crystals creating lightning; and
(h) Motions of all sorts that involve changes in relative position of contacting surfaces, usually
of dissimilar liquids or solids.
14-8.2 Generation of Static Electricity.
The generation of static electricity cannot be prevented absolutely, but this is of little
consequence because the development of electrical charges may not in itself be a potential fire or
explosion hazard. For there to be an ignition there must be a discharge or sudden recombination
of the separated positive and negative charges in the form of an electric arc in an ignitible
atmosphere.
When an electrical charge is present on the surface of a nonconducting body, where it is
trapped or prevented from escaping, it is called static electricity. An electric charge on a
conducting body that is in contact only with nonconductors is also prevented from escaping and
is therefore nonmobile or “static.” In either case, the body is said to be “charged.” The charge
may be either positive (+) or negative (-).
14-8.2.1* Ignitible Liquids. Static is generated when liquids move in contact with other
materials. This commonly occurs in operations such as flowing through pipes, and in mixing,
pouring, pumping, spraying, filtering, or agitating. Under certain conditions, particularly with
liquid hydrocarbons, static may accumulate in the liquid. If the accumulation of charge is
sufficient, a static arc may occur. If the arc occurs in the presence of a flammable vapor-air
mixture, an ignition may result.
Filtering with some types of clay or microfilters substantially increases the ability to generate
static charges. Tests and experience indicate that some filters of this type have the ability to
generate charges 100 to 200 times higher than achieved without such filters.
The electrical conductivity of a liquid is a measure of its ability to create, accumulate, and hold
a charge. The lower the conductivity, the greater the ability of the liquid to create and hold a
charge. Common liquids that have low conductivity and therefore represent a hazardous static
potential are given in Table 14-8.2.1. For comparison, distilled water has a conductivity of
100,000,000 pico-siemen.
Table 14-8.2.1 Common Liquids That Have Low Conductivity
Typical
Conductivity Product
Highly purified hydrocarbonsA

Conductance
per Meter in Pico-Siemen*
0.01

Light distillatesA

0.01 to 10

Commercial jet fuelB

0.2 to 50

KeroseneB
Leaded gasolineB

1 to 50
above 50
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Fuel with antistatic additivesB
Black oilsA

50 to 300
1,000 to 100,000

A API 2003, Protection Against Ignitions Arising Out of Static, Lightning, and Stray Currents.
BBustin, W. M., and Dukek, W. G., Electrostatic Hazards in Petroleum Industry.
* Pico-siemen is the reciprocal of ohms. One pico-siemen is 1 trillionth (1 × 10-12) of a siemen.

14-8.2.2 Charges on the Surface of a Liquid. If an electrically charged liquid is poured,
pumped, or otherwise transferred into a tank or container, the unit charges of similar polarity
within the liquid will be repelled from each other toward the outer surfaces of the liquid,
including not only the surfaces in contact with the container walls but also the top surface
adjacent to the air or vapor space, if any. It is the latter charge, often called the “surface charge,”
that is of most concern in many situations. In most cases the container is of metal, and hence
electrically conductive.
Even if the tank shell is grounded, the time for the charge to dissipate, known as relaxation
time, may be as little as a few seconds up to several minutes. This relaxation time is dependent
on the conductivity of the liquid and the rate and manner that the liquid is being introduced into
the tank, therefore the rate at which the electrostatic charge is being accumulated.
If the electrical potential difference between any part of the liquid surface and the metal tank
shell should become high enough, the air above the liquid may become ionized and an arc may
discharge to the shell. However, an arc to the tank shell is less likely than an arc to some
projection or to a conductive object lowered into the tank. These projections or objects are
known as spark (arc) promoters. No bonding or grounding of the tank or container can remove
this internal charge.
If the tank or container is ungrounded, the charge can also be transmitted to the exterior of the
tank and can arc to any grounded object brought into proximity to the now charged tank external
surface.
14-8.2.3* Switch Loading. Switch loading is a term used to describe a product being loaded into
a tank or compartment that previously held a product of different vapor pressure and flash point.
Switch loading can result in an ignition when a low vapor pressure/higher flash point product,
such as fuel oil, is put into a cargo tank containing a flammable vapor from a previous cargo,
such as gasoline. Discharge of the static normally developed during the filling can ignite the
vapor-air mixture remaining from the low flash point liquid.
14-8.2.4 Spraying Operations. High pressure spraying of ignitible liquids such as in spray
painting can produce significant static electric charges on the surfaces being sprayed and the
ungrounded spraying nozzle or gun.
If the material being sprayed can create an ignitible atmosphere, such as with paints utilizing
flammable solvents, a static discharge can ignite the fuel-air mixture.
In general, high pressure airless spraying apparatus have a higher possibility for creating
dangerous accumulations of static than low pressure compressed air sprayers.
14-8.2.5 Gases. When flowing gas is contaminated with metallic oxides or scale particles, dust,
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or with liquid droplets or spray, static electric accumulations may result. A stream of
particle-containing gas directed against a conductive object will charge the object unless the
object is grounded or bonded to the liquid discharge pipe. If the accumulation of charge is
sufficient, a static arc may occur. If the arc occurs in the presence of an ignitible atmosphere, an
ignition may result.
14-8.2.6 Dusts and Fibers. Generation of a static charge can happen during handling and
processing of dusts and fibers in industry. Dust dislodged from a surface or created by the
pouring or agitation of dust producing material, such as grain or pulverized material, can result
in the accumulation of a static charge on any insulated conductive body with which it comes in
contact.
The minimum electrical energy required to ignite a dust cloud is typically in the range of 10 to
100 millijoules. Thus, many dusts can ignite with less energy than might be expended by a static
arc from machinery or the human body.
14-8.2.7 The Human Body. The human body can accumulate an electric charge that in dry
atmospheres (less than 50 percent relative humidity) can be as high as several thousand volts.
14-8.2.8 Clothing. Outer garments can build up considerable static charges when layers of
clothing are separated, when moved away from the body, or removed entirely, particularly when
of dissimilar fabrics. For some materials (particularly synthetic polymers) and/or low humidity
conditions, an electrostatic charge may be accumulated. The use of synthetic fabrics and the
removal of outer garments in ignitible atmospheres can become an ignition source.
14-8.3* Incendive Arc.
An arc that has enough energy to ignite an ignitible mixture is said to be incendive. A
nonincendive arc does not possess the energy required to cause ignition even if the arc occurs
within an ignitible mixture. An ignitible mixture is commonly a gas, vapor of an ignitible liquid,
or dust.
When the stored energy is high enough, and the gap between two bodies is small enough, the
stored energy is released, producing an arc. The energy so stored and released by the arc is
related to the capacitance of the charged body and the voltage in accordance with the following
formula:

where:
Es = Energy in Joules
C = Capacitance in farads
V = Voltage in volts
Static arc energy is typically reported in thousandths of a Joule (millijoules or mJ).
14-8.4 Ignition Energy.
The ability of an arc to produce ignition is governed largely by its energy and the minimum
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ignition energy of the exposed fuel. The energy of the static arc will necessarily be some fraction
of its total stored energy. Some of the total stored energy will be expended in heating the
electrodes. With flat plane electrodes, the minimum arc voltage to jump a gap (0.01 mm) is 350
volts. Increased gap widths require proportionately larger voltages, for example, 1 mm requires
approximately 4500 volts.
Though as little as 350 volts is required to arc across a small gap, it has been shown by
practical and experimental experience that because of heat loss to the electrodes, arcs arising
from electrical potential differences of at least 1500 volts are required to be incendive. See Table
3-3.4, and Table 13-13.2, for minimum ignition energies.
Dusts and fibers require a discharge energy of 10 to 100 times greater than gases and vapors
for arc ignitions of optimum mixtures with air.
14-8.5 Controlling Accumulations of Static Electricity.
A static charge can be removed or can dissipate naturally. A static charge cannot persist except
on a body that is electrically insulated from its surroundings.
14-8.5.1 Humidification. Many commonly encountered materials that are not usually
considered to be electrical conductors, such as paper, fabrics, carpet, clothing, and cellulosic and
other dusts, contain certain amounts of moisture in equilibrium with the surrounding atmosphere.
The electrical conductivity of these materials is increased in proportion to the moisture content
of the material, which depends on the relative humidity of the surrounding atmosphere.
Under conditions of high relative humidity, 50 percent or higher, these materials and the
atmosphere will reach equilibrium and contain enough moisture to make the conductivity
adequate to prevent significant static electricity accumulations. With low relative humidities of
approximately 30 percent or less, these materials dry out and become good insulators so static
accumulations are more likely.
Materials such as plastic or rubber dusts, or machine drive belts, which do not appreciably
absorb water vapor can remain insulating surfaces and accumulate static charges even though the
relative humidity approaches 100 percent.
The conductivity of the air itself is not appreciably increased by humidity.
14-8.5.2 Bonding and Grounding. Bonding is the process of electrically connecting two or
more conductive objects. Grounding is the process of electrically connecting one or more
conductive objects to ground potential, and is a specific form of bonding.
A conductive object may also be grounded by being bonded to another conductive object that
is already at ground potential. Some objects, such as underground metal pipe or large metal tanks
resting on the earth, may be inherently grounded by their contact with the earth.
Bonding minimizes electrical potential differences between objects. Grounding minimizes
potential differences between objects and the earth. Examples of these techniques include metal
to metal contact between fixed objects, and pickup brushes between moving objects and earth.
Investigators should not take the conditions of bonding or grounding for granted just by the
appearance or contact of the objects in question. Specific electrical testing should be done to
confirm the bonding or grounding conditions.
If static arcing is suspected as an ignition source, examination and testing of the bonding,
grounding, or other conductive paths should be made by qualified personnel using the criteria in
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NFPA 77, Recommended Practice on Static Electricity.
14-8.6 Conditions Necessary for Static Arc Ignition.
In order for a static discharge to be a source of ignition, five conditions must be fulfilled:
(a) There must be an effective means of static charge generation;
(b) There must be a means of accumulating and maintaining a charge of sufficient electrical
potential;
(c) There must be a static electric discharge arc of sufficient energy (see Section 12-3);
(d) There must be a fuel source in the appropriate mixture with a minimum ignition energy less
than the energy of the static electric arc (see Section 12-4);
(e) The static arc and fuel source must occur together in the same place and at the same time.
14-8.7 Investigating Static Electric Ignitions.
Often the investigation of possible static electric ignitions depends on the discovery and
analysis of circumstantial evidence and the elimination of other ignition sources, rather than on
direct physical evidence.
In investigating static electricity as a possible ignition source, the investigator should identify
whether or not the five conditions necessary for ignition existed.
An analysis must be made of the mechanism by which static electricity was generated. This
analysis should include the identification of the materials or implements that caused the static
accumulation, the extent of their electrical conductivity, and their relative motion, contact and
separation, or means by which electrons are exchanged.
The means of accumulating charge to sufficient levels where it can discharge in the form of an
incendive arc should be identified. The states of bonding, grounding, and conductance of the
material that accumulates the charge or to which the arc discharges, should be identified.
Local records of meteorological conditions, including relative humidity, should be obtained
and the possible influence on static accumulation or dissipation (relaxation) considered.
The location of the static electric arc should be determined as exactly as possible. In doing so,
there is seldom any direct physical evidence of the actual discharge arc, if it occurred.
Occasionally, there are witness accounts that describe the arc taking place at the time of the
ignition. However, the investigator should endeavor to verify witness accounts through analysis
of physical and circumstantial evidence.
The investigator should determine if the arc discharge could have been of sufficient energy to
be a competent ignition source for the initial fuel.
The potential voltage and energy of the arc in relation to the size of the arc gap should be
determined to determine if the incendive arc is feasible.
The possibility for the incendive arc and the initial fuel (in the proper configuration and
mixture) to exist in the same place at the same time should be established.
14-8.8* Lightning.
Lightning is another form of static electricity in which the charge builds up on and in clouds,
and on the earth below. Movement of water droplets, dust, and ice particles in the violent winds
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and updrafts of a thunderstorm buildup a polarized electrostatic charge in the clouds. When
sufficient charge builds up, a discharge occurs in the form of a lightning stroke between the
charged cloud and objects of different potential.
Lightning strokes may occur between clouds or between clouds and the earth. In the latter,
charges of opposite polarity are generated in the cloud while the charge in the ground below the
cloud is induced by the cloud charge. In effect, the result is a giant capacitor, and when the
charge builds up sufficiently, a discharge occurs.
14-8.8.1 Lightning Bolt Characteristics. Typically lightning bolts have a core of energy plasma
1/ to 3/ inches (1.27 to 1.9 cm) in diameter, surrounded by a 4-inch (10.2-cm) thick channel of
2
4
superheated ionized air. Lightning bolts average 24,000 amperes but can exceed 200,000
amperes and potentials can range up to 15,000,000 volts.
14-8.8.2 Lightning Strikes. Lightning tends to strike the tallest object on the ground in the path
of its discharge. Lightning enters structures in four ways:
(a) By striking a metallic object like a TV antenna, a cupola, or an air-conditioning unit
extending up and out from the building roof;
(b) By directly striking the structure;
(c) By hitting a nearby tree or other tall structure and moving horizontally to the building; and
(d) By striking nearby overhead wires and being conducted into buildings along the normal
power lines.
The bolt generally follows a conductive path to ground. At points along its path the main bolt
may divert, for example from wiring to plumbing, particularly if underground water piping is
used as a grounding device for the structure’s electrical system.
14-8.8.3 Lightning Damage. Damage by lightning is caused by two characteristic properties:
first, the extremely high electrical potentials and energy in a lightning stroke; and second, the
extremely high heat energy and temperatures generated by the electrical discharge. Examples of
these effects are as follows:
(a) A tree may be shattered by the explosive action of the lightning stroke striking the tree and
the heat immediately vaporizing the moisture in the tree into steam causing explosive effects.
(b) Copper conductors not designed to carry the thousands of amperes of a lightning stroke
may be melted, severed, or completely vaporized by the overcurrent effect of a lightning
discharge. It is also characteristic for electrical conductors that have experienced significant
overcurrents to become severed and disjointed at numerous locations along their length, due to
the extremely powerful magnetic fields generated by such overcurrents.
(c) When lightning strikes a steel reinforced concrete building, the electricity may follow the
steel reinforcing rods as the least resistive conductive path. The high energy and high
temperature may destroy the surrounding concrete with explosive forces.
Chapter 15 Investigation of Motor Vehicle Fires
15-1 Introduction.
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This chapter deals with factors related to the investigation of fires involving motor vehicles.
Included in this discussion are automobiles, trucks, and recreational vehicles (motor homes).
While vehicles that travel by air, on water, or on rails are not covered, there are many factors
relating to incident scene documentation, fuels, ignition sources, and ignition scenarios that may
apply.
The burn or damage patterns remaining on the body panels and in the interior of the vehicle
are often used to locate the point(s) of origin and for cause determination.
It was once felt that rapid fire growth and extensive damage was indicative of an incendiary
fire. However, the type and quantity of combustible materials found in automobiles today, when
burned, can produce this degree of damage without the intentional addition of another fuel such
as gasoline. In the case of a total burnout, one cannot normally conclude whether or not the fire
was incendiary on the basis of observations of the vehicle alone. The use of fire patterns or
degree of fire damage to determine a point of origin or cause should be used with caution. The
interpretations drawn from these patterns should be verified by witness evidence, laboratory
analysis, service records indicating mechanical or electrical faults or factory recall notices. The
investigator should also be familiar with the composition of the vehicle, and its normal
operation. (See Chapter 4.)
The relatively small compartment sizes of vehicles may result in more rapid fire growth given
the same fuel and ignition source scenario, when compared to the larger compartments normally
found in a structure fire. However, the principles of fire dynamics are the same in a vehicle as in
a structure and, therefore, the investigative methodology should be the same. (See Chapters 2
and 3.)
15-2 Fuels in Vehicle Fires.
A wide variety of materials and substances may serve as the first materials ignited in motor
vehicle fires. These include engine fuels, transmission fluids, coolants, and the vehicle interior
materials or cargo. Once a fire is started, any of these materials may contribute as a secondary
fuel affecting the fire growth rate and ultimate damage sustained.
15-2.1* Liquid Fuels.
Liquid fuels are often associated with vehicle fires, as they are almost universally present.
These fuels may come in contact with an ignition source as the result of a malfunction of one of
the vehicle systems, an accident involving fuel release or an incendiary act. Table 15-2.1
provides some of the properties of commonly encountered liquid fuels.
Whether a given fuel can actually be ignited depends on the properties of the fuel, its physical
state, the nature of the ignition source, and other variables. Flash point is of little or no
significance when a fuel is released in spray form. Ignition on hot external surfaces may require
temperatures of 200°C (400°F) above published ignition temperatures. See Chapter 3 for
additional information on the process of ignition.
Table 15-2.1 Properties of Ignitible Liquids in Motor Vehicle Fires
Liquid

Flash Point
°F (C)

Ignition Temperature Flammability Range
(%)
°F (C)
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Lower

Upper

Boiling
Point

Vap
Den

°F (C)

(Air

Brake FluidC

240-355 (115-179)

Brake FluidD

298 (148)

Ethylene Glycol (100%)B

232 (111)

Ethylene Glycol (90%)B

270 (132)

485 (252)
775 (413)

3.3

-

387 (197)

Diesel #2DE

126-204 (52-96)

494 (257)

-

-

Kerosene #1 Fuel OilE

100-162 (38-72)

410 (210)

0.7

5.0

304-574 (151-301)

Gasoline- 100 octaneE

-36 (-38)

853 (456)

1.4

7.6

100-400 (38-204)

3-

MethanolE

52 (11)

867 (464)

7.8

86.0

147 (64)

1.

Motor OilA

410-495 (210-257)

500-700 (260-371)

Trans FluidA

350 (177)

Trans FluidD Dextron IIE

361-379 (183-193)

410-417 (210-214)

Dextron II

367 (186)

414 (212)

Type F (Ford)

347 (175)

Power Steering FluidA

350 (177)

The data provided in this table is for generic or typical products when tested in a specific way. The test
methods may not be the same for each material.
References: The above information is from various sources within published literature:
A - Automobile Collision Fires: D. M. Severy, D. M. Blaisdell, J. F. Kerkhoff, SAE 741180 (1974).
B - Industrial Solvents Handbook: 4th Ed., Noyes Data Corp., Park Ridge, N.J., 1991, p.416.
C - Flash Point Index of Trade Name Liquids, NFPA SPP 51 (1978) p.182.
D - Data provided by UNOCAL Lub Oils and Greases Div.
E - NFPA 325, Guide to Fire Hazard Properties of Flammable Liquids, Gases, and Volatile Solids, 1994 ed.

15-2.2 Gaseous Fuels.
Alternate motor fuels, notably propane and compressed natural gas, are finding increasing use
in fleets of automobiles and in trucks as well as some privately owned vehicles. The use of these
fuels is expected to increase in the future, along with the introduction of hydrogen. Propane is
also found aboard the majority of recreational vehicles as a cooking, heating, and refrigeration
fuel. Hydrogen and oxygen can be found in association with wet cell lead acid batteries and may
be released during charging or as a consequence of a collision. Some properties of gaseous fuels
are given in Table 15-2.2.
Table 15-2.2† Gaseous Fuels in Motor Vehicles
Gas

Ignition
Temperature

Boiling Point

Flammability Range (%)
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Vapor Density

°F (°C)

°F (°C)

Lower

Upper

(Air=1)

Hydrogen

932 (500)

-422 (-252)

4.0

75.0

0.1

Natural Gas
(Methane)

999 (537)

-259 (-162)

5.0

15.0

0.6

Propane Gas

842 (450)

-44 (-42)

2.1

9.5

1.6

The data provided in this table is for generic or typical product and may not represent the values for a specific
product. When possible, values specific to the product involved should be obtained from a Material Safety
Data Sheet or by test.
† From NFPA 325, Guide to Fire Hazard Properties of Flammable Liquids, Gases, and Volatile Solids.

15-2.3 Solid Fuels.
Solid fuels are less common than liquids and gases as the first materials ignited in motor
vehicle fires, except in scenarios where overloaded wiring or smoking materials are possible
ignition sources or the vehicle is subjected to an exposure fire. Frictional heating may also be an
ignition source involving drive belts, bearings, or tires. Given even a small initial fire, solid fuels
may significantly contribute to the speed of the fire growth and spread the extent of damage.
Plastic materials can burn with heat release rates similar to those of ignitible hydrocarbon
liquids. Metals such as aluminum and magnesium and their alloys can also burn in vehicle fires
adding additional fuel.
Investigators should not interpret the presence of melted metals to be an indicator of the use of
an ignitible liquid as an accelerant in the belief that only an ignitible liquid can produce
sufficiently high temperatures. Melting temperatures given in handbooks and in this guide are for
the pure metal unless otherwise stated. In many cases, alloys are used rather than the pure metal.
The melting temperature of an alloy is generally less than that of its constituents. The actual
composition of a metal part and its melting temperature should be determined before drawing
any conclusions from the fact that it has melted. Some properties and uses of solid fuels are
given in Table 15-2.3.
Table 15-2.3 Solid Fuels in Motor Vehicle Fires
Ignition Temperature
°F (°C)
Material
Acrylic Fibers
Aluminum (Pure)

1040 (560)B
1832 (1000)E*

Melting Point
°F (°C)

Comment

122 (50)B
1220 (660)E*

ABS

871 (466)B

230 - 257 (110 - 125)C

Body panels—may be completely consumed

Fiberglass (Polyester resin)

1040 (560)B

428 - 500C

Resin burns but not glass body panels

Magnesium (Pure)

1153 (623)E*

1202 (650)E*

NylonA

790 (421)B

349 - 509 (176 - 265)C
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Trim, window gears, timing gears

Polyethylene

910 (488)F

251 - 275 (122 - 135)G

Wiring insulation

Polystyrene

1063 (573)F

248 - 320 (120 - 160)G

Insulation, padding, trim

Polyurethane-Foam

852 - 1074 (456 - 579)F

Polyurethane-Rigid

590 (310)B

248 - 320 (120 - 160)C

Trim

Vinyl (PVC)

945 (507)F

167 - 221 (75 - 105)G

Wire insulation, upholstery

Seats, arm rests, padding

*Pure metal
The data provided in this table is for generic or typical product and may not represent the values for a
specific product. When possible, values specific to the product involved should be obtained from the
manufacturer or by test.
A - Handbook of Chemistry and Physics, 71st edition, CRC Press, Boca Raton, 1990-91.
B - Hilado, Carlos J., Flammability Handbook for Plastics, 4th edition, Technomic Publishing Co., 1990.
C - Guide to Plastics, McGraw Hill, Inc., New York, 1989.
D - Marks’ Standard Handbook for Mechanical Engineers, 8th edition, McGraw-Hill, Inc., New York.
E - Fire Protection Handbook, Table 3-13A, NFPA (17th edition, 1991).
F - Fire Protection Handbook, Table A-6, NFPA (17th edition, 1991).
G - Plastics Handbook, 1986-87 edition, McGraw-Hill, Inc., New York, October 1986.

15-3 Ignition Sources in Motor Vehicle Fires.
In most instances, the sources of ignition energy in motor vehicle fires are the same as those
associated with structural fires, arcs, overloaded wiring, open flames, and smoking materials for
example. There are, however, some unique sources that should be considered, such as the hot
surfaces of the catalytic converter, turbocharger, and the manifold. Because some of these
ignition sources may be difficult to identify following a fire, the following descriptions are
provided to assist in their recognition.
15-3.1 Open Flames.
The most common open flame in a carburetted vehicle is caused by a backfire through the
carburetor. Ignition will rarely occur if the air cleaner is properly in place. Most vehicles today,
however, use a fuel injection system that eliminates the need for a carburetor.Lighted matches in
ash trays may ignite debris in the ash tray resulting in a fire that exposes combustible plastic
dash or seat materials. In recreational vehicles, appliance pilot flames or operating burners and
ovens are open flame ignition sources.
15-3.2 Electrical Sources.
The primary source of electrical power in a vehicle is the battery. With no battery, there can be
no other electrical source of energy. With a battery, however, consistent energy can be produced
by the generator or alternator, which is more than sufficient to cause a fire. Overcurrent
protection devices, such as fuses, circuit breakers, or fusible links, are used on motor vehicles to
provide safety. However, in some cases, breakdown of parts, improper use, or installation of
additional equipment can defeat these safeguards.
15-3.2.1 Overloaded Wiring. Unintended high resistance faults in wiring can raise the
conductor temperature to the ignition point of the insulation, particularly in bundled cables such
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as the wiring harnesses or the accessory wiring under the dash where the heat generated is not
readily dissipated. This can occur without activating the circuit protection. Faults and
mechanical failures of high current devices such as power seat or window motors can also result
in ignition of insulation, carpet materials, or combustible debris that may accumulate under seats.
Prefire history of electrical malfunction may be a clue.
15-3.2.2 Electrical Arcing. In post-crash situations, arcs can be generated through the crushing
or cutting of wires, particularly battery and starter cables, which are not electrically protected
and are designed to carry high currents. The large amount of energy available in a battery can be
enough to ignite materials such as engine grease, some plastic materials, and electric insulation.
Significant arcing can also occur along with the crushing of the battery or batteries.
15-3.2.3* Lamp Filaments of Broken Bulbs. Lamp filaments of broken bulbs are also a source
of ignition energy especially for gases, vapors, or liquid fuels in a spray or mist form. Normally
operating head lamp filaments have temperatures on the order of 2550°F (1400°C).
15-3.2.4 External Electrical Sources Used in Vehicles. While most electrical sources in
vehicles are self-contained, there are situations where electrical power is provided from
commercial facilities. Examples of these sources are electrical hook-ups used in recreational
vehicles and trailers, or electric heaters for engines and vehicle interiors. Inspection for electrical
power cords should be made when applicable, since an overload of the cord or failure of the
appliance could be the cause of the fire. Where recreational vehicles are connected to
commercial power, the branch circuit wiring should be inspected for indications that it was a
possible ignition source.
15-3.3* Hot Surfaces.
Exhaust manifolds and components can generate sufficient temperatures to ignite diesel spray
and to vaporize gasoline. Automatic transmission fluid, particularly if heated due to an
overloaded transmission, can ignite on a hot manifold. Engine oil and certain brake fluids (DOT
3 and 4) dropping on a hot manifold can also ignite. The internal components of a catalytic
converter have operating temperatures in the range of 1292°F (700°C) under normal operation
and can be much higher if unburned fuel is introduced due to a fuel or ignition system
malfunction. External temperatures of these converters can reach temperatures of 600°F (315°C)
under normal operation and higher where ventilation or air circulation is restricted.
15-3.4* Mechanical Sparks.
Metal (steel and magnesium) to pavement sparking can generate enough energy to ignite liquid
fuel vapors or gaseous fuels. Sparks generated at speeds as low as 8 km/h (5 mph) have been
determined to have temperatures of 1470°F (800°C) (orange sparks). Higher speeds have
produced temperatures of 2190°F (1200°C) (white sparks). Aluminum to pavement sparks are
not an ignition source. Sparks can also be caused by moving parts such as pulleys rubbing
against other metallic objects. Sparks from tools striking metals seldom cause ignition.
15-3.5 Smoking Materials.
Modern upholstery fabrics and materials are treated with flame retardant and are generally
difficult to ignite with a cigarette. Ignition may occur if a lit cigarette becomes buried in a
crevice between seat cushions, paper, or other debris or if the seat material comes in contact with
open flame.
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15-4 Recording Motor Vehicle Fires.
The same general techniques are employed for vehicles that are used for structural fires.
Whenever possible, the vehicle should be examined in place at the scene. However, the
investigator may not have the opportunity to view the vehicle in place or at the fire scene. For
many reasons, the vehicle may have to be moved before the investigator reaches the scene.
Frequently, part of the documentation takes place at a salvage yard, repair facility, or warehouse.
As the investigator commences the investigation, he or she should include the following:
(a) Identify the vehicle to be inspected and record the information. This will entail describing
it by make, model, model year, and including any other identifying features. The vehicle should
be accurately identified by means of the vehicle identification number (VIN). The composition
of the VIN provides information on such things as the manufacturer, country of origin, body
style, engine type, model year, assembly plant, and production number. The VIN plate is most
commonly placed on the dash panel in front of the driver’s position. It is affixed with rivets. If
this plate survives the fire, the number should be recorded accurately. If it is rendered unreadable
or appears to have been tampered with, then you should request the assistance of one of the
following:
1. A police auto theft unit,
2. A member of the National Insurance Crime Bureau in the U.S., or
3. A member of the Canadian Automobile Theft Bureau in Canada.
These persons have the necessary expertise to identify the vehicle by means of confidential
numbers located elsewhere on the vehicle. The VIN should be checked on either the National
Crime Information Center (NCIC) or the Canadian Police Information Centre (CPIC) to ensure
there is no record outstanding on it.
(b) Once the vehicle has been positively identified as being the subject of the investigation, the
mechanical functions of that particular vehicle, its composition, and its fire susceptibility should
be reviewed. To ensure that no details are overlooked, the investigator may examine a vehicle of
similar year, make, model, and equipment, or the appropriate service manuals.
(c) Information regarding fires and fire causes in vehicles of the same make, model, and year
can be obtained from the National Highway Safety Administration or from the Insurance
Institute for Highway Safety, both located in Washington, DC. The Auto Safety Hotline number
is 1-800-424-9393 or (202) 366-0123. In Canada, contact the Department of Transport, Ottawa;
Phone: (613) 998-1992.
15-4.1 Recording at the Scene.
The investigator should make a diagram of the fire scene, showing points of reference and
distances relative to the vehicle. The diagram should be of sufficient detail to pinpoint the
location of the vehicle before its removal. The overall scene should be photographed showing
surrounding buildings, highway structures, vegetation, other vehicles and impressions left by
tires or footprints. All fire damage to any of the above, or signs of fuel discharge to help in the
analysis of the fire spread, should be photographed and documented. The location and condition
of any parts or debris that are detached should be documented.
The vehicle should be photographed. The photographs should include all surfaces, including
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the top and underside. Both the damaged and undamaged areas, including the interior and
exterior damage, should be photographed.
Any evidence showing the path of fire spread either into or out of any compartment (engine,
passenger, trunk, cargo, etc.) or within any compartment should be photographed. As with
structure fires the path of fire travel may be difficult to determine in a totally burned out vehicle.
The cargo spaces, noting the type and quantity of cargo and any involvement in the fire, should
be photographed.
If possible, the removal of the vehicle(s) and any damage that may result from the removal
process should be photographed. Also, the scene after removal of the vehicle(s), noting burns on
the earth or roadway, and the location of glass and other debris, should be photographed.
Drawings and notes should be prepared to augment the photographs.
15-4.2 Recording the Vehicle Away from the Scene.
If the vehicle has been removed from the scene, a visit should be made to the scene and any
photographs that were taken at the scene should be reviewed. The basic process of documenting
the condition of the vehicle is the same regardless of where it is. When the inspection is delayed
and it is located at a remote location, parts may be missing or damaged. Additionally, the
vehicle(s) may have been damaged by the elements, and fire patterns, most notably those on
metal surfaces, may be obscured. If outdoor storage is likely, arrangements should be made for
the vehicle to be covered with a tarp or other suitable material.
Even if the vehicle was examined at the scene, there are advantages to inspecting a vehicle
away from the scene. For example, it is easier to move or remove body panels that may be
blocking a view of critical parts. Power is often available as are tools for disassembly if needed.
Frequently, arrangements can be made to have equipment such as a fork lift available to raise the
vehicle for a more detailed inspection.
The vehicle should be thoroughly photographed as it is examined at locations away from the
scene.
15-5 Examination of Vehicle Systems.
For ease of discussion, the detailed examination is broken down by components or areas that
have a common function. It is suggested that an attempt be made to develop a scenario of the
events leading up to the fire as well as the progression of the fire itself. To do this, it is suggested
that the operator of the vehicle, passengers, bystanders, the fire department personnel, and the
police be interviewed separately. This information should be used to assist with the examination.
Information regarding the operation of the vehicle immediately prior to the fire should be
obtained from operator and/or owner to determine:
(a) When the vehicle was last driven and how far;
(b) The total mileage on the vehicle;
(c) If the vehicle was operating normally (stalling, electrical malfunctions);
(d) When the vehicle was last serviced — oil changed, repairs;
(e) When the vehicle was last fueled and the amount of fuel;
(f) When and where the vehicle was parked;
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(g) If the vehicle was seen again prior to the fire;
(h) What equipment the vehicle was equipped with — radio, CD, CB, mobile phone, electrical
windows, seats, customized wheels, etc.; and
(i) What personal items were in the vehicle — clothing, tools, etc.
If the vehicle was being driven at the time the fire occurred, the following additional points
should be covered:
(a) How far the vehicle had been driven;
(b) What the route of travel was;
(c) If it was loaded, towing a trailer, being driven fast, etc.;
(d) If the vehicle was operating normally;
(e) When the vehicle was last fueled and the amount of fuel;
(f) When and where the smell, smoke, or flame was noticed first;
(g) How the vehicle reacted — stalling, racing erratically, or indications of electrical
malfunctions;
(h) What the operator did;
(i) What was observed;
(j) What attempts there were to put the fire out and how;
(k) The length of time the fire burned before help arrived; and
(l) The total length of time the fire burned until it was extinguished.
15-5.1 Type of Fuel Systems.
Three main fuel systems provide the motive power for vehicles in use today. Fuels may be
liquid or gaseous. Although electricity is not a fuel, its use as an energy source for vehicles is
increasing.
15-5.1.1 Gasoline Powered Vehicles. Inspect the gas tank for crushing or penetrations. Note the
condition of the fuel filler pipe. Filler pipes are often two-piece systems with a rubber or flexible
polymeric connection. This connection may release fuel by failing mechanically during an
accident or may burn through from an exposure fire. Some filler systems are inserted into the
tank through a rubber or polymeric bushing or gasket. Accident impacts may result in
disconnection of the filler neck assembly from the tank and release of fuel.
The presence or absence of the fuel tank cap and any fire or mechanical damage at the end of
the filler should be noted and recorded. Many fuel tank caps have plastic or low melting
temperature metal components that may be destroyed during the fire with the result that the
metal parts may become dislodged, missing, or found in the fuel tank.
Fuel tanks exposed to heat or flame generally exhibit a line of demarcation that represents the
fuel level at the time the fire was extinguished.
Fuel supply and vapor return lines should be inspected for ruptures and indications of fire
damage. These lines usually have rubber or flexible polymeric connection hoses at one or more
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points along their length that may be points of fuel release. Examine and record the condition of
lines passing near the catalytic converter and in any location where nonmetallic fuel supply or
vapor return lines pass near exhaust manifolds or other source of heat or in locations subject to
abrasion.
15-5.1.2 Diesel Powered Vehicles. In a diesel engine, ignition is caused by compression of a
fuel-air mixture in the cylinder. Spark plugs are not used. While diesel fuel is not as volatile as
gasoline, diesel fuel leaking onto a hot manifold can ignite. Diesel-powered vehicles share
similarities with fuel systems components of fuel injected gasoline powered vehicles.
15-5.1.3 Natural Gas and Propane Gas.
15-5.1.3.1 These fuels are used both as an engine fuel and for appliances. Appliances are most
often found in recreational vehicles and motor homes. Regardless of the use for the fuel, the
investigator should look for the same evidence and information.
These fuels are stored under pressure. Leakage can result in a flaming gas jet fire. Rupture of
the pressure tank can result in the release of large quantities of fuel and, if ignited, cause a large
fire.
Examination of the tank should include noting any physical damage, the position of valve(s)
(open or closed), and the fuel level if a gauge is present and undamaged. Fuel level can also be
determined by weighing the tank.
The condition of the pressure regulator should be noted.
Fuel lines should be checked for evidence of loose fittings that may have permitted gas to
escape, initiating or contributing to the fire. Presence of heat damage concentrated at or near
fittings can be a clue. Fittings may be loosened as a result of the fire due to differential
expansion and cooling. “Leaks” found by post-fire pressure testing may not necessarily indicate
a prefire leak.
Appliances should be examined and the position of control valves noted to determine if any
were open at the time of the fire. Appliances can include stoves and ovens, water heaters, and
refrigerators.
15-5.1.3.2 Information on natural gas systems can be found in NFPA 54, National Fuel Gas
Code. Information on propane systems can be found in NFPA 58, Standard for the Storage and
Handling of Liquefied Petroleum Gases.
15-5.2 Auxiliary Fuel Equipment.
The equipment used to distribute, store, or mix fuels can be a contributor to a fire, and their
part in the system as a whole should be considered.
15-5.2.1 Mechanical Fuel Pumps. Mechanical fuel pumps are mounted on the engine block and
will only pump fuel when the engine is running. The mechanical fuel pump should be inspected
for leaking diaphragms or accident-related mechanical damage or tampering or for heat damages
from exposure.
15-5.2.2 Electric Fuel Pumps. Many modern motor vehicles, particularly those that are fuel
injected, are equipped with electric fuel pumps. The operation of these pumps is electronically
controlled and not directly powered by the running of the vehicle engine.
These fuel pumps can be found mounted within fuel tanks, attached to vehicle frames as an
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intermediate component of fuel lines, or in the vehicle engine compartment. In fuel injected
gasoline engines, electric fuel pumps are designed to produce fuel pressures of approximately 40
psig. Some designs may utilize higher fuel pressures.
Some fuel injection systems involve two electric fuel pumps, a primary and a secondary pump,
which increase the fuel pressure in two stages respectively. In such a system, the primary
upstream fuel pump generally contains a fuel reservoir holding a few liquid ounces of gasoline.
As a safety feature, in order to prevent the operation of fuel pumps after collisions or when an
engine is not running, vehicle manufacturers have used inertial switches, which are designed to
de-energize the fuel pump in the event of a collision or extreme sudden stop. These inertial
switches are commonly mounted in the trunks of automobiles or, in some cases, under the
dashboard. Engine operation sensors or oil pressure switches designed to de-energize the fuel
pumps when the engine is not running are also utilized. However, collisions have been known to
cause damage that can negate the operation of these switches and accidental fires have been
known to compromise electrical wiring causing the electric fuel pump to activate and provide
fuel, spreading the fire.
After the electric fuel pump has been de-energized, there may be residual pressure in the fuel
lines. Breaks in the pressurized fuel lines can allow the escape of as much as one quart or more
of gasoline as the pressure in the fuel system is relieved.
15-5.2.3 Carburetors. The automobile carburetor is a source of a small amount [5 oz (148 ml)]
of gasoline and could be damaged during an impact. Inspect the carburetor for damage. Note
whether the air cleaner is in place and note any burn damage to the filter element or soot inside
that might point to the carburetor as the origin of the fire.
15-5.2.4 Fuel Injection. There are a number of fuel injection systems in use in today’s
automobiles. It is suggested that the type of system being used be determined from the
manufacturer or dealer. Most fuel injection systems, including the lines, operate at
approximately 40 psi although some may operate at higher pressures. Fuel injection systems also
involve return fuel lines that convey unused gasoline liquids and vapors back to the fuel storage
tank. A leak of even minute proportions, for example a pinhole in the line or a loose fitting, will
result in a fine spray of fuel in the engine compartment. A small spark could cause a fire. Even if
the engine is not running, residual pressure can remain in the system.
15-5.2.5 Turbocharger. Turbocharging is the utilization of a turbine to add to the power output
of an engine by increasing the amount of the air being forced into the cylinder. The turbine used
to drive the compressor turns at up to 100,000 RPMs and the heat created can ignite fuels or
other ignitible materials should they come in contact with the unit. Both gasoline- and
diesel-fueled engines can be turbocharged.
15-5.3 Exhaust System.
Examine the exhaust system, in particular, the exhaust manifold area and the catalytic
converter. Look for concentrations of damage near possible fuel sources. The catalytic converter,
or the exhaust manifold, muffler, and exhaust pipe, can ignite trash, leaves, or dry vegetative
ground cover under a parked car, especially if the circulation around these exhaust components
is blocked. A catalytic converter that is being fed raw or poorly burned fuel can generate
sufficient heat to ignite carpet or padding inside the vehicle.
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15-5.4 Emission Control System.
The fuel tank and indeed the entire fuel system in today’s vehicle is sealed. This is to prevent
fuel vapors from escaping into the atmosphere. The method used to collect these vapors is called
the vapor control system. The vapors travel from the gas tank and gas reservoir in the engine
compartment into a canister, which is located in the engine compartment. The collected vapors
form part of the air-gasoline mixture when the engine is started.
A fire involving the canister can be severe. On occasion, gasoline fluid entering the canister
can cause flooding. This concentration of fuel can be ignited by an electrical arc.
The presence of gasoline in the vapor canister can be caused by over-filling the fuel tank,
which in turn forces gasoline into the vapor line and then into the canister.
In the case of recreational vehicles, vans, trucks, etc., an extra fuel tank may be installed
without making allowance for the increased amount of fuel and fuel vapor being forced through
the vapor canister.
15-5.5 Windshield Washer System.
Windshield washer solvent, if sprayed on a hot surface, can form a vapor that may become
ignited. The condition of the windshield washer fluid reservoir(s) should be documented, noting
crushing or rupture. The windshield washer solvent reservoir is usually a plastic material and
may be consumed in a fire. If this is the case, note whether body parts have penetrated the space
that would have been occupied by the reservoir. Solutions sufficiently diluted by water may not
ignite.
15-5.6 Brake System.
When brakes are applied, the fluid is under pressure. A small leak in the line or couplings
could produce a spray that could be ignited if it came in contact with an adequate heat source.
15-5.7 Electrical System.
The electrical system, starting with the battery, should be examined in detail. If the insulation
has not been consumed in the fire, evidence of burned insulation, severance of the wire, or other
damage may be located that could be the origin of the fire. An overloaded wire heats uniformly
along its entire length between its connection points or between the location of a short circuit
and the energy source. It does not heat at a particular point along that length unless there is
another connection there. Overloaded wiring can result in localized open flames at the
connections. The location of these flames relative to other combustible materials is critical.
Damage to the insulation from the point of the short to the source of the electrical current can
assist in locating the short. Most electrical circuits are protected by fuses, fusible links, or circuit
breakers. Check for any tampering of these devices or any attempt to bypass them as is often the
case where amateur repairs or installations are made. A short circuit in the primary wiring may
leave evidence of arcing or fusing of the metal. (See also 15-3.2.)
Hydrogen and oxygen are present in motor vehicle batteries. Hydrogen can be released during
charging operations or as the result of direct short of an unfused wire such as the starter cable.
Small amounts of hydrogen and oxygen are also present inside sealed (no maintenance) batteries
and can be released due to mechanical damage during a collision. Hydrogen gas has a very wide
explosive range and is easily ignited by low energy sources. However, it is difficult to ignite
hydrogen by a hot surface.
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15-5.8 Power Steering System.
Power steering fluid is an ignitible liquid and is under high pressure when the steering is being
utilized. Leaks can produce sprays or mists that can be ignited.
15-5.9 Transmission.
Transmission fluid can be heated significantly under conditions of heavy loads and insufficient
cooling. Discharge of the hot fluid from the filler tube or a ruptured or leaking line or seal can
result in a fire. When the vehicle has been operating under a heavy load at the time of the fire,
note whether or not there was an auxiliary transmission cooler or leaks in the lines. Check for
cracks in the transmission casing or signs of overheated components inside the transmission.
15-5.10 Body System.
Many body panels of modern motor vehicles are made of plastic, polymers, or fiberglass
materials and will burn during a fire. Often the entire cab of a tractor will be consumed or door
and hood panels will be gone. The inside panels of the front fenders in many cars are plastic;
when they burn through, additional ventilation will be available for engine compartment fires. It
should be noted that aluminum, magnesium, and their alloys are being used in panels in some
vehicles These panels will burn, often with great intensity.
The partition between the engine compartment and the passenger compartment is commonly
referred to as either the “fire wall,” cowling, or bulkhead. In modern motor vehicles this partition
may have numerous penetrations, some associated with the heating and air conditioning system
ducts. The ducts are usually made of reinforced plastic and can burn resulting in a path for fire
spread into the passenger compartment. Fire can also spread by conduction through the metal
partition to combustibles under the dash. During the examination, damage to plastic body panels
should be noted.
15-5.11 Switches, Handles, Levers.
During inspection of the vehicle interior, the position of switches should be noted to determine
whether they were in the “on” position. An attempt should be made to determine if windows
were up or down and their condition prior to the fire. The position of the gear shift mechanism
should be noted and the ignition switch should be examined, if possible, for any signs of a key,
tampering, or breaking of the lock. Most of these elements are made of material that will be
easily consumed in a fire, however, there may be enough residue left to assist in the
investigation.
15-5.12 Interior Finishes and Accessories.
The interior finishes and furnishings (seats and padding) of most modern motor vehicles
represent a significant fuel load. If the vehicle is burned out, try to determine what the original
interior fuel load was and how it was arranged. Document the presence (or absence) of seats and
accessory equipment such as radios, CD players, telephones, etc.
15-5.13 Cargo Areas.
A motor vehicle fire may involve the trunk of an automobile, the storage areas of a motor
home, or the cargo compartment of a truck. It is important to determine whether the fire
originated in or spread to these areas. The investigator should make an inventory of the materials
that were present in these areas. Inspection of the debris may be sufficient or it may be necessary
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to interview owners or occupants to obtain the information needed.
15-6 Recreational Vehicles.
Recreational vehicles and motor homes and fires in them are similar in many ways to houses
and mobile homes. Plywood flooring and panelling may be present and there will often be large
fuel items like polyurethane foam couches or mattresses. During the examination, note the
appliances present. Obtaining catalogues or sales brochures for these vehicles can help determine
what appliances and furniture was present before the fire.
Chapter 16 Management of Major Investigations
16-1 Introduction.
This chapter is principally concerned with the investigation of major fire and explosion
incidents as a management function, with an organizational and managerial perspective. Major
fire management characteristics include the control of the scene, in which many interests
participate simultaneously. This may include multiple public and private agencies, and likely an
investigation team for each interested party. A protocol should be developed to meet these
objectives. This chapter provides guidance for these purposes.
A major fire or explosion incident may include fatal fires, fires in high-rise buildings, incidents
involving major damage to large complexes or multiple buildings, conflagrations involving a
large dollar loss, or fires resulting in a large number of personal injuries. While major incidents
are not always large in size or magnitude, they do tend to be more complex. As a result, the
primary goal in such circumstances is to preserve the evidence and preserve the interests of the
different parties involved.
Thorough investigations do not just happen, but are the result of careful planning,
organization, and the ability to anticipate problems before they arise. Prior to actually beginning
the scene investigation, numerous events, facts, and circumstances should be identified and
considered before decisions are made as to how the investigation will flow. (See Chapter 6.)
16-2 Understanding Between the Parties.
Interested parties should be allowed to participate in the investigation and examine the
evidence in its undisturbed condition. No party should remove evidence or materials without
adequate notice to other interested parties.
Different parties can conduct a joint investigation and still have separate and independent
examinations. A joint investigation allows recording and examination of the scene as it is altered,
examined, or evidence is collected. Allowing all interested parties an equal opportunity to
establish the facts should eliminate future accusations of wrong doing, such as altering the
evidence or hiding facts. The parties should work together through coordination of the
investigation. Personal interests must be subjugated to the truth.
Public officials conducting an investigation may have concerns about allowing other
investigators to participate during a criminal investigation, but these concerns can be alleviated
through proper planning and communication. Other investigators may be able to assist the public
officials by providing their expertise, other experts, equipment, and manpower. The purpose of
any investigation is to seek the facts.

Copyright 1996 NFPA

16-3 Agreement Between Parties.
An understanding or agreement should be developed through a consensus of the interested
parties prior to conducting the investigation. The agreement should cover the following issues,
where appropriate:
(a) Control and access to the site.
(b) How and what information discovered during the investigation will be shared (such as
through public agencies, interviews, or research).
(c) Evidence. Joint custody and examination is usually a requirement for all parties. All parties
should be notified prior to destructive examination. A sign-in sheet should be required to gain
access to the evidence.
(d) Nonproprietary information needed from the parties should be requested and processed
through their identified representative.
(e) Release of information to the public may be coordinated through one spokesperson, usually
the public official.
(f) A protocol for the scene examination and debris removal is needed. This may require
regular scheduled meetings to discuss the progress and the activities that are to be conducted. A
person may be selected to chair the meetings and “lead” the scene examination.
(g) The development of a “flow chart” to provide guidance for the general scope of the
investigation.
Figure 16-3 is an example of a “Memorandum of Understanding” as an agreement for a
joint investigation.
This Memorandum of Understanding relates to the investigation of the fire that occurred
on July 1, 1992, at the Tall Building and Storage Facility, 1007 Main Ave., Any City,
USA. It recognizes that a number of independent investigations are being conducted
simultaneously and coincidentally and all with a common goal: To determine the origin
and cause of the fire. All interested parties recognize that cooperation with one another
will be beneficial to each party and produce an efficient, quality outcome.
The parties agree to the following:
An origin and cause investigation is being conducted.
The investigation is being conducted by the Yourtown Fire Department, The Federal Fire
Investigations, Payall Insurance Company, Any Storage Company, and The Tall Building
Company.
All investigation procedures and the physical collection of the evidence will be
coordinated through regular meetings. The evidence will be collected and stored in a
location where access is monitored. No testing or examination of the evidence shall be
conducted until all parties are notified.
All requests for data of a nonproprietary nature from Tall Building Company or tenants
should be processed through their identified representatives. Nonproprietary information
provided by any party will be shared by all parties if requested.
All releases of information regarding the origin and cause of the fire will be coordinated
through the Yourtown Fire Department, and no predisclosure of information will be made
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by any party.
The protocol recognizes that to remove material or conduct testing will require the
permission of the Yourtown Fire Department and the undersigned parties. The request
should be in writing; however, verbal agreement of the parties is acceptable when time
frames are short, which will be followed by written request and approval.
Testing and examination protocol of materials associated with this investigation:
(1) All parties agree as to who will perform each examination and each test.
(2) All parties agree to allow any other party to observe each test.
(3) All parties agree to return any material remaining after each test to the storage
facility.
Attached is an investigation flow chart to provide guidance for the general scope of the
investigation.
Figure 16-3 Memorandum of understanding.

16-4 Organization of the Investigation.
Each of the representative parties may develop a team with its members conducting various
aspects of their investigation. Interested parties may share the costs and services of specialized
personnel such as evidence technician, photographers, air quality people, safety coordinator,
laborers, etc. Each of the teams should have a team leader who will participate in the “Team
Leader Committee.” Many functions of the “Team” and “Team Leader Committee” are similar
in organization of their responsibilities. The Team Leader Committee organizes the investigation
as a whole, and coordinates the access to the evidence and the scene.
16-5 Team Leader Committee.
The Team Leader Committee should coordinate access to the site through whomever has
control of the scene. This may be the building owner, the insurance company, the public
authorities, or the courts. The Committee should hold regular meetings to discuss the status of
the investigation and to obtain a consensus from the parties regarding actions to be taken. It may
be helpful for the Committee to develop a flow chart or plan to manage the investigation.
Changes in the plan should be discussed with the participants in the investigation, so the
Committee is aware of the changes and why the changes were made. Figure 16-5 is an example
of a flow chart that could be used as a starting point in organizing an investigation.
A person should be selected to chair and organize the meetings. This person should have the
responsibility to keep the meetings and the investigation moving, using the flow chart as a guide.
The team leader may coordinate reports, documents, interviews, etc., and may write a report on
his or her observations. In investigations with more than one interested party, the person selected
usually has the same voting authority as the other investigators. The team leader should be an
experienced fire investigator with the ability to identify problems that may be encountered by the
team and to solicit solutions from the group. Oftentimes the public official or whoever has
control of the site may be the most likely person for this position.
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Figure 16-5 Investigation flow chart.

The person selected as Team Committee Leader is generally one of the following:
(a) Representative of an agency or department having responsibility to investigate the incident,
or
(b) Person selected by consensus of fellow team leaders, or
(c) Representative of the private sector who has an interest in determining the origin and cause
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of the incident.
It is recommended that the team select a secretary to take minutes of the meetings to include
the date, time, location, persons at the meeting, subjects discussed, and decisions reached. This
record can be a tape recording with accompanying attachments.
A meeting should take place prior to an on-scene investigation. Personnel should be advised of
the condition of the scene and the safety precautions required. Jurisdictional responsibilities and
interests should be identified. Federal or state Occupational Safety and Health Administration
compliance and safety concerns should be discussed.
Each of the interested parties should have one spokesperson at the meetings. Other
representatives/investigators should be allowed to attend the meetings but they should voice their
concerns through their representative so the meetings run efficiently.
It is reasonable to expect disputes, and efforts should be made to resolve these issues through
proper planning and communications, including the meeting format. Anticipate disputes
concerning access to the scene, scene alterations, evidence collection, evidence preservation, and
evidence disposition.
Some of the committee issues that need to be resolved may be as follows:
(a) The purpose of the investigation,
(b) The expected role of the committee and teams,
(c) What agencies or parties are involved (local, state, federal, or private),
(d) Identification of team members (identification cards, patch, or hats),
(e) Number of persons from each party or agency,
(f) Control of entry to the scene.
16-6 Planning.
A plan, a systematic order for the tasks, should be developed to conduct the investigation.
Changes in the plan or flow chart may be required as the investigation moves forward. The plan
must have some flexibility. (See Chapter 6.)
16-7 Occupant Access.
If possible, the investigation should be conducted in such a manner to allow the occupants use
of those portions of the facility not involved in the incident. This may require a delay in
conducting some of the investigation until the situation can be stabilized for the occupants.
Allowing the tenants/occupants to use space is important, but the fire or explosion scene must
still be secured. This effort may help to lessen the business interruption and impact of the fire.
Occupant access to any portions of the facility should be allowed only after the safety of the area
has been established.
16-8* Organization of an Investigation Team.
Organization of the team with the members’ responsibilities and duties should be addressed.
Some team members may have to assume/perform more than one function. The function should
be identified in the flow chart or plan.
Responsibilities of an investigative team include the functions of air quality, structural safety,
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lighting, transportation, and safety. Some of these functions may be shared or organized with the
other teams. The interested parties should share and organize the evidence removal and
examination.
The team size, organization, and individual roles need to be addressed.
Too many people may have a detrimental effect on the scene; and, likewise, too few may result
in an incomplete or inefficient investigation. The number of individuals involved in the
investigation depends on the size and complexity of the incident. Also, several responsibilities
may fall under the same person.
A major loss team may include:
(a) Leader,
(b) Secretary,
(c) Evidence technician,
(d) Photographer,
(e) Diagramer,
(f) Interviewer,
(g) Searcher(s).
In addition, specialized personnel or skills should be used as necessary. (See Section 6-5.)
A successful major fire investigation requires proper management. One management system is
known as the Incident Command System (ICS). ICS provides a management structure and
system for on-site multidisciplinary operations.
16-9 Regular Meetings.
The Team Leader Committee should meet regularly to discuss the progress of the
investigation, changes that may be required in the plan, and to inform the teams of what is going
to happen and when it is going to happen. It is suggested that short meetings be held daily, and
more thorough meetings be held weekly.
Each of the teams should also meet daily to coordinate their activities and to disseminate
information to other team members. The regular team meetings provide the forum to share
information developed by the team members such as information from interviews, the scene
examination, document research, and safety conditions.
16-10 Resources.
The investigators responsible for major loss investigations should identify resources at their
disposal from within their department or company, or from outside sources (preplanning).
Numerous fire investigators in rural areas and small investigation departments have surmounted
their resource deficiencies by locating additional resources of both manpower and material when
preplanning for major investigations. Unfortunately, the team concept, which can be utilized by
both the public sector and the private sector, is often overlooked or disregarded because of
budgetary constraints or because jurisdictional (turf) issues are allowed to take precedence over
life safety and the need to conduct an organized investigation.
The investigator in charge at many incident scenes may be responsible for the entire
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investigation. A task force and team concept allows responsibilities to be delegated or conducted
by more than one investigator.
16-11 Preliminary Information.
The investigator should gain as much information as possible prior to developing the flow
chart or plan, e.g., magnitude of the incident, the condition of the scene, information surrounding
the incident, type of structure involved, use of the structure, and the nature and extent of damage.
This will allow the development of a plan that will address areas of importance to the
investigation without requiring major modification.
16-12 Safety.
Safety is the responsibility of all team members but in some situations it may be necessary to
designate one member as a safety monitor (safety officer) who will be responsible for monitoring
conditions at the fire or explosion scene to ensure the safety of all personnel. The investigation
plan must address safety for not only the investigators but for the tenants that will be utilizing the
facility. The structure will need to be examined prior to conducting an investigation or removal
of debris. Toxic gasses or hazardous materials may have been present at the time of the incident
or are there as a result of the fire.
It may be necessary to continue to monitor the air quality, environmental conditions, or
structural stability while the investigation continues. The building’s ventilation system should be
evaluated for possible use in providing air quality. If the air or the environment may not be
rendered safe, the investigator(s) may be required to wear protective clothes and an appropriate
filter mask or self-contained breathing apparatus.
Investigator fatigue can be a safety consideration in major fires and should be avoided. (See
Chapter 10.)
16-13 Lighting.
Temporary lighting may be required. It is often better to have electricians install temporary
lighting than to use portable lights and flashlights for extended periods of time. The temporary
lighting will allow the investigators to better view the scene. The need to install temporary
lighting will be a function of current lighting conditions, the estimated time the investigation will
take, and the availability of other lighting and electrical power.
16-14 Access for Investigator.
Transportation may be needed to allow ease of movement of materials and investigators. There
may be long distances to travel or it may be difficult to move equipment and personnel to the
area. The fire area may be on higher floors that are difficult to reach. If these issues are
addressed early it will make the task much easier.
Golf carts or small motorized vehicles, boats, four wheel drive vehicles, helicopters, or other
means of transportation may be needed to provide transportation to areas that are difficult to
reach. An elevator in an adjoining building, fire department ground or aerial ladders, or a man
lift may assist in reaching upper floors.
16-15 Securing the Scene.
One of the first duties of the team is to secure the scene. First responders to the scene should
establish and maintain control. Access should be strictly monitored and all personnel should log
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on and off the scene.
Access should be restricted to authorized personnel to both facilitate the quality of the
investigation and to prevent possible injury to unauthorized or curious onlookers.
The decision regarding authorization rests with whomever has control of the site.
It may be necessary to hire private security personnel and/or to install physical barriers to
ensure the level of security needed.
16-16 Sanitary and Comfort Needs.
Provisions should be made for sanitary facilities and drinking water. An uncontaminated area
should be available for eating, resting, and meeting.
16-17 Communications.
A large incident area may create communication problems for the investigators.
Communication may be provided via either mobile or fixed means. Portable radios, temporary
hardwired phone systems, or cellular telephones may be used. A command post using temporary
trailers or other facilities may be needed to act as a central point.
16-18 Interviews.
Upon arrival at the scene, the team leader should ensure that interviews are conducted of at
least the preliminary witnesses. Examples of preliminary witnesses are: Fire Chief, fire
prevention personnel, suppression personnel, police officers, passersby, neighbors, property
owner(s), employees, tenants, or people who may have information on fire discovery, events
prior to fire department arrival, fire suppression efforts, movement of the fire, and the building
construction and contents. (See Chapter 7 on interviewing.)
Interviews can be conducted while other activities are being performed. It is usually better to
subject a person to one thorough interview than to many interviews. If more than one party is
participating in the investigation, a joint interview with a representative from each of the
interested parties will usually result in a more thorough interview and will not subject the person
to several interviews. It is best to have one person from each party participating in the interview
rather than multiple investigators from each party. This will limit the interview team to a
manageable number and the team size won’t overwhelm the person being interviewed.
Joint interviews will allow investigators to work off each others thoughts and questions and
the interview will cover more details and topics. There will be times when joint interviews may
not be practical, such as suspect interviews by public officials. Summaries of the interviews
should be made to facilitate the briefing of other team members. Transcripts of statements of
significance may need to be prepared as soon as possible.
16-19 Plans and Drawings.
Copies of blueprints and schematics may be obtained for the facility. The plans will assist in
tracing the electrical system, determining the capabilities of the HVAC system, and reviewing
the fire protection/detection systems. It may assist in developing accurate drawings of the
investigation and in locating or determining the operation of equipment. The plans may be
obtained from the building owner, contractor, architect, or the public building department.
16-20 Recording the Scene.
Recording the scene and the artifacts is required and is discussed in Chapter 8. Documentation
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includes photographs, videos, diagrams, and sketches.
16-21 Search Patterns.
The personnel assigned to the physical examination of the scene should be the team members
with experience and expertise in determining origin and cause of fire/explosion incidents. A grid
system may be developed to conduct the investigation by dividing the scene into specific areas.
The search in each grid is documented and the evidence from each grid is identified. The
geometry of the scene may determine the grid system, such as by floor or room.
Other methods include spiral, strip, or area searches. Regardless of the method used, the
assigned search areas should overlap to ensure complete coverage.
16-22 Evidence.
The removal of debris or evidence needs to be discussed with the interested
parties/investigators prior to removal. The discussions may occur during the regular scheduled
meetings, through correspondence, special meetings, or on the fire scene. The importance of
reporting and properly securing evidence should be discussed with the team leader committee
members.
One evidence technician should be selected to document the collection and preservation of all
the evidence. Evidence should be handled and secured as discussed. (See Chapter 9.)
A protocol regarding the evidence collection, processing, and storage must address the type
and location of the storage facility that is acceptable to the parties and the methods of handling
the evidence. This often requires a secured location with a log-in sheet for persons accessing the
area. All evidence collected should be equally accessible to all teams involved in the
investigation. Prior to any destructive examination or testing, all teams should be notified. Each
of the interested parties may decide to have their own expert view or participate in the
examination.
16-23 Release of Information.
The team should be discrete when matters concerning the incident are discussed around
persons other than team members. One person or agency should be designated to release
information through the Team Leader Committee concerning the investigation. This may be the
public information officer or the Fire Marshal.
16-24 Conducting the Scene Examination.
Conducting the scene examination is discussed in other chapters. The investigation techniques
for major fires remain the same, but the scene typically is larger, requiring more interviews,
more data, and more documentation.
16-25 Preplan for Major Fire Investigations.
In many communities or private companies, the responsibility for determining the origin and
cause of a major fire or explosion will be assigned to one or two investigators. The need to
preplan the investigation remains constant.
This team or task force concept allows the investigation to proceed more rapidly and allows
more time and resources to be spent on each task by assigning tasks to the investigators on the
team.
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Chapter 17 Incendiary Fires
17-1 Introduction.
An incendiary fire is a fire that has been deliberately ignited under circumstances in which the
person knows the fire should not be ignited. The following section provides guidance to assist
the investigator in identifying incendiary fires and documenting evidence regarding their origin
and cause. In the event the investigator concludes that a fire was incendiary, other evidentiary
factors are addressed regarding suspect development and identification.
The existence of a single indicator or a combination of indicators is not necessarily conclusive
proof that a fire is of incendiary cause. However, the presence of indicators may suggest that the
fire deserves further investigation.
17-2 Incendiary Fire Indicators.
There are a number of conditions related to fire origin and spread that may provide physical
evidence of an incendiary fire cause.
17-2.1 Multiple Fires.
Multiple fires are two or more separate, nonrelated, simultaneously burning fires. The
investigator should search to uncover any additional fire sets or points of origin that may exist.
In order to conclude that there are multiple fires, the investigator must determine that any
“separate” fire was not the natural outgrowth of the initial fire.
Fires in different rooms, or on different stories with no connecting fire, or separate fires inside
and outside a building are examples of multiple fires. A search of the fire building and its
surrounding areas should be conducted to determine whether there are multiple fires.
Apparent multiple fires can result through spread by:
(a) Conduction, convection, or radiation;
(b) Flying brands;
(c) Direct flame impingement;
(d) Falling flaming materials (drop down), such as curtains;
(e) Fire spread through shafts, such as pipe chases or air conditioning ducts;
(f) Fire spread within wall or floor cavities within “balloon construction”;
(g) Overloaded electrical wiring; and
(h) Utility system failures.
Apparent multiple points of origin can also result from continued burning at remote parts of a
building during fire suppression and overhaul, particularly when building collapse or partial
building collapse is involved.
The earlier a fire is extinguished the easier it is to identify multiple points of origin. Once full
room involvement or room-to-room extension has occurred, identifying multiple fires becomes
more difficult and a complete burnout or “black hole” may make identification impossible.
If there has been a previous fire in the building, care should be taken not to confuse earlier
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damage with a multiple fire situation.
Fire scene reconstruction (see Section 11-7), an important aspect of the fire scene examination,
is especially important when multiple fires are suspected.
A careful examination of the fire scene may reveal additional fire sets, particularly in the same
type of area. For example, if the investigator observes or discovers an area of origin in a closet,
an examination of other closets for additional fires or fire sets (which are intended to ignite
additional fires) is prudent. The investigator may be required to obtain legal authority to conduct
a search in areas not affected or involved in the discovered fire. (See 5-2.2 and 5-2.3.)
Confirmation of multiple fires is a compelling indication that the fire was incendiary.
17-2.2 Trailers.
After incendiary fires, when fuels have been intentionally distributed or “trailed” from one
area to another, elongated patterns may be visible. Such fire patterns, known as “trailers,” can be
found along floors to connect separate fire sets, or up stairways to move fires from one story or
level within a structure to another. Fuels used for trailers may be ignitible liquids, solids, or
combinations of these. (See Figure 4-18.1.)
Materials such as clothing, paper, straw, and ignitible liquids are often used. Remnants of solid
materials frequently remain and should be collected and documented.
Ignitible liquids may leave linear patterns, particularly when the fires are extinguished early.
Radiant energy from the extension of flame or hot gases through corridors or up stairways can
also produce linear patterns. As with suspected solid accelerants, samples of possible liquid
accelerants should be collected and analyzed. (See Section 9-5.)
Often, when the floor area is cleared of debris to examine damage, long, wide, straight patterns
will be found showing areas of extensive heat damage, bounded on each side by undamaged or
less damaged areas. These patterns have often been interpreted to be trailers. While this is
possible, the presence of furniture, stock, counters, or storage may result in these linear patterns.
These patterns may also result from fire impact on worn areas of floors and the floor coverings.
Irregularly shaped objects on the floor, such as clothing or bedding, may provide protection to
the floor resulting in patterns that may be inaccurately interpreted.
For example, gasoline itself poured out to assist the fire is an accelerant. It is the deliberate use
of the gasoline to spread the fire from one location to another that causes the stream of gasoline
to be a trailer. Trailing gasoline from one room to another and up the staircase constitutes laying
a trailer. Dousing a building with gasoline from cellar to rooftop or over a widespread area does
not constitute laying a trailer, that is using an accelerant. So it can be seen that the fuel does not
constitute a trailer, but rather the manner in which the fuel or accelerant is used. This is similar
to the “use” requirement in the definition of an accelerant. The burning action has no effect on
whether or not there is a trailer. Gasoline, rags, or newspapers can all be used as trailers but they
burn differently. The pattern that is left by a trailer is evidence of the trailer; the pattern is not the
trailer. If an arsonist lays a trailer but is arrested prior to ignition, there is still a trailer.
17-2.3 Lack of Expected Fuel Load or Ignition Sources.
When the fire damage at the origin is inconsistent with the expected low fire loads, limited
rates of heat release, or limited potential-accidental ignition sources, the fire may be incendiary.
An example of all three is an isolated burn at floor level in a large, empty room. Examples of
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limited fire load areas include corridors and stairways. Stairways, while usually having limited
fire loads, may promote rapid fire spread by allowing flames or hot gases to travel vertically to
other areas. This action may cause severe damage on exposed stairway surfaces. Additional
examples of areas with limited potential-accidental ignition sources include closets, crawl
spaces, and attics.
17-2.4 Unusual Fuel Load or Configuration.
If the investigation reveals the presence of an unusually large fuel load in the area of origin, or
a fuel load in the area of origin that either would normally not be expected in that area or would
not be expected to be in the configuration it was found in, the fire may be incendiary. An
example of an unusual configuration is where furniture, stock, or contents are deliberately
stacked or piled in a configuration to encourage rapid or complete fire development. An example
of an unusually large fuel load is where accumulations of trash, debris, or cardboard cartons are
deliberately introduced into a room or space in order to encourage greater fire involvement.
17-2.5 Burn Injuries.
The manner and extent of burn injuries may provide clues to the origin, cause, or spread of the
fire. Burn injuries may be sustained while setting an incendiary fire. The investigator should
ascertain if the fire victim’s burns and the nature and extent of the injuries are consistent with the
investigative hypothesis regarding fire cause and spread. The investigator should check the local
hospitals for the identification of any persons admitted or treated for burn injuries.
17-2.6 Incendiary Devices.
Incendiary device is a term used to describe a wide range of mechanisms used to initiate an
incendiary fire. In some cases, the fire setter may have used more than one incendiary device.
Frequently, remains of the fuel used will be found with the ignition device. If an incendiary fire
is suspected, the investigator should search for other fire sets that may have burned out or failed
to operate.
WARNING: When an incendiary device is discovered that has not activated, do not move it!
Such devices must be handled by specially trained explosive ordinance disposal personnel.
Touching or moving such devices is extremely dangerous and can result in an ignition or
explosion.
17-2.6.1 Examples of Incendiary Devices. Examples of some incendiary devices, and the
evidence that may establish their presence or use, are:
(a) Books of paper matches and cigarettes from which the striker from the matchbook,
cigarette filters, remaining cigarette ash, and the combustible materials ignited by the matches or
cigarettes may be found in the area of origin.
(b) Candles from which their wax and the remains of any combustible material ignited by the
candles may be found in the area of origin.
(c) Wiring systems or electric heating appliances to initiate a fire, which may be evidenced by
indications of tampering or modification of the wiring system, the movement or arrangement of
heat-producing appliances to locations near combustible materials, or evidence of combustible
materials being placed on or near heat producing appliances.
(d) Fire bombs, commonly called “Molotov cocktails,” which leave evidence in the form of the
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ignitible liquid, chemicals, or compounds used within them; the broken containers; and wicks.
(e) Paraffin wax-sawdust incendiary device, which can be evidenced by remains of wax
impregnated with sawdust (e.g., artificial fire logs).
17-2.6.2 Delay Devices. Timers or delay devices can be employed to allow the fire setter an
opportunity to leave the scene and possibly establish an alibi prior to the ignition. Common delay
devices include candles, cigarettes, and mechanical or electrical timers.
17-2.6.3 Presence of Ignitible Liquids in Area of Origin. The use or presence of ignitible
liquids is generally referred to as a “liquid accelerant,” where used in conjunction with an
incendiary fire.
The presence of ignitible liquids may indicate that a fire was incendiary, especially when the
ignitible liquids are found in areas in which they are not normally expected. Containers of
ignitible liquids in an automobile garage may not be unusual, but a container of ignitible liquids
found in a bedroom may be unusual. In either case, the presence of ignitible liquids near the area
of origin should be fully investigated.
“Irregular patterns” (see 4-17.7.2) may indicate the presence of an ignitible liquid. If the
investigator observes patterns associated with a liquid accelerant, he or she may also observe the
remains of a container used to hold the liquid. The investigator should ensure that samples are
taken from any area where ignitible liquids are suspected to be present.
17-2.7 Assessment of Fire Growth and Fire Damage.
Investigators may form an opinion that the speed of fire growth or the extent of damage was
greater than would be expected for the “normal” fuels believed to be present and the building
configuration. These opinions are subjective, however, as fire growth and damage are related to
a large number of variables and the assumptions made by the investigator are based on that
investigators individual training and experience. If subjective language is used, the investigator
should be able to explain specifically why the fire was “excessive,” “unnatural,” or “abnormal.”
What an investigator may consider as “excessive,” “unnatural,” or “abnormal” can actually
occur in an accidental fire depending on the geometry of the space, the fuel characteristics, and
the ventilation of the compartment. Some plastic fuels that are difficult to burn in the open may
burn vigorously when subjected to thermal radiation from other burning in the area as is found in
the conditions during or after flashover.
The investigator is strongly cautioned against using subjective opinions to support an
incendiary cause determination in the absence of physical evidence.
Mathematical models of fire growth exist that can, if used properly, provide assistance in
assessing the potential accuracy of these subjective observations.
17-3 Potential Indicators Not Directly Related to Combustion.
These indicators are generally conditions or circumstances that, in and of themselves, are not
directly related to the fire or explosion cause, but may be used by the investigator as the basis of
interviewing witnesses, or the development of possible suspects and avenues for further
investigation.
17-3.1 Remote Locations with View Blocked or Obscured.
A fire in a secluded location or where the view is hidden from observation may indicate a fire
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setter did not want to be seen or caught. Fires at such locations would also allow the fire to
develop before it was discovered. (Examples include situations where windows are painted over
or paper covers the windows for no apparent reason other than to conceal the fire.)
17-3.2 Fires Near Service Equipment and Appliances.
A fire near gas or electrical equipment, appliances or fireplaces may be intended to make the
fire appear to be from an accidental cause. The investigator should examine the fuel supply or
service connections to determine if they were loose or disconnected, and then determine whether
tampering or sabotage of the equipment or appliances has occurred. If the investigator does not
have sufficient knowledge regarding the equipment or appliance, it should be examined by
qualified personnel.
17-3.3 Removal or Replacement of Contents Prior to the Fire.
Through the course of the investigation, the investigator may believe that prior to the fire, the
contents of a building have been removed or replaced with less or more valued items.
17-3.3.1 Replacement. When the investigator believes the contents have been replaced, as
complete an inventory as possible of the contents should be made prior to release of the building.
The inventory of the prefire structure should be obtained and corroborated through witness
statements, invoice and inventory receipt, etc. The insurance proof of loss and underwriting file
will provide a list of what was claimed to have been present.
The items and contents that may be replaced depends on the occupancy of the building or
space. Consider the following examples:
(a) Residential occupancy — furniture, clothing
(b) Industrial/commercial occupancy — machinery, equipment, stock, merchandise
(c) Vehicles — tires, batteries
If contents that are abnormal to the occupancy are found, this can be another indicator.
17-3.3.2 Removal. Fire scenes or fire buildings that are devoid of the “normal” contents
reasonably expected (or identified through witness statements, etc.) as being in the structure
prior to the fire should be investigated and explained. The items removed are generally valuable
items, (such as television sets, VCRs, stereo systems, computers, camera equipment, stock,
equipment, etc.) or items that are difficult to replace (including files, business records, etc.).
Other items that may be removed prior to a fire may be those incriminating to a fire setter.
17-3.3.3 Absence of Personal Items Prior to the Fire. The absence of items that are personal,
irreplaceable, or difficult items to replace should be investigated. Examples include jewelry,
photographs, awards, certificates, trophies, art, pets, sports and hobby equipment, etc. Also, the
removal of the important documents (e.g., fire insurance policy, business records, tax records)
prior to the fire, should also be investigated and explained.
17-3.4 Entry Blocked or Obstructed.
The entrance to a structure, or the property may be blocked or obstructed to hamper fire
fighters from extinguishing the fire. Obstructions to the property may include fallen trees, street
barricades, or construction features that deny fire vehicle access, such as masonry columns,
fences, and gates.
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Obstructions to the structure may include what appears to be “security” measures to the
building, such as boarded up windows and doors, “security grills,” chains and locks, etc.
17-3.5 Sabotage to the Structure or Fire Protection Systems.
Sabotage refers to intentional damage or destruction to the physical structure of the building,
or intentional damage to a fire protection system or system components.
A fire setter is often intent on developing conditions that will lead to the rapid and complete
destruction of the building or its contents. In order to fulfill this goal, the fire setter may sabotage
the structure (fire-resistive assembly) or the fire protection systems.
Investigators should determine whether the failure of structural components or fire protection
systems was the result of deliberate sabotage or other factors, such as improper construction,
lack of maintenance, systems shutdown for maintenance, improper design, or equipment or
structural assembly failure.
17-3.5.1 Damage to Fire-Resistive Assemblies. Fire-resistive design, accomplished through the
construction of various fire resistance-rated assemblies (walls, ceilings, and floors), and the
proper protection of openings (fire doors, windows and shutters, and fire dampers), is intended to
separate portions of a structure into “compartments” or “fire areas,” which confine a fire within
the “compartment” in which the fire originated, preventing smoke and fire movement to other
portions of the building.
Penetrations in fire-resistant assemblies may be an indication that the fire setter attempted to
spread the fire from one area to another. The investigator should try to determine if the
penetrations occurred with the intent of spreading the fire. Penetrations of fire resistance-rated
construction may be the result of poor initial construction, renovations, service wiring or cables,
or may be the result of fire-fighting activities, such as ventilation or overhaul.
Open doors are the most common method of fire travel through a structure. Sabotage to fire or
smoke doors or fire shutters, e.g., wedging doors open, can increase fire and smoke spread
throughout the structure. Sabotage to stairway doors can further increase rapid smoke and fire
spread. However, frequently these doors are held or propped open by building occupants to
improve ventilation or access during regular building operations. The investigator must
determine whether the doors and other opening protection were intentionally opened by the fire
setter or were open as a normal operational use of the building.
17-3.5.2 Damage to Fire Protection Systems. Fire protection systems include heat, smoke, or
flame detection; alarm and signaling systems; sprinkler and standpipe systems; special
extinguishing systems, such as those using carbon dioxide, foam, or halon; and private water
mains and fire hydrants.
Sabotage to fire protection systems or components can delay notification to occupants and the
fire department, and prevent the control or extinguishment of the fire. Such sabotage is intended
to allow the fire to develop fully, and create greater destruction.
Sabotage can include removing or covering smoke detectors; obstructing sprinkler heads;
shutting off control valves; damaging threads on standpipes, hose connections, or fire hydrants;
and obstructing or placing debris in fire department siamese connections or fire hydrants; etc.
Another type of sabotage, although more subtle, is igniting “multiple fires” (see 17-2.1). In
addition to increased destruction from additional fires, “multiple fires” can have the effect of
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overtaxing the fire suppression system beyond its design capabilities. Assistance may be needed
to determine the design limitations on the fire protection system. (See Section 6-5.)
17-3.6 Open Windows and Exterior Doors.
Open windows and exterior doors can speed the growth and spread of a fire. When these
conditions exist during cold weather or in violation of normal building security, it may be an
indicator someone attempted to provide extra ventilation for the fire. Windows may have been
broken out for the same purpose.
17-4 Other Evidentiary Factors.
Once the investigator has completed the fire scene examination and has concluded that the fire
was “incendiary,” there are other evidentiary factors that should be recorded and examined,
which may be critical regarding future suspect development and identification.
These evidentiary factors regarding the identification of a suspected fire setter, or the “motive”
or opportunity for the fire, cannot be substituted for a properly conducted investigation and
determination of the fire’s origin and cause.
In the absence of physical evidence of an incendiary fire, the investigator is strongly cautioned
against using the discovery or presence of these other evidentiary factors, in developing the
hypothesis, forming opinions, or drawing conclusions concerning the cause of the fire.
17-4.1 Analysis of Confirmed Incendiary Fires.
It is through the analysis of confirmed incendiary fires that trends or patterns in repetitive fire
setting behaviors may be detected. The key to this analysis is whether the fire setting is repetitive
or not. This analysis may assist the investigator in the development and identification of possible
suspects. Repetitive fire setting, sometimes called “serial fire setting” or “serial arson,” refers to
a series of two or more (incendiary) fires, where the ignition is attributed to the individual or a
group acting together. There are three principal trends that may be identified through analysis;
these are geographic area or “clusters,” temporal frequency, and materials and methods.
17-4.1.1* Geographic Area, “Clusters.” Repetitive fire setting activities tend to group within
the same geographic location (i.e., same neighborhood), or “cluster.” Locating incendiary fires,
utilizing computer-assisted pattern recognition systems such as the Arson Information
Management System (AIMS) or on a map of the local area, can assist the investigator in
identifying clusters.
17-4.1.2 Temporal Frequency. Incendiary fires set by the same individual often occur during
the same time period of the day, or the same day of the week. This may have several reasons,
including the level of activity in the area, the fire setter’s assessment of his chances of success,
or the fire setter’s routine. For example, the fire setter may pass the location (e.g., to or from
work; from a bar) during a certain period of the day or certain day of the week.
17-4.1.3 Materials and Method. The method and material used in the ignition of incendiary
fires vary according to the fire setter. Generally, however, once a fire setter begins repetitive fire
setting behavior, the materials and method tend to remain similar, as do the locations of the
incendiary fires.
17-4.2 Evidence of Other Crimes, “Crime Concealment.”
An incendiary fire may be an attempt to conceal other crimes, such as homicides and
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burglaries. In other cases, a “staged” burglary may occur to disguise an incendiary fire. The issue
of which occurred first, the other crime or the fire, is more related to the motive for the fire, and
has little to do with the cause of the fire.
Though possible motives are not determinative in investigating a fire’s cause, (i.e., if the
motive was to burglarize the structure, and conceal the burglary with a fire, or the motive was to
set a fire, but make it appear as a burglary) motives may lead the investigator to approach the
investigation (and the search for evidence) and possible suspects differently.
17-4.3 Indications of Financial Stress.
The investigation may reveal indicators of financial stress. These indicators may include: liens,
attachments, unpaid taxes, mortgage payments in arrears, real estate for sale (inability to sell;
property is nonmarketable; etc.), poor business location, or new competition.
Financial stress may also be indicated by factors associated with the use or type of occupancy
of the building. For business occupancies, indicators may include periods of economic decline,
particularly within that industry; changes within an industry, in either product or equipment;
obsolescence of equipment; and new competition within the industry. Other indicators can
include factors such as the need to relocate or new competition in the same geographic region or
area.
Examples of financial stress for residential properties can include landlords who cannot collect
rent, or rent-out vacant units; rent control; the owner’s need to relocate; mass loss of jobs within
the region resulting from industrial or cutbacks or closings.
17-4.4 Existing or History of Code Violations.
Closely related to, and possibly another indication of financial stress, is the existence of or a
history of building, fire safety, housing, or maintenance code violations. This may indicate either
the financial inability to maintain the building, or the intentional choice to let the building
deteriorate (refusal to reinvest in the structure).
Where the deterioration of a building is intentional, other indicators related to financial stress,
such as over insurance or the inability to sell the property, may be discovered during the
investigation.
17-4.5 Owner with Fires at Other Properties.
If a structure is owned by persons who have had incendiary fires at other properties, especially
if they have collected insurance as a result of those fires, there is a possibility they will
experience another incendiary fire.
17-4.6 Over Insurance.
Another indicator closely related to financial stress is over insurance. Over insurance is a
condition where the insurance coverage is greater than the value of the property in a valued
policy state, or where there are multiple insurance policies on the property.
17-4.7 Timed Opportunity.
Timed opportunity refers to the indicators that a fire setter has timed the fire to coincide with
conditions or circumstances that assist the chances of successful destruction of the target
(property), or to utilize those conditions or circumstances to increase the chances of not being
apprehended.
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17-4.7.1 Fires During Severe Natural Conditions. Fires during periods of extreme natural
conditions such as floods, snowstorms, hurricanes, or earthquakes may delay fire department
response or hinder fire-fighting capabilities.
Other natural conditions to note are electrical storms, periods of high winds, low humidity, and
freezing or extremely high temperatures.
17-4.7.2 Fires during Civil Unrest. This is a type of opportunistic fire. Other indicators such as
“financial stress” often accompany this indicator.
Also, incendiary fires during civil unrest usually do not involve elaborate ignition devices or
materials, although “fire bombs” or liquid accelerants are sometimes used. More often, available
materials are utilized as an initial fuel.
A similar pattern may develop when “repetitive fires,” or a series of incendiary fires occur in
the same geographic area (see 17-4.1.1). The owners or occupants may attempt to set a fire, and
have the cause attributed to another fire setter. In these instances, the investigator may discover a
difference in the method (such as time of day, days of the week, location of the fire) and the
materials used (such as different fuels) or different ignition source, which do not fit the
established fire setting pattern (see 17-4.1.)
17-4.7.3 Fire Department Unavailable. Fires may be set at times when the fire department is
unavailable. Examples include deliberately calling in a false alarm to get the fire department
away from the area, or starting the fire while there is a working fire in progress or when the fire
department is involved in a parade or other community function.
Chapter 18 Appliances
18-1 Scope.
This chapter covers the analysis of appliances as it relates to the investigation of the cause of
fires. The chapter concentrates on appliances as ignition sources for fires but, where applicable,
also discusses appliances as ignition sources for explosions. This chapter assumes that the origin
of the fire has been determined and that an appliance at the origin is suspected of being an
ignition source. Until an adequate origin determination has been done it is not recommended that
any appliances be explored as a possible ignition source.
Addressed in this chapter are appliance components, which are common to many appliances
found in the home and business. Sections of this chapter also deal with specific but common
residential type appliances, and how they function.
18-2 Appliance Scene Recording.
The material presented in Chapter 8, should be used where appropriate to record the scene
where an appliance is involved. Material presented in this section is supplemental and has
specific application to appliances.
18-2.1
Once a specific appliance(s) has been identified in the area of origin, it must be carefully
examined before it is disturbed in any way. The appliance should be photographed in place from
as many angles as possible. Photographs should be close-ups of the appliance as well as more
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distant photographs that will show the appliance relative to the area of origin, nearest
combustible material(s) and a readily identified reference point (e.g., window, doorway, piece of
furniture, etc.). This reference point will greatly aid later reconstruction efforts in locating the
exact location of the appliance at the time of the fire. If an appliance has been moved since the
start of the fire then the same photographs should be taken where it was found. If it can be
established where the appliance was located at the time of the fire, such as by observing a
protected area that matches the appliance base or by talking to someone familiar with the fire
scene prior to the fire, the appliance should be moved to its prefire location and the same
photographs taken. This movement by the investigator may not be done until all other necessary
documentation is completed.
18-2.2
The scene should be photographed and diagrammed as described in Section 8-4. The location
of the appliance within the area of origin is particularly important. The investigator should take
measurements that will establish the location of the appliance.
18-2.3
Special attention in the photography and diagramming should be paid to the position of all
controls (dials, switches, power settings, thermostat setting, valve position, etc.), position of
movable parts (doors, vents, etc.), analog clock hand position, power supply (battery and ac
house current), fuel supply, and any other item that would affect the operation of the appliance or
indicate its condition at the time of the fire.
18-2.4
The manufacturer, model number, serial number, date of manufacture, warnings,
recommendations, and any other data or labels located on the appliance should be documented.
This information should be photographed and notes should be taken as these items may be
difficult to photograph. Having notes will ensure that this valuable information is preserved. (See
Chapter 8 for additional information.) It is frequently necessary to move the appliance to obtain
these data and this should be done with minimal disturbance to the appliance and the remainder
of the fire scene. In no case should the appliance be moved prior to the actions in paragraph
18-2.3 being completed.
18-2.5
Where the appliance has been damaged by the fire or suppression effort, every effort should be
made to gather all of the parts from the appliance and keep them together. After exposure to fire
many of the components may be brittle and may disintegrate with handling, which is why it is
important to document their conditions at this point. Where it is considered helpful and will not
result in significant damage to the remains of the appliance, some reconstruction of the parts may
be done for documentation and analysis purposes. This could include replacing detached parts
and moving the appliance to its original location and position. Attempting to operate or test an
appliance should not be done during the fire scene examination as this may further damage the
appliance, possibly destroying the critical clues within the appliance and its components. All
testing at this point should be strictly nondestructive and only for the purpose of gathering data
on the condition of the appliance after the fire. Examples of nondestructive testing include using
a volt/ohm meter to check resistance or continuity of appliance circuits.
18-3 Origin Analysis Involving Appliances.
Copyright 1996 NFPA

Chapter 4 and Chapter 11 deal with determining the origin of a fire in greater detail. The
additional techniques and methodology presented here should be utilized when a fire involves an
appliance. This is the case when the fire is confined to the appliance or it is thought that a fire
started by the appliance spread to involve other contents of the room.
18-3.1
It must be established that the appliance in question was in the area of origin. Those appliances
that were clearly located outside the area of origin generally can be excluded as fire causes. In
some cases, an appliance(s) remote from the area of origin may have something to do with the
cause of the fire and should be included in the investigation. Examples of these are the use of an
extension cord or the presence of a standing pilot on a gas appliance. Where doubt exist as to the
area of origin, it should be classified as undetermined. When the origin is undetermined, examine
and document the appliances in any suspected areas of origin.
18-3.2
Fire patterns must be carefully used in establishing an appliance at the point of origin. Definite
and unambiguous fire patterns help to show that the appliance was at the point of origin. Other
causes of these patterns must be eliminated. The degree of damage to the appliance may or may
not be an adequate indication of origin. Where the overall relative damage to the scene is light to
moderate and the damage to the appliance is severe, then this may be an indicator of the origin.
However, if there is widespread severe damage, other causes such as drop down, fuel load (i.e.,
fuel gas leak), ventilation, and other effects should be considered and eliminated. If the degree of
damage to the appliance is not appreciably greater than the rest of the fire origin, then the
appliance should not be chosen solely by virtue of its presence.
18-3.3
Appliances that are constructed of plastic materials may be found at the fire scene with severe
damage. The appliance may be severely distorted, deformed, or the combustible material may be
burned away leaving only wire and other metallic components. This condition of an appliance in
and of itself is not an adequate indicator of the point of origin. This is especially true where there
was sufficient energy from the fire in the room to cause this damage by radiant heating and
ignition. Conditions approaching at, or following, flashover can have sufficient energy to
produce these effects some distance from the point of origin.
18-3.4
Reconstruction of the area of origin may be necessary to locate and document those patterns
and indicators that the investigator will be using to establish the area of origin. As much of the
material from the appliance as possible should be returned to its original location and then
recorded with photographs and a diagram. The help of a person familiar with the scene prior to
the fire may be necessary.
18-4 Cause Analysis Involving Appliances.
The material presented in Chapter 12, should be used where appropriate to analyze an
appliance that may have caused a fire. Material presented in this section is supplemental or has
specific application to appliances.
18-4.1
Before it can be concluded that a particular appliance has caused the fire it must first be
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established how the appliance generated sufficient heat energy to cause ignition. The type of
appliance will dictate whether this heat is possible under normal operating conditions or as a
result of abnormal conditions. The next step is to determine the first material ignited and how
ignition took place. The most likely ignition scenario(s) will remain after less likely or
impossible ignition scenarios have been eliminated. If no likely ignition scenario exists, either
accidental or intentional, then the cause should be classified as undetermined.
Patterns on the appliance may indicate the source of the ignition energy. However, hot spots or
other burn patterns may be the result of other factors not related to the cause and need to be
carefully considered. Patterns on nearby surfaces may provide information on the ignition
source.
18-4.2
The use and operation of an appliance must be well understood before it is identified as the fire
cause. Some appliances are simple or very familiar to fire investigators and may not require
in-depth study. However, appliance design can be changed by the manufacturer or an appliance
can be damaged or altered by the user and therefore each appliance warrants investigation. More
complicated appliances may require the help of specialized personnel to gain a full
understanding of how they work and how they could generate sufficient energy for ignition.
18-4.3
Many appliances use electricity as the power source and electricity should be considered as a
possible source for ignition. The material presented in Chapter 14 must be carefully considered
and applied in this situation. Only under a specific set of conditions can sufficient heat be
generated by electricity as a result of an overload or fault within or by an appliance and
subsequently cause ignition.
18-4.4
When it is necessary to disassemble an appliance (or its remains) recovered from a fire scene,
each step must be documented by photography (see 9-10.1). This is done to establish that the
investigator did not haphazardly pull the artifact apart, causing pieces to be further damaged or
lost. The documentation should show the artifact at the start and at each stage of disassembly,
from multiple angles if possible, keeping careful track of loose pieces. Some investigators find it
helpful to videotape this process. The investigator should have at least one specific reason for
disassembling an artifact and once an answer has been found the disassembly process should
stop. When an artifact cannot be easily disassembled or if the disassembly would be too
destructive, the use of X-rays should be considered.
18-4.5
To more fully understand an appliance, to test its operation, or to explore failure mechanisms
the investigator may need to obtain an exact duplicate (i.e., an exemplar). For this, the model and
serial numbers may be required and the manufacturer may need to be contacted to determine the
history of this appliance. It may be that they do not make the particular appliance any more or
have changed it in some way. The investigator will need to determine if the exemplar located is
similar enough to the artifact to be useful.
18-4.6
Exemplar appliances can be operated and tested to establish the validity of the proposed
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ignition scenario. If the ignition scenario requires the failure or malfunction of one or more
appliance components, this can also be tested for validity on the exemplar. Where extensive or
repeated testing is foreseen the investigator will probably need more than one exemplar. The
testing should show not just that the appliance is capable of generating heat but that such heat is
of sufficient magnitude and duration to ignite combustible material.
18-5 Appliance Components.
Appliances are diverse in what they do and how they are constructed. Therefore, this section
will provide a description of each of the common parts or components that might be found in
various appliances. Where information is given in later sections about particular appliances,
there will be references to the components that are used in those appliances.
18-5.1 Appliance Housings.
Housings of appliances can be made of various materials. The nature of these materials can
affect what happens to the appliances during fires and what the remains will look like after a fire.
Most housings are made of metal or plastic, but other materials such as wood, glass, or ceramics
might be found also.
18-5.1.1* Steel is used for the housings of many appliances because of its strength, durability,
and ease of forming. Stainless steel is used where high luster and resistance to rusting is needed,
such as in kitchen appliances or wherever appearance and sanitation are important. Other types
of steel may be used and coated with plastic or enamel to achieve the desired appearance.
Galvanized steel may be used where resistance to rusting is needed but appearance is not
important, such as inside of a washing machine.
Steel will not melt in fires except under very unusual circumstances of extremely high
temperatures for extended times. Ordinarily steel will be oxidized by fires, and the surface will
ordinarily be a dull blue-gray. The brown rust color does not appear until the steel item has been
wet long enough to rust. When steel is deeply oxidized by long exposure in a fire, the oxide layer
likely will be thick enough to flake off. In severe cases, the flaking off may go through the steel
and create a hole. In fires of short duration the surfaces of polished or plated steel can show
various color fringes depending on the degree of heating. After a fire, bare galvanized steel will
have a whitish coating from oxidation of the zinc. Often, the surfaces of steel housings will have
a mottled appearance ranging from blue gray to rust to white to black to reddish. The odd colors
are usually from residues of decorative or protective coatings on the steel in addition to the
oxides. The particular colors and the patterns depend on many factors, and not much importance
should be put on the color and patterns without substantiating evidence.
On rare occasions, a steel housing may be found with a hole made by alloying with zinc or
aluminum. Most of the time when one of these metals drips onto steel during a fire, the surface
oxides keep the metals separated. During a long fire the molten metal might penetrate the oxide
layers and alloy with the steel. If there is need to know the cause of the hole, analysis of the steel
at the edge of the hole would show alloying elements or absence of them.
A steel housing does not necessarily keep internal components from reaching very high
temperatures. If a closed steel box is exposed to a vigorous fire for a long enough time, the inside
of the box can become hot enough to cook materials to gray ashes or to melt copper.
18-5.1.2 Aluminum housings are commonly made from formed sheets or castings. Extruded
pieces might be found on or in the appliance as trim or supports for other components.
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Aluminum has a fairly low melting temperature of 1220°F (660°C) if pure; alloys melt at slightly
lower temperatures. The extent of damage to the aluminum housing can indicate the severity of
the fire or heat source at that point.
18-5.1.3 Other metals, such as zinc or brass, might be used in housings. They would likely be
just decorative pieces or be supports for other components. Zinc melts at the relatively low
temperature of 419°C (786°F) and so is almost always found as a lump of gray metal. Brass is
used in many electrical terminals. Brasses have ranges of melting temperatures in the
neighborhood of 950°C (1740°F). Brass items are often found to be partly melted or just
distorted after a fire. Because it is an alloy, brass softens over a range of temperatures rather than
melting at a specific temperature.
18-5.1.4 Plastic housings are used increasingly for a wide range of appliances that do not operate
at high temperatures. Most plastics are made of carbon plus some other elements. Some plastics
melt at low temperatures and then char and decompose at higher temperatures. Others do not
melt but do char and decompose at higher temperatures. Nearly all plastics can form char when
heated and will burn in existing fires. Many kinds of plastics will continue to burn by themselves
if ignited. Other plastics will not continue to burn from a small ignition source at room
temperature because of their chemical compositions or because of added fire retardants. Many
plastic housings of recent manufacture have considerable fire retardant added, and they usually
will not continue to burn from a small source of ignition. Each appliance in question would need
to be checked for ease of burning of the plastic. In some cases that can be done by qualified
personnel if enough of the material remains or if the identical appliance can be obtained.
After a brief fire, the plastic housing of an appliance may be melted and partially charred. If
the pattern of damage shows that the heat source was inside, further examination of the remains
is warranted. The plastics might show instead that the heat was from the outside and that the
inside is less heated than the exterior. If the plastic housing has melted down to a partly charred
mass, X-ray pictures can reveal encapsulated metal parts and wires. When a plastic housing has
been mostly melted and burned by exterior fire, the underside of the appliance might still be
intact or a metal base plate unheated.
When a fire was severe, all plastics might be consumed. Total consumption of the plastic does
not by itself indicate that the fire started in the appliance.
Phenolic plastics are used for certain parts that must have resistance to heat, such as coffee pot
handles and circuit breaker cases. Phenolics do not melt and will not burn by themselves. They
can be consumed to a gray ash in a sustained fire. When a device that has been made with a
molded phenolic body is moderately heated, the gray ash might be just a thin layer on the
outside. Gray ash on the inside surfaces with little or no gray ash on the exterior may indicate
internal heating.
When portions of an appliance melt and resolidify as a result of a fire, the direction of flow of
the material can indicate the orientation of the appliance at the time that the melted component
material cooled.
18-5.1.5 Wood still has occasional use in appliance housings. Wood can be fully consumed in a
fire or can show a pattern of burning when only partly consumed. The pattern can help to show if
the fire came from inside or outside of the appliance.
18-5.1.6 Glass is used for transparent covers and doors on appliances. Glass might also be used
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in some decorations. Glass readily cracks when heated nonuniformly and can soften and sag or
drip. Flame temperatures are higher than the softening temperatures of glass, so the degree of
softening of glass is more a function of duration and continuity of exposure than of fire
temperatures.
18-5.1.7 Ceramics may be used for some novelty housings and are used as supports for some
electrical components. Ceramics do not melt in fires, but a decorative glaze on them could melt.
18-5.2 Power Sources.
Power sources for common appliances are usually the alternating current that is supplied by
the power companies. There are a few other sources that will be considered. This section will not
include voltages higher than 240 or three-phase power. For more detailed information on
electrical power and devices, see Chapter 14.
18-5.2.1 Power companies in the United States supply electrical power at 60 hertz and 120-240
volts ac (often called 110/220 V). Most appliances are designed to operate by plugging them into
a 120-V outlet. Appliances that require more power, such as ranges and water heaters, operate at
240 V from the same electrical system in the structure.
Electrical cords that carry power to the appliance may be made of two or three conductors. The
conductors are stranded to provide good flexibility. Some double insulated appliances and most
appliances made before 1962 had only two-conductor cords. Newer large appliances usually
have three-conductor cords with the third conductor for grounding as a safety feature. The
stranded conductors of cords usually survive fires, but the remains will likely be embrittled if the
insulation was burned away during the fire. Careless handling of brittle stranded conductors can
cause them to break apart. Cords should be checked for arcing damage. See Chapter 14 for
information on electrical conductors and damage to them.
Plugs for connecting the power cord to the outlet have somewhat different designs depending
on the amperage of the appliance. Plugs made prior to 1987 for 20 amperes or less were two
straight prongs of the same width. Newer ones have the neutral prong wider than the “hot”
prong. The plug may have a third prong for grounding. Factory-made plugs have the conductors
attached to the prongs inside of a molded plastic body. That body may melt or be entirely burned
away in a fire. The conductors and brass prongs will usually survive a fire, but sometimes the
brass parts may be melted. After a fire with only minor burning near the plug, the face of the
plug will be nearly unheated because of being protected against the receptacle. That can show
that the appliance was plugged in. Also even after a more severe fire, the prongs may be less
oxidized where they were protected in the receptacle during the fire.
Plugs for higher voltages or amperages will have larger prongs and the positioning will be
different.
18-5.2.2 Many appliances that plug into a wall receptacle actually operate at 6, 12, or other
voltages less than 120 volts. Normally, a step-down transformer is used to produce the lower
voltage. The transformer will usually be part of the appliance, but sometimes it is a separate unit
that plugs directly into the receptacle and feeds the appliance with a thin two-wire cord. Shorting
of wiring at 6 volts is not likely to cause a fire, but it can do so under circumstances where the
energy (heat) can be concentrated in a small area close to a combustible material.
18-5.2.3 Batteries are used for portable appliances and some security devices. Batteries can
range from car batteries to common dry cells to small button batteries for cameras and watches.
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Batteries provide about 1.5 V of direct current. Batteries of 6 or 9 volts are actually made of four
or six dry cells respectively in one package.
Remains of batteries that were present in an appliance can usually be found after a fire. They
likely would be damaged too much to indicate if they provided power for ignition. However,
what they were connected to could be important. One battery can provide enough power to ignite
some materials under certain conditions. In most battery-powered devices, though, the normal
circuitry will prevent the energy of the battery from being sufficiently concentrated at one spot at
one time to get ignition.
18-5.2.4 Protection against excessive damaging current is provided by fuses or circuit breakers
in many appliances. After a minor fire, the remains of the protective device might show if it
operated. After a severe fire, the metal parts of the protective device might be found to show at
least that it was present.
The fusing element in a fuse can be one of several metals. In all fuses, the element has the
proper cross section and electrical resistance for the temperature to rise to the melting point if
current exceeds a specific level for a specified duration. If the excess current is moderate (less
than twice the rating), the fuse element will melt without vaporizing. If the current is very high,
as with a dead short, the element will usually partly vaporize to give an opaque deposit on a
window or glass tube of the fuse.
Most circuit breakers operate thermally or magnetically depending on the level of overcurrent.
Above a specific current level, a bimetal strip deflects enough to let a spring pull the contacts
apart. With an instantaneous high current, such as with a dead short, the magnetic field pulls the
mechanism so that the contacts open. A circuit breaker that is in a fire environment can trip as
the internal mechanism comes up to the activating temperature. Circuit breakers in appliances
have a reset button.
18-5.3 Switches.
Switches are used in appliances to turn them on or off and to change the operating conditions.
Switches are found in a wide range of sizes, types, and modes of operation. Examination of
switches after a fire can be important for finding if the appliance was on or off or other aspects of
its operation. The remains of switches might be very delicate. Other than noting and
documenting the positions of knobs, levers, or shafts, or checking electrical continuity in-place,
it is recommended that the investigator not open, operate, or disassemble any switches. That
should be left to someone with technical expertise. (See 9-10.1.)
18-5.3.1 Many switches are intended for the user to operate. These include on-off switches and
those to change functions, wattage, or other features of the appliance. The design of the switches
can include moving lever (toggle), push button, turning knob, or sliding knob. Those have metal
parts than can be examined after a fire. When lightly damaged, the switch might still electrically
test on or off or show which position it was in. Where severely damaged, the remains might
show only whether the contacts were welded together. Switches will create a parting arc when
they open. Therefore, apparent damage to the switch surface may be normal.
Electronic switches in many appliances may be too damaged by even minor fires to determine
if they malfunctioned. Examples of those switches include touch pads on microwave ovens and
remote-controlled TVs.
18-5.3.2 Many switches in appliances are automatic and not intended for the user to operate.
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Those switches generally keep the appliance operating within its design parameters and prevent
unsafe operation. Those kinds of switches may be operated by electrical current, temperature, or
some kind of motion.
18-5.3.2.1 Fuses and circuit breakers are automatic switches that operate by overcurrent. Circuit
breakers can be reset, but fuses and fusible links must be replaced.
18-5.3.2.2 Automatic switches that operate by temperature and are intended to keep the
appliance operating within certain temperature limits are called thermostats. Automatic switches
that are intended to prevent the appliance from exceeding certain parameters are called cut-offs,
limit switches, or safeties.
Switches that operate by temperature can be based on expanding metal, bimetal bending, fluid
pressure, or melting. These switches are usually used to prevent an appliance from operating
outside of a fixed range of temperatures or to prevent it from exceeding a set temperature
(cut-off switches). They ordinarily have enough metal parts to be recognizable after a severe fire,
although it may not be possible to determine if the switch was functional at the time of the fire.
A few switches use expanding metal where a long rod is positioned in the warm area. If that
area becomes too hot the rod expands and pushes contacts open. More common is the bimetal
type where two dissimilar metals are bonded together in a flat piece. One metal expands more
than the other with increasing temperature, so as the temperature rises the piece bends. That
motion can open contacts to turn off the appliance. These switches are slow make-break, which
is more likely to cause either erosion or welding of the contacts. After a severe fire, the bimetal
may be bent far out of position, which is a result of heating from the fire and does not indicate a
defective thermostat.
A bimetal disc operates on differential expansion but the disc snaps from a dish shape in one
direction to a dish in the other direction. The edge of the circular disc is fixed, and so the center
snaps back or forth at particular temperatures to open or close the contacts.
Some switches operate by expansion of a fluid in a bulb that is located in the hot area. The
pressure of that fluid is passed to a bellows, often back at a control panel, through a metal tube,
commonly copper. The bellows push open the contacts.
These various mechanical switches can be arranged either to open contacts so as to shut the
appliance off or to close contacts so as to turn something else on, such as a cooling fan, that will
counter the high temperature. High temperature cut-off switches may be present in an appliance,
but they should not open the circuit except when the temperature becomes too high in the
appliance. The contacts of switches should be examined by competent persons. If contacts in
cut-offs are eroded by arcing from repeated opening, that can indicate that the appliance was
operating in an overheated condition for an extended time, which may indicate a defect in the
appliance.
Mechanical switches can fail by overloads, which overheat certain internal parts or by welding
of the contacts. The latter can happen at normal currents as slow make and break contacts pass
current without being firmly in contact. Poor connections internally, such as where wiring is
attached or where brass parts are riveted, can cause destructive heating and failure of the switch.
The faces of contacts of thermostats will normally be somewhat pitted because they open and
close frequently. Faces of contacts in devices used as safety cut-offs should not be significantly
pitted, because the devices should not operate except when there is overheating.
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The contacts of a switch are more subject to surface pitting, erosion, and possibly welding
when they slowly open and close. For that reason, most switches, especially for carrying
substantial currents, are made to snap open or closed. That can be accomplished with a bimetal
disc, a flat spring or a magnet. When welded contacts are found after a fire, that fact does not by
itself prove that failure of the switch caused the fire. Heat damage in the appliance could have
caused a current surge if power was still available. Electrically welded contacts will have normal
shapes, but the faces will be stuck together. If the contacts are found melted together into one
lump, that was more likely from severe fire exposure. The contacts are made of metals that have
melting temperatures lower than that of copper and may melt together from fire exposure.
There are some cut-off devices that operate by melting of a material internally, which lets a
spring push the contacts open. These are single use devices that must be replaced if they operate,
although they are sometimes deliberately bypassed, allowing the appliance to operate without
protection. The appliance should be checked to verify the presence of such a device, and the
device should be checked for signs of tampering or a history of previous replacement.
Many appliances have switches that operate from motion of some part of the appliance. Limit
switches on appliances that have moving parts are intended to keep the part from moving too far.
Forced air furnaces may have a switch that operates by airflow pushing a vane up to allow the
furnace to continue. Major appliances often have door switches either to turn the appliance off as
the door is opened or to turn a light on. Motors in major appliances can usually have a
centrifugal switch to disengage the starting winding as the motor comes up to speed. Those
switches also may control a heating circuit so as not to allow heating unless the motor is running.
As with all switches that operate from some mechanical action, these switches can fail to operate
if the components that they depend on become misaligned or the switch comes loose in its
holder.
Many portable electric heaters have a tip-over switch that often is built into the thermostat.
The switch has a weighted arm that hangs down and opens the contacts if the appliance is tipped
so that the arm is not in its normal position.
18-5.4 Solenoids and Relays.
Solenoids and relays are used in appliances to control a high power circuit with one of lower
power and often of low voltage. Activation of the low power circuit energizes a magnetic field or
an electromagnet that causes an iron shaft or lever to move. That motion opens or closes the high
power circuit. Remains of solenoids or relays would normally remain after a fire. Severe damage
might make it impossible to determine if they were operational or which position they were in at
the time of the fire. The contacts should be examined to find if they were stuck together during
the fire.
18-5.5 Transformers.
Transformers are used to reduce voltages from the normal 120 V and to isolate the rest of the
appliance from the supply circuit. Some transformers are energized whenever the appliance is
plugged in, so that the primary windings are always being heated by some amount of current. In
other appliances the transformer is not energized until the switch is turned on. The appliance is
designed to keep heating of the transformer at a minimum under normal electrical loads.
However, with long-term use and if ventilation of the appliance is restricted, the temperature
may increase and deteriorate the windings. As windings begin to short to each other, the
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impedance drops and more current flows, causing greater heating. That can lead to severe
heating before the windings either fail by melting the wire or create a ground fault that could
open the circuit protection. In some cases, the heated insulation or other combustibles in or on
the transformer might be ignited before the electrical heating stops.
Appliance transformers are usually made of steel cores and copper windings, both of which
will survive fires even when severely heated. Examination of a transformer from a burned
appliance might show that the interior windings are less heated and might even be of bright
copper color. That shows that the heating was external and not from the transformer itself. A
transformer from a severely burned appliance might have the windings baked to where they have
the appearance of oxidized copper with no surviving insulation down to the core. The remains of
the windings would be somewhat loose on the core. That can happen from long exposure in any
fire and does not prove that the windings overheated and caused the fire. Overheating of the
windings can be determined when there is a clear pattern of internal heating, arcing turn to turn,
and a pattern of fire travel out from that source. It is possible for a transformer to overheat even
when protected by a fuse because the fuse must have a sufficient electrical rating to carry the
operating currents plus a safety factor.
Some transformers may be totally enclosed in steel and would likely not be able to ignite
adjacent combustibles before being turned off by protection or internal failure. Other
transformers are open and often have paper and plastics in their construction, which can be
ignited.
Fluorescent light ballasts are essentially transformers. The ballasts in indoor fixtures made
after 1978 are required to have thermal protection. After 1990 thermal protection was required in
ballasts for all fluorescent light fixtures (indoor and outdoor). This is indicated by a “P” on the
label or stamped into the metal case. The pitch or potting compound from inside of the ballast
will usually ooze out either from internal heating or from fire exposure. Ballasts are usually
enclosed in a steel body of the fixture. Any pitch that oozes out from internal heating of the
ballast will mostly be caught in the enclosure. Pitch that does drip out of the fixture will not
ignite other materials unless the pitch is already burning.
18-5.6 Motors.
Motors are common in appliances to provide mechanical action. They generally range from 1/3
to 1/4 horsepower motors in washing machines or other large appliances to tiny motors in small
devices. Most common motors are designed to operate at certain speeds. If the rotor is stopped
while the motor is still energized, the impedance falls and current flow increases. That can cause
the motor windings to get hot enough to ignite the insulation and any plastics that are part of the
construction.
Motors often have protection built into them that is intended to stop the current if the
temperature gets too high for safe operation. That protection can be a fuse link or a thermal
cut-off (TCO), which may reset itself when the cut-off cools. A suspected motor and any
protective device should be examined by competent personnel before deciding on whether or not
the motor caused a fire.
Windings of motors can be examined to find if they are relatively unheated inside, which
would indicate that heating came from the outside. If the windings are thoroughly baked with
oxidized strands all through, but materials around the motor are not so thoroughly heated, that
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indicates that the windings overheated. If there is much fire around the motor, the windings will
likely be thoroughly baked, whether the fire started in the motor or not.
Small motors that drive cooling fans or other devices are usually not sources of ignition. They
do not have enough torque to generate much heat by friction. Some small motors are enclosed in
metal cases, making ignition by internal heating unlikely. Shaded pole motors are often of open
construction and could ignite combustibles that are in contact with them if the windings get hot
enough.
18-5.7 Heating Elements.
Heating elements can be expected to get hot enough to ignite combustibles if they are in
contact with the element. The design and construction of the appliance will usually keep
combustibles away from the element. An exception is in cooking appliances where the hot
element is exposed for use. Elements can be sheathed as is found in ovens and ranges, or they
can be open wires that can get orange-hot during use. Open heating elements are usually wires or
ribbons made from a nickel-chromium-iron alloy. Those that are designed to operate at glowing
temperatures will get a dull gray surface oxide layer. In some appliances a fan removes heat from
the element fast enough to keep it from glowing. Those heating elements might retain their
bright shiny surfaces after much use.
When a wire element burns out, the ends at the break might be left dangling. An end could
contact the grounded metal of the appliance and form a new circuit. Depending on how much
resistance was left in the segment of the element, the contact ground fault could allow the
appliance to continue to function, to overheat, or to open the protection.
Sheathed elements consist of a resistance wire surrounded by an insulator (magnesium oxide)
and encased in a metal sheath. The sheath is usually made from steel but many baseboard or
other space heaters have sheaths made from aluminum. Melting of an aluminum sheath is more
likely a result of external fire than of internal heating; however, if melting and heating of the
sheath, cooling fans, or adjacent materials show a clear pattern of coming from the element, that
is good evidence that the element overheated. The element can be tested for electrical continuity
and resistance. A burned out element might indicate overheating or it might be simply old age.
X-rays can assist in diagnosing the internal condition of the element.
A few electrical heaters have failed by ground faulting between the element and the sheath
through the insulation, leaving characteristic eruptions of melted metal at various points along
the sheath. Although heaters are normally designed so that no combustible materials are easily
ignited to the element, the spatter from such arcing might ignite close combustibles if the spatters
get through the protective grill.
18-5.8 Lighting.
Lighting is used in many appliances to illuminate dials, work areas, or internal cavities. They
are normally of low wattage and not likely to be able to ignite anything ordinarily in or on the
appliance. Most lighting will be incandescent, but fluorescent lights may be used to illuminate
work spaces on the appliance. Fluorescent lights have ballasts (essentially a transformer) that can
overheat. However, they have thermal protection (except old ones) and are usually enclosed in
the appliance where they would likely not be able to ignite anything. Fluorescent lamp tubes do
not normally become hot enough to ignite adjacent combustibles, but some incandescent lamps
may get hot enough to ignite combustibles that they touch.
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18-5.9 Miscellaneous Components.
There are miscellaneous devices, such as dimmers and speed controllers, that might be found
as components of appliances. Generally, many of these devices are now solid-state, fully
electronic. Older appliances may contain nonelectronic devices, such as rheostats or wire
resistors. Electronic components are usually destroyed by fires unless the fire was brief. In most
cases the remains of dimmers or other electronic devices using printed circuit boards will not be
helpful in finding the cause because of their susceptibility to fire damage.
Timers can be built in or be used as separate devices. They are driven by small clock motors
with mechanical actuation of switches. Remains of any timers that were present can usually be
found after a fire, but they may be badly damaged. Small timer motors last a long time and will
not overheat to cause a fire. Failure of the timers is usually caused by the gears wearing out or
loosing teeth. Electronic timers may not leave recognizable remains after being heated by fire.
Thermocouples are used to measure temperature differences. They function by creating a
voltage at a junction of dissimilar metals, which is compared to the rest of the circuit or to a
reference junction. The temperatures can be read on meters or on digital devices.
A thermopile is a series of thermocouples arranged so that the voltages at the series of
junctions add to a large enough voltage to operate an electromagnet. Thermopiles have been
used in gas appliances to keep a valve open when the pilot flame is burning but to let the valve
close if the pilot flame is out. Newer gas appliances use electric igniters instead of standing
pilots.
18-6 Common Residential Appliances.
A brief description of the operation and components of common residential appliances is
provided to assist the investigator in understanding how these appliances work.
18-6.1 Range or Oven.
The heat is provided either by electricity passing through resistance heating coils or by burning
natural gas or propane. In the oven the interior temperature is controlled by a thermostat and a
valve or switch on the fuel or power supply. On a gas range the fuel flow rate and heat intensity
is usually controlled with the burner fuel supply valve. An electric range typically utilizes a
timing device that controls the cycling time of the burner. This device is manually adjusted, a
high setting results in the longest (possibly continuous) on cycle. Ignition of the fuel gas in a gas
range or oven may be by a standing pilot flame or by an electrical device that produces an arc for
ignition.
18-6.2 Coffee Makers.
Coffee makers have various designs. The coffee maker design popular for home use consists of
a water reservoir, heating tube, carafe, and housing. When started, the heating tube boils the
water in it supplied by the reservoir. This boiling forces hot water to the area where the ground
coffee is kept in a filter, and the coffee then drips into the carafe. The carafe in many designs sits
on a warming plate. The warming plate is usually heated by the same resistance heater that heats
the heating tube. The resistance heater is controlled by a thermostat that cycles it off when it
reaches the upper limit of the thermostat. The heater will cycle on once it has cooled to a point
determined by the thermostat. To prevent overheating by the heater, a thermal cut-off (TCO)
may be employed. If the maximum temperature of the TCO is reached, it is designed to open the
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heater circuit and prevent further heating. Some coffee maker designs may include multiple
TCOs, automatic timing circuits that turn the coffee maker off after a fixed period, a clock or
automatic brew mode that turns the coffee maker on at a preset time. The TCO(s) should be
checked to determine if it has been bypassed.
18-6.3 Toaster.
The toaster uses electrical resistance heaters to warm or toast food. It is a relatively simple
appliance that utilizes an adjustable sensor to control the on-time. At the conclusion of the
heating cycle a tray within the toaster may lift the food out from within it. Other than the timing
device toasters generally have no other controls except for the on/off switch.
18-6.4 Electric Can Opener.
The electric can opener uses an electric motor to turn a can under a cutting wheel to open the
can. Generally they will run only when a lever is manually held down. This seats and holds the
cutting wheel in place and closes the power switch to the motor. The electric motor may or may
not be protected against overheating by a thermal cut-off switch.
18-6.5 Refrigerator.
The common refrigerator and freezer utilizes a refrigeration cycle and ventilation system to
keep the inside compartment at suitable temperatures. The refrigeration system consists of an
evaporator (heat exchanger in the compartment), a condenser (heat exchanger outside the
compartment), a compressor, a heat exchange medium (typically a fluorocarbon or Freon), and
tubing to connect these components. Warm air from inside the enclosure is used to evaporate the
heat exchange medium, the coolant vapor moves to the compressor where it is compressed and
condensed back to a liquid in the condenser. When the coolant condenses it gives off the heat it
picked up in the enclosure. As a result, the air around the evaporator is cooled and the air around
the condenser is heated. The cool air is circulated within the refrigerator and the hot air
dissipates into the room in which the appliance is located. This cooling cycle is controlled by a
timing device that regulates the length of the cycles or it may have a thermostat device that
controls the cycle.
The compressor is typically powered by an electric motor that is usually protected with a
thermal cut-off. The compressor is usually located in a sealed container, which can prevent an
overheated compressor from igniting nearby combustibles because it acts as a heat sink.
Additional systems in a refrigerator include lighting, ice maker, ice and water dispenser, and a
fan for the condenser and possibly one for the evaporator.
The refrigerator may also have heating coils in various areas for automatic defrosting and to
prevent water condensation on outside surfaces. Automatic defrosters are designed to operate at
regular intervals to prevent the accumulation of frost on inside surfaces especially the freezer.
The anti-sweat (external condensation) heaters are located under exterior faces and they
operate at regular intervals to prevent condensation. Some models allow this feature to be
disabled to conserve power. In both cases these heaters are typically low wattage electrical
resistance heaters.
18-6.6 Dishwasher.
A dishwasher uses a pump to spray and distribute hot water and soap onto the dishes. An
electric resistance heater is typically located in the bottom of the unit where it further heats the
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water being used. Once the washing and rinsing is complete, the water is drained, and the dishes
are dried by the resistance heater, which is exposed to air after the water has drained. Some
models allow the electric heater to be disabled for the drying cycle to save power. Other devices
in the appliance include electrically operated valves and a timer control to regulate the various
cycles. The electric pump motor may or may not be thermally protected. Some dishwashers have
caused fires by electrical faulting in the push-button controls which then ignited the plastic
housing.
18-6.7 Microwave Oven.
A microwave oven utilizes a device known as a magnetron to generate and direct the radio
waves (microwaves) into the enclosure. The frequency of these radio waves causes items placed
in the oven to heat. To provide for even distribution of these waves a device will be used to
scatter them inside the enclosure and a food tray on the bottom may be rotated. The microwave
oven will also have timing and control circuits, a transformer and internal lighting. The
transformer is used to produce the high voltage required by the magnetron. The magnetron will
usually be provided with a thermal cut-off switch. There may be thermal cut-offs above the oven
compartment to remove power in case of a fire in the oven.
18-6.8 Portable Space Heaters.
Portable space heaters for residential use have many designs but are generally divided into two
groups: convective or radiative. A convective heater uses a fan to force room air past a hot
surface or element. A radiative heater does not have a fan and uses heat transfer by radiation to
heat the space. The energy provided to these heaters may be by electricity, or the combustion of
solid, liquid, or gaseous fuels. A complete discussion of the many heater designs is not
appropriate here but the investigator should become familiar with the particular design in
question. Familiarization can be achieved by reviewing operating manuals, design drawings and
by examining an exemplar heater. These heaters employ a variety of control methods and
devices. Generally, these devices are present to control the heater, prevent overheating, or shut
the heater off if it is upset from its normal position.
18-6.9 Electric Blanket.
An electric blanket consists of an electric heating element within a blanket. The controls are
typically located separate from the blanket, on the power cord. The control is typically manually
adjusted to control the on/off cycle time. In one or more places near the heating elements within
the blanket are located thermal cut-offs to prevent overheating of the appliance and there may be
as many as 12 or 15 of these depending on the appliance. An electric blanket is designed not to
overheat when spread out flat. If it is wadded or folded up, heat may accumulate in the blanket
and get it hot enough to char and ignite. Normally, the cut-offs would prevent overheating.
18-6.10 Window Air Conditioner Units.
A window air conditioner unit is designed to be placed in the window of a residence to cool
the room. The unit does this by means of a refrigeration cycle very similar to that used by
refrigerators (see 18-6.5). Air from the room is circulated through the unit, past the evaporator,
which cools the air, and is then discharged to the room. A fan powered by an electric motor does
the work of circulating the air. The fan motor is usually protected from overheating by a thermal
cut-off. These units have controls for selecting fan speed, cooling capacity, and temperature.
These units are powered by a nominal 120 volts circuit or larger units may require nominal 240
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volts service.
18-6.11 Hair Dryers and Hair Curlers.
Typical residential hair dryers use a high speed fan to direct air past an electric resistance
heating coil. Controls are typically limited to on or off. Some units may have more than one
heater power (wattage) and fan speed settings. One or more resettable thermal cut-off switches
are typically provided near the heaters to prevent them from overheating.
Hair curlers or hair curling wands use an electric resistance heater within the wand around
which hair is wrapped to curl it. Some models allow the addition of water to a compartment that
can be used to generate steam. Typical controls include an on-off switch and a power setting.
Most models include a light to indicate that the unit is operating. Typically these units have one
or more thermal cut-offs near the heating element, which may or may not be resettable.
18-6.12 Clothes Iron.
A modern clothes iron uses an electrical resistance heater located near the ironing surface to
heat that surface. Many models require the addition of water, which is used to distribute the heat
and in the production of steam. The controls on typical irons range from a simple temperature
selector and on-off switch to electronically controlled units that turn themselves off. Irons are
designed to heat in both the vertical and horizontal position. Most irons are provided with one or
more thermal cut-outs to prevent overheating.
18-6.13 Clothes Dryers.
All clothes dryers use electricity to rotate the clothing drum and to circulate air with a blower.
Energy for the heat source may be by the combustion of a fuel gas or by electricity. All electric
dryers are powered by either a nominal 120 volts or a 240 volts source. The clothing is dried by
spinning it in a drum through which heated air is circulated. Air is discharged from the dryer via
a duct that is typically directed to the exterior of the house. Most dryers have filters to trap lint,
which can build up in the dryer. However, if the trap is clogged, not working, or if the material
being dried gives off a large quantity of lint, this material can accumulate in other areas of the
dryer and its vent, which can be a fire hazard. Frictional heating sufficient to cause ignition can
result if a piece of clothing or other material becomes trapped between the rotating drum and a
stationary part. Fires have been reported in dryers when vegetable oil-soaked rags or plastic
materials such as light weight dry cleaner bags have been placed in the dryer.
Typical dryers have timing controls, humidity sensors, heat source and intensity selectors to
control the operation of the dryer. Thermal cut-offs are provided to prevent overheating of the
dryer and components such as the blower motor and heating elements.
18-6.14 Consumer Electronics.
Consumer electronics include appliances such as televisions, VCRs, radios, CD players, video
cameras, personal computers, etc. These devices are similar in their components in that they
typically include a power supply, circuit boards with many electronic components attached, and
a housing. Some of these appliances, such as televisions and CD players, have components that
require high voltage. Additionally, many of these appliances can be operated via remote control.
A complete discussion of the many designs of these appliances is not appropriate here but the
investigator should become familiar with the particular design in question. Familiarization can
be achieved by reviewing operating manuals, design drawings and by examining an exemplar
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appliance.
18-6.15 Lighting.
Typical residential lighting is either incandescent or fluorescent type. Incandescent lighting
uses a fine metal filament within the bulb, which has been filled with an inert gas such as argon
or the bulb is evacuated and sealed. When an incandescent bulb is working, a major by-product
is the generation of heat. Fluorescent light bulbs use high voltage from a transformer (the ballast)
to initiate and maintain an electric discharge through the light tube. The interior of the tube is
coated with a material that fluoresces or gives off light when exposed to the electrical discharge
energy. The light-generating process in this case generates little heat as a by product, but the
ballast typically will give off heat. Thermally protected fluorescent light ballasts have a resetable
thermal switch to prevent the ballast from overheating. (See 18-5.5.)
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Appendix A Explanatory Material
This appendix is not part of the recommendations of this NFPA document but is included for
informational purposes only.
A-1-3 Approved.
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The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-4
A complete list of conversion factors can be found in the NFPA Fire Protection Handbook or
in ASTM E380, Standard for Metric Practice.
A-3-1.1.2 For more information on flammability limits, see Zabetakis, M.G., Flammability
Characteristics of Combustible Gases and Vapors, Bulletin 627, U.S. Bureau of Mines,
Washington, DC (1965).
A-3-5.4.1 For more information on room flashover, see Babrauskas, Vytenis, “Estimating Room
Flashover Potential,” Fire Technology, NFPA, Vol 16, No. 2 (May 1980).
A-3-5.5
Additional information on flame height can be found in the SFPE Handbook of Fire
Protection Engineering, Section 1, Chapter 18 (pp. 1-298).
A-4-5.2
For more information, see Drysdale, Dougal, An Introduction to Fire Dynamics, Section 5.2.2,
John Wiley and Son, 1985.
A-4-13.1
For more information, see Skelly, Michael J., An Experimental Investigation of Glass
Breakage in Compartment Fires, NIST-GCR-90-578, 1990.
For more information, see Lentini, John J., Smith, David M., and Henderson, Dr. Richard W.,
“Baseline Characteristics of Residential Structures Which Have Burned To Completion: The
Oakland Experience,” Fire Technology, NFPA, Vol. 28, No. 3 (August 1992), pp. 195-214.
For more information on pressures developed during fires, see Fang, J., and Breese, N., Fire
Development in Basement Rooms, NBSIR 80-2120, National Bureau of Standards, U.S.
Department of Commerce, October 1980.
A-4-14
For additional information on collapsed furniture springs, see Tobin, W. A., and Monson, K.
L., “Collapsed Springs in Arson Investigations: A Critical Metallurgical Evaluation,” Fire
Technology, NFPA, Vol 25, No. 4 (November 1989).
A-4-16.1.4 For more information, see “Flooring Radiant Panel Test” in NFPA 253, Standard
Method of Test for Critical Radiant Flux of Floor Covering Systems Using a Radiant Heat
Energy Source, for information on floor covering critical radiant flux, as well as the NFPA Fire
Protection Handbook, 17th edition, “Floor Coverings.”
For more information, see Fang, J., and Breese, N., Fire Development in Basement Rooms,
NBSIR 80-2120, National Bureau of Standards, U.S. Department of Commerce, October 1980.
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A-8-4.4
Many references are available that can be used for assistance. These include NFPA 170,
Standard for Fire Safety Symbols.
A-8-6
Further information can be obtained by contacting specification organizations such as the
Construction Specifications Institute (CSI), 601 Madison St., Alexandria, VA 22314-1791.
A-9-4.2
For further information, see A Pocket Guide to Accelerant Evidence Collection, Massachusetts
Chapter of International Association of Arson Investigators, 1992.
A-9-5.1
Guidance useful to the investigator is available in ASTM E1188, Standard Practice for
Collection and Preservation of Information and Physical Items by a Technical Investigator;
ASTM E1459, Standard Guide for Physical Evidence Labeling and Related Documentation; and
ASTM E860, Standard Practice for Examining and Testing Items That Are or May Become
Involved in Product Liability Litigation.
A-10-1
For additional information concerning safety requirements or training, see appropriate local,
state, or federal occupational safety and health regulations.
A-13-1
The following references are of value when considering additional technical information on
explosions involving structures or vessels.
Bodurtha, F.T., Industrial Explosion Prevention and Protection, McGraw Hill, Inc., 1980.
Eckhoff, R.K., Dust Explosions in the Process Industries, Butterworth-Heinmann, 1991.
Nettleton, M.A., Gaseous Detonations; Their Nature, Causes and Control, Routledge,
Chapman and Hall, New York, NY, 1987.
Harris, R. J., The Investigation and Control of Gas Explosions in Buildings and Heating
Plants, E&FN Spoon, Ltd., London and New York, 1983.
Stull, D.R., Fundamentals of Fire and Explosion, AIChE Monograph Series No. 10, Vol. 73,
American Institute of Chemical Engineers, New York, NY 1977.
Baker, Explosion Hazards and Evaluations, Elsevier Publishers, Amsterdam - New York,
1983.
Baker and Tang, Gas, Dust, and Hybrid Explosions, Elsevier Publishers, Amsterdam - New
York, 1991.
Kinney, et al, Explosion Shocks in Air, Springer-Verlag, Berlin - New York, 1985.
Kuchta, Investigation of Fire and Explosion Accidents in the Chemical Mining and
Fuel-Related Industries - A Manual, United States Bureau of Mines Report 680, 1985.
Gugan, K., Unconfined Vapor Cloud Explosions, Gulf Publishing Houston, TX, 1978.
Bartknecht, W., Dust Explosions, Springer-Verlag, Berlin -New York, 1989.
Structures to Resist the Effects of Accidental Explosions, United States Army Technical
Manual, TM 5-1300, Revision 1, November 1990. Formal Interpretation.
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Prugh, R.W., “Quantitative Evaluation of ’BLEVE’ Hazards,” Journal of Fire Protection
Engineering, Vol. 3, No. 1, March 1981.
Anon, Fire and Explosion Manual for Aircraft Accident Investigations, Bureau of Mines,
AD-771191, August 1973.
NFPA 68, Guide for Venting of Deflagrations, 1994 edition.
NFPA 69, Standard on Explosion Prevention Systems, 1992 edition.
CPIA, Hazards of Chemical Reactants and Propellants, Chemical Propulsion Information
Agency, CPIA Publication 394, September 1984.
A-13-2
For more information, see the NFPA Fire Protection Handbook, 17th edition.
A-13-2.1
For more information on BLEVEs, see Walls, W. J., “Just What Is a BLEVE?” Fire Journal,
Vol. 72, No. 6, NFPA, pp. 46-47, November 1978, and Best, Richard, and Walls, W. L., “Hot
Water Heater BLEVE in School Kills Seven,” Fire Journal, Vol. 76, No. 5, NFPA, pp. 20-24
and 104-105, September 1982.
A-13-2.2
For more information, see the NFPA Fire Protection Handbook, 17th edition.
A-13-3.2
For more information, see Kennedy, P., and Kennedy, J., Explosion Investigation and
Analysis, Investigations Institute, Chicago, IL, 1990.
A-13-6
For more information, see Bomb Investigation, FBI Bomb Data Program.
A-13-7.3
Additional information may be found in Yallop, J., Explosion Investigation, Forensic Science
Society Press, Harrogate, UK, 1980.
A-13-8.1
For more information, see NFPA 77, Recommended Practice on Static Electricity.
A-13-8.2.1 The following references provide additional information on flame speeds.
Harris, R. J., The Investigation and Control of Gas Explosions in Buildings and Heating
Plants, E&FN Spoon, Ltd., London and New York, 1983.
NFPA 68, Guide for Venting of Deflagrations, 1994 edition.
A-13-8.2.2 For more information, see the following:
Kennedy, J., and Kennedy, P. M., Fires and Explosions — Determining Cause and Origin,
Investigations Institute, Chicago, IL, 1985.
Rabinkov, V. A., “The Distribution of Flammable Gas Concentrations in Rooms,” Fire Safety
Journal, Vol. 13, 1988, pp. 211-217.
O’Loughlin, J. R., and Yokomoto, C. F., “Computation of One-Dimensional Spread of
Leaking Flammable Gas,” Fire Technology, NFPA, November 1989, pp. 308-316.
A-13-8.2.4 For more information, see the following:
Copyright 1996 NFPA

Bartknecht, Wolfgang, Explosions — Course Prevention Protection, Springer-Verlag, New
York, 1980.
NFPA 68, Guide for Venting of Deflagrations.
Zalosh, Robert, Explosion Protection, SFPE Handbook of Fire Protection Engineering,
Section 2, Chapter 5, NFPA.
A-13-8.2.5 For more information, see NFPA 68, Guide for Venting of Deflagrations.
A-13-8.5
For more information, see NFPA 58, Standard for the Storage and Handling of Liquefied
Petroleum Gases; Colver, C. P., and Colver, J. C., Liquefied Petroleum Gas — The Odorant
Problem Can Lead to an Explosion, Trial, October 1988, pp. 33-36; and Kennedy, P., and
Kennedy, J., Explosion Investigation and Analysis, Investigations Institute, Chicago, IL, 1990.
A-13-9.1
For more information see, Hertzberg, M., and Cashdollar, K., “Domains of Flammability and
Thermal Ignitibility for Pulverized Coals and Other Dusts: Particle Size Dependence and
Microscopic Residue Analyses,” 19th Symposium on Combustion, Combustion Institute, 1982,
pp. 1169-1180, and Cashdollar, K., and Hertzberg, M., Explosibility and Ignitibility of Plastic
Abrasive Media, United State Bureau of Mines, Pittsburgh Research Center, Internal Report No.
4657, June 1987.
A-13-9.2
For more information, see U.S. Bureau of Mines’ Report of Investigations (RI) 6561, Pressure
Development in Laboratory Dust Explosions, 1964, pp. 9-10.
A-13-9.4
For more information, see U.S. Bureau of Mines’ Report of Investigations (RI) 6543,
Preventing Ignition of Dust Dispersion by Inerting, 1964, p. 12.
A-13-12
For more information, see Glossary of Commercial Explosives Industry Terms, Safety Library
Publications No. 12, Institute of Makers of Explosives, Washington DC, 1985.
A-13-17.3
For condensed phase explosives, a methodology such as that presented in TM 1300, Structures
to Resist the Effects of Accidental Explosions, Revision 1, November, 1990, can be used to
estimate the amount and configuration of explosive necessary to cause the damage.
Far-field effects are associated with the explosion damage that results from the air blast fronts
and flying fragments. A TNT energy equivalent of the exploding system can be deduced from
projectile weight, distance, and resulting damage. More details can be found in “Fire Dynamics
Course Guide/Reader, Unit 4 Explosions,” Open Learning Fire Service Program, National Fire
Academy, National Emergency Training Center.
A-14-4.4.5 Additional information on arc tracking is found in Campbell, F. J., Flashover
Failures from Wet-Wire Arcing and Tracking, NRL Memorandum Report 5508, Naval Research
Laboratory, Washington DC, December 17, 1984, and Cahill, Patricia L., and Dailey, James H.,
“Aircraft Electrical Wet-Wire Arc Tracking,” DOT/FAA/CT-88/4, U.S. Department of
Transportation, Federal Aviation Administration, August 1988.
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A-14-8.2.1 For more information on static in ignitible liquids, see API 2003, Protection Against
Ignitions Arising Out of Static, Lightning, and Stray Currents.
A-14-8.2.3 For more information on switch loading, see NFPA 30, Flammable and Combustible
Liquids Code, Section 5-4.4, “Loading and Unloading Operations”; NFPA 385, Standard for
Tank Vehicles for Flammable and Combustible Liquids, Appendix A, “Precautions against
Ignition by Static Electricity”; API 1004, Bottom Loading and Vapor Recovery for MC-306 Tank
Motor Vehicles; and API 2013, Cleaning Mobile Tanks in Flammable or Combustible Liquid
Service.
A-14-8.3
For more information, see NFPA 77, Recommended Practice on Static Electricity.
A-14-8.8
For additional information, see NFPA Fire Protection Handbook, Section 2, Chapter 32.
A-15-2.1
For additional information, see American Petroleum Institute 2216, Ignition Risk of
Hydrocarbon Vapors by Hot Surfaces in the Open Air, 1991.
A-15-3.2.3 For more information, see D. M., Severy, D.M., Blaisdell, J. F., Kerkhoff,
Automobile Collision Fires, SAE 741180, 1974.
A-15-3.3
For more information, see Cole, Lee, The Investigation of Motor Vehicle Fires: A Guide for
Law Enforcement, Fire Department and Insurance Personnel, 3rd edition, Lee Books, 1992; and
March, Gerry, F. I. Fire E, “An Investigation and Evaluation of Fire and Explosion Hazards
Resulting from Modern Developments in Vehicle Manufacture,” Tyne and Wear Metropolitan
Fire Brigade.
A-15-3.4
For more information, see D.M. Severy, D.M. Blaisdell, J.F. Kerkhoff, Automobile Collision
Fires, SAE 741180, 1974, and Ignition Risk of Hydrocarbon Vapors by Hot Surfaces in the Open
Air, API 2216, 2nd edition, American Petroleum Institute, Washington DC, January 1991.
For more information on mechanical sparks as an ignition source, refer to Campbell, John A.,
Appraisal of the Hazards of Friction-Spark Ignition of Aircraft Crash Fires, National Advisory
Committee for Aeronautics, Technical Note 4024, Lewis Flight Propulsion Laboratory,
Cleveland OH, May 1957, and, Spark Ignition Properties of Hand Tools, API 2214, 3rd edition,
American Petroleum Institute, Washington DC, July 1989.
A-16-8
It might be appropriate to consider ICS as a management tool for major fire investigations
since it is gaining such a wide use among public agencies with fire investigation responsibilities.
Incident command information is available through NFPA, Federal Emergency Management
Agency/United States Fire Administration, state fire agencies, and many colleges.
A-17-4.1.1 For additional information, see Incendiary Fire Analysis and Investigation, Dr. David
J. Icove, Open Learning Fire Science Program Course, Ginn Custom Publishing, Lexington,
MA, 1984.
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A-18-5.1.1 For additional information on steel and the effect of fire on it, see Lentini, J., Smith,
D., Henderson, R., “Baseline Characteristics of Residential Structures Which Have Burned to
Completion: The Oakland Experience,” Fire Technology, NFPA, August 1992, pp. 195-214.
For additional information on the alloying of metals during a fire, see Beland, B., “Electrical
Damages - Cause or Consequence?”, Journal of Forensic Science, July 1984, pp. 747-761, and
Beland, B., Roy, C., and Tremblay, M., “Copper-Aluminum Interaction in Fire Environments,”
Fire Technology, NFPA, February 1983, Vol. 19, No. 1, pp. 22-30.
Appendix B Referenced Publications
B-1
The following documents or portions thereof are referenced within this guide for informational
purposes only and thus are not considered part of the recommendations of this document. The
edition indicated for each reference is the current edition as of the date of the NFPA issuance of
this document.
B-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 30, Flammable and Combustible Liquids Code, 1993 edition.
NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum Gases, 1995 edition.
NFPA 68, Guide for Venting of Deflagrations, 1994 edition.
NFPA 69, Standard on Explosion Prevention Systems, 1992 edition.
NFPA 77, Recommended Practice on Static Electricity, 1993 edition.
NFPA 170, Standard for Fire Safety Symbols, 1994 edition.
NFPA 253, Standard Method of Test for Critical Radiant Flux of Floor Covering Systems
Using a Radiant Heat Energy Source, 1990 edition.
NFPA 385, Standard for Tank Vehicles for Flammable and Combustible Liquids, 1990 edition.
NFPA Fire Protection Handbook, 15th (1981) and 17th (1991) editions.
B-1.2 API Publications.
American Petroleum Institute, 2101 L Street, N.W., Washington, DC 20037.
API 1004, Bottom Loading and Vapor Recovery for MC-306 Tank Motor Vehicles, 1988.
API 2003, Protection Against Ignitions Arising Out of Static, Lightning, and Stray Currents,
1991.
API 2013, Cleaning Mobile Tanks in Flammable or Combustible Liquid Service, 1991.
API 2214, Spark Ignition Properties of Hand Tools, 1989.
API 2216, Ignition Risk of Hydrocarbon Vapors by Hot Surfaces in the Open Air, 2nd edition,
1991.
B-1.3 ASTM Publications.
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American Society for Testing and Materials, 1916 Race St., Philadelphia, PA 19103.
ASTM E380, Standard for Metric Practice, 1991.
ASTM E860, Standard Practice for Examining and Testing Items That Are or May Become
Involved in Product Liability Litigation, 1982.
ASTM E1188, Standard Practice for Collection and Preservation of Information and Physical
Items by a Technical Investigator, 1987.
ASTM E1459, Standard Guide for Physical Evidence Labeling and Related Documentation,
1992.
B-1-4 U.S. Bureau of Mines Publications.
United States Bureau of Mines, Columbia Plaza, 2401 E. St., NW, Washington, DC, 20241.
Bulletin 627, M.G., Zabetakis, Flammability Characteristics of Combustible Gases and
Vapors, 1965.
Report 680, Kuchta, Investigation of Fire and Explosion Accidents in the Chemical Mining
and Fuel-Related Industries — A Manual, 1985.
Internal Report No. 4657, K. Cashdollar and M. Hertzberg, Explosibility and Ignitibility of
Plastic Abrasive Media, June 1987.
Report of Investigations 6543, Preventing Ignition of Dust Dispersion by Inerting, 1964, p. 12.
Report of Investigations 6561, Pressure Development in Laboratory Dust Explosions, 1964,
pp. 9-10.
B-1.5 Other Publications.
Anon, Fire and Explosion Manual for Aircraft Accident Investigations, Bureau of Mines,
AD-771191, August 1973.
Babrauskas, Vytenis, “Estimating Room Flashover Potential,” Fire Technology, NFPA, Vol.
16, No. 2, May 1980.
Baker, Explosion Hazards and Evaluations, Elsevier Publishers, Amsterdam-New York, 1983.
Baker and Tang, Gas, Dust, and Hybrid Explosions, Elsevier Publishers, Amsterdam-New
York, 1991.
Bartknecht, W., Dust Explosions, Springer-Verlag, Berlin-New York, 1989.
Bartknecht, Wolfgang, Explosions Course Prevention Protection, Springer-Veriag, New
York, 1980.
Beland, B., “Electrical Damages — Cause or Consequence?”, Journal of Forensic Science,
July 1984, pp. 747-761.
Beland, B., Roy, C., and Tremblay, M., “Copper-Aluminum Interaction in Fire Environments,”
Fire Technology, NFPA, February 1983, Vol. 19, No. 1, pp. 22-30.
Best, Richard, and Walls, W.L., “Hot Water Heater BLEVE in School Kills Seven,” Fire
Journal, Vol. 76, No. 5, NFPA, pp. 20-24 and 104-105, September 1982.
Bodurtha, F.T., Industrial Explosion Prevention and Protection, McGraw Hill, Inc., 1980.
Bomb Investigation, FBI Bomb Data Program.
Cahill, Patricia L., and Dailey, James H., Aircraft Electrical Wet-Wire Arc Tracking,
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DOT/FAA/CT-88/4, U.S. Department of Transportation, Federal Aviation Administration,
August 1988.
Campbell, F.J., Flashover Failures from Wet-Wire Arcing and Tracking, NRL Memorandum
Report 5508, Naval Research Laboratory, Washington, DC, December 17, 1984.
Campbell, John A., Appraisal of the Hazards of Friction-Spark Ignition of Aircraft Crash
Fires, National Advisory Committee for Aeronautics, Technical Note 4024, Lewis Flight
Propulsion Laboratory, Cleveland, OH, May 1957.
Cole, Lee, The Investigation of Motor Vehicle Fires: A Guide for Law Enforcement, Fire
Department and Insurance Personnel, 3rd edition, Lee Books, 1992.
Colver, C.P., and Colver, J.C., Liquefied Petroleum Gas — The Odorant Problem Can Lead to
an Explosion, Trial, October 1988, pp. 33-36.
DeHaan, John D., Kirk’s Fire Investigation, 3rd edition, Brady Fire Science Series, Prentice
Hall, Inc., Englewood Cliffs, NJ, 1990.
Drysdale, Dougal, An Introduction to Fire Dynamics, Section 5.2.2, John Wiley and Son,
1985.
Eckhoff, R.K., Dust Explosions in the Process Industries, Butterworth-Heinmann, 1991.
Fang, J., and Breese, N., Fire Development in Basement Rooms, NBSIR 80-2120, National
Bureau of Standards, U.S. Department of Commerce, October 1980.
Fire Dynamics Course Guide/Reader, Unit 4 - Explosions, Open Learning Fire Service
Program, National Fire Academy, National Emergency Training Center.
Glossary of Commercial Explosives Industry Terms, Safety Library Publications No. 12,
Institute of Makers of Explosives, Washington, DC, 1985.
Gugan, K., Unconfined Vapor Cloud Explosions, Gulf Publishing, Houston, TX, 1978.
Harris, R.J., The Investigation and Control of Gas Explosions in Buildings and Heating Plants,
E&FN Spoon, Ltd., London and New York, 1983.
Hazards of Chemical Reactants and Propellants, Chemical Propulsion Information Agency,
CPIA 394, September 1984.
Hertzberg, M., and Cashdollar, K., “Domains of Flammability and Thermal Ignitibility for
Pulverized Coals and Other Dusts; Particle Size Dependence and Microscopic Residue
Analyses,” 19th Symposium on Combustion, Combustion Institute, 1982, pp. 1169-1180.
Icove, Dr. David J., Incendiary Fire Analysis and Investigation, Open Learning Fire Science
Program Course, Ginn Custom Publishing, Lexington, MA 1983.
Kennedy, J., and Kennedy, P., Explosion Investigation and Analysis, Investigations Institute,
Chicago, IL, 1990.
Kennedy, J., and Kennedy, P., Fires and Explosions — Determining Cause and Origin,
Investigations Institute, Chicago, IL, 1985.
Kinney, et al, Explosion Shocks in Air, Springer-Verlag, Berlin-New York, 1985.
Lentini, John J., Smith, David M., and Henderson, Dr. Richard W., “Baseline Characteristics
of Residential Structures Which Have Burned To Completion: The Oakland Experience,” Fire
Technology, NFPA, Vol. 28, No. 3, August 1992, pp. 195-214.
March, Gerry, F.I. Fire E, An Investigation and Evaluation of Fire and Explosion Hazards
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Resulting from Modern Developments in Vehicle Manufacture, Tyne and Wear Metropolitan Fire
Brigade.
Nettleton, M.A., Gaseous Detonations; Their Nature, Causes and Control, Routledge,
Chapman and Hall, New York, NY, 1987.
O’Loughlin, J. R., and Yokomoto, C. F., “Computation of One-Dimensional Spread of
Leaking Flammable Gas,” Fire Technology, NFPA, November 1989, pp. 308-316.
A Pocket Guide to Accelerant Evidence Collection, Massachusetts Chapter of International
Association of Arson Investigators, 1992.
Prugh, R.W., “Quantitative Evaluation of ’BLEVE’ Hazards,” Journal of Fire Protection
Engineering, Vol. 3, No. 1, March 1981.
Rabinkov, V. A., “The Distribution of Flammable Gas Concentrations in Rooms,” Fire Safety
Journal, Vol. 13, 1988, pp. 211-217.
Severy, D.M., Blaisdell, D.M., Kerkhoff, J.F., Automobile Collision Fires, SAE 741180, 1974.
SFPE Handbook of Fire Protection Engineering, Chapters 1-18.
Skelly, Michael J., An Experimental Investigation of Glass Breakage in Compartment Fires,
NIST-GCR-90-578, 1990.
Structures to Resist the Effects of Accidental Explosions, United States Army Technical
Manual, TM 5-1300, Revision 1, November 1990. Formal interpretation.
Stull, D.R., Fundamentals of Fire and Explosion, AIChE Monograph Series No. 10, Vol. 73,
American Institute of Chemical Engineers, New York, NY 1977.
Tobin, W. A., and Monson, K. L., “Collapsed Springs in Arson Investigations: A Critical
Metallurgical Evaluation,” Fire Technology, NFPA, Vol. 25, No. 4, November 1989.
Walls, W.J., “Just What Is a BLEVE?” Fire Journal, Vol. 72, No. 6, NFPA, pp. 46-47,
November 1978.
Yallop, J., Explosion Investigation, Forensic Science Society Press, Harrogate, UK, 1980.
Zalosh, Robert, Explosion Protection, SFPE Handbook of Fire Protection Engineering, Section
2, Chapter 5.

TENTATIVE INTERIM AMENDMENT
NFPA 921
Guide for Fire and Explosion Investigations
1995 Edition
Reference: 6-5.9 (New), 9-5.3.4 (New), A-9-5.3.4 (New)
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TIA 95-1 (NFPA 921)
Pursuant to Section 4 of the NFPA Regulations Governing Committee Projects, the National Fire
Protection Association has issued the following Tentative Interim Amendment to NFPA 921,
Guide for Fire and Explosion Investigations, 1995 edition. The TIA was processed by the Fire
Investigations Committee, and was issued by the Standards Council on October 1, 1996, with an
effective date of October 21, 1996.
A Tentative Interim Amendment is tentative because it has not been processed through the entire
standards-making procedures. It is interim because it is effective only between editions of the
standard. A TIA automatically becomes a proposal of the proponent for the next edition of the
standard; as such, it then is subject to all of the procedures of the standards-making process.
1. Add a new 6-5.9 to read as follows:
6-5.9 Canine Teams. Trained canine/handler teams can assist investigators in locating areas for
collection of samples for laboratory analysis to identify the presence of materials that may be
accelerants.
2. Add a new 9-5.3.4 to read as follows:
9-5.3.4* Canine Teams. Properly trained and validated ignitible liquid detection canine/handler
teams have proven their ability to improve fire investigations by assisting in the location and
collection of samples for laboratory analysis for the presence of ignitible liquids. The proper use
of detection canines is to assist with the location and selection of samples.
In order for the presence or absence of an ignitible liquid to be scientifically confirmed in a
sample, that sample should be analyzed by a laboratory in accordance with 9-5.3. Any canine
alert not confirmed by laboratory analysis should not be considered validated.
Research has shown that canines have responded or alerted to pyrolysis products that are not
produced by an ignitible liquid and have not always responded when an ignitible liquid
accelerant was known to be present. If an investigator feels that there are indicators of an
accelerant, samples should be taken even in the absence of a canine alert.
The canine olfactory system is believed capable of detecting gasoline at concentrations below
those normally cited for laboratory methods. The detection limit, however, is not the sole
criterion, nor even the most important criterion for any forensic technique. Specificity, the ability
to distinguish between ignitible liquids and background materials, is even more important than
sensitivity for detection of any ignitible liquid residues. Unlike explosive- or drug-detecting
dogs, these canines are trained to detect substances that are common to our everyday
environment. The techniques exist today for forensic laboratories to detect sub-microliter
quantities of ignitible liquids, but because these substances are intrinsic to our mechanized
world, merely detecting such quantities is of limited evidential value.
Current research does not indicate which individual chemical compounds or classes of chemical
compounds are the key "triggers" for canine alerts. Research reveals that most classes of
compounds contained in ignitible liquids may be produced from the burning of common
synthetic materials. Laboratories that use ASTM guidelines (see Section 9-10) have minimum
standards that define those chemical compounds that must be present in order to make a positive
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determination. The sheer variety of pyrolysis products present in fire scenes suggests possible
reasons for some unconfirmed alerts by canines. The discriminatory ability of the canine to
distinguish between pyrolysis products and ignitible liquids is remarkable but not infallible.
The proper objective of the use of canine/handler teams is to assist with the selection of
samples that have a higher probability of laboratory confirmation than samples selected without
the canine's assistance.
Canine ignitible liquid detection should be used in conjunction with, and not in place of, the
other fire investigation and analysis methods described in this guide.
3. Add a new A-9-5.3.4 to read as follows:
A-9-5.3.4 For more information, see Kurz, M. et al., "Evaluation of Canines for Accelerant
Detection at Fire Scenes," Journal of Forensic Sciences, Vol. 39, No. 6, November 1994, pp.
1528-1536.
DeHaan, J., "Canine Accelerant Detection Teams: Validation and Certification," CAC News,
California Association of Criminalists, July 1994.
Tindall, R. and Lothridge, K., "An Evaluation of 42 Accelerant Detection Canine Teams,"
Journal of Forensic Sciences, Vol. 40, No. 4, July 1995, pp. 561-564.
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This edition of NFPA 1000, Standard for Fire Service Professional Qualifications
Accreditation and Certification Systems, was prepared by the Technical Committee on
Accreditation and Certification to Fire Service Professional Qualifications, released by the
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Technical Correlating Committee on Professional Qualifications, and acted on by the National
Fire Protection Association, Inc., at its Annual Meeting held May 16–18, 1994, in San Francisco,
CA. It was issued by the Standards Council on July 14, 1994, with an effective date of August 5,
1994.
The 1994 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1000
In 1990 the Professional Qualifications Correlating Committee recommended that the
Association establish a project related to fire service certification and accreditation programs.
The project was approved at the July 1990 meeting of the NFPA Standards Council. As a result
of this action, a technical committee was named to develop procedures for the accreditation of
agencies involved in certification, based on the NFPA Professional Qualifications Standards, and
procedures for the certification of individuals to those standards.
The Technical Committee on Accreditation and Certification to Fire Service Professional
Qualifications met for the first time in October 1991 and regularly during 1992 and 1993 to
develop this document. The committee reviewed materials related to accreditation and
certification programs of non-fire service organizations and, where possible, used nationally
accepted requirements from these programs as the basis for this document. The committee’s
objective was to develop requirements that could be used to evaluate accreditation and
certification systems that use NFPA Professional Qualifications Standards.
Technical Correlating Committee on Professional Qualifications
Douglas P. Forsman, Chair
Oklahoma State University, OK
Jon C. Jones, Secretary
Nat’l. Fire Protection Assn., MA
(Nonvoting)
Louis J. Amabili, Delaware State Fire School, DE
Rep. T/C on Officer Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt)
Stephen P. Austin, State Farm Fire & Casualty Co., DE
Rep. T/C on Investigator Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt)
Dan W. Bailey, USDA Forest Service, MT
(Vote limited to Professional Qualifications System Mgmt)
Rep. T/C on Wildfire Suppression Professional Qualifications
David T. Endicott, Prince William Cnty Fire & Rescue Service, VA
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Rep. T/C on Fire Fighter Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt)
Jerry Laughlin, Alabama Fire College, AL
Jack K. McElfish, Clayton Cnty Fire Dept., GA
Rep. Int’l Assn. of Fire Chiefs
Robert McKeon, Occum Volunteer Fire/Ambulance Dept., CT
Rep. Nat’l Volunteer Fire Council
Gerald Monigold, IL Fire Service Inst., IL
Rep. T/C on Instructor Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt)
Mary Nachbar, Minnosota State Fire Marshal Division, MN
Rep. T/C on Educator Professional Qualifications
William E. Peterson, Plano Fire Dept., TX
Rep. T/C on Inspector Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt)
Ted Vratny, Boulder Regional Communications Center, CO
Rep. T/C on Telecommunicator Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt)
John P. Wolf, University of Kansas, KS
Rep. T/C on Accreditation and Certification
(Vote limited to Professional Qualifications System Mgmt)
Committee Scope: This Committee shall have primary responsibility for the management of the
NFPA Professional Qualifications Project and documents related to Professional Qualifications for
fire service, public safety, and related personnel.

Technical Committee on Accreditation and Certification to Fire Service Professional
Qualifications
John P. Wolf, Chair
University of Kansas, KS
Mike Brackin, State Fire Academy of Mississippi, MS
Wallace F. Burke, Tennessee Board of Regents, TN
Donald Lee Cox, Town of Menasha Fire Dept., WI
Thomas L. Hebert, Louisiana State University, LA
Copyright 1996 NFPA

Mike Hill, North Carolina Fire and Rescue Commission, NC
Russell Mason, Missouri Division of Fire Safety, MO
Jeffrey J. Morrissette, State of Connecticut, CT
Bruce R. Piringer, Fire & Rescue Training Inst., MO
Richard Powell, Saginaw Township Fire Dept., MI
Kenneth R. Sharp, Dept. of Fire Programs, VA
Jimmy L. Smith, Fitchburg, MA
Voting Alternate
Bernard A. Moyle, Office of the Ontario Fire Marshal, Canada
(Alt. to OFM Rep.)
Jon C. Jones, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for developing documents
on procedures for fire service personnel certification to NFPA National Professional Fire Service
Qualifications Standards and procedures for accrediting national, state, and local jurisdictions as
certifying agencies for NFPA National Fire Service Qualifications Standards.

NFPA 1000
Standard for
Fire Service Professional Qualifications
Accreditation and Certification Systems
1994 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 5 and Appendix C.

Chapter 1 Administration
1-1 Scope.
This standard establishes the minimum criteria for accrediting bodies and the minimum criteria
for the assessment and validation of the process used to certify fire and related emergency
response personnel to professional qualifications standards.
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1-2 Purpose.
1-2.1
The purpose of this standard is to establish criteria/requirements applicable to organizations
providing accreditation to and for those entities certifying fire and related emergency response
personnel as having met or complied with a recognized national standard.
1-2.2
It is not the intent of this standard to conflict with the statutory requirements of any
jurisdiction.
1-3 General.
1-3.1*
Organizations that accredit certifying entities or that certify individuals to fire service
professional qualifications standards shall meet the requirements of this standard.
1-3.2
Accrediting bodies shall meet the requirements of Chapter 3.
1-3.3
Certifying entities shall meet the requirements of Chapter 4.
1-3.4
Accreditation of a certifying entity shall be, at a minimum, based on the process described in
Section 3-2 and Chapter 4.
Chapter 2 Definitions
Accredit. To give official authorization to or approve a process or procedure, to recognize as
conforming to a standard, and to recognize an entity (e.g., an educational institution) as
maintaining standards that qualify its graduates for admission to higher or more specialized
institutions or for professional practice.
Accrediting Body. A voluntary, nongovernmental association that administers accrediting
procedures for entities that certify individuals to fire service professional qualifications
standards.
Approved. Acceptable to the authority having jurisdiction.
NOTE: The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations, procedures, equipment, or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure, or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations that is in a
position to determine compliance with appropriate standards for the current production of listed items.

Authority Having Jurisdiction. The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
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NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner, since
jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is primary, the
authority having jurisdiction may be a federal, state, local, or other regional department or individual such as a
fire chief; fire marshal; chief of a fire prevention bureau, labor department, or health department; building
official; electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the authority having
jurisdiction. In many circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or departmental official may
be the authority having jurisdiction.

Certification. Attests authoritatively; specifically, the issuance of a document that states that
one has demonstrated the knowledge and skills necessary to function in a field.
Certifying Entity. An organization that is accredited to issue certificates to individuals.
Job Performance Requirement. A statement that describes a specific job task, lists the items
necessary to complete the task, and defines measurable or observable outcomes and evaluation
areas for the specific task.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Chapter 3 Accrediting Body Requirements
3-1 General.
3-1.1*
The accrediting body shall be independent of direct governmental control and shall have sole
responsibility for the final decision on the accreditation of a certifying entity.
3-1.2*
The accrediting body shall not be the certifying entity and shall document policies and
procedures to implement this requirement.
3-1.3*
The accrediting body shall not be a standards-making body for the standard(s) for which
accreditation for certification is being offered.
3-1.4
The accrediting body shall conduct accreditation on a multi-state/provincial, national, or
international basis.
3-1.5*
The accrediting body shall evaluate for accreditation the certification programs for fire and
related emergency response personnel as requested by the certifying entity and as defined by
NFPA professional qualifications standards, other NFPA standards related to the competence of
emergency responders, or equivalent standards used by the certifying entity.
3-1.6*
The accrediting body shall evaluate for accreditation entities that are empowered to operate
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and that confer certification to fire and related emergency response personnel.
3-1.7*
The accrediting body shall develop and maintain public documents that describe the
accreditation process, including, at a minimum, the scope, evaluative criteria, and procedures.
3-1.8*
The accrediting body shall have impartial, public representation in its evaluation, policy, and
decision-making processes.
3-1.9
The accrediting body shall have the resources necessary to implement and maintain the
accrediting process as described in this standard.
3-2 Accreditation Process.
3-2.1 Mission.
The evaluation of a certifying entity shall be based on its own stated mission. The mission
shall be consistent with purposes accepted as appropriate to the fire service and to the recognized
scope of the accrediting body.
3-2.2 Criteria.
Accrediting bodies shall utilize evaluative criteria and processes that judge:
(a) The appropriateness of the candidate program’s mission, and
(b) The adequacy of resources and organization to meet its mission, and
(c) Outcomes that indicate that the mission shall be met, and
(d) The reasonable assurance of the continued meeting of the program’s mission.
3-2.3 Timing.
3-2.3.1 The accrediting body shall evaluate a program for candidacy only at the invitation of the
party responsible for the candidate program.
3-2.3.2 The accrediting body shall have the right to initiate a review of the accreditation status of
an accredited certifying entity at any time.
3-2.4* Term.
Accreditation shall not be permanent. The accrediting body shall develop and maintain
policies regarding the term for which accreditation is granted and the periodic reevaluation of
programs that it accredits.
3-2.5 Appeals.
3-2.5.1 The accrediting body shall establish policies and procedures for appealing those
decisions refusing or terminating accreditation (or candidacy) of a program.
3-2.5.2 The accrediting body shall maintain the accreditation (or candidacy) status of the
program until completion of the appeal process.
3-2.6* Change in Scope.
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The accrediting body shall develop and maintain policies and procedures that address changes
in the scope of certifying activities by an accredited certifying entity.
3-2.7 Initial Accreditation Process.
The steps in the initial accreditation process shall consist, at a minimum, of:
(a) A self-analysis of the candidate program, and
(b) A written report of the results of the self-analysis, and
(c) A review of the report by the accrediting body, and
(d) A site visitation by the accrediting body to examine the applicant certification system in
relation to the criteria for accreditation established by the accrediting body, and
(e) A written preliminary report to the applicant by the accrediting body concerning the status
of the application, and
(f) An opportunity and a reasonable period for the applicant to comment on the preliminary
report before final action is taken relative to the accreditation status, and
(g) A final report and written decision regarding the application and accreditation status.
3-2.7.1 The accrediting body shall develop, maintain, and furnish to all applicants statements of
the topics to be contained in the self-analysis required in 3-2.7(a).
3-2.7.2 The accrediting body shall develop, maintain, and furnish to all applicants statements of
the procedures to be used in the site visitation required in 3-2.7(d).
3-2.7.3 The accrediting body shall develop and maintain policies for the selection, training, and
evaluation of personnel who conduct the site visitation required in 3-2.7(d).
3-2.8 Withdrawal of Application.
The accrediting body shall permit an applicant to withdraw an application for accreditation at
any time before a final decision is made on that application.
Chapter 4 Certifying Entity Requirements
4-1 Administration of Programs.
4-1.1* Authority.
The certifying entity that is a candidate for accreditation shall provide documentation of its
authority to issue certificates.
4-1.2 Mission and Goals.
The certifying entity shall document its mission and goals.
4-1.3 Levels.
The certifying entity shall publish a listing of the certification levels that it has adopted,
including career path and prerequisites, if any, for each level.
4-1.4 Job Performance Requirements.
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4-1.4.1* The certifying entity shall utilize the job performance requirements found in the
appropriate NFPA professional qualification standards, other NFPA standards related to the
competence of emergency responders, or equivalent standards as adopted by the authority having
jurisdiction.
4-1.4.2 The certifying entity shall provide to applicants, upon request, a listing of the job
performance requirements to be used in the certification process and the prerequisites required
before taking examinations at the various certification levels.
4-1.5* Funding.
The certifying entity shall provide evidence of the financial capability to support its continuous
operation. The certifying entity shall provide documentation to describe the source(s) of its
funding. The certifying entity shall utilize the budgetary and auditing procedures established by
the authority having jurisdiction.
4-1.6 Record Keeping/Documentation.
4-1.6.1 The certifying entity shall adopt policies and procedures specifying which information it
will reserve or keep confidential and which information it will release or make available,
consistent with applicable local, state/provincial, and federal requirements.
4-1.6.2* The certifying entity shall maintain a record-keeping system that ensures the
retrievability and preservation of certification records.
4-1.7 Staffing.
4-1.7.1 The certifying entity shall have and maintain the personnel resources necessary to
implement and sustain the certification system.
4-1.7.2 The certifying entity shall adopt and publish minimum criteria for the evaluators used in
its programs. At a minimum, evaluators shall:
(a) Have adequate knowledge of skills for subject matter, and
(b) Have familiarity with the evaluation/examination and record-keeping processes.
4-1.7.3 The certifying entity shall develop and maintain a process for the periodic evaluation of
evaluators to assess currency of skills and knowledge levels.
4-1.8 Facilities and Equipment.
4-1.8.1 The certifying entity shall provide adequate space for classroom and manipulative skills
testing as required to serve its purposes.
4-1.8.2 The facilities and equipment provided shall ensure that the health and safety of the
participants is safeguarded.
4-1.9 Delegation of Authority.
4-1.9.1* An accredited entity that elects to delegate some or all of its certifying authority to
another entity shall establish written policies regarding such delegation.
4-1.9.2 The delegated certification authority shall be conducted under the same procedures,
criteria, and standards as those used by the accredited entity. Such delegated authority shall not
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be transferable.
4-1.9.3 The accredited entity shall be responsible for compliance with the criteria of the
accrediting body.
4-1.9.4* The accredited entity shall not delegate its certifying authority to another entity that has
broader authority.
4-1.10* Conflicts of Interest.
The certifying entity shall not be the national standards-making body for the standard(s) for
which certification is being offered.
4-2 Policies and Procedures.
4-2.1* Statutory Compliance.
The certifying entity shall provide evidence of compliance with applicable statutes and other
state/provincial, federal, and local regulations operative in its jurisdiction.
4-2.2 Nondiscrimination.
The certifying entity shall ensure that its services are available to all qualified individuals
without regard to race, creed, sex, age, or ethnic origin.
4-2.3 Safety and Health.
4-2.3.1* The certifying entity shall ensure the safety and health of individuals participating in the
evaluation process by complying with applicable NFPA standards or their equivalents, including
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program.
4-2.3.2* Personal protective clothing, apparatus, equipment, and facilities utilized in the
evaluation of candidates shall meet the applicable NFPA standard(s) as required in Chapters 4, 5,
and 7 of NFPA 1500, Standard on Fire Department Occupational Safety and Health Program,
or equivalent standards adopted by the authority having jurisdiction.
4-2.4 Evaluation/Testing.
4-2.4.1* The certifying entity shall establish and maintain procedures for administering a
standardized written and manipulative skills examination, where applicable, for each level of
certification offered.
4-2.4.2 Examinations shall be administered or caused to be administered by the certifying entity
for each level of certification offered.
4-2.4.3 Examinations shall be drawn from a test bank(s) and/or job performance skills
maintained by the certifying entity.
4-2.4.4 The certifying entity shall establish an evaluation security system that will prevent
compromising of the evaluation instrument(s) and the evaluation process.
4-2.4.5 The certifying entity shall ensure that questions and job skill tests used in certification
examinations are reliable discriminators.
4-2.4.6 The certifying entity shall ensure that question item banks utilized in the certification
process are of sufficient size to allow generation of multiple written examination forms.
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4-2.4.7* The certifying entity shall ensure that cognitive and manipulative skills examinations
are comprehensive with respect to the requirements of the professional qualification standard
being tested.
4-2.4.8* Certifying entities shall ensure that evaluators of manipulative skills testing perform
their evaluations in an objective manner.
4-2.5 Historical Recognition.
4-2.5.1 The certifying entity shall document the policy and procedures to be used toward
historical recognition of prior training conducted within its jurisdiction.
4-2.5.2 Adoption of any standard or program shall not render invalid any individual’s prior
certification.
4-2.6* Reciprocity.
The certifying entity shall develop a policy and procedures to be used to evaluate certification
or training received in another jurisdiction.
4-2.7* Currency and Recertification.
The certifying entity shall provide documentation describing a currency policy and a
recertification policy.
4-2.8 Suspension, Revocation, and Denial.
The certifying entity shall develop and maintain policies and procedures for the suspension,
revocation, and denial of certification.
4-2.9* Appeals.
The certifying entity shall document procedures to resolve disputes arising from the
interpretation or application of any provision of the certification process.
Chapter 5 Referenced Publications
5-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
5-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
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A-1-3.1
Fire service organizations, as public agencies, are open to public scrutiny and are held
accountable for their actions. There is value in being able to demonstrate that the personnel of
these agencies are certified as meeting standards of competency by an entity that has itself been
evaluated by an independent, thorough, objective, and public process and approved (accredited)
as meeting the requirements of the process. Accreditation establishes accountability for
performance by putting competency on the record so that it can be evaluated on the record.
A-3-1.1
The accrediting body should have the ability to operate independently of political or economic
influences either within or outside the organization that sponsors the accrediting activity. The
accrediting body should not be obligated to, nor should its decisions on particular schools or
programs be reviewed by, any other body having political or economic goals that might conflict
with the educational goals of accreditation.
A-3-1.2
It is the intent of the committee that accreditation, certification, and standards-making should
be conducted objectively and independently. Care should be taken to avoid conflicts of interest
or the appearance of conflicts of interest. Accreditation, certification, and standards-making
entities should establish policies and procedures to ensure that no individual, entity, or interest
group exercises undue or inappropriate influence over the standards-making, accreditation, or
certification system.
A-3-1.3
See A-3-1.2.
A-3-1.5
The NFPA’s professional qualifications system is made up of nine standards (see below),
which set the job performance requirements for a number of fire and related emergency service
professions. The standards that comprise the system establish, in terms of job performance
requirements, the minimum criteria necessary to perform the specific job function. The standards
are not training outlines, they are the criteria for the evaluation of an individual’s ability to
perform critical job functions. In many cases this evaluation is conducted as part of a
certification process.
NFPA 1000, Standard on Fire Service Professional Qualifications Accreditation and
Certification Systems, 1994 edition.
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition.
NFPA 1002, Standard for Fire Department Vehicle Driver/Operator Professional
Qualifications, 1993 edition.
NFPA 1003, Standard for Airport Fire Fighter Professional Qualifications, 1994 edition.
NFPA 1021, Standard for Fire Officer Professional Qualifications, 1992 edition.
NFPA 1031, Standard for Professional Qualifications for Fire Inspector, 1993 edition.
NFPA 1033, Standard for Professional Qualifications for Fire Investigator, 1993 edition.
NFPA 1035, Standard for Professional Qualifications for Public Fire and Life Safety
Educator, 1993 edition.
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NFPA 1041, Standard for Fire Service Instructor Professional Qualifications, 1992 edition.
Other NFPA standards that a certifying entity may seek to certify include, but are not
necessarily limited to:
NFPA 472, Standard for Professional Competence of Responders to Hazardous Materials
Incidents, 1992 edition.
NFPA 473, Standard for Competencies for EMS Personnel Responding to Hazardous
Materials Incidents, 1992 edition.
NFPA 600, Standard on Industrial Fire Brigades, 1992 edition. (This standard might not be
applicable, as it might not set criteria that can be used for certification.)
NFPA 1521, Standard for Fire Department Safety Officer, 1992 edition.
A-3-1.6
The accrediting body should provide evidence that its policies, evaluative criteria, procedures,
and evaluative decisions are accepted by the appropriate communities of interest, such as the fire
service, educators, educational institutions, other accrediting bodies, practitioners, employers,
and public agencies.
A-3-1.7
Procedures should include applications, self-study, granting, withdrawing, revoking or
suspending, appealing decisions, responding to public inquiries, and term of accreditation. The
accrediting body should make public a current listing of the accreditation or candidacy of all
institutions or programs with which it is affiliated.
A-3-1.8
Accrediting bodies should include public representation. This would include individuals who
are not educators in, or members of, the profession for which students are being prepared, nor in
any way directly related to the institutions or programs being evaluated. Accrediting bodies
should include representation of the users of the accreditation system.
A-3-2.4
The term of accreditation should be no longer than five years. This is based on the revision
cycle for NFPA standards and the time required for certifying entities to implement changes into
their programs.
A-3-2.6
Such policy statements should address possible changes in the scope of a certifying entity’s
activities. The policy, at a minimum, should make provision for the certification entity to
withdraw voluntarily from the accreditation program completely, or to withdraw voluntarily all
or some of its programs from the accreditation system.
A-4-1.1
The documentation required by this section should be either:
(a) Legislative acts; resolutions; state/provincial and federal statutes; administrative codes
from a state, provincial, territorial, or national government authorizing the entity to certify the
professional competence of fire service personnel; or
(b) Significant evidence of support for its accreditation as a certifying entity from within its
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constituency.
The accrediting body should verify the certifying entity’s empowerment, such as: the existence
of laws that designate the organization as a certifying entity, or the existence of laws that are
broad enough in scope to encompass certifying activities of the organization seeking
accreditation; or evidence of support from state/provincial fire service organizations and/or other
interested or affected organizations that are served by the organization seeking accreditation.
A-4-1.4.1 See A-3-1.5.
A-4-1.5
Examples of funding sources that a certifying entity might use to support the certification
process are:
(a) Governmental appropriation: federal, state, county, local;
(b) Fee generation: fees charged for the certification process or membership in the system;
(c) Public or private grants;
(d) Fire service trust funds.
A-4-1.6.2 The record-keeping system required in this section should provide for easy retrieval of
information. It could be either a hard copy or electronic (computerized) filing system.
A-4-1.9.1 It is not the intent of this standard to mandate the delegation of an entity’s authority.
A-4-1.9.4 It is the intent of the committee that if certifying authority is to be delegated by an
entity, that it not be delegated to organizations or entities that represent a broader geographical
base or a broader constituency than the delegating entity.
A-4-1.10
See A-3-1.2.
A-4-2.1
The certifying entity should address, at a minimum, the following:
(a) By-laws and operational policies;
(b) Compliance with state/provincial and federally mandated standards: OSHA, EPA, Family
Educational Right to Privacy Act (FERPA);
(c) Equal Employment Opportunities Act;
(d) Affirmative action policies;
(e) Americans with Disabilities Act; and
(f) Age Discrimination Employment Act.
A-4-2.3.1 The certifying entity is responsible for the safety of those individuals who participate
in the examination process. To comply with this requirement of the standard, the entity should
have a safety program that at a minimum meets the requirements of NFPA 1500, Standard on
Fire Department Occupational Safety and Health Program. As required in Section 2-5 of NFPA
1500, an individual meeting the requirements of NFPA 1521, Standard for Fire Department
Safety Officer, should be assigned to oversee this program.
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A-4-2.3.2 The protective clothing, apparatus, equipment, and facilities used in the evaluation of
candidates should be in good repair and meet the requirements of the applicable NFPA
standards.
A-4-2.4.1 The committee recognizes that for certain levels of certification a manipulative skills
examination might not be appropriate. However, it is the opinion of the committee that
manipulative skills examinations are required for most levels of certification.
A-4-2.4.7 Examinations should sample the various objectives contained in each professional
qualifications standard. The sampling can be weighted to conform to the relative importance of a
particular subject area.
A-4-2.4.8 Generally, objectivity can be increased if a manipulative skills testing checklist is
used. The checklist should include each task that must be completed in order to successfully
address the stated objective.
A-4-2.6
It is not the intent of this standard to mandate reciprocity. However, it is the committee’s
strong opinion that accredited entities should examine the credentials of individuals from other
accredited entities to determine which level of certification, if any, is applicable.
A-4-2.7
The certifying entity should address, at a minimum, the following:
(a) Establishing a period of time for which a certification is valid, and
(b) Establishing procedures that address lapsed certification, and
(c) Identifying continuing education process, i.e., progression to next level of completion, and
(d) If time-limited certification, establishing recertification requirements and criteria,
procedures, and administrative responsibilities.
A-4-2.9
The appeal procedures should address, at a minimum, the following:
(a) Method of notification/time period, and
(b) Personnel or agencies notified, e.g., appellant, fire chiefs/departments, and
(c) Response period, and
(d) Review process: hearing, communications, etc., and
(e) Final ruling, and
(f) Final notification of ruling.
Appendix B Accreditation and the Fire Service
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
The purpose of this Appendix is to give an overview of the concept of accreditation for
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institutions and/or programs. The outline covers a brief description of the activity and the
process. The outcomes of accreditation are intended to ensure quality for the learner, the
educational institution or program, and, ultimately, the public. Accreditation by a recognized
accrediting body serves as a significant indicator that an institution and/or program is meeting
established standards and stated objectives.
Role and Value of Accreditation
Accreditation is a status granted to an educational institution or a program that has been found
to meet or exceed stated criteria of educational quality. For the most part, accreditation is
voluntarily sought by institutions and programs, and is conferred by nongovernmental bodies.
Accreditation has two fundamental purposes: to ensure the quality of the institution or
program, and to assist in the improvement of the institution or program. Accreditation, which
applies to institutions or programs, is to be distinguished from certification, which applies to
individuals.
The bodies conducting institutional accreditation are national or regional in scope and
comprise the institutions that have achieved and maintained accreditation. A specialized body
conducting accreditation of a program preparing students for a profession or occupation is often
closely associated with professional associations in the field.
Both institutional and specialized bodies conduct the accreditation process using a common
pattern. The pattern requires integral self-study of the institution or program followed by an
on-site visit by an evaluation team and a subsequent review and decision by a central governing
group. Within this general pattern, the various accrediting bodies have developed a variety of
individual procedures adapted to their own circumstances. Increasingly, attention has been given
to education outcomes as a basis for evaluation.
A recognized accrediting body can be regarded as qualified to conduct evaluations of
institutions and/or programs seeking accreditation, and accreditation by such bodies is generally
recognized and accepted. Institutional or specialized accreditation cannot, however, guarantee
the quality of individual graduates or of individual courses within an institution or program, but
it can give reasonable assurance of the context and quality of the education offered.
An institutional accrediting body considers the characteristics of whole institutions. For this
reason, an institutional accrediting body gives attention not only to the educational offerings of
the institutions it accredits but also to other such institutional characteristics as the student
personnel services, financial conditions, and administrative strength.
The accreditation of an institution by an institutional accrediting body certifies to the general
public that the institution:
(a) Has appropriate purposes, and
(b) Has the resources needed to accomplish its purposes, and
(c) Can demonstrate that it is accomplishing its purposes, and
(d) Gives reason to believe that it will continue to accomplish its purposes.
Institutional improvement is encouraged by an accrediting body through the requirement that
the accredited institution conduct periodic self-evaluations seeking to identify what the
institution does well, determining the areas in which improvement is needed, and developing
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plans to address needed improvements. While the granting of accreditation indicates an
acceptable level of quality, an institution, however excellent, is capable of improvement, which
must come from its own clear identification and understanding of its strengths and weaknesses.
Improvement is also encouraged by the accrediting body through its publications and through
the advice and counsel provided by the visiting team, which comprises experienced educators
drawn primarily from accredited institutions.
The focus of an institutional accrediting body on an institution as a total operating unit
provides assurance that the general characteristics of the institution have been examined and
found to be satisfactory. Institutional accreditation, concerned with evaluating the institution as a
whole, does not seek to deal with any particular program in great detail, although programs are
reviewed as a part of the consideration of the entire institution. Occasionally there are
institutions offering but a single program (“free-standing” schools), which might seek
institutional and/or specialized accreditation.
In fulfilling its two purposes, quality assurance and institutional and program improvement,
accreditation provides service of value to several constituencies.
To the public, the values of accreditation include:
(a) An assurance of external evaluation of the institution or program and a finding that there is
conformity to general expectations in post-secondary education or the professional field;
(b) An identification of institutions and programs that have voluntarily undertaken explicit
activities directed toward improving the quality of the institution and its professional programs
and are carrying them out successfully;
(c) An improvement in the professional services available to the public, as accredited programs
modify their requirements to reflect changes in knowledge and practice generally accepted in the
field;
(d) A decreased need for intervention by public agencies in the operations of educational
institutions, since their institutions, through accreditation, are providing for the maintenance and
enhancement of educational quality.
To the learners, accreditation provides:
(a) An assurance that the educational activities of an accredited institution or program have
been found to be satisfactory, and therefore meet the needs of students;
(b) Assistance in the transfer of credit or certification between institutions, or in the admission
of students to advanced programs through the general acceptance of credits among accredited
institutions where the performance of the student has been satisfactory and the credits to be
transferred are appropriate to the receiving institution.
To the institution, accreditation provides:
(a) The stimulus for self-evaluation and self-directed institutional and program improvement;
(b) The strengthening of institutional and program self-evaluation by the review and counsel
provided through the accrediting body;
(c) The application of criteria of accrediting bodies, which helps guard against external
encroachments harmful to institutional or program quality by providing benchmarks independent
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of forces that might impinge on individual institutions;
(d) The enhancing of the reputation of an accredited institution or program because of public
regard for accreditation;
(e) One means by which an institution can gain eligibility for certain programs of
governmental aid; accreditation is also usually relied on by private foundations as a highly
desirable indicator of institutional and/or program quality.
Accreditation serves the profession by contributing to the unity of the profession by bringing
together practitioners, teachers, and learners in an activity directed at improving preparation and
professional practice.
Credits
The foregoing material is sourced from the COPA Handbook on Accreditation. The handbook
should be consulted for more detailed information on the accreditation process. It is published
annually by the Council on Post-Secondary Accreditation, One Dupont Circle, Washington, DC
20036.
Appendix C Referenced Publications
C-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
C-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 472, Standard for Professional Competence of Responders to Hazardous Materials
Incidents, 1992 edition.
NFPA 473, Standard for Competencies for EMS Personnel Responding to Hazardous
Materials Incidents, 1992 edition.
NFPA 600, Standard on Industrial Fire Brigades, 1992 edition.
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition.
NFPA 1002, Standard for Fire Department Vehicle Driver/Operator Professional
Qualifications, 1993 edition.
NFPA 1003, Standard for Airport Fire Fighter Professional Qualifications, 1994 edition.
NFPA 1021, Standard for Fire Officer Professional Qualifications, 1992 edition.
NFPA 1031, Standard for Professional Qualifications for Fire Inspector, 1993 edition.
NFPA 1035, Standard for Professional Qualifications for Public Fire and Life Safety
Educator, 1993 edition.
NFPA 1041, Standard for Fire Service Instructor Professional Qualifications, 1992 edition.
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NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1521, Standard for Fire Department Safety Officer, 1992 edition.
C-1.2 COPA Publication.
Council on Post-Secondary Accreditation, One Dupont Circle, Washington, DC 20036.
COPA Handbook on Accreditation, 1990 edition.

NFPA 1001
1992 Edition
Standard for Fire Fighter Professional Qualifications

Copyright © 1992 NFPA, All Rights Reserved
1992 Edition
This edition of NFPA 1001, Standard for Fire Fighter Professional Qualifications, was
prepared by the Technical Committee on Fire Fighter Professional Qualifications, released by
the Correlating Committee on Professional Qualifications, and acted on by the National Fire
Protection Association, Inc. at its Annual Meeting held May 18-21, 1992 in New Orleans, LA. It
was issued by the Standards Council on July 17, 1992, with an effective date of August 14, 1992,
and supersedes all previous editions.
The 1992 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1001
In 1971, the Joint Council of National Fire Service Organizations (JCNFSO) created the
National Professional Qualifications Board for the Fire Service (NPQB) to facilitate the
development of nationally applicable performance standards for uniformed fire service
personnel. On December 14, 1972, the Board established four technical committees to develop
those standards using the National Fire Protection Association (NFPA) standards-making
system. The initial committees addressed the following career areas: fire fighter, fire officer, fire
service instructor, and fire inspector and investigator.
The Committee on Fire Fighter Professional Qualifications met through 1973 and 1974
producing the first edition of this document. The first edition of NFPA 1001 was adopted by the
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Association in November of 1974.
Subsequent to the adoption of the initial edition, the committee has met regularly to revise and
update the standard. Additional editions were adopted and issued by the NFPA under the
auspices of the NPQB in 1981 and 1987.
The original concept of the professional qualification standards as directed by the JCNFSO
and the NPQB was to develop an interrelated set of performance standards specifically for the
fire service. The various levels of achievement in the standards were to build on each other
within a strictly defined career ladder. In the late 1980s, revisions of the standards recognized
that the documents should stand on their own merit in terms of job performance requirements for
a given field. Accordingly, the strict career ladder concept was abandoned, except for the
progression from fire fighter to fire officer. The later revisions, therefore, facilitated the use of
the documents by other than the uniformed fire services.
In 1990, responsibility for the appointment of professional qualifications committees and the
development of the professional qualifications standards were assumed by the NFPA.
The Correlating Committee on Professional Qualifications was appointed by the NFPA
Standards Council in 1990 and assumed the responsibility for coordinating the requirements of
all of the Professional Qualifications documents.
The intent of the technical committee was to develop clear and concise job performance
requirements that can be used to determine that an individual, when measured to the standard,
possesses the skills and knowledge to perform as a fire fighter. The committee further contends
that these job performance requirements can be used in any fire department in any city, town, or
private organization throughout North America.
Professional Qualifications Correlating Committee
Douglas P. Forsman, Chairman
Champaign Fire Dept., IL
Jon C. Jones, Secretary
National Fire Protection Assn.
(Nonvoting)
Louis J. Amabili, Delaware State Fire School, DE
Rep. Int’l Society of Fire Service Instructors
Stephen P. Austin, State Farm Fire & Casualty Co., DE
Rep. Int’l Assn. of Arson Investigators, Inc.
Dan W. Bailey, USDA Forest Service, MT
Gene P. Carlson, Oklahoma State University, OK
Rep. Int’l Fire Service Training Assn.
Jack K. McElfish, Clayton County Fire Dept., GA
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Rep. Int’l Assn. of Fire Chiefs
Mary Nachbar, Minnesota State Fire Marshal Division, MN
William Peterson, Plano Fire Dept., TX
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Steve Willis, Secretary
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Brenda Berkman, Women in Fire Suppression, NY
James J. Boyle, Uniformed Firefighters Assn., NY
Thomas Cagle, Salem NH Fire Dept., NH
Robert J. Cantwell, Phoenix Fire Dept., AZ
Irwin DeVries, Justice Institute of British Columbia Fire Academy, Canada
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David W. England, University of California, CA
Donald W. Harkins, City of Gainesville Fire/Rescue Dept., FL
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Hugh A. Pike, U.S. Air Force HQ, FL
Tom Ruane, Illinois Fire Service, IL
Wayne E. Sandford, CT Commission on Fire Prev. & Control, CT
Michael A. Wieder, Oklahoma State University, OK
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William E. Clark, St. Petersburg, FL
(Alternate D. T. Endicott)
Ronald C. Cody, Redondo Beach Fire Dept., CA
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Association or any document developed by the Committee on which the member serves.

NFPA 1001
Standard for
Fire Fighter Professional Qualifications
1992 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 5 and Appendix B.

Chapter 1 Administration
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1-1 Scope.
This standard identifies the performance requirements necessary to perform the duties of a fire
fighter. It specifically identifies the minimum requirements for fire fighter candidates and for the
two levels of performance thereafter.
1-2 Purpose.
The purpose of this standard is to specify the minimum job performance requirements for a fire
fighter. It is not the intent of the standard to restrict any jurisdiction from exceeding these
requirements.
1-3 General.
1-3.1
Each performance objective shall be performed safely, competently, and in its entirety.
1-3.2
It is not required for the objectives to be mastered in the order they appear. The authority
having jurisdiction shall establish the instructional priority and the training program content to
prepare individuals to meet the performance objectives of this standard.
1-3.3
Performance of each requirement shall be evaluated by individuals approved by the authority
having jurisdiction. Evaluators shall be individuals who were not involved as instructors for the
objective being evaluated.
1-3.4
The entrance requirements of Chapter 2 of this standard shall be met prior to beginning
training at the Fire Fighter I level.
1-3.5
The fire fighter shall meet all of the objectives for Fire Fighter I before being certified at that
level.
1-3.6
The fire fighter shall meet all of the objectives for Fire Fighter I and II before being certified at
the Fire Fighter II level.
1-3.7
Wherever in this standard the terms “rules, regulations, procedures, supplies, apparatus, and
equipment” are referred to, it is implied that they are those of the authority having jurisdiction.
1-3.8
Performance of each requirement shall be in accordance with applicable NFPA standards and
occupational health and safety regulations.
1-4* Definitions.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
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procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or departmental official
may be the “authority having jurisdiction.”

Fire Department. The agency that provides both fire suppression and fire prevention services
to a state, county, municipality, or organized fire district.
Fire Fighter Candidate. The person who has fulfilled the entrance requirements of Chapter 2 of
this standard, but has not met the objectives for Fire Fighter I.
Fire Fighter I. The person, at the first level of progression as defined in Chapter 3, who has
demonstrated the knowledge and skills necessary to function safely and effectively as an integral
member of a fire fighting team. When engaged in hazardous activities, the Fire Fighter I works
under direct supervision.
Fire Fighter II. The person, at the second level of progression as defined in Chapter 4, who has
demonstrated the skills and depth of knowledge necessary to function under general supervision.
This person will function safely and effectively as an integral member of a team of equally or
less experienced fire fighters to accomplish a series of tasks. When engaged in hazardous
activities, the Fire Fighter II maintains direct communication with a supervisor.
Job Performance Requirement. A statement that describes a specific job task, lists the items
necessary to complete the task, and defines measurable or observable outcomes and evaluation
areas for the specific task.
Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The “authority having
jurisdiction” should utilize the system employed by the listing organization to identify a listed product.

May. This term is used to state a permissive use or an alternative method to a specified
requirement.
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Objective. Outcome achieved through the application of skill or knowledge or both.
Procedure. The series of actions, conducted in an approved manner and sequence, designed to
achieve the intended outcome.
Safely. To perform the objective without risk of injury to self or to others.
Shall. Indicates a mandatory requirement.
Structural Fire Fighting. The activities of rescuing, fire suppression, and property conservation
involving buildings, enclosed structures, vehicles, vessels, or like properties that are involved in
a fire or emergency situation.
Team. Two or more individuals who are in communication with each other through visual,
audible, physical, safety guide rope, electronic, or other means to coordinate their activities and
who are in close proximity to each other to provide assistance in case of emergency.
1-5 Units.
In this standard, values for measurement are followed by an equivalent in SI units, but only the
first stated value shall be regarded as the requirement. Equivalent values in SI units shall not be
considered as the requirement as these values may be approximate.
Table 1-5 SI Conversions
Quantity

SI Unit/
Symbol

SI Unit/
Symbol

Conversion
Factor

Length

inch/in.
foot/ft

millimeter/mm
meter/m

1 in. = 25.4 mm
1 ft = 0.305 m

Area

sq. foot/ft2

sq. meter/m2

1 ft2 = 0.0929 m2

Chapter 2 Entrance Requirements
2-1 General.
Prior to entering training to meet the requirements of Chapters 3 and 4 of this standard, the
candidate shall:
2-1.1
Meet the minimum educational requirements established by the authority having jurisdiction.
2-1.2
Meet the age requirements established by the authority having jurisdiction.
2-1.3*
Meet the medical requirements of NFPA 1582, Standard on Medical Requirements for Fire
Fighters.
2-1.4
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Physical fitness requirements for entry level personnel shall be developed and validated by the
authority having jurisdiction. Physical fitness requirements shall be in compliance with
applicable Equal Employment Opportunity regulations and other legal requirements.
Chapter 3 Fire Fighter I
3-1 General.
For certification at Level I, the fire fighter shall meet the job performance requirements
defined in Sections 3-2 through 3-23 of this standard.
3-2 Fire Department Organization.
3-2.1
Describe the organization of the fire department.
3-2.2
Explain the Fire Fighter I’s role as a member of the organization.
3-2.3
Explain the mission of the fire service and of the local fire department.
3-2.4
Explain the function of a standard operating procedure.
3-2.5
Explain fire department rules and regulations that apply to the position of fire fighter.
3-2.6*
Explain the basic components of incident management and the fire fighter’s role within the
local incident management system.
3-2.7
Explain the role of other agencies that may respond to emergencies.
3-2.8
Describe the components of a member assistance program.
3-3* Safety.
3-3.1
Describe the responsibilities of a fire fighter as required by NFPA 1500, Standard on Fire
Department Occupational Safety and Health Program, and adopted by the authority having
jurisdiction.
3-3.2
Describe the elements of a personnel accountability system and demonstrate the application of
the system at an incident.
3-3.3
Identify dangerous building conditions created by fire.
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3-3.4
Demonstrate techniques for action when trapped or disoriented in a fire situation or in a hostile
environment.
3-3.5
Explain hazards related to electrical emergencies.
3-3.6
Demonstrate safety procedures when using fire service lighting equipment, given the
following:
(a) Power supply (portable or mounted)
(b) Lights
(c) Cords
(d) Connectors
(e) Ground-fault interrupter (GFI).
3-3.7
Demonstrate the use of seat belts, noise barriers, and other safety equipment provided for
protection while riding on apparatus.
3-3.8
Demonstrate safety procedures when mounting, dismounting, and operating around fire
apparatus.
3-3.9
Shut off the utility services to a building.
3-3.10*
Identify a minimum of three common types of accidents or injuries, and their causes, that
occur in the following locations:
(a) Fire ground
(b) Responding and returning
(c) Training
(d) Nonfire emergencies
(e) Other on-duty locations.
3-3.11*
Identify safety procedures for ensuring a safe station/facility environment.
3-3.12
Identify potential long-term consequences of exposure to products of combustion.
3-4 Fire Alarm and Communications.
3-4.1
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Explain the procedures for a citizen to report a fire or other emergency.
3-4.2
Explain the procedures for receiving an alarm from dispatch or a report of an emergency from
the public and demonstrate appropriate action.
3-4.3
Define the purpose and function of all alarm-receiving instruments and personnel-alerting
equipment provided to the department and its members.
3-4.4
Identify procedures required for receipt and processing of business and personal calls.
3-4.5
Define and demonstrate prescribed fire department radio procedures, including:
(a) Routine traffic
(b) Emergency traffic
(c) Emergency evacuation signals.
3-5 Fire Behavior.
3-5.1
Define fire.
3-5.2
Define the fire triangle and tetrahedron.
3-5.3
Recognize the following conditions and explain their associated hazards and appropriate
actions:
(a) Incipient fire
(b) Roll over
(c) Hot smoldering fire
(d) Flash over
(e) Steady state burning
(f) Backdraft.
3-5.4
Identify three products of combustion commonly found in structural fires that create a life
hazard.
3-5.5
Define the three methods of heat transfer.
3-5.6
Define the three physical stages of matter in which fuels are commonly found.
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3-5.7
Define the relationship of the concentration of oxygen to combustibility and life safety.
3-5.8*
Describe the process of thermal layering that occurs in structural fires and how to avoid
disturbing the normal layering of heat.
3-6 Portable Extinguishers.
3-6.1
Identify the classification of types of fire as they relate to the use of portable extinguishers.
3-6.2
Define the portable extinguisher rating system.
3-6.3
Identify the appropriate extinguishers and the application procedures for the various classes of
fire, given a group of differing extinguishers.
3-6.4
Extinguish Class A and B fires using the appropriate portable fire extinguishers.
3-7 Personal Protective Equipment.
3-7.1*
Identify the function of the following articles of protective equipment:
(a) Helmet (with eye shield)
(b) Hood
(c) Boots
(d) Gloves
(e) Protective coat
(f) Protective trousers
(g) Self-contained breathing apparatus (SCBA)
(h) Personal alert safety system (PASS)
(i) Eye protection.
3-7.2
Identify and demonstrate the care, use, inspection, maintenance, and limitations of the
protective clothing and equipment assigned or available for use.
3-7.3
Demonstrate the donning and doffing of the protective equipment specified in 3-7.1.
3-7.4
Identify the hazardous environments requiring the use of respiratory protection.
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3-7.5
Identify the physical requirements of an SCBA wearer.
3-7.6
Describe the uses and limitations of SCBA.
3-7.7
Identify each component and safety feature of the SCBA.
3-7.8
Describe the function of each component of the SCBA.
3-7.9
Demonstrate donning and doffing the SCBA while wearing protective clothing.
3-7.10
Demonstrate that the SCBA is in a safe condition for immediate use.
3-7.11*
Demonstrate the use of SCBA in conditions of obscured visibility.
3-7.12
Demonstrate the use of SCBA in conditions of restricted passage.
3-7.13*
Demonstrate the following emergency procedures to be used in the event of SCBA failure:
(a) Use of the emergency by-pass or purge valve
(b) Conservation of air
(c) Breathing from the breathing tube or regulator in the event of a face piece failure.
3-7.14
Demonstrate techniques for maximizing the air capacity of an SCBA under work conditions.
3-7.15
Demonstrate replacement of an expended cylinder on an SCBA assembly with a full cylinder.
3-7.16
Demonstrate and document routine maintenance for SCBA, including inspection, cleaning,
sanitizing, and cylinder recharging.
3-7.17*
Demonstrate rescue procedures for the following, without compromising the rescuer’s
respiratory protection:
(a) A fire fighter with functioning respiratory protection
(b) A fire fighter without functioning respiratory protection
(c) A civilian without respiratory protection.
3-8 Forcible Entry.
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3-8.1
Identify materials and construction features of doors, windows, and walls and the dangers
associated with forcing entry through each.
3-8.2
Force entry through at least 3 different types each of doors, windows, and walls.
3-8.3
Identify materials and construction features of door and window locking devices.
3-8.4
Identify the method and demonstrate procedures of through-the-lock entry for doors and
windows.
3-8.5
Identify methods and procedures for cleaning, maintaining, and inspecting hand tools used for
forcible entry.
3-8.6
Identify and safely carry at least 1 of the following:
(a) Cutting tool
(b) Prying tool
(c) Pulling tool
(d) Striking tool.
3-9 Ventilation.
3-9.1
Define the principles of ventilation, and identify the advantages and effects of proper
ventilation.
3-9.2
Identify the safety considerations and precautions to be taken while ventilating a structure.
3-9.3
Describe the advantages and disadvantages of the following types of ventilation:
(a) Vertical
(b) Horizontal
(c) Trench/strip
(d) Mechanical
(e) Mechanical pressurization
(f) Hydraulic.
3-9.4
Identify the signs, causes, and effects of backdraft explosions.
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3-9.5
Identify methods of preventing a backdraft explosion.
3-9.6
Identify the types of tools used during ventilation.
3-9.7 Recognize the characteristics of and list necessary precautions when ventilating at least the
following roof types:
(a) Flat
(b) Shed
(c) Pitched
(d) Arched.
3-9.8
Demonstrate determining the integrity of a roof system by sounding.
3-9.9
Describe how the following factors are used to determine the integrity of a roof system:
(a) Construction
(b) Visual observation
(c) Elapsed time of fire.
3-9.10
Define procedures for the types of ventilation referred to in 3-9.3.
3-9.11
Demonstrate opening various types of windows from inside and outside, with and without the
use of tools.
3-9.12
Demonstrate breaking window or door glass and removing obstructions.
3-9.13
Using both hand and power tools, demonstrate the ventilation of both pitched and flat roofs.
3-10 Ropes.
3-10.1*
Explain the uses of and tie a bowline knot, a clove hitch, figure of eight on the bight, a becket
or sheet bend, overhand safety knot, and half hitch, given the proper size and amount of rope.
3-10.2
Tie an approved knot and hoist any selected forcible entry tool, pike pole/hook, ground ladder,
hose line, extinguisher, or appliance to a height of at least 12 ft (3.7 m), given the proper rope.
3-10.3
Demonstrate the procedures of inspecting, maintaining, and storing rope.
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3-10.4
Use a rope to tie ladders, hose, and other objects to secure them.
3-10.5
Identify the reasons for placing a rope out of service.
3-10.6
Distinguish between life safety and utility ropes.
3-11 Ladders.
3-11.1
Identify and describe the use of the following types of ladders:
(a) Folding/attic
(b) Roof
(c) Extension
(d) Straight/wall
(e) Aerial devices.
3-11.2*
Carry, position, raise, and lower the following ground ladders:
(a) 14-ft (4.3-m) single or wall ladder
(b) 24-ft (7.3-m) extension ladder
(c) 35-ft (10.7-m) extension ladder
(d) Folding/attic ladder
3-11.3
Demonstrate the procedures of working from ground or aerial ladders with tools and
appliances, with and without a safety harness.
3-11.4
Climb the full length of each type of ground and aerial ladder available to the authority having
jurisdiction and demonstrate:
(a) Carrying fire fighting tools or equipment while ascending and descending
(b) Bringing an injured person down the ladders.
3-11.5
Demonstrate the deployment of a roof ladder on a pitched roof.
3-12 Fire Hose, Appliances, and Streams.
3-12.1
Describe the application of each size and type of hose on a pumper as required to be carried by
7-1.2 and Section 7-2 of NFPA 1901, Standard for Pumper Fire Apparatus.
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3-12.2
Demonstrate the use of nozzles, adapters, and hose appliances and tools on a pumper as
required to be carried by Section 7-2 of NFPA 1901, Standard for Pumper Fire Apparatus.
3-12.3
Advance uncharged and charged attack lines of two different sizes, 11/2 inch (38 mm) or
larger, from a pumper, given the necessary equipment and operating as a member of a team for
the following evolutions:
(a) Into a structure
(b) Up a ladder to a second floor landing
(c) Up an inside stairway to an upper floor
(d) Up an outside stairway to an upper floor
(e) Down an inside stairway to a lower floor
(f) Down an outside stairway to a lower floor
(g) To an upper floor by hoisting.
3-12.4
Demonstrate the following, given fire hose used for fire attack [minimum of 11/2 in. (38 mm)]
and water supply [minimum of 21/2 in. (65 mm)]:
(a) Three types of hose loads and finishes
(b) Three types of hose rolls
(c) Coupling and uncoupling two lengths
(d) Two hose carries
(e) Extending hose lines
(f) Replacing burst sections of hose.
3-12.5
Demonstrate operation of a charged attack line 11/2 in. (38 mm) or larger from a ground
ladder.
3-12.6
Demonstrate carrying a 100 ft (30 m) attack line 11/2 in. (38 mm) or larger into a building,
connecting it to a standpipe, and advancing the line from the standpipe.
3-12.7
Demonstrate a hand lay of 300 ft (90 m) of supply line 21/2 in. (65 mm) or larger from a
pumper to a water source.
3-12.8
Define a fire stream.
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3-12.9
Define water hammer and at least one method for its prevention.
3-12.10
Demonstrate how to open and close a nozzle and how to adjust its stream pattern and flow
setting, when applicable.
3-12.11
Identify the type, design, operation, required nozzle pressure, and flow of a given selection of
nozzles and tips.
3-12.12*
Define the following methods of water application:
(a) Direct
(b) Indirect
(c) Combination.
3-12.13
Identify precautions to be followed while advancing hose lines to a fire.
3-12.14
Identify 3 observable results that are obtained when the proper application of a fire stream is
accomplished.
3-13 Foam Fire Streams.
3-13.1
Assemble and operate a foam fire stream arrangement given the appropriate equipment.
3-13.2
Demonstrate the methods for applying a foam stream.
3-14* Fire Control.
3-14.1*
Extinguish or control the following live fires working as a member of a team and using
appropriate protective equipment, fire fighting tools, and extinguishing agents:
(a) Piles/stacks of Class A combustible materials (exterior)
(b) Open pans of combustible liquids (exterior)
(c) Vehicle fires
(d) Storage containers (exterior dumpster/trash bin)
(e) Class A combustible materials within a structure (interior attack).
3-14.2
Explain the procedures for extinguishing ground cover fires.
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3-15 Salvage.
3-15.1
Identify the purpose of salvage and its value to the public and the fire department.
3-15.2
Demonstrate 2 folds and rolls for salvage covers.
3-15.3
Demonstrate 2 methods of deploying salvage covers to cover property.
3-15.4
Demonstrate the construction and use of a water chute.
3-15.5
Demonstrate the construction and use of a water catch-all.
3-15.6
Demonstrate the covering or closing of building openings, including doors, windows, floors,
and roofs.
3-15.7
Demonstrate the removal of debris and the removal and routing of water from a structure.
3-15.8
Demonstrate the procedures of inspection, cleaning, and maintaining salvage equipment.
3-16 Overhaul.
3-16.1
Identify the purpose of overhaul.
3-16.2
Recognize at least 4 indicators of hidden fires.
3-16.3
Expose hidden fires by opening ceilings, walls, and floors and by pulling apart burned
materials.
3-16.4
Separate, remove, and relocate charred material to a safe location while protecting the area of
origin for determination of cause.
3-16.5
Define duties of fire fighters left at the fire scene for fire and security surveillance.
3-17 Emergency Medical Care.
3-17.1
Define the principles of infection control and universal blood and body fluid precautions as
prescribed for public safety workers by the Centers for Disease Control in Guidelines for
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Prevention of Transmission of Human Immunodeficiency Virus and Hepatitis B Virus to
Health-Care and Public-Safety Workers.
3-17.2
Demonstrate the use, decontamination, disinfection, and disposal of personal protective
equipment used for protection from infection.
3-17.3*
Perform the following procedures as defined in the Journal of the American Medical
Association, “Standards and Guidelines for Cardiopulmonary Resuscitation (CPR) and
Emergency Cardiac Care (ECC)”:
(a) Single-rescuer CPR
1. Adult
2. Child
3. Infant
(b) Two-rescuer CPR on an adult
(c) Management of an obstructed airway
1. Conscious and unconscious adult
2. Conscious and unconscious child
3. Conscious and unconscious infant.
3-17.4
Demonstrate the use of a resuscitation mask in the performance of single- and two-rescuer
CPR.
3-17.5
Demonstrate a primary survey for life-threatening injuries.
3-17.6
Identify 3 types of external bleeding and the characteristics of each type.
3-17.7
Demonstrate 3 procedures for controlling external bleeding.
3-17.8
Identify characteristics and emergency medical care of thermal burns according to degree and
severity.
3-17.9
Identify the emergency medical care for chemical burns, including chemical burns of the eyes.
3-17.10
Identify the symptoms and demonstrate emergency medical care of traumatic shock.
3-17.11
Identify the symptoms and demonstrate emergency medical care for ingested poisons and drug
overdoses.
3-17.12
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Identify the method of contacting the poison control center that serves the local jurisdiction.
3-18 Rescue.
3-18.1
Define and demonstrate primary and secondary search procedures under fire conditions:
(a) With a rope or hose line
(b) Without a rope or hose line.
3-18.2
Don a life safety harness that meets the requirements of NFPA 1983, Standard on Fire Service
Life Safety Rope, Harnesses, and Hardware.
3-18.3
Inspect a life safety harness and identify the conditions that would require its removal from
service.
3-18.4
Demonstrate the removal of injured persons from an immediate hazard by the use of carries,
drags, and stretchers.
3-19 Water Supplies.
3-19.1
Connect a supply hose to a hydrant and fully open and close the hydrant.
3-19.2
Demonstrate hydrant-to-pumper hose connections for forward and reverse hose lays.
3-19.3
Assemble and connect the equipment necessary for drafting from a static water supply source.
3-19.4
Describe the deployment of a portable water tank.
3-19.5
Describe the assembling of equipment necessary for the transfer of water between portable
water tanks.
3-19.6
Describe loading and off-loading of tanks on mobile water supply apparatus.
3-20 Sprinklers.
3-20.1
Define the value of automatic sprinklers in providing safety to the occupants of a structure.
3-20.2
Identify a fire department sprinkler connection and water motor alarm.
3-20.3
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Connect hose line(s) to a fire department connection of a sprinkler or standpipe system.
3-20.4
Explain how the automatic sprinkler head activates and releases water.
3-20.5
Stop the flow of water from a sprinkler head using a wedge or stopper.
3-20.6
Identify the main control valve on an automatic sprinkler system.
3-20.7
Operate a main control valve on an automatic sprinkler system from “open” to “closed” and
then back to “open.”
3-21 Response to Hazardous Materials Incidents.
Meet the requirements defined in NFPA 472, Standard for Professional Competence of
Responders to Hazardous Materials Incidents, Chapter 2, First Responder Awareness Level.
3-22 Fire Prevention, Public Fire Education, and Fire Cause Determination.
3-22.1
Identify 5 common causes of fires and their prevention.
3-22.2
Define the importance of inspection and public fire education programs to fire department
public relations and the community.
3-22.3
Demonstrate inspection procedures for private dwellings.
3-22.4*
Present a prepared program to an identified audience, given a lesson plan, time allotment, and
instructional materials for the following topics:
(a) Stop, drop and roll
(b) Crawl low in smoke
(c) Escape planning
(d) Alerting others
(e) Calling the fire department
(f) Fire station tour
(g) Residential smoke detector placement and maintenance.
3-22.5
Document the presentation of a program covered in 3-22.4, given a reporting form that
includes:
(a) Program title
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(b) Number of participants
(c) Evaluations.
3-23 Building Construction.
No job performance requirements in Fire Fighter I.
Chapter 4 Fire Fighter II
4-1 General.
For certification at Level II, the Fire Fighter I shall meet the job performance requirements
defined in Sections 4-2 through 4-23 of this standard.
4-2 Fire Department Organization.
4-2.1
Explain the Fire Fighter II’s role as a member of the organization.
4-2.2
Explain the responsibilities of the fire fighter in assuming and transferring command within an
incident management system.
4-3 Safety.
4-3.1
Identify applicable local, state/provincial, and federal laws and regulations related to
occupational health and safety.
4-3.2
Demonstrate the service and maintenance of portable power plants and lighting equipment.
4-3.3
Safely operate a total of 12 types of hand and power tools used for forcible entry, rescue, and
ventilation.
4-4 Fire Alarm and Communications.
4-4.1
Define the policy and demonstrate the procedures concerning the ordering and transmitting of
multiple alarms of fire and calls for special assistance from the emergency scene.
4-4.2
Identify supervisory alarm equipment provided in the fire station and the prescribed action to
be taken upon receipt of designated signals.
4-4.3
Identify fire location indicators provided to direct fire fighters to specific locations in protected
public or private properties.
4-5 Fire Behavior.
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4-5.1
Define the following units of heat measurement:
(a) British thermal unit (Btu)
(b) Fahrenheit (°F)
(c) Celsius (°C)
(d) Calorie (C).
4-5.2
Define the hazard of finely divided fuels as they relate to the combustion process.
4-5.3
Define flash point, fire point, and ignition temperature.
4-5.4
Identify 2 chemical, mechanical, and electrical energy heat sources.
4-6 Portable Extinguishers.
No job performance requirements in Fire Fighter II.
4-7 Personal Protective Equipment.
No job performance requirements in Fire Fighter II.
4-8 Forcible Entry.
No job performance requirements in Fire Fighter II.
4-9 Ventilation.
4-9.1*
Identify the manual and automatic venting devices found within structures.
4-9.2
Describe the operations and considerations necessary to control the spread of smoke and fire
through duct systems, including:
(a) Determining location and routing of ducts
(b) Shutting down systems to prevent spread of heat and smoke
(c) Examining duct system after thorough ventilation
(d) Checking false ceilings or framing enclosing duct systems
(e) Checking duct system outlets
(f) Determining if duct system has openings, smoke dampers, or smoke detectors.
4-9.3
Identify considerations that must be made when determining the location and size of a
ventilation opening, including:
(a) Availability of natural openings
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(b) Location of the fire
(c) Direction in which the fire will be drawn
(d) Type of building construction
(e) Wind direction
(f) Progress of the fire
(g) Condition of the building
(h) Obstructions
(i) Relative efficiency of large vs. small openings.
4-9.4
Identify the location of the opening, the method to be used, and the precautions to be taken
when ventilating a basement.
4-9.5*
Identify fire ground situations where forced ventilation procedures may be required.
4-10 Ropes.
4-10.1
Select the appropriate size, strength, type, and length of rope to accomplish a fire fighting or
rescue task requiring the use of rope.
4-10.2
Select an appropriate knot, given a fire fighting or rescue task requiring the use of rope.
4-11 Ladders.
4-11.1
Identify the materials used in ladder construction.
4-11.2
Identify the load capacities established by NFPA 1931, Standard on Design of and Design
Verification Tests for Fire Department Ground Ladders, and NFPA 1904, Standard for Aerial
Ladder and Elevating Platform Fire Apparatus, for ground and aerial ladders.
4-11.3
Demonstrate the procedures for cleaning ladders.
4-11.4
Demonstrate inspection and maintenance procedures for different types of ground and aerial
ladders.
4-11.5
Describe the annual service test for ground ladders.
4-12 Fire Hose, Appliances, and Streams.
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4-12.1
Select the proper nozzle and hose for fire attack, given 3 different fire situations.
4-12.2
Select adapters and appliances to be used in 3 specific fire ground situations.
4-12.3
Demonstrate the procedures for cleaning and maintaining fire hose, couplings, and nozzles and
inspecting for damage.
4-12.4
Demonstrate an annual service test for fire hose.
4-12.5
Describe and demonstrate the operation of fog and solid stream nozzles.
4-12.6
Identify the rate of water flow necessary to control fire in a room of specified volume.
4-12.7
Describe the advantages and disadvantages of solid and fog streams.
4-13 Foam Fire Streams.
4-13.1
Define the 4 methods by which foam prevents or controls a hazard.
4-13.2
Define the principle by which foam is generated.
4-13.3
Define common causes for the poor generation of foam and identify the procedures for
correcting each.
4-13.4
Define the difference between hydrocarbon and polar solvent fuels and identify the type of
foam concentrate required for each fuel.
4-13.5
Define the advantages, characteristics, and precautions for use of the following types of foam:
(a) Protein
(b) Fluoroprotein
(c) Film forming fluoroprotein (FFFP)
(d) Aqueous film forming foam (AFFF)
(e) Hazardous materials vapor mitigating foam
(f) Medium- and high-expansion foam
(g) Class A foams.
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4-13.6
Define the precautions that must be taken when using high expansion foam to attack structural
fires.
4-14* Fire Control.
4-14.1*
Extinguish or control the following live fires working as a member of a team and using
appropriate protective equipment, fire fighting tools, extinguishing agents:
(a) An exterior combustible liquids fire of at least 100 sq ft (9 m2), using a foam fire stream
(b) A fire in an elevated location within a structure (e.g., upper level floor, attic)
(c) A hidden fire within a structure (e.g., within walls, crawl spaces)
(d) A fire involving energized electrical components
(e) A fire involving a flammable gas cylinder (exterior)
(f) A fire in a below-grade area or other location requiring initial attack from above.
4-15 Salvage.
No job performance requirements in Fire Fighter II.
4-16 Overhaul.
4-16.1
Identify the procedures and safety precautions to follow during overhaul.
4-16.2
List 5 indicators of structural instability.
4-16.3
Identify and preserve evidence of fire cause and origin.
4-16.4
Identify the procedures for restoration of the premises after a fire.
4-17 Emergency Medical Care.
No job performance requirements for Fire Fighter II.
4-18 Rescue.
4-18.1*
Describe the techniques and safety procedures as they apply to the following rescue activities:
(a) Structural collapses
(b) Trench collapses
(c) Caves and tunnels
(d) Water and ice emergencies
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(e) Elevators and escalators
(f) Emergencies involving energized electrical lines
(g) Industrial accidents
(h) Other hazards particular to the local jurisdiction.
4-18.2
Demonstrate the use of the following rescue tools:
(a) Cribbing and shoring material
(b) Block and tackle
(c) Hydraulic devices
(d) Pneumatic devices
(e) Ratchet device.
4-18.3
Demonstrate the following evolutions, which may be required to extricate an entrapped victim
of a motor vehicle accident by displacing:
(a) Vehicle roof
(b) Vehicle door
(c) Vehicle windshield
(d) Steering wheel
(e) Steering column and dashboard.
4-18.4
Raise and lower a person a maximum of 20 vertical ft (6 m) with a rope rescue system.
4-19 Water Supplies.
4-19.1
Identify the water distribution system and other water sources in the local community.
4-19.2
Identify the following parts of a water distribution system:
(a) Distributors
(b) Primary feeders
(c) Secondary feeders.
4-19.3
Explain the operation of a:
(a) Dry-barrel hydrant
(b) Wet-barrel hydrant.
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4-19.4
Define the following terms as they relate to water supply:
(a) Static pressure
(b) Normal operating pressure
(c) Residual pressure
(d) Flow pressure.
4-19.5
Identify the following types of water main valves:
(a) Indicating
(b) Nonindicating.
4-19.6
Describe how the following conditions reduce hydrant effectiveness:
(a) Obstructions to use of hydrant
(b) Direction of hydrant outlets to suitability of use
(c) Mechanical damage
(d) Rust and corrosion
(e) Failure to open the hydrant fully
(f) Susceptibility to freezing.
4-19.7
Identify the apparatus, equipment, and appliances required to provide water at rural locations
by relay pumping or a mobile water supply apparatus shuttle.
4-19.8
Identify and explain the 4 fundamental components of a modern water system.
4-19.9
Given a Pitot tube and gauge, read and record flow pressures from three different-sized
orifices.
4-19.10
Identify the pipe sizes used in water distribution systems for residential, business, and
industrial districts.
4-19.11
Identify 2 causes of increased resistance or friction loss in water mains.
4-20 Sprinklers.
4-20.1
Identify the sources of water supply for sprinkler systems, including:
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(a) Public water systems
(b) Gravity tank
(c) Pressure tanks
(d) Pumps
(e) Fire department connections.
4-20.2
Describe how the direction of water flow through a fire department connection check valve
can be determined, including:
(a) Arrows
(b) Pivot casting.
4-20.3
Identify the location and appearance of the control and operating valves of a sprinkler system,
including:
(a) Outside screw and yoke (OS&Y)
(b) Post indicator
(c) Wall post indicator.
4-20.4
Identify the main drain valve on an automatic sprinkler system.
4-20.5
Open and close a main drain valve on an automatic sprinkler system.
4-20.6
Identify and define the dangers of the premature closure of a sprinkler main control valve and
of using hydrants to supply hose streams when the same water system is supplying the automatic
sprinkler system.
4-20.7
Identify the difference between an automatic sprinkler system that affords complete coverage
and a partial sprinkler system.
4-20.8
Describe the following types of sprinkler systems:
(a) Wet pipe
(b) Dry pipe
(c) Deluge
(d) Residential.
4-20.9
Read and record the indicated pressures on all gauges provided on a standard wet pipe
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automatic sprinkler system and identify each gauge.
4-20.10
Read and record the indicated pressures on all gauges provided on a standard dry pipe
automatic sprinkler system and identify each gauge.
4-20.11
Define the reliability of automatic sprinkler systems and give 8 reasons for unsatisfactory
performance.
4-21 Response to Hazardous Materials Incidents.
Meet the requirements defined in NFPA 472, Standard for Professional Competence of
Responders to Hazardous Materials Incidents, Chapter 3, First Responder Operational Level.
4-22 Fire Prevention, Public Fire Education, and Fire Cause Determination.
4-22.1
Prepare a prefire plan that includes diagrams or sketches of a building to record the location of
items of concern.
4-22.2*
Complete a basic fire incident report and describe the importance of this information.
4-22.3
Conduct a building fire safety survey and prepare a written report summarizing the results.
4-22.4
Identify school exit drill procedures.
4-22.5
Identify life safety programs for the home.
4-22.6
Identify common fire hazards and make recommendations for their correction.
4-22.7
Identify responsibilities of the fire fighter in determining the point of origin, cause, and
protection of evidence in fires.
4-22.8
Inspect fire protection standpipe systems for readiness, including visual inspection of hose
(where provided), nozzles, hose outlet threads, and fire department connections.
4-22.9
Identify smoke, flame, and heat-detection alarm systems.
4-22.10
Identify the fire hazards commonly found in manufacturing, commercial, residential, and
public assembly occupancies.
4-22.11
Identify standard types of chimneys and flues and recognize deficiencies likely to cause fires.
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4-23 Building Construction.
4-23.1
Describe the basic structural characteristics of the following types of building construction:
(a) Wood frame
(b) Ordinary
(c) Heavy timber
(d) Noncombustible
(e) Fire resistant.
4-23.2
Identify the general fire behavior expected with each type of building construction, including
the spread of fire and the safety of the building, occupants, and fire fighters.
4-23.3
Describe at least 3 hazards associated with truss and lightweight construction.
4-23.4
Identify dangerous building conditions created by fire and fire suppression activities.
4-23.5
Identify 5 indicators of building collapse.
4-23.6
Describe the effects of fire and fire suppression activities on the following building materials:
(a) Wood
(b) Masonry (brick, block, stone)
(c) Cast iron
(d) Steel
(e) Reinforced concrete
(f) Gypsum wall board
(g) Glass
(h) Plaster on lath.
4-23.7
Define the following terms as they relate to building construction:
(a) Veneer wall (exterior)
(b) Party wall
(c) Fire wall
(d) Partition wall
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(e) Cantilever or unsupported wall
(f) Load bearing.
Chapter 5 Referenced Publications
5-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
5-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 472, Standard for Professional Competence of Responders to Hazardous Materials
Incidents, 1992 edition
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition
NFPA 1582, Standard on Medical Requirements for Fire Fighters, 1992 edition
NFPA 1901, Standard for Pumper Fire Apparatus, 1991 edition
NFPA 1904, Standard for Aerial Ladder and Elevating Platform Fire Apparatus, 1991 edition
NFPA 1931, Standard on Design of and Design Verification Tests for Fire Department
Ground Ladders, 1989 edition
NFPA 1983, Standard on Fire Service Life Safety Rope, Harnesses, and Hardware, 1990
edition.
5-1.2 Other Publications.
Guidelines for Prevention of Transmission of Human Immunodeficiency Virus and Hepatitis B
Virus to Health-Care and Public-Safety Workers, Centers for Disease Control, Atlanta, GA.,
February, 1989.
“Standards and Guidelines for Cardiopulmonary Resuscitation (CPR) and Emergency Cardiac
Care (ECC),” Journal of the American Medical Association, Volume 255, Number 21, pp. 2841
3044, 1986, American Medical Association, 535 N. Dearborn St., Chicago, IL 60610.
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-4
Definitions of action verbs used in the job performance requirements in this document are
based on the first definition of the word found in Webster’s Third New International Dictionary
of the English Language.
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A-2-1.3
The candidate should meet the requirements of NFPA 1582, Standard on Medical
Requirements for Fire Fighters, within a reasonable period of time prior to entering into training
or testing for Fire Fighter I to ensure his or her ability to safely perform the required tasks.
A-3-2.6
An incident management system is an organized plan of roles, responsibilities, and standard
operating procedures used to direct and control an emergency incident. An incident management
system identifies the roles and responsibilities of all members involved in emergency operations.
(See NFPA 1561, Standard on Fire Department Incident Management System.)
A-3-3
NFPA fire fighter death and injury statistics confirm fire fighter accidents and injuries are
excessive. It is important to increase the awareness of the hazards associated with fire fighting.
The locations listed in this section are those used by NFPA to identify where injuries to fire
fighters occur.
A-3-3.10
Item (b), Responding and returning, applies to both riding on fire apparatus and responding
and returning in personal vehicles. Members who respond in personal vehicles that by
state/provincial/local statutes are considered “emergency vehicles” should consult NFPA 1002,
Standard for Fire Apparatus Driver/Operator Professional Qualifications.
A-3-3.11
Due to the large number of injuries that occur in the fire station, personnel need to be aware of
methods for eliminating accidents and injuries. The following is a partial list of safety concerns
relating to the provision of a safe work facility.
(a) Back injuries are a frequent cause of lost work time. Whenever possible, personnel should
redesign tasks to eliminate lifting and lowering and should use lifting devices. Demonstration of
proper lifting procedures should be included as routine safety training.
(b) Personnel should be aware of unsafe conditions that could lead to falls, such as unguarded
pole holes; to tripping, such as tools and equipment not put away after use and in the main paths
of travel; and to slipping, such as wet floors.
(c) The importance of eliminating “horseplay” should be stressed, as it can cause needless
injuries.
(d) Personnel should be encouraged to request assistance in performing tasks or duties that can
be more safely performed with additional personnel.
(e) Good physical fitness should be encouraged, as it will enable personnel to perform job
tasks and functions with less chance of injury.
(f) All personnel should be aware of proper methods of disinfecting themselves and equipment
after use.
A-3-5.8
Thermal layering is the process by which heat will accumulate during fires in a confined space.
The hottest air and gases will accumulate at the highest (typically ceiling) level. The levels of
Copyright 1996 NFPA

heat will decrease down toward the floor level, where heat should be at the minimum. It is
important for fire fighters to understand this concept because it reinforces their need to stay low
during interior fire fighting operations. It is also important for fire fighters to realize that they
must avoid disturbing this normal layering of heat by improper ventilation or hose stream
techniques. Upsetting the normal layering process could result in driving the harmful heat levels
down to the floor level, thus seriously endangering the fire fighters or victims in the area.
A-3-7.1
Fire fighters should understand the importance of the type of clothing worn under personal
protective equipment. See NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters,
for additional information.
A-3-7.11
When training exercises are intended to simulate emergency conditions, smoke generating
devices that do not create a hazard are required. Several accidents have occurred when smoke
bombs or other smoke generating devices that produce a toxic atmosphere have been used for
training exercises. All exercises should be conducted in accordance with the requirements of
NFPA 1404, Standard for a Fire Department Self-Contained Breathing Apparatus Program.
A-3-7.13
Follow the manufacturer’s recommendations for specific procedures.
A-3-7.17
SCBA emergency procedures should be an integral part of any SCBA program, with written
policies for the removal of victims, both civilian and fire service, from hazardous atmospheres
without compromising the rescuer’s SCBA for any reason.
NFPA and most SCBA manufacturers do not recommend “buddy breathing” since it
compromises one or more SCBA and may result in the needless impairment or death of either the
rescuer or the victim or both. Only NIOSH/MSHA approved air transfer devices should be used
in these situations.
A-3-10.1
The recommendations of the rope manufacturer for the proper knots to be used with their
product should be followed.
A-3-11.2
Comparable lengths of ladders of each type, as specified by the authority having jurisdiction,
may be substituted for the stated lengths.
A-3-12.12
When applying water to interior fires, the fire fighter must be aware of the effects each type of
stream may have on the hot gas layer within the space. The term “thermal balance” has been
used to describe the stratification of temperatures within the space. The improper application of
the fire stream may disrupt this stratification and cause the hot gases and products of combustion
to move to a lower level in the space (thermal imbalance).
A-3-14
Live fire evolutions should be conducted in accordance with the requirements of NFPA 1403,
Standard on Live Fire Training Evolutions in Structures. It is further recommended that prior to
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involvement in interior live fire evolutions, the fire fighter demonstrate the use of SCBA in
smoke and elevated temperature conditions.
A-3-14.1
In areas where environmental or other concerns restrict the use of fuels required in this section,
properly installed and monitored gas-fueled fire simulators or other modifications to the
requirement may be substituted.
A-3-17.3
This requirement may be met with courses such as provided by the American Red Cross in its
Basic Life Support for the Professional Rescuer course and comparable courses offered by the
American Heart Association. Certification by either organization at the appropriate skill level
would constitute meeting this requirement.
A-3-22.4
Home escape plans, as described in “Operation EDITH” (Exit Drills In The Home) or in
NFPA’s Learn Not to Burn Curriculum, should be used to meet this requirement.
A-4-9.1
The following classes are examples:
(a) Curtain boards
(b) Roof monitors
(c) Continuous gravity vents
(d) Unit type vents
(e) Automatic heat and smoke vents
(f) Sawtooth roof skylights
(g) Exterior wall openings.
A-4-9.5
Forced ventilation in this requirement includes both positive and negative pressure methods.
A-4-14
Live fire evolutions should be conducted in accordance with the requirements of NFPA 1403,
Standard on Live Fire Training Evolutions in Structures.
A-4-14.1
In areas where environmental or other concerns restrict the use of fuels required in this section,
properly installed and monitored gas-fueled fire simulators or other modifications to the
requirement may be substituted.
A-4-18.1
Each of the activities listed in this requirement constitutes a major component of the rescue
field. The committee’s intent is that this requirement develop an awareness of the procedures and
safety requirements involved.
A-4-22.2
A basic fire report should contain information as recommended by NFPA 902M, Fire
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Reporting Field Incident Manual.
Appendix B Referenced Publications
B-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
B-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 902M, Fire Reporting Field Incident Manual, 1990 edition
NFPA 1002, Standard for Fire Apparatus Driver/Operator Professional Qualifications, 1988
edition
NFPA 1403, Standard on Live Fire Training Evolutions in Structures, 1992 edition
NFPA 1404, Standard for a Fire Department Self-Contained Breathing Apparatus Program,
1989 edition
NFPA 1561, Standard on Fire Department Incident Management System, 1990 edition
NFPA 1582, Standard on Medical Requirements for Fire Fighters, 1992 edition
NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters, 1990 edition
NFPA Learn Not to Burn Curriculum, 3rd edition.
B-1.2 Other Publication.
Webster’s Third New International Dictionary of the English Language, Unabridged, G. & C.
Merriam Company.
Formal Interpretation
NFPA 1001
Standard for Fire Fighter Professional Qualifications
1992 Edition
Reference: 3-14.1, A-3-14, A-3-14.1, and A-3-14.1(e)
F.I. No.: 1001-92-1
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Question No.1: (3-14.1, A-3-14, and A-3-14.1) Are gas-fueled simulators acceptable in place of
"Class A combustible materials" for live fires in a structure?
Answer: Yes
Question No 2: (A-3-14.1) Is it the intent of A-3-14.1 where it states "...or other modifications
to the requirement may be substituted." that a simulation of performing live fire skills such as
advancing and operating charged attack lines using personal protective equipment in a "smoke
filled heated environment" without an actual live fire be acceptable?
Answer: No
Question No. 3: [A-3-14.1(e)] Is actual performance in a training center burn building or an
acquired burn building the only acceptable means of accomplishing the "live fire" job
performance requirements?
Answer: Yes
Issue Edition: 1992
Reference: 3-14.1, A-3-14, A-3-14.1
Issue Date: November 27, 1996
Effective Date: December 17, 1997
Copyright 1997 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION

NFPA 1002
1993 Edition
Standard for Fire Department Vehicle Driver/Operator
Professional Qualifications

Copyright © 1993 NFPA, All Rights Reserved
1993 Edition
This edition of NFPA 1002, Standard for Fire Department Vehicle Driver/Operator
Professional Qualifications, was prepared by the Technical Committee on Fire Fighter
Professional Qualifications, released by the Correlating Committee on Professional
Qualifications, and acted on by the National Fire Protection Association, Inc. at its Annual
Meeting held May 24-27, 1993, in Orlando, FL. It was issued by the Standards Council on July
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23, 1993, with an effective date of August 20, 1993, and supersedes all previous editions.
The 1993 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1002
In 1972, the Joint Council of National Fire Service Organizations (JCNFSO) created the
National Professional Qualifications Board for the Fire Service (NPQB) to facilitate the
development of nationally applicable performance standards for uniformed fire service
personnel. On December 14, 1972, the Board established four technical committees to develop
those standards, using the National Fire Protection Association (NFPA) standards-making
system. The initial committees addressed the following career areas: fire fighter, fire officer, fire
service instructor, and fire inspector and investigator.
The Committee on Fire Fighter Professional Qualifications met regularly after the adoption of
NFPA 1001 to produce the first edition of this document, adopted by the Association in 1976.
NFPA 1002 was the second in the series of Fire Fighter Professional Qualifications standards.
Subsequent to the adoption of the initial edition, the committee met regularly to revise and
update the standard. Additional editions were adopted and issued by the NFPA under the
auspices of the NPQB in 1982 and 1988.
The original concept of the professional qualifications standards as directed by the JCNFSO
and the NPQB was to develop an interrelated set of performance standards specifically for the
fire service. The various levels of achievement in the standards were to build on each other
within a strictly defined career ladder. In the late 1980s, revisions of the standards recognized
that the documents should stand on their own merit in terms of job performance requirements for
a given field. Accordingly, the strict career ladder concept was abandoned, except for the
progression from fire fighter to fire officer. The later revisions, therefore, facilitated the use of
the documents by other than the uniformed fire services.
In 1990, responsibility for the appointment of professional qualifications committees and the
development of the professional qualifications standards were assumed by the NFPA.
The Correlating Committee on Professional Qualifications was appointed by the NFPA
Standards Council in 1990 and assumed the responsibility for coordinating the requirements of
all of the Professional Qualifications documents.
The intent of the technical committee was to develop clear and concise job performance
requirements that can be used to determine that an individual, when measured to the standard,
possesses the skills and knowledge to perform as a fire fighter. The committee further contends
that these job performance requirements can be used in any fire department in any city, town, or
private organization throughout North America.
The Technical Committee would like to thank the members of the Driver/Operator Task Group
who provided them valuable time and expertise in the development of this document. These
individuals are: Michael A. Wieder, Chair, Tom Ruane, Bill Anderson, Dave Duquette, Chief
Harry Kelly, Chief Gary Marrs, and Bob Finley.
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Correlating Committee on Professional Qualifications
Douglas P. Forsman, Chair
Oklahoma State University, OK
Jon C. Jones, Secretary
National Fire Protection Assn., MA
(Nonvoting)
Louis J. Amabili, Delaware State Fire School, DE
Rep. ISFSI
Stephen P. Austin, State Farm Fire & Casualty Co., DE
Rep. IAAI
Dan W. Bailey, USDA Forest Service, MT
Gene P. Carlson, Oklahoma State University, OK
Rep. IFSTA
Jack K. McElfish, Clayton Cnty Fire Dept., GA
Rep. IAFC
Mary Nachbar, Minnesota State Fire Marshal Division, MN
William Peterson, Plano Fire Dept., TX
Rep. IFSTA
Ted Vratny, Boulder Regional Communications Center, CO
John P. Wolf, University of Kansas, KS
Technical Committee on Fire Fighter Professional Qualifications
Gene P. Carlson, Chair
Oklahoma State University, OK
Rep. IFSTA
Steve Willis, Secretary
MFTE/SMTC, ME
Rep. ISFSI
Brenda Berkman, Women in the Fire Service, NY
A. James E. Bond, Justice Inst. of British Columbia Fire Academy, Canada
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James J. Boyle, Uniformed Firefighters Assn., New York, NY
Thomas Cagle, Salem Fire Dept., NH
Robert J. Cantwell, Phoenix Fire Dept., AZ
David T. Endicott, Prince William Cnty Fire & Rescue Service, VA
R. Wayne Jordan, Commission on Fire Protection Personnel Standards and Education, KY
Joseph W. Krajnik, IAFF Local 1066, NJ
Rep. IAFF
William E. Perrin, Stevensville Rural Fire District, MT
Hugh A. Pike, U.S. Air Force HQ, FL
Tom Ruane, Illinois Fire Service Inst., IL
Michael A. Wieder, Oklahoma State University, OK
Michael L. Young, Volunteer Firemen’s Insurance Services, Inc., PA
Alternates
William E. Clark, St. Petersburg, FL
(Alt. D. T. Endicott)
Ronald C. Cody, Redondo Beach Fire Dept., CA
(Alt. to M. A. Wieder)
Scott L. Davidson, Volunteer Firemen’s Insurance Services, Inc., PA
(Alt. to M. L. Young)
Collin De Witt, Phoenix Fire Dept., AZ
(Alt. to R. J. Cantwell)
Terese M. Floren, Women in the Fire Service, WI
(Alt. to B. Berkman)
Ted J. Pagels, City of De Pere, WI
(Alt. to S. Willis)
M. Russell Rakestraw, Prince William Cnty Fire & Rescue Service, VA
(Alt. to D. Harkins)
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Jon C. Jones, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility to develop and prepare
recommended minimum standards of professional competence required of fire fighters.

NFPA 1002
Standard for
Fire Department Vehicle Driver/Operator
Professional Qualifications
1993 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 8 and Appendix B.

Chapter 1 Administration
1-1 Scope.
This standard identifies the minimum job performance requirements for driver/operators of fire
department vehicles.
1-2* Purpose.
The purpose of this standard is to specify the minimum job performance requirements for
service as a fire department vehicle driver, pump operator, aerial operator, tiller operator,
wildland apparatus operator, and aircraft rescue and fire fighting apparatus operator.
It is not the intent of this standard to restrict any jurisdiction from exceeding these minimum
requirements.
This standard shall cover the requirements for driver/operators of all fire department vehicles.
1-3 General.
1-3.1
The fire department vehicle driver/operators shall be licensed to drive all vehicles they are
expected to operate.
1-3.2*
The fire department driver/operator shall be subject to periodic medical evaluation, as required
by NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, Section
8-1, Medical Requirements, to determine that the driver/operator is medically fit to perform the
duties of a fire department vehicle driver/operator.
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1-3.3*
All fire fighters who drive fire department vehicles or apparatus shall meet the objectives
specified in Chapter 2.
1-3.4
The fire apparatus driver who is required to operate an apparatus equipped with an attack or
fire pump shall meet the requirements of Chapter 3.
1-3.5
The fire apparatus driver who is required to operate an apparatus equipped with an aerial
device shall meet the requirements of Chapter 4.
1-3.6
The fire apparatus driver who is required to function in the tiller position shall meet the
requirements of Chapter 5.
1-3.7
The fire apparatus driver who is required to operate wildland fire apparatus shall meet the
requirements of Chapter 6.
1-3.8
The fire apparatus driver who is required to operate aircraft rescue and fire fighting apparatus
shall meet the requirements of Chapter 7.
1-3.9*
Job performance requirements defined by this standard shall be evaluated by individuals
approved by the authority having jurisdiction.
1-3.10
The job performance requirements need not be mastered in the order in which they appear. The
local, state/provincial, or federal training programs shall establish the instructional priority and
the training program content to prepare individuals to meet the job performance requirements of
this standard.
1-3.11
The job performance requirements of Chapters 2 through 7 shall be performed utilizing
vehicles of similar weight, wheelbase, and function as that expected to be operated in the
performance of the driver/operator’s normal duties.
1-3.12*
Fire apparatus drivers who are expected to operate vehicles off-road, in addition to the
applicable requirements of Chapters 2 through 5, shall meet the requirements of 6-1.4.
1-4* Definitions.
For the purpose of this standard, the following terms shall have the meanings given below.
Aerial Apparatus. A piece of fire apparatus with a permanently mounted, power-operated
elevating device, including aerial ladders, aerial ladder platforms, telescoping aerial platforms,
articulating aerial platforms, and elevating water delivery systems.
Aerial Operator. The fire apparatus driver who has met the requirements of Chapter 4 for the
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operation of apparatus equipped with aerial devices.
Aircraft Rescue and Fire Fighting Vehicle (ARFF). A vehicle intended to carry rescue and fire
fighting equipment for rescuing occupants and combating fires in aircraft at, or in the vicinity of,
an airport.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Attack Pump. A centrifugal water pump permanently mounted on the apparatus with a rated
capacity of 250 gpm (950 L/min) or more, but less than 750 gpm (2850 L/min), at 150 psig
(1035 kPa) net pump pressure, and used for fire fighting.
Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For training purposes, state/provincial,
regional or local training agencies may assume the responsibility of authority having jurisdiction. For
insurance purposes, an insurance inspection department, rating bureau, or other insurance company
representative may be the “authority having jurisdiction.” In many circumstances the property owner or his
designated agent assumes the role of the “authority having jurisdiction”; at government installations, the
commanding officer or departmental official may be the “authority having jurisdiction.”

Fire Apparatus. A fire department emergency vehicle used for rescue, fire suppression, or
other specialized functions.
Fire Apparatus Driver. The fire fighter who has met the requirements defined in Chapter 2.
Fire Department. An organization providing rescue, fire suppression, and related activities.
The term “fire department” shall include any public, governmental, private, industrial, or
military organization engaging in this type of activity.
Fire Department Pumper. A piece of fire apparatus with a permanently mounted fire pump that
has a rated discharge capacity of 750 gpm (2850 L/min) or greater as defined in NFPA 1901,
Standard for Pumper Fire Apparatus.
Fire Department Vehicle. Any vehicle operated by a fire department, including fire apparatus.
Fire Pump. Any pump with a rated discharge capacity of 750 gpm (2850 L/min) or greater
mounted permanently on a piece of fire apparatus.
Foam System. A system provided on fire apparatus for the delivery of a proportioned foam and
water mixture for use in fire extinguishment. The system includes a concentrate tank, a method
for removing the concentrate from the tank, a foam-liquid proportioning system, and a method of
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delivering the proportioned foam to the fire (i.e., hand lines or fixed turret nozzles).
Job Performance Requirement. A statement that describes a specific job task, lists the items
necessary to complete the task, and defines measurable or observable outcomes and evaluation
areas for the specific task.
Mobile Water Supply Apparatus. A piece of fire apparatus whose primary purpose is to
transport water in a tank with 1000 gal (3785 L) or greater capacity, as specified in NFPA 1903,
Standard for Mobile Water Supply Fire Apparatus.
Off-Road Use. Use of fire department vehicles in areas where there is a need to traverse steep
terrain or to cross natural hazards on or protruding from the ground.
Prerequisite Knowledge. Fundamental knowledge one must have in order to perform a specific
task.
Prerequisite Skills. The essential skills one must have in order to perform a specific task.
Pump Operator. The fire apparatus driver/operator who has met the requirements of Chapter 3
of this standard for the operation of apparatus equipped with an attack or fire pump.
Pumping System. A pump, the piping, and associated devices mounted permanently on a piece
of fire apparatus for the purpose of delivering a fire stream.
Shall. Indicates a mandatory requirement.
Task. A specific job behavior or activity.
Tiller Aerial Apparatus. A tractor-trailer aerial apparatus with a steering wheel connected to
the rear axle for maneuvering the rear portion of the apparatus.
Tiller Operator. The fire apparatus driver/operator who has met the requirements of Chapter 5.
Wildland Fire Apparatus. Apparatus intended primarily for response to wildland/vegetative
fires. These vehicles are expected to operate on a wide variety of surfaces, including off road.
These vehicles are equipped with fixed or portable pumps used to supply attack lines; however,
these pumps are generally of a capacity that does not put the vehicle into the classification of
attack or fire pump.
Chapter 2 General Requirements
2-1 General.
Prior to operating fire department vehicles, the fire apparatus driver/operator shall meet the job
performance requirements defined in Sections 2-2 through 2-3.
2-2 Preventive Maintenance.
2-2.1*
Perform routine tests, inspections, and servicing functions on the specified systems and
components listed below, given a fire department vehicle and its manufacturer’s specifications,
so that the operational status of the vehicle is verified.
(a) Battery(ies)
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(b) Braking system
(c) Coolant system
(d) Electrical system
(e) Fuel
(f) Hydraulic fluids
(g) Lubrication
(h) Oil
(i) Tires
(j) Steering system
(k) Belts
(l) Tools, appliances, and equipment.
2-2.2
Document the routine tests, inspections, and servicing functions, given maintenance and
inspection forms, so that all items are checked for proper operation and deficiencies are reported.
2-3 Driving/Operating.
2-3.1*
Operate a fire department vehicle, given a predetermined route on a public way that
incorporates the maneuvers and features specified below that the driver/operator is expected to
encounter during normal operations, so that the vehicle is safely operated in compliance with all
applicable state and local laws, departmental rules and regulations, and the requirements of
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, Section
4-2.
(a) 4 left and 4 right turns
(b) A straight section of urban business street or a 2-lane rural road at least 1 mile (1.6 km) in
length
(c) 1 through-intersection and 2 intersections where a stop has to be made
(d) 1 railroad crossing
(e) 1 curve, either left or right
(f) A section of limited-access highway that includes a conventional ramp entrance and exit
and a section of road long enough to allow 2 lane changes
(g) A downgrade steep enough and long enough to require down shifting and braking
(h) An upgrade steep enough and long enough to require gear changing to maintain speed
(i) 1 underpass or a low clearance or bridge.
2-3.1.1 Prerequisite Knowledge: The effects on vehicle control of (a) braking reaction time, (b)
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load factors, (c) general steering reactions, (d) speed, and (e) centrifugal force. Applicable laws
and regulations.
2-3.1.2 Prerequisite Skills: Safe vehicle operation and operation of passenger restraint devices.
2-3.2
Use automotive gauges and controls, given a fire department vehicle and manufacturer’s
specifications, so that the vehicle is operated within specifications.
2-3.2.1 Prerequisite Knowledge: Identification and operation of automotive gauges and proper
operation limits.
2-3.2.2 Prerequisite Skills: Operation of vehicle controls.
2-3.3*
Back a vehicle from a roadway into restricted spaces on both the right and left sides of the
vehicle, given a fire department vehicle, a spotter, and restricted spaces 12 ft (3.66 m) in width,
requiring 90-degree right- and left-hand turns from the roadway, so that the vehicle is parked
within the restricted areas without having to stop and pull forward and without striking
obstructions.
2-3.3.1 Prerequisite Knowledge: Vehicle dimensions and turning characteristics.
2-3.3.2 Prerequisite Skills: Use of mirrors for backing.
2-3.4*
Maneuver a vehicle around obstructions on a roadway while moving forward and in reverse,
given a fire department vehicle, a spotter for backing, and a roadway with obstructions, so that
the vehicle is maneuvered through the obstructions without stopping to change the direction of
travel and without striking the obstructions.
2-3.5*
Turn a fire department vehicle 180 degrees within a confined space, given a fire department
vehicle, a spotter for backing, and an area in which the vehicle cannot perform a U-turn without
stopping and backing up, so that the vehicle is turned 180 degrees without striking obstructions
within the given space.
2-3.6*
Maneuver a fire department vehicle in areas with restricted horizontal and vertical clearances,
given a vehicle and a course that requires the operator to move through areas of restricted
horizontal and vertical clearances, so that the operator accurately judges the ability of the vehicle
to pass through the openings and no obstructions are struck.
2-3.6.1 Prerequisite Skills: Judgment of vehicle clearances, front and back, height, and width.
2-3.7*
Operate a vehicle using defensive driving techniques under both emergency and
nonemergency conditions, given a fire department vehicle, so that control of the vehicle is
maintained.
2-3.7.1 Prerequisite Knowledge: Principles of skid avoidance, night driving, shifting and gear
patterns, negotiating railroad crossings and draw bridges, and weight and height limitations for
both roads and bridges.
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2-3.7.2 Prerequisite Skills: Safe vehicle operation during emergency and nonemergency
conditions, operation under adverse environmental or driving surface conditions.
2-3.8
Operate all systems and equipment on the vehicle, given manufacturer’s specifications and
instructions and departmental policies and procedures for the systems and equipment, so that
each system or piece of equipment is operated in accordance with the applicable instructions and
policies.
Chapter 3 Apparatus Equipped with an Attack or Fire Pump
3-1 General.
3-1.1*
The requirements of Fire Fighter I as specified in NFPA 1001, Standard for Fire Fighter
Professional Qualifications, and the job performance requirements defined in Sections 3-1
through 3-4 shall be met prior to certification as a fire department driver/operator-pumper.
3-1.2
Perform the specified routine tests, inspections, and servicing functions listed below, in
addition to those contained in 2-2.1, given a fire department pumper and its manufacturer’s
specifications, so that the operational status of the pumper is verified.
(a) Water tank and other extinguishing agent levels (if applicable)
(b) Pumping system
(c) Foam systems.
3-1.3*
Perform the practical driving exercises specified in 2-3.3 through 2-3.6, given a fire
department pumper and a spotter for backing, so that each exercise is performed safely without
striking the vehicle or obstructions.
3-1.4*
Position a fire department pumper to operate at a fire hydrant and static supply source utilizing
each existing pumper intake connection, given a pumper, a length of intake hose, and appropriate
fittings or tools, so that the intake hose can be connected, without kinks, to the pump connection
without repositioning the vehicle.
3-1.5*
Operate a fire department pumper over a predetermined route on a public way that
incorporates the maneuvers and features specified in 2-3.1, so that the vehicle is safely operated
in compliance with all applicable state and local laws, departmental rules and regulations, and
the requirements of NFPA 1500, Standard on Fire Department Occupational Safety and Health
Program, Section 4-2.
3-2 Water Supply.
3-2.1
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Ascertain the expected fire flow, given a specific location, a water source, and water supply
information for that location, so that the amount of water available for fire fighting at the
location is estimated and alternative sources of water are identified.
3-2.1.1 Prerequisite Knowledge: Components of municipal water distribution systems; problems
related to small-diameter or dead-end main, low-pressure and private water supply systems,
hydrant coding systems; and reliability of static sources.
3-3 Sprinklers and Standpipes.
3-3.1
Supply water to fire sprinkler and standpipe systems, given specific system information and a
fire department pumper, so that water is supplied to the system at the proper volume and
pressure.
3-3.1.1 Prerequisite Knowledge: Calculation of pump discharge pressure, hose layouts, location
of fire department connection, alternative supply procedures if fire department connection is not
usable, operating principles of sprinkler systems as defined in NFPA 13, Standard for the
Installation of Sprinkler Systems; NFPA 13D, Standard for the Installation of Sprinkler Systems
in One- and Two-Family Dwellings and Mobile Homes; and NFPA 13R, Standard for the
Installation of Sprinkler Systems in Residential Occupancies Up to and Including Four Stories in
Height; fire department operations in sprinklered properties as defined in NFPA 13E,
Recommendations for Fire Department Operations in Properties Protected by Sprinkler and
Standpipe Systems; and operating principles of standpipe systems as defined in NFPA 14,
Standard for the Installation of Standpipe and Hose Systems.
3-4 Operations.
3-4.1*
Produce effective hand or master streams, utilizing the sources specified below, so that the
pump is safely engaged, all pressure control and vehicle safety devices are set, the rated flow of
the nozzle is achieved, and the apparatus is continuously monitored for potential problems.
(a) Internal tank
(b) Pressurized source
(c) Static source.
3-4.1.1 Prerequisite Knowledge: Hydraulic calculations for friction loss and flow using both
written formulas and estimation methods. Safe operation of the pump.
3-4.1.2 Prerequisite Skills: Method(s) of power transfer from vehicle engine to pump, drafting
operations, operation of pumper pressure control systems, operation of the volume/pressure
transfer valve (multistage pumps only), operation of auxiliary cooling systems, and assembly of
hose lines, nozzles, valves, and appliances.
3-4.2
Pump a supply line of 21/2 in. (65 mm) or larger, given a relay pumping evolution, the length
and size of the line, desired flow and intake pressure, so that the proper pressure and flow are
provided to the next pumper in the relay.
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3-4.3
Produce a foam fire stream, given foam-producing equipment, so that properly proportioned
foam is provided.
3-4.4
Change water supply from the apparatus water tank to an external source, given a pumper with
an operating fire attack line of 11/2 in. (38 mm) or larger, so that the flow of water to the attack
line is not interrupted and the proper pressure is maintained.
Chapter 4 Apparatus Equipped with an Aerial Device
4-1 General.
4-1.1*
The requirements of Fire Fighter I as specified in NFPA 1001, Standard for Fire Fighter
Professional Qualifications, and the job performance requirements defined in Sections 4-1
through 4-2 shall be met prior to certification as a fire department driver/operator-aerial.
4-1.2
Perform the routine tests, inspections, and servicing functions listed below, in addition to those
specified in 2-2.1, given a fire department aerial apparatus, so that the operational readiness of
the aerial apparatus is verified.
(a) Cable systems (if applicable)
(b) Aerial device hydraulic systems
(c) Slides and rollers
(d) Stabilizing systems
(e) Aerial device safety systems
(f) Breathing air systems
(g) Communication systems.
4-1.3*
Perform the practical driving exercises specified in 2-3.3 through 2-3.6, given a fire
department aerial apparatus and a spotter for backing, so that each exercise is performed safely
without striking the vehicle or obstructions.
4-1.4*
Operate a fire department aerial apparatus over a predetermined route on a public way, using
the maneuvers specified in 2-3.1, so that the vehicle is safely operated in compliance with all
applicable state and local laws, departmental rules and regulations, and the requirements of
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, Section
4-2.
4-2 Operations.
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4-2.1
Maneuver and position an aerial apparatus, given an incident location, a situation description,
and an assignment, so that the apparatus is properly positioned for safe aerial device deployment.
4-2.1.1 Prerequisite Knowledge: Capabilities and limitations of aerial devices related to reach,
tip load, angle of inclination, and angle from chassis axis. Effects of topography, ground and
weather conditions on safe deployment, and use of the aerial device.
4-2.2
Stabilize an aerial apparatus, given a properly positioned vehicle and the manufacturer’s
recommendations, so that power can be transferred to the aerial device hydraulic system and the
device can be safely deployed.
4-2.2.1 Prerequisite Knowledge: Aerial apparatus hydraulic systems, manufacturer’s
specifications for stabilization, stabilization requirements, effects of topography and ground
conditions on safe stabilization.
4-2.2.2 Prerequisite Skills: Transfer of power from the vehicle’s engine to the hydraulic system,
operation of vehicle stabilization devices.
4-2.3
Maneuver and position the aerial device from each control station, given an incident location,
a situation description, and an assignment, so that the aerial device is properly positioned to
safely accomplish the assignment.
4-2.3.1 Prerequisite Knowledge: Aerial device hydraulic systems, hydraulic pressure relief
systems, gauges and controls, cable systems, communications systems, electrical systems,
emergency operating systems, locking systems, manual rotation and lowering systems,
stabilizing systems, aerial device safety systems, system overrides and the hazards of using
overrides, safe operational limitations of the given aerial device, safety procedures specific to the
device, and operations near electrical hazards and overhead obstructions.
4-2.3.2 Prerequisite Skills: Raising, rotating, extending, positioning to a specified location;
locking, unlocking, retracting, lowering, and bedding the aerial device.
4-2.4
Lower the aerial device using the emergency operating system so that the aerial device is
safely lowered to its bedded position.
4-2.5
Deploy and operate an elevated master stream, given a master stream device and desired flow,
so that the stream is effective and the device is operated safely.
4-2.5.1 Prerequisite Knowledge: Nozzle reaction, range of operation, weight limitations.
4-2.5.2 Prerequisite Skills: Connection of water supply to master stream device, manual or
remote control of elevated nozzle.
Chapter 5 Apparatus Equipped with a Tiller
5-1* General.
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The requirements of Fire Fighter I as specified in NFPA 1001, Standard for Fire Fighter
Professional Qualifications, and the job performance requirements defined in Section 5-2 shall
be met prior to certification as a fire department driver/operator-tiller.
5-2 Operations.
5-2.1*
Perform the practical driving exercises from the tiller position specified in 2-3.3 through 2-3.6,
given a fire department aerial apparatus equipped with a tiller and a spotter for backing, so that
each exercise is performed safely without striking the vehicle or obstructions.
5-2.2
Operate a fire department aerial apparatus equipped with a tiller from the tiller position over a
predetermined route on a public way, using the maneuvers specified in 2-2.1, so that the vehicle
is safely operated in compliance with all applicable state and local laws, departmental rules and
regulations, and the requirements of NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program, Section 4-2.
5-2.2.1 Prerequisite Knowledge: Principles of tiller operation, methods of communication with
driver.
5-2.2.2 Prerequisite Skill: Operation of the communication system between the tiller operator’s
position and the driver’s compartment.
5-2.3
Position a fire department aerial apparatus equipped with a tiller from the tiller position, given
the apparatus operating instructions, an incident location, a situation description, and an
assignment, so that the aerial device is properly positioned to safely accomplish the assignment.
5-2.3.1 Prerequisite Knowledge: Principles of positioning the aerial apparatus from the tiller
position.
Chapter 6 Wildland Fire Apparatus
6-1 General.
6-1.1
The job performance requirements defined in Sections 6-1 through 6-3 shall be met prior to
certification as a driver/operator-wildland fire apparatus.
6-1.2
Perform the specified routine tests, inspections, and servicing functions listed below, in
addition to those contained in 2-2.1, given a wildland fire apparatus and its manufacturer’s
specifications, so that the operational status is verified.
(a) Water tank and/or other extinguishing agent levels (if applicable)
(b) Pumping system
(c) Foam systems.

Copyright 1996 NFPA

6-1.3*
Perform the practical driving exercises specified in 2-3.3 through 2-3.6, given a wildland fire
apparatus, so that each exercise is performed safely without striking the vehicle or obstructions.
6-1.4*
Operate a wildland fire apparatus over a predetermined route on a public way that incorporates
the maneuvers and features specified in 2-3.1, so that the vehicle is safely operated in
compliance with all applicable state and local laws, departmental rules and regulations, and the
requirements of NFPA 1500, Standard on Fire Department Occupational Safety and Health
Program, Section 4-2.
6-1.5*
Operate a wildland fire apparatus, given a predetermined route off of a public way that
incorporates the following maneuvers and features that the driver/operator is expected to
encounter during normal operations, so that the vehicle is safely operated in compliance with all
applicable departmental rules and regulations, the requirements of NFPA 1500, Standard on Fire
Department Occupational Safety and Health Program, Section 4-2, and the design limitations of
the vehicle.
(a) Loose or wet soil
(b) Steep grades (30 percent fore and aft)
(c) Limited sight distance
(d) Blind curve
(e) Vehicle clearance obstacles (height, width, undercarriage)
(f) Limited space for turn around
(g) Side slopes (20 percent side to side).
6-2 Water Supply.
6-2.1
Ascertain the available water supply sources, given a specific location, an area map, and
available preincident information, so that the amount of water available for fire fighting at the
location is determined and alternative sources of water are identified.
6-2.1.1 Prerequisite Knowledge: Components of municipal and private water distribution
systems, map reading, alternative water supply sources.
6-3 Operations.
6-3.1*
Produce effective fire streams, utilizing the sources specified below, so that the pump is safely
engaged, all pressure-control and vehicle safety devices are set, the rated flow of the nozzle is
achieved, and the apparatus is continuously monitored for potential problems.
(a) Water tank
(b) Pressurized source
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(c) Static source.
6-3.1.1 Prerequisite Knowledge: Hydraulic calculations for friction loss and flow using both
written formulas and estimation methods. Safe operation of the pump, proper apparatus
placement, and personal safety considerations.
6-3.1.2 Prerequisite Skills: Method(s) of providing power to the pump, drafting operations,
operation of pumper pressure-control systems, operation of the volume/pressure transfer valve
(multistage pumps only), operation of auxiliary cooling systems, and assembly of hose lines,
nozzles, and valves and appliances.
6-3.2
Pump a supply line, given a relay pumping evolution, the length and size of the line, and flow
and desired intake pressure, so that adequate intake pressures and flow are provided to the next
pumper in the relay.
6-3.3
Produce a foam fire stream, given foam-producing equipment, so that the proper proportion of
foam is provided.
Chapter 7 Aircraft Rescue and Fire Fighting Apparatus
7-1 General.
7-1.1*
The requirements of Fire Fighter I as specified in NFPA 1001, Standard for Fire Fighter
Professional Qualifications, and the job performance requirements defined in Sections 7-1
through 7-3 shall be met prior to certification as a fire department driver/operator-aircraft rescue
and fire fighting apparatus (ARFF).
7-1.2*
Perform the routine tests, inspections, and servicing functions specified below, in addition to
those contained in 2-2.1, given an aircraft rescue and fire fighting vehicle and the manufacturer’s
servicing, test, and inspection criteria, so that the operational status of the vehicle is verified.
(a) Agent dispensing systems
(b) Secondary extinguishing systems.
7-1.3*
Perform the practical driving exercises specified in 2-3.3 through 2-3.6, given an aircraft
rescue and fire fighting vehicle and a spotter for backing, so that each exercise is performed
safely without striking the vehicle or obstructions.
7-1.4
Operate an aircraft rescue and fire fighting vehicle, given a predetermined route on an airport
that includes the maneuvers listed in 2-3.1, and operation on a taxiway, a runway, and in an
aircraft parking area, so that the vehicle is safely operated in compliance with all applicable
federal, state/provincial and local laws, departmental rules and regulations, and the requirements
of NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, Section
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4-2.
7-1.5*
Operate an aircraft rescue and fire fighting apparatus, given a predetermined route, off of an
improved surface that incorporates the maneuvers and features specified below that the
driver/operator is expected to encounter during normal operations, so that the vehicle is safely
operated in compliance with all applicable departmental rules and regulations, the requirements
of NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, Section
4-2, and the design limitations of the vehicle.
(a) Loose or wet soil
(b) Steep grades (30 percent fore and aft)
(c) Limited sight distance
(d) Vehicle clearance obstacles (height, width, undercarriage)
(e) Limited space for turn around
(f) Side slopes (20 percent side to side).
7-2 Water and Extinguishment Agent Supply.
Determine the length of time an extinguishing agent will be available, given the rate of
discharge and total agent supply for an ARFF vehicle, so that the calculations are accurate for
each available agent using both internal and external water supplies.
7-3* Operations.
Produce a fire stream, given a rate of discharge and water supplied from the sources specified
below, so that the pump is safely engaged, the turrets are deployed, the agent is delivered to the
intended target at the proper rate, and the apparatus is continuously monitored for potential
problems.
(a) The internal tank
(b) Pressurized source
(c) Static source.
7-3.1
Prerequisite Knowledge: Principles of agent management and application, effects of terrain
and wind on agent application, turret capabilities and limitations, tower light signals, airport
markings, aircraft recognition, aircraft danger areas, theoretical critical fire area and practical
critical fire area, aircraft entry and egress points, and proper apparatus placement.
7-3.2
Prerequisite Skills: Method(s) of providing power to the pump.
7-3.3
Produce a fire stream while the vehicle is in both forward and reverse power modulation, given
a discharge rate and intended target, so that the pump is safely engaged, the turrets are deployed,
the agent is delivered to the intended target at the proper rate, and the apparatus is safely moved
and continuously monitored for potential problems.
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7-3.4
Maneuver and position an ARFF vehicle, given an incident location and description that
involves the largest aircraft that routinely uses the airport, so that the vehicle is properly
positioned for safe operation at each operational position for the aircraft.
7-3.4.1 Prerequisite Skills: Vehicle positioning for fire fighting and rescue operations.
Chapter 8 Referenced Publications
8-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
8-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 13, Standard for the Installation of Sprinkler Systems, 1991 edition.
NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and Two-Family
Dwellings and Mobile Homes, 1991 edition.
NFPA 13E, Recommendations for Fire Department Operations in Properties Protected by
Sprinkler and Standpipe Systems, 1989 edition.
NFPA 13R, Standard for the Installation of Sprinkler Systems in Residential Occupancies Up
to and Including Four Stories in Height, 1991 edition.
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1993 edition.
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1901, Standard for Pumper Fire Apparatus, 1991 edition.
NFPA 1903, Standard for Mobile Water Supply Fire Apparatus, 1991 edition.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-2
The purpose of this standard is not to mandate that all fire apparatus driver/operators meet the
requirements of all chapters of this standard. Personnel should meet only those provisions that
pertain to the types of apparatus they will be expected to drive and operate.
A-1-3.2
Although the frequency of the medical evaluation is not specified, it is recommended that the
medical evaluation be made on at least an annual basis.
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A-1-3.3
It is the committee’s intent that this standard be applied to all fire department vehicles. Drivers
of vehicles not specifically addressed in Chapters 3 through 7, e.g., staff or command vehicles,
rescue or utility vehicles, buses, etc., are expected to meet the requirements of Chapter 2.
Agencies operating unique or special vehicles, e.g., tractors, bulldozers, cranes, graders, etc.,
should develop job performance requirements and training programs for those vehicles.
A-1-3.9
It is recommended that evaluators be individuals who were not directly involved as instructors
for the requirement being evaluated.
A-1-3.12
The maneuvers and features specified for this job performance requirement include driving
situations that the committee has determined to be essential. The committee recognizes that each
of these situations may not exist in all areas. Where this occurs, those specific requirements may
be omitted. It should not be assumed that all these vehicles are wheel drive.
A-1-4
Action verbs used in the job performance requirements in this document are based on the first
definition of the verb found in Webster’s Third New International Dictionary of the English
Language.
A-2-2.1
Routine tests, inspections, and servicing functions should be performed on a daily, weekly,
monthly, or other periodic basis as determined by departmental policy. The specifications
provided by the manufacturer for these functions should be followed.
A-2-3.1
The maneuvers and features specified for this job performance requirement include driving
situations that the committee has determined to be essential. The committee recognizes that each
of these situations may not exist in all areas. Where this occurs, those specific requirements may
be omitted.
A-2-3.3
The alley dock exercise may be used as practice for or in the evaluation of this requirement.
This exercise measures a driver’s ability to drive past a simulated dock or stall, back the
apparatus into the space provided, and stop smoothly. A dock or stall can be simulated by
arranging barricades 40 ft (12.2 m) from a boundary line. These barricades should be 12 ft (3.66
m) apart, and the length should be approximately 20 ft (6.1 m). The driver should pass the
barricades with the dock on the left and then back the apparatus, using a left turn, into the stall.
The exercise should then be repeated with the dock on the right side, using a right turn. [See
Figure A-2-3.3(a).]
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Figure A-2-3.3(a) Alley dock exercise.

The apparatus station parking maneuver may also be used as practice for or in the evaluation
of this requirement. This exercise measures the driver’s ability to back the apparatus into a fire
station to park, or to back the apparatus down a street to reverse the direction of travel. An
engine bay can be simulated by allowing for a 20-ft (6.1-m) minimum setback from a street 30 ft
(9 m) wide, with a set of barricades at the end of the setback, spaced 12 ft (3.66 m) apart to
simulate the garage door. The setback from the street should be determined by the testing agency
to ensure that the distances reflect those encountered by the apparatus driver during the normal
course of duties. A marker placed on the ground should indicate to the operator the proper
position of the left front tire of the vehicle once stopped and parked. A straight line may be
provided to assist the operator while backing the apparatus, facilitating the use of vehicle
mirrors. The minimum depth distance is determined by the total length of the vehicle. [See
Figure A-2-3.3(b).]
NOTE: For large vehicles, such as ARFF apparatus, this course may need to be modified.

Figure A-2-3.3(b) Station parking procedure drill.

A-2-3.4
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The serpentine exercise may be used as practice for or in the evaluation of this requirement.
This exercise measures a driver’s ability to steer the apparatus in close limits without stopping.
The exercise should be conducted with the apparatus moving first backward, then forward. The
course or path of travel for this exercise can be established by placing a minimum of 3 markers,
each spaced between 30 ft (9 m) and 38 ft (12 m) apart, in a line. The spacing of the markers
should be based on the wheel base of the vehicle used. Adequate space must be provided on each
side of the markers for the apparatus to move freely. The driver should drive the apparatus along
the left side of the markers in a straight line and stop just beyond the last marker. The driver then
should back the apparatus between the markers by passing to the left of marker No. 1, to the
right of marker No. 2, and to the left of marker No. 3. At this point, the driver should stop the
vehicle and then drive it forward between the markers by passing to the right of marker No. 3, to
the left of marker No. 2, and to the right of marker No. 1. (See Figure A-2-3.4.)
NOTE: For large vehicles, such as ARFF apparatus, this course may need to be modified.

Figure A-2-3.4 Serpentine exercise.

A-2-3.5
The confined space turnaround may be used as practice for or in the evaluation of this
requirement. This exercise measures the driver’s ability to turn the vehicle around in a confined
space without striking obstacles. The turn is accomplished within an area 50 ft × 100 ft (15.25 m
× 30.5 m). The driver moves into the area from a 12-ft (3.66-m) opening in the center of one of
the 50-ft (15.25-m) legs, turns the vehicle 180 degrees, and returns through the opening. There is
no limitation on the number of times the driver has to maneuver the vehicle to accomplish this
exercise, but no portion of the vehicle should extend over the boundary lines of the space. (See
Figure A-2-3.5.)
NOTE: For large vehicles, such as ARFF apparatus, this course may need to be modified.
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Figure A-2-3.5 Confined space turnaround.

A-2-3.6
The diminishing clearance exercise may be used as practice for or in the evaluation of this
requirement. This exercise measures a driver’s ability to steer the apparatus in a straight line, to
judge distances from wheel to object, and to stop at a finish line. The speed at which a driver
should operate the apparatus is optional, but it should be great enough to necessitate quick
judgment. This exercise is to be performed both forward and in reverse with a spotter. The
course for this exercise is created by arranging 2 rows of markers to form a lane 75 ft (22.9 m)
long. The lane varies in width from 9 ft 6 in. (2.9 m) to a diminishing clearance of 8 ft 2 in. (2.5
m). The driver should maneuver the apparatus through this lane without touching the markers.
The vehicle should be stopped at a finish line 50 ft (15.25 m) beyond the last marker. No portion
of the vehicle should protrude beyond this line. Vertical clearance judgment should be evaluated
using a prop with a crossbar that is adjustable, based on the vehicle height. During the
evaluation, the driver should drive forward and back through the prop with the crossbar at
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several differing heights, including one that is lower than the top of the vehicle. The prop should
not be struck. The intent of the vertical clearance judgment is for proper identification of the
furthermost point in the form of the apparatus. In situations where the apparatus is gaining entry
to roadways or limited-height areas, the driver/operator must allow appropriate space ahead of
the apparatus in order to avoid striking objects, or extending apparatus into traffic lanes. (See
Figure A-2-3.6.)
NOTE: For large vehicles, such as ARFF apparatus, this course may need to be modified.

Figure A-2-3.6 Diminishing clearance exercise.

A-2-3.7
Emergency driving simulation should be restricted to a driving track or similar controlled area.
Emergency driver training should not be conducted on public ways. For more information, see
49 CFR Part 383, Commercial Driver’s License Standards: Requirements and Penalties, Section
383.110, page 29.
A-3-1.1
The requirements of Chapters 3, 4, 5, and 7 specify that the candidate shall meet the
requirements of Fire Fighter I as specified in NFPA 1001, Standard for Fire Fighter
Professional Qualifications, before certification as a fire apparatus driver/operator. This means
that the individual applying for certification as a fire apparatus driver/operator has met all of the
objectives in Chapters 1, 2, and 3 of NFPA 1001. These objectives include further requirements
in areas such as fire hose, nozzles, and appliances; fire streams; water supplies; and sprinklers.
These are in addition to the requirements of this standard. Any fire fighter who has already been
certified as a Fire Fighter I should review the requirements of the referenced chapters of NFPA
1001, as the candidate may be tested on the requirements included therein.
A-3-1.3
See A-2-3.3 through A-2-3.6.
A-3-1.4
The hydrant or water source spotting exercise may be used as practice for or in the evaluation
of this requirement. This exercise measures the driver’s ability to spot the pumper at a hydrant
for pumping operations that require soft or hard intake hose to be hooked from the pumper
connections to the water source.
A hydrant located along a street utilizing a set of barricades set 15 ft (4.6 m) on each side of
the hydrant to simulate parked vehicles can be used. The driver should be able to position the
pumper and complete the hydrant to pump connections on the left side, right side, and front or
rear (if so configured) without having kinks in the soft intake hose, moving the barricades, or
repositioning the pumper.
A rural scenario would require that the driver position the pumper to a portable water tank and
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deploy a hard intake from the left, right, and front or rear (if applicable) pump connections.
An additional rural scenario would require the driver to position the pumper to perform
drafting operations from a pond, lake, or stream.
A-3-1.5
See A-2-3.1.
A-3-4.1
Pressurized sources include:
(a) Connection to a hydrant
(b) Supply line from another pumping source.
A-4-1.1
See A-3-1.1.
A-4-1.3
See A-2-3.3 through A-2-3.6.
A-4-1.4
See A-2-3.1.
A-5-1
See A-3-1.1.
A-5-2.1
See A-2-3.3 through A-2-3.6.
A-6-1.3
See A-2-3.3 through A-2-3.6.
A-6-1.4
See A-2-3.1.
A-6-1.5
See A-2-3.1.
A-6-3.1
Pressurized sources include:
(a) Connection to a hydrant
(b) Supply line from another pumping source.
A-7-1.1
See A-3-1.1.
A-7-1.2
(a) An agent dispensing system is the PRIMARY fire suppression agent carried on ARFF
vehicles and usually is AFFF.
(b) A secondary extinguishing system is a separate system, totally independent of the primary.
It includes Halon 1211 (its future replacement), dry chemical, and other such systems used for
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specific types of aircraft associated fires.
A-7-1.3
See A-2-3.3 through A-2-3.6.
A-7-1.5
See A-2-3.1.
A-7-3
Pressurized sources include:
(a) Connection to a hydrant
(b) Supply line from another pumping source.
Appendix B Referenced Publications
B-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
B-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 402M, Manual for Aircraft Rescue and Fire Fighting Operations, 1991 edition.
NFPA 403, Standard for Aircraft Rescue and Fire Fighting Services at Airports, 1993 edition.
NFPA 407, Standard for Aircraft Fuel Servicing, 1990 edition.
NFPA 409, Standard on Aircraft Hangars, 1990 edition.
NFPA 414, Standard for Aircraft Rescue and Fire Fighting Vehicles, 1990 edition.
NFPA 419, Guide for Master Planning Airport Water Supply Systems for Fire Protection,
1992 edition.
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition.
NFPA 1902, Standard for Initial Attack Fire Apparatus, 1991 edition.
NFPA 1904, Standard for Aerial Ladder and Elevating Platform Fire Apparatus, 1991 edition.
NFPA 1914, Standard for Testing Fire Department Aerial Devices, 1991 edition.
NFPA 1921, Standard for Fire Department Portable Pumping Units, 1993 edition.
NFPA 1931, Standard on Design of and Design Verification Tests for Fire Department
Ground Ladders, 1989 edition.
Engine Company Fireground Operations, 2nd edition, Harold Richman, 1986.
Fire Command, Alan Brunacini, 1985.
Fire Department Pumper Tests and Fire Stream Tables, 9th edition, 1981.
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Fire Protection Handbook, 17th edition, 1991.
Fire Terms, Burklin and Purington, 1980.
Hydraulics for Fire Protection, Harry E. Hickey, 1980.
Truck Company Fireground Operations, 2nd edition, Harold Richman, 1986.
B-1.2 Other Publications.
B-1.2.1 American Association of State Highway and Transportation Officials, Suite 225, 444
North Capitol Street, N.W., Washington, DC 20001, A Policy on Geometric Design of Highways
and Streets, 1984.
B-1.2.2 U.S. Government Publication. Federal Highway Administration, Commercial Driver’s
License Standards: Requirements and Penalties, 49 CFR Part 383, Revised June 22, 1990.
B-1.2.3 Fire Protection Publications, Oklahoma State University, Stillwater, OK 74074.
Fire Department Aerial Apparatus, 1st edition, 1991.
Fire Department Pumping Apparatus, 7th edition, 1989.
Fire Stream Practices, 7th edition, 1989.
Hose Practices, 7th edition, 1988.
Water Supplies for Fire Protection, 4th edition, 1988.
Fire Service Ground Ladder Practices, 8th edition, 1984.
B-1.2.4 McGraw-Hill, Inc., Standard Handbook for Civil Engineers, 1976.
B-1.2.5 United States Fire Administration, Emergency Vehicle Driver Training, FA-110,
September 1991.
B-1.2.6 Webster’s Third New International Dictionary of the English Language.
Appendix C
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
Explanation of the Standards and Concepts of JPRs
The primary benefit of establishing national professional qualification standards is to provide
both public and private sectors with a framework of the job requirements for the fire service.
Other benefits include enhancement of the profession, individual as well as organizational
growth and development, and standardization of practices.
NFPA professional qualification standards identify the minimum job performance
requirements for specific fire service positions. The standards may be used for training design
and evaluation, certification, measuring and critiquing on-the-job performance, defining hiring
practices, and setting organizational policies, procedures, and goals (other applications are
encouraged).
Professional qualification standards for a specific job are organized by major areas of
responsibility defined as duties. For example, the fire fighter’s duties may include fire
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suppression, rescue, and water supply; and the Public Fire Educator’s duties may include
education, planning and development, and administration. Duties are major functional areas of
responsibility within a job.
The professional qualification standards are written as job performance requirements (JPRs).
Job performance requirements describe the performance required for a specific job. JPRs are
grouped according to the duties of a job. The complete list of JPRs for each duty defines what an
individual must be able to do in order to successfully perform that duty. Together, the duties and
their JPRs define the job parameters; that is, the professional qualification standard as a whole is
a job description.
Breaking Down the Components of a Job Performance Requirement
The job performance requirement is the assembly of three critical components. These
components are as follows:
(1) Task to be performed.
(2) Tools, equipment, or materials that must be provided to successfully complete the task.
(3) Evaluation parameters and/or performance outcomes.
Example
(1) Task

(1) Ventilate a pitched roof;

(2) Tools, equipment, or materials (2) Given an ax, a pike pole, an
extension ladder, and a roof
ladder;
(3) Evaluation parameters and
performance outcomes

(3) So that a 4-ft × 4-ft hole is
created, all ventilation barriers are
removed; ladders are properly
positioned for ventilation;
ventilation holes are correctly
placed; and smoke, heat, and
combustion by-products are
released from the structure.

The task to be performed: The first component is a concise statement of what the person is
supposed to do.
Tools, equipment, or materials that must be provided to successfully complete the task: This
component ensures that all individuals completing the task are given the same minimal tools,
equipment, or materials when being evaluated. By listing these items, the performer and
evaluator know what must be provided in order to complete the task.
Evaluation parameters and/or performance outcomes: This component defines how well one
must perform each task—for both the performer and evaluator. The JPR guides performance
outcomes. This portion of the JPR promotes consistency in evaluation by reducing the variables
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used to gauge performance.
In addition to these three components, the JPR contains prerequisite knowledge and skills. Just
as the term prerequisite suggests, these are the necessary knowledge and skills one must have
prior to being able to perform the task. Prerequisite knowledge and skills are the foundation for
task performance.
Once the components and prerequisites are put together, the JPR might read as follows:
Example 1:
The Fire Fighter I shall ventilate a pitched roof, given an ax, a pike pole, an extension ladder,
and a roof ladder; so that a 4-ft × 4-ft hole is created; all ventilation barriers are removed; ladders
are properly positioned for ventilation; and ventilation holes are correctly placed.
Prerequisite Knowledge: Pitched roof construction, safety considerations with roof ventilation,
the dangers associated with improper ventilation, knowledge of ventilation tools, the effects of
ventilation on fire growth, smoke movement in structures, signs of backdraft, and the knowledge
of vertical and forced ventilation.
Prerequisite Skills: Remove roof covering; properly initiate roof cuts; use the pike pole to
clear ventilation barriers; use ax properly for sounding, cutting, and stripping; position ladders;
and climb and position self on ladder.
Example 2:
The Fire Investigator shall interpret burn patterns, given standard equipment and tools and
some structural/content remains, so that each individual pattern is evaluated with respect to the
burning characteristics of the material involved.
Prerequisite Knowledge: Knowledge of fire development and the interrelationship of heat
release rate, form, and ignitability of materials.
Prerequisite Skill: Interpret the effects of burning characteristics on different types of
materials.
Examples of Potential Uses
Certification:
JPRs can be used to establish the evaluation criteria for certification at a specific job level.
When used for certification, evaluation must be based on the successful completion of JPRs.
First, the evaluator verifies the attainment of prerequisite knowledge and skills prior to JPR
evaluation. This might be through documentation review or testing.
Next, the candidate is evaluated on completing the JPRs. The candidate performs the task and
is evaluated based on the evaluation parameters and/or performance outcomes. This
performance-based evaluation can be either practical (for psychomotor skills* such as “ventilate
a roof”) or written (for cognitive skills* such as “interpret burn patterns”).
Using Example 1, a practical performance-based evaluation would measure the ability to
“ventilate a pitched roof.” The candidate passes this particular evaluation if the standard was
met, i.e., a 4-ft × 4-ft hole was created; all ventilation barriers were removed; ladders were
properly positioned for ventilation; ventilation holes were correctly placed; and smoke, heat, and
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combustion by-products were released from the structure.
For Example 2, when evaluating the task “interpret burn patterns,” the candidate could be
given a written assessment in the form of a scenario, photographs, and drawings and then be
asked to respond to specific written questions related to the JPRs evaluation parameters.
* NOTE: Psychomotor skills are those physical skills that can be demonstrated or observed. Cognitive skills
(or mental skills) cannot be observed, but rather are evaluated on how one completes the task (process
oriented) or on the task outcome (product oriented).

Remember, when evaluating performance, candidates must be given the tools, equipment, or
materials listed in the JPR before they can be properly evaluated, e.g., an ax, a pike pole, an
extension ladder, and a roof ladder.
Curriculum Development/Training Design and Evaluation:
The statements contained in this document that refer to job performance were designed and
written as job performance requirements. While a resemblance to instructional objectives may be
present, these statements should not be used in a teaching situation until after they have been
modified for instructional use.
Job performance requirements state the behaviors required to perform specific skill(s) on the
job, as opposed to a learning situation. These statements should be converted into instructional
objectives with behaviors, conditions, and standards that can be measured within the
teaching/learning environment. A job performance requirement that requires a fire fighter to
“ventilate a pitched roof” should be converted into a measurable instructional objective for use
when teaching the skill. (See Figure C-1.)
Using Example 1, a terminal instructional objective might read as follows:
The candidate will ventilate a pitched roof, given a simulated roof, an ax, a pike pole, an
extension ladder, and a roof ladder, so that 100 percent accuracy is attained on a skills checklist.
(At a minimum, the skills checklist should include each of the measurement criteria from the
JPR.)
Figure C-2 is a sample checklist for use in evaluating this objective.
While the differences between job performance requirements and instructional objectives are
subtle in appearance, the purpose of each statement differs greatly. JPRs state what is necessary
to perform the job in the “real world.” Instructional objectives, however, are used to identify
what students must do at the end of a training session and are stated in behavioral terms that are
measurable in the training environment.
By converting JPRs into instructional objectives, instructors will be able to clarify
performance expectations and avoid confusion related to using statements designed for purposes
other than teaching. Additionally, instructors will be able to add local/state/regional elements of
performance into the standards as intended by the developers.
Prerequisite skills and knowledge should be converted into enabling objectives. These help to
define the course content. The course content should include each of the prerequisite knowledge
and skills. Using Figure C-2, the enabling objectives are pitched roof construction, safety
considerations with roof ventilation, remove roof covering, properly initiate roof cuts, etc. These
ensure that the course content supports the terminal objective.
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NOTE: It is assumed that the reader is familiar with curriculum development or training design and evaluation.

Other Uses
While the professional qualifications standards are principally used to guide the development
of training and certification programs, there are a number of other potential uses for these
documents. Because they are written in JPR terms, they lend themselves well to any area of the
profession where a level of performance or expertise must be determined. Such areas might
include:
Employee Evaluation/Performance Critiquing. The JPRs can be used as a guide by both the
supervisor and the employee during an evaluation. The JPRs for a specific job define tasks that
are essential to perform on the job, as well as the evaluation criteria to measure when those tasks
are completed.
Establishing Hiring Criteria. Professional qualifications standards may be used in a number
of ways to further the establishment of hiring criteria. The Authority Having Jurisdiction might
simply require certification at a specific job level, e.g., Fire Fighter I. The JPRs might also be
used as the basis for pre-employment screening by establishing essential minimal tasks and the
related evaluation criteria. An added benefit is that individuals interested in employment can
work toward the minimal hiring criteria at local colleges.
Employee Development. The professional qualifications standards can be useful to both the
employee and the employer in developing a plan for the individual’s growth within the
organization. The JPRs and the associated prerequisite skills and knowledge can be used as a
guide to determine additional training and education required for the employee to master the job
or profession.
Succession Planning. Succession planning or career pathing addresses the efficient placement
of people into jobs in response to current needs and anticipated future needs. A career
development path can be established for targeted individuals to prepare them for growth within
the organization. The JPRs and prerequisite knowledge and skills could then be used to develop
an educational path to aid in the individual’s advancement within the organization or profession.
Establishing Organizational Policies, Procedures, and Goals. The JPRs can be incorporated
into organizational policies, procedures, and goals where employee performance is addressed.
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Figure C-1 Converting JPRs into instructional objectives.

Figure C-2 Skills checklist.
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Origin and Development of NFPA 1003
In 1972, the Joint Council of National Fire Service Organizations (JCNFSO) created the
National Professional Qualifications Board for the Fire Service (NPQB) to facilitate the
development of nationally applicable performance standards for uniformed fire service
personnel. On December 14, 1972, the Board established four technical committees to develop
those standards using the National Fire Protection Association (NFPA) standards-making
system. The initial committees addressed the following career areas: fire fighter, fire officer, fire
service instructor, and fire inspector and investigator.
The Committee on Fire Fighter Professional Qualifications met regularly from 1976 to 1978 to
produce the first edition of this document. Adopted by the Association in 1978, NFPA 1003 was
the third in the series of fire fighter professional qualifications standards.
Subsequent to the adoption of the initial edition, the committee has met regularly to revise and
update the standard. A revised edition was adopted and issued by the NFPA under the auspices
of the NPQB in 1987.
The original concept of the professional qualification standards, as directed by the JCNFSO
and the NPQB, was to develop an interrelated set of performance standards specifically for the
fire service. The various levels of achievement in the standards were to build upon each other
within a strictly defined career ladder. In the late 1980s, revisions of the standards recognized
that the documents should stand upon their own merit in terms of job performance requirements
for a given field. Accordingly, the strict career ladder concept was abandoned, except for the
progression from fire fighter to fire officer. The later revisions, therefore, facilitated the use of
the documents by other than the uniformed fire services.
In 1990, responsibility for the appointment of professional qualifications committees and the
development of the professional qualifications standards was assumed by the NFPA.
The Correlating Committee for Professional Qualifications Standards was appointed by the
NFPA Standards Council in 1990 and assumed the responsibility for coordinating the
requirements of all of the professional qualifications documents.
The intent of the technical committee was to develop clear and concise job performance
requirements that can be used to determine that an individual, when measured to the standard,
possesses the skills and knowledge to perform as an airport fire fighter. The committee further
contends that these job performance requirements can be used in any fire department in any city,
town, or private organization throughout North America.
The Technical Committee would like to thank the members of the Airport Fire Fighter Task
Group who provided them with valuable time and expertise in the development of this document.
These individuals are Hugh Pike, Chair; Collin DeWitt; George Hall; Paul Robinson; and Wayne
Sibley.
Technical Correlating Committee on Professional Qualifications
Douglas P. Forsman, Chair
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Oklahoma State University, OK
Jon C. Jones, Secretary
Nat’l Fire Protection Assn., MA
(Nonvoting)
Louis J. Amabili, Delaware State Fire School, DE
Rep. T/C on Officer Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
Stephen P. Austin, State Farm Fire & Casualty Co., DE
Rep. T/C on Investigator Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
Dan W. Bailey, USDA Forest Service, MT
Rep. T/C on Wildfire Suppression Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
David T. Endicott, Prince William Cnty Fire & Rescue Service, VA
Rep. T/C on Fire Fighter Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
Jerry Laughlin, Alabama Fire College, AL
Jack K. McElfish, Clayton Cnty Fire Dept., GA
Rep. Int’l Assn. of Fire Chiefs
Robert McKeon, Occum Volunteer Fire/Ambulance Dept., CT
Rep. Nat’l Volunteer Fire Council
Gerald Monigold, Illinois Fire Service Inst., IL
Rep. T/C on Instructor Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
Mary Nachbar, Minnesota State Fire Marshal Division, MN
Rep. T/C on Educator Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
William E. Peterson, Plano Fire Dept., TX
Rep. T/C on Inspector Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
Ted Vratny, Boulder Regional Communications Center, CO
Rep. T/C on Telecommunicator Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
John P. Wolf, University of Kansas, KS
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Rep. T/C on Accreditation and Certification
(Vote limited to Professional Qualifications System Mgmt.)
Committee Scope: This Committee shall have primary responsibility for the management of the
NFPA Professional Qualifications Project and documents related to professional qualifications for
fire service, public safety, and related personnel.

Technical Committee on Fire Fighter Professional Qualifications
Gene P. Carlson, Chair
Oklahoma State University, OK
Rep. Int’l Fire Service Training Assn.
Steve Willis, Secretary
MFTE/SMTC, ME
Rep. Int’l Society of Fire Service Instructors
William Anderson, Carlsbad Fire Dept., CA
Brenda Berkman, New York City Fire Dept., NY
James J. Boyle, Uniformed Firefighters Assn., NY
Thomas Cagle, Salem NH Fire Dept., NH
Robert J. Cantwell, Phoenix Fire Dept., AZ
Jack Casner, CT Interlocal Risk Mgmt. Agency (CIRMA)
David T. Endicott, Prince William Cnty Fire & Rescue Service, VA
R. Wayne Jordan, Commission on Fire Protection Personnel Standards, KY
Gary R. Long, Adelanto Fire Dept., CA
Rep. NFPA Fire Service Section
Hugh A. Pike, U.S. Air Force Fire Protection, FL
James F. Rackl, U.S. Air Force, CO
Tom Ruane, Illinois Fire Service Institute, IL
Michael A. Wieder, Oklahoma State University, OK
Rep. FSP
Michael L. Young, Volunteer Firemen’s Insurance Services, Inc., PA
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Alternates
William E. Clark, St. Petersburg, FL
(Alt. D. T. Endicott)
Ronald C. Cody, Redondo Beach Fire Dept., CA
(Alt. to M. A. Wieder)
Scott L. Davidson, Volunteer Firemen’s Insurance Services, Inc., PA
(Alt. to M. L. Young)
Collin De Witt, Phoenix Fire Dept., AZ
(Alt. to R. J. Cantwell)
Terese M. Floren, Women in the Fire Service, WI
(Alt. to B. Berkman)
Ted J. Pagels, City of De Pere, WI
(Alt. to S. Willis)
Jon C. Jones, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on
professional competence required of fire fighters.

NFPA 1003
Standard for
Airport Fire Fighter Professional Qualifications
1994 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 4 and Appendix D.

Chapter 1 Administration
1-1 Scope.
This standard identifies the minimum job performance requirements for the airport fire fighter
responsible for aircraft rescue and fire fighting.
1-2 Purpose.
The purpose of this standard is to specify the minimum job performance requirements for
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service as an airport fire fighter. It is not the intent of this standard to restrict any jurisdiction
from exceeding these minimum requirements.
1-3 General.
1-3.1*
For certification as an airport fire fighter, the candidate shall meet the requirements for Fire
Fighter I defined in Chapter 3 of NFPA 1001, Standard for Fire Fighter Professional
Qualifications; first responder operational level defined in Chapter 3 of NFPA 472, Standard for
Professional Competence of Responders to Hazardous Materials Incidents; and the job
performance requirements for airport fire fighter defined in Chapter 3 of this standard. Airport
fire fighters who drive aircraft rescue and fire fighting (ARFF) vehicles shall meet the
requirements of Chapter 7 of NFPA 1002, Standard for Fire Department Vehicle
Driver/Operator Professional Qualifications.
1-3.2
Job performance requirements shall be safely completed in accordance with recognized
practices and procedures. All applicable occupational safety and health requirements of the
jurisdiction shall be met.
1-3.3
Job performance requirements defined by this standard shall be evaluated by individuals
approved by the authority having jurisdiction. Evaluators shall be individuals who were not
involved as instructors for the requirement being evaluated.
1-3.4
It is not required for the job performance requirements to be mastered in the order in which
they appear. The local, state/provincial, or federal training program shall establish the
instructional priority and the training program content to prepare individuals to meet the job
performance requirements of this standard.
1-3.5
Job performance requirements involving exposure to products of combustion outside of the
ARFF vehicle shall be performed in full protective clothing.
1-4* Definitions.
Aircraft Accident. An occurrence during the operation of an aircraft in which any person
involved suffers death or serious injury or in which the aircraft receives substantial damage.
Aircraft Incident. An occurrence other than an accident, associated with the operation of an
aircraft, that affects or could affect continued safe operation if not corrected. An incident does
not result in serious injury to persons or substantial damage to aircraft.
Airport Fire Fighter. The Fire Fighter I who has demonstrated the skills and knowledge
necessary to function as an integral member of an aircraft rescue and fire fighting (ARFF) team
as defined in Chapter 3.
Approved. Acceptable to the authority having jurisdiction.
NOTE: The National Fire Protection Association does not approve, inspect, or certify any installations,
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procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations, procedures, equipment, or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure, or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations that is in a
position to determine compliance with appropriate standards for the current production of listed items.

Authority Having Jurisdiction. The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner, since
jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is primary, the
authority having jurisdiction may be a federal, state, local, or other regional department or individual such as a
fire chief; fire marshal; chief of a fire prevention bureau, labor department, or health department; building
official; electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the authority having
jurisdiction. In many circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or departmental official may
be the authority having jurisdiction.

Fire Department. An organization providing rescue, fire suppression, and related activities.
The term “fire department” shall include any public, governmental, private, industrial, or
military organization engaging in this type of activity.
Job Performance Requirement. A statement that describes a specific job task, lists the items
necessary to complete the task, and defines measurable or observable outcomes and evaluation
areas for the specific task.
Prerequisite Knowledge. Fundamental knowledge one must have in order to perform a specific
task.
Prerequisite Skills. The essential skills one must have in order to perform a specific task.
Protective Clothing. Approved proximity protective clothing, including SCBA, providing full
body protection.
Shall. Indicates a mandatory requirement.
Task. A specific job behavior or activity.
1-5 Units.
In this standard, values for measurement are followed by an equivalent in SI units, but only the
first stated value shall be regarded as the requirement. Equivalent values in SI units shall not be
considered as the requirement, as these values are approximate.

Table 1-5 SI Conversions
Quantity

US Unit/Symbol

SI Unit/Symbol

Conversion Factor

Length

inch/in.

millimeter/mm

1 in. = 25.4 mm

foot/ft

meter/m

1 ft = 0.305 m
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Area

sq foot/ft2

sq meter/m2

1 ft2 = 0.0929 m2

Chapter 2 Entrance Requirements
2-1
Prior to entering training to meet the requirements of Chapter 3, the candidate shall:
(a) Meet the minimum educational requirements established by the authority having
jurisdiction.
(b) Meet the age requirements established by the authority having jurisdiction.
(c) Meet the medical requirements of NFPA 1582, Standard on Medical Requirements for Fire
Fighters.
2-2
Physical fitness requirements shall be developed and validated by the authority having
jurisdiction. Physical fitness requirements shall be in compliance with applicable equal
opportunity regulations and other legal requirements.
Chapter 3 Airport Fire Fighter
3-1 General.
3-1.1
For qualification as an airport fire fighter, the candidate shall meet each of the job performance
requirements defined in this chapter. These requirements are divided into four major duties:
response, fire suppression, rescue, and post-emergency operations. The primary function of the
airport fire fighter shall be to execute fire suppression and rescue activities.
3-1.2
The job performance requirements of this chapter shall be accomplished in accordance with
the requirements of the authority having jurisdiction and NFPA 1500, Standard on Fire
Department Occupational Safety and Health Program.
3-2 Response.
3-2.1 Description of Duty.
Response includes the timely arrival at an incident/accident with the capability to perform fire
suppression and rescue operations, or both. The duty also includes responding to hazardous
conditions and performing standby operations.
3-2.2
Respond to incidents/accidents on and off the airport, given a scenario and location, a grid
map, a vehicle, and a prescribed response time, so that the route selected provides the most
efficient access to the site within the allotted time.
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3-2.2.1 Prerequisite Knowledge: Airport familiarization including runway and taxiway
designations, frangible gate locations, airport markings, lights, signage, instrument landing
system (ILS) critical areas, designated isolation areas, vehicular traffic controls on airfield,
bridge load limits, controlled access points, aircraft traffic patterns and taxi routes, fuel storage
and distribution locations, airport topographic layout and drainage systems, and aircraft
maintenance facilities.
3-2.2.2 Prerequisite Skills: Reading grid maps.
3-2.3
Communicate critical incident information regarding an incident/accident on an airport, given
a description of the incident/accident and an incident management system (IMS) protocol, so that
information provided is sufficient for the incident commander to develop an attack plan.
3-2.3.1 Prerequisite Knowledge: Incident management system, the airport emergency plan,
airport and aircraft familiarization, and radio procedures.
3-2.3.2 Prerequisite Skills: Communications and radio operation.
3-2.4
Communicate with applicable air traffic control facilities, given a response destination on an
airport and radio equipment, so that all required clearances are obtained.
3-2.4.1 Prerequisite Knowledge: Radio frequencies, tower light signals, fire department and
airport terminology and phraseology.
3-2.4.2 Prerequisite Skills: Communications and radio operation.
3-2.5
Perform an airport standby operation, given a hazardous condition and the airport standby
policies and procedures, so that unsafe conditions are detected and mitigated in accordance with
the airport policies and procedures.
3-2.5.1* Prerequisite Knowledge: Airport and aircraft practices for hazardous conditions and
applicable standby policies and procedures.
3-3 Fire Suppression.
3-3.1 Description of Duty.
Fire suppression includes the attack, control, and extinguishment of fires involving aircraft and
airport facilities and operations. The primary purpose of this duty is to protect lives and property.
3-3.1.1* Prerequisite Knowledge: Aircraft familiarization, including conventional and composite
materials used in aircraft construction, aircraft terminology, automatic explosive devices,
hazardous areas in and around aircraft, aircraft fueling systems (hydrant/vehicle), aircraft
shutdown, aircraft extinguishing systems, aircraft brake systems, aircraft egress/ingress (hatches,
doors, and evacuation chutes), unique fuels used on aircraft, location and operation of oxygen
systems, and military aircraft systems and associated hazards. Tactics and strategy, including the
approach, positioning, initial attack, and the selection, application, and management of the
extinguishing agents.
3-3.2*
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Extinguish a 100-ft2 (9.3-m2) aircraft fuel fire, given a minimum of a 100-lb (45-kg) dry
chemical extinguisher, so that the agent is applied with proper technique and the fire is
extinguished.
3-3.2.1 Prerequisite Knowledge: The fire behavior of aircraft fuels in pools, physical properties
and characteristics of aircraft fuel, use of protective clothing, agent selection, and agent
management.
3-3.2.2 Prerequisite Skills: Operation of dry chemical extinguishers equipped with a hose line,
including hose removal, operation, and agent application.
3-3.3*
Extinguish a 400-ft2 (37.2-m2) aircraft fuel fire, given an ARFF vehicle hand line and
appropriate agents, so that the agent is applied with proper technique and the fire is extinguished.
3-3.3.1 Prerequisite Knowledge: The fire behavior of aircraft fuels in pools, physical properties
and characteristics of aircraft fuel, use of protective clothing, agent selection, agent management,
and agent application rates and densities.
3-3.3.2 Prerequisite Skills: Fire stream practices and agent application techniques.
3-3.4*
Extinguish a 5000-ft2 (464.5-m2) aircraft fuel fire, given ARFF vehicle turrets and appropriate
agents, so that the agent is applied with proper technique and the fire is extinguished.
3-3.4.1 Prerequisite Knowledge: Operation of ARFF vehicle agent delivery systems, the fire
behavior of aircraft fuels in pools, physical properties and characteristics of aircraft fuel, use of
protective clothing, agent selection, agent management, and agent application rates and densities.
3-3.4.2 Prerequisite Skills: Effective application of fire-fighting agent using ARFF vehicle
turrets.
3-3.5*
Extinguish a three-dimensional aircraft fuel fire, given an ARFF vehicle hand line and
appropriate agents, so that the agent is applied with proper technique and the fire is extinguished.
(See Appendix B.)
3-3.5.1* Prerequisite Knowledge: The fire behavior of aircraft fuels in three-dimensional and
atomized states, physical properties and characteristics of aircraft fuel, use of protective clothing,
agent selection, agent management, and agent application rates and densities.
3-3.6*
Attack a fire on the interior of an aircraft, given an ARFF vehicle hand line(s) and appropriate
agent, so that the lines are properly advanced and positioned and the fire is extinguished. (See
Appendix B.)
3-3.7
Control engine and auxiliary power unit (APU) fires on an aircraft, given an ARFF vehicle
hand line or turrets and appropriate agent, so that the agent is applied with proper technique and
the fire is controlled. (See Appendix B.)
3-3.8
Extinguish a tire assembly fire, given an ARFF vehicle hand line and appropriate agent, so that
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the agent is applied with proper technique and the fire is extinguished. (See Appendix B.)
3-3.8.1 Prerequisite Knowledge: Agent selection criteria, special safety considerations, and the
characteristics of combustible metals.
3-3.9*
Ventilate an aircraft through available doors and hatches, given mechanical ventilation
devices, so that the smoke is removed in order to aid passenger egress and rescue. (See Appendix
B.)
3-3.10
Replenish extinguishing agents, given an ARFF vehicle, a fixed or mobile water source, a
supply of agent and necessary supply lines and fittings, so that agents are available for
application by the ARFF vehicle.
3-4 Rescue.
3-4.1* Description of Duty.
Rescue includes gaining access to an aircraft; assisting in the evacuation process; performing
extrication, initial triage, and first aid.
3-4.2*
Gain access into and out of an aircraft through normal entry points and emergency hatches,
given an incident scenario, so that passenger evacuation and rescue can be accomplished. (See
Appendix B.)
3-4.2.1 Prerequisite Knowledge: Aircraft familiarization, including materials used in
construction, aircraft terminology, automatic explosive devices, hazardous areas in and around
aircraft, aircraft egress/ingress (hatches, doors, and evacuation chutes), military aircraft systems
and associated hazards; capabilities and limitations of manual and power rescue tools and
specialized high reach devices.
3-4.2.2 Prerequisite Skills: Operation of power saws and cutting tools, hydraulic devices,
pneumatic devices, and pulling devices; operation of specialized ladders and high reach devices.
3-4.3*
Extricate an entrapped victim from an aircraft, given manual and powered rescue equipment,
so that the victim is disentangled and prepared for removal from the aircraft. (See Appendix B.)
3-4.3.1 Prerequisite Knowledge: Capabilities and limitations of manual and power rescue tools.
3-4.3.2 Prerequisite Skills: Operation of power saws and cutting tools, hydraulic devices,
pneumatic devices, and pulling devices.
3-4.4
Implement initial triage of the victims of an aircraft accident, given an aircraft accident
scenario with multiple casualties and the triage protocol of the airport, so that each victim is
evaluated and removed to a designated collection point.
3-4.4.1 Prerequisite Knowledge: Local triage protocol.
3-5 Post-emergency Operations.
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3-5.1 Description of Duty.
Post-emergency operations include salvage, overhaul, and scene preservation.
3-5.2
Preserve the scene, given an aircraft accident scenario, so that evidence is not disturbed.
3-5.3
Overhaul the scene, given an aircraft accident scenario, hand and power tools, and hand lines
and salvage covers, so all fires are extinguished and the salvageability of the aircraft and its
contents are maintained.
Chapter 4 Referenced Publications
4-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
4-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 472, Standard for Professional Competence of Responders to Hazardous Materials
Incidents, 1992 edition.
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition.
NFPA 1002, Standard for Fire Department Vehicle Driver/Operator Professional
Qualifications, 1993 edition.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1582, Standard on Medical Requirements for Fire Fighters, 1992 edition.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-3.1
Due to the improvements in the design and construction of modern aircraft, resulting in
increased structural integrity, the potential exists for significant interior fires that cannot be
extinguished using external aircraft fire-fighting tactics. Extinguishing aircraft interior fires is an
essential task of the airport fire fighter. This is one of the primary reasons for the FFI
requirement in this document. The basic fire-fighting skills and knowledge required for Fire
Fighter I in NFPA 1001, Standard for Fire Fighter Professional Qualifications, are essential to
the airport fire fighter.
The requirement for first responder at the operational level (in NFPA 472, Standard for
Copyright 1996 NFPA

Professional Competence of Responders to Hazardous Materials Incidents) was included based
on the airport fire fighter’s potential for frequent exposure to a wide variety of hazardous
materials. The potential exposure frequency is significantly greater than anticipated for the Fire
Fighter I.
A-1-4
Definitions of action verbs used in the job performance requirements in this document are
based on the first definition of the word found in Webster’s Third New International Dictionary
of the English Language.
A-3-2.5.1 Hazardous conditions include special fuels, fueling operations (grounding and
bonding), welding operations, hazardous materials operations, corrosion control, fuel cell
maintenance, and military operations.
A-3-3.1.1 Airport fire fighters must have knowledge of military aircraft at those airports that
accept military aircraft.
This knowledge should include the following:
(a) Military cargo/passenger aircraft (C-5, C-141, C-130, C-9, C-135) are basically the same as
civilian, large-frame aircraft, and there are no additional hazards other than the cargo that might
be carried on the aircraft.
(b) Military tanker aircraft (KC-10, KC-135, and KC-130) are basically the same as civilian
versions except for the amount and location of fuel carried.
(c) Military fighter aircraft (F-15, F-16, F-117), bomber aircraft (B-1, B-2, B-52), and attack
aircraft such as the A-10 present the highest risk to airport fire fighters. These aircraft are
equipped with explosive devices and ejection seats of which the airport fire fighter should be
aware.
(1) Entry. If the emergency controls are activated, an explosive charge will blow the canopy
from the aircraft.
(2) Ejection Systems. All fighter, bomber, and attack aircraft are equipped with ejection
seats. Once access has been gained to the cockpit, caution is extremely important, as these
ejection seats, when activated, are propelled out of the aircraft by an explosive charge. Airport
fire fighters should not touch or activate any controls.
(3) Extrication. The aircrew member is secured to the seat by a series of straps, harnesses,
and restraint belts. These restraints can be released by cutting if the release procedure is
unknown.
(4) Ordnance. Fighter and attack aircraft will have forward firing ordnance located in the
forward part of the fuselage or wings.
(d) Engine Shutdown. This usually can be done by pulling T-handles, as on a commercial jet.
A-3-3.2
Concerns with the environmental impact of traditional flammable liquid training fires have
caused many facilities to convert to propane-fueled simulators. The intent of this requirement is
a safe and proper extinguishment technique for pool fires involving aircraft fuels. The use of
pressurized flammable gas or flammable liquid is acceptable for this simulation.
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A-3-3.3
See A-3-3.2.
A-3-3.4
See A-3-3.2.
A-3-3.5
Three-dimensional or running fuel fires are those involving a fuel leak from an elevated or
pressurized source. The fuel burns as it falls through the air, and the burning fuel on the ground
can pool or run across the ground surface. These fuel fires are extremely difficult to extinguish.
They must be recognized and action must be taken to extinguish them early in the incident or
accident for successful fire-fighting operations. Typically, these fires cannot be extinguished by
smothering agents such as aqueous film-forming foam, because these agents cannot seal the
surface and exclude oxygen. Such fires are more successfully extinguished by shutting off the
fuel flow or by using agents, such as dry chemical, that interfere with the chemical or chain
reaction.
A-3-3.5.1 A three-dimensional fire is a flowing flammable liquid fire. These fires typically
involve fuel that is cascading, leaking, or running from a fuel source. The fuel might or might
not be under pressure. Aircraft fuels released under pressure, in an atomized state, will ignite
with explosive force when exposed to an ignition source. Experience has shown that these fires
are extremely difficult to extinguish with conventional foam application.
A-3-3.6
This requirement can be met by using a structural burn facility configured to simulate the
interior layout and dimensions of an aircraft fuselage containing mannequins to simulate victims.
The mock-up should include at least three metal seats and training dummies to simulate victims.
A-3-3.9
Training and evaluation of this task can be accomplished using actual aircraft or mock-ups and
smoke-generation devices used for training.
A-3-4.1
One of the primary tasks of rescue operations is for the airport fire fighter to maintain a
habitable environment around the fuselage and assist with aircraft evacuation by stabilizing slide
chutes and assisting and controlling the evacuees.
A-3-4.2
Training and evaluation of this task can be accomplished using actual aircraft or mock-ups.
A-3-4.3
Training and evaluation of this task can be accomplished using actual aircraft or mock-ups.
Appendix B Aircraft Fire Suppression and Rescue Fire Training Mock-up
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
Pre-incident planning directly affects a fire department's ability to provide quality resource
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protection. Fire fighters must be trained, competent, and certified to execute pre-incident plans.
The live fire training program focuses on a fire fighter’s ability to work as a team member during
realistic and challenging training events.
These basic designs for an aircraft fire/rescue training simulator challenge fire fighters and
result in increased protection for airports and airlines. Simulators can be constructed with
low-cost materials, usually available in maintenance yards or public works departments.
Simulators can be equipped to use hydrocarbon fuels, such as Jet A, or clean-burning propane.
(See Figures B-1 through B-8.)
Running Fuel Fire (see 3-3.5). This requirement is met by allowing a continuous, small
stream of aircraft fuel flowing from the engine simulator into a catch basin. The fuel is ignited,
resulting in a fire at the lead source. The fuel burns as it falls through the air and ignites the
surface fire in the catch basin. (See Figure B-2.)
Interior Aircraft Fire (see 3-3.6). The fuselage and cabin section should be constructed of
steel frames and heavy metal skin that will withstand heat and rapid cool-down. The simulator
should be 30 ft to 40 ft (9 m to 12 m) in length to allow a realistic cabin fire-fighting exercise.
The scenario includes burning Class A materials in the simulator to create the conditions
expected with an interior aircraft fire. (See Figures B-6 and B-7.)
Auxiliary Power Unit (APU) Fire (see 3-3.7). The APU fire is created by burning fuel within
a 6-in. (15-cm) steel pipe suspended from the wing. This addition is a reasonable simulation of
both the intake and exhaust ports. (See Figure B-2.)
Wheel Assembly Fire (see 3-3.8). Salvaged tire rims can be welded onto the number 2 wing
support. Fuel can flow from above or through a pressurized device around the rims or spray fuel
on the rims to create a typical aircraft tire assembly fire. (See Figures B-1 and B-7.)
Ventilation of Doors and Hatches (see 3-3.9). This design provides for both normal and
emergency means of entry and egress. Normal entry is made through a hinged door, mounted
forward of the wing. Emergency entrance is made through two over-wing openings and one aft
door. All emergency openings are framed on the sides and bottom by angle iron. This allows for
sections of corrugated metal to be dropped into place and removed after use. An additional hatch
has been added to the top of the fuselage to simulate military aircraft and provide for vertical
ventilation. (See Figures B-4 and B-8.)
Access through Normal and Emergency Hatches for Rescue (see 3-4.2). Compliance with
this requirement can be met by using the same openings discussed in 3-3.9.
Passenger Extraction and Use of Rescue Equipment (see 3-4.3). Access to simulated
passengers is possible by using mechanical rescue equipment to force openings in the corrugated
metal panels discussed in 3-3.9. These sections can be forced or cut with pneumatic cutting
devices or power saws. These metal sections can be secured with pins to allow the realistic use
of other hydraulic rescue equipment. (See Figures B-5 and B-6.)
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Figure B-1 Aircraft fire suppression and rescue live fire training mock-up.

This mock-up was developed for the users’ information by U.S. Air Force HQ AFCESA/DEF,
Tyndall AFB, FL 32403.
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Figure B-2 Aircraft fire suppression and rescue live fire training mock-up (front view).

This mock-up was developed for the users’ information by U.S. Air Force HQ AFCESA/DEF,
Tyndall AFB, FL 32403.
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Figure B-3 Aircraft fire suppression and rescue live fire training mock-up (top view).

This mock-up was developed for the users’ information by U.S. Air Force HQ AFCESA/DEF,
Tyndall AFB, FL 32403.
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Figure B-4 Aircraft fire suppression and rescue live fire training mock-up (over-wing egress side view).

This mock-up was developed for the users’ information by U.S. Air Force HQ AFCESA/DEF,
Tyndall AFB, FL 32403.

Figure B-5 Aircraft fire suppression and rescue live fire training mock-up (interior aircraft seat
arrangement).

This mock-up was developed for the users’ information by U.S. Air Force HQ AFCESA/DEF,
Tyndall AFB, FL 32403.
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Figure B-6 Aircraft fire suppression and rescue live fire training mock-up (interior seating arrangement).

This mock-up was developed for the users’ information by U.S. Air Force HQ AFCESA/DEF,
Tyndall AFB, FL 32403.
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Figure B-7 Aircraft fire suppression and rescue live fire training mock-up [liquid propane or atomized jet fuel
nozzle locations (no scale)].

This mock-up was developed for the users’ information by U.S. Air Force HQ AFCESA/DEF,
Tyndall AFB, FL 32403.
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Figure B-8 Aircraft fire suppression and rescue live fire training mock-up (door and forced entry hatch
details).

This mock-up was developed for the users’ information by U.S. Air Force HQ AFCESA/DEF,
Tyndall AFB, FL 32403.
Appendix C Using Job Performance Requirements
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
Explanation of the Standards and Concepts of JPRs
The primary benefit of establishing national professional qualification standards is to provide
both public and private sectors with a framework of the job requirements for the fire service.
Other benefits include enhancement of the profession, individual as well as organizational
growth and development, and standardization of practices.
NFPA professional qualification standards identify the minimum job performance
requirements for specific fire service positions. The standards may be used for training design
and evaluation, certification, measuring and critiquing on-the-job performance, defining hiring
practices, and setting organizational policies, procedures, and goals (other applications are
encouraged).
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Professional qualification standards for a specific job are organized by major areas of
responsibility defined as duties. For example, the fire fighter’s duties may include fire
suppression, rescue, and water supply; and the public fire educator’s duties may include
education, planning and development, and administration. Duties are major functional areas of
responsibility within a job.
The professional qualification standards are written as job performance requirements (JPRs).
Job performance requirements describe the performance required for a specific job. JPRs are
grouped according to the duties of a job. The complete list of JPRs for each duty defines what an
individual must be able to do in order to successfully perform that duty. Together, the duties and
their JPRs define the job parameters; that is, the professional qualification standard as a whole is
a job description.
Breaking Down the Components of a Job Performance Requirement
The job performance requirement is the assembly of three critical components. These
components are as follows:
(1) Task to be performed.
(2) Tools, equipment, or materials that must be provided to successfully complete the task.
(3) Evaluation parameters and/or performance outcomes.
Example
(1) Task

(1) Ventilate a pitched roof;

(2) Tools, equipment, or materials

(2) Given an ax, a pike pole, an extension ladder, and a
roof ladder;

(3) Evaluation parameters and performance outcomes

(3) So that a 4-ft × 4-ft hole is created, all ventilation
barriers are removed; ladders are properly positioned for
ventilation; ventilation holes are correctly placed; and
smoke, heat, and combustion by-products are released from
the structure.

The task to be performed: The first component is a concise statement of what the person is
supposed to do.
Tools, equipment, or materials that must be provided to successfully complete the task: This
component ensures that all individuals completing the task are given the same minimal tools,
equipment, or materials when being evaluated. By listing these items, the performer and
evaluator know what must be provided in order to complete the task.
Evaluation parameters and/or performance outcomes: This component defines how well one
must perform each task—for both the performer and evaluator. The JPR guides performance
outcomes. This portion of the JPR promotes consistency in evaluation by reducing the variables
used to gauge performance.
In addition to these three components, the JPR contains prerequisite knowledge and skills. Just
as the term prerequisite suggests, these are the necessary knowledge and skills one must have
prior to being able to perform the task. Prerequisite knowledge and skills are the foundation for
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task performance.
Once the components and prerequisites are put together, the JPR might read as follows:
Example 1:
The Fire Fighter I shall ventilate a pitched roof, given an ax, a pike pole, an extension ladder,
and a roof ladder, so that a 4-ft × 4-ft hole is created, all ventilation barriers are removed, ladders
are properly positioned for ventilation, and ventilation holes are correctly placed.
Prerequisite Knowledge: Pitched roof construction, safety considerations with roof ventilation,
the dangers associated with improper ventilation, knowledge of ventilation tools, the effects of
ventilation on fire growth, smoke movement in structures, signs of backdraft, and the knowledge
of vertical and forced ventilation.
Prerequisite Skills: Remove roof covering; properly initiate roof cuts; use the pike pole to
clear ventilation barriers; use ax properly for sounding, cutting, and stripping; position ladders;
and climb and position self on ladder.
Example 2:
The Fire Investigator shall interpret burn patterns, given standard equipment and tools and
some structural/content remains, so that each individual pattern is evaluated with respect to the
burning characteristics of the material involved.
Prerequisite Knowledge: Knowledge of fire development and the interrelationship of heat
release rate, form, and ignitability of materials.
Prerequisite Skill: Interpret the effects of burning characteristics on different types of
materials.
Examples of Potential Uses
Certification:
JPRs can be used to establish the evaluation criteria for certification at a specific job level.
When used for certification, evaluation must be based on the successful completion of JPRs.
First, the evaluator verifies the attainment of prerequisite knowledge and skills prior to JPR
evaluation. This might be through documentation review or testing.
Next, the candidate is evaluated on completing the JPRs. The candidate performs the task and
is evaluated based on the evaluation parameters and/or performance outcomes. This
performance-based evaluation can be either practical (for psychomotor skills* such as “ventilate
a roof”) or written (for cognitive skills* such as “interpret burn patterns”).
* NOTE: Psychomotor skills are those physical skills that can be demonstrated or observed. Cognitive skills (or
mental skills) cannot be observed, but rather are evaluated on how one completes the task (process oriented) or on
the task outcome (product oriented).

Using Example 1, a practical performance-based evaluation would measure the ability to
“ventilate a pitched roof.” The candidate passes this particular evaluation if the standard was
met, i.e., a 4-ft × 4-ft hole was created; all ventilation barriers were removed; ladders were
properly positioned for ventilation; ventilation holes were correctly placed; and smoke, heat, and
combustion by-products were released from the structure.
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For Example 2, when evaluating the task “interpret burn patterns,” the candidate could be
given a written assessment in the form of a scenario, photographs, and drawings and then be
asked to respond to specific written questions related to the JPR’s evaluation parameters.
Remember, when evaluating performance, candidates must be given the tools, equipment, or
materials listed in the JPR before they can be properly evaluated, e.g., an ax, a pike pole, an
extension ladder, and a roof ladder.
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Figure C-1 Converting JPRs into instructional objectives.

Figure C-2 Sample skills checklist (roof ventilation).

Curriculum Development/Training Design and Evaluation
The statements contained in this document that refer to job performance were designed and
written as job performance requirements. While a resemblance to instructional objectives may be
present, these statements should not be used in a teaching situation until after they have been
modified for instructional use.
Job performance requirements state the behaviors required to perform a specific skill(s) on the
job, as opposed to a learning situation. These statements should be converted into instructional
objectives with behaviors, conditions, and standards that can be measured within the
teaching/learning environment. A job performance requirement that requires a fire fighter to
“ventilate a pitched roof” should be converted into a measurable instructional objective for use
when teaching the skill. (See Figure C-1.)
Using Example 1, a terminal instructional objective might read as follows:
The candidate will ventilate a pitched roof, given a simulated roof, an ax, a pike pole, an
extension ladder, and a roof ladder, so that 100 percent accuracy is attained on a skills checklist.
(At a minimum, the skills checklist should include each of the measurement criteria from the
JPR.)
While the differences between job performance requirements and instructional objectives are
subtle in appearance, the purpose of each statement differs greatly. JPRs state what is necessary
to perform the job in the “real world.” Instructional objectives, however, are used to identify
what students must do at the end of a training session and are stated in behavioral terms that are
measurable in the training environment.
By converting JPRs into instructional objectives, instructors will be able to clarify
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performance expectations and avoid confusion related to using statements designed for purposes
other than teaching. Additionally, instructors will be able to add local/state/regional elements of
performance into the standards as intended by the developers.
Prerequisite skills and knowledge should be converted into enabling objectives. These help to
define the course content. The course content should include each of the prerequisite knowledge
and skills. Using Figure C-2, the enabling objectives are pitched roof construction, safety
considerations with roof ventilation, remove roof covering, properly initiate roof cuts, etc. These
ensure that the course content supports the terminal objective.
NOTE: It is assumed that the reader is familiar with curriculum development or training design and evaluation.

Other Uses
While the professional qualifications standards are principally used to guide the development
of training and certification programs, there are a number of other potential uses for these
documents. Because they are written in JPR terms, they lend themselves well to any area of the
profession where a level of performance or expertise must be determined. Such areas might
include:
Employee Evaluation/Performance Critiquing. The JPRs can be used as a guide by both the
supervisor and the employee during an evaluation. The JPRs for a specific job define tasks that
are essential to perform on the job, as well as the evaluation criteria to measure when those tasks
are completed.
Establishing Hiring Criteria. Professional qualifications standards may be used in a number
of ways to further the establishment of hiring criteria. The authority having jurisdiction might
simply require certification at a specific job level, e.g., Fire Fighter I. The JPRs might also be
used as the basis for pre-employment screening by establishing essential minimal tasks and the
related evaluation criteria. An added benefit is that individuals interested in employment can
work toward the minimal hiring criteria at local colleges.
Employee Development. The professional qualifications standards can be useful to both the
employee and the employer in developing a plan for the individual’s growth within the
organization. The JPRs and the associated prerequisite skills and knowledge can be used as a
guide to determine additional training and education required for the employee to master the job
or profession.
Succession Planning. Succession planning or career pathing addresses the efficient placement
of people into jobs in response to current needs and anticipated future needs. A career
development path can be established for targeted individuals to prepare them for growth within
the organization. The JPRs and prerequisite knowledge and skills could then be used to develop
an educational path to aid in the individual’s advancement within the organization or profession.
Establishing Organizational Policies, Procedures, and Goals. The JPRs can be incorporated
into organizational policies, procedures, and goals where employee performance is addressed.
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D-1
The following documents or portions thereof are referenced within this document for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference shall be the current edition as of the date of
the NFPA issuance of this document.
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Copyright 1996 NFPA

NFPA 472, Standard for Professional Competence of Responders to Hazardous Materials
Incidence, 1992 edition.
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition.
D-1.2 Other Publications.
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Chapter 1 Administration
1-1 Scope.
This standard identifies the performance requirements necessary to perform the duties of a fire
officer and specifically identifies four levels of progression.
1-2 Purpose.
The purpose of this standard is to specify the minimum job performance requirements for
service as a fire officer.
1-2.1
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The intent of the standard is to define progressive levels of performance required at the various
levels of officer responsibility. The authority having jurisdiction has the option to combine or
group the levels to meet their local needs and to use them in the development of job descriptions
and specifying promotional standards.
1-2.2
It is not the intent of this standard to restrict any jurisdiction from exceeding these minimum
requirements.
1-2.3
This standard shall cover the requirements for the four levels of progression, i.e., Fire Officer
I, Fire Officer II, Fire Officer III, Fire Officer IV.
1-3* General.
1-3.1
All of the standards for any level of fire officer shall be performed in accordance with
recognized practices and procedures or as defined by an accepted authority.
1-3.2
It is not required for the objectives to be mastered in the order in which they appear. The local
or state/provincial training program shall establish both the instructional priority and the
program content to prepare individuals to meet the performance objectives of this standard.
1-3.3
The Fire Fighter II shall meet all the objectives for Fire Officer I before being certified at the
Fire Officer I level, and the objectives for each succeeding level in the progression shall be met
before being certified at the next higher level.
1-4* Definitions.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Authority Having Jurisdiction.* The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or departmental official
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may be the “authority having jurisdiction.”

Comprehensive Emergency Management Plan. Planning document required by Title III
SARA, 1986, that includes pre-plan information and resources for the management of
catastrophic emergencies within the jurisdiction.
Fire Department. An organization providing rescue, fire suppression, and other related
activities. For the purposes of this standard, the term “fire department” shall include any public,
private, or military organization engaging in this type of activity.
Fire Officer I. The fire officer, at the supervisory level, who has met the job performance
requirements specified in this standard for Level I.
Fire Officer II. The fire officer, at the supervisory/managerial level, who has met the job
performance requirements specified in this standard for Level II.
Fire Officer III. The fire officer, at the managerial/administrative level, who has met the job
performance requirements specified in this standard for Level III.
Fire Officer IV. The fire officer, at the administrative level, who has met the job performance
requirements specified in this standard for Level IV.
Incident Management System. An organized system of roles, responsibilities, and standard
operating procedures used to manage and direct emergency operations.
Job Performance Requirement. A statement that describes a specific job task, lists the items
necessary to complete the task, and defines measurable or observable outcomes and evaluation
areas for the specific task.
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the, authority having jurisdiction and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The authority having
jurisdiction should utilize the system employed by the listing organization to identify a listed product.

Local Emergency Planning Committee (LEPC). Individuals designated by the authority having
jurisdiction with the responsibility for the development, implementation, and evaluation of the
Comprehensive Emergency Management Plan.
Member. A person involved in performing the duties and responsibilities of a fire department
under the auspices of the organization. A fire department member may be a full-time or part-time
employee or a paid or unpaid volunteer, may occupy any position or rank within the fire
department, and may or may not engage in emergency operations.
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Promotion. The advancement of a member from one rank to a higher rank by method such as
election, appointment, merit, or examination.
Qualification. Having satisfactorily completed the requirements of the objectives.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Supervisor. An individual responsible for overseeing the performance or activity of other
members.
Unit. An engine company, truck company, or other functional or administrative group.
Chapter 2 Fire Officer I
2-1 General.
For certification at Fire Officer Level I the candidate shall meet the requirements of Fire
Fighter II as defined in NFPA 1001, Standard for Fire Fighter Professional Qualifications, and
the job performance requirements defined in Sections 2-2 through 2-13 of this standard.
2-2 Human Resource Management.
2-2.1
Identify methods used by supervisors to obtain cooperation within a group of subordinates and
explain the supervisor’s responsibilities in promoting cooperation within a group.
2-2.2
Differentiate between the types of verbal orders or commands that an officer would use in each
of the following situations:
(a) During an emergency operation
(b) While working in the station
(c) During a training session.
2-2.3*
Recognize the symptoms of member-related problems in the areas of substance abuse,
situational stress, and behavioral change, and identify the appropriate action to be taken for each
according to the policies and procedures established by the authority having jurisdiction.
2-2.4
Differentiate between the rights of management and labor, given the labor relations agreement
used by the authority having jurisdiction.
2-2.5
Apply the procedures for each of the following administrative actions, given the policies and
procedures and appropriate forms used by the authority having jurisdiction:
(a) Disciplinary actions
(b) Discharge of a member
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(c) Transfers
(d) Promotions
(e) Compensation/member benefits
(f) Sick leave
(g) Vacation
(h) Requests for pay or benefits while acting in temporary positions
(i) Change in member benefits
(j) Commendations
(k) Grievances.
2-2.6
Demonstrate the ability to plan, assign, coordinate activities, and establish priorities at the unit
level, given the job requirements of subordinate positions.
2-3* Community Awareness/Public Relations.
2-3.1
Explain the relationship of each of the following factors within the community in relation to
the local fire problem:
(a) Economic conditions
(b) Religion
(c) Race, ethnic, and age factors
(d) Community organizations
(e) Family structure.
2-3.2
Explain procedures followed when handling citizen complaints and inquiries.
2-4 Organizational Structure.
2-4.1
Identify the authority and responsibility of each component of the fire department. Given a
table of organization for the department, include lines of authority and the duties and
responsibilities of each rank in both line and staff functions.
2-4.2
Identify the duties and command responsibilities of fire ground officers using the incident
management procedures adopted by the authority having jurisdiction at each of the following
resource levels:
(a) A single unit response
(b) A multi unit response
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(c) A major incident involving multiple units responding at various times.
2-4.3
Prepare a plan for the implementation of a new departmental personnel policy at the company
level, given a sample policy in the authority having jurisdiction’s format. In the plan, explain the
impact of the policy on the officer and why accuracy, clarity, and impartiality are important to
the implementation and enforcement of a policy.
2-4.4
Prepare a procedure directed at company officers that explains how to deal fairly, firmly, and
equally with personnel under their supervision, given the personnel policies and procedures used
by the authority having jurisdiction.
2-5 Administration.
No performance standards in Fire Officer I.
2-6 Budget.
Describe the department budget process and its impact on the unit operation.
2-7 Government Structure.
No performance standards in Fire Officer I.
2-8 Communication Skills.
Complete a narrative report detailing both an emergency and a nonemergency incident.
2-9 Information Management.
2-9.1
Complete those reports required of a supervisor by the authority having jurisdiction, given the
report forms and all pertinent information.
2-9.2
Collect information, input data, and prepare standard reports given a record-keeping system in
the officer’s area of responsibility.
2-10 Planning.
Prepare a pre-incident plan that identifies hazards for each of the following occupancies:
(a) Assembly
(b) Educational
(c) Residential.
2-11* Inspection, Investigation, and Public Education.
2-11.1
Identify the factors to be considered on arrival at a fire scene that may indicate an incendiary
fire.
2-11.2
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Demonstrate methods used to identify and preserve evidence and secure a fire scene.
2-11.3
Identify and describe the fire prevention codes, building codes, and ordinances applicable to
fire safety within the jurisdiction.
2-12* Emergency Service Delivery.
2-12.1
Identify the factors that must be considered during a size-up to determine procedures for
control of an emergency situation, given an incident.
2-12.2
Given an interior fire situation:
(a) Describe how fire may extend within the building
(b) Describe how to control the spread of fire within the building.
2-12.3
Given an exterior fire situation:
(a) Evaluate the situation
(b) Describe how to control the spread of the fire to keep it from extending to adjacent
buildings.
2-12.4
Identify the attack procedures required to control, confine, and extinguish fires in each of the
following situations, if typical, within the authority having jurisdiction:
(a) Structures
(b) Flammable liquids
(c) Flammable gases
(d) Hazardous materials
(e) Exterior/wildland.
2-13 Safety.
2-13.1
Identify the most common causes of personal injury to the fire fighter.
2-13.2
Prepare a plan for the implementation of department safety regulations at the company level,
given a department safety policy. Include completion of appropriate reports, in-service training,
member responsibilities/motivation, and enforcement.
2-13.3
Conduct an initial accident investigation for incidents involving personnel, equipment, and
apparatus, given department safety regulations, investigation forms, and an incident scenario.
Copyright 1996 NFPA

2-13.4
Identify the components of the Infectious Disease Control Program for the authority having
jurisdiction.
Chapter 3 Fire Officer II
3-1 General.
For certification at Level II, Fire Officer I shall meet the requirements of Fire Instructor I as
defined in NFPA 1041, Standard for Fire Service Instructor Professional Qualifications, and the
job performance requirements defined in Sections 3-2 through 3-13 of this standard.
3-2 Human Resource Management.
3-2.1
Analyze a fire department rule and prepare specific recommendations for changes with
justification.
3-2.2
Describe how each of the following affects the group behavior within the organization:
(a) Understanding people
(b) Motivating the member
(c) Handling disputes
(d) Introducing changes
(e) Gaining cooperation
(f) Supervisory cooperation
(g) Job attitude
(h) Company policy
(i) Emotional status/stress
(j) Handling complaints
(k) Handling the problem member.
3-2.3
Identify the types of corrective action required in a given personnel situation and describe how
each is used as a tool of supervision.
3-2.4
Given records or forms used in evaluating personnel:
(a) Describe the objectives of a member evaluation program
(b) Describe how the common errors in evaluating can be avoided
(c) Describe the procedures for conducting an evaluation program
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(d) Describe how to plan an evaluation conference
(e) Describe how to conduct an evaluation conference.
3-3 Community Awareness/Public Relations.
No performance standards in Fire Officer II.
3-4 Organizational Structure.
No performance standards in Fire Officer II.
3-5 Administration.
No performance standards in Fire Officer II.
3-6 Budget.
3-6.1
Describe the functions and differences between capital and operating budgets.
3-6.2
Identify the revenue sources for the authority having jurisdiction.
3-7 Government Structure.
3-7.1
Describe the functions of other bureaus, agencies, and divisions of government and the need
for interagency and intergovernmental cooperation.
3-7.2
Describe the law-making process at the federal, state/provincial, and local levels.
3-7.3
Identify the basic characteristics of local forms of government in the authority having
jurisdiction.
3-8 Communication Skills.
3-8.1
Prepare reports, specifications, requisitions, and budgets from predetermined data.
3-8.2
Prepare and submit a news release.
3-8.3
Given a fire inspection report of a facility or area used for the storage, handling, or
transportation of flammable liquids, flammable gases, or hazardous materials:
(a) Identify the hazards that exist
(b) List recommendations to correct the hazards identified.
3-9 Information Management
.
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3-9.1
Identify the capability of electronic data processing equipment used by the authority having
jurisdiction.
3-9.2
Demonstrate the ability to interpret the output from electronic data processing equipment used
by the authority having jurisdiction.
3-9.3
Demonstrate the following, given a record-keeping system for the officer’s area of
responsibility:
(a) How to maintain the system
(b) How to evaluate the system
(c) How to identify necessary changes in the system.
3-9.4
Prepare a report in clear, concise language for transmittal to a superior officer, given a
personnel record.
3-9.5
Prepare a report in clear, concise language for transmittal to a superior officer, given an
equipment maintenance record.
3-9.6
Prepare a report in clear, concise language for transmittal to a superior officer, given a fire
department building’s maintenance record.
3-10 Planning.
3-10.1
Prepare a pre-fire plan for a given target hazard using forms, symbols, and maps prescribed by
the authority having jurisdiction. Include elements describing the utilization of personnel,
equipment, and extinguishing agents.
3-10.2
Prepare an operational plan that identifies the required resources and safety considerations for
the safe and successful control of an incident involving any of the following materials:
(a) Flammable liquids
(b) Flammable gases
(c) Poisons
(d) Explosives
(e) Radioactive materials
(f) Flammable solids
(g) Reactives
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(h) Corrosives.
3-11 Inspection, Investigation, and Public Education.
3-11.1
Demonstrate the procedures for conducting fire inspections and fire and exit drills in
accordance with regulations within the authority having jurisdiction for any of the following
occupancies:
(a) Assembly
(b) Educational
(c) Health care
(d) Detention and correctional
(e) Residential
(f) Mercantile
(g) Business
(h) Industrial
(i) Storage
(j) Unusual structures
(k) Mixed occupancies.
3-11.2
Describe the components and procedures used for the development and implementation of a
public fire prevention education program.
3-11.3
Identify signaling and detection systems in the authority having jurisdiction and demonstrate
the use of each system.
3-11.4
Given water system reference materials:
(a) Describe the water supply facilities as they apply to fire department operations
(b) Identify the procedure for mapping auxiliary water supplies to supplement the normal
system
(c) Differentiate between sewer and drainage lines.
3-11.5
Describe the functions and operating procedures of a public fire alarm system.
3-11.6
Demonstrate the procedures for the inspection of stationary fire pumps according to the
authority having jurisdiction.
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3-11.7
Demonstrate the procedures for the inspection of standpipe systems according to the authority
having jurisdiction.
3-11.8
Identify the special extinguishing system within the authority having jurisdiction and
demonstrate the procedures for the inspection of the systems.
3-12 Emergency Service Delivery.
3-12.1
Determine the resources required for control and demonstrate the assignment and placement of
these resources for any of the following:
(a) Flammable liquids
(b) Flammable gases
(c) Poisons
(d) Explosives
(e) Radioactive materials
(f) Flammable solids
(g) Reactives
(h) Corrosives.
3-12.2
Identify national, state/provincial, and local information resources for the handling of
hazardous materials under fire or emergency situations.
3-12.3
Identify the roles and responsibilities of each level of fire department command in the Local
Emergency Planning Committee’s Comprehensive Emergency Management Plan.
3-13 Safety.
3-13.1*
Identify the causes of unsafe acts or conditions that result in fire department accidents,
injuries, or deaths.
3-13.2
Interpret an accident record and prepare a report in clear, concise language for transmittal to a
superior officer.
Chapter 4 Fire Officer III
4-1 General.
For certification at Level III, the Fire Officer II shall meet the requirements of Fire Instructor
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II as defined in NFPA 1041, Standard for Fire Service Instructor Professional Qualifications,
and the job performance requirements defined in Sections 4-2 through 4-13 of this standard.
4-2 Human Resource Management.
4-2.1
Prepare a duty roster for personnel assignments, given knowledge, training, and experience of
the members available and standard operating procedures.
4-2.2
Given a summary of the functions of a fire officer:
(a) Develop a system of planning jobs
(b) Describe the procedure for organizing work
(c) Describe how work is directed by delegating, initiating, and evaluating.
4-2.3
Describe how to objectively evaluate and counsel members to encourage their development to
full capacity.
4-2.4
Describe how to supervise and evaluate promotional programs.
4-3 Community Awareness/Public Relations.
Prepare a department-wide public relations program.
4-4 Organizational Structure.
4-4.1
Describe current national trends and developments related to fire service organization,
financing, and member relations.
4-4.2
Identify the public and private national organizations that support the fire protection services
and describe the functions of each.
4-4.3
Identify the public and private state/provincial organizations that support the fire protection
services and describe the functions of each.
4-4.4
Identify the public and private local organizations that support the fire protection services and
describe the functions of each.
4-5 Administration.
4-5.1
Describe components of an equal opportunity employment program.
4-5.2
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Identify methods for selecting, hiring, and promoting personnel, given applicable codes,
ordinances, and rulings.
4-5.3
Identify federal, state/provincial, and local laws affecting the rights and responsibilities of fire
protection organizations.
4-5.4
Develop policies related to the evaluation and development of personnel.
4-5.5
Develop an incentive program to stimulate individual and group initiative.
4-6 Budget.
4-6.1
Given schedules and guidelines concerning budget preparation and pertinent information:
(a) Determine and justify the supplies necessary for existing and new programs
(b) Determine and justify the need for major repairs to buildings and equipment
(c) Determine and justify the need for new equipment
(d) Develop and present an operating budget for apparatus maintenance.
4-6.2
Develop a system of budget control, given a summary of fiscal and financial policies.
4-6.3
Prepare a budget summary report that includes the following elements, given a set of financial
data:
(a) Revenue to date
(b) Anticipated revenue and source
(c) Expenditures to date
(d) Encumbered amounts
(e) Anticipated expenditures.
4-6.4
Describe the system for soliciting bids to ensure meeting established specifications and to
enable competitive bidding.
4-7 Government Structure.
No requirements in Fire Officer III.
4-8 Communication Skills.
No requirements in Fire Officer III.
4-9 Information Management.
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4-9.1
Identify national and state/provincial agencies that regulate apparatus standards and/or
specifications.
4-9.2
Identify the capabilities and limitations of electronic data processing equipment, given a
summary of the goals and objectives of data processing services and systems within the
jurisdiction and a summary of the components and operational principles of various types of data
processing equipment.
4-9.3
Identify how to direct the development, maintenance, and evaluation of the department
record-keeping system to attain completeness and accuracy.
4-9.4
Identify the principles involved in the acquisition, implementation, and retrieval of information
by data processing as it applies to the record and budgetary processes.
4-9.5
Given a fire department records system:
(a) Analyze the records and data
(b) Interpret records and data and determine validity
(c) Evaluate the data and recommend improvements.
4-10 Planning.
Given a prescribed quantity of personnel and equipment for a given area to be protected,
develop a model plan for the utilization of those resources.
4-11 Inspection, Investigation, and Public Education.
4-11.1
Given fire photographs, diagrams, and/or sketches:
(a) Determine the point of origin
(b) Identify the procedure used by the authority having jurisdiction to determine loss to
structure and contents.
4-11.2
Describe how the methods used by arsonists can be detected, given a summary of the methods
most generally used by persons setting fires.
4-11.3
Describe how the record-keeping system on fire investigations is used and maintained, given a
summary of the record-keeping system.
4-11.4
Evaluate and identify the construction features that might contribute to the spread of fire, heat,
and smoke throughout the building or from one building to another, given fire inspection reports
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for each of the following occupancies:
(a) Public assembly
(b) Educational
1. Residential
2. Nonresidential
(c) Institutional
(d) Residential
(e) Stores and offices
(f) Basic industry
(g) Manufacturing
(h) Storage
(i) Special properties.
4-12 Emergency Service Delivery.
4-12.1
Analyze an emergency incident requiring multiple company operations to determine the
resources required for control and demonstrate the assignment and placement of the resources.
4-12.2
Describe the principles of delegation of authority at an emergency incident.
4-12.3
Identify the role of the LEPC in the authority having jurisdiction.
4-13 Safety.
4-13.1
Demonstrate knowledge of how to develop, plan, initiate, administer, and evaluate safety
programs, given safety records and reports and a summary of federal, state/provincial, and local
codes and ordinances regulating safety practices.
4-13.2
Develop an accident prevention program applicable to the officer’s duty assignment, given
specific hazards.
4-13.3
Evaluate and describe appropriate prevention measures, given accident and injury reports.
Chapter 5 Fire Officer IV
5-1 General.
For certification at Level IV the Fire Officer III shall meet the job performance requirements
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defined in Sections 5-2 through 5-13 of this standard.
5-2 Human Resource Management.
Given a summary of the types of grievances that may confront the officer:
(a) Describe the methods by which the officer can detect and analyze the cause of grievances
(b) Describe the method by which the officer establishes an equitable grievance procedure
(c) Describe the methods by which the officer adjusts and handles grievances.
5-3 Community Awareness/Public Relations.
No performance standards in Fire Officer IV.
5-4 Organizational Structure.
No performance standards in Fire Officer IV.
5-5 Administration.
5-5.1
Summarize the process of code development and administration within the authority having
jurisdiction.
5-5.2
Establish a list of education and in-service training goals for each position, given a summary of
the job requirements for all positions within the department.
5-5.3
Assess policies related to the evaluation and development of personnel.
5-5.4
Evaluate an incentive program to stimulate individual and group initiative.
5-5.5
Evaluate a member assistance program.
5-5.6
Given present physical and geographical layouts and advanced planning projections for an
area:
(a) Select the locations for fire stations to serve the area in the future
(b) Establish time tables for construction and occupancy
(c) Develop a plan for staffing requirement.
5-5.7
Given the resources available and a desired level of protection for a community:
(a) Develop budget requirements for program implementation
(b) Justify the budget request.
5-5.8
Interpret legislation at the local, state/provincial, and federal levels as it applies to the fire
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service.
5-5.9
Assess the need for training facilities and buildings and determine construction costs, goals,
and schedules.
5-6 Budget.
5-6.1
Determine the funds necessary to operate the department for a fiscal year.
5-6.2
Prepare a budget as prescribed by the authority having jurisdiction.
5-6.3
Justify the proposed expenditures to the appropriate governing body.
5-6.4
Develop a system of budget controls based on fiscal and financial policies of the authority
having jurisdiction.
5-6.5
Differentiate between the following public budgeting systems:
(a) Planning programming budgeting system (PPBS)
(b) Line item budgets
(c) Zero based budgeting (ZBB)
(d) Program budgeting
(e) Performance budgeting
(f) Matrix budgets.
5-7 Government Structure.
Interpret authority of the branches of local, state/provincial, and federal governments serving
the authority having jurisdiction.
5-8 Communication Skills.
No performance standards in Fire Officer IV.
5-9 Information Management.
No performance standards in Fire Officer IV.
5-10 Planning.
5-10.1
Summarize all the agencies available to control a major disaster in the authority having
jurisdiction.
5-10.2
Summarize the responsibilities, authority, and utilization of all support agencies in the
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authority having jurisdiction.
5-10.3
Prepare a plan to cope with large-scale emergency situations, given all the pertinent
information and available resources.
5-10.4
Critique the application of the major emergency operations plan, given a disaster situation and
all pertinent information.
5-10.5
Describe how basic operational principles would be applied to a disaster situation.
5-10.6
Given a disaster situation:
(a) Summarize the disaster plan
(b) Summarize how a major disaster plan is activated
(c) Summarize outside assistance available to the fire department and the methods of
summoning the assistance.
5-10.7
Summarize the emergency procedures to be followed by fire officers and other members of the
department during civil disturbances.
5-10.8
Summarize alternative methods of communication in major emergency operations.
5-11 Inspection, Prevention, and Public Education.
No performance standards in Fire Officer IV.
5-12 Emergency Services Delivery.
No performance standards in Fire Officer IV.
5-13 Safety.
No performance standards in Fire Officer IV.
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
6-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition
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NFPA 1041, Standard for Fire Service Instructor Professional Qualifications, 1992 edition.
6-1.2 U.S. Government Publication.
Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402.
Title III SARA, 1986.
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-3
Fire officers are expected to be ethical in their conduct. Ethics implies honesty, doing what’s
right, and performing to the best of one’s ability. For public safety personnel, ethical
responsibility extends beyond one’s individual performance. In serving the citizens, public safety
personnel are charged with the responsibility of ensuring the provision of the best possible safety
and service.
Ethical conduct requires honesty on the part of all public safety personnel. Choices must be
made on the basis of maximum benefit to the citizens and the community. The process of making
these decisions must also be open to the public. The means of providing service as well as the
quality of the service provided must be above question and maximize the principles of fairness
and equity as well as those of efficiency and effectiveness.
A-1-4
Definitions of action verbs used within this document are based upon the first definition of the
word found in Webster’s Dictionary. (Webster’s Third New International Dictionary of the
English Language, Unabridged, G. & C. Merriam Company.)
A-1-4 Authority Having Jurisdiction.
For the purpose of training, testing, and certification, the training or certification agency
should be considered to be the authority having jurisdiction.
A-2-2.3
The Fire Officer I should define stress and understand how to recognize behavior and
attitudinal deficiencies, for example:
(a) The three types of stress (acute, chronic, delayed)
(b) The signs and symptoms of acute, chronic, and delayed stress (physical, emotional,
cognitive, behavioral)
(c) The cause of stress in emergency services personnel (environmental interaction with
people, personality features, inadequate management practices)
(d) The adverse affects of stress on performance of emergency service personnel.
A-2-3 Community Awareness/Public Relations.
Intent: The fire officer should have an understanding of the social forces within the community
that affect group behavior in relation to the fire service.
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A-2-11 Inspection, Investigation, and Public Education.
The committee’s intent is to instill an awareness of those areas that officers may address in the
performance of their duties. Organizations that desire higher levels of competency in these areas
should refer to the applicable NFPA Professional Qualifications Standards: NFPA 1031,
Standard for Professional Qualifications for Fire Inspector; NFPA 1033, Standard for
Professional Qualifications for Fire Investigator; and NFPA 1035, Standard for Professional
Qualifications for Public Fire Educator.
A-2-12
Emergency service delivery is the component of fire department organization providing
responses to emergency incidents.
A-3-13.1
One of the fire officer’s primary responsibilities is safety both on the fire ground and during
normal operations. This standard defines the minimum requirements for the Fire Officer. NFPA
1521, Standard for Fire Department Safety Officer, defines additional requirements for the
officer who may be assigned those duties.
Appendix B Referenced Publications
B-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
B-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1031, Standard for Professional Qualifications for Fire Inspector, 1987 edition
NFPA 1033, Standard for Professional Qualifications for Fire Investigator, 1987 edition
NFPA 1035, Standard for Professional Qualifications for Public Fire Educator, 1987 edition
NFPA 1521, Standard for Fire Department Safety Officer, 1992 edition.
B-1.2 Other Publications.
Webster’s Third New International Dictionary of the English Language, Unabridged, G. & C.
Merriam Company.
Appendix C Bibliography
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
C-1 NFPA Publications.
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National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
An Introduction to Fire Dynamics
Automatic Sprinkler Systems Handbook
Automatic Sprinkler and Standpipe Systems
Building Construction for the Fire Service, Second edition, Francis Brannigan
Conducting Fire Inspections, A Guidebook for Field Use
Engine Company Fireground Operations, Harold Richman
Fire Command, Alan V. Brunacini
Fire Department Safety Officers Guide
Fire Litigation Handbook
Fire Protection Guide on Hazardous Materials
Fire Protection Handbook
Fire Protection Systems, Inspection, Test, and Maintenance Manual
Flammable and Combustible Liquids Code Handbook
Industrial Fire Hazards Handbook
Life Safety Code Handbook
Liquefied Petroleum Gases Handbook
Management in the Fire Service
Managing People: Fire Service Personnel Strategies
National Electric Code Handbook
Principles of Fire Protection Chemistry, Second edition
Truck Company Fireground Operations, Harold Richman
NFPA Inspection Manual.
C-2 Other Publications.
C-2.1 Fire Service Publications.
Stillwater, OK.
Building Construction Related to the Fire Service Chief Officer
Fire Cause Determination
Fire Department Company Officer
Fire Fighter Safety
Fire Inspection and Code Enforcement
Fire Protection Administration
Fire Service Instruction
Incident Command System
Leadership in the Fire Service
Private Fire Protection and Detection.
Copyright 1996 NFPA

C-2.2 ISFSI Publications.
Ashland, MA.
Managing People, 1985
Managing Support Systems, 1987
Managing Operations, 1991.
C-2.3 Other Publications.
Effective Supervisory Practices, Second edition, 1984, ICMA
Managing Fire Services, Second edition, 1988 ICMA
Improving Leadership Effectiveness, F. E. Fiedler Wiley & Son Pub., 1977
‘‘Self Profile” - The Personal Pattern Assessment, 1980 Personal Dynamics, Inc., 1980.

NFPA 1031
1993 Edition
Standard for Professional Qualifications for Fire Inspector

Copyright © 1993 NFPA, All Rights Reserved
1993 Edition
This edition of NFPA 1031, Standard for Professional Qualifications for Fire Inspector, was
prepared by the Technical Committee on Fire Inspector Professional Qualifications, released by
the Correlating Committee on Professional Qualifications, and acted on by the National Fire
Protection Association, Inc. at its Annual Meeting held May 24-27, 1993, in Orlando, FL. It was
issued by the Standards Council on July 23, 1993, with an effective date of August 20, 1993, and
supersedes all previous editions.
The 1993 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1031
In 1972, the Joint Council of National Fire Service Organizations (JCNFSO) created the
National Professional Qualifications Board for the Fire Service (NPQB) to facilitate the
development of nationally applicable performance standards for uniformed fire service
personnel. On December 14, 1972, the Board established four technical committees to develop
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those standards using the National Fire Protection Association (NFPA) standards-making
system. The initial committees addressed the following jobs: fire fighter, fire officer, fire service
instructor, and fire inspector and investigator.
The original concept of the professional qualification standards, as directed by the JCNFSO
and the NPQB, was to develop an interrelated set of performance standards specifically for the
uniformed fire service. The various levels of achievement in the standards were to build upon
each other within a strictly defined career ladder. In the late 1980s, revisions of the standards
recognized that the documents should stand on their own merit in terms of job performance
requirements for a given field. Accordingly, the strict career ladder concept was revised to allow
civilian entry into many of the fields, except for the progression from fire fighter to fire officer.
These revisions facilitated the use of the documents by other than the uniformed fire services.
The Committee on Fire Inspector and Investigator Professional Qualifications met from 1973
through 1977 and produced the first edition of NFPA 1031, Professional Qualifications for Fire
Inspector, Fire Investigator, and Fire Prevention Education Officer. This document was adopted
by the Association in May of 1977.
Subsequent to the adoption of the initial edition, the Committee met regularly to revise and
update the standard. In 1986, the Joint Council directed the Committee to develop separate
documents for each of the job functions the original document addressed. This direction was
coupled with the decision to remove the job of fire inspector from the strict career path
previously followed and allow for civilian entry. The first edition of this new document, NFPA
1031, Standard for Professional Qualifications for Fire Inspector, was adopted by the
Association in June of 1987.
In 1990, responsibility for the appointment of Professional Qualifications committees and the
development of the Professional Qualifications standards was assumed by the NFPA. The
Professional Qualifications Correlating Committee was appointed by the NFPA Standards
Council and assumed the responsibility for coordinating the requirements of all of the documents
in the Professional Qualifications system.
The Technical Committee on Fire Inspector Professional Qualifications was established by the
NFPA Standards Council in 1990 based on a recommendation by the Professional Qualifications
Correlating Committee. This recommendation addressed the need for specific expertise in the
area of fire inspector to review and revise the existing document. This committee met numerous
times to complete a job task analysis and develop specific job performance requirements for the
job of fire inspector.
The intent of the Technical Committee was to develop clear and concise job performance
requirements that can be used to determine that an individual, when measured to the standard,
possesses the skills and knowledge to perform as a fire inspector. These job performance
requirements are applicable to fire inspectors both public and private.
Correlating Committee on Professional Qualifications
Douglas P. Forsman, Chair
Oklahoma State University, OK
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Jon C. Jones, Secretary
Nat’l Fire Protection Assn.
(Nonvoting)
Louis J. Amabili, Delaware State Fire School, DE
Rep. ISFSI
Stephen P. Austin, State Farm Fire & Casualty Co., DE
Rep. IAAI
Dan W. Bailey, USDA Forest Service, MT
Gene P. Carlson, Oklahoma State University, OK
Rep. IFSTA
Jack K. McElfish, Clayton Cnty Fire Dept., GA
Rep. IAFC
Mary Nachbar, Minnesota State Fire Marshal Division, MN
William Peterson, Plano Fire Dept., TX
Rep. IFSTA
Ted Vratny, Boulder Regional Communications Center, CO
John P. Wolf, University of Kansas, KS
Technical Committee on Fire Inspector Professional Qualifications
William Peterson, Chair
Rep. Int’l Fire Service Training Assn.
Richard W. Carlson, Okolona Fire Dept., KY
Donald Charles Craigle, Exxon Research & Engineering Co., NJ
William A. Cross, Yale University, CT
Michael G. Golden, CIGNA, IL
Barbara Koffron, Phoenix Fire Dept., AZ
David Linebaugh, Colorado Springs Fire Dept., CO
Maurice M. Pilette, Mechanical Designs Ltd., MA
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Edward P. Plaugher, Fairfax Cnty Fire/Rescue Dept., VA
Mark Riffey, Nat’l Fire Sprinkler Assn., IN
Rep. Nat’l Fire Sprinkler Assn.
Scott A. Stookey, Austin Fire Dept., TX
Alternates
Joseph T. Cavallari, Yale University, CT
(Alt. to W. A. Cross)
Stephen D. Hart, Fire Sprinkler Advisory Board of California, CA
(Alt. to M. Riffey)
Jon C. Jones, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: To develop and prepare minimum standards of professional competence
required of fire inspectors.

NFPA 1031
Standard for
Professional Qualifications for
Fire Inspector
1993 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 6 and Appendix B.

Chapter 1 Administration
1-1 Scope.
This standard identifies the professional levels of performance required for fire inspectors. It
specifically identifies the job performance requirements necessary to perform as a fire inspector.
1-2* Purpose.
The purpose of this standard is to specify in terms of job performance requirements the
minimum standards for professional competence for fire inspectors. This standard defines three
levels of progression for fire inspector and the prerequisite skills and knowledge for Fire
Inspector I. This standard does not address management responsibilities, nor is it the intent of
Copyright 1996 NFPA

this standard to restrict any jurisdiction from exceeding these minimum requirements.
1-3 General.
1-3.1*
Prior to engaging in training as a Fire Inspector I, the inspector candidate shall provide
evidence of knowledge of characteristics and behavior of fire, fire prevention principles, written
and oral communications, public relations, and basic mathematics.
1-3.2
The job performance requirements for each level of progression as a fire inspector shall be
completed in accordance with recognized practices and procedures or as defined by law or the
authority having jurisdiction.
1-3.3
The job performance requirements need not be mastered in the order in which they appear. The
local, state/provincial, or federal training programs shall establish the instructional priority and
the training program content to prepare individuals to meet the job performance requirements of
this standard.
1-3.4*
Evaluation of job performance requirements shall be by individuals approved by the authority
having jurisdiction.
1-3.5
The fire inspector shall meet all of the requirements defined in Chapter 3 prior to being
certified as a Fire Inspector I.
1-3.6
The Fire Inspector I shall meet all of the requirements defined in Chapter 4 prior to being
certified as a Fire Inspector II.
1-3.7
The Fire Inspector II shall meet all of the requirements defined in Chapter 5 prior to being
certified as a Fire Inspector III.
1-3.8*
The fire inspector at all levels of progression shall remain current with inspection
methodology, fire protection technology, and current applicable codes and standards by
attending workshops/seminars or by means of professional publications and journals.
1-3.9*
The fire inspector at all levels shall perform assigned duties safely. The authority having
jurisdiction shall provide personal protective clothing and the equipment necessary to conduct
assigned inspections.
1-3.10*
The fire inspectors at all levels shall be provided with codes, standards, policies, and
procedures applicable to the jurisdiction and their assignment.
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Chapter 2* Definitions
For the purpose of this standard, the following terms shall have the meanings given below.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or departmental official
may be the “authority having jurisdiction.”

Candidate. A person who has made application to become a fire inspector.
Construction Documents. Documents that consist of scaled design drawings and specifications
for the purpose of construction of new facilities or modification to existing facilities.
Fire Growth Potential. The potential size or intensity of a fire over a period of time based on
the available fuel and the fire’s configuration.
Fire Inspector I. An individual at the first level of progression who has met the job
performance requirements specified in this standard for Level I. The Fire Inspector I conducts
basic fire inspections and applies codes and standards.
Fire Inspector II. An individual at the second or intermediate level of progression who has met
the job performance requirements specified in this standard for Level II. The Fire Inspector II
conducts most types of inspections and interprets applicable codes and standards.
Fire Inspector III. An individual at the third and most advanced level of progression who has
met the job performance requirements specified in this standard for Level III. The Fire Inspector
III performs all types of fire inspection, plans review duties, and resolves complex code-related
issues.
Fire Protection Systems. Systems, devices, and equipment used to detect a fire and its
by-products, actuate an alarm or suppress or control a fire and its by-products, or any
combination thereof.
Job Performance Requirement. A statement that describes a specific job task, lists the items
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necessary to complete the task, and defines measurable or observable outcomes and evaluation
areas for the specific task.
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The “authority having
jurisdiction” should utilize the system employed by the listing organization to identify a listed product.

Means of Egress. Means of egress include the exit access, exit enclosure, exit discharge, doors,
hardware, arrangement, capacity, marking, and illumination, all of which are intended to allow
building occupants to promptly exit a building in the event of an emergency.
Personal Protective Clothing. Clothing provided for the fire inspector’s personal protection,
including a helmet/hard hat, safety glasses, safety shoes/boots, gloves, and coveralls.
Plan. A graphic representation of a building or portion of a building, fire protection system, or
fire assembly or equipment. The plan can include specifications, cut sheets, and other
engineering data. The term includes sketches, floor plans, shop drawings, and blueprints.
Process and Operations. Examples of processes and operations include the manufacture,
storage, and transportation of goods and chemicals; the storage and dispensing of flammable and
combustible liquids, solids, and gases; and the manufacture, use, storage, and transportation of
explosives, spray painting, milling, and the like.
Prerequisite Knowledge. Fundamental knowledge one must have in order to perform a specific
task.
Prerequisite Skills. The essential skills one must have in order to perform a specific task.
Shall. Indicates a mandatory requirement.
Shop Drawings. For the purposes of this standard, shop drawings are scaled working
drawings, equipment cutsheets, and design calculations. (See definition of Construction
Documents.)
Should. Indicates a recommendation or that which is advised but not required.
Task. A specific job behavior or activity.
Chapter 3 Fire Inspector I
3-1* General.
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The Fire Inspector I shall meet the job performance requirements defined in Sections 3-2
through 3-4. In addition, the Fire Inspector I shall meet the requirements of Section 2-2 of NFPA
472, Standard for Professional Competence of Responders to Hazardous Materials Incidents.
3-2 Administration.
3-2.1 Description of Duty for Fire Inspector I.
Tasks within this duty include the preparation of correspondence and inspection reports,
handling of complaints, and maintenance of records.
3-2.1.1 Prerequisite Knowledge: Structure, function, and operational procedures of the
organization and methods/procedures for interaction with other agencies.
3-2.2
Prepare written correspondence to communicate fire protection and prevention practices, given
a common fire safety issue, so that the correspondence is concise, accurately reflects applicable
codes and standards, and is appropriate for the intended audience.
3-2.3
Prepare inspection reports, given observations from a field inspection, so that the report is
clear and concise and accurately reflects the findings of the inspection in accordance with
applicable codes and standards.
3-2.4
Recognize the need for a permit, given a situation or condition, so that required permits are
issued in accordance with the policies of the agency being represented.
3-2.5
Describe the plan review policies of the jurisdiction, given a situation or condition, a set of
construction plans, and the plan review policy of the jurisdiction, so that required plans are
processed in accordance with the policies of the agency being represented.
3-2.6
Schedule inspection and other related activities so that available time is used efficiently.
3-2.6.1 Prerequisite Skills: Time management skills, operation of equipment necessary to do
job.
3-2.7
Document complaints, given a reported situation or condition, so that complaint information is
recorded and the appropriate process is initiated.
3-2.8
Maintain files, given inspection reports, complaint investigations, and related documents, so
that information can be easily retrieved and is filed in compliance with the recordkeeping
policies of the organization.
3-2.8.1 Prerequisite Knowledge: Legal requirements for record retention, freedom of
information requests, community right-to-know.
3-2.9
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Identify the applicable code or standard, given a fire protection related issue, so that the proper
document, edition, and section are referenced.
3-3 Field Inspection.
3-3.1 Description of Duty for Fire Inspector I.
Tasks within this duty include fire safety inspections of new and existing structures and
properties for construction, occupancy, fire protection, and exposures.
3-3.1.1 Prerequisite Knowledge: Inspection and enforcement procedures, legal and ethical
authority and responsibilities.
3-3.2
Identify the occupancy classification of a single-use structure, given a description of the
structure and its use, so that an accurate classification is made according to the applicable codes
and standards.
3-3.2.1 Prerequisite Knowledge: Occupancy classification types; applicable codes and standards,
regulations, operational features, and fire hazards presented by various occupancies.
3-3.3
Compute the allowable occupant load of a single-use building or portion thereof, given a
detailed description of the building or portion of the building, so that the calculated allowable
occupant load is established in accordance with applicable codes and standards.
3-3.3.1 Prerequisite Knowledge: Occupancy classifications, occupant load factors.
3-3.4*
Inspect means of egress elements, given observations made during a field inspection of an
existing building, so that means of egress elements are maintained in compliance with applicable
codes and standards and all deficiencies are discovered, noted, and communicated in accordance
with the policies of the agency represented.
3-3.4.1 Prerequisite Knowledge: Means of egress elements, maintenance requirements of egress
elements, types of construction, occupancy egress requirements, and relationship of fixed fire
protection systems to egress requirements.
3-3.5*
Classify the type of construction for an addition or remodeling project, given field
observations or a description of the project and the materials being used, so that the construction
type is classified and recorded in accordance with the applicable codes and standards and the
policies of the agency being represented.
3-3.5.1 Prerequisite Knowledge: Types of construction classification, rated construction
components, typical building construction methods and materials.
3-3.6*
Determine the operational readiness of existing automatic sprinkler, fire alarm, kitchen hood
systems, and first-aid fire extinguishers, given test documentation and field observations, so that
the system(s) or equipment is in an operational state, maintenance is documented, and all
deficiencies are discovered, noted, and communicated in accordance with the policies of the
Copyright 1996 NFPA

agency being represented.
3-3.6.1 Prerequisite Knowledge: A basic understanding of portable fire extinguishers, fixed fire
extinguishing systems, automatic fire sprinkler systems, standpipe and hose systems, water
supply systems, automatic and manual fire alarm systems and devices.
3-3.7*
Verify code compliance of common industrial/commercial processes and operations, given
field observations, so that processes or operations are conducted and maintained in accordance
with applicable codes and standards and all code violations are discovered, noted, and
communicated in accordance with the policies of the agency being represented.
3-3.7.1 Prerequisite Knowledge: Principles of electricity, materials storage, welding and cutting,
application of flammable finishes, dip tanks, dry cleaning, dust hazards, heating and cooking
equipment.
3-3.8
Estimate the fire growth potential in a building or space, given field observations, so that the
contents and construction elements can be evaluated for compliance with applicable codes and
standards.
3-3.8.1 Prerequisite Knowledge: Flame spread and smoke ratings of contents, interior finishes,
decorations, decorative materials, and furnishings; construction assemblies or devices; building
construction components installed for fire-related purposes including but not limited to fire
doors, fire stops, draft curtains, fire walls, smoke vents, chimneys, flues, and rated ceilings;
classes of roof covering; test methods and markings or labeling; special building construction
features including but not limited to projection booths, stages, proscenium openings, and
flammable liquid storage rooms.
3-3.9*
Verify that emergency planning and preparedness measures are in place and have been
practiced, given field observations, copies of emergency plans and records of exercises, so that
plans are prepared and exercises have been performed in accordance with applicable codes and
standards and all deficiencies are discovered and communicated in accordance with the policies
of the agency being represented.
3-3.9.1 Prerequisite Knowledge: Identify the requirements relative to fire drills that are required
within the jurisdiction. Identify how to conduct or evaluate, or both, fire drills in various
occupancies and human behavior during fires and emergencies.
3-3.10
Verify emergency access for a site, given field observations, so that all access points are
discovered and all deficiencies are identified and communicated in accordance with the policies
of the agency being represented.
3-3.10.1 Prerequisite Knowledge: Emergency access and accessibility requirements.
3-3.11
Verify fire flows for a site, given fire flow test results and water supply data, so that required
fire flows are in accordance with applicable codes and standards and all deficiencies are
discovered and communicated in accordance with the policies of the agency being represented.
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3-3.11.1 Prerequisite Knowledge: Identify the types of water distribution systems and other
water sources in the local community, water distribution system testing, and characteristics of
public and private water supply systems.
3-3.11.2 Prerequisite Skills: Use of Pitot tube and gauges, calculation and graphing of fire flow
results.
3-3.12
Verify code compliance for storage, handling, and use of flammable and combustible liquids,
given field observations and inspection guidelines from the authority having jurisdiction, so that
applicable codes and standards are addressed and all deficiencies are discovered and
communicated in accordance with the policies of the agency being represented.
3-3.12.1 Prerequisite Knowledge: Classification, properties, labeling, transportation, storage,
handling, and use of flammable and combustible liquids.
3-3.13
Verify code compliance for the storage, handling, and use of hazardous substances or
materials, given field observations and inspection guidelines from the authority having
jurisdiction, so that applicable codes and standards for each hazardous substance or material
encountered are properly addressed and all deficiencies are discovered and communicated in
accordance with the policies of the agency being represented.
3-3.13.1 Prerequisite Knowledge: Classification, properties, labeling, transportation, storage,
handling, and use of fireworks and explosives; compressed and liquefied gases; flammable
solids; toxic materials; oxidizers; radioactive materials; corrosive and other regulated materials.
3-3.14
Verify code compliance of heating, ventilation, and air conditioning and other building service
equipment and operations, given field observations, so that the systems and other equipment are
maintained in accordance with applicable codes and standards and all deficiencies are
discovered, noted, and communicated in accordance with the policies of the agency being
represented.
3-3.14.1 Prerequisite Knowledge: Types, installation, maintenance, and use of building service
equipment; installation of kitchen cooking equipment, including hoods and ducts.
3-3.15
Compare an approved plan to an installed fire protection system, given approved plans and
field observations, so that any changes or modifications to the system are identified, noted, and
communicated in accordance with the policies of the agency being represented.
3-3.15.1 Prerequisite Knowledge: Fire protection symbols and terminology.
3-3.15.2 Prerequisite Skills: Ability to read and comprehend plans for fire protection systems.
3-4 Plans Review.
No job performance requirements for Fire Inspector I.
Chapter 4 Fire Inspector II
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4-1 General.
4-1.1
The Fire Inspector II shall meet the job performance requirements defined in Sections 4-2
through 4-4.
4-2 Administration.
4-2.1 Description of Duty for Fire Inspector II.
Tasks within this duty include research, interpretation of codes, implementing policy,
testifying at legal proceedings, and creating forms and job aids.
4-2.2
Develop written correspondence to communicate fire protection and prevention requirements,
given a complex fire safety issue, so that the correspondence reflects research and accurate
interpretation of applicable codes and standards.
4-2.2.1 Prerequisite Skills: Code-related research.
4-2.3
Issue permits, given a permit request or application, so that applicable codes and standards are
met.
4-2.4
Create inspection checklists and forms, given applicable codes, standards, and departmental
policies and procedures, so that the materials developed are clear and concise and key issues are
addressed.
4-2.5
Recommend policies and procedures for conducting field inspections and plans review, given
an issue or special need, so that the recommendations are clearly defined, concise, and address
the particular issue or need.
4-2.6
Explain the application process for permit and plan review, given a specific request, so that the
explanation is concise, appropriate for the intended audience, and consistent with the applicable
policies and procedures of the agency being represented.
4-2.7
Testify at legal proceedings, given the findings of an inspection, a plan review, or a complaint,
and consultation with legal counsel, so that all information is presented accurately and the
inspector’s demeanor is appropriate to the proceeding.
4-2.7.1 Prerequisite Knowledge: The legal requirements pertaining to evidence rules in the legal
system, knowledge of types of legal proceedings.
4-2.7.2 Prerequisite Skills: Courtroom demeanor, communication and listening skills, ability to
differentiate facts from opinions.
4-3 Field Inspection.
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4-3.1 Description of Duty for Fire Inspector II.
Tasks within this duty include code enforcement inspections and analyses of new and existing
structures and properties for construction, occupancy, fire protection, and exposures.
4-3.2
Compute the occupant load of a multi-use building, given field observations or a description of
its uses, so that the maximum occupant load calculation is accurate and in accordance with
applicable codes and standards.
4-3.3
Identify the occupancy classification of a mixed-use building, given a description of the uses,
so that each area is properly classified in accordance with applicable codes and standards.
4-3.4
Classify the type of construction in a building, given field observations or a description of the
building’s height, area, occupancy, and construction features, so that the construction type is
properly classified according to applicable codes and standards.
4-3.4.1 Prerequisite Knowledge: Building construction with emphasis on fire-rated construction,
evaluation of methods of construction and assemblies for fire rating, analysis of test results, and
manufacturer’s specifications.
4-3.5
Evaluate the operational readiness of all existing fire protection systems and equipment for a
building or facility, given field observations and documentation of periodic testing and system
specifications, so that it can be determined if the system(s) and equipment are in an operational
state and maintained in accordance with applicable codes and standards and so that all
deficiencies are discovered, noted, and communicated in accordance with the policies of the
agency being represented.
4-3.5.1 Prerequisite Knowledge: Proper selection, distribution, location, and testing of portable
fire extinguishers; methods used to evaluate the operational readiness of water supply systems
used for fire protection; evaluation and testing of automatic sprinkler, water spray, and standpipe
systems, and fire pumps; evaluation and testing of fixed fire suppression systems including CO2,
Halon, foam, and dry chemical; evaluation and testing of automatic fire detection and alarm
systems and devices.
4-3.6
Evaluate an acceptance test for a new fire protection system, given an installed system, so that
the system performance can be analyzed for compliance with applicable codes and standards and
approval decisions made.
4-3.6.1 Prerequisite Knowledge: Acceptance test procedures.
4-3.6.2 Prerequisite Skills: Ability to supervise performance of acceptance tests.
4-3.7
Analyze the egress elements of a building or portion of a building, given observations made
during a field inspection, so that means of egress elements are provided and located in
accordance with applicable codes and standards and all deficiencies are discovered, noted, and
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communicated in accordance with the policies of the agency being represented.
4-3.7.1 Prerequisite Knowledge: Acceptable means of egress devices including but not limited to
doors, hardware, and lights.
4-3.7.2 Prerequisite Skills: Calculation of egress requirements.
4-3.8*
Evaluate code compliance of complex industrial/commercial processes and operations, given
field observations, so that processes or operations are conducted and maintained in accordance
with applicable codes and standards and all violations are discovered, noted, and communicated
in accordance with the policies of the agency being represented.
4-3.8.1 Prerequisite Knowledge: Fire protection and safety requirements for heating and cooking
equipment and industrial ovens and furnaces; handling and storage of flammable and
combustible liquids, compressed and liquefied gases, and explosives, including fireworks.
4-3.9
Estimate the fire growth potential of the furnishings and decorative materials used in a
building or portion of a building, given field observations, a description of the building, and the
decorative materials and furnishings used, so that accurate fire growth potential is used in the
evaluation of the fire protection provided within the building.
4-3.9.1 Prerequisite Knowledge: Evaluation of test procedures and reports on flammability of
decorations, decorative materials, and furnishings.
4-3.10
Evaluate emergency planning and preparedness procedures, given copies of existing or
proposed plans and procedures, to determine their applicability to the facility and their
compliance with codes and standards.
4-3.10.1 Prerequisite Knowledge: Occupancy requirements for emergency evacuation plans, fire
safety programs for crowd control, roles of agencies and individuals in implementation and
development of emergency evacuation plans, information sources for emergency evacuation
plans.
4-3.11
Verify code compliance in processes or operations utilizing hazardous substances or materials,
given field observations and inspection guidelines from the authority having jurisdiction, so that
applicable codes and standards for each process or operation encountered are properly addressed
and all deficiencies are discovered and communicated in accordance with the policies of the
agency being represented.
4-3.11.1 Prerequisite Knowledge: Processes and operations utilizing hazardous substances and
materials.
4-3.12
Verify code compliance in processes or operations utilizing flammable and combustible
liquids, given field observations and inspection guidelines from the authority having jurisdiction,
so that applicable codes and standards for each process or operation encountered are properly
addressed and all deficiencies are discovered and communicated in accordance with the policies
of the agency being represented.
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4-3.12.1 Prerequisite Knowledge: Processes and operations utilizing flammable and combustible
liquids.
4-4 Plans Review.
4-4.1 Description of Duty for Fire Inspector II.
Tasks within this duty include the review and approval of plans and specifications that meet
the intent of applicable codes and standards for fire and life safety and building construction and
processes.
4-4.2
Classify the occupancy type, given a set of plans, specifications, and a description of a
building, so that the classification is made according to applicable codes and standards.
4-4.3
Compute the occupant load, given a floor plan of a building or portion of the building, so that
the calculated occupant load is in accordance with applicable codes and standards.
4-4.4
Verify code compliance, given shop drawings and system specifications for a process or
operation, so that each system is reviewed for code compliance and all deficiencies are
discovered and reported in accordance with the policies of the agency being represented.
4-4.4.1 Prerequisite Skills: Ability to read basic floor plan or shop drawings and identify
symbols used by the jurisdiction.
4-4.5
Verify that egress elements are provided, given a floor plan of a building or portion of a
building, so that all elements are identified, checked against applicable codes and standards, and
any deficiencies are discovered and communicated in accordance with the policies of the agency
being represented.
4-4.6
Suggest methods of compliance, given a set of deficiencies from a plan review, so that each
suggested method is clearly stated and would rectify the related deficiency.
4-4.7
Categorize a building into a particular construction type, given a set of plans and
specifications, so that the assigned construction type is based on the proposed area, height,
number of stories, location of the building, and applicable codes and standards.
Chapter 5 Fire Inspector III
5-1 General.
The Fire Inspector III shall meet the job performance requirements defined in Sections 5-2
through 5-4.
5-2 Administration.
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5-2.1 Description of Duty for the Fire Inspector III.
Tasks for this duty include recommendation, creation, and evaluation of policies and
procedures for fire safety inspections and code enforcement activities.
5-2.2
Generate correspondence related to the issuance of appeals and variances, given a request for a
variance or an appeal, so that the resulting document clearly addresses the issue.
5-2.2.1 Prerequisite Knowledge: The established procedure for modification and upgrade of
applicable codes and standards, the judicial review process, and the established appeals
procedure for the jurisdiction.
5-2.3
Facilitate code adoption and modification processes, given fire loss data and a demonstrated
need or deficiency, so that the code is properly written and precisely addresses the identified
need or deficiency.
5-2.3.1 Prerequisite Knowledge: The development and adoption process for fire safety
legislation or regulations.
5-2.3.2 Prerequisite Skills: The ability to compose legally adoptable language.
5-2.4
Assess the impact of proposed codes, ordinances, and other legislation, given draft documents,
so that the impact of the proposal on fire safety and code enforcement activities is documented.
5-2.4.1 Prerequisite Knowledge: The process for the development of codes and standards at the
local, state/provincial, and national level; sources that can provide information and technical
assistance in the development of fire safety legislation.
5-2.5
Develop policies and procedures for the administration of inspection functions, given
management objectives, so that the policies are clearly defined and concise and in accordance
with the legal obligations of the jurisdiction.
5-2.5.1 Prerequisite Knowledge: Legal precedence and the various systems of government that
affect the performance of the fire inspector’s duties.
5-2.6
Suggest technical reference material acquisition, given a scope of responsibility, budget
limitations, and specific code-related issues, so that resources matching specific needs are
acquired within budget limitations.
5-2.6.1 Prerequisite Knowledge: Types and sources of publications, including approval and
listings guides, codes and standards, and technical references.
5-2.7
Enforce permit regulations, given a report of a violation and appropriate regulations, so that
revocation decisions are in accordance with the policies of the agency represented and applicable
codes and standards.
5-2.8
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Initiate legal action related to a fire code violation, given a description of a violation and a
legal opinion, so that the action taken is in accordance with the policies of the agency
represented and due process of law is followed.
5-2.8.1 Prerequisite Knowledge: Legal procedure for fire code enforcement.
5-2.9
Recommend a program budget, given organizational goals, budget guidelines, and
organizational needs, so that overall program needs are addressed within budget guidelines.
5-3 Field Inspection.
5-3.1 Description of Duty for the Fire Inspector III.
Tasks within this duty include analysis of code compliance alternatives; evaluation of
construction, occupancy, fire protection, and exposures; and emergency planning.
5-3.2
Assess alternative methods to adjust occupant loads, given a description of an area, building,
or portion of a building and its intended use, so that the permitted occupant load is in accordance
with applicable codes and standards.
5-3.3
Evaluate corrective measures, given a list of means of egress deficiencies in a building and the
proposed correction, so that each deficiency and its proposed correction are evaluated for
compliance with applicable codes and standards, and noncompliant corrections are identified and
reported in accordance with the policies of the agency being represented.
5-3.4
Evaluate fire protection systems and equipment provided for the protection of a building or
facility, given field observations of the facility, the hazards protected, and the system
specifications, so that the fire protection systems provided are appropriate for the hazard being
protected and are installed in compliance with applicable codes and standards, and all
discrepancies are discovered and communicated in accordance with the policies of the agency
being represented.
5-3.5
Evaluate the construction type required for an addition or remodeling project, given a
description of the building and its use, so that the construction type is evaluated based on
applicable codes and standards and discrepancies are discovered and communicated in
accordance with the policies of the agency being represented.
5-3.6
Evaluate alternative protection measures, given deficiencies noted during a field inspection of
a facility at the time a process or operation was being conducted, so that the process or operation
is provided with a level of protection that is in compliance with applicable codes and standards.
5-3.7
Evaluate fire protection plans and practices, given a field report describing a facility housing a
complex process or operation, so that the fire growth potential for all areas is determined, the
level of protection is appropriate to the hazard, and applicable codes and standards are met.
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5-3.8
Recommend criteria for the development of emergency planning and procedures, given a
description of a building and its use, so that plans and procedures are in compliance with
applicable codes and standards.
5-3.9
Evaluate alternative methods for compliance with applicable codes and standards, given a field
inspection of a process or operation involving the storage, handling, and use of hazardous
materials and substances, so that all deficiencies are noted and addressed, and the operation is
protected to a level that is in compliance with applicable codes and standards.
5-3.10
Evaluate alternative methods for compliance with applicable codes and standards, given a field
inspection of a process or operation involving the storage, handling, and use of flammable and
combustible liquids, so that all deficiencies are noted and addressed, and the operation is
protected to a level that is in compliance with applicable codes and standards.
5-4 Plans Review.
5-4.1 Description of Duty for Fire Inspector III.
Tasks within this duty include the analysis and approval of plans and specifications that meet
the intent of applicable codes and standards for fire protection systems and equipment, site plans,
and construction features for complex occupancies.
5-4.2
Analyze all fire protection systems and equipment provided, given a set of plans and
specifications and a description of the facilities’ intended use, so that each system and all
equipment provided are reviewed, based on applicable codes and standards, and all discrepancies
or variations are discovered and communicated in accordance with the policies of the agency
being represented.
5-4.3
Analyze the construction and fire protection elements, given a set of plans and specifications
for a complex building or facility, so that the protection provided for the facility is in accordance
with applicable codes and standards, and all discrepancies are discovered and communicated in
accordance with the policies of the agency being represented.
5-4.4
Evaluate a proposed site, given a site plan and fire flow test results, so that emergency access
to the site and required fire flows are provided as required by applicable codes and standards,
and all discrepancies are discovered and communicated in accordance with the policies of the
agency being represented.
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this standard and shall be
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considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
6-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 472, Standard for Professional Competence of Responders to Hazardous Materials
Incidents, 1992 edition.
Appendix A Explanatory Material
This appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-2
Management responsibilities should be addressed by the agency or organization that the
inspector represents. For fire service organizations, NFPA 1021, Standard for Fire Officer
Professional Qualifications, should be used for guidance. For civilian inspectors, the authority
having jurisdiction should define the agency requirements for progression to positions of
management responsibility.
A-1-3.1
To train and work as a fire inspector, the committee has determined that the candidate must
possess, at a minimum, basic knowledge of the characteristics and behavior of fire (including
basic fire cause determination) and fire prevention principles, and skill in written and oral
communication, public relations, and basic mathematics (whole numbers; fractions and
decimals; percentages, averages, and estimations; algebraic equations; powers and roots; ratios
and proportions; linear surface and volume measurements). Evidence of this knowledge could be
attendance at training sessions provided by the agency, certificates of training, and
documentation of high school or college coursework. It is not the intent of the committee to
require college-level coursework as part of this requirement. The authority having jurisdiction
should determine the type of evidence and specific levels of preparation for inspectors it
employs.
A-1-3.4
It is recommended that evaluators be individuals who were not directly involved as instructors
for the requirement being evaluated.
A-1-3.8
The intent of the committee is that individuals at the Fire Inspector III level should assist in the
training and education of inspectors at lower levels.
A-1-3.9
It is recommended that the following equipment be provided to the fire inspector to
accomplish assigned duties: flashlight, drafting tools (scale, rulers, compass, graph paper, etc.),
tape measure (50 ft), calculator, small mirror, clipboard, photography equipment, Pitot tube, and
pressure gauges. Personal protective clothing, such as hard hats, eye protection, boots, coveralls,
Copyright 1996 NFPA

etc., as defined in Chapter 2, should be available as necessary.
A-1-3.10
In order for inspectors to perform their jobs or be evaluated on their performances of the job
requirements of this standard, basic resource materials must be available for reference. These
materials include those codes and standards applicable to that jurisdiction where the inspector is
working or being evaluated. Policies and procedures that define and regulate the inspector’s job
must also be provided. This is of particular importance where inspectors are being evaluated by
an agency other than their employer. It is the intent of this standard to measure the inspector’s
ability to use fire codes and standards within the guidelines set by the policies and procedures of
a jurisdiction. These skills should be readily transferable, regardless of the specific codes or
standards or the editions being used.
A-2
The action verbs used in describing the job performance requirements in this document are
based on the first definition of the verb found in Webster’s Third New International Dictionary
of the English Language.
A-3-1
The intent of the committee is that individuals at the Fire Inspector I level perform basic fire
safety inspections. Individuals at this level may include fire fighters who are normally assigned
to fire suppression or other individuals whose primary job responsibilities are not fire inspection.
A-3-3.4
Examples of means of egress elements include exit access, exit enclosures, exit discharges,
exit travel distances, arrangement, capacity, stairways, ramps, doors, hardware, exit markings,
and illumination.
A-3-3.5
A building description includes height and area dimensions, construction type, and
construction materials.
A-3-3.6
To meet this requirement, the Fire Inspector I is required to simply verify that valves are open
and secured, control panels are on with no trouble indications, and fire extinguishers or systems
are sealed, with proper gauge readings. Documentation of maintenance would include inspection
tags and records of alarm system and device tests and sprinkler or standpipe main drain tests, etc.
A-3-3.7
The Fire Inspector I is expected to have knowledge of processes and operations that include
spray painting and flammable and combustible liquids storage, dispensing, and use.
A-3-3.9
Emergency planning and preparation includes fire drills, announcements, evacuation plans,
fire department access, response personnel, and standby personnel.
A-4-3.8
The Fire Inspector II is expected to have knowledge of processes and operations that include
milling and the manufacture, storage, and use of chemicals and explosives.
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Appendix B Referenced Publications
B-1
The following documents or portions thereof are for informational purposes only and thus are
not considered part of the requirements of this document. The edition indicated for each
reference is the current edition as of the date of the NFPA issuance of this document.
B-2
The publications listed in this appendix are referenced to the specific job performance
requirement or associated prerequisite knowledge or skill.
B-2.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1, Fire Prevention Code, 1992 edition.
NFPA 10, Standard for Portable Fire Extinguishers, 1990 edition.
NFPA 11, Standard for Low Expansion Foam and Combined Agent Systems, 1988 edition.
NFPA 11A, Standard for Medium- and High-Expansion Foam Systems, 1988 edition.
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, 1993 edition.
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems, 1992 edition.
NFPA 12B, Standard on Halon 1211 Fire Extinguishing Systems, 1990 edition.
NFPA 13, Standard for the Installation of Sprinkler Systems, 1991 edition.
NFPA 13A, Recommended Practice for the Inspection, Testing and Maintenance of Sprinkler
Systems, 1987 edition.
NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and Two-Family
Dwellings and Mobile Homes, 1991 edition.
NFPA 13R, Standard for the Installation of Sprinkler Systems in Residential Occupancies Up
to and Including Four Stories in Height, 1991 edition.
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1993 edition.
NFPA 16, Standard on the Installation of Deluge Foam-Water Sprinkler and Foam-Water
Spray Systems, 1991 edition.
NFPA 17, Standard for Dry Chemical Extinguishing Systems, 1990 edition.
NFPA 17A, Standard for Wet Chemical Extinguishing Systems, 1990 edition.
NFPA 20, Standard for the Installation of Centrifugal Fire Pumps, 1993 edition.
NFPA 24, Standard for the Installation of Private Fire Service Mains and Their
Appurtenances, 1992 edition.
NFPA 30B, Code for the Manufacture and Storage of Aerosol Products, 1990 edition.
NFPA 33, Standard for Spray Application Using Flammable and Combustible Materials, 1989
edition.
NFPA 34, Standard for Dipping and Coating Processes Using Flammable or Combustible
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Liquids, 1989 edition.
NFPA 35, Standard for the Manufacture of Organic Coatings, 1987 edition.
NFPA 40E, Code for the Storage of Pyroxylin Plastic, 1993 edition.
NFPA 43A, Code for the Storage of Liquid and Solid Oxidizers, 1990 edition.
NFPA 43B, Code for the Storage of Organic Peroxide Formulations, 1993 edition.
NFPA 43D, Code for Storage of Pesticides in Portable Containers, 1986 edition.
NFPA 50, Standard for Bulk Oxygen Systems at Consumer Sites, 1990 edition.
NFPA 50A, Standard for Gaseous Hydrogen Systems at Consumer Sites, 1989 edition.
NFPA 50B, Standard for Liquefied Hydrogen Systems at Consumer Sites, 1989 edition.
NFPA 51, Standard for the Design and Installation of Oxygen-Fuel Gas Systems for Welding,
Cutting, and Allied Processes, 1992 edition.
NFPA 51A, Standard for Acetylene Cylinder Charging Plants, 1989 edition.
NFPA 51B, Standard for Fire Prevention in Use of Cutting and Welding Processes, 1989
edition.
NFPA 54, National Fuel Gas Code, 1992 edition.
NFPA 55, Standard for the Storage, Use, and Handling of Compressed and Liquefied Gases in
Portable Cylinders, 1993 edition.
NFPA 72, National Fire Alarm Code, 1993 edition.
NFPA 88A, Standard for Parking Structures, 1991 edition.
NFPA 88B, Standard for Repair Garages, 1991 edition.
NFPA 101, Life Safety Code, 1991 edition.
NFPA 231, Standard for General Storage, 1990 edition.
NFPA 231C, Standard for Rack Storage of Materials, 1991 edition.
NFPA 231D, Standard for Storage of Rubber Tires, 1989 edition.
NFPA 231E, Recommended Practice for the Storage of Baled Cotton, 1989 edition.
NFPA 231F, Standard for the Storage of Roll Paper, 1987 edition.
NFPA 241, Standard for Safeguarding Construction, Alteration, and Demolition Operations,
1993 edition.
NFPA 1021, Standard for Fire Officer Professional Qualifications, 1992 edition.
NFPA 1962, Standard for the Care, Use, and Service Testing of Fire Hose Including
Couplings and Nozzles, 1993 edition.
NFPA 1963, Standard for Screw Threads and Gaskets for Fire Hose Connections, 1993
edition.
Appendix C
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
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Explanation of the Standards and Concepts of JPRs
The primary benefit of establishing national professional qualification standards is to provide
both public and private sectors with a framework of the job requirements for the fire service.
Other benefits include enhancement of the profession, individual as well as organizational
growth and development, and standardization of practices.
NFPA professional qualification standards identify the minimum job performance
requirements for specific fire service positions. The standards may be used for training design
and evaluation, certification, measuring and critiquing on-the-job performance, defining hiring
practices, and setting organizational policies, procedures, and goals (other applications are
encouraged).
Professional qualification standards for a specific job are organized by major areas of
responsibility defined as duties. For example, the fire fighter’s duties may include fire
suppression, rescue, and water supply; and the Public Fire Educator’s duties may include
education, planning and development, and administration. Duties are major functional areas of
responsibility within a job.
The professional qualification standards are written as job performance requirements (JPRs).
Job performance requirements describe the performance required for a specific job. JPRs are
grouped according to the duties of a job. The complete list of JPRs for each duty defines what an
individual must be able to do in order to successfully perform that duty. Together, the duties and
their JPRs define the job parameters; that is, the professional qualification standard as a whole is
a job description.
Breaking Down the Components of a Job Performance Requirement
The job performance requirement is the assembly of three critical components. These
components are as follows:
(1) Task to be performed.
(2) Tools, equipment, or materials that must be provided to successfully complete the task.
(3) Evaluation parameters and/or performance outcomes.
Example

(1) Task

(1) Ventilate a pitched roof;

(2) Tools, equipment, or materials

(2) Given an ax, a pike pole, an extension ladder, and a roof
ladder;

(3) Evaluation parameters and performance outcomes

(3) So that a 4-ft × 4-ft hole is created, all ventilation
barriers are removed; ladders are properly positioned for
ventilation; ventilation holes are correctly placed; and
smoke, heat, and combustion by-products are released from
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the structure.

The task to be performed: The first component is a concise statement of what the person is
supposed to do.
Tools, equipment, or materials that must be provided to successfully complete the task: This
component ensures that all individuals completing the task are given the same minimal tools,
equipment, or materials when being evaluated. By listing these items, the performer and
evaluator know what must be provided in order to complete the task.
Evaluation parameters and/or performance outcomes: This component defines how well one
must perform each task—for both the performer and evaluator. The JPR guides performance
outcomes. This portion of the JPR promotes consistency in evaluation by reducing the variables
used to gauge performance.
In addition to these three components, the JPR contains prerequisite knowledge and skills. Just
as the term prerequisite suggests, these are the necessary knowledge and skills one must have
prior to being able to perform the task. Prerequisite knowledge and skills are the foundation for
task performance.
Once the components and prerequisites are put together, the JPR might read as follows:
Example 1:
The Fire Fighter I shall ventilate a pitched roof, given an ax, a pike pole, an extension ladder,
and a roof ladder; so that a 4-ft × 4-ft hole is created; all ventilation barriers are removed; ladders
are properly positioned for ventilation; and ventilation holes are correctly placed.
Prerequisite Knowledge: Pitched roof construction, safety considerations with roof ventilation,
the dangers associated with improper ventilation, knowledge of ventilation tools, the effects of
ventilation on fire growth, smoke movement in structures, signs of backdraft, and the knowledge
of vertical and forced ventilation.
Prerequisite Skills: Remove roof covering; properly initiate roof cuts; use the pike pole to
clear ventilation barriers; use ax properly for sounding, cutting, and stripping; position ladders;
and climb and position self on ladder.
Example 2:
The Fire Investigator shall interpret burn patterns, given standard equipment and tools and
some structural/content remains, so that each individual pattern is evaluated with respect to the
burning characteristics of the material involved.
Prerequisite Knowledge: Knowledge of fire development and the interrelationship of heat
release rate, form, and ignitability of materials.
Prerequisite Skill: Interpret the effects of burning characteristics on different types of
materials.
Examples of Potential Uses

Copyright 1996 NFPA

Certification:
JPRs can be used to establish the evaluation criteria for certification at a specific job level.
When used for certification, evaluation must be based on the successful completion of JPRs.
First, the evaluator verifies the attainment of prerequisite knowledge and skills prior to JPR
evaluation. This might be through documentation review or testing.
Next, the candidate is evaluated on completing the JPRs. The candidate performs the task and
is evaluated based on the evaluation parameters and/or performance outcomes. This
performance-based evaluation can be either practical (for psychomotor skills*, such as “ventilate
a roof”) or written (for cognitive skills*, such as “interpret burn patterns”).
* NOTE: Psychomotor skills are those physical skills that can be demonstrated or observed. Cognitive skills
(or mental skills) cannot be observed, but rather are evaluated on how one completes the task (process
oriented) or on the task outcome (product oriented).

Using Example 1, a practical performance-based evaluation would measure the ability to
“ventilate a pitched roof.” The candidate passes this particular evaluation if the standard was
met, i.e., a 4-ft × 4-ft hole was created; all ventilation barriers were removed; ladders were
properly positioned for ventilation; ventilation holes were correctly placed; and smoke, heat, and
combustion by-products were released from the structure.
For Example 2, when evaluating the task “interpret burn patterns,” the candidate could be
given a written assessment in the form of a scenario, photographs, and drawings and then be
asked to respond to specific written questions related to the JPRs evaluation parameters.
Remember, when evaluating performance, candidates must be given the tools, equipment, or
materials listed in the JPR before they can be properly evaluated, e.g., an ax, a pike pole, an
extension ladder, and a roof ladder.
Curriculum Development/Training Design and Evaluation:
The statements contained in this document that refer to job performance were designed and
written as job performance requirements. While a resemblance to instructional objectives may be
present, these statements should not be used in a teaching situation until after they have been
modified for instructional use.
Job performance requirements state the behaviors required to perform specific skill(s) on the
job, as opposed to a learning situation. These statements should be converted into instructional
objectives with behaviors, conditions, and standards that can be measured within the
teaching/learning environment. A job performance requirement that requires a fire fighter to
“ventilate a pitched roof” should be converted into a measurable instructional objective for use
when teaching the skill. (See Figure C-1.)
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Figure C-1 Converting JPRs into instructional objectives.

Using Example 1, a terminal instructional objective might read as follows:
The candidate will ventilate a pitched roof, given a simulated roof, an ax, a pike pole, an
extension ladder, and a roof ladder, so that 100 percent accuracy is attained on a skills checklist.
(At a minimum, the skills checklist should include each of the measurement criteria from the
JPR.)
Figure C-2 is a sample checklist for use in evaluating this objective.

Figure C-2 Skills checklist.

While the differences between job performance requirements and instructional objectives are
subtle in appearance, the purpose of each statement differs greatly. JPRs state what is necessary
to perform the job in the “real world.” Instructional objectives, however, are used to identify
what students must do at the end of a training session and are stated in behavioral terms that are
measurable in the training environment.
By converting JPRs into instructional objectives, instructors will be able to clarify
performance expectations and avoid confusion related to using statements designed for purposes
other than teaching. Additionally, instructors will be able to add local/state/regional elements of
performance into the standards as intended by the developers.
Prerequisite skills and knowledge should be converted into enabling objectives. These help to
define the course content. The course content should include each of the prerequisite knowledge
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and skills. Using Figure C-2, the enabling objectives are pitched roof construction, safety
considerations with roof ventilation, remove roof covering, properly initiate roof cuts, etc. These
ensure that the course content supports the terminal objective.
NOTE: It is assumed that the reader is familiar with curriculum development or training design and evaluation.

Other Uses
While the professional qualifications standards are principally used to guide the development
of training and certification programs, there are a number of other potential uses for these
documents. Because they are written in JPR terms, they lend themselves well to any area of the
profession where a level of performance or expertise must be determined. Such areas might
include:
Employee Evaluation/Performance Critiquing. The JPRs can be used as a guide by both the
supervisor and the employee during an evaluation. The JPRs for a specific job define tasks that
are essential to perform on the job, as well as the evaluation criteria to measure when those tasks
are completed.
Establishing Hiring Criteria. Professional qualifications standards may be used in a number
of ways to further the establishment of hiring criteria. The authority having jurisdiction might
simply require certification at a specific job level, e.g., Fire Fighter I. The JPRs might also be
used as the basis for pre-employment screening by establishing essential minimal tasks and the
related evaluation criteria. An added benefit is that individuals interested in employment can
work toward the minimal hiring criteria at local colleges.
Employee Development. The professional qualifications standards can be useful to both the
employee and the employer in developing a plan for the individual’s growth within the
organization. The JPRs and the associated prerequisite skills and knowledge can be used as a
guide to determine additional training and education required for the employee to master the job
or profession.
Succession Planning. Succession planning or career pathing addresses the efficient placement
of people into jobs in response to current needs and anticipated future needs. A career
development path can be established for targeted individuals to prepare them for growth within
the organization. The JPRs and prerequisite knowledge and skills could then be used to develop
an educational path to aid in the individual’s advancement within the organization or profession.
Establishing Organizational Policies, Procedures, and Goals. The JPRs can be incorporated
into organizational policies, procedures, and goals where employee performance is addressed.
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released by the Correlating Committee on Professional Qualifications, and acted on by the
National Fire Protection Association, Inc. at its Fall Meeting held November 16-18, 1992, in
Dallas, Texas. It was issued by the Standards Council on January 15, 1993, with an effective date
of February 12, 1993, and supersedes all previous editions.
The 1993 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1033
In 1972, the Joint Council of National Fire Service Organizations (JCNFSO) created the
National Professional Qualifications Board for the Fire Service (NPQB) to facilitate the
development of nationally applicable performance standards for uniformed fire service
personnel. On December 14, 1972, the Board established four technical committees to develop
those standards using the National Fire Protection Association (NFPA) standard-making system.
The initial committees addressed the following jobs: fire fighter, fire officer, fire service
instructor, and fire inspector and investigator.
The original concept of the professional qualification standards as directed by the JCNFSO
and the NPQB was to develop an interrelated set of performance standards specifically for the
uniformed fire service. The various levels of achievement in the standards were to build upon
each other within a strictly defined career ladder. In the late 1980s, revisions of the standards
recognized that the documents should stand on their own merit in terms of job performance
requirements for a given field. Accordingly, the strict career ladder concept was revised to allow
civilian entry into many of the fields, except for the progression from fire fighter to fire officer.
These revisions facilitated the use of the documents by other than the uniformed fire services.
The Committee on Fire Inspector and Investigator Professional Qualifications met from 1973
through 1977 and produced the first edition of NFPA 1031, Professional Qualifications for Fire
Inspector, Fire Investigator, and Fire Prevention Education Officer. This document was adopted
by the Association in May of 1977.
Subsequent to the adoption of the initial edition, the Committee met regularly to revise and
update the standard. In 1986, the Joint Council directed the Committee to develop separate
documents for each of the job functions the original document addressed. This direction was
coupled with the decision to remove the job of fire investigator from the strict career path
previously followed and allow for civilian entry. The first edition of this new document, NFPA
1033, Standard for Professional Qualifications for Fire Investigator, was adopted by the
Association in June of 1987.
In 1990, responsibility for the appointment of Professional Qualifications committees and the
development of the Professional Qualifications Standards was assumed by the NFPA. The
Professional Qualifications Correlating Committee was appointed by the NFPA Standards
Council and assumed the responsibility for coordinating the requirements of all of the documents
in the Professional Qualifications system.
The Technical Committee on Fire Investigator Professional Qualifications was established by
the NFPA Standards Council in 1990 based on a recommendation by the Professional
Qualifications Correlating Committee. This recommendation addressed the need for specific
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expertise in the area of fire investigation to review and revise the existing document. This
committee met numerous times in 1990 and 1991 to complete a job task analysis and develop
specific job performance requirements for the job of fire investigator. During this process, the
committee was saddened by the loss of one of its members, George T. Lewis, Fire Marshal of
Delaware County, PA.
The intent of the Technical Committee was to develop clear and concise job performance
requirements that can be used to determine that an individual, when measured to the standard,
possesses the skills and knowledge to perform as a fire investigator. These job performance
requirements are applicable to fire investigators both public and private.
Correlating Committee on Professional Qualifications
Douglas P. Forsman, Chairman
Champaign Fire Dept., IL
Jon C. Jones, Secretary
National Fire Protection Assn.
(Nonvoting)
Louis J. Amabili, Delaware State Fire School
Rep. Int’l Society of Fire Service Instructors
Stephen P. Austin, State Farm Fire & Casualty Co.
Rep. Int’l Assn. of Arson Investigators, Inc.
Dan W. Bailey, USDA Forest Service
Gene P. Carlson, Oklahoma State University, OK
Rep. Int’l Fire Service Training Assn.
Jack K. McElfish, Clayton Cnty Fire Dept., GA
Rep. Int’l Assn. of Fire Chiefs
Mary Nachbar, Minnesota State Fire Marshal Division
William Peterson, Plano Fire Dept., TX
Rep. Int’l Fire Service Training Assn.
John P. Wolf, University of Kansas, KS
Ted Vratny, Boulder Regional Communications Ctr., CO
Technical Committee on Fire Investigator Professional Qualifications
Stephen P. Austin, Chairman
State Farm Fire & Casualty Co., DE
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Rep. Int’l Assn. of Arson Investigators, Inc.
Billy L. Buckley, S E A, Inc., FL
Roger A. Furrow, Grinnell Mutual Reinsurance, IA
Mary M. Galvin, State of Connecticut, CT
David B. Hooton, TechniFire Services Co., TN
Thomas E. Minnich, U.S. Fire Administration, MD
J. Brooks Semple, Smoke/Fire Risk Mgmt. Inc., VA
Barry W. Slotter, Robins, Kaplan, Miller & Ciresi, GA
Dennis W. Smith, Atlantic City Fire Dept., NJ
Rep. T/C Fire Investigations
Robert A. Stellingworth, Bureau of Alcohol, Tobacco & Firearms, DC
Alternates
John F. Goetz, Bureau of Alcohol, Tobacco & Firearms, PA
(Alt. to R. A. Stellingworth)
Joseph P. Toscano, State Attorney’s Office New Haven, CT
(Alt. to M. M. Galvin)
Jack A. Ward, Universal Fire Specialists, Inc., FL
(Alt. to S. P. Austin)
Jon C. Jones, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: To develop and prepare minimum standards of professional competence
required of fire investigators.
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NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 4 and Appendix B.

Chapter 1 Administration
1-1 Scope.
This standard identifies the professional level of performance required for fire investigators. It
specifically identifies the job performance requirements necessary to perform as a fire
investigator.
1-2* Purpose.
The purpose of this standard is to specify in terms of minimum job performance requirements
the minimum standards required for service as a fire investigator in both the private and public
sectors. It is not the intent of this standard to restrict any jurisdiction from exceeding these
minimum requirements. Job performance requirements describe the performance required for a
specific job. The complete list of requirements for each duty describes the tasks an individual
must be able to perform in order to successfully carry out that duty; however, they are not
intended to measure a level of knowledge. Together, the duties and job performance
requirements define the parameters of the job of fire investigator.
1-3 General.
1-3.1
The fire investigator shall be at least age 18.
1-3.2
The fire investigator shall have a high school diploma or a state recognized equivalent.
1-3.3
The authority having jurisdiction shall conduct a thorough background and character
investigation prior to accepting an individual as a candidate for certification as a fire
investigator.
1-3.4
The job performance requirements for fire investigator shall be completed in accordance with
recognized practices and procedures or as they are defined by law or by the authority having
jurisdiction.
1-3.5*
The job performance requirements defined in this standard need not be mastered in the order in
which they appear. Training agencies or authorities shall establish programs that prepare
individuals to meet the requirements defined in this standard.
1-3.6
Evaluation of job performance requirements shall be by individuals approved by the authority
having jurisdiction. The evaluator shall be qualified to conduct the evaluation of an investigator.
1-3.7*
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The fire investigator shall remain current with investigation methodology, fire protection
technology, and current code requirements by attending workshops/seminars, and/or through
professional publications and journals.
Chapter 2 Definitions
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or departmental official
may be the “authority having jurisdiction.”

Due Process. The compliance with the criminal and civil laws/procedures within the
jurisdiction where the incident occurred.
Fire Department. An organization providing rescue, fire suppression, and other related
activities. For the purposes of this standard, the term “fire department” shall include any public,
private, or military organization engaging in this type of activity.
Fire Investigator. An individual who has demonstrated the skills and knowledge necessary to
conduct, coordinate, and complete an investigation.
Investigation. A systematic inquiry or examination.
Job Performance Requirement. A statement that describes a specific job task, lists the items
necessary to complete the task, and defines measurable or observable outcomes and evaluation
areas for the specific task.
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
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inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The “authority having
jurisdiction” should utilize the system employed by the listing organization to identify a listed product.

Prerequisite Knowledge. Fundamental knowledge required in order to perform a specific task.
Prerequisite Skills. The essential skills required in order to perform a specific task.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Special Tools. Tools of a specialized or unique nature that may not be required for every fire
investigation as are the standard equipment and tools. Examples include heavy equipment,
hydrocarbon detectors, microscopes, flash point testers, etc.
Standard Equipment and Tools. Standard equipment and tools are: a 35-mm camera, flash, and
film; flashlight; shovel; broom; hand tools; tape measure; and evidence collection containers.
Task. A specific job behavior or activity.
Chapter 3 Fire Investigator
3-1 General.
3-1.1*
The fire investigator shall meet the job performance requirements defined in Sections 3-2
through 3-7. In addition, the fire investigator shall meet the requirements of 2-2.1 through 2-2.3
of NFPA 472, Standard for Professional Competence of Responders to Hazardous Materials
Incidents.
3-1.2
The fire investigator shall maintain appropriate liaison with other interested professionals
during an investigation.
3-1.3*
The fire investigator shall ensure that due process of law is served.
3-2 Scene Examination.
3-2.1 Description of Duty.
To inspect/evaluate the scene so as to determine the area/point of origin, source of ignition,
material(s) ignited, act or activity that brought ignition source and materials together, and assess
the subsequent progression, extinguishment, and containment of the fire.
3-2.2
Secure the fire ground, given marking devices, sufficient personnel and special tools and
equipment, so that unauthorized persons can recognize the perimeters of the investigative scene,
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are kept from restricted areas, and all evidence or potential evidence is protected from damage or
destruction.
3-2.2.1 Prerequisite Knowledge: Knowledge of fire ground hazards, types of evidence, and the
importance of fire scene security and evidence preservation.
3-2.2.2 Prerequisite Skill: Use of marking devices.
3-2.3
Conduct an exterior survey, given standard equipment and tools, so that evidence is preserved,
fire damage is interpreted, hazards are identified to avoid injuries, accessibility to the property is
determined, and all potential means of ingress/egress are discovered.
3-2.3.1 Prerequisite Knowledge: Knowledge of the types of building construction and the effects
of fire upon construction materials, types of evidence commonly found in the perimeter,
evidence preservation methods, the effects of fire suppression, fire behavior/spread, and burn
patterns.
3-2.3.2 Prerequisite Skill: Assess fire ground and structural condition, observe the damage and
effects of the fire, and interpret burn patterns.
3-2.4
Conduct an interior survey, given standard equipment and tools, so that areas of potential
evidentiary value requiring further examination are identified and preserved, the evidentiary
value of contents is determined, and hazards are identified to avoid injuries.
3-2.4.1 Prerequisite Knowledge: Knowledge of the types of building construction and interior
finish and the effects of fire upon those materials, the effects of fire suppression, fire
behavior/spread, evidence preservation methods, burn patterns, effects of building contents on
fire growth, and the relationship of contents to the overall investigation.
3-2.4.2 Prerequisite Skill: Assess structural conditions, observe the damage and effects of the
fire, discover the impact of fire suppression efforts on fire flow and heat propagation, and
evaluate protected areas to determine the presence and/or absence of contents.
3-2.5
Interpret burn patterns, given standard equipment and tools and some structural/content
remains, so that each individual pattern is evaluated with respect to the burning characteristics of
the material involved.
3-2.5.1 Prerequisite Knowledge: Knowledge of fire development and the interrelationship of
heat release rate, form, and ignitability of materials.
3-2.5.2 Prerequisite Skill: Interpret the effects of burning characteristics on different types of
materials.
3-2.6
Correlate burn patterns, given standard equipment and tools and some structural/content
remains, so that fire development is determined, methods and effects of suppression are
evaluated, false origin area patterns are recognized, and all areas of origin are correctly
identified.
3-2.6.1 Prerequisite Knowledge: Knowledge of fire behavior/spread based on fire chemistry and
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physics, fire suppression effects, and building construction.
3-2.6.2 Prerequisite Skill: Interpret variations of burn patterns on different materials with
consideration given to heat release rate, form, and ignitability; distinguish impact of different
types of fuel loads; evaluate fuel trails; and analyze and synthesize information.
3-2.7
Examine and remove fire debris, given standard equipment and tools, so that all debris is
checked for fire cause evidence, the ignition source(s) is identified, the fire cause is determined,
and evidence is preserved without investigator-inflicted damage or contamination.
3-2.7.1 Prerequisite Knowledge: Basic understanding of ignition processes, characteristics of
ignition sources, and ease of ignition of fuels, debris-layering techniques, use of tools and
equipment during the debris search, types of fire cause evidence commonly found in various
degrees of damage, and evidence-gathering methods and documentation.
3-2.7.2 Prerequisite Skill: Employ search techniques that further the discovery of fire cause
evidence and ignition sources, use search techniques that incorporate documentation, and collect
and preserve evidence.
3-2.8
Reconstruct the area of origin, given standard and, if needed, special equipment and tools as
well as sufficient personnel, so that all protected areas and burn patterns are identified and
correlated to contents/structural remains, items potentially critical to cause determination and
photo documentation are returned to their pre-fire location, and the point(s) of origin is
discovered.
3-2.8.1 Prerequisite Knowledge: Knowledge of the effects of fire on different types of material
and the importance and uses of reconstruction.
3-2.8.2 Prerequisite Skill: Examine all materials to determine the effects of fire, identify and
distinguish among different types of fire-damaged contents, and return materials to their original
position using protected areas and burn patterns.
3-2.9*
Inspect the performance of building systems, including detection, suppression, HVAC,
utilities, and building compartmentation, given standard and special equipment and tools, so that
a determination can be made as to the need for expert resources, an operating systems impact on
fire growth and spread is considered in identifying origin areas, and defeated systems are
identified.
3-2.9.1 Prerequisite Knowledge: Different types of detection, suppression, HVAC, utility, and
building compartmentation such as fire walls and fire doors; types of expert resources for
building systems; the impact of fire on various systems; and common methods used to defeat a
system’s functional capability.
3-2.9.2 Prerequisite Skill: Determine the systems operation and its effect on the fire, identify
alterations to building systems, and evaluate the impact of suppression efforts on building
systems.
3-2.10
Discriminate the effects of explosions from other types of damage, given standard equipment
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and tools, so that an explosion is identified and its evidence is preserved.
3-2.10.1 Prerequisite Knowledge: Different types of explosions and their causes, characteristics
of an explosion, and the difference between low- and high-order explosions.
3-2.10.2 Prerequisite Skill: Identify explosive effects on glass, walls, foundations, and other
building materials; distinguish between low- and high-order explosion effects; and analyze
damage to document the blast zone and origin.
3-3 Documenting the Scene.
3-3.1
Duties shall include diagramming the scene, photographing, and taking field notes to be used
to compile a final report.
3-3.2
Diagram the scene, given standard tools and equipment, so that the scene is accurately
represented and evidence, pertinent contents, significant patterns, and origin areas/points are
identified.
3-3.2.1 Prerequisite Knowledge: Commonly used symbols and legends that clarify the diagram,
types of evidence and patterns that need to be documented, and formats for diagramming the
scene.
3-3.2.2 Prerequisite Skills: Ability to sketch the scene, basic drafting skills, and evidence
recognition and observational skills.
3-3.3*
Photographically document the scene, given standard tools and equipment, so that the scene is
accurately depicted and the photographs appropriately support scene findings.
3-3.3.1 Prerequisite Knowledge: Working knowledge of a 35-mm camera and flash, types of
35-mm cameras, and types of film and flash available, as well as the strengths and limitations of
each.
3-3.3.2 Prerequisite Skills: Ability to use a 35-mm camera and flash.
3-3.4
Construct investigative notes, given a fire scene, available documents (e.g., pre-fire plans,
inspection reports, etc.), and interview information, so that the notes are accurate, provide further
documentation of the scene, and represent complete documentation of the scene findings.
3-3.4.1 Prerequisite Knowledge: Relationship between notes, diagrams, and photos; how to
reduce scene information into concise notes; and the use of notes during report writing and legal
proceedings.
3-3.4.2 Prerequisite Skills: Data reduction skills, note taking skills, observational and correlating
skills.
3-4 Evidence Collection/Preservation.
3-4.1
Duties shall include using proper physical and legal procedures to retain evidence required
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within the investigation.
3-4.2
Utilize proper procedures for managing victims and fatalities, given a protocol and appropriate
personnel, so that all evidence is discovered and preserved and the protocol procedures are
followed.
3-4.2.1 Prerequisite Knowledge: Types of evidence associated with fire victims and fatalities
and evidence preservation methods.
3-4.2.2 Prerequisite Skills: Observational skills and the ability to apply protocols to given
situations.
3-4.3
Select appropriate evidence for analysis, given information from the investigative file, so that
samples forwarded for analysis support specific investigative needs.
3-4.3.1 Prerequisite Knowledge: Knowledge of the capabilities of the services performing the
analysis, purposes for submitting samples, and types of analytical services available.
3-4.3.2 Prerequisite Skills: Evaluate the fire incident to determine forensic, engineering, or
laboratory needs.
3-4.4
Collect and package evidence, given standard tools and equipment and evidence collection
materials, so that evidence is identified, preserved, collected, and packaged to avoid
contamination and investigator-inflicted damage and the chain of custody is established.
3-4.4.1 Prerequisite Knowledge: Types of evidence (exclusionary or fire-cause supportive
evidence), types of laboratory tests available, packaging techniques and materials, and impact of
evidence collection on the investigation.
3-4.4.2 Prerequisite Skills: Ability to recognize different types of evidence and determine
evidence critical to the investigation.
3-4.5
Maintain a chain of custody, given standard investigative tools, marking tools, and evidence
tags/logs, so that written documentation exists for each piece of evidence and evidence is
secured.
3-4.5.1 Prerequisite Knowledge: Rules of custody and transfer procedures, types of evidence
(e.g., physical evidence obtained at the scene, photos, documents, etc.), and methods of
recording the chain of custody.
3-4.5.2 Prerequisite Skills: Ability to execute the chain of custody procedures and accurately
complete necessary documents.
3-4.6
Dispose of evidence, given jurisdictional/agency regulations and file information, so that the
disposal is timely, safely conducted, and in compliance with jurisdictional/agency requirements.
3-4.6.1 Prerequisite Knowledge: Disposal services available and common disposal procedures
and problems.
3-4.6.2 Prerequisite Skill: Documentation skills.
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3-5 Interview/Interrogation.
3-5.1
Duties shall include obtaining information regarding the overall fire investigation from others
through verbal communication.
3-5.2
Develop an interview plan, given no special tools or equipment, so that the plan reflects a
strategy to further determine the fire cause and affix responsibility and includes a relevant
questioning strategy for each individual to be interviewed that promotes the efficient use of the
investigator’s time.
3-5.2.1 Prerequisite Knowledge: Persons who may provide information that furthers the fire
cause determination or the affixing of responsibility, types of questions that are pertinent and
efficient to ask of different information sources (fire department, neighbors, witnesses, suspects,
etc.), and pros and cons of interviews versus document gathering.
3-5.2.2 Prerequisite Skill: Planning skills, development of focused questions for specific
individuals, and evaluation of existing file data to help develop questions and fill investigative
gaps.
3-5.3
Conduct interviews or interrogations, given incident information, so that pertinent information
is obtained, follow-up questions are asked, responses to all questions are elicited, and the
response to each question is documented accurately.
3-5.3.1 Prerequisite Knowledge: Knowledge of types of interviews, personal information needed
for proper documentation or follow-up, documenting methods and tools, and types of nonverbal
communications and their meaning.
3-5.3.2 Prerequisite Skill: Adjust interviewing strategies based on deductive reasoning, interpret
verbal and nonverbal communications, apply applicable legal requirements, and exhibit strong
listening skills.
3-5.4
Evaluate interview information, given interview transcripts or notes and incident data, so that
all interview data is individually analyzed and correlated with all other interviews, corroborative
and conflictive information is documented, and new leads are discovered.
3-5.4.1 Prerequisite Knowledge: Types of interviews, report evaluation methods, and data
correlating methods.
3-5.4.2 Prerequisite Skill: Data correlating skills and the ability to evaluate source information
(e.g., fire department, witness, etc.).
3-6 Post-Incident Investigation.
3-6.1
Duties shall include the investigation of all factors beyond the fire scene at the time of the
origin and cause determination.
3-6.2
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Gather reports and records, given no special tools, equipment, or materials, so that all gathered
documents are appropriate to the investigation, complete, and authentic, the chain of custody is
maintained, and the material is acceptable to the courts.
3-6.2.1 Prerequisite Knowledge: Types of reports needed that facilitate determining
responsibility for the fire (e.g., police reports, fire reports, insurance policies, financial records,
deeds, private investigator reports, outside photos, and videos, etc.) and location of these reports.
3-6.2.2 Prerequisite Skills: Identify the proper reports and documents necessary for the
investigation, implementing the chain of custody, and organizational skills.
3-6.3
Evaluate the investigative file, given all available file information, so that areas for further
investigation are identified, the relationship between gathered documents and information is
interpreted, and corroborative evidence and information discrepancies are discovered.
3-6.3.1 Prerequisite Knowledge: File assessment and/or evaluation methods, proper and
acceptable documentation, and proper contents of investigative findings and gathered
documentation.
3-6.3.2 Prerequisite Skills: Information assessment and correlation skills and organizational
skills.
3-6.4
Coordinate expert resources, given the investigative file, reports, and documents, so that the
expert’s competencies are matched to the specific investigation needs, financial expenditures are
justified, and utilization clearly furthers the investigation toward the goals of causation
determination or affixing responsibility.
3-6.4.1 Prerequisite Knowledge: Knowledge of the investigator’s own expertise, qualifications
needed for expert testimony, types of expert resources (e.g., forensic, CPA, polygraph, financial,
human behavioral disorders, engineering, etc.), and methods to identify expert resources.
3-6.4.2 Prerequisite Skills: Recognize the value of expert resources to further the investigation,
network with other investigators to identify experts, question experts relative to their
qualifications, and plan utilization of expert resources.
3-6.5
Establish evidence as to motive and/or opportunity, given an incendiary fire, so that the
evidence is the result of a prudent and complete investigation, is supported by documentation,
and the evidence meets the evidentiary requirements of the jurisdiction.
3-6.5.1 Prerequisite Knowledge: Types of motives common to incendiary fire investigation,
methods used to discover opportunity, and understanding human behavioral patterns relative to
fire setting.
3-6.5.2 Prerequisite Skills: Financial analysis, records gathering and analysis, interviewing, and
interpreting fire scene information and evidence for relationship to motive and/or opportunity.
3-6.6
Formulate an opinion of the person(s) and/or product(s) responsible for the fire, given all
investigative findings, so that the opinion regarding responsibility for a fire is supported by all
records, reports, documents, and evidence.
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3-6.6.1 Prerequisite Knowledge: Analytical methods and procedures such as data reduction
matrixing, hypothesis testing, and systems analysis, etc.
3-6.6.2 Prerequisite Skills: Analytical and assimilation skills.
3-7 Presentations.
3-7.1
Duties shall include the ability to present findings to those individuals not involved in the
actual investigation.
3-7.2
Prepare a written investigation report, given investigative findings, documentation, and a
specific audience, so that the report accurately reflects the investigative findings, is concise,
expresses the investigator’s opinion, and is appropriate for the intended audience(s).
3-7.2.1 Prerequisite Knowledge: Elements of writing, typical components of a written report,
and types of audiences and their respective needs.
3-7.2.2 Prerequisite Skills: Writing skills, ability to analyze information and apply deductive
reasoning, and ability to determine the reader’s needs.
3-7.3
Express investigative findings verbally, given investigative findings, notes, a time allotment,
and a specific audience, so that the information is accurate, the presentation is completed within
the allotted time, and the presentation includes only need-to-know information for the intended
audience.
3-7.3.1 Prerequisite Knowledge: Types of investigative findings, the informational needs of
various types of audiences, and the impact of releasing information.
3-7.3.2 Prerequisite Skills: Communication skills, ability to determine audience needs, and
ability to correlate findings.
3-7.4
Testify during legal proceedings, given investigative findings, contents of reports, and
consultation with legal counsel, so that all pertinent investigative information is presented clearly
and accurately and the investigator’s demeanor is appropriate to the proceedings.
3-7.4.1 Prerequisite Knowledge: Types of investigative findings, understanding of the types of
legal proceedings, appropriate demeanor for each, and an understanding of legal proceedings.
3-7.4.2 Prerequisite Skills: Communication and listening skills; ability to differentiate facts from
opinions; and ability to determine appropriate procedures, practices, and etiquette during legal
proceedings.
3-7.5
Conduct public informational presentations, given relative data, so that information is accurate,
appropriate to the audience, and clearly supports the information needs of the audience.
3-7.5.1 Prerequisite Knowledge: Types of data available regarding the fire loss problem and the
issues about which the community must know.
3-7.5.2 Prerequisite Skills: Ability to assemble, organize, and present information.
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Chapter 4 Referenced Publications
4-1
The following document or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
4-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 472, Standard for Professional Competence of Responders to Hazardous Materials
Incidents, 1992 edition.
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-2
See Appendix C.
A-1-3.5
See Appendix C.
A-1-3.7
Fire investigation technology and practices are changing rapidly. It is essential for an
investigator’s performance and knowledge to remain current. It is recommended that
investigators be familiar with the technical information and procedural guidance presented in
materials such as NFPA 921, Guide for Fire and Explosion Investigations, and NFPA 907M,
Manual for the Determination of Electrical Fire Causes.
A-3-1.1
Chapter 10 of NFPA 921, Guide for Fire and Explosion Investigations, also provides the
investigator with guidance.
A-3-1.3
It is understood that fire investigators with arrest powers, fire investigators without arrest
powers, and private sector fire investigators may utilize this standard. The following is a list of
those due process issues that are critical to the fire investigation field. It is the responsibility of
the authority having jurisdiction to select those issues that are pertinent to its respective agency
or organization. Those selected issues should then serve as the measurement criteria or training
guideline for the authority having jurisdiction.
Due process issues (stated in task terms): Conduct search and seizure, conduct arrests, conduct
interviews and interrogations, maintain chain of custody, utilize criminal and civil statutes
applicable to the situation, and interpret and utilize contract law and insurance law. Show due
process of civil rights laws, privacy laws, the fair credit reporting act, laws of trespass and
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invasion of privacy, laws of libel and slander, laws of punitive damages and attorney-client
privilege, and other rules of evidence and law applicable to the authority having jurisdiction.
A-3-2.9
Examples of tampered systems: Fire doors propped open, sprinkler systems shut down,
detection systems disabled. Examples of proper operating systems: Fire doors, sprinkler
activation systems, shutdown of HVAC systems, automatic utility shutoff.
A-3-3.3
The use of a 35-mm camera or other similar high quality format is highly recommended. The
use of various video camera systems to supplement visual documentation may be utilized and is
encouraged.
Appendix B Referenced Publications
B-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
B-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 907M, Manual for the Determination of Electrical Fire Causes, 1988 edition
NFPA 921, Guide for Fire and Explosion Investigations, 1992 edition.
Appendix C
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
Explanation of the Standards and Concepts of JPRs
The primary benefit of establishing national professional qualification standards is to provide
both public and private sectors with a framework of the job requirements for the fire service.
Other benefits include enhancement of the profession, individual as well as organizational
growth and development, and standardization of practices.
NFPA professional qualification standards identify the minimum job performance
requirements for specific fire service positions. The standards may be used for training design
and evaluation, certification, measuring and critiquing on-the-job performance, defining hiring
practices, and setting organizational policies, procedures, and goals (other applications are
encouraged).
Professional qualification standards for a specific job are organized by major areas of
responsibility defined as duties. For example, the fire fighter’s duties may include fire
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suppression, rescue, and water supply; and the Public Fire Educator’s duties may include
education, planning and development, and administration. Duties are major functional areas of
responsibility within a job.
The professional qualification standards are written as job performance requirements (JPRs).
Job performance requirements describe the performance required for a specific job. JPRs are
grouped according to the duties of a job. The complete list of JPRs for each duty defines what an
individual must be able to do in order to successfully perform that duty. Together, the duties and
their JPRs define the job parameters; that is, the professional qualification standard as a whole is
a job description.
Breaking Down the Components of a Job Performance Requirement
The job performance requirement is the assembly of three critical components. These
components are as follows:
(1) Task to be performed.
(2) Tools, equipment, or materials that must be provided to successfully complete the task.
(3) Evaluation parameters and/or performance outcomes.
Example
(1) Task

(1) Ventilate a pitched roof;

(2) Tools, equipment, or
materials

(2) Given an ax, a pike pole, an extension ladder, and
a roof ladder;

(3) Evaluation parameters
and performance outcomes

(3) So that a 4-foot × 4-foot hole is created, all
ventilation barriers are removed; ladders are properly
positioned for ventilation; ventilation holes are
correctly placed; and smoke, heat, and combustion
by-products are released from the structure.

The task to be performed: The first component is a concise statement of what the person is
supposed to do.
Tools, equipment, or materials that must be provided to successfully complete the task: This
component ensures that all individuals completing the task are given the same minimal tools,
equipment, or materials when being evaluated. By listing these items, the performer and
evaluator know what must be provided in order to complete the task.
Evaluation parameters and/or performance outcomes: This component defines how well one
must perform each task—for both the performer and evaluator. The JPR guides performance
outcomes. This portion of the JPR promotes consistency in evaluation by reducing the variables
used to gauge performance.
In addition to these three components, the JPR contains prerequisite knowledge and skills. Just
as the term prerequisite suggests, these are the necessary knowledge and skills one must have
prior to being able to perform the task. Prerequisite knowledge and skills are the foundation for
task performance.
Once the components and prerequisites are put together, the JPR might read as follows:
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Example 1:
The Fire Fighter I shall ventilate a pitched roof, given an ax, a pike pole, an extension ladder,
and a roof ladder; so that a 4-foot × 4-foot hole is created; all ventilation barriers are removed;
ladders are properly positioned for ventilation; and ventilation holes are correctly placed.
Prerequisite Knowledge: Pitched roof construction, safety considerations with roof ventilation,
the dangers associated with improper ventilation, knowledge of ventilation tools, the effects of
ventilation on fire growth, smoke movement in structures, signs of backdraft, and the knowledge
of vertical and forced ventilation.
Prerequisite Skills: Remove roof covering; properly initiate roof cuts; use the pike pole to
clear ventilation barriers; use ax properly for sounding, cutting, and stripping; position ladders;
and climb and position self on ladder.
Example 2:
The Fire Investigator shall interpret burn patterns, given standard equipment and tools and
some structural/content remains, so that each individual pattern is evaluated with respect to the
burning characteristics of the material involved.
Prerequisite Knowledge: Knowledge of fire development and the interrelationship of heat
release rate, form, and ignitability of materials.
Prerequisite Skill: Interpret the effects of burning characteristics on different types of
materials.
Examples of Potential Uses
Certification:
JPRs can be used to establish the evaluation criteria for certification at a specific job level.
When used for certification, evaluation must be based on the successful completion of JPRs.
First, the evaluator verifies the attainment of prerequisite knowledge and skills prior to JPR
evaluation. This might be through documentation review or testing.
Next, the candidate is evaluated on completing the JPRs. The candidate performs the task and
is evaluated based on the evaluation parameters and/or performance outcomes. This
performance-based evaluation can be either practical (for psychomotor skills* such as “ventilate
a roof”) or written (for cognitive skills* such as “interpret burn patterns”).
Using Example 1, a practical performance-based evaluation would measure the ability to
“ventilate a pitched roof.” The candidate passes this particular evaluation if the standard was
met, i.e., a 4-foot × 4-foot hole was created; all ventilation barriers were removed; ladders were
properly positioned for ventilation; ventilation holes were correctly placed; and smoke, heat, and
combustion by-products were released from the structure.
For Example 2, when evaluating the task “interpret burn patterns,” the candidate could be
given a written assessment in the form of a scenario, photographs, and drawings and then be
asked to respond to specific written questions related to the JPRs evaluation parameters.
* NOTE: Psychomotor skills are those physical skills that can be demonstrated or observed. Cognitive skills
(or mental skills) cannot be observed, but rather are evaluated on how one completes the task (process

Copyright 1996 NFPA

oriented) or on the task outcome (product oriented).

Remember, when evaluating performance, candidates must be given the tools, equipment, or
materials listed in the JPR before they can be properly evaluated, e.g., an ax, a pike pole, an
extension ladder, and a roof ladder.
Curriculum Development/Training Design and Evaluation:
The statements contained in this document that refer to job performance were designed and
written as job performance requirements. While a resemblance to instructional objectives may be
present, these statements should not be used in a teaching situation until after they have been
modified for instructional use.
Job performance requirements state the behaviors required to perform specific skill(s) on the
job, as opposed to a learning situation. These statements should be converted into instructional
objectives with behaviors, conditions, and standards that can be measured within the
teaching/learning environment. A job performance requirement that requires a fire fighter to
“ventilate a pitched roof” should be converted into a measurable instructional objective for use
when teaching the skill. (See Figure C-1.)
Using Example 1, a terminal instructional objective might read as follows:
The candidate will ventilate a pitched roof, given a simulated roof, an ax, a pike pole, an
extension ladder, and a roof ladder, so that 100 percent accuracy is attained on a skills checklist.
(At a minimum, the skills checklist should include each of the measurement criteria from the
JPR.)
Figure C-2, is a sample checklist for use in evaluating this objective.
While the differences between job performance requirements and instructional objectives are
subtle in appearance, the purpose of each statement differs greatly. JPRs state what is necessary
to perform the job in the “real world.” Instructional objectives, however, are used to identify
what students must do at the end of a training session and are stated in behavioral terms that are
measurable in the training environment.
By converting JPRs into instructional objectives, instructors will be able to clarify
performance expectations and avoid confusion related to using statements designed for purposes
other than teaching. Additionally, instructors will be able to add local/state/regional elements of
performance into the standards as intended by the developers.
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Figure C-1 Converting JPRs into Instructional Objectives.

Figure C-2 Skills Checklist.

Prerequisite skills and knowledge should be converted into enabling objectives. These help to
define the course content. The course content should include each of the prerequisite knowledge
and skills. Using Figure C-2, the enabling objectives are pitched roof construction, safety
considerations with roof ventilation, remove roof covering, properly initiate roof cuts, etc. These
ensure that the course content supports the terminal objective.
NOTE: It is assumed that the reader is familiar with curriculum development or training design and evaluation.

Other Uses
While the professional qualifications standards are principally used to guide the development
of training and certification programs, there are a number of other potential uses for these
documents. Because they are written in JPR terms, they lend themselves well to any area of the
profession where a level of performance or expertise must be determined. Such areas might
include:
Employee Evaluation/Performance Critiquing. The JPRs can be used as a guide by both the
supervisor and the employee during an evaluation. The JPRs for a specific job define tasks that
are essential to perform on the job, as well as the evaluation criteria to measure when those tasks
are completed.
Establishing Hiring Criteria. Professional qualifications standards may be used in a number
Copyright 1996 NFPA

of ways to further the establishment of hiring criteria. The Authority Having Jurisdiction might
simply require certification at a specific job level, e.g., Fire Fighter I. The JPRs might also be
used as the basis for pre-employment screening by establishing essential minimal tasks and the
related evaluation criteria. An added benefit is that individuals interested in employment can
work toward the minimal hiring criteria at local colleges.
Employee Development. The professional qualifications standards can be useful to both the
employee and the employer in developing a plan for the individual’s growth within the
organization. The JPRs and the associated prerequisite skills and knowledge can be used as a
guide to determine additional training and education required for the employee to master the job
or profession.
Succession Planning. Succession planning or career pathing addresses the efficient placement
of people into jobs in response to current needs and anticipated future needs. A career
development path can be established for targeted individuals to prepare them for growth within
the organization. The JPRs and prerequisite knowledge and skills could then be used to develop
an educational path to aid in the individual’s advancement within the organization or profession.
Establishing Organizational Policies, Procedures, and Goals. The JPRs can be incorporated
into organizational policies, procedures, and goals where employee performance is addressed.
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This edition of NFPA 1035, Standard for Professional Qualifications for Public Fire and Life
Safety Educator, was prepared by the Technical Committee on Public Fire Educator Professional
Qualifications, released by the Correlating Committee on Professional Qualifications, and acted
on by the National Fire Protection Association, Inc. at its Annual Meeting held May 24-27,
1993, in Orlando, FL. It was issued by the Standards Council on July 23, 1993, with an effective
date of August 20, 1993, and supersedes all previous editions.
The 1993 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1035
In 1972, the Joint Council of National Fire Service Organizations (JCNFSO) created the
National Professional Qualifications Board for the Fire Service (NPQB) to facilitate the
development of nationally applicable performance standards for uniformed fire service
personnel. On December 14, 1972, the Board established four technical committees to develop
those standards, using the National Fire Protection Association (NFPA) standards-making
system. The initial committees addressed the following jobs: fire fighter, fire officer, fire service
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instructor, and fire inspector and investigator.
The original concept of the professional qualification standards, as directed by the JCNFSO
and the NPQB, was to develop an interrelated set of performance standards specifically for the
uniformed fire service. The various levels of achievement in the standards were to build upon
each other within a strictly defined career ladder. In the late 1980s, revisions of the standards
recognized that the documents should stand on their own merit in terms of job performance
requirements for a given field. Accordingly, the strict career ladder concept was revised to allow
civilian entry into many of the fields, except for the progression from fire fighter to fire officer.
These revisions facilitated the use of the documents by other than the uniformed fire services.
The Committee on Fire Inspector and Investigator Professional Qualifications met from 1973
through 1977 and produced the first edition of NFPA 1031, Professional Qualifications for Fire
Inspector, Fire Investigator, and Fire Prevention Education Officer. This document was adopted
by the Association in May of 1977.
Subsequent to the adoption of the initial edition, the Committee met regularly to revise and
update the standard. In 1986, the Joint Council directed the Committee to develop separate
documents for each of the job functions the original document addressed. This direction was
coupled with the decision to remove the job of public fire educator from the strict career path
previously followed and allow for civilian entry. The first edition of this new document, NFPA
1035, Standard for Professional Qualifications for Public Fire Educator, was adopted by the
Association in June of 1987.
In 1990, responsibility for the appointment of Professional Qualifications committees and the
development of the Professional Qualifications Standards was assumed by the NFPA. The
Professional Qualifications Correlating Committee was appointed by the NFPA Standards
Council and assumed the responsibility for coordinating the requirements of all of the documents
in the Professional Qualifications system.
The Technical Committee on Public Fire Educator Professional Qualifications was established
by the NFPA Standards Council in 1990 based on a recommendation by the Professional
Qualifications Correlating Committee. This recommendation addressed the need for specific
expertise in the area of public fire and life safety education to review and revise the existing
document. This committee met numerous times to complete a job task analysis and develop
specific job performance requirements for the job of public fire and life safety educator.
The intent of the Technical Committee was to develop clear and concise job performance
requirements that can be used to determine that an individual, when measured to the standard,
possesses the skills and knowledge to perform as a public fire and life safety educator. These job
performance requirements are applicable to fire and life safety educators, both public and
private.
Correlating Committee on Professional Qualifications
Douglas P. Forsman, Chair
Oklahoma State University, OK
Jon C. Jones, Secretary
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Nat’l Fire Protection Assn.
(Nonvoting)
Louis J. Amabili, Delaware State Fire School, DE
Rep. ISFSI
Stephen P. Austin, State Farm Fire & Casualty Co., DE
Rep. IAAI
Dan W. Bailey, USDA Forest Service, MT
Gene P. Carlson, Oklahoma State University, OK
Rep. IFSTA
Jack K. McElfish, Clayton Cnty Fire Dept., GA
Rep. IAFC
Mary Nachbar, Minnesota State Fire Marshal Division, MN
William Peterson, Plano Fire Dept., TX
Rep. IFSTA
Ted Vratny, Boulder Regional Communications Center, CO
John P. Wolf, University of Kansas, KS
Technical Committee on Public Fire Educator Professional Qualifications
Mary Nachbar, Chair
Minnesota State Fire Marshal Division, MN
Margaret D. Carson, Carson Assoc., Inc., VA
Dwayne M. Clemmons, Locust Creek Volunteer Fire Dept., VA
Cynthia Colton-Reichler, Commission on Fire Prevention & Control, CT
Wendy L. Daly, Shriners Burns Inst., MA
Joe B. Day, Joe B. Day & Assoc., CO
Ernest J. Grant, NC Jaycee Burn Center, NC
Randy Harmes, Mank Fire Bureau, MN
Ed Kirtley, Colorado Springs Fire Dept., CO
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Larry Marshburn, Sacramento Valley Fire Prevention Organization, CA
Nancy McGuire, St. Luke’s Regional Medical Center, IA
Joseph L. Murabito, Delaware State Fire School, DE
Thomas J. O’Connell, Nat’l Fire Sprinkler Assn., IL
Pam Powell, Wrentham, MA
Dena E. Schumacher, Champaign Fire Dept., IL
Paul Schwartzman, Nat’l Fire Service Support Systems, Inc., NY
Dean Staberg, Lincoln Fire Dept., NE
G. Thomas Weathers, Flagstaff Fire Dept., AZ
Rep. Arizona Fire & Burn Educators Assn., Inc.
Martha N. Werth, Huntington Beach Fire Dept., CA
Rep. CFCA
Cynthia F. Winbon, North Carolina Fire/Rescue Commission, NC
Jon C. Jones, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility to develop and prepare
minimum standards of professional competence required of public fire and life safety educators.

NFPA 1035
Standard for
Professional Qualifications for
Public Fire and Life Safety Educator
1993 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Appendix B.

Chapter 1 Administration
1-1 Scope.
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This standard identifies the levels of professional performance required for public fire and life
safety educators. It specifically identifies the job performance requirements necessary to perform
as a public fire and life safety educator.
1-2* Purpose.
The purpose of this standard is to specify the job performance requirements for serving as a
public fire and life safety educator. It is not the intent of this standard to restrict any jurisdiction
from exceeding minimum requirements of fire and burn prevention or including other life safety
or injury prevention issues.
1-3 General.
1-3.1*
It is the organization’s responsibility to provide for the training of a public fire and life safety
educator to a prescribed minimum level prior to the person engaging in those duties.
1-3.2
The job performance requirements for a public fire and life safety educator shall be completed
in accordance with recognized practices and procedures or as defined by law or by the authority
having jurisdiction.
1-3.3
The job performance requirements need not be mastered in the order in which they appear. The
local, state/provincial, or federal training programs shall establish the instructional priority and
the training program content to prepare individuals to meet the job performance requirements of
this standard.
1-3.4
Evaluation of job performance requirements shall be by individuals approved by the authority
having jurisdiction. Evaluators shall be individuals who were not involved as instructors for the
requirement being evaluated.
1-3.5
The public fire and life safety educator shall meet all of the requirements of Public Fire and
Life Safety Educator I defined in Chapter 3 prior to being certified at that level.
1-3.6
The Public Fire and Life Safety Educator I shall meet all of the requirements defined in
Chapter 4 prior to being certified as a Public Fire and Life Safety Educator II.
1-3.7
The Public Fire and Life Safety Educator II shall meet all of the requirements defined in
Chapter 5 prior to being certified as a Public Fire and Life Safety Educator III.
1-3.8
The public fire and life safety educator at all levels of progression shall remain current with
educational methodology, technology, and technical content by attending workshops/seminars,
or by means of professional publications and journals.
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Chapter 2 Definitions
For the purpose of this standard, the following terms shall have the meanings given below.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or departmental official
may be the “authority having jurisdiction.”

Educational Methodology. The sum of knowledge and skills, including instructional materials,
used by the public fire and life safety educator to create a positive outcome related to the
learning objectives.
Job Performance Requirement. A statement that describes a specific job task, lists the items
necessary to complete the task, and defines measurable or observable outcomes and evaluation
areas for the specific task.
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The “authority having
jurisdiction” should utilize the system employed by the listing organization to identify a listed product.

Overall Program. Organizational strategies for public fire and life safety education that address
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a variety of identified programs and activities.
Prepared Program. Assembled kit or program that is ready to be presented, including a lesson
plan, behavioral objectives, presentation outline, instructional materials, and evaluation
instruments.
Prerequisite Knowledge. Fundamental knowledge one must have in order to perform a specific
task.
Prerequisite Skills. Essential skills one must have in order to perform a specific task.
Program. A comprehensive strategy that addresses safety issues via educational means.
Public Fire and Life Safety Education. Comprehensive community fire and injury prevention
programs designed to eliminate or mitigate situations that endanger lives, health, property, or the
environment.
Public Fire and Life Safety Educator I. The individual who has demonstrated the ability to
coordinate and deliver existing educational programs and information as specified in this
standard for the Public Fire and Life Safety Educator I level.
Public Fire and Life Safety Educator II. The individual who has demonstrated the ability to
prepare educational programs and information to meet identified needs as specified in this
standard for the Public Fire and Life Safety Educator II.
Public Fire and Life Safety Educator III. The individual who has demonstrated the ability to
create, administer, and evaluate educational programs and information as specified in this
standard for Public Fire and Life Safety Educator III.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Task. A specific job behavior or activity.
Chapter 3 Public Fire and Life Safety Educator I
3-1 General.
The Public Fire and Life Safety Educator I shall meet the job performance requirements
defined in Sections 3-2 through 3-4.
3-2 Administration.
3-2.1
Document public fire and life safety educational programs, given appropriate forms or formats,
so that all programs are recorded and each element of the form or format is addressed.
3-2.1.1 Prerequisite Skills: Written communication, report writing, and basic recordkeeping.
3-2.2
Prepare written reports, given appropriate forms or formats, so that all elements of the format
are addressed in the report.
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3-2.2.1 Prerequisite Knowledge: Types of educational programs, classifications for programs,
types of documentation methods and authority having jurisdiction preferred methods, the
purpose of the forms or formats, and implications of not appropriately documenting programs.
3-2.3
Maintain a work schedule, given a list of events, program requests, preprogram requirements,
and time allotments, so that all activities are scheduled and completed without conflict.
3-2.3.1 Prerequisite Skills: Time management, scheduling, organizing, and planning.
3-3 Planning and Development.
No job performance requirements at Level I.
3-4 Education.
3-4.1
Select instructional materials, given a subject, program objective, the intended audience, and
related resources, so that the materials are appropriate to the audience and program objectives.
3-4.1.1* Prerequisite Knowledge: Basic learning characteristics of preschool children,
elementary school-age children, secondary school-age children, adults, and senior adults.
3-4.1.2 Prerequisite Skills: Communication skills, use of prepared lesson plans with identified
learning objectives, methods for active participation/involvement, methods of developing and
maintaining a positive learning environment for the student including physical environment and
student/instructor relationships, and proper use and care of audiovisual equipment and materials.
3-4.2
Present a prepared program, given lesson content, time allotments, and identified audience, so
that program objectives are met.
3-4.3*
Use multiple presentation methods when presenting prepared programs, given program
objectives, time allotments, and a specified audience, so that the chosen presentation methods are
used.
3-4.4
Notify the public, given a scheduled event, so that the location, date, time, topic, and
sponsoring agency are included.
3-4.4.1 Prerequisite Knowledge: Local media resources.
3-4.4.2 Prerequisite Skills: Written and oral communication.
3-4.5
Distribute educational information, given material, specified audience, and time frame, so that
information reaches the audience within the specified time.
3-4.5.1 Prerequisite Knowledge: Legal requirements for the distribution and posting of
materials.
Chapter 4 Public Fire and Life Safety Educator II
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4-1 General.
The Public Fire and Life Safety Educator II shall meet the job performance requirements
defined in Sections 4-2 through 4-4.
4-2 Administration.
4-2.1
Prepare a budget request, given budget guidelines, program development, and delivery
expense projections, so that all guidelines are followed.
4-2.1.1 Prerequisite Knowledge: Budgetary process.
4-2.2
Project program budget expenditures, given program needs, past expenditures, current
materials, personnel cost, and guidelines, so that the projections are within accepted guidelines.
4-3 Planning and Development.
4-3.1*
Establish public fire and life safety education program priorities, given relevant local loss and
injury data, so that local public fire and life safety education needs are identified.
4-3.1.1 Prerequisite Knowledge: Content of reports and data.
4-3.1.2 Prerequisite Skills: Systematic data collection and analysis.
4-3.2
Implement an evaluation process, given an evaluation method and overall program goals and
objectives, so that program effectiveness is measured.
4-3.2.1 Prerequisite Knowledge: Basic evaluation methods.
4-3.3
Prepare a funding proposal, given directories of public and private funding sources, policies on
fund raising, and specific financial need, so that the proposal conforms to format and style, and
meets the potential funder’s deadline.
4-3.3.1 Prerequisite Knowledge: Funding procedures.
4-3.4*
Prepare a plan for the use of human or material resources, given policies on soliciting,
previous solicitation efforts, and specific program needs, so that resources are identified and
program needs are addressed.
4-4 Education.
4-4.1*
Develop informational materials, given an identified issue, so that information provided is
accurate, relevant to the issue, and comprehensible to the audience.
4-4.2
Develop instructional materials, given course objectives, lesson plans, and a specified
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audience, so that the materials support the program objectives and lesson plans and are
appropriate to the audience.
4-4.2.1* Prerequisite Knowledge: Learning theory for all age, social, and developmental
audiences; needs assessment; development of written and visual educational materials;
development of learning objectives, course development based on specified learning objectives
and audiences, lesson plan development, and selection and use of evaluation instruments.
4-4.3
Develop a lesson plan, given a specific behavior, learning objectives, and a specified audience,
so that the lesson plan reflects the learning characteristics and abilities of the intended audience.
4-4.4*
Adapt a lesson plan, given a specific audience, so that a modified lesson plan is responsive to
the specific characteristics of the intended audience.
4-4.5
Design a public fire and life safety education program, given an identified need and
audience(s), so that the public fire and life safety education program includes the behavioral
objectives, lesson plan, informational materials, and evaluation instruments.
4-4.5.1 Prerequisite Knowledge: Educational methodology.
4-4.5.2 Prerequisite Skills: Instructional techniques.
Chapter 5 Public Fire and Life Safety Educator III
5-1 General.
The Public Fire and Life Safety Educator III shall meet the job performance requirements
defined in Sections 5-2 through 5-4.
5-2 Administration.
5-2.1
Create public fire and life safety education goals and objectives, given an organization’s
mission statement, available resources, and local loss statistics, so that the goals are consistent
with the organization’s mission and reflect the public’s need for education.
5-2.1.1 Prerequisite Skills: Organizational planning, resource management, and data analysis.
5-2.2
Create a program budget, given organizational goals, community needs, and budget guidelines,
so that overall program needs are met within budget guidelines.
5-2.2.1 Prerequisite Knowledge: Budgeting methods, cost allocation breakdown, local budget
guidelines and requirements, and budget administration issues.
5-2.3
Evaluate subordinate performance, given written performance criteria, so that the employee is
evaluated objectively.
5-2.3.1 Prerequisite Knowledge: Organizational personnel policies; local, state, and federal
Copyright 1996 NFPA

employment regulations; and personnel evaluation techniques.
5-3 Planning and Development.
5-3.1
Develop a public fire and life safety education program plan, given a systematic planning
process and relevant information, so that program goals, design, resources, implementation, and
evaluation methods are included.
5-3.1.1 Prerequisite Knowledge: Familiarity with public fire and life safety education issues,
program administration issues, political issues in public fire and life safety education, and
cost/benefit analysis methods.
5-3.2
Evaluate current and future trends, given trend data, so that current and anticipated fire and life
safety issues are identified.
5-3.2.1 Prerequisite Knowledge: Demographics, cultural and value shifts, governmental
regulations, environmental issues, and technological changes.
5-3.2.2 Prerequisite Skills: Trend analysis.
5-3.3*
Develop a public policy recommendation, given an issue, so that solutions are identified,
justification addressed, and impact stated.
5-3.3.1 Prerequisite Knowledge: Procedures for legislative implementation at the local, state,
and national level.
5-4 Education.
5-4.1
Create original resource materials, given an identified issue, so that material created is
accurate, relevant to the issue, and comprehensible to the audience.
5-4.2
Create public fire and life safety education program policies, given organizational missions
and policies, so that overall program parameters are clearly defined.
5-4.3
Create a training program for public fire and life safety educators, given identified job
performance requirements, so that job requirements are met.
5-4.4
Create an awareness program for the internal organization, given identified public fire and life
safety education goals and policies, so that all members are informed of the role of public fire
and life safety education in the community and the organization.
5-4.5
Create a comprehensive public fire and life safety education report for policy makers, given
relevant information, so that program goals, objectives, activities, impact, and outcomes are
clearly described, evaluated, and summarized.
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5-4.6
Design an evaluation instrument, given an educational or informational objective, so that the
evaluation instrument measures the educational outcome.
5-4.6.1 Prerequisite Knowledge: Basic statistical methods and resources.
Appendix A

This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-2
The intent of this Committee is to establish guidelines for the professional development and
qualifications of public fire and life safety educators. This document is intended to apply not
only to fire service educators, but to all those dedicated to the prevention of injury and loss of
life and property through education. Effective public education efforts go beyond the delivery of
programs by encompassing administration and ongoing planning and development. The primary
mission of every fire department is to protect lives and save property. Public fire and life safety
education should be an integral part of every fire department’s responsibility, function, and
philosophy.
A-1-3.1
The prescribed minimum level of training includes knowledge of:
(a) Fire behavior
(b) Organizational structure, function, and operation
(c) Human behavior during fire
(d) Injury causes/prevention
(e) Escape planning
(f) Hazard identification and correction
(g) Basic fire protection systems/devices
(h) Emergency reporting
(i) Fire fighter personal protective equipment.
A-3-4.1.1 The Public Fire and Life Safety Educator I may receive this prerequisite knowledge
through department training programs, programs sponsored by state or federal training agencies,
or through education departments of local colleges or universities. It should be emphasized that
the Public Fire and Life Safety Educator I’s role is simply to deliver predeveloped programs.
Because of this, the prerequisite knowledge should only focus on those basic skills. It should be
possible to provide the necessary skills and knowledge in a 16- to 20-hr training program.
However, the final determination of the amount of training required to meet the requirements is
the responsibility of the organization providing the training. It is important that the prerequisite
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knowledge and skills be obtained prior to assuming the duties of a Public Fire and Life Safety
Educator I.
A-3-4.3
Typical presentation methods include:
(a) Lectures
(b) Skits
(c) Games
(d) Role playing
(e) Questioning
(f) Team teaching
(g) Discussions
(h) Music
(i) Characterizations
(j) Demonstrations
(k) Modeling
(l) Videos
(m) Films
(n) Slides.
A-4-3.1
The public fire and life safety educator should understand, effectively access, and be able to
clearly summarize local fire and burn statistics. This information is necessary for both the
planning and evaluation of public fire and life safety education programs. Sources of information
that accurately track fire incidence and nature of burn injuries vary among communities, and
may be limited to local fire service and hospital records. State and national data, such as NFIRS
and the Burn Registry, can be used to justify local programming, but the more accurate and
community-specific this information is, the more likely it is that it can be used in a meaningful
way. Public fire and life safety educators should determine and use those pertinent data sources
that are available, participate in and encourage systematic reporting where appropriate, and
provide input into the modification and development of improved systems.
A-4-3.4
Many times in public fire and life safety education programs and individual projects it is
necessary to develop resources outside the organization to achieve the goals and objectives of
the program. These resources may include volunteer educators, educational or promotional
materials, financial resources, or any other personnel or material resource required to meet the
needs of the program. To effectively solicit these resources in the community, it is important to
maintain a record of past efforts including program requirements, providers, methods of
solicitation, personnel responsible for solicitation, and methods for managing and accounting for
the resources.
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A-4-4.1
Informational materials and formats may include but are not limited to news releases, print and
broadcast public service announcements, brochures, video news releases, newsletters, flyers,
posters, and billboards.
A-4-4.2.1 As with Public Fire and Life Safety Educator I, the prerequisite knowledge
requirements may be satisfied through a variety of methods including those listed in A-3-4.1.1.
Because of the depth of these requirements, it is not possible, nor is it the desire of the
Committee, to recommend a minimum amount of training necessary to achieve the requirements.
Rather, this is the responsibility of the organization providing the training.
A-4-4.4
The public fire and life safety educator is frequently called upon to deliver programs to a
variety of audiences and thus needs to understand how to adapt the program content so that it is
understandable to different audiences. Audiences can vary in several ways that will impact their
ability to understand and apply information. These differences may include:
(a) Age
(b) Educational backgrounds/learning styles
(c) Cultural/ethnic backgrounds
(d) Physical ability/agility
(e) Language (specific and slang)
(f) Emotional characteristics (fear)
(g) Values and beliefs.
To be responsive to these differences, the public fire and life safety educator will consider how
the lesson plans and content address these dimensions. For example, a lesson plan for a
middle-class adult suburban population could run for a longer length of time and utilize lecture
as a primary presentation technique. Adapting this lesson plan to an elementary school audience
would require a shorter time period and require experiential teaching techniques to meet the
same objectives.
A-5-3.3
A policy may include a statement of recommended fire/burn safety practices intended to be
adopted as:
(a) Departmental policy
(b) Organizational policy
(c) Local, state, or federal legislative items.
Appendix B

This Appendix is not a part of the requirements of this NFPA document, but is included for
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information purposes only.
B-1 Organizational Resources for Public Fire and Life Safety Educators.
American Burn Association
American Trauma Society
Children’s Television Workshop
Consumer Product Safety Commission
Federal Emergency Management Agency
International Association of Arson Investigators
International Association of Fire Chiefs
International Association of Fire Fighters
International Fire Service Training Association
International Society of Fire Service Instructors
National Association for the Education of Young Children
National Association of State Fire Marshals
National Fire Information Council
National Fire Protection Association
National Fire Sprinkler Association
National Safety Council
Pan American Institute
Shriners Burns Institute
United States Fire Administration
B-2 Selected Reference Publications.
Borg, Walter R., Applying Educational Research, 2nd ed., Longman Inc., New York, 1987.
DeVito, Joseph A., The Elements of Public Speaking, 2nd ed., Harper & Row, New York,
1984.
Effective Supervisory Practices, 2nd ed., International City Management Association,
Washington, DC, 1984.
Farenkel, Jack R., and Wallen, Norman E., How to Design and Evaluate Research in
Education, McGraw Hill, New York, 1990.
Firesafety Educator’s Handbook, National Fire Protection Association, Quincy, MA, 1983.
Fitzgibbons, Carol Taylor, and Lyons-Morris, Lynn How to Design a Program Evaluation,
Sage Publication, Beverly Hills, CA, 1978.
Ornstein, Allen, Curriculum Foundations: Principles and Issues, Prentice Hall, Englewood
Cliffs, NJ, 1988.
Public Fire Education Manual, 1st ed., IFSTA. Stillwater, OK 1979.
Rosenblum, David H., Public Administration, 2nd ed., Random House, New York, 1989.
Sprinthall, Norman A., Sprinthall, Richard C., Educational Psychology: A Developmental
Approach, 5th ed., McGraw Hill, New York, 1990.
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Appendix C
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
Explanation of the Standards and Concepts of JPRs
The primary benefit of establishing national professional qualification standards is to provide
both public and private sectors with a framework of the job requirements for the fire service.
Other benefits include enhancement of the profession, individual as well as organizational
growth and development, and standardization of practices.
NFPA professional qualification standards identify the minimum job performance
requirements for specific fire service positions. The standards may be used for training design
and evaluation, certification, measuring and critiquing on-the-job performance, defining hiring
practices, and setting organizational policies, procedures, and goals (other applications are
encouraged).
Professional qualification standards for a specific job are organized by major areas of
responsibility defined as duties. For example, the fire fighter’s duties may include fire
suppression, rescue, and water supply; and the Public Fire Educator’s duties may include
education, planning and development, and administration. Duties are major functional areas of
responsibility within a job.
The professional qualification standards are written as job performance requirements (JPRs).
Job performance requirements describe the performance required for a specific job. JPRs are
grouped according to the duties of a job. The complete list of JPRs for each duty defines what an
individual must be able to do in order to successfully perform that duty. Together, the duties and
their JPRs define the job parameters; that is, the professional qualification standard as a whole is
a job description.
Breaking Down the Components of a Job Performance Requirement
The job performance requirement is the assembly of three critical components. These
components are as follows:
(1) Task to be performed.
(2) Tools, equipment, or materials that must be provided to successfully complete the task.
(3) Evaluation parameters and/or performance outcomes.
Example
(1) Task

(1) Ventilate a pitched roof;

(2) Tools, equipment, or materials

(2) Given an ax, a pike pole, an extension
ladder, and a roof ladder;

(3) Evaluation parameters and
performance outcomes

(3) So that a 4-ft × 4-ft hole is created, all
ventilation barriers are removed; ladders are
properly positioned for ventilation;
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ventilation holes are correctly placed; and
smoke, heat, and combustion by-products
are released from the structure.

The task to be performed: The first component is a concise statement of what the person is
supposed to do.
Tools, equipment, or materials that must be provided to successfully complete the task: This
component ensures that all individuals completing the task are given the same minimal tools,
equipment, or materials when being evaluated. By listing these items, the performer and
evaluator know what must be provided in order to complete the task.
Evaluation parameters and/or performance outcomes: This component defines how well one
must perform each task—for both the performer and evaluator. The JPR guides performance
outcomes. This portion of the JPR promotes consistency in evaluation by reducing the variables
used to gauge performance.
In addition to these three components, the JPR contains prerequisite knowledge and skills. Just
as the term prerequisite suggests, these are the necessary knowledge and skills one must have
prior to being able to perform the task. Prerequisite knowledge and skills are the foundation for
task performance.
Once the components and prerequisites are put together, the JPR might read as follows:
Example 1:
The Fire Fighter I shall ventilate a pitched roof, given an ax, a pike pole, an extension ladder,
and a roof ladder; so that a 4-ft × 4-ft hole is created; all ventilation barriers are removed; ladders
are properly positioned for ventilation; and ventilation holes are correctly placed.
Prerequisite Knowledge: Pitched roof construction, safety considerations with roof ventilation,
the dangers associated with improper ventilation, knowledge of ventilation tools, the effects of
ventilation on fire growth, smoke movement in structures, signs of backdraft, and the knowledge
of vertical and forced ventilation.
Prerequisite Skills: Remove roof covering; properly initiate roof cuts; use the pike pole to
clear ventilation barriers; use ax properly for sounding, cutting, and stripping; position ladders;
and climb and position self on ladder.
Example 2:
The Fire Investigator shall interpret burn patterns, given standard equipment and tools and
some structural/content remains, so that each individual pattern is evaluated with respect to the
burning characteristics of the material involved.
Prerequisite Knowledge: Knowledge of fire development and the interrelationship of heat
release rate, form, and ignitability of materials.
Prerequisite Skill: Interpret the effects of burning characteristics on different types of
materials.
Examples of Potential Uses
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Certification:
JPRs can be used to establish the evaluation criteria for certification at a specific job level.
When used for certification, evaluation must be based on the successful completion of JPRs.
First, the evaluator verifies the attainment of prerequisite knowledge and skills prior to JPR
evaluation. This might be through documentation review or testing.
Next, the candidate is evaluated on completing the JPRs. The candidate performs the task and
is evaluated based on the evaluation parameters and/or performance outcomes. This
performance-based evaluation can be either practical (for psychomotor skills* such as “ventilate
a roof”) or written (for cognitive skills* such as “interpret burn patterns”).
Using Example 1, a practical performance-based evaluation would measure the ability to
“ventilate a pitched roof.” The candidate passes this particular evaluation if the standard was
met, i.e., a 4-ft × 4-ft hole was created; all ventilation barriers were removed; ladders were
properly positioned for ventilation; ventilation holes were correctly placed; and smoke, heat, and
combustion by-products were released from the structure.
For Example 2, when evaluating the task “interpret burn patterns,” the candidate could be
given a written assessment in the form of a scenario, photographs, and drawings and then be
asked to respond to specific written questions related to the JPRs evaluation parameters.
*NOTE: Psychomotor skills are those physical skills that can be demonstrated or observed. Cognitive skills
(or mental skills) cannot be observed, but rather are evaluated on how one completes the task (process
oriented) or on the task outcome (product oriented).

Remember, when evaluating performance, candidates must be given the tools, equipment, or
materials listed in the JPR before they can be properly evaluated, e.g., an ax, a pike pole, an
extension ladder, and a roof ladder.
Curriculum Development/Training Design and Evaluation:
The statements contained in this document that refer to job performance were designed and
written as job performance requirements. While a resemblance to instructional objectives may be
present, these statements should not be used in a teaching situation until after they have been
modified for instructional use.
Job performance requirements state the behaviors required to perform specific skill(s) on the
job, as opposed to a learning situation. These statements should be converted into instructional
objectives with behaviors, conditions, and standards that can be measured within the
teaching/learning environment. A job performance requirement that requires a fire fighter to
“ventilate a pitched roof” should be converted into a measurable instructional objective for use
when teaching the skill. (See Figure C-1.)
Using Example 1, a terminal instructional objective might read as follows:
The candidate will ventilate a pitched roof, given a simulated roof, an ax, a pike pole, an
extension ladder, and a roof ladder, so that 100 percent accuracy is attained on a skills checklist.
(At a minimum, the skills checklist should include each of the measurement criteria from the
JPR.)
Figure C-2 is a sample checklist for use in evaluating this objective.
While the differences between job performance requirements and instructional objectives are
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subtle in appearance, the purpose of each statement differs greatly. JPRs state what is necessary
to perform the job in the “real world.” Instructional objectives, however, are used to identify
what students must do at the end of a training session and are stated in behavioral terms that are
measurable in the training environment.
By converting JPRs into instructional objectives, instructors will be able to clarify
performance expectations and avoid confusion related to using statements designed for purposes
other than teaching. Additionally, instructors will be able to add local/state/regional elements of
performance into the standards as intended by the developers.
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Figure C-1 Converting JPRs into instructional objectives.

Figure C-2 Skills checklist.

Prerequisite skills and knowledge should be converted into enabling objectives. These help to
define the course content. The course content should include each of the prerequisite knowledge
and skills. Using Figure C-2, the enabling objectives are pitched roof construction, safety
considerations with roof ventilation, remove roof covering, properly initiate roof cuts, etc. These
ensure that the course content supports the terminal objective.
NOTE: It is assumed that the reader is familiar with curriculum development or training design and evaluation.

Other Uses
While the professional qualifications standards are principally used to guide the development
of training and certification programs, there are a number of other potential uses for these
documents. Because they are written in JPR terms, they lend themselves well to any area of the
profession where a level of performance or expertise must be determined. Such areas might
include:
Employee Evaluation/Performance Critiquing. The JPRs can be used as a guide by both the
supervisor and the employee during an evaluation. The JPRs for a specific job define tasks that
are essential to perform on the job, as well as the evaluation criteria to measure when those tasks
are completed.
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Establishing Hiring Criteria. Professional qualifications standards may be used in a number
of ways to further the establishment of hiring criteria. The Authority Having Jurisdiction might
simply require certification at a specific job level, e.g., Fire Fighter I. The JPRs might also be
used as the basis for pre-employment screening by establishing essential minimal tasks and the
related evaluation criteria. An added benefit is that individuals interested in employment can
work toward the minimal hiring criteria at local colleges.
Employee Development. The professional qualifications standards can be useful to both the
employee and the employer in developing a plan for the individual’s growth within the
organization. The JPRs and the associated prerequisite skills and knowledge can be used as a
guide to determine additional training and education required for the employee to master the job
or profession.
Succession Planning. Succession planning or career pathing addresses the efficient placement
of people into jobs in response to current needs and anticipated future needs. A career
development path can be established for targeted individuals to prepare them for growth within
the organization. The JPRs and prerequisite knowledge and skills could then be used to develop
an educational path to aid in the individual’s advancement within the organization or profession.
Establishing Organizational Policies, Procedures, and Goals. The JPRs can be incorporated
into organizational policies, procedures, and goals where employee performance is addressed.
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Technical Correlating Committee on Fire Service Instructor Professional Qualifications, and
acted on by the National Fire Protection Association, Inc., at its Annual Meeting held May
20-23, 1996, in Boston, MA. It was issued by the Standards Council on July 18, 1996, with an
effective date of August 9, 1996, and supersedes all previous editions.
This edition of NFPA 1041 was approved as an American National Standard on July 26, 1996.
Origin and Development of NFPA 1041
In 1971, the Joint Council of National Fire Service Organizations (JCNFSO) created the
National Professional Qualifications Board for the Fire Service (NPQB) to facilitate the
development of nationally applicable performance standards for uniformed fire service
personnel. On December 14, 1972, the Board established four technical committees to develop
those standards using the National Fire Protection Association (NFPA) standards-making
system. The initial committees addressed the following career areas: fire fighter, fire officer, fire
service instructor, and fire inspector and investigator.
Copyright 1996 NFPA

In compliance with this direction, the Technical Committee for Fire Service Instructor
Qualifications met in several general sessions and subcommittee sessions during 1973, 1974, and
1975. A survey was conducted through the State Directors of Fire Service Training in an effort
to obtain information on existing qualifications for fire service instructor. Much material was
reviewed by the committee. Through this information and much committee deliberation, and
through the courtesy of the Delaware State Fire School, a flow chart of a training program was
constructed. From this chart the committee identified four distinct levels of instructor
responsibilities: (1) to teach, (2) to develop teaching material, (3) to supervise the teaching staff
and program, and (4) to manage, budget, and implement the program. From this the committee
has endeavored to establish a series of objectives for four instructor levels and identify
curriculum that would aid instructor candidates in meeting these objectives.
In the report of the Wingspread Conference, 1966, certain criteria for Fire Service
Professionalization were adopted. One criterion stated was "Professionalization Begins with
Education." To this end, keeping in mind that the quality of any educational program is only as
good as its instructional staff, the Fire Service Professional Standards Committee for Fire
Service Instructor Qualifications dedicates these standards.
This standard was first issued in 1976 and was revised by the Fire Service Instructor
Qualifications Committee in 1981 and 1987.
The original concept of the professional qualification standards, as directed by the JCNFSO
and the NPQB, was to develop an interrelated set of performance standards specifically for the
fire service. The various levels of achievement in the standards were to build on each other
within a strictly defined career ladder. In the late 1980s, revisions of the standards recognized
that the documents should stand on their own merit in terms of job performance requirements for
a given field. Accordingly, the strict career ladder concept was abandoned, except for the
progression from fire fighter to fire officer. The later revisions, therefore, facilitated the use of
the documents by other than the uniformed fire services.
In 1990, responsibility for the appointment of professional qualifications committees and the
development of the professional qualifications standards was assumed by the NFPA.
The Correlating Committee on Professional Qualifications was appointed by the NFPA
Standards Council in 1990 and assumed the responsibility for coordinating the requirements of
all of the professional qualifications documents.
The intent of the technical committee was to develop clear and concise job performance
requirements that can be used to determine that an individual, when measured to the standard,
possesses the skills and knowledge to perform as a fire service instructor. The committee further
contends that these job performance requirements can be used in any fire department in any city,
town, or private organization throughout North America.
This 1996 edition of the standard has been revised based on a complete job task analysis for
the position of fire service instructor. The document has been reformatted into a Job
Performance Requirement (JPR) format. All JPRs were reviewed to ensure they were up-to-date
and job related.
The Level IV instructor requirements were dropped as these essentially dealt with managing a
training program. The technical committee was asked to concentrate on the requirements for the
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instructor/developer, and not get into management issues pertaining to administering and running
a training program.
Technical Correlating Committee on
Professional Qualifications
Douglas P. Forsman, Chair
Oklahoma State University, OK
Fred G. Allinson, Nat'l Volunteer Fire Council, WA
Rep. Nat'l Volunteer Fire Council
Louis J. Amabili, DE State Fire School, DE
Rep. T/C on Officer Pro Qual
(Vote limited to Professional Qualifications System Management)
Stephen P. Austin, State Farm Fire & Casualty Co., DE
Rep. T/C on Investigator Pro Qual
(Vote limited to Professional Qualifications System Management)
Dan W. Bailey, USDA Forest Service, MT
Rep. T/C on Wildfire Suppression Pro Qual
(Vote limited to Professional Qualifications System Management)
David T. Endicott, Prince William County Fire & Rescue Service, VA
Rep. T/C on Fire Fighter Pro Qual
(Vote limited to Professional Qualifications System Management)
Jerry W. Laughlin, AL Fire College, AL
Michael J. McGovern, WA State Council of Fire Fighters, WA
Rep. Int'l Assn. of Fire Fighters
Gerald Monigold, IL Fire Service Inst., IL
Rep. T/C on Instructor Pro Qual
(Vote limited to Professional Qualifications System Management)
Mary Nachbar, MN State Fire Marshal Division, MN
Rep. T/C on Educator Pro Qual
(Vote limited to Professional Qualifications System Management)
William E. Peterson, Plano Fire Dept., TX
Rep. T/C on Inspector Pro Qual
(Vote limited to Professional Qualifications System Management)
Hugh A. Pike, U.S. Air Force Fire Protection, FL
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Rep. T/C on Inspector Pro Qual
(Vote limited to Professional Qualifications System Management)
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NFPA Professional Qualifications Project and documents related to professional qualifications for
fire service, public safety and related personnel.
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These lists represent the membership at the time each Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on
professional competence required of fire service instructors.

NFPA 1041
Standard for
Fire Service Instructor Professional Qualifications
1996 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Appendix D.

Chapter 1 Administration
1-1 Scope.
This standard identifies the professional levels of competence required of fire service
instructors.
1-2 Purpose.
The purpose of this standard is to provide minimum qualifications for fire service instructors.
1-2.1
It is not the intent of this standard to restrict any jurisdiction from exceeding these minimum
requirements.
1-2.2
This standard shall cover the requirements for three levels of progression, i.e., Fire Service
Instructor I, Fire Service Instructor II, and Fire Service Instructor III.
1-3* General.
1-3.1
All job performance requirements for any level of fire service instructor shall be performed to
a level of competence that shall be established by the authority having jurisdiction.
1-3.2
It is not required that the job performance requirements be mastered in the order that they
appear in each of the levels of progression.
1-3.3*
The authority having jurisdiction shall select instructors who have appropriate subject matter
skill, knowledge, and ability. The authority having jurisdiction shall establish a policy and
process that identifies and verifies the minimum experience and training requirements necessary
to instruct any topic or subject matter.
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1-3.4
Fire service instructors at all levels of progression shall know their roles and responsibilities to
the authority having jurisdiction and their students as defined in the agencies policies and
procedures.
1-3.5*
Fire service instructors at all levels of progression shall remain current and comply with all
applicable laws, regulations, and standards applying to the delivery of training.
1-3.6*
The performance of each requirement of this standard shall be evaluated by individuals
approved by the authority having jurisdiction.
1-3.7
The fire service instructor at all levels of certification shall remain current with trends in
training and maintain professional competency through continuing education, networking,
instructional development and delivery, and membership in professional organizations.
1-4* Definitions.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Duty. A major subdivision of the work performed by one individual.
Instructor I. A fire service instructor who has demonstrated the knowledge and ability to
deliver instruction effectively from a prepared lesson plan, including instructional aids and
evaluation instruments; adapt lesson plans to the unique requirements of the students and
authority having jurisdiction; organize the learning environment so that learning is maximized;
and meet the record-keeping requirements of authority having jurisdiction.
Instructor II. A fire service instructor who, in addition to meeting Instructor I qualifications,
has demonstrated the knowledge and ability to develop individual lesson plans for a specific
topic including learning objectives, instructional aids, and evaluation instruments; schedule
training sessions based on overall training plan of authority having jurisdiction; and supervise
and coordinate the activities of other instructors.
Instructor III. A fire service instructor who, in addition to meeting Instructor II qualifications,
has demonstrated the knowledge and ability to develop comprehensive training curriculum and
programs for use by single or multiple organizations; conduct organization needs analysis; and
develop training goals and implementation strategies.
Job Performance Requirement. A statement that describes a specific job task, lists the items
necessary to complete the task, and defines measurable or observable outcomes and evaluation
areas for the specific task.
Shall. Indicates a mandatory requirement.
Task. A specific job behavior or activity.
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Chapter 2 Instructor I
2-1 General.
2-1.1
For certification at Fire Instructor Level I, the candidate shall meet the job performance
requirements defined in Sections 2-2 through 2-5 of this standard.
2-2 Program Management.
2-2.1 Definition of Duty.
The management of basic resources and the records and reports essential to the instructional
process.
2-2.2
Assemble course materials, given a specific topic, so that the lesson plan, all materials,
resources, and equipment needed to deliver the lesson are obtained.
2-2.2.1 Prerequisite Knowledge: Components of a lesson plan; policies and procedures for the
procurement of materials and equipment and resource availability.
2-2.3
Prepare training records and report forms, given policies and procedures and forms, so that
required reports are accurately completed and submitted in accordance with the procedures.
2-2.3.1 Prerequisite Knowledge: Types of records and reports required; policies and procedures
for processing records and reports.
2-2.3.2 Prerequisite Skills: Basic report writing.
2-3 Instructional Development.
2-3.1* Definition of Duty.
The review and adaptation of prepared instructional materials.
2-3.2*
Review instructional materials, given the materials for a specific topic, target audience and
learning environment, so that elements of the lesson plan, learning environment, and resources
that need adaptation are identified.
2-3.2.1 Prerequisite Knowledge: Recognition of student limitations, methods of instruction,
types of resource materials; organizing the learning environment; policies and procedures.
2-3.2.2 Prerequisite Skills: Analysis of resources, facilities, and materials.
2-3.3*
Adapt a prepared lesson plan, given course materials and an assignment, so that the needs of
the student and the objectives of the lesson plan are achieved.
2-3.3.1 Prerequisite Knowledge: Elements of a lesson plan, selection of instructional aids and
methods, origination of learning environment.
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2-3.3.2 Prerequisite Skills: Instructor preparation and organizational skills.
2-4 Instructional Delivery.
2-4.1 Definition of Duty.
The delivery of instructional sessions utilizing prepared course materials.
2-4.2
Organize the classroom, laboratory or outdoor learning environment, given a facility and an
assignment, so that lighting, distractions, climate control or weather, noise control, seating,
audiovisual equipment, teaching aids, and safety, are considered.
2-4.2.1 Prerequisite Knowledge: Classroom management and safety, advantages and limitations
of audiovisual equipment and teaching aids, classroom arrangement, and methods and techniques
of instruction.
2-4.2.2 Prerequisite Skills: Use of instructional media and materials.
2-4.3
Present prepared lessons, given a prepared lesson plan that specifies the presentation
method(s), so that the method(s) indicated in the plan are used and the stated objectives or
learning outcomes are achieved.
2-4.3.1* Prerequisite Knowledge: The laws and principles of learning, teaching methods and
techniques, lesson plan components and elements of the communication process, and lesson plan
terminology and definitions.
2-4.3.2 Prerequisite Skills: Oral communication techniques, teaching methods and techniques,
utilization of lesson plans in the instructional setting
2-4.4*
Adjust presentation, given a lesson plan and changing circumstances in the class environment,
so that class continuity and the objectives or learning outcomes are achieved.
2-4.4.1 Prerequisite Knowledge: Methods of dealing with changing circumstances.
2-4.5
Adjust to differences in learning styles, abilities and behaviors, given the instructional
environment, so that lesson objectives are accomplished, disruptive behavior is addressed, and a
safe learning environment is maintained.
2-4.5.1* Prerequisite Knowledge: Motivation techniques, learning styles, types of learning
disabilities and methods for dealing with them, methods of dealing with disruptive and unsafe
behavior.
2-4.5.2 Prerequisite Skills: Basic coaching and motivational techniques, adaptation of lesson
plans or materials to specific instructional situations.
2-4.6
Operate audiovisual equipment, and demonstration devices, given a learning environment and
equipment, so that the equipment functions properly.
2-4.6.1 Prerequisite Knowledge: Components of audiovisual equipment.
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2-4.6.2 Prerequisite Skills: Use of audiovisual equipment, cleaning, and field level maintenance.
2-4.7
Utilize audiovisual materials, given prepared topical media and equipment, so that the intended
objectives are clearly presented, transitions between media and other parts of the presentation are
smooth, and media is returned to storage.
2-4.7.1 Prerequisite Knowledge: Media types, limitations, and selection criteria.
2-4.7.2 Prerequisite Skills: Transition techniques within and between media.
2-5 Evaluation and Testing.
2-5.1* Definition of Duty.
The administration and grading of student evaluation instruments.
2-5.2
Administer oral, written, and performance tests, given the lesson plan, evaluation instruments,
and the evaluation procedures of the agency, so that the testing is conducted according to
procedures and the security of the materials is maintained.
2-5.2.1 Prerequisite Knowledge: Test administration, agency policies, laws affecting records and
disclosure of training information, purposes of evaluation and testing, and performance skills
evaluation.
2-5.2.2 Prerequisite Skills: Use of skills checklists and oral questioning techniques.
2-5.3
Grade student oral, written, or performance tests, given class answer sheets or skills checklists
and appropriate answer keys, so the examinations are accurately graded and properly secured.
2-5.3.1 Prerequisite Knowledge: Grading and maintaining confidentiality of scores.
2-5.4
Report test results, given a set of test answer sheets or skills checklists, a report form and
policies and procedures for reporting, so that the results are accurately recorded, the forms are
forwarded according to procedure, and unusual circumstances are reported.
2-5.4.1 Prerequisite Knowledge: Reporting procedures, the interpretation of test results.
2-5.4.2 Prerequisite Skills: Communication skills, basic coaching.
2-5.5*
Provide evaluation feedback to students, given evaluation data, so that the feedback is timely,
specific enough for the student to make efforts to modify behavior, objective, clear, and relevant;
include suggestions based on the data.
2-5.5.1 Prerequisite Knowledge: Reporting procedures, the interpretation of test results.
2-5.5.2 Prerequisite Skills: Communication skills, basic coaching.
Chapter 3 Instructor II
3-1 General.
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For certification at Level II, the Fire Instructor I shall meet the job performance requirements
defined in Sections 3-2 through 3-5 of this standard.
3-2 Program Management.
3-2.1 Definition of Duty.
The management of instructional resources, staff, facilities and records, and reports.
3-2.2
Schedule instructional sessions, given department scheduling policy, instructional resources,
staff, facilities and timeline for delivery, so that the specified sessions are delivered according to
department policy.
3-2.2.1
Prerequisite Knowledge: Departmental policy, scheduling processes, supervision techniques,
and resource management.
3-2.3
Formulate budget needs, given training goals, agency budget policy, and current resources, so
that the resources required to meet training goals are identified and documented.
3-2.3.1 Prerequisite Knowledge: Agency budget policy, resource management, needs analysis,
sources of instructional materials, and equipment.
3-2.3.2 Prerequisite Skills: Resource analysis and forms completion.
3-2.4
Acquire training resources, given an identified need, so that the resources are obtained within
established timelines, budget constraints, and according to agency policy.
3-2.4.1 Prerequisite Knowledge: Agency policies, purchasing procedures, budget management.
3-2.4.2 Prerequisite Skills: Forms completion.
3-2.5
Coordinate training record keeping, given training forms, department policy, and training
activity, so that all agency and legal requirements are met.
3-2.5.1 Prerequisite Knowledge: Record keeping processes, departmental policies, laws
affecting records and disclosure of training information, professional standards applicable to
training records, databases used for record keeping.
3-2.5.2 Prerequisite Skills: Record auditing procedures.
3-2.6
Evaluate instructors, given an evaluation form, department policy, and job performance
requirements, so that the evaluation identifies areas of strengths and weaknesses, recommends
changes in instructional style and communication methods, and provides opportunity for
instructor feedback to the evaluator.
3-2.6.1 Prerequisite Knowledge: Personnel evaluation methods, supervision techniques,
department policy, effective instructional methods and techniques.
3-2.6.2 Prerequisite Skills: Coaching, observation techniques, completion of evaluation forms.
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3-3 Instructional Development.
3-3.1 Definition of Duty.
The development of instructional materials for specific topics.
3-3.2
Create a lesson plan, given a topic, audience characteristics, and a standard lesson plan format,
so that the job performance requirements for the topic are achieved, and the plan includes
learning objectives, a lesson outline, course materials, instructional aids, and an evaluation plan.
3-3.2.1 Prerequisite Knowledge: Elements of a lesson plan, components of learning objectives,
instructional methods and techniques, characteristics of adult learners, types and application of
instructional media, evaluation techniques, and sources of references and materials.
3-3.2.2 Prerequisite Skills: Basic research, using job performance requirements to develop
behavioral objectives, student needs assessment, development of instructional media, outlining
techniques, evaluation techniques, and resource needs analysis.
3-3.3
Modify an existing lesson plan, given a topic, audience characteristics, and a lesson plan, so
that the job performance requirements for the topic are achieved, and the plan includes learning
objectives, a lesson outline, course materials, instructional aids, and an evaluation plan.
3-3.3.1 Prerequisite Knowledge: Elements of a lesson plan, components of learning objectives,
instructional methods and techniques, characteristics of adult learners, types and application of
instructional media, evaluation techniques, and sources of references and materials.
3-3.3.2 Prerequisite Skills: Basic research, using job performance requirements to develop
behavioral objectives, student needs assessment, development of instructional media, outlining
techniques, evaluation techniques, and resource needs analysis.
3-4 Instructional Delivery.
3-4.1 Definition of Duty.
Conducting specialized and advanced classes using a lesson plan.
3-4.2
Conduct a class using a lesson plan that the instructor has prepared and that involves the
utilization of multiple teaching methods and techniques, given a topic and a target audience, so
that the lesson objectives are achieved.
3-4.2.1 Prerequisite Knowledge: Use and limitations of teaching methods and techniques.
3-4.2.2* Prerequisite Skills: Transition between different teaching methods, conference, and
discussion leadership.
3-4.3*
Supervise other instructors and students during high hazard training, given a training scenario
with increased hazard exposure, so that applicable safety standards and practices are followed,
and instructional goals are met.
3-4.3.1 Prerequisite Knowledge: Safety rules, regulations and practices, the incident command
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system used by the agency, and leadership techniques.
3-4.3.2 Prerequisite Skills: ICS implementation.
3-5 Evaluation and Testing.
3-5.1 Definition of Duty.
The development of student evaluation instruments to support instruction and the evaluation of
test results.
3-5.2
Develop student evaluation instruments, given learning objectives, audience characteristics,
and training goals, so that the evaluation instrument determines if the student has achieved the
learning objectives, the instrument evaluates performance in an objective, reliable, and verifiable
manner, and the evaluation instrument is bias-free to any audience or group.
3-5.2.1 Prerequisite Knowledge: Evaluation methods, development of forms, effective
instructional methods, and techniques.
3-5.2.2 Prerequisite Skills: Evaluation item construction and assembly of evaluation instruments.
3-5.3
Develop a class evaluation instrument, given agency policy and evaluation goals, so that
students have the ability to provide feedback to the instructor on instructional methods,
communication techniques, learning environment, course content, and student materials.
3-5.3.1 Prerequisite Knowledge: Evaluation methods, test validity.
3-5.3.2 Prerequisite Skills: Development of evaluation forms.
3-5.4
Analyze student evaluation instruments, given test data, objectives and agency policies, so that
validity is determined and necessary changes are accomplished.
3-5.4.1 Prerequisite Knowledge: Test validity, reliability, and item analysis.
3-5.4.2 Prerequisite Skills: Item analysis techniques.
Chapter 4 Instructor III

4-1 General.
For certification at Level III, the Fire Instructor II shall meet the job performance requirements
defined in Sections 4-2 through 4-5 of this standard.
4-2 Program Management.
4-2.1 Definition of Duty.
The administration of agency policies and procedures for the management of instructional
resources, staff, facilities, records, and reports.
4-2.2
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Administer a training record system, given agency policy and type of training activity to be
documented, so that the information captured is concise, meets all agency and legal
requirements, and can be readily accessed.
4-2.2.1 Prerequisite Knowledge: Agency policy, record keeping systems, professional standards
addressing training records, legal requirements affecting record keeping, and disclosure of
information.
4-2.2.2 Prerequisite Skills: Development of forms, report generation.
4-2.3
Develop recommendations for policies to support the training program, given agency policies
and procedures and the training program goals, so that the training and agency goals are
achieved.
4-2.3.1 Prerequisite Knowledge: Agency procedures and training program goals, format for
agency policies.
4-2.3.2 Prerequisite Skills: Technical writing.
4-2.4
Select instructional staff, given personnel qualifications, instructional requirements, and
agency policies and procedures, so that staff selection meets agency policies and achievement of
agency and instructional goals.
4-2.4.1 Prerequisite Knowledge: Agency polices regarding staff selection, instructional
requirements, selection methods, the capabilities of instructional staff and agency goals.
4-2.4.2 Prerequisite Skills: Evaluation techniques.
4-2.5
Construct a performance based instructor evaluation plan, given agency policies and
procedures and job requirements, so that instructors are evaluated at regular intervals, following
agency policies.
4-2.5.1 Prerequisite Knowledge: Evaluation methods, agency policies, staff schedules, and job
requirements.
4-2.6
Write equipment purchasing specifications, given curriculum information, training goals, and
agency guidelines, so that the equipment is appropriate and supports the curriculum.
4-2.6.1 Prerequisite Knowledge: Equipment purchasing procedures, available department
resources and curriculum needs.
4-2.6.2 Prerequisite Skills: Evaluation methods to select the equipment that is most effective and
preparation of procurement forms.
4-2.7
Present evaluation findings, conclusions, and recommendations to agency administrator, given
data summaries and target audience, so that recommendations are unbiased, supported, and
reflect agency goals, policies, and procedures.
4-2.7.1 Prerequisite Knowledge: Statistical evaluation procedures and agency goals.
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4-2.7.2 Prerequisite Skills: Presentation skills and report preparation following agency
guidelines.
4-3 Instructional Development.
4-3.1 Definition of Duty.
Plans, develops, and implements comprehensive programs and curriculum.
4-3.2
Conduct an agency needs analysis, given agency goals, so that instructional needs are
identified.
4-3.2.1 Prerequisite Knowledge: Needs analysis, task analysis, development of job performance
requirements, lesson planning, instructional methods, characteristics of adult learners,
instructional media, curriculum development, and development of evaluation instruments.
4-3.2.2 Prerequisite Skills: Conducting research, committee meetings, and needs and task
analysis; organizing information into functional groupings; and interpreting data.
4-3.3
Design programs or curriculums, given needs analysis and agency goals, so that the agency
goals are supported, the knowledge and skills are job related, the design is performance based,
adult learning principles are utilized, and the program meets time and budget constraints.
4-3.3.1 Prerequisite Knowledge: Instructional design, adult learning principles, principles of
performance based education, research, and fire service terminology.
4-3.3.2 Prerequisite Skills: Technical writing, selecting course reference materials.
4-3.4
Modify an existing curriculum, given the curriculum, audience characteristics, learning
objectives, instructional resources and agency training requirements, so that the curriculum
meets the requirements of the agency, and the learning objectives are achieved.
4-3.4.1 Prerequisite Knowledge: Instructional design, adult learning principles, principles of
performance based education, research, and fire service terminology.
4-3.4.2 Prerequisite Skills: Technical writing, selecting course reference materials.
4-3.5
Write program and course goals, given job performance requirements (JPRs) and needs
analysis information, so that the goals are clear, concise, measurable, and correlate to agency
goals.
4-3.5.1 Prerequisite Knowledge: Components and characteristics of goals, and correlation of
JPRs to program and course goals.
4-3.5.2 Prerequisite Skills: Writing goal statements.
4-3.6
Write course objectives, given JPRs, so that objectives are clear, concise, measurable, and
reflect specific tasks.
4-3.6.1 Prerequisite Knowledge: Components of objectives and correlation between JPRs and
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objectives.
4-3.6.2 Prerequisite Skills: Writing course objectives and correlating them to JPRs.
4-3.7
Construct a course content outline, given course objectives, reference sources, functional
groupings and the agency structure, so that the content supports the agency structure and reflects
current acceptable practices.
4-3.7.1 Prerequisite Knowledge: Correlation between course goals, course outline, objectives,
JPRs, instructor lesson plans, and instructional methods.
4-4 Instructional Delivery.
No Job Performance Requirements at the Instructor III Level.
4-5 Evaluation and Testing.
4-5.1 Definition of Duty.
Develops an evaluation plan, collects, analyses and reports data and utilizes data for program
validation and student feedback.
4-5.2
Develop a system for the acquisition, storage, and dissemination of evaluation results, given
agency goals and policies, so that the goals are supported and those impacted by the information
receive feedback consistent with agency policies, federal, state, and local laws.
4-5.2.1 Prerequisite Knowledge: Record keeping systems, agency goals, data acquisition
techniques, applicable laws, and methods of providing feedback.
4-5.2.2 Prerequisite Skills: The evaluation, development, and use of information systems.
4-5.3
Develop course evaluation plan, given course objectives and agency policies, so that
objectives are measured and agency policies are followed.
4-5.3.1 Prerequisite Knowledge: Evaluation techniques, agency constraints, and resources.
4-5.3.2 Prerequisite Skills: Decision-making.
4-5.4
Create a program evaluation plan, given agency policies and procedures, so that instructors,
course components, and facilities are evaluated and student input is obtained for course
improvement.
4-5.4.1 Prerequisite Knowledge: Evaluation methods, agency goals.
4-5.4.2 Prerequisite Skills: Construction of evaluation instruments.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-3 The specialized and hazardous nature of fire service requires that applicants become
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qualified in their area of specialty. The committee recognizes it is important that fire service
instructors be competent in that area of specialty. The fire service instructors should also possess
the physical abilities necessary to conduct instruction in the specialty area. It is not within the
scope of this committee, nor is it their intent, to define minimum levels of specific subject
matters, knowledge, or proficiency required by instructors. These minimum levels should be
determined by the authority having jurisdiction. (See Appendix B of this standard for information
regarding the management of training programs.)
Education. In developing the fire service instructor standards, the committee identified certain
objectives that it found necessary to qualify fire service instructors at the three levels of
progression. It was not the intent of the committee to establish standardized instructor training
programs, but to utilize programs already in existence throughout the country. The knowledge
and skills required to perform the stated objectives can be obtained from various sources such as:
state fire service training agencies, vocational-technical institutions, community colleges,
universities, self-study, experience, and other educational mediums.
The committee realizes that some instructor candidates might qualify at the various levels
without formal training, and although formal training is not a prerequisite, it is strongly
recommended that every fire service instructor successfully complete approved formal courses of
instruction and attend periodic career development and improvement courses, and remain active
within a fire service training program.
A-1-3.3 This standard does not identify the level of skill and knowledge of the fire service
instructor in the subject matter to be taught.
A-1-3.5 Fire service training can be affected by various organizational, local, state, provincial, or
federal laws and regulations, and fire service professional standards. These laws, regulations, and
standards include, but are not limited to, issues such as:
(a) Health and safety;
(b) Human resource policies;
(c) Environmental;
(d) Equipment;
(e) Personal safety equipment;
(f) Live fire training;
(g) Training facilities.
(h) Copyright laws;
(i) Laws or regulations pertaining to the release of student and training records.
A-1-3.6 It is recommended, where practical, that evaluators be individuals who were not directly
involved as instructors for the requirement being evaluated.
A-1-4 Action verbs used in the job performance requirements in this document are based on the
first definition of the verb found in Webster's Third New International Dictionary of the English
Language.
A-1-4 Approved. The National Fire Protection Association does not approve, inspect, or certify
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any installations, procedures, equipment, or materials; nor does it approve or evaluate testing
laboratories. In determining the acceptability of installations, procedures, equipment, or
materials, the authority having jurisdiction may base acceptance on compliance with NFPA or
other appropriate standards. In the absence of such standards, said authority may require
evidence of proper installation, procedure, or use. The authority having jurisdiction may also
refer to the listings or labeling practices of an organization concerned with product evaluations
that is in a position to determine compliance with appropriate standards for the current
production of listed items.
A-1-4 Authority Having Jurisdiction. The phrase "authority having jurisdiction" is used in
NFPA documents in a broad manner, since jurisdictions and approval agencies vary, as do their
responsibilities. Where public safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or individual such as a fire chief; fire marshal;
chief of a fire prevention bureau, labor department, or health department; building official;
electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the
authority having jurisdiction. In many circumstances, the property owner or his or her
designated agent assumes the role of the authority having jurisdiction; at government
installations, the commanding officer or departmental official may be the authority having
jurisdiction.
A-2-3.1 The Instructor I should not alter the content or the lesson objectives in this process.
A-2-3.2 The Instructor I prior to the start of the course should be able to evaluate local
conditions, evaluate facilities for appropriateness, meet local Standard operating procedures
(SOPs) and limitations of students.
A-2-3.3 The Instructor I should be able to modify the method of instruction and course materials
to meet the needs of the student and accommodate the instructor's style. This includes
adaptations necessary due to the learning environment. The student should, however, achieve the
lesson objectives.
A-2-4.3.1 Presentation methods for the Instructor I include:
(a) Demonstration;
(b) Illustration;
(c) Lecture;
(d) Individualized instruction.
A lesson plan should include the following components:
(a) Job title or topic;
(b) Level of instruction;
(c) Behavioral objectives, performance objectives, or learning outcomes;
(d) Instructional materials needed;
(e) References;
(f) Preparation step (motivation);
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(g) Presentation step;
(h) Application step;
(i) Lesson summary;
(j) Evaluation step;
(k) Assignment.
The elements of the communication process include:
(a) Encoding;
(b) Transmitting;
(c) Receiving;
(d) Decoding.
A-2-4.4 The Instructor I should be able to adjust to such changing circumstances as:
(a) Equipment failure;
(b) Weather;
(c) Audio and visual distractions;
(d) Safety;
(e) Limited resources;
(f) Presentation location.
The Instructor I should not alter the content or the lesson objectives in this process.
A-2-4.5.1 Factors that could influence the learning process include:
(a) Attitude;
(b) Experience;
(c) Knowledge;
(d) Education;
(e) Personality;
(f) Physical condition (fatigue, illness, etc.);
(g) Unsafe behavior;
(h) Motivation;
(i) Competing demands for time.
A-2-5.1 This duty primarily deals with student evaluation; however, the Instructor I could be
required to conduct program evaluations according to policies and procedures.
A-2-5.5 The Instructor I is expected to be able to assess student test results and identify areas
requiring additional study and communicate this information to the student.
A-3-4.2.2 The Instructor II should acquire skills to effectively utilize problem-solving
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techniques, to facilitate and lead conferences, and to use discussion methods of presentation.
These techniques are frequently used to conduct small group sessions where participants have
advanced knowledge and experience in the subject matter and the goal is to reach a group
solution to a problem or issue.
A-3-4.3 Examples of high hazard training include live fire exercises, hazardous materials, above
and below graded rescue, and evolutions that involve the use of power tools. See Appendix C of
NFPA 1403, Standard on Live Fire Training Evolutions in Structures, for information regarding
the responsibilities of personnel involved in live fire training evolutions.
Appendix B Management of Training Programs
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
The training manager can be either a uniformed officer or a civilian. The manager should have
experience in fire service training, a clear understanding of the fire department culture, structure,
operations and mission, adult learning principles, course development, instructional methods,
and evaluation of training. This individual should also be an effective leader and manager who
can determine the training needs of the organization, develop goals and objectives to achieve
those needs, implement training programs, evaluate the effectiveness of training, and develop the
resources needed to sustain an effective and efficient training program.
The management of fire service training programs requires a manager, regardless of fire
service affiliation or level of instructor certification, who is able to accomplish the following
tasks:
(a) Budgeting;
(b) Resource management;
(c) Management of personnel;
(d) Management of instruction;
(e) Program evaluation;
(f) Training needs analysis;
(g) Scheduling;
(h) Goal setting;
(i) Networking with other training agencies;
(j) Technical writing;
(k) Effective verbal and written communication.
Appendix C Explanation of the Standard and Concepts of JPRs
This Appendix is not a part of the requirements of this NFPA document but is included for
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informational purposes only.
The primary benefit of establishing national professional qualification standards is to provide
both public and private sectors with a framework of the job requirements for the fire service.
Other benefits include: enhancement of the profession; individual as well as organizational
growth and development; and standardization of practices.
NFPA professional qualifications standards identify the minimum job performance
requirements for specific fire service positions. The standards can be used for training design and
evaluation, certification, measuring and critiquing on-the-job performance, defining hiring
practices, and setting organizational policies, procedures, and goals (other applications are
encouraged).
Professional qualifications standards for a specific job are organized by major areas of
responsibility defined as duties. For example, the fire fighter's duties might include fire
suppression, rescue, and water supply; and the Public Fire Educator's duties include education,
planning and development, and administration. Duties are major functional areas of
responsibility within a job.
The professional qualifications standards are written as job performance requirements (JPRs).
Job performance requirements describe the performance required for a specific job. JPRs are
grouped according to the duties of a job. The complete list of JPRs for each duty defines what
an individual should be able to do in order to successfully perform that duty. Together, the
duties and their JPRs define the job parameters; that is, the standard as a whole is a description
of a job.
Breaking Down the Components of a Job Performance Requirement
The job performance requirement is the assembly of three critical components. These
components are the:
(1) Task that is to be performed;
(2) Tools, equipment, or materials that should be provided to successfully complete the task;
(3) Evaluation parameters and/or performance outcomes.
Example:
(1) Task

(1) Ventilate a pitched roof

(2) Tools, equipment, or materials

(2) Given an ax, a pike pole, an extension ladder, and a roof ladder

(3) Evaluation parameters and/or
performance outcomes

(3) So that a 4 ft × 4 ft hole is created, all
ventilation barriers are removed; ladders are
properly positioned for ventilation; ventilation
holes are correctly placed; and smoke, heat, and
combustion by-products are released from the
structure

The Task to Be Performed. The first component is a concise, brief statement of what the
person is supposed to do.
Tools, Equipment, or Materials that Should Be Provided to Successfully Complete the
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Task. his component ensures that all individuals completing the task are given the same minimal
tools, equipment, or materials when being evaluated. By listing these items, the performer and
evaluator know what should be provided in order to complete the task.
Evaluation Parameters and/or Performance Outcomes. This component defines how well
one should perform each task — for both the performer and evaluator. The JPR guides
performance towards successful completion by identifying evaluation parameters and/or
performance outcomes. This portion of the JPR promotes consistency in evaluation by reducing
the variables used to gauge performance.
In addition to these three components, the JPR contains prerequisite knowledge and skills.
Just as the term prerequisite suggests, these are the necessary knowledge and skills one should
have prior to being able to perform the task. Prerequisite knowledge and skills are the
foundation for task performance.
Once the components and prerequisites are put together, the JPR might read as follows:
Example 1:
The Fire Fighter I shall ventilate a pitched roof, given an ax, a pike pole, an extension ladder,
and a roof ladder, so that a 4 ft × 4 ft hole is created; all ventilation barriers are removed; ladders
are properly positioned for ventilation; ventilation holes are correctly placed.
Prerequisite Knowledge: Pitched roof construction; safety considerations with roof ventilation;
the dangers associated with improper ventilation; knowledge of ventilation tools; the effects of
ventilation on fire growth; smoke movement in structures; signs of backdraft; and the knowledge
of vertical and forced ventilation.
Prerequisite Skills: Remove roof covering; properly initiate roof cuts; use the pike pole to clear
ventilation barriers; use ax properly for: sounding, cutting, and stripping; position ladders; and
climb and position self on ladder.
Example 2:
The Fire Investigator shall interpret burn patterns, given standard equipment and tools and
some structural/content remains, so that each individual pattern is evaluated with respect to the
burning characteristics of the material involved.
Prerequisite Knowledge: Knowledge of fire development and the interrelationship of heat
release rate, form, and ignitability of materials.
Prerequisite Skill: Interpret the effects of burning characteristics on different types of materials.
Examples of Potential Uses
Certification:
JPRs can be used to establish the evaluation criteria for certification at a specific job level.
When used for certification, evaluation should be based on the successful completion of JPRs.
First, the evaluator would verify the attainment of prerequisite knowledge and skills prior to
JPR evaluation. This might be through documentation review or testing.
Next, the candidate would then be evaluated on completing the JPRs. The candidate would
perform the task and be evaluated based on the evaluation parameters and/or performance
outcomes. This performance based evaluation can be either practical (for psychomotor skills*
such as "ventilate a roof") or written (for cognitive skills* such as "interpret burn patterns").
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Using Example 1, a practical performance based evaluation would measure ones ability to
"ventilate a pitched roof." The candidate passes this particular evaluation if the standard was
met, i.e., a 4 ft × 4 ft hole was created; all ventilation barriers were removed; ladders were
properly positioned for ventilation; ventilation holes were correctly placed; and smoke, heat, and
combustion by-products were released from the structure.
For Example 2, when evaluating the task "interpret burn patterns," the candidate could be
given a written assessment in the form of a scenario, photographs, and drawings and then be
asked to respond to specific written questions related to the JPR's evaluation parameters.
* NOTE: Psychomotor skills are those physical skills that can be demonstrated or observed. Cognitive skills
(or mental skills) cannot be observed, but are rather evaluated on how one completes the task (process
oriented) or the task outcome (product oriented).

Remember, when evaluating performance, the person should be given the tools, equipment, or
materials listed in the JPR before they can be properly evaluated, i.e., an ax, a pike pole, an
extension ladder, and a roof ladder.
Curriculum Development/Training Design and Evaluation
The statements contained in this document that refer to job performance were designed and
written as job performance requirements. While a resemblance to instructional objectives might
be present, these statements should not be used in a teaching situation until after they have been
modified for instructional use.
Job performance requirements state the behaviors required to perform specific skill(s) on the
job as opposed to a learning situation. These statements should be converted into instructional
objectives with behaviors, conditions, and standards that can be measured within the
teaching/learning environment. A job performance requirement that requires a fire fighter to
"ventilate a pitched roof" should be converted into a measurable instructional objective for use
when teaching the skill. (See Figure C-1.)
Using Example 1, a terminal instructional objective might read as follows:
The learner will ventilate a pitched roof; given a simulated roof, an ax, a pike pole, an
extension ladder, and a roof ladder; so that 100 percent accuracy is attained on a skills checklist.
(At a minimum, the skills checklist should include each of the measurement criteria from the
JPR.)
Figure C-2 is a sample checklist for use in evaluating this objective.
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Figure C-1 Converting JPRs into instructional objectives.
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Figure C-2 Skills checklist.

While the differences between job performance requirements and instructional objectives are
subtle in appearance, the purpose of each statement differs greatly. JPRs state what is necessary
to perform the job in the "real world." Instructional objectives, however, are used to identify
what students should do at the end of a training session and are stated in behavioral terms that
are measurable in the training environment.
By converting JPRs into instructional objectives, instructors will be able to clarify
performance expectations and avoid confusion related to using statements designed for purposes
other than teaching. Additionally, instructors will be able to add local/state/regional elements of
performance into the standards as intended by the developers.
Prerequisite skills and knowledge should be converted into enabling objectives. These help to
define the course content. The course content would include each of the prerequisite knowledge
and skills. Using the above example, the enabling objectives would be pitched roof construction;
safety considerations with roof ventilation; remove roof covering; properly initiate roof cuts, etc.
This ensures that the course content supports the terminal objective.
NOTE: It is assumed that the reader is familiar with curriculum development or training design and evaluation.

Other Uses
While the professional qualifications standards are principally used to guide the development
of training and certification programs, there are a number of other potential uses for the
documents. Because the documents are written in JPR terms, they lend themselves well to any
area of the profession where a level of performance or expertise should be determined.
These areas might include:
Employee Evaluation/Performance Critiquing. The JPRs can be used as a guide by both the
supervisor and the employee during an evaluation. The JPRs for a specific job define tasks that
are essential to perform on the job as well as the evaluation criteria to measure when those tasks
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are completed.
Establishing Hiring Criteria. The professional qualifications standards can be used in a
number of ways to further the establishment of hiring criteria. The authority having jurisdiction
could simply require certification at a specific job level, e.g., Fire Fighter I. The JPRs could also
be used as the basis for pre-employment screening by establishing essential minimal tasks and
the related evaluation criteria. An added benefit is that individuals interested in employment can
work towards the minimal hiring criteria at local colleges.
Employee Development. The Professional Qualifications Standards can be useful to both the
employee and the employer in developing a plan for the individual's growth within the
organization. The JPRs and the associated prerequisite skills and knowledge can be used as a
guide to determine additional training and education required for the employee to master his job
or profession.
Succession Planning. Succession planning or career pathing addresses the efficient placement
of people into jobs in response to current needs and anticipated future needs. A career
development path can be established for targeted individuals to prepare them for growth within
the organization. The JPRs and prerequisite knowledge and skills could then be used to develop
an educational path to aid in the individual's advancement within the organization or profession.
Establishing Organizational Policies, Procedures, and Goals. The JPRs can be incorporated
into organizational policies, procedures, and goals where employee performance is addressed.
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was prepared by the Technical Committee on Wildfire Suppression Professional Qualifications,
released by the Technical Correlating Committee on Professional Qualifications, and acted on by
the National Fire Protection Association, Inc., at its Annual Meeting held May 22-25, 1995, in
Denver, CO. It was issued by the Standards Council on July 21, 1995, with an effective date of
August 11, 1995.
This edition of NFPA 1051 was approved as an American National Standard on August 11,
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Origin and Development of NFPA 1051
In 1972, the Joint Council of National Fire Service Organizations (JCNFSO) created the
National Professional Qualifications Board for the Fire Service (NPQB), to facilitate the
development of nationally applicable performance standards for uniformed fire service
personnel. On December 14, 1972, the Board established four technical committees to develop
those standards using the National Fire Protection Association (NFPA) standards making system.
The initial committees addressed the following career areas: fire fighter, fire officer, fire service
instructor, and fire inspector and investigator.
The original concept of the professional qualification standards as directed by the JCNFSO
and the NPQB was to develop an interrelated set of performance standards specifically for the
fire service. The various levels of achievement in the standards were to build upon each other
within a strictly defined career ladder. In the late 1980’s, revisions of the standards recognized
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that the documents should stand upon their own merit in terms of job performance requirements
for a given field. Accordingly, the strict career ladder concept was abandoned, except for the
progression from fire fighter to fire officer. The later revisions, therefore, facilitated the use of
the documents by other than the uniformed fire services.
In 1990, responsibility for the appointment of Professional Qualifications committees and the
development of the Professional Qualifications Standards was assumed by the NFPA.
The Correlating Committee for Professional Qualifications Standards was appointed by the
NFPA Standards Council in 1990 and assumed the responsibility for coordinating the
requirements of all of the Professional Qualifications documents. One of the first actions of the
Technical Correlating Committee was to recommend that the Standards Council approve a
proposed project to develop professional qualifications requirements for wildfire suppression
personnel. This recommendation was approved and the Technical Committee on Wildfire
Suppression Professional Qualifications was appointed in 1991.
The committee met regularly between 1991 and 1994. A job task analysis was conducted, and
the resulting information was used to develop the job performance requirements contained in this
document. Throughout the process liaison was maintained with national and state level
organizations, including the National Wildfire Coordinating Group, to ensure that the document
would be accurate and correlate with work that those groups were sponsoring simultaneously.
The intent of the technical committee was to develop clear and concise job performance
requirements that can be used to determine that an individual, when measured to the standard,
possesses the skills and knowledge to perform as a wildland fire fighter. The committee further
contends that these job performance requirements are applicable to all agencies that respond to
wildland fires.
Committee on Professional Qualifications
Technical Correlating Committee
Douglas P. Forsman, Chair
Oklahoma State University, OK
Jon C. Jones, Secretary
Nat’l Fire Protection Assn., MA
(nonvoting)
Louis J. Amabili, Delaware State Fire School, DE
Rep. T/C on Officer Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
Stephen P. Austin, State Farm Fire & Casualty Co., DE
Rep. T/C on Investigator Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
Dan W. Bailey, U.S.D.A. Forest Service, MT
Rep. T/C on Wildfire Suppression Professional Qualifications
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(Vote limited to Professional Qualifications System Mgmt.)
David T. Endicott, Prince William Cnty Fire & Rescue Service, VA
Rep. T/C on Fire Fighter Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
Jerry Laughlin, Alabama Fire College, AL
Jack K. McElfish, Clayton Cnty Fire Dept., GA
Rep. Int’l Assn. of Fire Chiefs
Michael J. McGovern, Washington State Council of Fire Fighters, WA
Rep. Int’l Assn. of Fire Fighters
Robert McKeon, Occum Volunteer Fire/Ambulance Dept., CT
Rep. Nat’l Volunteer Fire Council
Gerald Monigold, Illinois Fire Service Inst., IL
Rep. T/C on Instructor Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
Mary Nachbar, Minnesota State Fire Marshal Division, MN
Rep. T/C on Educator Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
William E. Peterson, Plano Fire Dept., TX
Rep. T/C on Inspector Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
Lawrence L. Preston, Prince George’s Cnty Fire Dept., MD
Rep. Nat’l Board on Fire Service Professional Qualification
Ted Vratny, Boulder Regional Communications Center, CO
Rep. T/C on Telecommunicator Professional Qualifications
(Vote limited to Professional Qualifications System Mgmt.)
John P. Wolf, University of Kansas, KS
Rep. T/C on Accreditation and Certification
(Vote limited to Professional Qualifications System Mgmt.)
Alternate
Johnny G. Wilson, GA Firefighter Standards & Training Council, GA
(Alt. to L. L. Preston)
Committee Scope: This committee shall have primary responsibility for the management of the
NFPA Professional Qualifications Project and documents related to professional qualifications for
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fire service, public safety and related personnel.

Technical Committee on Wildfire Suppression Professional Qualifications
Dan W. Bailey, Chair
U.S.D.A. Forest Service, MT
Rep. United States Forest Service
Paul Broyles, U.S. Dept. of the Interior, Nat’l Park Service, ID
Donald C. Freyer, Georgia Forestry Commission, GA
Candace Gregory, California Dept. of Forestry & Fire Protection, CA
Robert C. Harvey, Colorado Springs Fire Dept., CO
Ken Hoover, WA State Dept. of Natural Resources, WA
Rep. Nat’l Wildfire Coordinating Group
Tim M. Murphy, Montana Dept. of State Lands, MT
Rep. Western State Fire Managers
David K. Nelson, David K. Nelson Consultants, CA
Brian J. Sharkey, U.S.D.A. Forest Service, MT
Rep. United States Forest Service
Jim Stumpf, Boise, ID
Meredith A. Weltmer, U.S. Fish and Wildlife Service, MN
Gary J. Youngquist, U.S. Dept. of Interior, ID
Alternates
Kenneth S. Blonski, U.S.D.A. Forest Service, CA
(Alt. to D. W. Bailey)
Richard Mangan, U.S.D.A. Forest Service, MT
(Alt. to B. J. Sharkey)
Jon C. Jones, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
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Committee Scope: This Committee shall have primary responsibility for documents on
professional qualifications for personnel engaged in responding to wildland fires.

NFPA 1051
Standard for
Wildland Fire Fighter Professional Qualifications
1995 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 7 and Appendix E.

Chapter 1 Administration
1-1* Scope.
This standard identifies the minimum job performance requirements for wildland fire
suppression duties. The standard is applicable to all personnel who respond to wildland fires and
defines four levels of performance. It is not applicable to non-suppression administrative or
management duties.
1-2 Purpose.
The intent of the standard is to define progressive levels of performance required for the
identified levels of Wildland Fire Fighter I, Wildland Fire Fighter II, Wildland Fire Fighter III,
and Wildland Fire Fighter IV. It is not the intent of this standard to restrict any jurisdiction from
exceeding these minimum requirements.
1-3 General.
1-3.1
Each performance objective shall be performed safely, competently, and in its entirety.
1-3.2
The job performance requirements need not be mastered in the order in which they appear. The
local, state/provincial, or federal training programs shall establish the instructional priority and
the training program content to prepare individuals to meet the job performance requirements of
this standard.
1-3.3*
Performance of each requirement of this standard shall be evaluated by individuals approved
by the authority having jurisdiction.
1-3.4
The entrance requirements of Chapter 2 of this standard shall be met prior to beginning
training.
1-3.5
The Wildland Fire Fighter I shall meet all of the job performance requirements of Chapter 3 of
this standard before being certified at that level.
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1-3.6
The Wildland Fire Fighter I shall meet all of the job performance requirements of Chapter 4 of
this standard before being certified at the Wildland Fire Fighter II level.
1-3.7
The Wildland Fire Fighter II shall meet all of the job performance requirements of Chapter 5
of this standard before being certified at the Wildland Fire Fighter III level.
1-3.8
The Wildland Fire Fighter III shall meet all of the job performance requirements of Chapter 6
of this standard before being certified at the Wildland Fire Fighter IV level.
1-3.9
Performance of each requirement shall be in accordance with applicable NFPA standards and
occupational health and safety regulations.
1-3.10
Personnel involved in wildland fire suppression shall maintain physical fitness levels
established by the authority having jurisdiction.
1-3.11
Wildland fire suppression personnel at all levels shall operate within an incident management
system as defined in NFPA 1561, Standard on Fire Department Incident Management System,
and adopted by the authority having jurisdiction.
1-3.12
Wildland fire suppression personnel who operate mobile apparatus shall meet the requirements
of NFPA 1002, Standard for Fire Department Vehicle Driver/Operator Professional
Qualifications.
1-3.13
All of the tasks shall be performed in accordance with the requirements of NFPA 295,
Standard for Wildfire Control, and NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program.
1-4* Definitions.
Agency. Any unit of government, federal, state, or local, that has legal authority to organize
and direct a fire-fighting service.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Breakover. A fire edge that crosses a control line or natural barrier intended to confine the fire
and the resultant fire. Also called slopover.
Burning Out. Setting fire inside a control line to consume the fuel between the edge of the fire
and the control line. Burning out is done on a small scale in order to consume unburned fuel and
aid control line construction. Burning out should not be confused with “backfiring,” which is a
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larger scale tactic to eliminate large areas of unburned fuels in the path of a fire or to change the
direction of force of the convection column.
Check-in. The process used by assigned resources to report in at a wildland fire.
Confine. To restrict the fire within determined boundaries established either prior to the fire or
during the fire.
Contain a Fire. To take suppression action that can reasonably be expected to check the fire
spread under prevailing and predicted conditions.
Control. The point in time when the perimeter spread of a wildland fire has been halted and
can be reasonably expected to hold under foreseeable conditions.
Control Line. A term for all constructed or natural barriers and the treated fire edge used to
control a fire.
Extended Attack. A wildland fire that has not been contained or controlled by the initial attack
forces and additional fire-fighting resources are arriving, enroute, or being ordered by the
incident commander.
Fire Behavior. The manner in which a fire reacts to the variables of fuels, weather, and
topography.
Fire Department. An organization providing rescue, fire suppression, and related activities.
The term “fire department” shall include any public, governmental, private, industrial, or
military organization that engages in this type of activity.
Fire Suppression. All the work of confining and extinguishing wildland fires.
Heavy Equipment. Ground vehicles used in the suppression of wildland fires, such as dozers,
tractors, plows, and their transport vehicles. Heavy equipment does not include fire apparatus.
Hot Spot. A particularly active part of a wildland fire.
Incident. An occurrence or event, either human-caused or natural phenomena, that requires
action by emergency service personnel to prevent or minimize loss of life or damage to property
or natural resources.
Incident Action Plan. A written or verbal plan stating the overall objectives, strategy, and
specific tactics for a specified period of time.
Incident Management System. A system described in NFPA 1561, Standard on Fire
Department Incident Management System, that defines the roles, responsibilities, and standard
operating procedures used to manage emergency operations. Such systems may also be referred
to as Incident Command Systems (ICS).
Initial Attack. The control efforts taken by the resources that are the first to arrive at the
incident. Also called initial action.
Mop Up. The act of making a fire safe after it is controlled, such as extinguishing or removing
burning material along or near the control line, felling dead trees (snags), and trenching logs to
prevent rolling.
NWCG.* National Wildland Fire Coordinating Group.
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Out of Service. Resources assigned to an incident but unable to respond for mechanical, rest,
or personnel reasons.
Patrol. To systematically observe and check a length of control line during or after its
construction to prevent breakovers (slopovers), control spot fires, or extinguish overlooked hot
spots.
Personal Protective Equipment. The basic protective equipment for wildland fire suppression
includes a helmet, protective footwear, gloves, and flame-resistant clothing as defined in NFPA
1977, Standard on Protective Clothing and Equipment for Wildland Fire Fighting.
Presuppression. Activities in advance of fire occurrence to ensure effective suppression action.
Resources. All personnel and major items of equipment that are available, or potentially
available, for assignment to incidents.
Size Up. The observation and evaluation of existing factors that are used to develop objectives,
strategy, and tactics for fire suppression.
Special Interest Area. Areas established and managed for their unique special feature. They
include geological, historical, and archaeological areas of interest; habitats of threatened or
endangered species; and other memorable features.
Strategy. The science and art of command as applied to the overall planning and conduct of an
incident.
Tactics. Deploying and directing resources on an incident to accomplish the objectives
designated by strategy.
Topography. The land surface configuration.
Wildland Fire. An unplanned and unwanted fire requiring suppression action; an uncontrolled
fire, usually spreading through vegetative fuels. These fires can threaten structures or other
improvements.
Wildland Fire Fighter I. The person, at the first level of progression as defined in Chapter 3,
who has demonstrated the knowledge and skills necessary to function safely as a member of a
wildland fire suppression crew. The Wildland Fire Fighter I works under direct supervision.
Wildland Fire Fighter II. The person, at the second level of progression as defined in Chapter
4, who has demonstrated the skills and depth of knowledge necessary to function under general
supervision. This person shall function safely and effectively as a member of a wildland fire
suppression crew of equally or less experienced fire fighters to accomplish a series of tasks. The
Wildland Fire Fighter II can be called upon to provide leadership and temporary supervision for
a small crew. The Wildland Fire Fighter II maintains direct communications with a supervisor.
Wildland Fire Fighter III. The person responsible for supervising and directing a single
wildland fire suppression resource, such as a hand crew or an engine. The Wildland Fire Fighter
III has met the requirements defined in Chapter 5.
Wildland Fire Fighter IV. The person responsible for managing all aspects of a wildfire
incident, involving relatively few resources, who has met the requirements defined in Chapter 6.
Resources vary from a single fire fighter to several single resources possibly of different types or
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kinds.
Chapter 2 Entrance Requirements
2-1 General.
Prior to entering training to meet the requirements of Chapters 3, 4, 5, and 6 of this standard,
the candidate shall:
(a) Meet the minimum educational requirements established by the authority having
jurisdiction.
(b) Meet the age requirements established by the authority having jurisdiction.
2-2*
Medical requirements for entry level personnel shall be developed and validated by the
authority having jurisdiction and shall be in compliance with applicable legal requirements.
2-3*
Job-related physical performance requirements for entry level personnel shall be developed
and validated by the authority having jurisdiction.
Chapter 3 Wildland Fire Fighter I
3-1 General.
The Wildland Fire Fighter I shall meet the job performance requirements defined in Sections
3-1 to 3-5 of this standard.
3-1.1*
Prerequisite Knowledge: Fireline safety, use and limitations of personal protective equipment,
agency policy on fire shelter use, basic wildland fire behavior, basic wildland fire tactics, fire
fighters role within the local incident management system, and first aid.
3-1.2*
Prerequisite Skills: Basic verbal communications, the use of appropriate personal protective
equipment.
3-2 Human Resource Management.
No job performance requirements at this level.
3-3 Presuppression.
3-3.1 Definition of Duty.
Activities in advance of fire occurrence to ensure safe and effective suppression action.
3-3.2
Maintain assigned personal protective equipment, given the standard equipment issue, so that
the equipment is serviceable and available for use on the fireline and defects are recognized and
reported to the supervisor.
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3-3.2.1 Prerequisite Knowledge: Maintenance of personal protective equipment including
inspection, the recognition of unserviceable items, and proper cleaning procedures (including
manufacturer’s and authority having jurisdiction’s recommendations).
3-3.3*
Maintain assigned suppression hand tools and equipment, given tools and equipment, agency
maintenance specifications, supplies and small tools, so that assigned equipment is safely
maintained, serviceable, and defects are recognized and reported to the supervisor.
3-3.3.1 Prerequisite Knowledge: Inspection of tools and assigned suppression equipment, the
recognition of unserviceable items, and safe maintenance techniques.
3-3.3.2* Prerequisite Skills: Sharpening and other maintenance techniques for assigned
suppression equipment, and use of appropriate maintenance equipment.
3-4 Mobilization.
No job performance requirements at this level.
3-5 Suppression.
3-5.1 Definition of Duty.
All activities to confine and extinguish a wildland fire, beginning with dispatch.
3-5.2
Assemble and prepare for response, given an assembly location, an assignment, incident
location, mode of transportation, and the time requirements, so that arrival at the incident with
the required personnel and equipment meets agency guidelines.
3-5.2.1* Prerequisite Knowledge: Equipment requirements, agency time standards and special
transportation considerations (weight limitations), agency safety, and operational procedures for
various transportation modes.
3-5.3
Detect potential hazardous situations, given a wildland fire and the standard safety policies and
procedures of the agency, so that the hazard is promptly communicated to the supervisor and
appropriate action can be taken.
3-5.3.1* Prerequisite Knowledge: Basic fireline safety, fire behavior, and suppression methods.
3-5.4
Construct a fireline, given a wildland fire, agency line construction standards, suppression
hand tools, and equipment, so that the fireline conforms to the construction standard.
3-5.4.1 Prerequisite Knowledge: Principles of fireline construction, techniques, and standards.
3-5.4.2* Prerequisite Skills: Proper use of hand tools, fire stream practices, and agent
application.
3-5.5
Secure the fireline, given a wildland fire and suppression tools and equipment, so that burning
materials and unburned fuels that threaten the integrity of the fireline are located and abated.
3-5.5.1 Prerequisite Knowledge: Operational and safety considerations when burning out.
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3-5.5.2* Prerequisite Skills: Use of basic ignition devices.
3-5.6
Mop up fire area, given a wildland fire, suppression tools, and equipment, so that burning fuels
that threaten escape are located and extinguished.
3-5.6.1 Prerequisite Knowledge: Mop up principles, techniques, and standards.
3-5.7
Patrol the fire area, given a wildland fire, suppression tools, and equipment, so that control of
the fire area is maintained.
Chapter 4 Wildland Fire Fighter II
4-1 General.
4-1.1*
For certification at the Wildland Fire Fighter II level, the Wildland Fire Fighter I shall meet the
job performance requirements defined in Sections 4-1 to 4-5 of this chapter.
4-1.1.1* Prerequisite Knowledge: The Wildland Fire Fighter II role within the incident
management system, basic map reading and compass use, radio procedures, and record keeping.
4-1.1.2 Prerequisite Skills: Orienteering and radio use.
4-1.2*
Lead wildland fire fighters in the performance of a task, given an assignment and performance
standards, so that the task is safely completed within the standards.
4-1.2.1 Prerequisite Knowledge: Leadership techniques for small groups and recognizing and
reacting to unsuitable performance.
4-1.3
Brief assigned personnel, given an assignment, supporting information, and equipment
requirements, so that the personnel are informed of specific tasks, standards, safety, operational
and special interest area considerations.
4-1.3.1* Prerequisite Skills: Briefing skills.
4-2 Human Resource Management.
No job performance requirements at this level.
4-3 Presuppression.
4-3.1 Definition of Duty.
Responsibilities in advance of fire occurrence to ensure that tools, equipment, and supplies are
fire ready.
4-3.2*
Maintain power tools and portable pumps, given agency maintenance specifications, supplies,
and small tools, so that equipment is safely maintained, serviceable, and defects are recognized
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and repaired.
4-3.2.1 Prerequisite Knowledge: Maintenance procedures for power tools and portable pumps.
4-3.2.2 Prerequisite Skills: Power tool and portable pump preventative maintenance and repair.
4-3.3
Inspect tools and equipment, given agency specifications, so that availability of the tools and
equipment for fire use is ensured.
4-3.3.1* Prerequisite Knowledge: Tool and equipment inspection guidelines.
4-4 Mobilization.
No job performance requirements at this level.
4-5 Suppression.
4-5.1 Definition of Duty.
All activities to confine and extinguish a wildland fire beginning with dispatch.
4-5.2
Select fireline construction methods, given a wildland fire and line construction standards, so
that the technique used is appropriate to the conditions and meets agency standards.
4-5.2.1 Prerequisite Knowledge: Resource capabilities and limitations, fireline construction
methods, and agency standards.
4-5.3
Evaluate the readiness of assigned crew members, given a wildland fire, an assigned task, and
agency equipment standards, so that crew members are properly equipped and supplied for
suppression duties.
4-5.3.1 Prerequisite Knowledge: Agency standards and personnel inspection procedures.
4-5.4*
Operate a chain saw, given an assignment at a wildland fire and operational standards, so that
the proper tool is selected, and the assignment is safely completed.
4-5.4.1 Prerequisite Knowledge: Agency operational standards for tree size up, felling, limbing
and bucking, chain saw safety, tool selection, and personal protective equipment used during saw
use.
4-5.4.2* Prerequisite Skills: Proper tree size up, site preparation, handling and cutting
techniques, use of wedges, and saw and equipment transportation.
4-5.5
Operate portable water delivery equipment, given an assignment at a wildland fire and
operational standards, so that the proper portable pump and associated equipment is selected,
desired nozzle pressure is attained, and flow is maintained.
4-5.5.1* Prerequisite Knowledge: Basic hydraulics, portable pump and system capabilities,
operation of portable pumps, basic drafting, and associated equipment.
4-5.5.2 Prerequisite Skills: Placement, operation, and system set up.
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4-5.6*
Secure the area of suspected fire origin and associated evidence, given a wildland fire and
agency procedures, so that all evidence or potential evidence is protected from damage or
destruction and reported to a supervisor.
4-5.6.1 Prerequisite Knowledge: Knowledge of types of evidence and the importance of site
security and evidence preservation.
4-5.6.2 Prerequisite Skills: Evidence preservation techniques and use of marking devices for site
security.
Chapter 5 Wildland Fire Fighter III
5-1 General.
For certification at the Wildland Fire Fighter III level, the Wildland Fire Fighter II shall meet
the job performance requirements defined in Sections 5-1 to 5-5 of this standard.
5-1.1
Prerequisite Knowledge: Wildland Fire Fighter III’s role within the incident management
system.
5-2 Human Resource Management.
5-2.1 Description of Duty.
Utilize human resources to accomplish assignments in a safe and efficient manner and
supervise personnel during out-of-service periods.
5-2.1.1* Prerequisite Knowledge: Basic human resource management, principles of supervision.
5-2.2
Evaluate the physical and mental condition of assigned personnel, given agency personnel
performance standards, so that members are capable of performing assigned tasks safely and
individuals not meeting the standards are referred to the Wildland Fire Fighter III’s supervisor.
5-2.2.1 Prerequisite Knowledge: Agency personnel performance standards, crew evaluation.
5-2.3
Verify the qualifications of assigned personnel, given an assignment or task, so that individual
fire fighter skills are appropriate to the specific assignment, and deficiencies are identified and
reported to the Wildland Fire Fighter III’s supervisor.
5-2.3.1 Prerequisite Knowledge: Knowledge of the agency’s qualifications standards.
5-2.4*
Communicate with assigned personnel, given an incident action plan, so that they are informed
of pertinent fire assignment and safety information throughout the assignment.
5-2.5
Provide for medical treatment, given an injured or ill crew member and agency policies and
procedures, so that the appropriate emergency treatment is provided, evacuation is arranged for
if necessary, the Wildland Fire Fighter III’s supervisor is notified, and required reports are
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completed.
5-2.5.1 Prerequisite Knowledge: Medical evacuation procedures, agency accident and illness
reporting procedures.
5-2.6
Evaluate job performance of assigned personnel, given agency standards, so that the
information is provided to the individual being evaluated and all required forms are completed.
5-2.6.1 Prerequisite Knowledge: Basic performance evaluation.
5-2.7
Monitor assigned personnel during out-of-service periods, given agency guidelines for
out-of-service periods, so that the personnel are physically and mentally prepared for the next
assignment.
5-3 Presuppression.
No job performance requirements at this level.
5-4 Mobilization.
5-4.1 Definition of Duty.
Collection of agency dispatch information, assembly of assigned resources, travel to
designated location, and check-in.
5-4.2
Obtain complete information from agency dispatch, given agency standard operating
procedures, so that travel route, assignment, time needed, and point of contact are determined.
5-4.2.1 Prerequisite Knowledge: Agency dispatch, travel, and accident and equipment
breakdown procedures.
5-5 Suppression.
5-5.1 Definition of Duty.
Supervision of a single resource involved in wildland fire suppression.
5-5.2
Size up an incident, given fuels, topography, and weather conditions, so that an incident action
plan is developed for fire control with an emphasis on personnel safety.
5-5.3*
Develop an initial fire report, given incident information and agency policies and procedures,
so that required incident information is communicated to the agency communications center
upon arrival.
5-5.4
Deploy resources to suppress a wildland fire, given an assignment, personnel, equipment, and
agency policies and procedures, so that appropriate suppression actions are taken, agency
policies related to special interest areas are met, and safety of personnel is ensured.
5-5.4.1* Prerequisite Knowledge: Fireline construction and location, burning out techniques, air
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operations, use of heavy equipment, radio communications protocol, and deployment of crew in
fireline construction to handle specific problems.
5-5.4.2 Prerequisite Skills: Heavy equipment and aircraft use and use of communications
equipment.
5-5.5
Evaluate incident conditions, given a wildland fire, so that progress, changes in fuels,
topography, weather, fire behavior, and other significant events are identified and communicated
to the supervisor, and to assigned and adjoining personnel.
5-5.5.1* Prerequisite Knowledge: Intermediate fire behavior.
5-5.5.2 Prerequisite Skills: Collect wildland fire weather information.
5-5.6
Communicate with supervisors, crew members, and adjoining personnel, given a wildland fire
incident, so that progress, changes in conditions, fire behavior, and other significant events are
current.
5-5.7
Deploy resources to mop up a wildland fire, given a controlled fire, personnel, equipment, and
agency policies and procedures, so that appropriate mop up actions are taken and agency policies
related to special interest areas are met.
5-5.8
Complete wildland fire suppression operations, given a wildland fire that has been controlled
and mopped up and agency policies and procedures, so that the fire area is secure and resources
are returned to service.
Chapter 6 Wildland Fire Fighter IV
6-1 General.
6-1.1
For certification at the Wildland Fire Fighter IV level the Wildland Fire Fighter III shall meet
the job performance requirements defined in Sections 6-1 to 6-5 of this standard.
6-1.1.1* Prerequisite Knowledge: Authority and responsibility of cooperating jurisdictional
agencies, formal and informal agreements between jurisdictional agencies, the incident
management system used by the jurisdiction, and the Wildland Fire Fighter IV’s role within that
system.
6-1.2*
Respond to requests for incident information from the news media, given policies and
procedures of the authority having jurisdiction, so that response is accurate, appropriate, and
timely.
6-1.2.1 Prerequisite Knowledge: Agency procedures for media relations.
6-2 Human Resource Management.
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No additional job performance requirements at this level.
6-3 Presuppression.
No additional job performance requirements at this level.
6-4 Mobilization.
No additional job performance requirements at this level.
6-5 Suppression.
6-5.1 Definition of Duty.
Command and overall management of resources in the suppression of a wildland fire.
6-5.2*
Formulate an incident action plan, given a wildland fire and available resources, so that
incident objectives are set and strategies and tactics are applied according to agency policies and
procedures.
6-5.2.1* Prerequisite Knowledge: Availability and capability of resources and agency
suppression priorities based on values at risk.
6-5.2.2* Prerequisite Skill: Identification of values at risk, objective setting, and selection of
appropriate wildland fire suppression strategies.
6-5.3*
Establish an incident command post (ICP), given authority having jurisdiction policies and
procedures, so that the location is appropriate, properly identified, and communicated to
personnel.
6-5.4*
Maintain incident records, given agency policies and procedures and applicable forms, so that
required information is documented.
6-5.4.1 Prerequisite Knowledge: Agency incident documentation procedures.
6-5.5*
Arrange for the logistical support needs for assigned resources, given a wildland fire, assigned
resources, and agency policies and procedures, so that personnel and equipment needs are met in
accordance with agency policies.
6-5.6
Analyze incident needs, given assigned resources and incident status, so that excess resources
are identified and released in accordance with agency policies and procedures.
6-5.6.1 Prerequisite Knowledge: Authority having jurisdiction policies and procedures related to
resource release.
6-5.7*
Provide incident information to the incoming replacement incident commander, given an
extended attack wildland fire, so that the transition of command is completed and the new
incident commander has the information necessary to operate.
6-5.7.1 Prerequisite Knowledge: Authority having jurisdiction policies and procedures for
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transition in command.
6-5.8
Complete personnel time and equipment use records, given agency policies, procedures, and
related forms, so that the information is accurate and in compliance with standards established
by the authority having jurisdiction.
6-5.8.1* Prerequisite Knowledge: Basic wildland fire business management.
6-5.8.2 Prerequisite Skills: Written communication.
6-5.9*
Prepare final incident reports, given an extinguished wildland fire and agency policies and
procedures, so that the reports are complete, accurate, and submitted on time.
Chapter 7 Referenced Publications
7-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
7-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 295, Standard for Wildfire Control, 1991 edition.
NFPA 1002, Standard for Fire Department Vehicle Driver/Operator Professional
Qualifications, 1993 edition.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1561, Standard on Fire Department Incident Management System, 1995 edition.
NFPA 1977, Standard on Protective Clothing and Equipment for Wildland Fire Fighting,
1993 edition.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1
This standard does not address prescribed fire requirements. Authorities having jurisdiction
may choose to use any or all of these requirements as they deem appropriate.
A-1-3.3
It is recommended, where practical, that evaluators be individuals who were not directly
involved as instructors for the requirement being evaluated.
A-1-4
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Action verbs used in the job performance requirements in this document are based on the first
definition of the verb found in Webster’s Third New International Dictionary of the English
Language.
A-1-4 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-4 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-1-4 NWCG.
The fires in the early 1970s stimulated the formation of the National Wildfire Coordinating
Group (NWCG). This organization was renamed in 1994 to the National Wildland Fire
Coordinating Group. NWCG is currently made up of the Department of Agriculture Forest
Service (FS); four Department of the Interior agencies - Bureau of Land Management (BLM),
National Park Service (NPS), Bureau of Indian Affairs (BIA), the Fish and Wildlife Service
(FWS); the United States Fire Administration (USFA), and state forestry agencies through the
National Association of State Foresters (NASF). The purpose of the NWCG is to coordinate
programs of the participating wildfire management agencies to avoid duplication and to provide
a means of constructively working together.
A-2-2
NFPA 1582, Standard on Medical Requirements for Fire Fighters, establishes medical
requirements for structural fire fighters. These requirements may need to be modified for
individuals involved in the suppression of wildland fires. The medical and work capacity
(fitness) requirements for this standard should be based on in-depth consideration of essential
wildland fire-fighting functions. These essential functions are what fire fighters are expected to
perform during wildland fire suppression duties, as determined in a comprehensive job task
analysis. These functions may be effected by the following factors:
(a) Operate both as a member of a team and independently at incidents of uncertain duration.
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(b) Work in areas where sustaining traumatic or thermal injuries is possible.
(c) Wear personal protective equipment and carry gear weighing up to 30 pounds while
performing fire-fighting tasks.
(d) Performing physically demanding work for extended periods in the heat while wearing
equipment that significantly impairs body-cooling mechanisms.
(e) Face exposure to respirable particulate, carbon monoxide, and other gases, and, if required,
wear respiratory protective equipment that places an added burden on the respiratory system.
(f) Work for long periods of time on tasks requiring sustained physical exertion.
(g) Make transitions from rest to arduous effort.
(h) Use manual and possibly power tools in the performance of duties.
(i) Perform a variety of tasks in rough, steep terrain, exposed to snags, rocks, and other
hazards.
(j) Spend extensive time exposed to the elements.
(k) Tolerate wide fluctuations in temperature while performing duties.
(l) Operate in environments of stress, poor visibility, high noise, and dangerous footing.
(m) Perform difficult tasks and make life and death decisions during emergencies.
A-2-3
Physical fitness requirements should be developed and validated by the authority having
jurisdiction. Physical fitness requirements should be in compliance with applicable Equal
Opportunity and Americans With Disabilities Act regulations and other legal requirements.
Additional information may be found in the following NWCG publications: Fitness and Work
Capacity, Fit to Work, Fatigue and the Firefighter, and Measuring Physical Fitness (Step Test).
A-3-1.1
Information related to suppression tactics and safety considerations for wildland fires may be
found in the NWCG, Fireline Handbook; PMS 408 and PMS 409, Your Fire Shelter; PMS 417,
Firefighter Safety in Wildland/Urban Interface Fires; PMS 470, Fire Behavior in the
Wildland/Urban Interface; PMS 415, Introduction to Wildland Fire Suppression for Rural Fire
Departments; and S-110, Basic Fire Suppression Orientation. A-3-1.4.1 of NFPA 295, Standard
for Wildfire Control, suggests that the minimum training in first aid include certification in
cardiopulmonary resuscitation (CPR) and American Red Cross standard first aid. NFPA 1001,
Standard for Fire Fighter Professional Qualifications, Section 3-17, defines the requirements for
structural fire fighters. This section requires CPR certification, the demonstration of several basic
first aid skills, and a knowledge of infection control methods. The authority having jurisdiction
responsible for individuals performing wildland fire suppression operations should set minimum
requirements for first aid training and certification, based on local needs and the requirements of
the jurisdiction.
A-3-1.2
The requirements for protective clothing and equipment are found in NFPA 1977, Standard on
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Protective Clothing and Equipment for Wildland Fire Fighting.
A-3-3.3
The tools and equipment provided to the wildland fire fighter vary from jurisdiction to
jurisdiction and may include such items as fireline hand tools (shovel, ax, fire rake, pulaski,
flapper, etc.) and basic water application equipment (backpack pumps, hose, nozzles, hose
clamps, and fittings, etc.)
A-3-3.3.2 Maintenance equipment would include those items, such as files, sandpaper, wedges,
etc., used to maintain fire suppression hand tools.
A-3-5.2.1 Personal equipment standards, response and travel time standards, personal equipment
weight limitations, and preferred modes of transportation all may vary by the authority having
jurisdiction.
A-3-5.3.1 The safety and welfare of personnel is the first and foremost consideration in all
incident operations and decisions. A wildland fire fighter must have a working knowledge of the
following fire suppression safety standards and procedures:
(a) Fire Behavior (see NWCG S-190, Introduction to Fire Behavior).
(b) 10 Standard Fire Orders (see NWCG PMS 410-1, Fireline Handbook).
(c) 18 “Watch Out” Situations (see NWCG PMS 410-1, Fireline Handbook).
(d) NWCG PMS-407, Common Denominators of Fire Behavior on Tragedy and Near-Miss
Forest Fires.
(e) Downhill/Indirect Line Construction Guidelines (see NWCG PMS 410-1, Fireline
Handbook).
(f) LCES (Lookouts, Communications, Escape Routes, and Safety Zones) include:
1. Adequate lookouts should be posted to observe potential changes in fuel, weather,
topography, and fire behavior.
2. Communication shall be provided for and maintained with supervisor at all times.
3. Escape routes for emergency evacuation will be identified and clearly understood by all
firefighters.
4. Safety zones in cleared or natural areas devoid of flammable material shall be
reconnoitered and/or provided for and known to all crew members.
(g) PMS 416, Standard for Survival.
A-3-5.4.2 The term “agent” in this requirement refers to any suppressant or retardant that would
be applied with a hose stream, including water, foam, wet water, and other retardants. See PMS
445-1, Introduction to Class A Foam; PMS 445-2, The Properties of Foam; PMS 446-1, Foam
vs. Fire, Class A Foam for Wildland Fires; PMS 446-2, Foam vs. Fire, Primer, for additional
information.
A-3-5.5.2 See NWCG S-130, Fire Fighter Training, for additional information on burning out
and basic ignition devices.
A-4-1.1
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The Wildland Fire Fighter I assists in the training of other fire fighters in the application of
knowledge and skills areas, including safety and the maintenance and use of suppression tools
and equipment.
A-4-1.1.1 See NWCG PMS 414-1, Firefighter’s Guide, for information on using maps and
compasses.
A-4-1.2
The Fire Fighter I is expected to be able to lead small groups of assigned personnel to
accomplish specific tasks. Their primary responsibility is personnel safety and the timely
completion of the assigned task.
A-4-1.3.1 See NWCG PMS 410-1, Fireline Handbook, for additional information on briefing
subordinates.
A-4-3.2
The tools and equipment provided to the Wildland Fire Fighter I vary from jurisdiction to
jurisdiction and may include such items as chain saws, portable pumps, etc. It is not the intent of
the committee that the Wildland Fire Fighter I perform specialized repair functions on power
tools. For additional information, see NWCG S-211, Portable Pumps and Water Use, and
NWCG S-212, Wildfire Power Saws.
A-4-3.3.1 See NWCG PMS 414-1, Firefighter’s Guide, for additional information on inspection
of tools and equipment.
A-4-5.4
See NWCG S-212, Wildfire Power Saws, for additional information.
A-4-5.4.2 The transportation of power saws also involves the transport of flammable and
combustible liquids. Wildland fire fighters should follow agency guidelines and other regulations
regarding the safe transport of these materials.
A-4-5.5.1 See NWCG S-211, Portable Pumps and Water Use, for additional information.
A-4-5.6
See NWCG Handbook No. 1, PMS 412-1, Wildfire Cause and Determination Handbook, and
NFPA 1033, Standard for Professional Qualifications for Fire Investigator, for additional
information.
A-5-2.1.1 See NWCG S-201, Supervisory Concepts and Techniques (1994) and NFPA 1021,
Standard for Fire Officer Professional Qualifications, for additional supervisory information.
A-5-2.4
See NWCG PMS 410-1, Fireline Handbook, for additional information on briefing and
communicating with crew members.
A-5-5.3
Basic information in a report should include:
(a) fire name,
(b) location,
(c) access,
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(d) terrain,
(e) size of fire,
(f) anticipated control problems,
(g) cause (known, suspected),
(h) values threatened,
(i) anticipated time of control,
(j) weather,
(k) resources on the fire,
(l) resources needed, if any,
(m) fire behavior.
A-5-5.4.1 Additional information on the use of heavy equipment and aircraft can be found in
NWCG S-213, Tractor Use/Tractor Boss; S-214, Tanker Use/Tanker Boss; S-230, Single
Resource Boss-Crew; S-234, Firing Methods and Procedures; and S-270, Basic Air Operations.
A-5-5.5.1 For additional information regarding intermediate fire behavior, see NWCG S-290,
Intermediate Wildland Fire Behavior and PMS 427, Look Up, Look Down, Look Around.
A-6-1.1.1 The Wildland Fire Fighter IV is responsible for all initial attack incident activities,
including the development and implementation of strategic decisions; approving the ordering
and release of resources; and for coordination with other agencies, jurisdictions, and affected
entities and organizations.
In instances involving multi-agency response, unified command may be used. Unified
command is an element of an incident management system that provides a method for all
agencies, or individuals who have jurisdictional or functional responsibility, to jointly manage an
incident through a common set of objectives. See NWCG pamphlet and video Unified
Command, NFES 1466 and 1507.
A-6-1.2
The Wildland Fire Fighter IV is expected to respond to media inquires on a limited basis. It is
essential that the Wildland Fire Fighter IV can determine when to refer media requests to the
proper authority within the agency. NWCG Strategic Communications for Wildland Fire
Management training package (NFES 2252, 2253, 2254, 2255, 2265, 2266, 2267) provides
information on this subject.
A-6-5.2
The initial incident action plan is based on size up of the situation, including such things as:
(a) analyzing hazards to fire fighters,
(b) estimated rates of spread,
(c) actual and potential threat to values,
(d) incident objectives in priority order,
(e) strategies for protecting values and for suppressing the fire.
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The plan outlines the most appropriate method of attack with the resources available, including
such things as:
(a) tactical directions to achieve incident objectives,
(b) a coordinated sequence of events,
(c) resource assignments,
(d) immediate support needs.
It emphasizes safety information covering all hazards and relevant safety principles.
ICS Form 201 is the first written documentation for the incident and serves as a briefing
document for incoming incident commanders. (See Appendix C for sample form.)
Reference NWCG 410-1, Fireline Handbook, Chapter 1, Initial Attack.
A-6-5.2.1 Suppression priorities should consider values at risk such as life, property, natural
resources, special interest areas, etc. Additional information about suppression resource
capabilities is found in PMS 410-1, Fireline Handbook.
A-6-5.2.2 See S-200, Initial Attack Incident Commander; and S-205, Fire Operations in the
Urban Interface, for additional information.
A-6-5.3
In many incidents of this size, the ICP could be a vehicle or other easily identified point. The
location of the ICP should be determined with due consideration given to safety, access to
incoming resources, and communications needs.
A-6-5.4
Incident records should contain essential incident information such as:
(a) incident objectives and strategy,
(b) changes in the situation,
(c) tactical decisions,
(d) resource summary,
(e) organization,
(f) sketch map,
(g) safety problems and hazards,
(h) equipment use, and
(i) other agency information needs.
The ICS Form 201 (incident briefing) is an example of a format to document this information.
In many initial actions, control is effected very quickly and the need for written documentation is
minimal. However, in longer duration incidents, it is much more important, and, if the incident
expands into an extended attack or more complex situation, good documentation is essential to
provide for an efficient transition. [See Appendix C (ICS Forms) for recommended forms.]
A-6-5.5
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Logistical needs for initial action incidents are usually minimal, however some items to
consider are:
(a) water supply,
(b) fuel for equipment, and
(c) meals and drinking water.
Should the initial action continue for extended periods of time, additional logistical
requirements could include:
(a) sanitation facilities,
(b) lighting,
(c) provisions for sleeping, and
(d) relief resources.
A-6-5.7
Early recognition that a wildland fire will not be controlled by the initial attack forces is
important. As soon as the Wildland Fire Fighter IV recognizes that additional forces are needed
or knows additional forces are enroute, he or she must withdraw from direct fireline suppression
and:
(a) Establish an incident command post (ICP)/check-in point to receive, brief, and assign
incoming forces.
(b) Document incident status and resource information in writing (for example: ICS Briefing
Form 201).
(c) Sketch a map of the fire and identify resource assignments.
(d) Document the fire organization.
(e) Keep track of all resources that are on the scene, enroute, and ordered.
(f) Document strategy, tactics, and current actions.
(g) If available, assign a status/check-in recorder to handle this documentation when:
1. The fire is expanding rapidly.
2. Numerous resources are arriving or are being ordered.
3. Radio contact is constant.
(h) Keep the designated officer, dispatch, the incoming replacement IC, or other higher level
officer informed of:
1. Status of the fire.
2. Progress of the suppression forces.
3. Additional resources needed.
4. Weather conditions, especially changes.

Copyright 1996 NFPA

5. Special situations such as values threatened.
(i) As additional forces arrive:
1. Divide the fire into areas of responsibility such as right and left flank, or Division A and
Division B.
2. Assign individuals responsibility for these areas.
See NWCG PMS 410-1, Fireline Handbook, for additional information on the transition of
command.
A-6-5.8.1 For additional information on business management, see NWCG S-260, Fire Business
Management Principles.
A-6-5.9
Final incident reports could include personnel and equipment reports, personnel evaluations,
financial documents, fire reports, accident forms, and post incident evaluations.
Appendix B
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
NWCG Publications for Wildland Fire Suppression Personnel By NWCG and NFPA Job
Levels
NWCG WILDLAND FIREFIGHTER LEVELS
Firefighter II

Firefighter I

Single Resource Boss

Incident Commander
Type IV

S-130, Fire Fighter Training

S-201, Supervisory Concepts and
Techniques

S-230, Single Resource Boss

S-200, Initial Attack Incident
Commander

S-190, Introduction to Fire Behavior S-211, Portable Pumps and Water Use S-260, Fire Business Management
Principles

S-205, Fire Operations in the
Urban Interface

I-100, Introduction to the Incident
Command System

S-234, Firing Methods and
Procedures

S-212, Wildfire Power Saws

S-270, Basic Air Operations
S-290, Intermediate Fire Behavior

NFPA PROFESSIONAL QUALIFICATIONS SYSTEM
Wildland Fire Fighter I

Wildland Fire Fighter II

Wildland Fire Fighter III

Wildland Fire Fighter IV

PMS-416, Standards for Survival

S-201, Supervisory Concepts and
Techniques

S-213, Tractor Use/Tractor Boss

S-200, Initial Attack Incident
Commander

PMS-414-1, Fire Fighter’s Guide

S-211, Portable Pumps and Water Use S-214, Tanker Use/Tanker Boss

S-205, Fire Operations in the
Urban Interface

PMS-410-1, Fireline Handbook

S-212, Wildfire Power Saws

S-234, Firing Methods and
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S-230, Single Resource Boss

Procedures
S-110, Basic Fire Suppression
Orientation

S-216, Driving for the Fire Service

S-260, Fire Business Management
Principles

S-130, Fire Fighter Training

S-270, Basic Air Operations

S-190, Introduction to Fire Behavior

S-290, Intermediate Fire Behavior

I-100, Introduction to the Incident
Command System

I-200, Intermediate Incident
Command System
P-151, Wildfire Origin and Cause
Determination

THE NWCG system provides for training and certification of individuals beyond the levels defined in this
standard. NWCG 310-1, Qualifications and Certification System provides additional details on these
requirements.

Appendix C
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
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Appendix D
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
Explanation of the Standards and Concepts of JPRs
The primary benefit of establishing national professional qualification standards is to provide
both public and private sectors with a framework of the job requirements for the fire service.
Other benefits include enhancement of the profession, individual as well as organizational
growth and development, and standardization of practices.
NFPA professional qualification standards identify the minimum job performance
requirements for specific fire service positions. The standards may be used for training design
and evaluation, certification, measuring and critiquing on-the-job performance, defining hiring
practices, and setting organizational policies, procedures, and goals (other applications are
encouraged).
Professional qualification standards for a specific job are organized by major areas of
responsibility defined as duties. For example, the fire fighter’s duties may include fire
suppression, rescue, and water supply; and the Public Fire Educator’s duties may include
education, planning and development, and administration. Duties are major functional areas of
responsibility within a job.
The professional qualification standards are written as job performance requirements (JPRs).
Job performance requirements describe the performance required for a specific job. JPRs are
grouped according to the duties of a job. The complete list of JPRs for each duty defines what an
individual must be able to do in order to successfully perform that duty. Together, the duties and
their JPRs define the job parameters; that is, the professional qualification standard as a whole is
a job description.
Breaking Down the Components of a Job Performance Requirement
The job performance requirement is the assembly of three critical components. These
components are as follows:
(1) Task to be performed.
(2) Tools, equipment, or materials that must be provided to successfully complete the task.
(3) Evaluation parameters and/or performance outcomes.
Example
(1) Task

(1) Ventilate a pitched roof;

(2) Tools, equipment, or materials

(2) Given an ax, a pike pole, an extension ladder, and a roof
ladder;

(3) Evaluation parameters and performance outcomes

(3) So that a 4-ft × 4-ft hole is created, all ventilation
barriers are removed; ladders are properly positioned for
ventilation; ventilation holes are correctly placed; and
smoke, heat, and combustion by-products are released from
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the structure.

The task to be performed: The first component is a concise statement of what the person is
supposed to do.
Tools, equipment, or materials that must be provided to successfully complete the task: This
component ensures that all individuals completing the task are given the same minimal tools,
equipment, or materials when being evaluated. By listing these items, the performer and
evaluator know what must be provided in order to complete the task.
Evaluation parameters and/or performance outcomes: This component defines how well one
must perform each task—for both the performer and evaluator. The JPR guides performance
outcomes. This portion of the JPR promotes consistency in evaluation by reducing the variables
used to gauge performance.
In addition to these three components, the JPR contains prerequisite knowledge and skills. Just
as the term prerequisite suggests, these are the necessary knowledge and skills one must have
prior to being able to perform the task. Prerequisite knowledge and skills are the foundation for
task performance.
Once the components and prerequisites are put together, the JPR might read as follows:
Example 1:
The Fire Fighter I shall ventilate a pitched roof, given an ax, a pike pole, an extension ladder,
and a roof ladder; so that a 4-ft × 4-ft hole is created; all ventilation barriers are removed; ladders
are properly positioned for ventilation; and ventilation holes are correctly placed.
Prerequisite Knowledge: Pitched roof construction, safety considerations with roof ventilation,
the dangers associated with improper ventilation, knowledge of ventilation tools, the effects of
ventilation on fire growth, smoke movement in structures, signs of backdraft, and the knowledge
of vertical and forced ventilation.
Prerequisite Skills: Remove roof covering; properly initiate roof cuts; use the pike pole to
clear ventilation barriers; use ax properly for sounding, cutting, and stripping; position ladders;
and climb and position self on ladder.
Example 2:
The Fire Investigator shall interpret burn patterns, given standard equipment and tools and
some structural/content remains, so that each individual pattern is evaluated with respect to the
burning characteristics of the material involved.
Prerequisite Knowledge: Knowledge of fire development and the interrelationship of heat
release rate, form, and ignitability of materials.
Prerequisite Skill: Interpret the effects of burning characteristics on different types of
materials.
Examples of Potential Uses
Certification:
JPRs can be used to establish the evaluation criteria for certification at a specific job level.
When used for certification, evaluation must be based on the successful completion of JPRs.
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First, the evaluator verifies the attainment of prerequisite knowledge and skills prior to JPR
evaluation. This might be through documentation review or testing.
Next, the candidate is evaluated on completing the JPRs. The candidate performs the task and
is evaluated based on the evaluation parameters and/or performance outcomes. This
performance-based evaluation can be either practical (for psychomotor skills such as “ventilate a
roof”) or written (for cognitive skills such as “interpret burn patterns”).
Using Example 1, a practical performance-based evaluation would measure the ability to
“ventilate a pitched roof.” The candidate passes this particular evaluation if the standard was
met, i.e., a 4-ft × 4-ft hole was created; all ventilation barriers were removed; ladders were
properly positioned for ventilation; ventilation holes were correctly placed; and smoke, heat, and
combustion by-products were released from the structure.
For Example 2, when evaluating the task “interpret burn patterns,” the candidate could be
given a written assessment in the form of a scenario, photographs, and drawings and then be
asked to respond to specific written questions related to the JPRs evaluation parameters.
NOTE: Psychomotor skills are those physical skills that can be demonstrated or observed. Cognitive skills (or
mental skills) cannot be observed, but rather are evaluated on how one completes the task (process oriented) or
on the task outcome (product oriented).

Remember, when evaluating performance, candidates must be given the tools, equipment, or
materials listed in the JPR before they can be properly evaluated, e.g., an ax, a pike pole, an
extension ladder, and a roof ladder.
Curriculum Development/Training Design and Evaluation
The statements contained in this document that refer to job performance were designed and
written as job performance requirements. While a resemblance to instructional objectives may be
present, these statements should not be used in a teaching situation until after they have been
modified for instructional use.
Job performance requirements state the behaviors required to perform specific skill(s) on the
job, as opposed to a learning situation. These statements should be converted into instructional
objectives with behaviors, conditions, and standards that can be measured within the
teaching/learning environment. A job performance requirement that requires a fire fighter to
“ventilate a pitched roof” should be converted into a measurable instructional objective for use
when teaching the skill. (See Figure D-1.)
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Figure D-1 Converting JPRs into instructional objectives.

Using Example 1, a terminal instructional objective might read as follows:
The candidate will ventilate a pitched roof, given a simulated roof, an ax, a pike pole, an
extension ladder, and a roof ladder, so that 100 percent accuracy is attained on a skills checklist.
(At a minimum, the skills checklist should include each of the measurement criteria from the
JPR.)
While the differences between job performance requirements and instructional objectives are
subtle in appearance, the purpose of each statement differs greatly. JPRs state what is necessary
to perform the job in the “real world.” Instructional objectives, however, are used to identify
what students must do at the end of a training session and are stated in behavioral terms that are
measurable in the training environment.
By converting JPRs into instructional objectives, instructors will be able to clarify
performance expectations and avoid confusion related to using statements designed for purposes
other than teaching. Additionally, instructors will be able to add local/state/regional elements of
performance into the standards as intended by the developers.
Prerequisite skills and knowledge should be converted into enabling objectives. These help to
define the course content. The course content should include each of the prerequisite knowledge
and skills. Using Figure D-2, the enabling objectives are pitched roof construction, safety
considerations with roof ventilation, remove roof covering, properly initiate roof cuts, etc. These
ensure that the course content supports the terminal objective.
NOTE: It is assumed that the reader is familiar with curriculum development or training design and evaluation.
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Figure D-2 Sample skills checklist (roof ventilation).

Other Uses
While the professional qualifications standards are principally used to guide the development
of training and certification programs, there are a number of other potential uses for these
documents. Because they are written in JPR terms, they lend themselves well to any area of the
profession where a level of performance or expertise must be determined. Such areas might
include:
Employee Evaluation/Performance Critiquing. The JPRs can be used as a guide by both the
supervisor and the employee during an evaluation. The JPRs for a specific job define tasks that
are essential to perform on the job, as well as the evaluation criteria to measure when those tasks
are completed.
Establishing Hiring Criteria. Professional qualifications standards may be used in a number
of ways to further the establishment of hiring criteria. The authority having jurisdiction might
simply require certification at a specific job level, e.g., Fire Fighter I. The JPRs might also be
used as the basis for pre-employment screening by establishing essential minimal tasks and the
related evaluation criteria. An added benefit is that individuals interested in employment can
work toward the minimal hiring criteria at local colleges.
Employee Development. The professional qualifications standards can be useful to both the
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employee and the employer in developing a plan for the individual’s growth within the
organization. The JPRs and the associated prerequisite skills and knowledge can be used as a
guide to determine additional training and education required for the employee to master the job
or profession.
Succession Planning. Succession planning or career pathing addresses the efficient placement
of people into jobs in response to current needs and anticipated future needs. A career
development path can be established for targeted individuals to prepare them for growth within
the organization. The JPRs and prerequisite knowledge and skills could then be used to develop
an educational path to aid in the individual’s advancement within the organization or profession.
Establishing Organizational Policies, Procedures, and Goals. The JPRs can be incorporated
into organizational policies, procedures, and goals where employee performance is addressed.
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Appendix E Referenced Publications
E-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
E-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 295, Standard for Wildfire Control, 1991 edition.
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition.
NFPA 1021, Standard for Fire Officer Professional Qualifications, 1992 edition.
NFPA 1033, Standard for Professional Qualifications for Fire Investigator, 1993 edition.
NFPA 1582, Standard on Medical Requirements for Fire Fighters, 1992 edition.
NFPA 1977, Standard on Protective Clothing and Equipment for Wildland Fire Fighting,
1993 edition.
E-1.2 Other Publications.
E-1.2.1 U.S. Government Publications. National Wildfire Coordinating Group, NWCG,
National Fire Equipment System Catalog Part 2, National Interagency Fire Center, ATTN:
Supply, 3905 Vista Ave., Boise, ID, 83705, (NFES #3362).
NWCG Handbooks, Guides, Pamphlets, and Training Packages:
PMS 304-1, Fit to Work?, 1985.
PMS 304-2, Fitness and Work Capacity, 1977.
PMS 305, Measuring Physical Fitness (Step Test), 1986.
PMS 306, Fatigue and the Firefighter, 1989.
PMS 407, Common Denominators of Fire Behavior on Tragedy and Near-Miss Forest Fires,
1992.
PMS 408 and PMS 409, Your Fire Shelter.
PMS 410-1, Fireline Handbook, 1989.
PMS 412-1, Wildfire Cause and Determination Handbook.
PMS 414-1, Firefighter’s Guide, 1986.
PMS 415, Introduction to Wildland Fire Suppression for Rural Fire Departments.
PMS 416, Standard for Survival, 1987.
PMS 417, Firefighter Safety in Wildland/Urban Interface Fires.
PMS 427, Look Up, Look Down, Look Around.
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PMS 445-1, Introduction to Class A Foam.
PMS 445-2, The Properties of Foam.
PMS 446-1, Foam vs. Fire, Class A Foam for Wildland Fires.
PMS 446-2, Foam vs. Fire Primer.
PMS 470, Fire Behavior in the Wildland/Urban Interface.
I-100, Introduction to ICS, 1994.
I-200, Intermediate ICS, 1994.
S-110, Basic Fire Suppression Orientation, 1992.
S-130, Fire Fighter Training, 1983.
S-190, Introduction to Fire Behavior, 1983.
S-200, Initial Attack Incident Commander, 1989.
S-201, Supervisory Concepts and Techniques, 1994.
S-205, Fire Operations in the Urban Interface, 1991.
S-211, Portable Pumps and Water Use, 1992.
S-212, Wildfire Power Saws, 1991.
S-213, Tractor Use/Tractor Boss, 1979.
S-214, Tanker Use/Tanker Boss, 1981.
S-216, Driving for the Fire Service, 1985.
S-230, Single Resource Boss-Crew, 1990.
S-234, Firing Methods and Procedures, 1991.
S-260, Fire Business Management Principles, 1991.
S-270, Basic Air Operations, 1991.
S-290, Intermediate Wildland Fire Behavior, 1994.
310-1, Qualifications and Certification System.
NFES 1466, Unified Command.
NFES 1507, Unified Command.
Strategic Communications for Wildland Fire Management Package, NFES 2252, NFES 2253,
NFES 2254, NFES 2255, NFES 2265, NFES 2266, NFES 2267.
E-1.2.2 Fire Protection Publication. Oklahoma State University, Stillwater, OK 74074.
Incident Command System.
E-1.2.3 Webster’s Third New International Dictionary of the English Language, Unabridged, G.
& C. Merriam Company.
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in 1992 to have primary responsibility on professional qualifications for public safety
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(Vote limited to Professional Qualifications System Management)
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(Alt. to F. G. Allinson)
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NFPA Professional Qualifications Project and documents related to professional qualifications for
fire service, public safety and related personnel.
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Public Safety Telecommunicator Professional Qualifications
Ted Vratny, Chair
Boulder Regional Communications Center, CO
Anna M. Carter, Lawrence Livermore Nat'l Laboratories, CA
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These lists represent the membership at the time each Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.

NFPA 1061
Standard for
Professional Qualifications for Public
Safety Telecommunicator
1996 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Appendix E.

Chapter 1 Administration
1-1 Scope.
This standard identifies the minimum job performance requirements for public safety
telecommunicators.
1-2 Purpose.
The purpose of this standard is to specify the minimum job performance requirements for
service as a public safety telecommunicator.
1-2.1
It is not the intent of this standard to restrict any jurisdiction from exceeding these minimum
requirements.
1-3 General.
1-3.1*
The authority having jurisdiction shall establish the operational guidelines within which
telecommunicators will perform.
1-3.2
The authority having jurisdiction shall establish educational and age requirements for
telecommunicators.
1-3.3
The authority having jurisdiction shall establish criteria for evaluating the background and
character of telecommunicator candidates.
1-3.4*
Medical and physical requirements shall be developed and validated by the authority having
jurisdiction. Physical requirements shall be in compliance with applicable Equal Opportunity,
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Americans with Disabilities Act and other legal requirements.
1-3.5*
Cognitive and psychomotor skill requirements for the areas of reading, spelling, speech,
mathematics, basic language, written communication, and listening shall be developed and
validated by the authority having jurisdiction.
1-3.6*
The authority having jurisdiction shall define and validate the behavioral characteristics or
traits required of the telecommunicator.
1-3.7*
The performance of each requirement of this standard shall be evaluated by individuals
approved by the authority having jurisdiction.
1-3.8*
It is not required for the job performance requirements to be mastered in the order they appear.
Any training program shall establish the instructional priority and the training program content
to prepare individuals to meet the job performance requirements of this standard.
1-3.9*
The public safety telecommunicator shall remain current with communications technology and
telecommunication methodology.
1-3.10
The public safety telecommunicator shall operate within acceptable standards in response to
public expectations for timely and efficient service as established by the authority having
jurisdiction.
1-3.11
The public safety telecommunicator candidate shall meet all of the requirements defined in
Chapter 3 prior to certification as a Public Safety Telecommunicator I.
1-3.12
The Public Safety Telecommunicator I shall meet all of the requirements defined in Chapter 4
prior to certification as a Public Safety Telecommunicator II.
Chapter 2* Definitions
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Emergency Incident. An event requiring the urgent response of a public safety agency.
Incident Management System. An organized system of roles, responsibilities, and standard
operating procedures used to manage emergency operations. Such systems are often referred to
as Incident Command Systems (ICS).
Job Performance Requirement. A statement that describes a specific job task; lists the items
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necessary to complete the task; and defines measurable or observable outcomes and evaluation
areas for the specific task.
Prerequisite Knowledge. Fundamental knowledge one must have in order to perform a specific
task.
Prerequisite Skills. The essential skills one must have in order to perform a specific task.
Public Safety Agency. Organizations providing law enforcement, emergency medical, fire,
rescue, communications, and related support services. The term "public safety agency" shall
include any public, governmental, private, industrial, or military organization engaged in one or
more of these activities.
Public Safety Telecommunicator Candidate. The person who has fulfilled the entrance
requirements of Chapter 1 of this document but who has not met the requirements of Public
Safety Telecommunicator I.
Public Safety Telecommunicator I. The initial contact in managing requests for services who
obtains and prepares the pertinent information for the allocation of public safety resources. The
Public Safety Telecommunicator I makes independent decisions, conveys information, and
provides referrals. Works in cooperation with a Public Safety Telecommunicator II.
Public Safety Telecommunicator II. Prioritizes, initiates, and coordinates the response of
public safety agencies. Manages the flow of incident related information to and from field units
and/or public safety resources. Monitors status of field units and assigns additional resources as
requested and/or required.
Service Request. Any communication from the public or other agency that prompts action by a
telecommunicator.
Shall. Indicates a mandatory requirement.
Protective Signaling System. Electrically operated circuits, instruments, and devices, together
with the necessary electrical energy, designed to transmit alarms, supervisory, and trouble
signals necessary for the protection of life and property.
Task. A specific job behavior or activity.
Telecommunicator. An individual whose primary responsibility is to receive, process or
disseminate information of a public safety nature via telecommunication devices.
Chapter 3 Public Safety Telecommunicator I
3-1 General.
The Public Safety Telecommunicator I shall meet the job performance requirements defined in
Sections 3-2 through 3-4 of this standard.
3-2 Receive.
3-2.1 Description of Duty.
To acquire information from citizens and other entities requesting public safety services or
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assistance.
3-2.2
Establish verbal communication with a service requester, given a telephone or other
communication device, a means of collecting information, operating procedures, and a work
station, so that a communication link with the requester is achieved.
3-2.2.1* Prerequisite Knowledge: Verbal communication process.
3-2.2.2 Prerequisite Skills: Operation and basic troubleshooting of telephone and communication
systems and devices, verbal communication abilities.
3-2.3
Extract pertinent information, given a request for public safety service, so that accurate
information regarding the request is obtained.
3-2.3.1 Prerequisite Skills: Controlling the conversation, utilizing proper questioning techniques,
active listening techniques, and managing situations including excited or hysterical callers,
foreign languages, suicidal callers, and other calls requiring special handling.
3-2.4
Establish nonverbal communications, given a request for public safety service through a
communications device, so that accurate information regarding the request is obtained.
3-2.4.1* Prerequisite Knowledge: Nonverbal communication protocols.
3-2.4.2* Prerequisite Skills: Use of nonverbal communication devices.
3-3 Process.
3-3.1 Description of Duty.
Prepares data for dispatch or referral by evaluating, categorizing, formatting, and documenting
the incident or service-related information.
3-3.2
Generate records of public safety services requests, given agency policies, procedures, and
resources, so that the record is correct, complete, and concise.
3-3.2.1 Prerequisite Skills: Application of basic language and writing skills, interpret and
condense information, keyboarding, typing skills, legible handwriting.
3-3.3
Analyze information provided by a service requester, given the policies, procedures, and
values of the agency, so that the request is accurately categorized and prioritized.
3-3.3.1* Prerequisite Knowledge: Incident categories, priority levels, identification of potential
threats, risks, and hazards.
3-3.4*
Assess incomplete, conflicting, or inconclusive information or data, given special or unusual
circumstance and policies and procedures, so that an allocation of resources is determined.
3-3.5*
Evaluate a categorized and prioritized service request, given available resources, so that an
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allocation of resources is determined.
3-3.5.1 Prerequisite Knowledge: Available resources, agency jurisdictions, and boundaries.
3-3.5.2 Prerequisite Skills: Map and chart reading and use of resource lists.
3-3.6
Initiate the timely addition, deletion, and correction of data, given agency policies and
procedures, so that documents, files, databases, maps, and resource lists are accurately
maintained.
3-4 Disseminate.
3-4.1 Description of Duty.
Release information and data, as required for the incident or service request, to the citizen,
other telecommunicators, or another agency that results in resolution, referral, or response.
3-4.2
Convey instructions, information, and directions to the service requester, given agency policies
and procedures, so that information appropriate to the incident is consistent with those policies
and procedures.
3-4.2.1* Prerequisite Knowledge: Availability of resources, policies, and procedures regarding
pre-arrival instructions.
3-4.2.2* Prerequisite Skills: Voice control, providing directions, route callers, operate
telecommunication devices.
3-4.3*
Relay information to other telecommunications personnel or entities, given processed data, so
that accurate information regarding the request for service is provided.
3-4.4
Respond to requests for information, given an inquiry from the public or the media, so that the
policies and procedures are followed.
Chapter 4 Public Safety Telecommunicator II
4-1 General.
The Public Safety Telecommunicator II shall meet the job performance requirements in
Chapter 3 for Public Safety Telecommunicator I and those defined in Sections 4-2 through 4-4 of
this standard.
4-2 Receive.
4-2.1 Description of Duty.
To acquire information from multiple sources requiring public safety services or assistance.
These sources can include other telecommunicators, field units, or electronic devices.
4-2.2
Monitor public safety radio systems, given equipment used by the agency, so that information
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requiring action by the telecommunicator is identified.
4-2.2.1* Prerequisite Knowledge: Basic radio system technology and standard terminology used
by authority having jurisdiction including radio codes, unit identifiers, and phonetic alphabet.
4-2.2.2 Prerequisite Skills: Operation of radio equipment, differentiate between various audio
stimuli, and effective listening abilities.
4-2.3*
Monitor electronic data systems, given equipment used by the agency, so that information
requiring action by the telecommunicator is identified.
4-2.3.1 Prerequisite Knowledge: Response to audio and visual stimuli and familiarity with
computer operations and technology.
4-2.3.2 Prerequisite Skills: Keyboarding, interpreting visual symbols, and data system messages.
4-2.4
Monitor alarm systems, given equipment used by the agency, so that information requiring
action by the telecommunicator is identified.
4-2.4.1 Prerequisite Knowledge: Familiarity with alarm equipment and system operation and
technology.
4-2.4.2 Prerequisite Skills: Interpreting alarm system signals, data, or messages.
4-3 Process.
4-3.1 Description of Duty.
Analyze, classify, and summarize data for dispatch or referral. Monitor status of resources and
determine units for deployment.
4-3.1.1 Prerequisite Knowledge: Operational principles, practices, and procedures of special
equipment and systems provided in the communications center.
4-3.1.2* Prerequisite Skills: Maintain and use special equipment and systems.
4-3.2
Evaluate incident information, given a validated request for service, available resources, and
agency policies and procedures, so that an appropriate response is determined and a resource
allocation prepared.
4-3.2.1 Prerequisite Knowledge: Policies and procedures related to the allocation of resources
and the duties and functions of response units.
4-3.2.2 Prerequisite Skills: Interpretation of incident information.
4-3.3*
Maintain location and status of units, given the resources available to the agency and utilizing
the systems and equipment in the communications center, so that the current availability, status,
and safety of all deployable resources is known.
4-3.3.1 Prerequisite Knowledge: Capabilities and functions of personnel, units, specialized
equipment and tools, and their location.
4-3.3.2 Prerequisite Skills: Operation of communications center systems and equipment used for
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maintaining status.
4-3.4
Analyze alarm information, given signals, messages, codes, and data, so that the information is
properly interpreted in preparation for the allocation of resources.
4-3.4.1 Prerequisite Knowledge: Operational principles, practices, and procedures of alarm
systems provided in the communications center, agency policies related to alarm system
operations.
4-3.4.2 Prerequisite Skills: Keyboarding, differentiation between multiple audio visual stimuli,
maintenance and use of alarm systems.
4-3.5
Assess the priority of a service request, given information provided by other
telecommunicators or field units and the agency policies and procedures, so that the priority of
the request is refined.
4-3.5.1 Prerequisite Knowledge: Policies and procedures related to call prioritization, incident
categories, priority levels, identification of potential threats, risks, and hazards.
4-3.5.2 Prerequisite Skills: Operation of systems and aids provided in the communications center
for call prioritization; decision-making skills.
4-3.6*
Formulate a response, using the validated and prioritized request for service and the
availability of deployable resources, so that the most appropriate response is selected and the
safety of response units is considered.
4-3.6.1 Prerequisite Knowledge: Procedures for the allocation or assignment of resources and
requesting mutual aid.
4-4 Disseminate.
4-4.1 Description of Duty.
The action that results in the resolution of the request for services. This is achieved by the
transmission and relay of information or data to field units or other resources.
4-4.1.1* Prerequisite Knowledge: Applicable FCC rules, radio procedures and protocols, codes,
agency policies and procedures, an incident management system, and the telecommunicator's
role and function within the system.
4-4.1.2* Prerequisite Skills: Operate telecommunications equipment and voice control.
4-4.2*
Initiate deployment of response units, using the validated and prioritized request for service
given the agencies telecommunications equipment, so that service request information is
conveyed to units designated for response.
4-4.3
Relay service request information, given available resources and telecommunications
equipment, so that all pertinent information is communicated to responding units.
4-4.4
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Acquire supplemental information, given a service request, so that current information is
evaluated, prioritized, and relayed to response units or other personnel and agencies as needed.
4-4.4.1* Prerequisite Knowledge: Resource information available to the telecommunicator.
4-4.4.2 Prerequisite Skills: Use of printed and electronic reference materials, databases, and
emergency action plans.
4-4.5*
Activate the community emergency action plan, given data indicating the likelihood or onset
of a critical situation beyond the normal scope of operations, so that the implementation is timely
and in accordance with agency policies and procedures.
4-4.6
Activate communication center emergency action plan, given internal emergency and agency
policies and procedures, so that the integrity of the communications system is maintained and the
safety of center personnel is achieved.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-3.1 The authority having jurisdiction has the responsibility to establish and provide the
telecommunicator with the applicable organizational mission statement, principles, philosophies,
values, directives, policies, procedures, rules, regulations, and descriptions of positions.
A-1-3.4 The authority having jurisdiction is required under the Americans with Disabilities Act
to identify the functional requirements for the performance of the job. The authority having
jurisdiction should consider the physical arrangement of the work space and the various pieces of
equipment required for operation by the employee. Specific medical and physical abilities are
required in order to perform essential functions of the job.
They include, but are not limited to:
(a) Hearing. Distinguish, differentiate, and respond to multiple audible stimuli from personnel
or equipment, such as telephone, radio, or alarms.
(b) Sight. Distinguish, differentiate, and respond to multiple visual stimuli such as printed
documents, CRT displays, and indicator lights.
(c) Manual Dexterity. Operate radios, computers, and other equipment used in a
telecommunications center.
(d) Speech. Clearly convey verbal messages utilizing telecommunication devices.
The public safety telecommunicator is the initial contact in managing requests for services
provided by public safety agencies. Decisions are made based on incoming and updated
information. The ability to receive information audibly is essential to the job. Additionally,
much emphasis is placed on visual ability and manual dexterity. Identification of audio and
visual queues, incoming telephone lines, 9-1-1 screens, incident cards/screens, messages,
requests, memorandums, etc., are imperative to perform required job duties.
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A-1-3.5 The committee recommends that the following skills be considered by the authority
having jurisdiction for the telecommunicator candidate:
(a) Ability to spell;
(b) Basic reading skills;
(c) Basic math calculation;
(d) Ability to speak clearly;
(e) Basic writing skills;
(f) Manual dexterity;
(g) Ability to follow written and verbal instructions;
(h) Ability to alphabetize and catalogue.
A-1-3.6 The committee has identified the following list of behavioral characteristics or traits in
order to assist the hiring or certifying authority:
(a) Adjust to various levels of activity;
(b) Multi-task;
(c) Make decisions and judgments based on common sense and values;
(d) Maintain composure;
(e) Form conclusions from disassociated facts;
(f) Work with others/teamwork;
(g) Handle criticism;
(h) Ability to remember and recall information;
(i) Deal with verbal abuse;
(j) Interpersonal relations;
(k) Function under stress;
(l) Maintain confidentiality.
A-1-3.7 It is recommended, where practical, that evaluators be individuals who were not directly
involved as instructors for the requirement being evaluated.
A-1-3.8 The committee recognizes the need for formal training programs to provide the
necessary skills and knowledge to perform the job of a telecommunicator.
These programs can be developed or administered by local, state, provincial or federal
agencies as well as professional associations.
In many jurisdictions, part of this formal training includes some form of on-the-job training.
(See Appendix B for a discussion of the considerations for the training of enhanced
telecommunicator skills.)
A-1-3.9 This requirement can be fulfilled by attending workshops and seminars, or through
professional publications and journals. Appendix C provides additional information on the topic
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of in-service education for the telecommunicator.
A-2 Definitions of action verbs used in the job performance requirements in this document are
based on the first definition of the word found in Webster's Third New International Dictionary
of the English Language.
A-2-1 Approved. The National Fire Protection Association does not approve, inspect, or certify
any installations, procedures, equipment, or materials; nor does it approve or evaluate testing
laboratories. In determining the acceptability of installations, procedures, equipment, or
materials, the authority having jurisdiction may base acceptance on compliance with NFPA or
other appropriate standards. In the absence of such standards, said authority may require
evidence of proper installation, procedure, or use. The authority having jurisdiction may also
refer to the listings or labeling practices of an organization concerned with product evaluations
that is in a position to determine compliance with appropriate standards for the current
production of listed items.
A-2-1 Authority Having Jurisdiction. The phrase "authority having jurisdiction" is used in
NFPA documents in a broad manner, since jurisdictions and approval agencies vary, as do their
responsibilities. Where public safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or individual such as a fire chief; fire marshal;
chief of a fire prevention bureau, labor department, or health department; building official;
electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the
authority having jurisdiction. In many circumstances, the property owner or his or her
designated agent assumes the role of the authority having jurisdiction; at government
installations, the commanding officer or departmental official may be the authority having
jurisdiction.
A-3-2.2.1 For additional information on the verbal communication process, see Appendix B.
A-3-2.4.1 Nonverbal communication protocols include American Sign Language (ASL) syntax.
The telecommunicator should also know common abbreviations used in non-verbal
communications. Individuals who are hearing or speech impaired often use American Sign
Language (ASL) syntax while communicating via the TTY/Text phone. ASL is a separate
language that uses English words with its own rules for syntax and sentence construction.
A-3-2.4.2 The Americans with Disabilities Act (ADA) requires equal access to emergency
services by speech and hearing impaired individuals. This most often takes the form of
TTY/Text phone using Baudot or ASCII code. Other non-verbal devices include: computer
communication, digital terminals, analog devices, alarm systems, FAX machines, or other
mechanical or electronic medium.
A-3-3.3.1 The Telecommunicator I is expected to question callers regarding potential threats,
risks, and hazards that responders may encounter. Examples include details pertaining to the
involvement of weapons, hazardous materials, violent subjects at the scene, unsafe conditions
enroute to or at the scene, etc.
A-3-3.4 Special or unusual circumstances are most often typified by 9-1-1 hang up calls or silent
calls. Other special or unusual circumstances may include: interruptions in signaling systems;
undetected TTY/Text Phone calls; unusual background noises; partially audible or unintelligible
calls; conflicting information from caller(s); and tone of voice or inflection. The
Copyright 1996 NFPA

Telecommunicator I will be required to determine if there is a legitimate need for public safety
service. As an example, this could be accomplished with call backs or the allocation of
resources based on the procedures of the agency.
A-3-3.5 The Telecommunicator I evaluates requests for service and determines what agencies or
services are appropriate for allocation. Examples include calls requiring both police and fire
response, referrals to social service agencies, utilities, or other governmental agencies.
A-3-4.2.1 Pre-arrival instructions or information, when authorized by the authority having
jurisdiction, might include law enforcement, fire or medical protocols, hazardous materials
recommendations, poison control information, evacuation, safety, and disaster instructions.
The purpose of these instructions is to ensure that no further harm is done, and that the service
requester or victim is kept safe and the situation possibly improves.
The functions of the Public Safety Telecommunicator might include the use of predetermined
questions, pre-arrival telephone instructions, and pre-assigned actions that are an integral part of
the responsibility to prioritize calls and assist in the stabilization of the situation.
A pre-arrival reference system should be a written, reproducible document in a uniform format
based on current guidelines and administrative protocols.
A-3-4.2.2 Voice control includes the ability to maintain balanced tone, modulation, volume, and
inflection while communicating.
A-3-4.3 In some jurisdictions the on duty telecommunicator could be responsible for both call
taking and dispatching. Other entities may include social service agencies, utilities, other
emergency service providers, or other governmental units. Resolution might be accomplished by
referral to, or response by, one of these agencies.
A-4-2.2.1 The Public Safety Telecommunicator II should be capable of operating, testing,
troubleshooting, and maintaining the continuity of the communication systems. The Public
Safety Telecommunicator II might also be required to switch to and operate backup components
or alternate systems.
A-4-2.3 These systems might include: computer-aided dispatch systems, recording systems,
automatic vehicle tracking systems, mobile data systems, and computer systems linking the
telecommunicator with other agencies.
A-4-3.1.2 Special equipment and systems could include: Interagency computer networks,
databases, computer-aided dispatch systems; TTY/Text phone; fire station alerting systems;
municipal fire alarm systems; National Crime Information Center (NCIC); National Law
Enforcement Telecommunications System (NLETS); National Warning System (NAWAS);
security systems; and other equipment and systems provided in the communications center.
A-4-3.3 Deployable resources include those individuals, equipment, and specialized units that
are dispatched by the agency.
A-4-3.6 This action is not a static decision but rather a dynamic process that changes and evolves
during the handling of an event. The Public Safety Telecommunicator II is required to make
many decisions that might not change the action originally initiated. Factors that cause changes
to decisions or actions are the receipt and processing of additional information, or updates. The
Public Safety Telecommunicator II makes necessary decisions and takes actions that will result
in the appropriate assignment of resources, emphasizing the safety of the public and the response
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units. (See Figure A-4-3.6.)

Figure A-4-3.6.

A-4-4.1.1 The telecommunicator should operate within the incident management system
prescribed by the authority having jurisdiction such as defined in NFPA 1561, Standard on Fire
Department Incident Management System.
A-4-4.1.2 The telecommunications equipment used by public safety agencies is widely varied.
The term telecommunications equipment includes all equipment in use by an agency for the
purpose of alerting or notifying response units and the continued exchange of information
between those units and the communications center. Examples include: computer-aided dispatch
(CAD) systems; mobile data terminals (MDT); two-way radio; paging systems; alerting devices;
telegraph systems; telephone systems; voice alerting and PA systems; and data terminals.
A-4-4.2 In the case of unfounded service requests, hang-up calls or invalid locations, the
telecommunicator should make every effort to reverify the accuracy of a location or the validity
of a service request within the policies established by the authority having jurisdiction.
A-4-4.4.1 Supplemental information could include relevant databases and documentation, that
might be internal or external to the agency, available to provide on-going support to response
units.
A-4-4.5 Situations beyond the normal scope of operations could include major crime
occurrences, major fires, mass casualty incidents, and man made or natural disasters.
Appendix B The Communication Process
This Appendix is not a part of the requirements of this NFPA document but is included for
Copyright 1996 NFPA

informational purposes only.
Speech is the unique process of symbolic communication that involves interaction between
persons. It is the most unique and universal of human functions, yet, because it is so
commonplace, few of us appreciate its enormous power and potential.
The nearly universal lack of speech training in our schools is most likely based on the faulty
assumption that, because most children can speak and listen by the time they enter preschool and
primary programs, they need no special instruction in that area. This conditioning is not
sufficient to make them fully effective in speaking and listening.
It seems almost incredible that so important a skill as speaking should receive so little attention
or training.
Speech communication includes all the factors that are brought into play upon and by a person
as she or he attempts to establish communication relationships with others.
Communication is necessary in order to establish all social ties, to conduct action with or
against others. Without it there can be no dialogue, no response, no establishment of common
meaningful concepts; no informative, instructional, or directive action; and no invention,
recording, accumulation, or transmission of knowledge.
Results of the reciprocal relationship of speech communication take three significant forms:
the utilitarian, the aesthetic, and the therapeutic. These results often occur together. For
instance, a theater performance might yield all three results.
The utilitarian result is some practical accomplishment of value to one or more members of
the interaction. Gerald R. Miller implied this concept when he said:
Speech communication is important because it is one of the primary tools that man
employs to manipulate, to control and to understand his environment.
The aesthetic result is some measure of enjoyment, pleasure, or entertainment for one or more
members of the interaction. Speech that is used in television or in a theater performance, in
reading literature aloud, in storytelling, and in various other forms of artistic expression becomes
a tool to create pleasure.
The therapeutic result is a treatment, a cure, the removal of an inhibition, the diagnosis of a
problem, or the re-establishment of the communicative personality. Speech becomes therapeutic
when it allows a person to release tensions and to find himself, when it assists a person to
explore and examine personal problems that affect his communicative bond with other people,
and when it aims specifically at rehabilitating, restoring, and perhaps creating the instruments of
human communication.
The effective interaction of speaking and listening requires a particularly close relationship
between the participants.
Writing and printing have had a tremendous impact on the recording of ideas, but the key
interaction that forms the base of our society is still the spoken word. There is close agreement
in the findings of a number of studies of the relative amounts of time we spend in use of the four
communicative behaviors. The breakdown of time spent in normal communicative discourse by
the average American falls into the following pattern:
Listening

42%
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Speaking

32%
74%

Reading

15%

Writing

11%
26%

The speaking and listening behaviors are functions usually included in the study of
speech-communication. On the average, interactions involving speech account for 74 percent of
our communication time.
We should use this data carefully. The data tells us nothing about the relative amounts of
information transmitted and actually received by means of writing and reading as compared with
speaking and listening. We have no research findings on this question, but it seems probable that
in any given time more information could be acquired on a precise subject through written words
than through spoken words. The key to the matter could lie with the precision of the information
transmitted and with the use of the language. In speech, the total message includes much
information in addition to the actual spoken words and the imprecision and redundancy
characteristic of speech do not normally occur in written material.
We cannot compare the two forms in terms of the relative amount of meaning that can be
developed from them, since the meaning is a function of the person(s) involved. As personal
tape recorders are more widely used, more and more spoken material can be reheard. The
capability of replaying recorded speech could increase the precision of information being
transmitted. As people become more skilled in speaking and in listening, with or without tape
recorders, we can expect greater efficiency in speech-communication.
Because of the highly transitory nature of the speech act, each effort at the communicative
interaction through speech should be as effective as possible. Both speaker and listener should
concentrate on grasping as much as possible of all that occurs in the moment of the speech act in
order that maximum effectiveness can be achieved in the interaction.
The skills necessary to maximize speech-communication events are developed in many ways.
The important skills in the use of language involve behavior that is bimodal, since language is
composed of both verbal and nonverbal factors. Verbal skills relate to the spoken words and
other vocal sounds that carry information and stimulate meaning. The nonverbal skills relate to
the movements of the body and the nonverbal sounds (such as a snap of the fingers) that might
occur as information-giving parts of the event.
Language skills are needed not only for transmission but also reception. Transmission and
reception are two different processes and require different skills.
A second area of skill development lies in the creation and construction of messages
themselves. We should know what result we want from an effort to communicate an idea.
Unless we clearly know what we want to accomplish, we cannot select effective content and
materials for the message, nor can we properly evaluate the effectiveness of what we have said.
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The substance of the message is central in the speech event and arises from the purpose of the
communication. The selection and the arrangement of the materials and the emphasis upon them
should meet the requirements of our intent and of the situation. They should also meet the needs
of our listener. That is, we should select content that they can receive, understand, and respond
to; and we should take care that arrangement and emphasis do not block reception,
understanding, and response.
Skills needed for perception and reception of messages are also important. Listening involves
more than just hearing the sounds; observing involves more than just seeing what happens; and
relating to the speaker involves more than just listening and observing. The content of the
message should be organized by the receiver as well as by the transmitter.
The communication process as a total event has been the subject of many studies. Some
researchers have used models, or structural descriptions, of the communication event to aid
understanding of how the elements we have discussed fit into the general picture, or
organization, of the total event. Models provide clues that permit predictions of behavior.
A model provides us with a way to classify and to describe the parts of the process and to
indicate how they fit together. Each of the several model types that are used to describe the
speech-communication process contributes to an understanding of the total communicative
event.
The simplest model consists of three elements: the sender, the receiver, and the message (see
Figure 1). In the primary process of this model, a sender transmits a message to a receiver who
sends it back. This description obviously omits much of the process, particularly the human
factor.

Figure 1 Basic communications model.

A more detailed model, which is still quite a general one, is described in Figure 2. Note that
this model incorporates several additional factors: the attitudes of both speaker and listener
(which introduces human factors); the encoding skills of the speaker and the decoding skills of
the listener; and feedback of both positive and negative nature.
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Figure 2 Communications model with feedback.

A third model of somewhat different form is based on the concept of the major elements of the
communication event: Source, Message, Channel, and Receiver (the SMCR model). Note that
this model is organizational, rather than descriptive of the process. (See Figures 3 and 4).

Figure 3 Elements of the SMCR model.

According to this model, the source and the receiver are affected by the factors of
communication skills, attitude, knowledge, the social system, and the culture. The message is
developed by means of the factors of elements, structure, content, treatment, and code. The
channels are related to the functions of the five senses: seeing, hearing, touching, smelling, and
tasting.
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Figure 4 Source, message, channel receiver (SMCR) model.

All the models described here have certain common elements. They involve at least two
individuals and the creation of messages into the form of physical stimuli that affect the behavior
of the individuals.
The availability of people to each other, their common referents, their abilities to use the
sensory systems, the character of meaning, the nature of a message and information, and the like
are all involved in the process of communication.
As we attempt to control and to increase the effectiveness of our communication events, we
discover that it is not enough merely to condition or to refine our skills of creating sound and
visible stimuli. We should understand and become sensitive to all the factors that are operative
in the event. Then we can examine the processes that are a part of the total event in order to find
the fundamental problems that could be affecting our individual communication effort.
Appendix C Guide for Telecommunicator Training Authority
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
C-1 Training Considerations for the Training of Enhanced Telecommunicator Skills. Job
performance requirements are addressed in this standard. It is recognized that the elements of
training basic, formal skills to telecommunicators has been formalized in many documents. This
appendix will address the transition between classroom and job performance.
C-1.1 Background/Overview. Training that involves actual work place conditions is an element
that ensures that the linkage between classroom knowledge and job performance skills is
completed. In many processes, this linkage is created through the use of On-the-Job Training
(OJT).
C-1.2 Elements. Many visualize the procedure of placing a new employee with an experienced
worker and allowing the new employee to watch over his or her shoulder to learn the job. Under
these conditions, the process has only limited success at best. Often it leaves the employer and
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employee dissatisfied with the outcome.
The employee feels apprehension from being overwhelmed with too many sensory stimuli of
new duties and new people. It is a human characteristic to attempt to absorb the new
environment but it can be distracting from the task at hand. They might also feel apprehension
about taking too long to become "productive."
The employer will, in some cases, feel the process takes too long before seeing a return on the
investment. Even then, is the employee as productive as he or she could be?
If these are the bad aspects, what are the good aspects of OJT? According to William J.
Rothwell and H.C. Kazanas in their article, Planned OJT is Productive OJT found in the
Training and Development Yearbook, 1991, OJT is normally associated with the process of
orienting newly-hired employees to their work but can be used for other goals, such as:
(a) To upgrade the skills of experienced workers when new technology or new work methods
produce on-the-job changes;
(b) To cross-train employees within a work unit or department; and
(c) To orient transferred or promoted employees to their new jobs.
C-1.3 Formal Classroom. The formal classroom provides the traditional forum through which
the student is educated in the necessary knowledge base, introduced to skills, professional
background, and history. It creates the body of basic knowledge that the student will build upon
during this career. Instructors should ensure presentations are factual, relevant, and progress
from the known to the unknown.
C-1.4 Training in Context. Good aspects are woven into many of the "new" training concepts.
One such concept is the "training in context" process where an attempt is made to replicate
actual working conditions, groups of experienced workers, actual equipment, and realistic
scenarios through which the skills necessary to perform a job or task can be passed. The primary
difference between "training in context" and the actual job is that the effects of mistakes can be
minimized. Additionally, the evolution can be started over if a step is performed incorrectly or
missed. This is a luxury not available during actual incidents. This process relies heavily on
coaching and mentoring by the experienced members of the team. Coaching and mentoring are
also major elements of OJT. Therefore, training in context is performing on-the-job training but
doing it in a manner that is structured to teach a step-by-step process in a secure atmosphere.
C-1.5 Collaborative Learning. Another teaching/learning style that involves elements of OJT is
collaborative learning. In the collaborative processes, groups of like-experienced workers are put
together to solve problems and synthesize the problem solving elements necessary on virtually
any incident. Scenarios and conditions can be structured to closely replicate actual working
conditions to enhance the learning experience. The knowledge and background experience of
each of the participants can be pooled to create innovative solutions to problems. These
problems are structured to lead to the completion of stated objectives of the class. Students can
come away from a collaborative learning experience with a new sense of self-confidence and
appreciation for the skills and knowledge of their fellow students.
Many elements of collaborative learning are useful whenever a new piece of equipment is
purchased or a new procedure to accomplish a task is required. Typically, in many departments,
a new piece of equipment comes in and a group of employees are selected to research the
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manuals, look for similarities to older equipment, look at the differences, discuss it with the
training section and then develop operating procedures for that new piece of equipment. Perhaps
an information processing technique is not as effective as it could be. Again, a group of
employees can be formed to study the old technique, research procedures by other departments,
talk with their training section, talk with their state training personnel and then develop a
procedure that might do the task better and more efficiently.
C-1.6 Multimedia Teaching Resources. Multimedia is any form of communication that uses
more than one medium to present information, such as a computer program integrating text,
graphics, video, animation, sound, and interactive links.
Because multimedia presents information in a variety of forms, it is extremely effective in
relaying new ideas and concepts. Many users of this type of training find that multimedia
provides a more natural learning environment.
Computer-based training allows the student to progress at their own learning rate. Instead of
proceeding sequentially from chapter to chapter, as with the traditional learning process, the
student can access more information immediately (perhaps in the form of a picture) on the
computer.
Since the student is not forced to read through information in a rigid format, more advanced
students can avoid basic information and move rapidly to more advanced concepts. Beginning
students, on the other hand, could continue to obtain more help and explanation before moving
on, ensuring that they understand the basic concepts as building blocks for further learning.
A relatively new multimedia process is virtual reality (VR). VR is an artificial reality created
by three-dimensional computer graphics, high resolution display technology, and multisensory,
interactive interface devices that submerge the participants into a pseudo-reality that can give the
sensory perception of actually being involved in a real life, real time incident. The technology is
costly and therefore limited to customized locations such as universities and governmental
agencies. Expect the availability and use of this technology to increase in the future. This will
provide the method to teach many of the skills in an on-the-job fashion without the attendant
danger.
A multimedia training program is helpful to students with varying levels of knowledge and
experience as it allows them to proceed at their own pace. Instructors often find that multimedia
application motivates students to learn and to take a more active part in the learning process.
C-1.7 Apprenticeships. Apprenticeships are receiving a fresh look from some leaders in the
business world. Businesses are faced with a shrinking labor pool and rapidly changing
technology. Many people like the combination of earning and learning elements of
apprenticeships. In its best form, this process combines classroom work and on-the-job training.
In German models, the process starts while the youth is still in school. The United States and
Canada tend to delay the process until people are in their early 20's. Regardless, the system uses
what is best about OJT: experienced co-workers to aid in the building of an experience base for
the new employee.
C-2 The Practice and Use of On-The-Job Training. On-the-job training is happening in many
departments every day regardless of what it is called. Many do not know they are performing a
training activity while they are in the process. Every call in which the new person participates is
a training activity. Most will agree that something is learned on virtually every call. It is up to
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the experienced personnel to ensure that it is as positive as possible for the new person.
C-2.1 One Possible Definition of the OJT Process. A structured process that refines and
enhances skills and knowledge, previously learned by the candidate, in a real life situation while
creating a practical experience base.
C-2.2 Organization of the Process. Well-organized on-the-job training can be a very effective
training method. Many departments still give too little formal training to their new recruits and
rely on experienced employees to pass along skills without formalizing the process. Too often
the new person is told to do what the more experienced employee tells them to do. Industry has
had similar experiences. However, a faction of industry is becoming increasingly aware of a
combination training process that turns out more productive and safe workers in a shorter period
of time. The military has successfully used some of these elements for years. Some departments
have very good programs that contain all the necessary steps, but perhaps others in the service
can learn from examples set by the military and industry. The model should consist of four
phases and although the phases are expressed in explicit form, OJT should be interwoven
throughout all the phases. OJT in its purest form will be found in phase two, but elements of it
should also be included in the other phases as well.
Phase One:

Formal or Classroom Instruction

Phase Two:

Structured On-the-Job Training

Phase Three:

Skill Demonstration

Phase Four:

Skill Maintenance

The process is depicted in Figure C-2.2.

Figure C-2.2 On the job training as part of an overall training program.

C-2.3 It is very difficult for OJT to be successful without first exposing the new person to a
formal training phase that teaches skills, roles, role relationships, duties, job performance
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requirements and expectations contained in the new job. It is also helpful to include the history
and tradition of the job during this phase to educate the new person in the evolution of the job
and the reasons for certain characteristics of the job. During this phase, in addition to the current
job assignment preparation, the new person should be exposed to the requirements for
advancement into other areas of the profession.
C-2.4 Once the new employee has a firm grasp on the skills and knowledge required to perform
the job, they might still be unsure about how it all fits together or exactly when to apply certain
theories and practices. At this point, the employee should be entered into a structured on-the-job
training program. Structured in this case would mean a work process and a record keeping
system that ensures certain tasks are experienced by the new employee under the guidance of an
experienced co-worker prior to working independently. This person should be allowed to
develop an experience base that complements the formal training received earlier. From a safety
and productivity standpoint, it would seem to be well worth the time and energy. The process
would have to include identifying key tasks that are to be experienced by the recruit, a record
system that records when, where, and by whom the tasks were experienced. The responsible OJT
supervisor and all other pertinent information should be recorded. Based on the completion of
the identified tasks and proper record documentation, the training officer would then recommend
to supervision that the recruit has progressed to the point where they no longer require
immediate, constant supervision.
C-2.5 The trainee can now be entered into the next phase of skill demonstration or evaluation.
This represents a period of time where the trainee performs duties as any other employee but is
in an evaluation status that determines if he or she is capable of performing the various tasks
without reliance upon other people to help in the difficult moments. Some organizations might
choose to call this a probation period. Others might find the word probation too pejorative and
choose to call it something else. Regardless, it is a period during which the employee and
employer can determine if the job fits the individual and vice versa.
C-2.6 If the employee now has good base knowledge and a good experience base from which to
make judgment calls, what next? Many departments stop at this point and allow the passing
years to develop the individual. This practice occasionally permits some skills to become rusty
or forgotten completely, bad habits to develop, and complacency to set in. A skill maintenance
process can be established that requires practice/demonstration on a timely basis. It could
include procedures contained within team responses and/or individual demonstration of standard
meeting skills. Some skills, such as life safety skills, might need to be demonstrated more often
than others. Demonstration of some skills might be necessary each quarter, while it might be
sufficient to demonstrate others each year. Members of the individual organization can agree
what fits the situation; the main point is that demonstration intervals should be identified and
followed. Even when an employee uses the skill daily, some bad habits might slip into the
procedure.
C-3 Recruit Trainers. It is important that the right people are selected to perform the OJT
process for recruits.
C-3.1 Positive attitudes and work habits of the trainers will be beneficial in the training of the
recruits.
C-3.2 People selected to perform this duty should be conscientious, open-minded, and interested
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in working with other people.
C-3.3 People selected to perform OJT training should be willing to change procedure where it is
called for. They should strive to look for better ways to accomplish goals and not just be content
with doing it one way because that is the way it has always been done.
C-3.4 People selected to perform OJT training should take pride in helping train an additional
member of the team and not view it as a bother to their normal routine.
C-3.5 If the right people are selected in the employment process, armed with a good knowledge
base, the right OJT supervisors selected, identification of the proper skill demonstrations at the
correct intervals and tied together with a workable documentation process, then fellow workers
that are efficient and a pleasure to work with is the likely result.
C-4 Continuing Education and In-Service Training. It is recognized that some individuals
grow complacent or stagnant when plateaus are reached in skill and knowledge levels.
In-service training and on-going education are methods of dealing with this problem. This
responsibility is shared by both the individual and the authority having jurisdiction.
C-4.1 Employees should be encouraged to continue professional education through in-service or
job-related classes completed outside the workplace.
C-4.2 Professional associations, or regional and state training entities could be a source for this
type of training program.
C-4.3 Training and education should be tied directly to skill demonstration and maintenance.
C-4.4 In-service training should be conducted whenever skill levels fall below minimum
standards, the workplace experiences a significant change in procedure or obtains new
equipment.
C-4.5 A variety of outside training and educational opportunities are beneficial to both the
individual and the organization. The authority having jurisdiction should develop a policy
regarding the participation by the employees in in-service training and identify acceptable
outside training and continuing education programs. The content of, and attendance at, all
training programs should be documented.
Appendix D Explanation of the Standard and Concepts of JPRs
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
The primary benefit of establishing national professional qualifications standards is to provide
both public and private sectors with a framework of the job requirements. Other benefits
include: enhancement of the profession; individual as well as organizational growth and
development; and standardization of practices.
NFPA professional qualifications standards identify the minimum job performance
requirements. The standards can be used for training design and evaluation, certification,
measuring and critiquing on-the-job performance, defining hiring practices, and setting
organizational policies, procedures, and goals (other applications are encouraged).
Professional qualifications standards for a specific job are organized by major areas of
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responsibility defined as duties. For example, the telecommunicator's duties might include
acquiring information from citizens and preparing data for dispatch. Duties are major functional
areas of responsibility within a job.
The professional qualifications standards are written as job performance requirements (JPRs).
Job performance requirements describe the performance required for a specific job. JPRs are
grouped according to the duties of a job. The complete list of JPRs for each duty defines what
an individual should be able to do in order to successfully perform that duty. Together, the
duties and their JPRs define the job parameters; that is, the standard as a whole is a description
of a job.
Breaking Down the Components of a Job Performance Requirement
The job performance requirement is the assembly of three critical components. These
components are the:
(1) Task that is to be performed;
(2) Tools, equipment, or materials that must be provided to successfully complete the task; and
(3) Evaluation parameters and/or performance outcomes.
EXAMPLE
(1) Task

(1) Establish verbal
communication with a
service requester;

(2) Tools, equipment, or materials

(2) Given a telephone or
other communication
device, a means of
collecting information,
operating procedures, and
a work station;

(3) Evaluation parameters and
performance outcomes

(3) So that a communication
link with the requester is
achieved

The Task to Be Performed. The first component is a concise, brief statement of what the
person is supposed to do.
Tools, Equipment, or Materials that Must be Provided to Successfully Complete the
Task. This component ensures that all individuals completing the task are given the same
minimal tools, equipment, or materials when being evaluated. By listing these items, the
performer and evaluator know what must be provided in order to complete the task.
Evaluation Parameters and/or Performance Outcomes. This component defines how well
one should perform each task for both the performer and evaluator. The JPR guides performance
towards successful completion by identifying evaluation parameters and/or performance
outcomes. This portion of the JPR promotes consistency in evaluation by reducing the variables
used to gauge performance.
In addition to these three components, the JPR contains prerequisite knowledge and skills.
Just as the term prerequisite suggests, these are the necessary knowledge and skills one must
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have prior to being able to perform the task. Prerequisite knowledge and skills are the
foundation for task performance.
Once the components and prerequisites are put together, the JPR might read as follows:
Example 1:
The Telecommunicator I shall establish verbal communication with a service requester, given
a telephone or other communication device, a means of collecting information, operating
procedures, and a work station, so that a communication link with the requester is achieved.
Prerequisite Knowledge: Verbal communication process.
Prerequisite Skills: Operation and basic troubleshooting of telephone and communication
systems and devices, verbal communication abilities.
Example 2:
The Telecommunicator II shall monitor public safety radio systems, given equipment used by
the agency, so that information requiring action by the telecommunicator is identified.
Prerequisite Knowledge: Basic radio system technology and standard terminology used by
authority having jurisdiction including radio codes, unit identifiers, and phonetic alphabet.
Prerequisite Skills: Operation of radio equipment, differentiate between various audio stimuli,
and effective listening abilities.
Examples of Potential Uses
Certification:
JPRs can be used to establish the evaluation criteria for certification at a specific job level.
When used for certification, evaluation must be based on the successful completion of JPRs.
First, the evaluator would verify the attainment of prerequisite knowledge and skills prior to
JPR evaluation. This might be accomplished through documentation review or testing.
Next, the candidate would be evaluated on completing the JPRs. The candidate would perform
the task and be evaluated based on the evaluation parameters and/or performance outcomes. This
performance based evaluation can be either practical (for psychomotor skills* such as "operation
of the telephone") or written (for cognitive skills* such as "know the phonetic alphabet").
*NOTE: Psychomotor skills are those physical skills that can be demonstrated or observed. Cognitive skills
(or mental skills) cannot be observed, but are rather evaluated on how one completes the task (process
oriented) or the task outcome (product oriented).

Using Example 1, a practical performance-based evaluation would measure one's ability to
"establish verbal communications." The candidate passes this particular evaluation if the
standard was met, i.e., the candidate successfully recognized the incoming audio/visual signal of
the verbal communications device, responded to the signal, and established two-way verbal
communications with a service requester.
For Example 2, when evaluating the task "knows the phonetic alphabet," the candidate could
be given a written assessment, such as a test to identity a number of phonetic terms for letters of
the alphabet.
Remember, when evaluating performance, the person must be given the tools, equipment, or
materials listed in the JPR before they can be properly evaluated, e.g., a telephone or other
telecommunications device.
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Curriculum Development/Training Design and Evaluation
The statements contained in this document that refer to job performance were designed and
written as job performance requirements. While a resemblance to instructional objectives might
be present, these statements should not be used in a teaching situation until after they have been
modified for instructional use.
Job performance requirements state the behaviors required to perform specific skill(s) on the
job as opposed to a learning situation. These statements should be converted into instrctional
objectives with behaviors, conditions, and standards that can be measured within the
teaching/learning environment. A job performance requirement that requires a
telecommunication to "establish verbal communication with a service requester" should be
converted into a measurable instructional objective for use when teaching the skill. (See Figure
D-1.)

Figure D-1 Converting JPRs into instructional objectives.

Using Example 1, a terminal instructional objective might read as follows:
The learner will establish verbal communication with a service requester, given a telephone or
other communication device, a means of collecting information, operating procedures, and a
work station so that 100% accuracy is attained on the skills checklist. (At a minimum, the skills
checklist should include each of the measurement criteria from the JPR).
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Figure D-2, is a sample checklist for use in evaluating this objective.

Figure D-2 Skills checklist.

While the differences between job performance requirements and instructional objectives are
subtle in appearance, the purpose of each statement differs greatly. JPRs state what is necessary
to perform the job in the "real world." Instructional objectives, however, are used to identify
what students must do at the end of a training session and are stated in behavioral terms that are
measurable in the training environment.
By converting JPRs into instructional objectives, instructors will be able to clarify
performance expectations and avoid confusion related to using statements designed for purposes
other than teaching. Additionally, instructors will be able to add local/state/regional elements of
performance into the standards as intended by the developers.
Prerequisite knowledge and skills should be converted into enabling objectives. These help to
define the course content. The course content would include each of the prerequisite knowledge
and skills. Using the above examples, some enabling objectives could include types of
audio/visual signals, identifying basic operation, troubleshooting, and knowledge of telephones
and communication devices.
This ensures that the course content supports the terminal objective.
Note: It is assumed that the reader is familiar with curriculum development or training design
and evaluation.
Other Uses
While the professional qualifications standards are principally used to guide the development
of training and certification programs, there are a number of other potential uses for the
documents. Because the documents are written in JPR terms, they lend themselves well to any
area of the profession where a level of performance or expertise must be determined.
These areas might include:
Employee Evaluation/Performance Critiquing. The JPRs can be used as a guide by both the
supervisor and the employee during an evaluation. The JPRs for a specific job define tasks that
are essential to perform on the job as well as the evaluation criteria to measure when those tasks
are completed.
Establishing Hiring Criteria. The professional qualifications standards might be used in a
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number of ways to further the establishment of hiring criteria. The authority having jurisdiction
could simply require certification at a specific job level, e.g., Telecommunicator I. The JPRs
could also be used as the basis for pre-employment screening by establishing essential minimal
tasks and the related evaluation criteria. An added benefit is that individuals interested in
employment can work towards the minimal hiring criteria at local colleges.
Employee Development. The professional qualifications standards can be useful to both the
employee and the employer in developing a plan for the individual's growth within the
organization. The JPRs and the associated prerequisite skills and knowledge can be used as a
guide to determine additional training and education required for the employee to master his or
her job or profession.
Succession Planning. Succession planning or career pathing addresses the efficient placement
of people into jobs in response to current needs and anticipated future needs. A career
development path can be established for targeted individuals to prepare them for growth within
the organization. The JPRs and prerequisite knowledge and skills could then be used to develop
an educational path to aid in the individual's advancement within the organization or profession.
Establishing Organizational Policies, Procedures, and Goals. The JPRs can be incorporated
into organizational policies, procedures, and goals where employee performance is addressed.
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Committee Scope: This Committee shall have primary responsibility for documents on protection
against the fire and life hazards associated with the manufacture, transportation, and storage of
fireworks; fireworks used in outdoor displays; pyrotechnics used before a proximate audience; and
the construction, launching, and other operations that involve unmanned rockets, including the
manufacture of model rocket motors. This Committee shall not have responsibility for documents
on the use of fireworks by the general public, including sale, storage, or display of same.

Foreword
This code is intended to prohibit the making and launching of dangerous homemade “rocket
bombs” and to eliminate the tragic injuries and deaths that have occurred due to experiments
with explosive “rocket fuels,” homemade rocket motors, and unsafe launching mechanisms.
This code contains instructional guidelines and specific standards for the design, construction,
limitation of charge and power, and reliability of all rocket motors manufactured for sale to the
general public; for the design and construction of rockets propelled by these motors; and for the
performance of tests, launchings, and other operations involving such rockets in order to
minimize hazards.
The NFPA Technical Committee on Pyrotechnics believes that this code contains appropriate
measures to safeguard this popular and growing activity. Safe model rocket activities should not
be confused with the hazardous, uncontrolled operations of so-called basement bombers and
amateur rocketeers who attempt to make their own propellants, rocket motors, and large, metallic
rocket vehicles. Model rocket activities should be allowed within the specifications of this code
to guide our science-minded youth and citizens safely.
NFPA 1122
Code for
Model Rocketry
1994 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 6 and Appendix C.

Chapter 1 General Requirements
1-1 Scope.
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1-1.1
This code shall apply to the design, construction, limitation of propellant mass and power, and
reliability of model rocket motors, and model rocket motor reloading kits and their components,
produced commercially for sale to or use by the public for purposes of education, recreation, and
sporting competition.
1-1.2
This code also shall apply to the design and construction of model rockets propelled by model
rocket motors specified in 1-1.1.
1-1.3
This code also shall apply to the conduct of launch operations of model rockets specified in
1-1.2.
1-1.4
This code shall not apply to the design, construction, production, manufacture, fabrication,
maintenance, launching, flight, test, operation, or use of or any other activity in connection with
a rocket or rocket motor when carried out or engaged in by:
(a) The government of the United States of America;
(b) Any state or local government;
(c) Any individual, firm, partnership, joint venture, corporation, or other business entity
engaged as a licensed business in the research, development, production, testing, maintenance, or
supply of rockets, rocket motors, rocket propellant chemicals, or rocket components or parts; or
(d) Any college or university.
1-1.5
This code shall not apply to the design, construction, fabrication, maintenance, production,
manufacture, launching, flight, test, operation, or use of rocket-propelled model aircraft that
sustain their mass against the force of gravity by aerodynamic lifting surfaces that support the
aircraft during the entire duration of its flight in the air. However, this code shall apply to the
model rocket motors and their components that provide the propulsion for such model aircraft.
1-1.6
This code shall not apply to model or toy rockets propelled by pressurized liquid rocket motors
containing less than 250 ml (8.45 fl oz) of water.
1-1.7
This code shall not apply to fireworks rockets or pyrotechnic rockets as defined in NFPA
1123, Code for the Outdoor Display of Fireworks, NFPA 1124, Code for the Manufacture,
Transportation, and Storage of Fireworks, and NFPA 1126, Standard for the Use of
Pyrotechnics before a Proximate Audience, such as skyrockets, rockets with sticks, or other
types of rockets not covered by this code.
1-2 Purpose.
1-2.1
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The purpose of this code shall be to ensure the wide and easy availability of commercial model
rocket motors and components that meet standards of safety and reliability, thereby ensuring that
the creative and experimental urges of the public regarding model rocket devices have
reasonably safe outlets.
1-2.2
The purpose of this code also shall be to discourage the making and launching of homemade
rockets and other rocket-like vehicles propelled or intended to be propelled by homemade rocket
propulsion devices.
1-2.3
The purpose of this code also shall be to discourage experiments with explosive or highly
energetic rocket propellants, construction of homemade rocket propulsion motors, and attempted
launchings or operations of these homemade rocket devices, thereby minimizing tragic deaths
and injuries.
1-3 Definitions.
For the purposes of this code, the following terms shall be defined as specified in this section.
Aero Model. A miniature, unmanned flying device that includes the category of model rocket,
as defined in this section.
Approved. Acceptable to the authority having jurisdiction.
NOTE: The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations, procedures, equipment, or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure, or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations that is in a
position to determine compliance with appropriate standards for the current production of listed items.

Authority Having Jurisdiction. The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner, since
jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is primary, the
authority having jurisdiction may be a federal, state, local, or other regional department or individual such as a
fire chief; fire marshal; chief of a fire prevention bureau, labor department, or health department; building
official; electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the authority having
jurisdiction. In many circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or departmental official may
be the authority having jurisdiction.

Cold Propellant Model Rocket Motor. A model rocket motor that produces force or thrust by a
change of state of its propellant, i.e., not by a process involving combustion.
Commercial Manufacturer. Any individual, firm, partnership, joint venture, corporation, or
other business entity engaged as a licensed business in research, development, production,
preparation, testing, maintenance, or supply of model rockets, model rocket motors, model
rocket propellant chemicals, model rocket propellant, delay or ejection modules, or model rocket
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components or parts.
Hybrid Model Rocket Motor. A model rocket motor in which the fuel exists in a different
physical state (solid, liquid, or gaseous) than the oxidizer and that derives its force or thrust from
the combination thereof.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Liquid Propellant Model Rocket Motor. A model rocket motor that contains a fuel and an
oxidizer in liquid form or in a combined monopropellant liquid form as a single chemical and
that derives its force or thrust from the combustion thereof.
Listed. Equipment or materials included in a list published by an organization acceptable to the
authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The authority having
jurisdiction should utilize the system employed by the listing organization to identify a listed product.

Model Rocket. A model rocket is a rocket that is propelled by a model rocket motor. It has
structural parts made of paper, wood, or breakable plastic; it has a means for its return to the
ground so it can be flown again; and its primary use is for purposes of education, recreation, and
sporting competition. A model rocket motor as defined shall be permitted to be made of metal.
Model Rocket Engine. (See definition of Model Rocket Motor.)
Model Rocket Motor. A solid propellant or pressurized liquid rocket motor that conforms to
the standards for model rocket motors as set forth in this code. Where the term model rocket
motor is used in this code, it includes both assembled reloadable model rocket motors and
manufactured expendable model rocket motors.
Model Rocket Vehicle. (See definition of Model Rocket.)
Module. A pyrotechnic component of a reloadable model rocket motor in which its chemical
composition is cast into a finished assembly to avoid the measuring or mixing of ingredients or
the handling of raw pyrotechnic materials by the user.
Motor Reloading Kit. A package designed and produced by a commercial manufacturer that
contains all the components and parts necessary to reload and re-use a nonexpendable model
rocket motor casing specifically designed and manufactured for use with such components and
parts. These components and parts normally include a propellant module(s), a new model rocket
motor nozzle, new insulation components, prepackaged delay and ejection modules, an electrical
igniter, and the parts necessary to seal the casing during operation.
Pressurized Liquid Model Rocket Motor. A model rocket motor that derives its force or thrust
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from a liquid expelled from the model rocket motor by pressurized gas and that involves no
combustion or change of state.
Production Lot. A quantity of solid propellant model rocket motors, motor casings, or motor
reloading kits produced during a single work shift on the same manufacturing device, using the
same batch of pyrotechnic material.
Propellant. The material(s) utilized in a model rocket motor that produces thrust by the
discharge of a working fluid generated by combustion, decomposition, change of state, or other
operation of such material contained, carried, or stored within the model rocket motor.
Reloadable Rocket Motor. A model rocket motor that has been designed and manufactured so
that the user can load, reload, and re-use the pressure-containing body or casing using the parts
and components of a motor reloading kit specifically designed, manufactured, and intended for
use with that model rocket motor casing by the manufacturer.
Rocket. A device that ascends into the air without the use of aerodynamic lifting forces acting
against gravity and that is propelled by a rocket motor.
Rocket Engine. (See definition of Rocket Motor.)
Rocket Motor. A device, or combination of devices, that provides the necessary force or thrust
to cause a rocket to move. The force or thrust shall be created by the discharge of gas generated
by combustion, decomposition, change of state, or other operation of materials contained,
carried, or stored solely within the rocket motor or rocket and not dependent upon the outside
environment for reaction mass.
Rocket Vehicle. (See definition of Rocket.)
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Skyrocket or Rockets with Sticks. Fireworks rockets not intended for re-use that meet the
definition of “skyrocket” or “missile-type rocket” in the Hazardous Materials Regulations of the
U.S. Department of Transportation. Fireworks rockets approved for transportation by DOT
normally are classed as Fireworks UN 0335, Explosive 1.3G (formerly Class B Explosive,
Special Fireworks) or Fireworks UN 0336, Explosive 1.4G (formerly Class C Explosive,
Common Fireworks), depending on the quantity of pyrotechnic composition contained in the
rocket. Skyrockets use a wooden stick for flight guidance and stability, while missile-type
rockets use fins.
NOTE: See Code of Federal Regulations, Title 49, Part 173.

Solid Propellant Model Rocket Motor. A model rocket motor containing a fuel and an oxidizer
in solid form and deriving its force or thrust from the combustion thereof.
Steam Model Rocket Motor. A model rocket motor that produces its force or thrust by means
of steam carried or stored within the model rocket motor or model rocket vehicle or produced in
the model rocket motor or model rocket vehicle by the heating of water therein.
Structural Parts. The load-bearing parts of a model rocket; specifically, the nose cone, body
tube, and fins.
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Thrust Augmenter. A device that increases the force or motive power of a model rocket motor
by imparting a portion of the momentum of the model rocket motor’s exhaust jet to the
surrounding environmental medium and that is considered to be part of a model rocket motor
when and where used.
Chapter 2 Requirements for Model Rocket Construction and Operation
2-1* Model Rocket Operations.
A model rocket shall comply at all times with the requirements of construction and operation
as set forth in United States Code, Title 49, Section 1348, “Airspace Control and Facilities,” 72
Statute 749, Section 307, Federal Aviation Act of 1958, covering Federal Aviation
Administration Regulations, from Code of Federal Regulations, Title 14, Chapter 1, Subchapter
F, Part 101, Paragraph 101.1 (a)(3)(ii)(a) through (d) or later revisions or amendments thereto.
2-2 Model Rocket Materials.
A model rocket’s structural parts, including the body, nose cone, and fins, shall be made of
paper, wood, or plastic and shall contain no substantial metal parts. A model rocket motor shall
be assembled with all pyrotechnic ingredients preloaded into a cylindrical paper or similarly
constructed nonmetallic tube that will not fragment into sharp, hard pieces.
Exception: A model rocket motor casing shall be permitted to be metallic and reloadable as
specified in this code and if specifically allowed by federal agencies.
2-3* Model Rocket Recovery.
A model rocket shall have a means for returning it to the ground so it can be flown again (e.g.,
a parachute). All recovery wadding used in a model rocket shall be flame resistant.
2-4 Model Rocket Maximum Weights.
A model rocket shall weigh no more than 453 gm (16 oz) at lift-off, and its motor(s) shall
produce an installed total impulse of no more than 320 Newton-seconds (71.9 pound-seconds).
Exception: A model rocket weighing in excess of 453 gm (16 oz) but no more than 1500 gm (53
oz) shall be permitted if the Federal Aviation Administration notice and waiver requirements are
met.
NOTE: See Federal Aviation Administration Regulations, from Code of Federal Regulations, Title 14,
Chapter 1, Subchapter F, Part 101.

2-5 Model Rocket Weights.
A model rocket shall weigh no more than the motor manufacturer’s recommended maximum
lift-off weight for the motors used or shall use motors recommended by the kit manufacturer.
2-6 Model Rocket Payloads
A model rocket shall not carry a payload that is intended to be flammable, explosive, or
harmful to persons or property. A model rocket shall not be launched on a flight path aimed at a
target.
2-7 Model Rocket Launch Site.
A model rocket shall be launched outdoors in a cleared area, free of tall trees, power lines,
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buildings, and dry brush and grass.
2-8 Model Rocket Launch Site Size.
The launch site shall be at least as large as specified in Table 2-8.
Table 2-8 Launch Site Dimensions
Installed Total Impulse
(N-sec)

Equivalent
Motor Type

Minimum Site
(ft)

Dimensions
(m)

1/ A and 1/ A
4
2

50

15.2

1.26 - 2.50

A

100

30.5

2.51 - 5.00

B

200

61.0

5.01 - 10.00

C

400

122.0

10.01 - 20.00

D

500

152.4

20.01 - 40.00

E

1000

304.8

40.01 - 80.00

F

1000

304.8

80.01 - 160.001,2

2F (or 1G)

1000

304.8

160.01 - 320.002

4F (or 2G)

1500

457.2

0 - 1.25

1See Exception No. 1.
2See Exception No. 2.
NOTE: For a circular area, the minimum launch site dimension is the diameter in feet; for a rectangular
area, it is the shortest side in feet.

Exception No. 1: A model rocket with an installed total propellant weight exceeding 113.4 gm (4
oz) shall comply with the additional operating requirements as set forth in the Federal Aviation
Administration Regulations, from Code of Federal Regulations, Title 14, Chapter 1, Subchapter
F, Part 101.
Exception No. 2: “G” motors with an installed total impulse of more than 80 Newton-seconds to
160 Newton-seconds shall be permitted to be used if specifically allowed by federal agencies.
2-9 Model Rocket Launchers.
A model rocket shall be launched from a stable launch device that provides rigid guidance
until it has reached a speed adequate to ensure a safe flight path.
2-10 Model Rocket Launcher Eye Safety.
To prevent accidental eye injury, the launcher shall be placed so the end of the rod is above
eye level, or the end shall be capped when approaching it. The launch rod shall be capped or
disassembled when not in use and shall not be stored in an upright position.
2-11 Model Rocket Launch Safety.
The launcher shall have a blast deflector device to prevent the motor exhaust from hitting the
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ground directly. The area around a launch device shall be cleared of brown grass, dry weeds, or
other easy-to-burn materials.
2-12 Model Rocket Ignition System.
The system used to launch a model rocket shall be remotely controlled and electrically
operated. It shall have a launching switch that will return to “off” when released. The system
shall be equipped with a removable safety interlock in series with the launch switch.
2-13 Spectator Distances.
All persons shall remain at least 15 ft (4.6 m) from the model rocket when igniting model
rocket motors with an installed total impulse of 30 Newton-seconds or less, and at least 30 ft (9.1
m) from the model rocket when igniting model rocket motors with an installed total impulse of
more than 30 Newton-seconds.
2-14 Spectator Notification.
All people in the launch area shall be made aware of the pending model rocket launch. An
audible 5-second countdown shall take place.
2-15 Model Rocket Misfires.
If a model rocket misfires, no person shall approach the launcher until one minute has elapsed
and the safety interlock has been removed or the battery has been disconnected from the ignition
system.
2-16 Model Rocket Launch Weather.
A model rocket shall not be launched in a wind of more than 20 mph (32 km/hr) or into a
cloud or near an aircraft in flight.
2-17 Model Rocket Launch Angle.
The launch device shall be pointed within 30 degrees of vertical.
2-18 Model Rocket Retrieval Safety.
A model rocket shall not be retrieved if it becomes entangled in a power line or other
dangerous place.
Chapter 3 Requirements for Model Rocket Motors and Components
3-1 Solid Propellant Model Rocket Motors and Components.
3-1.1*
A solid propellant model rocket motor, motor reloading kit, or component shall be a device
produced by a commercial manufacturer.
3-1.1.1 Expendable Model Rocket Motor.
3-1.1.1.1 An expendable (nonreloadable) model rocket motor shall have all of the propellant
preloaded into the motor casing in such a manner that the propellant cannot be removed without
destroying the motor.
3-1.1.1.2 Delay trains and ejection charges shall be permitted to be included as an integral part of
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the motor or shall be permitted to be preloaded and packaged separately if:
(a) The auxiliary package is a single preassembled unit containing all of the remaining
combustible material; and
(b) The auxiliary package is designed so that an individual shall have no difficulty handling
and using it safely.
3-1.1.2 Reloadable Model Rocket Motor.
3-1.1.2.1 Propellant modules packaged in motor reloading kits for reloadable model rocket
motors having a total impulse equal to or greater than 30 Newton-seconds shall be shipped and
stored in an insulating sleeve having a low thermal conductivity and of equal or greater length
than the propellant module and having a thickness of not less than 0.030 in. (0.08 cm).
3-1.1.2.2 Propellant modules packaged in motor reloading kits for reloadable model rocket
motors having a total impulse of less than 30 Newton-seconds shall be limited to a maximum of
three modules per package.
3-1.1.2.3 Ejection charges shall be packaged in such a manner that any flame from ignition of a
charge will have a low probability of cross-propagation to other ejection charges.
3-1.2
A solid propellant model rocket motor casing shall be made so that the temperature of the
external surface of the model rocket motor casing cannot exceed 392°F (200°C) during or after
operation.
3-1.3
A solid propellant model rocket motor casing shall be designed so that, if it ruptures, it will not
project any casing fragments beyond a radial distance of 10 ft (3 m) for motors of less than 30
Newton-seconds total impulse, or 20 ft (6 m) for motors equal to or greater than 30
Newton-seconds. Metal casings, if used, shall be designed and constructed so that their primary
failure mode shall be along the longitudinal axis of the motor.
3-1.4
A solid propellant model rocket motor or motor reloading kit shall be designed and constructed
to be incapable of spontaneous ignition in air, in water, or as a result of physical shocks, jarring,
impacts, or motion under conditions that would reasonably be expected to occur during
shipment, storage, and use, or when subjected to a temperature of 176°F (80°C) or less.
3-1.5*
A solid propellant model rocket motor shall contain no more than 62.5 gm (2.2 oz) of
propellant materials and shall produce a total impulse not in excess of 80 Newton-seconds as set
forth in Code of Federal Regulations, Title 16, Part 1500.85(a)(8)(ii). A model rocket motor
shall produce an average thrust of 80 Newtons or less when tested by an organization acceptable
to the authority having jurisdiction.
Exception: A total impulse not in excess of 160 Newton-seconds shall be permitted if specifically
allowed by federal agencies.
3-1.6
A manufacturer of solid propellant model rocket motors or motor reloading kits shall subject a
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random sample of 1 percent of each motor or motor reloading kit production lot to a static test
that shall measure and record the assembled model rocket motor’s total impulse, delay time, and
action of ejection charge for each item, as included.
Production lots shall be corrected, destroyed, or retested by the manufacturer under any of the
following conditions:
(a) The total impulse of any test item varies more than 20 percent from the established mean
total impulse value of the model rocket motor or reloading kit type;
(b) The time delay of any test item varies more than 20 percent from the established mean time
delay value of the model rocket motor or motor reloading kit type; but in no case shall this
variation exceed 3 seconds;
(c) The ejection charge, if any, of any test item does not function properly;
(d) Any test item malfunctions in any other manner that affects the safety of its shipment,
storage, handling, or use. Static tests shall be conducted with the test items at ambient
temperature.
For a retest, a manufacturer shall test a minimum additional 2 percent of the production lot in
question. If any additional test item displays any of the conditions of 3-1.6(a) through (d), the
entire production lot shall be corrected or destroyed by the manufacturer.
3-1.7
The performance of a solid propellant model rocket motor or motor reloading kit that deviates
from the sample test criteria and limits detailed in 3-1.6 within 5 years from the date of
manufacture shall be withdrawn from commercial sale and redesigned to provide reliable
operation when ignited within a period of 5 years from the date of manufacture.
3-1.8
A solid propellant model rocket motor or motor reloading kit shall be shipped and stored with
no ignition element installed that can be activated by an open flame at a temperature of less than
302°F (150°C), or by incident radio frequency radiation normally encountered in shipping,
storage, handling, or use.
3-1.9
No manufacturer, distributor, or other person shall sell, offer to sell, expose for sale, or
otherwise make available to the public any type of model rocket motor ignition device that is
intended to be initiated by a hand-held flame.
3-1.10
A solid propellant model rocket motor, motor reloading kit, or component shall be shipped and
sold with complete instructions for its storage, handling, and use. These instructions shall
contain a warning to read and follow all instructions carefully and to use the model rocket motor
only in accordance with the instructions. In addition, the instructions shall contain the following
information:
(a) Instructions that specify how to ignite the model rocket motor safely by electrical means;
(b) Performance data on the model rocket motor or motor reloading kit type that include
propellant weight, total impulse, average thrust, time delay, and representative thrust—time
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curve;
(c) Any special first aid data or action to be taken in the event of burns or oral ingestion of the
propellant;
(d) Proper and safe disposal of the model rocket motor, or pyrotechnic components of a motor
reloading kit, if it has become too old, has been subjected to conditions that might impair its
performance, or, in the opinion of the user, possibly has become unsafe;
(e) Any special action that shall be taken to fight any fire in which stored model rocket motors,
or motor reloading kits, might be involved.
3-1.11
A model rocket motor or module shall have imprinted on its external surface, casing, or label a
recognized code indicating the nominal performance parameters — e.g., “C6-5” (for a model
rocket motor having a total impulse of 5.01 to 10.0 Newton-seconds, an average thrust of 6
Newtons, and a time delay of 5 seconds) or “5-second time delay module” (for a time delay
module having a time delay of 5 seconds) - and the date of manufacture or equivalent coding.
3-2 Pressurized Liquid Model Rocket Motors.
3-2.1
A pressurized liquid model rocket motor shall be sold as a completely prefabricated,
assembled device ready for the user to fill, pressurize, and use.
3-2.2
A pressurized liquid model rocket motor shall use water in the liquid state or other nontoxic
liquid as a propellant or reaction mass.
3-2.3
A pressurized liquid model rocket motor shall be designed for an internal working pressure not
greater than 7 atmospheres gauge (103 psig or 710 kPa) and shall be equipped with a
nonadjustable, nonremovable safety valve or pressure release means that will operate when the
internal pressure exceeds 10 atmospheres gauge (147 psig or 1014 kPa). The pressurized liquid
model rocket motor casing shall be designed and constructed to possess a minimum burst
pressure of 20 atmospheres gauge (294 psig or 2027 kPa).
3-2.4
A pressurized liquid model rocket motor shall be shipped and stored with no propellant
material inside it and vented to atmospheric pressure.
3-2.5
The pressure used by a pressurized liquid model rocket motor shall be either generated or
produced by a pressure source such as a pump outside the model rocket motor or generated by
the noncombustible chemical reaction of chemicals within the model rocket motor or model
rocket vehicle.
3-2.6
Materials used in the construction or fabrication of a pressurized liquid model rocket motor
shall be nonmetallic.
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Chapter 4 Testing and Certification
4-1* Certification of Model Rocket Motors, Motor Reloading Kits, and Components.
Model rocket motor, motor reloading kit, and component(s) types offered for sale, exposed for
sale, sold, used, or made available to the public shall be examined and tested by the authority
having jurisdiction to determine whether they comply with the standards and requirements
detailed in Chapter 3. The authority having jurisdiction shall certify as acceptable for sale and
use those products that do comply. At the discretion of the authority having jurisdiction, such
examination, testing, and certification shall be permitted to be carried out by an approved testing
laboratory or an organization acceptable to the authority having jurisdiction.
4-2 Listing of Certified Model Rocket Motors and Motor Reloading Kits.
The authority having jurisdiction shall maintain a current and complete list of all those model
rocket motor and motor reloading kit types that are certified as complying with the standards and
requirements detailed in Chapter 3 and shall make copies of this list available to citizens and
public safety officials who request it.
Chapter 5 Prohibited Activities and Permit Requirements
5-1 Prohibited Activities.
The following activities shall be prohibited by this code:
(a) The use of model rocket motors, motor reloading kits, or components for the primary
purpose of producing a spectacular display of color, light, sound, or any combination thereof;
Exception: This shall not be construed as prohibiting the public demonstration of model rockets
as defined herein and as certified according to these requirements.
(b) The use of a model rocket or model rocket motor, motor reloading kit, or component as a
weapon against a target;
(c) The use of a model rocket motor, motor reloading kit, or component contrary to the
instructions for its use and contrary to the provisions of Federal Aviation Administration
Regulations, from Code of Federal Regulations, Title 14, Chapter 1, Subchapter F, Part 101,
Paragraph 101.1(a)(3)(ii);
(d) Tampering with any model rocket motor or motor reloading kit or component in any
manner or to any degree that is contrary to the purpose for which the model rocket motor, motor
reloading kit, or component is designed and intended to be used;
(e) The sale or transfer to the general public, not otherwise exempted in 1-1.4, of any model
rocket motor, motor reloading kit, or component that has not been certified in accordance with
Chapter 4;
(f) The operation, discharge, or activation of a model rocket motor contrary to the provisions
of Federal Aviation Administration Regulations;
(g) The manufacture, production, fabrication, making, operation, maintenance, launch, flight,
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test, activation, discharge, or other experimentation with model rockets, model rocket motors,
motor reloading kits, or components that have not been certified in accordance with the
provisions of Chapter 4 including, but not limited to, cold propellant model rocket motors,
hybrid model rocket motors, liquid propellant model rocket motors, steam model rocket motors,
and model rocket propellant chemicals for solid, liquid, and hybrid model rocket motors,
including monopropellants;
(h) The sale, offer for sale, exposure for sale, making, or use of fuse, wick, or other ignition
devices intended to be activated by a hand-held flame for the purpose of starting or igniting a
model rocket motor;
(i) Affixing to a model rocket motor, motor reloading kit, or component a statement of
compliance with the regulations or statement of certification required by Chapter 4, or exhibiting
statements in writing in advertising or on packaging that certification in accordance with Chapter
4 has been obtained, when such certification has not been obtained, has been withdrawn, or has
been denied;
(j) Reloading any expendable solid propellant model rocket motor with any material after that
motor has been operated;
(k) Reloading, refilling, or pressurizing any model rocket motor with any material or by any
means not specifically provided or recommended by the manufacturer.
5-2 User Permits.
A permit shall be required for the storage by a user of more than 220 lb (100 kg) of solid
propellant model rocket motors, motor reloading kits, or components. No other permit shall be
required of a user (e.g., possession, use, purchase, transportation, or sale of model rocket motors,
motor reloading kits, or components).
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this code and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
6-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1123, Code for the Outdoor Display of Fireworks, 1990 edition.
NFPA 1124, Code for the Manufacture, Transportation, and Storage of Fireworks, 1988
edition.
NFPA 1126, Standard for the Use of Pyrotechnics before a Proximate Audience, 1992 edition.
6-1.2 Other Publications.
6-1.2.1 NAR Publication. National Association of Rocketry, P.O. Box 177, Altoona, WI 54720.
Model Rocket Safety Code of the National Association of Rocketry - Hobby Industry
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Association of America, 1991.
6-1.2.2 U.S. Government Publications. Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402.
Code of Federal Regulations, Title 16, Part 1500.85(a)(8)(ii).
Code of Federal Regulations, Title 27, Part 55.
Code of Federal Regulations, Title 49, Parts 100-end.
Federal Aviation Administration Regulations, from Code of Federal Regulations, Title 14,
Chapter 1, Subchapter F, Part 101, Paragraph 101.1(a)(3)(ii)(a) through (d) or revisions or
amendments thereto.
United States Code, Title 49, Section 1348, “Airspace Control and Facilities,” 72 Statute 749,
Section 307.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document, but is included for
informational purposes only.
A-2-1
Excerpt from United States Code, Title 49, Section 1348, “Airspace Control and Facilities,” 72
Statute 749, Section 307, Federal Aviation Act of 1958, covering Federal Aviation
Administration Regulations, Part 101, Subpart A, Paragraph 101.1(a)(3)(ii):
The Part prescribes rules governing the operation in the United States of the following:...
(3) Any unmanned rocket except...
(ii) Model rockets
(a) Using not more than four ounces of propellant;
(b) Using a slow-burning propellant;
(c) Made of paper, wood, or breakable plastic, containing no substantial metal parts, and
weighing not more than 16 ounces, including the propellant; and
(d) Operated in a manner that does not create a hazard to persons, property, or other aircraft.
A-2-3 Launch Times.
Models should be launched only during hours of daylight.
A-3-1.1
See Code of Federal Regulations, Title 16, Part 1500.83(a)(36), for additional labeling
requirements for model rocket motors.
A-3-1.5
A recognized testing organization includes, but is not limited to, the National Association of
Rocketry or its successor organization.
A-4-1
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Model rocket motors other than preloaded, expendable types should be sold only to persons
age 16 or older. A nationally recognized testing organization includes, but is not limited to, the
National Association of Rocketry or its successor organization.
Appendix B
This Appendix is not a part of the requirements of this NFPA document, but is included for
informational purposes only.
NOTE: Appendix B is an extract from the Model Rocket Safety Code of the National Association of Rocketry.

B-1 Model Rocket Safety Code of the National Association of Rocketry.
1. Materials. My model rocket will be made of lightweight materials such as paper, wood,
rubber, and plastic suitable for the power used and the performance of my model rocket. I will
not use any metal for the nose cone, body, or fins of a model rocket.
2. Motors. I will use only commercially-made NAR certified model rocket motors in the
manner recommended by the manufacturer. I will not alter the model rocket motor (engine), its
parts, or its ingredients in any way.
3. Recovery. I will always use a recovery system in my model rocket that will return it safely
to the ground so it may be flown again. I will use only flame resistant recovery wadding if
wadding is required by the design of my model rocket.
4. Weight and Power Limits. My model rocket will weigh no more than 1,500 grams (53
ounces) at liftoff and its rocket motor(s) will produce no more than 320 Newton-seconds (4.45
Newtons equals 1.0 pound) of total impulse. My model rocket will weigh no more than the
motor manufacturer’s recommended maximum liftoff weight for the motors used, or I will use
motors recommended by the manufacturer for my model rocket.
5. Stability. I will check the stability of my model rocket before its first flight, except when
launching a model rocket of already proven stability.
6. Payloads. Except insects, my model rocket will never carry live animals or a payload that is
intended to be flammable, explosive, or harmful.
7. Launch Site. I will launch my model rocket outdoors in a cleared area, free of tall trees,
power lines, buildings, and dry brush and grass. My launch site will be at least as large as that
recommended in the Launch Site Dimensions table.
LAUNCH SITE DIMENSIONS
Installed Total
Impulse
(Newton-seconds)

Equivalent Motor
Type

Minimum Site
Dimensions (feet)

1/ A & 1/ A
4
2

50

1.26 - 2.50

A

100

2.51 - 5.00

B

200

5.01 - 10.00

C

400

0 - 1.25
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10.01 - 20.00

D

500

20.01 - 40.00

E

1000

40.01 - 80.00

F

1000

80.01 - 160.00

G

1000

160.01 - 321.00

2Gs

1500

8. Launcher. I will launch my model rocket from a stable launch device that provides rigid
guidance until the model rocket has reached a speed adequate to ensure a safe flight path. To
prevent accidental eye injury, I will always place the launcher so the end of the rod is above eye
level or I will cap the end of the rod when approaching it. I will cap or disassemble my launch
rod when not in use and I will never store it in an upright position. My launcher will have a jet
deflector device to prevent the motor exhaust from hitting the ground directly. I will always clear
the area around my launch device of brown grass, dry weeds, or other easy-to-burn materials.
9. Ignition Systems. The system I use to launch my model rocket will be remotely controlled
and electrically operated. It will contain a launching switch that will return to “off” when
released. The system will contain a removable safety interlock in series with the launch switch.
All persons will remain at least 15 feet from the model rocket when I am igniting model rocket
motors totalling 30 Newton-seconds or less of total impulse and at least 30 feet from the model
rocket when I am igniting model rocket motors totalling more than 30 Newton-seconds of total
impulse. I will use only electrical igniters recommended by the motor manufacturer that will
ignite model rocket motor(s) within one second of actuation of the launching switch.
10. Launch Safety. I will ensure that people in the launch area are aware of the pending model
rocket launch and can see the model rocket’s liftoff before I begin my audible five-second
countdown. I will not launch a model rocket so its flight path will carry it against a target. If my
model rocket suffers a misfire, I will not allow anyone to approach it or the launcher until I have
made certain that the safety interlock has been removed or that the battery has been disconnected
from the ignition system. I will wait one minute after a misfire before allowing anyone to
approach the launcher.
11. Flying Conditions. I will launch my model rocket only when the wind is no more than 20
miles per hour. I will not launch my model rocket so it flies into clouds, near aircraft in flight, or
in a manner that is hazardous to people or property.
12. Pre-launch Test. When conducting research activities with unproven model rocket designs
or methods I will, when possible, determine the reliability of my model rocket by pre-launch
tests. I will conduct the launching of an unproven design in complete isolation from persons not
participating in the actual launching.
13. Launch Angle. My launch device will be pointed within 30 degrees of vertical. I will never
use model rocket motors to propel any device horizontally.
14. Recovery Hazards. If a model rocket becomes entangled in a power line or other dangerous
place, I will not attempt to retrieve it.
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Appendix C Referenced Publications
C-1
The following documents or portions thereof are referenced within this code for informational
purposes only and thus are not considered part of the requirements of this document. The edition
indicated for each reference is the current edition as of the date of the NFPA issuance of this
document.
C-1.1 NAR Publication.
National Association of Rocketry, P.O. Box 177, Altoona, WI 54720.
Model Rocket Safety Code of the National Association of Rocketry - Hobby Industry
Association of America, 1991.
C-1.2 U.S. Government Publications.
Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402.
Code of Federal Regulations, Title 16, Part 1500.83(a)(36).
Code of Federal Regulations, Title 49, Part 173.
Federal Aviation Administration Regulations, from Code of Federal Regulations, Title 14,
Chapter 1, Subchapter F, Part 101, Paragraph 101.1(a)(3)(ii).
United States Code, Title 49, Section 1348, “Airspace Control and Facilities,” 72 Statute 749,
Section 307.
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1995.
Changes other than editorial are indicated by a vertical rule in the margin of the pages on
which they appear. These lines are included as an aid to the user in identifying changes from the
previous edition.
Origin and Development of NFPA 1123
The development of NFPA 1123 began in 1975 with the submission to the Technical
Committee on Pyrotechnics of a proposed standard drafted by the American Pyrotechnics
Association. The proposed standard was redrafted and was officially adopted by the National
Fire Protection Association at its 1978 Fall Meeting. The 1978 edition was amended in 1980,
and the amended version was adopted by the Association at its 1981 Fall Meeting.
In the 1990 edition of NFPA 1123, the committee initiated a complete revision of the
document that incorporates a good deal of additional detail on the operation of outdoor fireworks
displays, including enhancements in the safe conduct of outdoor fireworks displays by increasing
the audience separation distances. The committee also addressed the new technology of
electrically firing outdoor displays of fireworks. Generally, the committee provided performance
requirements rather than supply specific prescriptions for meeting those requirements.
The 1995 edition of NFPA 1123 represents partial amendments to the document and includes
editorial revisions to improve its ability to be used, adopted, and enforced and to make it
conform with the NFPA Manual of Style. The Committee has updated the definitions used for
fireworks to be consistent with the terminology used in the U.S. Department of Transportation
regulations that incorporated the United Nations shipping designations for fireworks (explosives)
including the marking of aerial shells.
For this edition, a new chapter containing requirements for electrically firing fireworks
displays has been incorporated and the provisions for manually firing large diameter aerial shells
has been refined. In addition, a new glossary of fireworks terms was added to the appendix of the
document.
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edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on protection
against the fire and life hazards associated with the manufacture, transportation, and storage of
fireworks; fireworks used in outdoor displays; pyrotechnics used before a proximate audience; and
the construction, launching, and other operations that involve unmanned rockets, including the
manufacture of model rocket motors. This Committee shall not have responsibility for documents
on the use of fireworks by the general public.

NFPA 1123
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Fireworks Display
1995 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 7 and Appendix G.

Chapter 1 General
1-1 Scope.
1-1.1
This code shall apply to the construction, handling, and use of fireworks intended solely for
outdoor fireworks display. It also shall apply to the general conduct and operation of the display.
(See definition of Fireworks Display.)
1-1.2
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This code shall not apply to the manufacture, transportation, or storage of fireworks at a
manufacturing facility. Similarly, this code shall not apply to the testing of fireworks under the
direction of its manufacturer, provided permission for such testing has been obtained from the
authority having jurisdiction, which shall be in accordance with NFPA 1124, Code for the
Manufacture, Transportation, and Storage of Fireworks.
1-1.3
This code shall not apply to the use of consumer fireworks by the general public.
1-1.4
This code shall not apply to the transportation, handling, or use of fireworks by the armed
forces of the United States.
1-1.5
This code shall not apply to the transportation, handling, or use of industrial pyrotechnic
devices or fireworks, such as railroad torpedoes, fusees, automotive, aeronautical, and marine
flares and smoke signals.
1-1.6
This code shall not apply to the use of pyrotechnic devices or materials in the performing arts
at distances less than those specified in this code and used in conformance with NFPA 1126,
Standard for the Use of Pyrotechnics before a Proximate Audience.
1-1.7
This code shall not apply to the sale and use of model rockets, model rocket motors, motor
reloading kits, pyrotechnic modules, or components used in conformance with NFPA 1122,
Code for Model Rocketry, or other propulsion devices as classified by the U.S. Department of
Transportation as Rocket motors (UN0186), or Cartridges, power device (UN0275).
1-1.8
This code shall not apply to the use of explosives, firearms, or flammable special effects used
in motion pictures, television, or other entertainment industries.
1-2 Purpose.
1-2.1
The purpose of this code is to provide requirements for the reasonably safe conduct of outdoor
fireworks displays.
1-2.2
The purpose of this code also is to provide recommended local permit regulations. (See
Appendix C.)
1-2.3
The purpose of this code also is to provide recommended regulations for state certification of
display operators. (See Appendix D.)
1-3 Equivalency.
This code is not intended to prevent the use of systems, methods, or devices that provide
protection equivalent to the provisions of this code, provided equivalency can be demonstrated to
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the authority having jurisdiction.
1-4 Definitions.
For the purpose of this code, the terms below shall be defined as follows:
Aerial Shell. Usually a cylindrical or spherical cartridge containing pyrotechnic composition, a
long fuse or electric match wires, and a black powder lift charge. The shells are most commonly
3 in. to 6 in. (76 mm to 152 mm) outside diameter and are fired from mortars. Upon firing, the
fuse and lift charge are consumed.
Approved.* Acceptable to the authority having jurisdiction.
Assistant. A person who works under the direction of the operator to put on an outdoor
fireworks display. The duties of an assistant include tasks such as loading mortars, spotting the
bursting location of aerial shells, tending a ready box, setting up and cleaning the discharge site,
and igniting fireworks.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Barrage. A rapidly fired sequence of aerial fireworks. Mortars are loaded prior to the display,
and the aerial shells are chain fused to fire in rapid sequence.
Battery. A collection of fireworks devices, such as a group of mortars (finale battery) or a
bundle of roman candles (candle battery), fused together in such a manner that they are fired
within a short period of time. This term is not to be confused with an electrical battery used to
provide a source of current.
Black Match. A fuse made from string that is impregnated with black powder and used for
igniting pyrotechnic devices.
Break. An individual burst from an aerial shell, generally either producing a visual effect
(stars) or noise (salute). Aerial shells can be either single-break (having only one burst) or
multi-break (having two or more bursts).
Chain Fusing. A series of two or more aerial shells fused to fire in sequence from a single
ignition. Finales and barrages typically are chain fused.
Code.* A standard that is an extensive compilation of provisions on a broad subject matter or
that is suitable for adoption into law independently of other codes and standards.
Comet. A fireworks device consisting of a large pellet of pyrotechnic composition that is
ignited and propelled from a mortar tube by a charge of black powder. Comets frequently leave a
trail of sparks as they rise in the air, and they sometimes burst into smaller fragments at their
zenith.
Discharge Site. The area immediately surrounding the fireworks mortars used for an outdoor
fireworks display.
Display Site. The immediate area where a fireworks display is conducted. This includes the
discharge site, the fallout area, and the required separation distance from mortars to spectator
viewing areas. The display site does not include spectator viewing areas or vehicle parking areas.
Electrical Firing Junction. A box or slat, connected by wire or cable to the firing unit, that
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contains electrical connectors that are intended to be attached to electric matches.
Electrical Firing Unit. A device that provides and controls the electric current used to ignite
fireworks during an outdoor display. A firing unit normally has switches to control the routing of
the current to the devices to be used during the display and also might contain test circuits and
warning indicators. Units can be manual, automatic, or hand-held.
Automatic Electrical Firing Unit. A panel or box that operates automatically to provide the
source of electric current used to ignite electric matches. The unit is attached by wires or cables
to junctions that are connected to the electric matches, which, in turn, are attached to fireworks
devices. Automatic units often are operated by magnetic tape or by computer.
Hand-Held Electrical Firing Unit. A small, hand-held unit with manually operated switches
that control the flow of electric current to electric matches attached to fireworks devices. The
unit is connected directly to the electric matches by means of wires.
Manual Electrical Firing Unit. A panel or box with manually operated switches that control
the flow of electric current to electric matches attached to fireworks devices. The unit contains
wires or cables that are attached to junctions that are, in turn, connected to the electric matches.
Electrical Ignition. A technique used to ignite fireworks using a source of electric current.
Typically, electric matches are attached to or inserted into fireworks devices prior to the display
and are connected to wires leading back to an electrical firing unit. During the display, the
operator or an assistant controls the ignition of the fireworks using the electrical firing unit.
Electric Match. A device consisting of wires terminating at a relatively high-resistance element
surrounded by a small quantity of heat-sensitive pyrotechnic composition. When a sufficient
electric current is passed through the wire circuit, the heat that is generated ignites the
pyrotechnic composition, producing a small burst of flame. This flame can be used to ignite a
fuse or a lift charge in a fireworks device. For the purposes of this code, the term electric match
also refers to other similar technologies in which an electric current is used to produce a high
temperature for ignition purposes.
Fallout Area. The area over which aerial shells are fired. The shells burst over the area, and
unsafe debris and malfunctioning aerial shells fall into this area. The fallout area is the location
where a typical aerial shell dud falls to the ground depending on the wind and the angle of
mortar placement.
Finale. A rapidly fired sequence (barrage) of aerial fireworks, typically fired at the end of a
display. The mortars are loaded prior to the display, and the aerial shells are chain fused to fire in
rapid sequence.
Fireworks. Any composition or device for the purpose of producing a visible or an audible
effect for entertainment purposes by combustion, deflagration, or detonation that meets the
definition of “Consumer Fireworks” or “Display Fireworks” as set forth in this code.
Exception No. 1*: Toy caps for use in toy pistols, toy canes or toy guns, and novelties and trick
noisemakers as enumerated in Appendix E of this code are not considered to be fireworks.
Exception No. 2: Model rockets and model rocket motors designed, sold, and used for the
purpose of propelling recoverable aero models are not considered to be fireworks. (See NFPA
1122, Code for Model Rocketry.)
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Consumer Fireworks. Any small fireworks device designed primarily to produce visible
effects by combustion or deflagration that complies with the construction, chemical composition,
and labeling regulations of the U.S. Consumer Product Safety Commission, as set forth in Title
16, Code of Federal Regulations, Parts 1500 and 1507. Some small devices designed to produce
audible effects are included, such as whistling devices, ground devices containing 50 mg (0.002
g) or less of explosive composition (salute powder), and aerial devices containing 130 mg (0.005
g) or less of explosive composition (salute powder) per explosive unit. Consumer fireworks are
normally classed as Explosives, 1.4G and described as Fireworks, UN0336 by the U.S.
Department of Transportation. Various categories of consumer fireworks devices are enumerated
in Appendix E.
Display Fireworks. Fireworks devices intended for use in fireworks displays that are presented
in conformance with the provisions of this code. These devices are designed to produce visible
or audible effects for entertainment purposes by combustion, deflagration, or detonation. The
term “display fireworks,” as used in this code, includes consumer fireworks to be used in
fireworks displays; larger devices of similar construction and chemical composition that are
classed as Explosives, 1.3G and described as Fireworks, UN0335 by the U.S. Department of
Transportation; and other devices that produce visible or audible effects for entertainment
purposes that are classed as Explosives, 1.3G, 1.4G, or 1.4S and described as Article,
Pyrotechnic by the U.S. Department of Transportation.
Fireworks Display. A presentation of fireworks for a public or private gathering.
Fusee. A highway distress flare, sometimes used to ignite fireworks at outdoor fireworks
displays.
Ground Display Piece. A pyrotechnic device that functions on the ground (as opposed to an
aerial shell that functions in the air). Typical ground display pieces include fountains, roman
candles, wheels, and “set pieces.”
Hazardous Debris. Any debris produced or expelled by the functioning of a pyrotechnic device
that is capable of causing personal injury or unpredicted property damage. This includes, but is
not limited to, hot sparks, heavy casing fragments, and unignited components. Confetti,
light-weight foam pieces, feathers, novelties, etc., are not to be construed as hazardous debris.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Lance. A thin cardboard tube packed with color-producing pyrotechnic composition used to
construct ground display pieces. Lances are mounted on a frame and fused so that ignition of all
tubes is nearly simultaneous.
Lift Charge. That composition in an aerial shell that propels (lifts) the shell into the air when
ignited. It usually consists of a black powder charge ignited by a quick match fuse. (A time delay
fuse then ignites the main part of the shell, producing the desired effect.)
Listed.* Equipment or materials included in a list published by an organization acceptable to
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the authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
Manual Ignition. A technique used to ignite fireworks using a hand-held ignition source such
as a fusee or portfire.
Mine. A device designed to project numerous stars and other effects, such as whistles and
firecrackers, into the air from a mortar. A black powder charge ignites the contents of the mine,
propelling its contents into the air to altitudes that usually are lower than those reached by aerial
shells.
Monitor. A person designated by the sponsors of the display to keep the audience in the
intended viewing area and out of the discharge site and fallout area.
Mortar. A tube from which aerial shells are fired into the air.
Mortar Rack. A strong frame containing mortars. Such racks most often are used for barrages
and finales and in electrically ignited displays.
Mortar Trough. Aboveground structures filled with sand or similar material into which mortars
are positioned ready for use in a fireworks display.
No-fire Current. The maximum current that can be applied to an electric match for 5 seconds at
room temperature without the match igniting.
Operator. The person with overall responsibility for the safety set up, and discharge of an
outdoor fireworks display.
Portfire. A long tube containing slow-burning pyrotechnic composition that is sometimes used
to ignite fireworks at outdoor fireworks displays.
Potential Landing Area. See Fallout Area.
Quick Match. A black match that is encased in a loose-fitting sheath. While exposed black
match burns slowly, quick match propagates flame extremely rapidly, almost instantaneously.
Quick match is used in fuses for aerial shells and for simultaneous ignition of a number of
pyrotechnic devices, such as lances in a ground display piece.
Ready Box. A storage container for aerial fireworks such as mines, comets, and shells at the
site of a fireworks display.
Safety Cap. A paper tube, closed at one end, that is placed over the end of the fuse of a
fireworks device to protect it from damage and accidental ignition.
Salute. A display fireworks item that is designed to produce a loud report.
Salute Powder. A pyrotechnic composition that makes a loud report when ignited and
constitutes the sole pyrotechnic effect of a salute.
Shall. Indicates a mandatory requirement.
Shooter. A member of the fireworks display crew (either the operator or an assistant) who
performs the actual ignition of the fireworks, either by manual or electrical means.
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Should. Indicates a recommendation or that which is advised but not required.
Sponsor. The organization (person, group, or government agency) that arranges with a duly
authorized fireworks supplier for its services in presenting a fireworks display or in providing
fireworks for use in a display.
Spotter. A member of the fireworks display crew (either the operator or an assistant) who
observes the firing and bursting of aerial shells and other display fireworks for the purpose of
detecting proper mortar angling, noting the occurrence of duds, and observing for other
potentially hazardous situations.
Trough. See Mortar Trough.
Chapter 2 Requirements for Display Fireworks Aerial Shells and Equipment
2-1 Construction of Display Fireworks Aerial Shells.
2-1.1
Aerial shells, mines, and comets shall be classified and described only in terms of the inside
diameter of the mortar from which they are fired [e.g., 3-in. (76-mm) aerial shells, mines, and
comets are only for use in 3-in. (76-mm) mortars].
2-1.2*
Aerial shells shall be constructed so that they fit easily into the appropriate size mortar and so
that the lift charge and internal delay fuse are appropriate to propel the shell to a safe altitude
before functioning.
2-1.3*
Shells shall be marked with the type of shell, the shell size, and the name of the manufacturer
or distributor. Shells also shall carry a warning label, as described in Appendix B.
2-1.3.1 The label or wrapper of any type of aerial shell shall be marked conspicuously with a
number to indicate the shell size (the diameter of the mortar to be used).
2-1.3.2 The label or wrapper of any type of aerial salute shall be conspicuously marked with the
word “Salute.”
2-1.4
For aerial shells using a quick match fuse to ignite the lift charge, that fuse shall be long
enough to allow not less than 6 in. (152 mm) of fuse to protrude from the mortar after the shell
has been inserted properly.
Exception: This requirement shall not apply where shells are to be fired electrically.
2-1.5
In order to allow the person igniting the aerial shells to retreat safely, the time delay between
igniting the tip of the shell’s fuse and the firing of the shell shall not be less than 3 seconds or
more than 6 seconds.
Exception: For electrically ignited displays, no delay period shall be required.
2-1.6
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A safety cap shall be installed over the exposed end of the fuse. The safety cap shall be of a
different color than that of the fuse. The safety cap shall be installed in such a manner that the
fuse is not damaged.
Exception: For electrically fired displays, no safety cap shall be required, but there shall be no
exposed pyrotechnic composition.
2-1.7 Salute Shell Limits.
2-1.7.1 Single break salute shells shall not exceed 3 in. (76 mm) in diameter or 3 in. (76 mm) in
length (exclusive of the propellant charge). The maximum quantity of salute powder in such
salutes shall not exceed 2.5 oz (71 g).
2-1.7.2 For single break shells greater than 3 in. (76 mm) in diameter containing multiple
internal salutes and for multi-break shells greater than 3 in. (76 mm) in diameter, the maximum
quantity of salute powder per shell shall not exceed 5 oz (142 g).
2-1.7.3 Ground Salutes.
2-1.7.3.1 Ground salutes shall not exceed 3 in. (76 mm) in diameter by 3 in. (76 mm) in length.
2-1.7.3.2 The maximum quantity of salute powder in ground salutes shall not exceed 2.5 oz (71
g).
2-1.7.3.3 Ground salutes shall not be constructed using brittle plastic.
2-2 Transportation to and Storage of Fireworks at the Discharge Site.
2-2.1
All fireworks materials and devices in transit to the fireworks discharge site shall be
transported in accordance with Title 49, Code of Federal Regulations, “Federal Regulation for
Transport,” NFPA 1124, Code for the Manufacture, Transportation, and Storage of Fireworks,
and Title 27, Code of Federal Regulations, Part 18, Bureau of Alcohol, Tobacco and Firearms,
Part 181, Commerce in Explosives.
2-2.2
As soon as the fireworks have been delivered to the display site, they shall not be left
unattended, and they shall be kept dry.
2-2.3
All shells shall be inspected by the operator or assistants following delivery to the display site.
Any shells having tears, leaks, broken fuses, or signs of having been wet shall be set aside and
shall not be fired. After the display, such shells shall be either returned to the supplier or
destroyed in accordance with the supplier’s instructions.
Exception: Minor repairs to fuses shall be permitted. For electrically ignited displays,
attachment of electric matches and other similar tasks shall be permitted.
2-2.4 Ready Boxes.
2-2.4.1 A ready box shall be a weather-resistant container that protects contents from burning
debris with a self-closing cover or equivalent means of closure required.
2-2.4.2 After delivery and prior to the display, all shells shall be separated according to size and
their designation as salutes. Any display fireworks that will be temporarily stored at the display
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site during the fireworks display shall be stored in ready boxes separated according to size and
their designation as salutes. Tarpaulins shall not be considered as ready boxes.
Exception: For electrically ignited displays, or displays where all shells are loaded into mortars
prior to the show, there is no requirement for separation of shells according to size, their
designation as salutes, or for the use of ready boxes.
2-2.4.3* During the performance of an outdoor fireworks display, ready boxes shall be located at
a distance not less than 25 ft (7.7 m) upwind from the mortar placements. If the wind shifts
during a display, the ready boxes shall be located to again be upwind from the discharge site.
Exception No. 1: Where permitted by the authority having jurisdiction, alternate measures shall
be taken.
Exception No. 2: Where there are no shells requiring storage during a display, such as for an
electrically ignited display, no ready boxes shall be required.
2-3 Installation of Mortars.
2-3.1*
Prior to placement, mortars shall be inspected carefully for defects, such as dents, bent ends,
damaged interiors, and damaged plugs. Defective mortars shall not be used.
2-3.2*
Mortars shall be positioned so that shells are propelled away from spectators and over the
fallout area. Under no circumstances shall mortars be angled toward the spectator viewing area.
(Also see Section 3-2.)
2-3.3*
Mortars shall be buried to a depth of at least 2/3 to 3/4 of their length, either in the ground or in
aboveground troughs or drums.
Exception No. 1: Securely positioned mortar racks shall be permitted for the firing of single
break shells not exceeding 6 in. (152 mm) in diameter.
Exception No. 2: Securely positioned mortar racks shall be permitted for firing single break
shells that are 7 in. (178 mm) or 8 in. (203 mm) in diameter, provided that the mortar is not
metallic, electrical or equivalent means of remote ignition is used to fire the shell, and the shell
is not chain fused to any other shells.
2-3.3.1 Where paper mortars are to be placed in damp ground or damp sand or are to be in the
ground or sand for more than 12 hours prior to the display, they shall be placed inside a
water-resistant bag or otherwise protected against moisture prior to placement in the ground or
sand.
2-3.3.1.1 Wherever there is the likelihood of ground water leaking into the mortar, the mortar
shall be placed inside a water-resistant bag prior to placement in the ground.
2-3.3.1.2 Weather-resistant coverings shall be placed over the mouth of mortars wherever there
is imminent danger of water collecting in the mortars.
2-3.3.2* In soft ground, where there is significant danger of the mortars being driven further into
the ground when they are fired, sufficient added support shall be placed beneath the mortars.
Exception: Where a mortar is to be used only once, such as for an electrically fired display,
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added support shall be optional and shall not be required.
2-3.3.3* Mortars that are buried in the ground, in troughs, or in drums shall be separated from
adjacent mortars by a distance at least equal to the diameter of the mortar.
Exception: Where electrical ignition is used, all mortars buried in earth or placed in drums or
troughs shall be spaced at least 2 in. (50 mm) nominally apart.
2-3.3.3.1 Mortars in troughs or drums shall be positioned to afford the maximum protection to
the shooter.
Exception: This requirement shall not apply where electrical firing is used.
2-3.3.3.2 There shall be a separation distance of at least 2 in. (50 mm) or 1/2 the diameter of the
mortar, whichever is greater, between the mortar and the trough or drum.
Exception: Where electrical ignition is used, all mortars placed in drums or troughs shall be
spaced at least 2 in. (50 mm) from the wall of the drum or trough.
2-3.3.4 If troughs and drums are used, they shall be filled with sand or soft dirt; in no case shall
stones or other potentially dangerous debris be present.
2-3.3.5 Provisions for Chain Fusing. Wherever more than three shells are to be chain fused,
such as for sequential firing, additional measures shall be required to prevent adjacent mortars
from being repositioned in the event that a shell detonates in a mortar, causing it to burst.
2-3.3.5.1 For buried mortars, prevention of repositioning shall be accomplished by spacing the
mortars with a minimum separation distance of four times their diameter.
Exception: Where the separation distance is twice that required in Table 3-1.3, buried mortars
shall be separated by a minimum distance of the internal diameter of the largest mortar in the
sequence.
2-3.3.5.2* For mortars in racks, prevention of repositioning shall be accomplished by using
mortar racks that have sufficient strength to withstand such a failure successfully.
Exception: Where there is doubt concerning the strength of racks holding chain fused mortars,
the separation distances from those racks to spectators shall be twice those listed in Table 3-1.3
for the largest mortar in the sequence.
2-3.3.5.3 Chain fused mortar racks shall be positioned to maximize the placement of racks
perpendicular to spectator viewing areas.
2-3.3.5.4 Chain fused mortar racks containing mortars 3 in. (76 mm) or less in diameter only
shall be limited to a maximum of 15 mortars per unit. Racks containing mortars 4 in. (100 mm)
in diameter shall be limited to a maximum of 12 mortars. Racks containing mortars 5 in. to 6 in.
(125 mm to 150 mm) in diameter shall be limited to a maximum of 10 mortars. Chain fused
racks shall not be used for mortars greater than 6 in. (150 mm) in diameter.
Exception: Boxed finale items containing tubes 2.5 in. (75 mm) or less in diameter only shall not
be required to comply with the limitations in 2-3.3.5.4.
2-3.3.5.5 All chain fused aerial fireworks devices, including those not in mortar racks such as
roman candle batteries and multiple-tube aerial items on boards, shall be positioned securely to
prevent tipover or movement during operation. This shall be accomplished by the use of stakes,
racks, sand bags, earth, or equivalent means.
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2-3.3.6* Where mortars are to be reloaded during a display, mortars of various sizes shall not be
intermixed. Mortars of the same size shall be placed in groups, and the groups shall be separated
from one another.
2-3.4
Where personnel are to be in the immediate area of the mortars during an outdoor fireworks
display, sand bags or other suitable protection shall be placed around the mortars up to the
approximate level of the mouth of the mortar in each direction where personnel could be present.
2-3.5
Mortars shall be inspected before the first shells are loaded to ensure that no water or debris
has accumulated in the bottom of the mortar.
2-3.6*
Mortars shall be of sufficient strength and durability to fire the aerial shells to be used safely.
2-3.6.1 Cast iron, stove pipe, corrugated culvert, clay, bamboo, and wood shall not be used to
make mortars.
2-3.6.2 Metal mortars shall be either seamed or seamless; however, seamed mortars shall be
placed so that all seams face either right or left when viewing the line of mortars.
2-3.6.3* Mortars shall be of sufficient length to cause aerial shells to be propelled to safe
heights.
2-3.7
The dimension of the inside diameter of the mortar shall be conspicuously painted or otherwise
marked on the top of all mortars.
Exception: Designation of the inside diameter dimension shall not be required for outdoor
fireworks displays fired under the direct control of a professional fireworks display company.
Chapter 3 Display Site Selection
3-1 General.
3-1.1
The intent of this chapter is to provide requirements for clearances upon which the authority
having jurisdiction shall base its approval of an outdoor fireworks display site. Where added
safety precautions have been taken, or particularly favorable conditions exist, the authority
having jurisdiction shall be permitted to decrease the required separation distances as it deems
appropriate, upon demonstration that the hazard has been reduced or the risk has been properly
protected. Where unusual or safety threatening conditions exist, the authority having jurisdiction
shall be permitted to increase the required separation distances as it deems necessary.
3-1.2
The areas selected for the discharge site, spectator viewing area, parking areas, and the fallout
area shall be inspected and approved by the authority having jurisdiction.
3-1.3*
The site for the outdoor land or water display shall have at least a 70-ft/in. (22-m/2.5 mm)
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radius of internal mortar diameter of the largest aerial shell to be fired as shown in Table 3-1.3.
Exception: For mortars less than 3 in. (76 mm) in diameter or greater than 12 in. (305 mm) in
diameter, see Table 3-1.3.
Table 3-1.3 Distances for Outdoor Fireworks Display Sites
Minimum Separation Distances Mortars to Spectators for Land or Water Displays

Mortar
Size1

Mortar
Size1

Minimum
Secured
Diameter

Minimum
Secured
Diameter

Vertical
Mortars3

Vertical
Mortars3

Angled
Mortars4
1/ offset
3

(in.)

(mm)

of Site2 (ft)

of Site (m)

(ft)

(m)

(ft)

(m

<3

(<76)

280

(85)

140

(43)

95

(2

3

(76)

420

(128)

210

(64)

140

(4

4

(102)

560

(171)

280

(85)

190

(5

5

(127)

700

(213)

350

(107)

230

(7

6

(152)

840

(256)

420

(128)

280

(8

7

(178)

980

(299)

490

(149)

320

(9

8

(203)

1120

(341)

560

(171)

370

(11

10

(254)

1400

(427)

700

(213)

460

(14

12

(305)

1680

(512)

840

(256)

560

(17

>12 Approval of the Authority Having Jurisdiction.
1 See 2-1.1. 2 See 3-1.3. 3 See 3-2.3.
4 See 3-2.3.1. Note that for angled mortars, the minimum secured diameter of the display site does not change. Only
the location of the mortars within the secured area changes when the mortars are angled.
5 See 3-1.3.2. Note that this is only the distance to the special hazards. The minimum secured diameter of the display
site does not change.

3-1.3.1 No spectators or spectator parking areas shall be located within the display site.
3-1.3.2 Dwellings, buildings, and structures shall be permitted to be located within the display
site with the approval of the authority having jurisdiction and the owner of the dwelling,
building, or structure, if the dwelling, building, or structure is unoccupied during the display, or
if the structure provides protection through substantial noncombustible or fire-resistant
construction to the occupants.
3-1.3.3* Distances from health care and detention and correctional facilities shall be at least
twice the distances specified in Table 3-1.3.
Exception: Where approved by the health care or detention and correctional facility.
3-1.3.4* The distance between the mortar line and bulk storage areas of materials that have a
flammability, explosive, or toxic hazard shall be twice that required by Table 3-1.3.
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3-2 Discharge Site.
3-2.1
The area selected for the discharge of aerial shells shall be located so that the trajectory of the
shells shall not come within 25 ft (7.7 m) of any overhead object.
3-2.2
Ground display pieces shall be located a minimum distance of 75 ft (23 m) from spectator
viewing areas and parking areas.
Exception: For ground pieces with greater hazard potential (such as large wheels with powerful
drivers, roman candle batteries, and items employing large salutes) the minimum separation
distance shall be increased to 125 ft (38 m).
3-2.3*
Where the mortars are positioned vertically, the mortars shall be placed at the approximate
center of the display site.
3-2.3.1* Mortars shall be permitted to be angled during a display to allow for wind and to carry
shells away from the main spectator viewing areas.
3-2.3.1.1 The angled mortars shall be permitted to be placed up to 1/3 of the distance from the
center of the display site (see Table 3-1.3) toward the main spectator viewing area.
3-2.3.1.2 The mortars shall be angled so that any dud shells fall at a point approximately equal to
the offset of the mortars from the center of the display site, but in the opposite direction.
3-2.4
Fireworks shall not be discharged within 100 ft (30 m) of any tent or canvas shelter.
3-3 Fallout Area.
3-3.1*
The fallout area shall be a large open area.
3-3.2
Spectators, vehicles, or readily combustible materials shall not be located within the fallout
area during the display.
3-3.3
Fire protection personnel and their vehicles and other emergency response personnel and
vehicles shall remain at or beyond the perimeter of the display site during the actual firing of the
display.
Chapter 4 Operation of the Display
4-1 General Requirements.
The sponsor of the display shall make provisions for adequate fire protection for the display.
4-1.1*
The sponsor shall consult with the authority having jurisdiction and the operator to determine
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the level of fire protection required.
4-1.2*
Monitors whose sole duty shall be the enforcement of crowd control shall be located around
the display area and as determined by the sponsor. The authority having jurisdiction and the
operator shall approve the provisions for crowd control.
4-1.2.1 Monitors shall be positioned around the discharge site to prevent spectators or any other
unauthorized persons from entering the discharge site. The discharge site shall be so restricted
throughout the display and until the discharge site has been inspected after the display. Where
practical, fences and rope barriers shall be used to aid in crowd control.
4-1.2.2 During the period before the display, where pyrotechnic materials are present, unescorted
public access to the site shall not be permitted.
4-1.3
The operator shall have primary responsibility for safety. While the operator shall be permitted
to participate actively in the firing of the fireworks display, safety shall be the primary concern
of the operator.
4-1.3.1* The operator shall be responsible for ensuring that a sufficient number of assistants are
available for the safe conduct of the fireworks display. Only the operator and necessary
assistants shall be permitted in the discharge area while the display is in progress.
4-1.3.2 The operator shall be responsible for ensuring that all assistants are fully trained in the
proper performance of their assigned tasks and that they are educated with regard to safety
hazards.
4-1.3.3* During the firing of the display, all personnel in the discharge site shall wear head
protection, eye protection, hearing protection, and foot protection, and shall wear cotton, wool,
or similarly flame-resistant, long-sleeved, long-legged clothing. Personal protective equipment,
as necessary, shall be worn by the operator and assistants during the setup and cleanup of the
display.
4-1.4
Wherever, in the opinion of the authority having jurisdiction or the operator, any hazardous
condition exists, the fireworks display shall be postponed until the condition is corrected.
4-1.4.1 If, in the opinion of the authority having jurisdiction or the operator, the lack of crowd
control poses a hazard, the fireworks display shall be discontinued immediately until such time
as the situation is corrected.
4-1.4.2 If high winds, precipitation, or other adverse weather conditions prevail such that a
significant hazard exists in the opinion of the operator or authority having jurisdiction, the
fireworks display shall be postponed until weather conditions improve to a reasonable level.
4-1.4.3 One or more spotters shall watch the flight and behavior of aerial shells and other aerial
fireworks to verify that they are functioning as intended. If any unsafe condition is detected, such
as hazardous debris falling into the audience, the spotter shall signal the shooter to cease firing
until the unsafe condition is corrected. The spotters shall be in direct communication with the
shooter during the conduct of the display with an effective means of informing the shooter of any
hazardous condition.
Copyright 1996 NFPA

4-1.4.4 In the event of a condition arising requiring the entry of fire protection or other
emergency response personnel into the fallout area or security perimeter, the display shall be
halted until the situation is resolved, and the area is once again clear.
4-1.5
Operators and assistants shall use only flashlights, electric lighting, or other nonincendive
illumination such as chemiluminescent devices for illuminating the firing and ready box area.
4-1.6
No smoking shall be allowed within 50 ft (15 m) of any area where fireworks or other
pyrotechnic materials are present.
4-1.7
Measures shall be taken to protect all pyrotechnic materials to be used in the display from
adverse weather conditions. Moisture-damaged materials shall not be used.
4-1.8
No person shall be allowed in the discharge area while under the influence of alcohol,
narcotics, or medication that could adversely affect judgment, mobility, or stability.
4-2 Firing of Shells.
4-2.1*
Shells shall be carried from the storage area to the discharge site only by their bodies and shall
never be carried by their fuses.
Exception: As specified in 4-2.3.
4-2.2
Shells shall be checked for proper fit in their mortars prior to the display.
4-2.3*
When being loaded into the mortars, shells shall be held by their fuses or lowering cords if
provided, and shall be lowered carefully into the mortar. At no time shall any part of the body of
the person loading the shells be placed over the mouth of the mortar.
4-2.4*
The person loading shells shall be certain to the degree practicable that the shell is properly
seated in the bottom of the mortar.
4-2.5
Shells shall not, under any circumstances, be forced into a mortar too small to accommodate
them. Shells that do not fit properly into the mortars shall not be fired and shall be disposed of in
accordance with the procedure described in 4-2.10.2.
4-2.6
Manually fired shells shall be ignited by lighting the tip of the fuse with a fusee, torch,
portfire, or similar device. As soon as the fuse is ignited, the shooter shall vacate the mortar area.
4-2.6.1 The safety cap protecting the fuse shall not be removed by the person responsible for
igniting the fuse until immediately before the shell is to be fired.
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4-2.7
No person ever shall place any body part over the mortar during the loading and firing of a
display until mortars have been checked for the absence of any shells following the display.
4-2.8
The first shell fired shall be observed carefully to determine that its trajectory is such that the
shell functions over the fallout area and that any hazardous debris or unexploded shells land in
the fallout area.
4-2.8.1 The display shall be interrupted and the mortars shall be reangled or repositioned as
necessary for safety at any time during an outdoor fireworks display.
4-2.9 Large Diameter Shells.
4-2.9.1 All aerial shells greater than 6 in. (152 mm) in diameter shall be preloaded into mortars
prior to the beginning of the display.
Exception: Shells that are nominal 7 in. (178 mm) or 8 in. (203 mm) in diameter shall be
permitted to be reloaded during the firing of the display provided that the mortars to be reloaded
are buried at least 3/4 of their length in the ground. The reloading of 7-in. (178-mm) and 8-in.
(203-mm) mortars in troughs, drums, or racks shall not be permitted.
4-2.9.2 All aerial shells greater than 6 in. (152 mm) in diameter shall be fired using electrical
ignition (see Chapter 5), or other means of remote ignition that place the shooter and assistants
at least 75 ft (23 m) away from the mortar or behind a sturdy barricade at the time of ignition of
the lift charge.
Exception*: Shells that are nominally 7 in. (178 mm) or 8 in. (203 mm) in diameter shall be
permitted to be ignited manually provided that the mortars are buried at least 3/4 of their length
in the ground and the shooter has been provided with alternative means of protection.
4-2.10*
In the event that a shell fails to ignite in the mortar, the mortar shall be marked to indicate the
presence of an unfired shell, and the mortar shall not be reloaded or reused while the misfired
shell remains a hazard.
4-2.10.1 Immediately following the display but no sooner than 15 minutes after the attempted
firing, if the shell still has not fired, the mortar shall be flooded with water cautiously and
allowed to stand for a minimum of 5 minutes before it is emptied cautiously of the shell.
Exception: Where electrical ignition is used and the firing failure is electrical in nature or the
aerial shell was not fired intentionally, the shell shall be permitted to be salvaged by the
operator.
4-2.10.2 The proper disposal instructions shall be provided by the supplier and shall be followed.
4-2.10.3* It shall be the responsibility of the person igniting the aerial shells to detect when a
shell does not fire from a mortar. That person shall warn others in the area and shall ensure that
the mortar is marked to indicate the presence of an unfired aerial shell.
Exception: Where electrically firing, the mortar shall not be required to be marked. However,
persons entering the area after the fireworks display shall conduct themselves as though unfired
shells present a hazard until otherwise advised by the operator.
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4-2.11*
Manual reignition of chain fused aerial shells shall be attempted only at properly installed
ignition points.
4-2.12*
Following the display, the firing crew shall conduct an inspection of the fallout area for the
purpose of locating any unexploded aerial shells or live components. This inspection shall be
conducted before any public access to the site shall be permitted.
4-2.12.1 Any shells found during the search shall not be handled until at least 15 minutes have
elapsed from the time the shells were fired. The fireworks then shall be doused with water and
allowed to remain for at least 5 additional minutes before being placed cautiously in a plastic
bucket or fiberboard box.
4-2.12.2 The proper disposal instructions provided with the fireworks by the supplier shall be
followed.
4-2.12.3 Where fireworks are displayed at night and it is not possible to inspect the site
thoroughly, the operator, or designated assistant(s), shall search the entire site at first light the
following morning.
4-3 Ground Display Pieces.
4-3.1
To the extent that it is practical, all ground display pieces shall be positioned outside the
discharge area of aerial displays.
Exception No. 1: Where ground display pieces are to be fired electrically, they shall be
permitted to be located in the fallout area.
Exception No. 2: Where aerial shells have been preloaded, ground display pieces shall be
permitted to be located in that discharge area.
4-3.2
Dry grass or combustible materials located beneath ground display pieces shall be wet down
before the display if they are in sufficient quantity to be a fire hazard.
4-3.3
Poles for ground display pieces shall be securely placed and firmly braced so that they do not
fall over during functioning of the fireworks device.
Chapter 5 Electrical Ignition of a Display
5-1 General.
5-1.1*
The intent of this chapter is to provide requirements for the proper setup and operation of an
outdoor display of fireworks that are to be ignited using electrical means.
5-1.2
The intent of this chapter also is to provide requirements and minimum standards for the
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design and use of electrical firing units used in electrically fired displays, including manually
operated, automatically operated, and hand-held firing units.
5-1.3*
Where only electrical ignition is used, the operator and all assistants shall be positioned a
minimum of 75 ft (23 m) from any mortar or shall be positioned behind a protective barrier
approved by the authority having jurisdiction.
Exception: This shall not be required for the electrical ignition of lance work and other
set-pieces of similar low hazard.
5-1.4
Where both manual firing and electrical ignition are used during a display, the mortars to be
used for manual firing shall be separated from the mortars to be used for electrical ignition by a
distance of at least 25 ft ( 7.7 m).
5-2 Design of Electrical Firing Units.
5-2.1
Electrical firing units and accompanying junctions shall be manufactured specifically for use
in the electrical ignition of pyrotechnic devices or explosives. The manufacturer shall supply
specifications and instructions for the proper setup and use of each unit.
Exception: Specifications and instructions shall not be required where the electrical firing unit
has been manufactured by the person operating the unit at the display.
5-2.2*
Manual electrical firing units shall include a key-operated switch or similar device that greatly
reduces the possibility that unauthorized or unintentional firings can occur.
5-2.3*
Manual electrical firing units shall be designed so that at least two positive actions shall be
necessary to apply an electric current to an electric match.
5-2.4*
Switches used to apply power to electrical firing units for testing, firing, or both, shall clearly
indicate the function or functions of each switch.
5-2.5
A light, a beeper, or both, shall activate when a manual electrical firing unit is armed.
5-2.6
A hand-held electrical firing unit shall have two switches, or require two actions, one to arm
the unit and one to fire the unit. The unit shall be designed so that it cannot be fired without first
being armed. Switches shall be clearly identified, and the unit shall have a light or indicator that
signals when the unit is ready to fire. Hand-held firing units that incorporate a capacitive
discharge design shall dissipate the stored charge within 15 seconds after the arming switch is
released.
Exception: This requirement shall not apply to blasting machines such as clackers, rotary
generators, and plunger-type firing units that derive their energy from mechanical action.

Copyright 1996 NFPA

5-2.7
Automatic electrical firing units shall incorporate some form of a “dead-man switch,” so that
all firings cease the moment that the switch is released.
5-2.8
If an electrical firing unit or junction has a built-in test circuit, the unit shall be designed to
limit the test current (into a short circuit) to 0.05 ampere or to 20 percent of the no-fire current of
the electric match being used, whichever is less.
5-2.9
Multi-testers, such as volt-ohm meters, shall not be used for testing electric matches unless the
tester’s maximum current delivery potential has been measured and found to meet the
requirements of 5-2.8.
5-2.10
Shunts of the type sometimes used in commercial blasting shall not be required on any
electrical firing unit used for the ignition of pyrotechnic devices at an outdoor display of
fireworks.
5-2.11
Electrical firing units shall be powered by batteries or isolated power supplies used for firing
purposes only. If batteries are used, they shall be self-contained in the firing unit or otherwise
covered or protected to prevent accidental contact with wires leading to the fireworks.
Exception: Electrical firing units powered by commercial power shall be permitted, provided
they incorporate an isolation transformer. The transformer shall be located within the firing unit
or elsewhere in the firing system.
5-3 Setup of Electrical Firing Units.
5-3.1
All electrical firing units, cables, and junctions and the attached electric matches shall be
visually inspected by the operator or an assistant prior to the display.
5-3.1.1 The electrical firing unit shall not be in test or arm status during this inspection.
5-3.1.2 Repairs shall be permitted, provided that the system can be returned to full, safe
operating condition prior to the display.
5-3.2*
The electric firing unit shall be set up and located so that there is a clear line of sight to the
mortars and other parts of the discharge site.
Exception: A direct line of sight shall not be required where an assistant acting as a spotter is in
direct communication with the operator of the firing unit.
5-3.3
Only those persons necessary for the proper and safe firing of the display shall be permitted in
the vicinity of the electrical firing unit during the display.
5-3.4
Where fireworks are being loaded into mortars or otherwise set up for firing at the display site,
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cables from the junctions to the electrical firing unit shall be disconnected.
5-3.5
Once the fireworks have been loaded or otherwise set up, testing of the circuits shall be
permitted. No persons shall be permitted in the immediate area of any fireworks that have been
attached to the electrical firing unit when any circuit testing is performed.
5-3.6
If the testing of the circuits indicates that a problem might exist, the operator or assistant shall
be permitted to reinspect any cables, connections, or electric matches that are in question. This
inspection shall be performed only after the electrical firing unit has been switched off or
disconnected from the power source.
5-4 Operation of the Electrical Firing Unit.
5-4.1
Prior to arming the electrical firing unit for firing, the operator of the unit shall confirm that no
personnel are present in the electrically ignited mortar area.
5-4.2
The person controlling the electrical firing unit shall be provided with a means of
communicating with the operator.
5-4.3*
The person controlling the electrical firing unit shall cease firing from any discharge site that
has a significant malfunction until the operator or an assistant visually inspects the discharge site
for damage to mortars, equipment, or remaining fireworks and indicates that it is safe for firing
to resume. The electrical firing unit shall be switched off or disconnected while this inspection is
being performed.
5-5 Post-Display Operations.
5-5.1
After the completion of the display, the electrical firing unit shall be switched off and all
cables disconnected prior to any cleanup or other work in the display site.
5-5.2
All fireworks display mortars and other equipment shall be inspected carefully for any unfired
devices.
5-5.2.1* Where conditions allow, the firing of any unfired devices after the display shall be
permitted, in accordance with all other sections of this code.
5-5.2.2 Otherwise, the remaining fireworks shall be properly packaged and returned to the
supplier or disposed of in compliance with all applicable regulations.
Chapter 6 Qualifications
6-1 Operator Qualifications.
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6-1.1
The operator shall be at least 21 years old and licensed or approved by the authority having
jurisdiction in accordance with any and all applicable laws.
6-1.2
Applicants for licensing as an operator shall provide evidence of actual experience as an
operator or assistant as part of demonstrating competency to the authority having jurisdiction.
6-1.3
Applicants for licensing as an operator shall successfully complete a written examination of
laws, regulations, and safety practices pertaining to the discharge of fireworks that shall be
administered by the authority having jurisdiction, or otherwise shall demonstrate knowledge of
these areas.
6-2 Assistants.
All assistants shall be at least 18 years old.
6-3 Permits Required.
6-3.1
The fireworks display company or the pertinent organization or group of individuals shall
obtain a permit from the authority having jurisdiction prior to performing the fireworks display.
6-3.2
As part of the permit process, the fireworks display company or the pertinent organization, or
group of individuals shall demonstrate financial responsibility by providing proof of insurance or
by other appropriate means.
Chapter 7 Referenced Publications
7-1
The following documents or portions thereof are referenced within this code and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
7-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1122, Code for Model Rocketry, 1994 edition.
NFPA 1124, Code for the Manufacture, Transportation, and Storage of Fireworks, 1995
edition.
NFPA 1126, Standard for the Use of Pyrotechnics before a Proximate Audience, 1992 edition.
7-1.2 Other Publications.
7-1.2.1 U.S. Government Publications. Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402.
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Title 16, Code of Federal Regulations, Parts 1500 and 1507, U.S. Consumer Products Safety
Commission Labeling Regulations, Federal Hazardous Substances Act.
Title 27, Code of Federal Regulations, Part 18, Bureau of Alcohol, Tobacco and Firearms, Part
181, Commerce in Explosives.
Title 49, Code of Federal Regulations, U.S. Department of Transportation, Parts 171-177,
“Hazardous Materials Regulations.”
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-4 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-4 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-1-4 Code.
The decision to designate a standard as a “Code” is based on such factors as the size and scope
of the document, its intended use and form of adoption, and whether it contains substantial
enforcement and administrative provisions.
A-1-4 Fireworks, Exception No. 1.
For information on recoverable aero models, see NFPA 1122, Code for Model Rocketry.
A-1-4 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The authority having jurisdiction should utilize the system employed by the listing organization
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to identify a listed product.
A-2-1.2
If there is doubt regarding whether aerial shells were manufactured to operate safely, or if
there is doubt regarding whether the mortars and shells are properly sized, it is recommended
that test firings be conducted in order to establish whether or not they perform safely. It
generally is believed that shells should be constructed so that the difference between the inside
diameter of the mortar and the outside diameter of the shell is no less than 1/8 in. (3.2 mm) for all
shell sizes. Furthermore, it generally is believed that aerial shells should be constructed so that
the difference between the inside diameter of the mortar and the outside diameter of the shell is
no more than 1/4 in. (6.4 mm) for 2 in. to 3 in. (51 mm to 76 mm) shells; 3/8 in. (9.4 mm) for 4
in. to 6 in. (102 mm to 152 mm) shells; or 1/2 in. (12.7 mm) for shells larger than 6 in. (152 mm).
A-2-1.3
Shells that function to deploy a parachute suspending burning pyrotechnic composition can
present additional safety concerns if the parachute does not properly deploy or if the shell is fired
in high winds.
A-2-2.4.3 An example of additional protection to ready boxes is the use of a flame-resistant
tarpaulin meeting the requirements of NFPA 701, Standard Methods of Fire Tests for
Flame-Resistant Textiles and Films.
A-2-3.1
The requirements for careful inspection of mortars is of particular importance for paper
mortars that can sustain undetected damage to their interiors that can result in serious
malfunctions.
A-2-3.2
If there is doubt concerning the proper angling of mortars, it is appropriate to fire one or more
test shells for verification.
A-2-3.3
The use of securely positioned racks located on barges and trailers can be permitted, providing
that all other code requirements are met.
A-2-3.3.2 Examples of materials for use in providing added support include wood and flat
stones.
A-2-3.3.3 Where practical, additional separation distances between buried mortars should be
used.
A-2-3.3.5.2 Aboveground racks should be constructed to withstand a catastrophic malfunction in
a mortar. Wooden racks should have sides and bottom plates of at least 2-in. (5-cm) nominal
thickness. The racks should be boxed on both sides at the top and bottom by 1-in. × 6-in. (2.5-cm
× 15-cm) nominal thickness boards or 1/2-in. (1.3-cm) thick plywood. 2-in. (5-cm) nominal thick
blocks should be attached to the horizontal boards between each mortar greater than 3-in.
(76-mm) inside diameter. Boards should be fastened by nails, screws, or other fasteners that
penetrate a minimum of 1-in. (2.5-cm) into the member that a board is attached to. Racks should
be secured to prevent tipping over by attaching stakes or spikes driven into the ground, banding,
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the use of A-frames, or other equivalent means.
A-2-3.3.6 To the extent practical, where mortars are to be reloaded during a display, groups of
one size of mortars should not be placed adjacent to mortars of only 1 in. difference in diameter.
This reduces the likelihood that shells are loaded into oversized mortars. For example, an
arrangement of mortar groups such as 5 in., 3 in., 6 in., and 4 in. (127 mm, 76 mm, 152 mm, and
102 mm) is greatly preferred to an arrangement of 3 in., 4 in., 5 in., and 6 in. (76 mm, 102 mm,
127 mm, and 152 mm).
A-2-3.6
If there is reason to doubt that the strength of a mortar is adequate, a test can be devised to
determine whether its strength is sufficient. One possible strength test for mortars is to fire the
heaviest aerial shell of a given size to be used with a charge of lift powder that is 1.5 times the
normal quantity. This approximately doubles the normal stress on the mortar. It is not
appropriate to conduct this test at the display site. In addition, mortars meeting the specifications
of Tables A-2-3.6(a), (b), and (c) generally are believed to have ample strength.
Table A-2-3.6(a) Minimum Mortar Wall Thickness (in.) for Steel Mortars1
Mortar
ID (in.)

Spherical

Cylindrical
Single Break

Cylindrical
Multi-Break2

3

0.04

0.11

0.21

4

0.05

0.12

0.23

5

0.06

0.13

0.25

6

0.07

0.14

0.27

8

0.09

0.16

0.31

10

0.11

0.18

0.35

12

0.13

0.20

0.39

For SI units: 1 in. = 25.4 mm.
1The tensile strength of steel pipe should be at least 40,000 psi (275,800 kPa).
2Wall thicknesses are those of American National Standard ANSI/ASME B 36.10M,
Welded and Seamless Wrought Steel Pipe, 1985. (Schedule 40 wrought pipe).

Table A-2-3.6(b) Minimum Mortar Wall Thickness (in.) for
Paper Mortars (Convolute or Spiral)1
Mortar
ID (in.)

Spherical

Cylindrical
Single Break
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Cylindrical
Two Break

3

0.25

0.25

0.37

4

0.25

0.33

0.50

5

0.31

0.42

0.62

6

0.37

0.50

0.75

8

0.50

0.62

2

10

0.62

2

2

12

0.75

2

2

For SI units: 1 in. = 25.4 mm.
1The cross-grain tensile strength of the paper should be at least 2300 psi (16,000 kPa).
2Data not currently available.

Table A-2-3.6(c) Minimum Mortar Wall Thickness (in.) for
High Density Polyethylene Mortars1
Mortar
ID (in.)

Spherical

Cylindrical
Single Break

Cylindrical
Two Break

3

0.15

0.20

2

4

0.20

0.26

2

5

0.25

2

2

6

0.30

2

2

For SI units: 1 in. = 25.4 mm.
1The tensile strength of plastic should be at least 3500 psi (24,000 kPa).
2Data not currently available.

A-2-3.6.3 Where there is concern that a mortar is too short to cause an aerial shell to be
propelled to a safe altitude, a test firing should be conducted. However, it generally is believed
that mortars of the lengths specified in Table A-2-3.6.3 are sufficient.
Table A-2-3.6.3 Minimum Inside Mortar Length (in.)
Mortar
ID (in.)

Single
Break

Double
Break

Up to
4-Break

3

15

18

21
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4

20

23

27

5

24

28

32

6

28

32

37

8

34

40

46

10

40

46

54

12

46

52

62

For SI units: 1 in. = 25.4 mm.

A-3-1.3
Where more than one person is to ignite the aerial shells for an outdoor fireworks display, the
line of mortars should be separated in some manner and only one person should be lighting
shells in each area.
A-3-1.3.3 See NFPA 101®, Life Safety Code®, for definitions of health care and detention and
correctional facilities.
A-3-1.3.4 To determine whether materials are considered to possess these hazards, see NFPA
325, Guide to Fire Hazard Properties of Flammable Liquids, Gases, and Volatile Solids, and
NFPA 49, Hazardous Chemicals Data.
A-3-2.3
Figure A-3-2.3 illustrates some of the requirements for a permitted display site where mortars
are placed vertically, such as might be the case for an electrically ignited display.

Figure A-3-2.3 Typical layout for a display site with vertically positioned mortars.

A-3-2.3.1 Figure A-3-2.3.1 illustrates some of the requirements for a permitted display site
where aerial shells are to be stored at the discharge site for subsequent loading into mortars
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during the display, such as might be the case for a manually ignited display.

Figure A-3-2.3.1 Typical layout for a display site using angled mortars. The distance “d” shall be at least 1/6
but not more than 1/3 the radius of the circle indicating the minimum distance to the secured boundary.

A-3-3.1
The presence of a modest number of trees and shrubs should not be considered a safety
problem, provided that they are not so numerous as to make it significantly more difficult to
locate unexploded aerial shells or to pose a serious fire safety threat.
A-4-1.1
The authority having jurisdiction should be consulted well enough in advance so that the
required fire protection can be arranged. Fire protection could include portable fire extinguishers
for the discharge area and standby fire apparatus for protection down range.
A-4-1.2
Monitors should wear some distinctive identification (e.g., badges, brightly colored vests).
A-4-1.3.1 In most situations, it is believed that it is appropriate to have one person tending each
ready box or shell storage area in use at a given time. Similarly, it is believed that there should
be two persons reloading shells into mortars for each person igniting the aerial shells. Unless
racks of chain fused shells are being fired, it generally is believed that a single person can safely
ignite no more than approximately 10 shells per minute. If a greater rate of firing is desired, more
than one person should be lighting them.
A-4-1.3.3 The appropriate personal protective equipment for each person is determined by
conducting a hazard assessment of that person’s duties at the fireworks display, as required by
the U.S. Occupational Safety and Health Administration.
A-4-2.1
It should be noted that shell fuses can be damaged by rough handling. Therefore, appropriate
care should be taken when handling shells and fuses.
A-4-2.3
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It generally is believed that it is not safe to be loading mortars within 10 ft (3 m) of mortars
that are being fired. Where loading a shell into a recently fired mortar, the person loading should
crouch alongside the mortar and their back should be kept facing the area where shells are being
fired.
A-4-2.4
A gentle tug on the fuse usually can determine whether a shell has been properly seated in the
bottom of the mortar.
A-4-2.9.2 Exception: Alternative means of protection should include a sturdy barricade, the
placement of sandbags or similar protection on the shooter side of the mortar, or other alternative
protection acceptable to the authority having jurisdiction.
A-4-2.10
The operator and assistants should use extreme caution whenever approaching or handling a
malfunctioned live aerial shell. Before approaching or handling the shell, as much time as
practical following the malfunction should be allowed to pass. This minimizes the possibility
that the shell still contains a live spark that could cause the shell to explode unexpectedly.
Operators or assistants never should attempt to dry or repair a damaged shell. In all such cases,
the supplier should be contacted for disposal instructions.
A-4-2.10.3 Where firing aerial shells electrically or as a finale or barrage, it often is difficult to
detect when unfired shells remain in the mortars. Therefore, it is advisable to use some method
to aid in identifying when shells have not fired properly. One such method is to place a strip of
paper tape over the mouth of each mortar; the presence of unbroken tape is then a certain
indication that the shell has not fired. However, it should be noted that broken tape is NOT a
certain indication that the shell HAS fired. It always should be assumed that the mortar is loaded.
A-4-2.11
Remaining within 25 ft (7.7 m) of chain fused aerial shells after their ignition, for the purpose
of manual reignition, is unreasonably dangerous. Similarly, the act of manual reignition of chain
fused aerial shells is dangerous unless reignition is attempted at properly installed ignition
points. The necessity for such actions can be avoided through the use of redundant fusing or
multiple ignition points.
A-4-2.12
The operator and assistants should use extreme caution whenever approaching a malfunctioned
live aerial shell. Before approaching or handling the shell, as much time as practical following
the malfunction should be allowed to pass. This minimizes the possibility that the shell still
contains a live spark that could cause the shell to explode unexpectedly. Operators or assistants
never should attempt to dry or reuse a shell that has malfunctioned. In all such cases, the supplier
should be contacted for disposal instructions.
A-5-1.1
Electrical ignition often is used for larger displays, for displays fired on frequent occasions at a
fixed location, and for other displays where precise control over the timing of the fireworks is
desired for aesthetic reasons.
A-5-1.3
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In an electrically fired display, all aerial shells to be used in the display normally are loaded
prior to the firing of the first shell. A mortar therefore is required for each shell. Other fireworks
devices such as set pieces, roman candle batteries, and fountains that are to be fired during the
display also are set up for firing prior to the display and ignited electrically. It therefore is
normally not necessary for any personnel to be in the immediate area during the firing of the
display.
A-5-2.2
Switches should have labels under or above each switch. The labels should use either letters or
numbers.
A-5-2.3
For example, this might be accomplished with two switches in series, both of which need to be
operated for current to flow to the electric match.
A-5-2.4
A switch used to power the electrical firing unit for testing should be a different style than that
used to ignite electrical matches and also should be provided with lights to indicate the status of
the unit.
A-5-3.2
The electrical firing unit should be placed on a flat surface or table, and it should be provided
with some form of shield or other means of protection where located near the firing site.
A-5-4.3
A significant malfunction normally means that a fireworks device has violently exploded in a
mortar and there is a possibility that mortars have been dislodged from their intended placement
in racks or in the ground. A flowerpot or low burst normally does not require stopping the
display to check the mortar area.
A-5-5.2.1 Because much of the ability to control the audience is lost once the display is
concluded, it normally is not recommended to fire leftover aerial shells. However, under
favorable circumstances, it is possible and can be desireable to ignite any unfired set pieces,
fountains, roman candles, or other low-level devices.
Appendix B Labeling of Display Fireworks Aerial Shells
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only. Appendix B provides additional explanatory information on the
requirements in 2-1.3.
B-2-1.3 Labeling of Display Fireworks Aerial Shells.
B-2-1.3.1 As a minimum, each shell should bear a label containing the following information:
(a) A description of the size of the shell [e.g., “3-in. (76-mm) shell”];
(b) A description of the type of shell (e.g, “2-break with report”);
(c) A warning statement reading:
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WARNING: DANGEROUS EXPLOSIVE
If found, do not handle -Contact local fire or
police department
(d) The name and location of business of the manufacturer, importer, or distributor.
B-2-1.3.2 Conspicuousness.
(a) The statement “WARNING: DANGEROUS EXPLOSIVE” should be printed in capital
letters having a printed image of at least 1/8 in. (3.2 mm) and should be underlined.
(b) The remaining printed matter does not need to be printed in capital letters but should have
a printed image at least 1/8 in. (3.2 mm) high.
(c) The required statements should be printed in a color contrasting sharply with the
background and should be printed within a borderline.
(d) The label should be at least 9 in.2 (57.8 cm2), unless the size of the shell is too small to
accommodate this size, in which case the size can be reduced to a size no smaller than necessary.
Appendix C Recommended Regulations for Applications for Permits for the Outdoor
Display of Fireworks
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
(a) Application for permit to operate a display of outdoor fireworks in conformance with the
terms of __________________________ of the General Laws of ______________ shall
be made in writing on forms provided by the authority having jurisdiction.
(b) Such application should provide:
1. The name, address, and phone number of the individual, group, or organization
sponsoring the outdoor fireworks display.
2. The name, address, and phone number of the supplier of the fireworks to the operator, if
different than that of the operator.
3. Evidence of financial responsibility by the sponsor of the event or festival and by the
operator of the fireworks display. This could take the form of an insurance certificate or other
document attesting to coverage or responsibility.
4. The date and time of day at which the outdoor fireworks display is to be held, with a
proposed rain/wind date and time in the event the display is postponed.
5. The exact location planned for the outdoor fireworks display.
6. Confirmation of the license of the operator and the number of assistants that are to be
present.
7. The approximate number and kinds of fireworks to be discharged.
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8. The manner and place of storage of such fireworks prior to delivery to the outdoor
fireworks display site.
9. A diagram of the grounds on which the outdoor fireworks display is to be held showing
the point at which the fireworks are to be discharged, the location of all buildings, highways and
other lines of communication, the lines behind which the audience is to be restrained, and the
location of other possible overhead obstructions.
(c) Upon receipt of such application ____________________ days in advance of the date
set for this outdoor fireworks display, the authority having jurisdiction should make or initiate an
investigation of the site of the proposed display for the purpose of determining compliance with
these regulations in the case of the particular display.
Appendix D Suggested Requirements for Operator Licensing
This Appendix is not a part of the requirements of this NFPA document, but is included for
informational purposes only.
D-1 Operator Licensing Requirements.
D-1.1
A requirement of licensing is that the applicant has attained the age of 21 years.
D-1.2
A requirement of licensing is that the applicant has passed a comprehensive written
examination covering state laws pertaining to the display of fireworks and this code. At the
option of the issuing office, an alternate requirement can be substituted, such as acceptance of
competency certification by a national organization or of licensing by another state.
D-1.3
A requirement of licensing is that the applicant has provided evidence of actively participating
in the performance of at least 5 outdoor fireworks displays. At the option of the issuing office, an
alternate requirement can be substituted.
D-2 Provisions of Operator Licensing.
D-2.1
The license shall be valid for a period of 4 years.
D-2.2
Renewal of the license shall be automatic upon provision of proof of actively participating in
at least 3 outdoor fireworks displays during the prior 4 years.
Appendix E Extract from American Pyrotechnics Association Standard 87-1, Standard for
Construction and Approval for Transportation of Fireworks
This Appendix is not a part of the requirements of this NFPA document but is included for
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informational purposes only.
E-1 Introduction.
†E-1.1
This appendix provides manufacturers, importers, and distributors of fireworks and novelties
information to assist them in manufacturing, testing, shipping, and labeling the products of the
fireworks industry in accordance with applicable federal laws and current good manufacturing
practices.
NOTE: Paragraphs of this appendix that apply to the approval by the U.S. Department of Transportation
(DOT) for transportation of fireworks are indicated by a dagger (†) preceding the paragraph number.

E-1.2
The information in this appendix should enable manufacturers, importers, and distributors of
fireworks and novelties to provide their customers with products that can be transported and used
safely and without unreasonable risk.
†E-1.3
Fireworks and novelties are not acceptable for transportation within the jurisdiction of the
United States unless they are classed, packaged, labeled, and marked and are in proper condition
for shipment in accordance with the DOT regulations in Title 49, Code of Federal Regulations.
See Section E-5 of this appendix for further discussion.
E-1.4
Consumer fireworks (fireworks classed as 1.4G and 1.4S) (formerly “Common Fireworks”)
and novelties are not acceptable for sale to the public unless they are manufactured, labeled, and
sold in conformance with the regulations of the U.S. Consumer Product Safety Commission
(CPSC) published in Title 16, Code of Federal Regulations. See Section E-3 of this appendix for
further discussion.
NOTE: Consumer fireworks are normally classed as 1.4G but can be classed by the DOT as 1.4S on the basis
of specific test results.

E-1.5
United States laws and regulations prescribe mandatory requirements that a person must
follow in order to market certain products. In these instances, failure to comply can be regarded
by courts as negligence per se in product liability litigation.
†E-1.6
This appendix applies to fireworks devices and novelties for entertainment purposes.
E-2 Definitions.
†E-2.1 Approval.
For purposes of this appendix, approval means the assignment of proper hazard class, EX
number, and proper shipping name by the DOT so that fireworks and novelties can be
transported under conditions specified in Title 49, Code of Federal Regulations. See Section E-5
of this appendix for details.
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†E-2.2 Black Match.
A fuse made from thread impregnated with black powder and used for igniting pyrotechnic
devices. Black Match is classed as “1.3G” and described as “Fuse, Instantaneous, non-detonating
UN0101,” or “Quickmatch UN0101.”
†E-2.3 Blowout.
The unintended release of a pressure effect from other than the intended orifice of a fireworks
device. Examples include expulsion of the bottom plug of a roman candle, expulsion of the clay
choke of a fountain, or the rupturing of the wall of a mine or shell.
†E-2.4 Burnout.
The unintended escape of flame through the wall of a pyrotechnic chamber during functioning
of a fireworks device.
†E-2.5 Chemical Composition.
All pyrotechnic and explosive composition contained in a fireworks device. Inert materials
such as clay used for plugs, or organic matter such as rice hulls used for density control, are not
considered to be chemical composition.
†E-2.5.1 Explosive Composition. Any chemical compound or mixture, the primary purpose of
which is to function by explosion, producing an audible effect in a fireworks device.
†E-2.5.2 Pyrotechnic Composition. A chemical mixture that on burning and without explosion
produces visible or brilliant displays or bright lights, or whistles or motion.
†E-2.6 Fireworks.
Any device, other than a novelty, intended to produce visible or audible effects, or both, by
combustion, deflagration, or detonation. Fireworks are further described as “Fireworks UN0336”
or “Fireworks UN0337” (formerly “Common Fireworks” and now referred to in this document
as “Consumer Fireworks”), “Forbidden Fireworks,” or “Fireworks UN0335” (formerly “Special
Fireworks” and now referred to in this document as “Display Fireworks”).
NOTE: Propelling and expelling charges consisting of a mixture of sulfur, charcoal, and saltpeter are not
considered as designed to produce audible effects.

†E-2.6.1 Consumer Fireworks (formerly “Common Fireworks”). Any fireworks device for
use by the public that complies with the construction, performance, composition, and labeling
requirements promulgated by the U.S. Consumer Product Safety Commission (CPSC) in Title
16, Code of Federal Regulations, in addition to any limits and other requirements of this
document. See Section E-3 of this appendix for details.
†E-2.6.2 Display Fireworks (formerly “Special Fireworks”). Fireworks devices primarily
intended for commercial displays that are designed to produce visible or audible effects, or both,
by combustion, deflagration, or detonation, including, but not limited to, salutes containing more
than 130 mg (2 grains) of explosive composition; aerial shells containing more than 40 g (1.4 oz)
of chemical composition exclusive of lift charge; and other exhibition display items that exceed
the limits contained in this document for “Consumer Fireworks.” Certain devices intended for
signaling, illuminating, and incendiary purposes and formerly classed as “Special Fireworks” no
longer fall into this fireworks category. See Section E-4 of this appendix for details.
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†E-2.6.3 Theatrical Pyrotechnics. Pyrotechnic devices for professional use in the entertainment
industry similar to “Consumer Fireworks” in chemical composition and construction but not
intended for consumer use. Such articles meeting the weight limits for consumer fireworks but
not labeled as such and containing only chemicals shown in Table E-4-3.1 can be approved
under the provisions of this document and classified as “Article, Pyrotechnic, 1.4G, UN0431.”
NOTE: Theatrical pyrotechnics devices can be classed as “Article, Pyrotechnic, 1.4S, UN0432” by the DOT
on the basis of specific test results.

†E-2.7 Labeling.
A display of written, printed, or graphic matter upon a fireworks device(s) or upon the
immediate container of any such device(s), or both. Included are diamond shaped labels required
by the DOT to be displayed on outside packaging for transportation purposes. The term also
includes any identification, cautions, and other information required by this document or by any
Federal Government agency.
†E-2.8 Marking.
The application of the proper shipping name, identification number (UN number), instructions,
cautions, weight, or specification mark or combination thereof to a package of hazardous
material. Marking also includes any required specification mark on the inside or outside of a
shipping container.
†E-2.9 Novelty.
A device containing small amounts of pyrotechnic or explosive composition, or both, but not
described as consumer fireworks. Such devices produce limited visible or audible effects. These
items shall be classed as “1.4G,” unless classed as “1.4S” or deregulated as a hazardous material
by the DOT on the basis of specific test results.
†E-2.10 Placard.
A warning symbol of a square-on-point configuration mounted on each side and each end of a
truck, rail car, or freight container that informs the public and emergency personnel of the
hazardous nature of the cargo, as specified in Title 49, Code of Federal Regulations, Part 172.
†E-2.11 Quick Match (Instantaneous Fuse).
Black match that is encased in a loose-fitting paper sheath to make it burn extremely rapidly.
Quick match is used for aerial shells and for simultaneous ignition of a number of pyrotechnic
devices, such as lances in a ground display piece. Quick match is classed as “1.3G” and
described as “Fuse, instantaneous, non-detonating” or “Quickmatch,” and assigned identification
number “UN0101.”
†E-2.12 Safety Fuse.
A fuse consisting of a thread-wrapped black powder train that has been coated with a
water-resistant material. Such fuse is typically 3/32 in. (2.4 mm) in outside diameter and
frequently green in color. Safety Fuse is described as “Fuse, Safety UN0105” and classed as
“1.4S.”
E-3 Requirements for Consumer Fireworks, Novelties, and Theatrical Pyrotechnics.
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NOTE 1: Devices in this category, formerly classed as Class C Explosive, Common Fireworks, are now
classed as Fireworks 1.4G under the U.N. System, and referred to in this document as “Consumer Fireworks.”
NOTE 2: Devices intended for non-consumer use in the entertainment industry that meet the chemical
composition requirements of this appendix can be classed as “1.4G” and described as “Article, Pyrotechnic
UN0431” under the provisions of this document but are not required to comply with the fuse, construction, and
labeling requirements of this appendix.

†E-3.1 Types of Consumer Fireworks.
The following fireworks devices are subject to the requirements of Section E-3 of this
appendix.
E-3.1.1 Ground and Hand-held Sparkling and Smoke Devices.
E-3.1.1.1 Cylindrical Fountain. Cylindrical tube containing not more than 75 g (2.6 oz) of
pyrotechnic composition. Upon ignition, a shower of colored sparks, and sometimes a whistling
effect or smoke, is produced. This device can be provided with a spike for insertion into the
ground (Spike Fountain), a wood or plastic base for placing on the ground (Base Fountain), or a
wood or cardboard handle to be hand-held (Handle Fountain). Where more than one tube is
mounted on a common base, total pyrotechnic composition cannot exceed 200 g (7.1 oz).
†E-3.1.1.2 Cone Fountain. Cardboard or heavy paper cone containing not more than 50 g (1.8
oz) of pyrotechnic composition. The effect is the same as that of a cylindrical fountain. Where
more than one cone is mounted on a common base, total pyrotechnic composition cannot exceed
200 g (7.1 oz).
†E-3.1.1.3 Illuminating Torch. Cylindrical tube containing not more than 100 g (3.5 oz) of
pyrotechnic composition that produces a colored flame upon ignition. Can be spike, base, or
hand-held. Where more than one tube is mounted on a common base, total pyrotechnic
composition cannot exceed 200 g (7.1 oz).
†E-3.1.1.4 Wheel. Pyrotechnic device intended to be attached to a post or tree by means of a nail
or string. Can have one or more drivers, each of which can contain not more than 60 g (2.1 oz) of
pyrotechnic composition. No wheel can contain more than 200 g (7.1 oz) total pyrotechnic
composition. Upon ignition, the wheel revolves, producing a shower of color and sparks and,
sometimes, a whistling effect.
†E-3.1.1.5 Ground Spinner. Small device containing not more than 20 g (0.7 oz) of pyrotechnic
composition, venting out an orifice usually on the side of the tube. Similar in operation to a
wheel but intended to be placed flat on the ground and ignited. A shower of sparks and color is
produced by the rapidly spinning device.
†E-3.1.1.6 Flitter Sparkler. Narrow paper tube attached to a stick or wire and filled with not
more than 5 g (0.2 oz) of pyrotechnic composition that produces color and sparks upon ignition.
The paper at one end of the tube is ignited to make the device function.
†E-3.1.1.7 Toy Smoke Device. Small plastic or paper item containing not more than 100 g (3.5
oz) pyrotechnic composition that, upon ignition, produces white or colored smoke as the primary
effect. (These devices, where complying with the provisions of this appendix, are classed as
“1.4G” unless classed as “1.4S” or not regulated as an explosive by the DOT on the basis of
specific test results.
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E-3.1.2 Aerial Devices.
†E-3.1.2.1 Sky Rockets and Bottle Rockets. Cylindrical tube containing not more than 20 g
(0.7 oz) of chemical composition with a wooden stick attached for guidance and stability.
Rockets rise into the air upon ignition. A burst of color or sound, or both, can be produced at or
near the height of flight.
†E-3.1.2.2 Missile-type Rocket. A device similar to a sky rocket in size, composition, and effect
that uses fins rather than a stick for guidance and stability. Missiles shall not contain more than
20 g (0.7 oz) of total chemical composition.
†E-3.1.2.3 Helicopter, Aerial Spinner. A tube containing not more than 20 g (0.7 oz) of
chemical composition, with a propeller or blade attached. Upon ignition, the rapidly spinning
device rises into the air. A visible or audible effect can be produced at or near the height of
flight.
†E-3.1.2.4 Roman Candle. Heavy paper or cardboard tube containing not more than 20 g (0.7
oz) of chemical composition. Upon ignition, “stars” (pellets of pressed pyrotechnic composition
that burn with bright color) are individually expelled.
†E-3.1.2.5 Mine, Shell. Heavy cardboard or paper tube usually attached to a wooden or plastic
base and containing not more than 40 g (1.4 oz) of chemical composition plus not more than 20 g
(0.7 oz) of “lift” charge [the part that actually lifts the aerial effect(s) into the air] per tube. Upon
ignition, “stars” (see E-3.1.2.4), components producing reports containing up to 130 mg (2
grains) of explosive composition per report (see E-3.1.3.1), or other devices are propelled into
the air. A mine can contain more than one tube, provided the tubes fire in sequence upon ignition
of one external fuse. Total chemical composition including lift charges of any multiple tube
device cannot exceed 200 g (7.1 oz).
E-3.1.3 Audible Ground Devices.
†E-3.1.3.1 Firecracker. Small, paper-wrapped or cardboard tube containing not more than 50
mg (0.8 grains) of explosive composition, except that those used in aerial devices can contain up
to 130 mg (2 grains) of explosive composition per report. Upon ignition, noise and a flash of
light are produced.
NOTE: Firecrackers are not subject to the requirements of fuse in E-3.5.1 and chemicals in E-3.6.1 of this
appendix.

E-3.1.3.2 Chaser. Paper or cardboard tube venting out the fuse end of the tube containing not
more than 20 g (0.7 oz) of chemical composition. The device travels along the ground upon
ignition. A whistling effect or other noise is often produced. Explosive composition can be
included to produce a report but cannot exceed 50 mg (0.8 grains).
†E-3.2 Types of Novelties.
The following devices are classed as Fireworks 1.4G and described as “Fireworks UN0336”
unless they are classed as “1.4S” or not regulated as hazardous materials based on specific test
results. These devices that are not regulated are not considered to be consumer fireworks.
†E-3.2.1 Party Popper. Small plastic or paper item containing not more than 16 mg (0.25
grains) of explosive composition that is friction sensitive. A string protruding from the device is
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usually pulled to ignite it. This item expels nonflammable paper streamers or other
nonflammable novelties, or both, and produces a small report.
†E-3.2.2 Snapper. Small, paper-wrapped item containing not more than 1 mg (0.02 grains) of
explosive composition coated on small bits of sand, and packaged with sawdust in individual
containers of not more than 50 units. When dropped, the device explodes, producing a small
report.
†E-3.2.3 Snake, Glow Worm. Pressed pellet of not more than 2 g (0.07 oz) of pyrotechnic
composition and packaged in retail packages of not more than 25 units that produces as the
primary effect a snake-like ash upon burning. The ash expands in length as the pellet burns.
(These devices are not regulated for transportation purposes.)
†E-3.2.4 Sparkler. Wire or stick coated with pyrotechnic composition, that cannot exceed 100 g
(3.5 oz) per item, that produces a shower of sparks upon ignition. These items cannot contain
magnesium, except that magnalium (magnesium-aluminum alloy) is permitted. Items containing
any chlorate or perchlorate salts cannot exceed 5 g (0.2 oz) of composition per item. (These
items are not regulated as explosives for transportation purposes. However, some meet the
criteria for flammable solids.)
†E-3.2.5 Toy Caps. Toy plastic or paper caps for toy pistols in sheets, strips, rolls, or individual
caps, containing not more than an average of 0.25 grains (16 mg) of explosive composition per
cap. Toy caps are described as “Fireworks UN0336” and classed as “1.4G.” Toy caps are to be
packed in inside packages constructed of cardboard not less than 0.013 in. (0.33 mm) in
thickness, metal not less than 0.008 in. (0.2 mm) in thickness, noncombustible plastic not less
than 0.015 in. (0.38 mm) in thickness, or a composite blister package consisting of cardboard not
less than 0.013 in. (0.33 mm) in thickness, and noncombustible plastic not less than 0.005 in.
(0.13 mm) in thickness, which are to provide a complete enclosure. The minimum dimensions of
each side or end of such package are to be not less than 1/8 in. (3.2 mm) in height. The number of
caps in these inside packages are to be limited so that no more than 10 grains (650 mg) of
explosive composition are to be packed into 1 in.3 (16.4 cm3) of space. In addition, no more than
17.5 grains (1138 mg) of the explosive composition of toy caps are to be packed in any inside
container. These inner containers are to be packed in outside containers meeting the
requirements specified in E-5.3.1 of this appendix.
†E-3.2.6 Other Novelties. Devices intended to produce unique visual or audible effects and
containing 50 mg (0.8 grains) or less of explosive composition and limited amounts of other
pyrotechnic composition. Examples include cigarette loads, trick matches, explosive auto alarms,
and other trick noise makers.
†E-3.3 Other Devices.
Any device producing unique pyrotechnic or explosive effects or combinations of effects not
enumerated in Section E-3 of this appendix.
†E-3.4 Combination Items.
Fireworks devices intended to produce more than one of the effects described in Section E-3 of
this appendix, and that contain not more than 200 g (7.1 oz) of total chemical composition.
E-3.5 Specific Requirements.
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E-3.5.1 Fuse.
E-3.5.1.1 Only safety fuse or other fuse that has been protected to resist side ignition can be used
in devices subject to the requirements of this appendix.
NOTE: See APA 87-1, Appendix B, for method of measuring resistance to side ignition. Devices, such as
ground spinners, that require a restricted orifice for proper functioning and that contain less than 6 g (0.2 oz) of
pyrotechnic composition are not subject to the requirements of E-3.5.1.1.

E-3.5.1.2 The fuse needs to be of sufficient length to burn at least 3 seconds but not more than 6
seconds before ignition of the device, except that fuse for roman candles or similar devices
requiring a longer fuse for safe functioning can burn up to 12 seconds before ignition of the
device.
E-3.5.1.3 The fuse needs to be securely attached, so that it will support either the weight of the
device plus 8 oz (227 g) of dead weight or double the weight of the device, whichever is less,
without separation from the fireworks device.
E-3.5.2 Construction.
E-3.5.2.1 Bases. Each fireworks device that requires a base needs to utilize a base of wood or
plastic (preferably nonbrittle, medium-impact polystyrene). The minimum horizontal dimension
or the diameter of the base needs to be equal to at least one-third the height of the device
(excluding any protruding fuse), unless the device remains upright when subjected to a tilt of 12
degrees from the horizontal. Bases are to remain firmly attached to the item during
transportation, handling, and normal operation.
NOTE: See APA 87-1, Appendix B, for method of measuring.

E-3.5.2.2 Sticks. The stick on a rocket (including skyrockets and bottle rockets), and on other
fireworks devices that utilize a stick, are to be firmly attached to the body of the device by means
of glue, staples, or wire, and are to be secure enough to remain firmly attached during
transportation, handling, and normal operation. Sticks are to be rigid and of such length so as to
ensure stable flight. The maximum curvature of such stick(s) cannot exceed 1 in. (25 mm).
NOTE: See APA 87-1, Appendix B, for method of testing rigidity.

E-3.5.2.3 Handles. Each fireworks device that is intended to be hand-held and is so marked is to
incorporate a handle at least 4 in. (101 mm) in length. Handles are to remain firmly attached
during transportation, handling, and normal operation of the device, or are to consist of an
integral section of the device extending at least 4 in. (101 mm) below the pyrotechnic chamber,
except that sparklers 10 in. (253 mm) or less in length shall have handles at least 3 in. (76 mm)
in length.
E-3.5.2.4 Spikes. Spikes that constitute an integral part of a fireworks device are to protrude at
least 2 in. (51 mm) from the base of the device and are to have a blunt tip not less than 1/8 in.
(3.2 mm) in diameter or 1/8 in. (3.2 mm) square.
†E-3.5.2.5 Pyrotechnic Chamber. The pyrotechnic chamber in a fireworks device that
functions other than by exploding needs to be of sufficient thickness and rigidity to allow normal
functioning of the device without burnout or blowout. The chamber also needs to be constructed
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and sealed to prevent leakage of the pyrotechnic composition during transportation, handling,
and normal operation.
E-3.5.2.6 Wings. Wings on helicopter-type rockets and similar devices need to be securely
attached to the body by means of gluing, wiring, or other appropriate means so that they will
remain firmly attached during transportation, handling, and normal operation.
E-3.5.2.7 Wheel Devices. Each wheel device needs to be constructed so that the driver(s),
motor(s), and axle(s), where needed (i.e., on wheel devices intended to operate in a fixed
location), remain securely attached to the device during transportation, handling, and normal
operation.
E-3.5.2.8 Aerial Devices. Each device intended to produce a visible or audible effect high in the
air needs to be designed to produce the effect at or near the apogee of its flight.
E-3.5.2.9 Smoke Devices. Each smoke device needs to be constructed so that it will neither
burst nor produce excessive flame (excluding fuse and small but brief bursts of flame
accompanying normal smoke production). Smoke devices cannot contain plastic in direct contact
with the pyrotechnic composition, nor can smoke devices resemble, in color and configuration,
banned fireworks devices, such as M80 salutes, cherry bombs, or silver salutes.
E-3.6 Prohibited Chemicals and Components.
†E-3.6.1 Prohibited Chemicals. Consumer fireworks devices offered or intended for sale to the
public cannot contain a chemical enumerated in Table E-3.6.1, except for trace amounts as
impurities, and except as specified therein.
NOTE: Display fireworks and theatrical pyrotechnics ( E-2.6.3) are not subject to the provisions of this
appendix.

Table E-3.6.1* Prohibited Chemicals for Consumer Fireworks

(a)

Arsenic sulfide, arsenates, or arsenites.

(b)

Boron.

(c)

Chlorates, except:

1.

In colored smoke mixtures in which an equal or greater
weight of sodium bicarbonate is included.

2.

In party poppers.

3.

In those small items (such as ground spinners) wherein
the total powder content does not exceed 4 g (0.14 oz) of
which not greater than 15 percent or 600 mg (9.3 grains)
is potassium, sodium, or barium chlorate.

4.

In firecrackers.

5.

In toy caps.
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(d)

Gallates or gallic acid.

(e)

Magnesium (magnesium/aluminum alloys, called magnalium,
are permitted).

(f)

Mercury salts.

(g)

Phosphorus (red or white), except that red phosphorus is
permissible in caps and party poppers.

(h)

Picrates or picric acid.

(i)

Thiocyanates.

(j)

Titanium, except in particle size greater than 100-mesh.

(k)

Zirconium.

†E-3.6.2 Prohibited Components. No component of any consumer fireworks device or novelty
can, upon functioning, project or disperse any metal, glass, or brittle plastic fragments.
†E-3.6.3 Forbidden Explosive Devices. Any explosive device intended for sale to the public
that produces an audible effect (other than a whistle) by a charge of more than 130 mg (2 grains)
of explosive composition per report. Devices obtained for bonafide pest control purposes in
accordance with regulations promulgated by CPSC in Title 16, Code of Federal Regulations, are
not forbidden.
For transportation purposes, the term forbidden explosive devices also includes mixtures or
devices containing a chlorate and an ammonium salt or an acidic metal salt, devices that contain
yellow or white phosphorus, devices that combine an explosive and a detonator or blasting cap,
and any device that has not been approved by the DOT.
†E-3.7 Approval.
All consumer fireworks (“Fireworks UN0336”), novelties, and theatrical pyrotechnics offered
for transportation in the United States need to be classified and approved for transportation
purposes by the DOT, in accordance with the following procedure.
†E-3.7.1 Fireworks and Novelties containing only mixtures of chemicals specified in Table
E-4.3.1 but none of the chemicals prohibited by E-3.6. For each item for which approval is
sought, manufacturers need to submit a copy of the Approval Application (see APA 87, Appendix
D) to the DOT. The DOT can issue an approval for the device as “1.4G” based on the
information contained in the form or, at its option, can require fireworks laboratory examination
by the Bureau of Explosives, Bureau of Mines, or other fireworks laboratory acceptable to the
DOT.
†E-3.7.2 Consumer fireworks devices and theatrical pyrotechnics containing any chemical not
specified in Table E-4.3.1, but none of the chemicals prohibited by E-3.6. For each item for
which approval is sought, the manufacturer needs to submit a sample of each device to the
Bureau of Explosives, Bureau of Mines, or other fireworks laboratory acceptable to the DOT
(such as a recognized competent authority for fireworks manufactured abroad) for examination
and thermal stability testing. The manufacturer needs to then submit a fireworks Approval
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Application (see APA 87-1, Appendix D) together with the appropriate fireworks laboratory
reports to the DOT. The DOT can then issue approval based on the information contained in the
application and accompanying fireworks laboratory reports.
†E-3.7.3 Theatrical pyrotechnics containing only mixtures of chemicals specified in Table
E-4.3.1. For each item for which approval is sought, manufacturers need to submit a copy of the
Approval Application (see APA 87-1, Appendix D) to the DOT. The DOT can issue an approval
for the device as “1.4G” based on the information contained in the form or, at its option, can
require fireworks laboratory examination by the Bureau of Explosives, Bureau of Mines, or other
fireworks laboratory acceptable to the DOT.
†E-3.7.4 If classification other than as “1.4G” is sought, the DOT approval procedure in Title 49,
Code of Federal Regulations, 173.56(b)(1) needs to be followed. This includes obtaining a
fireworks laboratory report from the Bureau of Explosives, or other fireworks laboratory
acceptable to the DOT.
†E-3.8 Marking and Labeling.
Fireworks intended for consumer sale and use need to be labeled in conformance with the
requirements of the Federal Hazardous Substances Act and regulations promulgated thereunder
in Title 16, Code of Federal Regulations, Part 1500. All outside packaging containing fireworks
must be marked and labeled in conformance with Title 49, Code of Federal Regulations, Part
172. See APA 87-1, Appendix C, and Section E-5 of this appendix for details and examples.
E-4 Requirements for Display Fireworks Devices.
NOTE: Devices in this category, formerly classed as Class B Explosives, Special Fireworks, are now classed
as “1.3G” under the UN system and referred to in this appendix as “Display Fireworks.”

†E-4.1 Types of Display Fireworks Devices.
The following fireworks devices are subject to the requirements of Section E-4 of this
appendix.
E-4.1.1 Aerial Shell. A cylindrical or spherical cartridge containing chemical composition
exceeding 40 g (1.4 oz) in weight or explosive composition exceeding 130 mg (2 grains) per
report, and a black powder propelling charge (lift charge). Shells are most commonly 3 in. to 6
in. (76 mm to 152 mm) in diameter, and are fired from metal or heavy cardboard tubes. Upon
firing, the lift charge is consumed and the cartridge is expelled into the air. A pyrotechnic effect
is produced near the apogee of flight.
†E-4.1.2 Salute. Paper-wrapped or cardboard tube containing explosive composition in excess
of 130 mg (2 grains). Upon ignition, noise and a flash of light are produced.
E-4.1.3 Other Fireworks Devices.
†E-4.1.3.1 Where the quantity of explosive or pyrotechnic composition, or both, exceeds the
limit for inclusion in the “Fireworks UN0336” category, devices enumerated in E-3.1 are classed
as “1.3G” and described as “Fireworks UN0335” (formerly described as “Special Fireworks”
and classed as “Class B Explosives”). This includes multiple tube devices containing more than
200 g (7.1 oz) of total chemical composition.
†E-4.1.3.2 Certain devices intended for signaling, illuminating, and incendiary purposes such as
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railway torpedoes, airplane flares, illuminating projectiles, incendiary and smoke projectiles, and
flash cartridges, formerly classed as “Special Fireworks,” no longer fall into the “Fireworks”
category under the DOT regulations effective on October 1, 1991 and are not part of this
appendix.

†Table E-4.3.1 Standard Fireworks Chemicals
Chemical

Typical Use

Aluminum

Fuel

Ammonium perchlorate

Oxygen donor

Antimony

Fuel

Antimony sulfide

Fuel

Barium carbonate

Neutralizer

Barium nitrate

Oxygen donor

Barium sulfate

Oxygen donor

Boric acid

Neutralizer

Calcium carbonate

Neutralizer

Calcium sulfate

Oxygen donor

Carbon or charcoal

Fuel

Copper metal

Color agent

Copper oxide

Oxygen donor, color agent

Copper salts (except copper chlorate)

Color agent

Dextrine

Fuel/binder

Hexamethylenenetetramine (hexamine)

Fuel

Iron and iron alloys (e.g., ferro/titanium)

Fuel

Iron oxide

Oxygen donor

Magnalium (magnesium/aluminum)

Fuel

Magnesium (in display fireworks and theatrical pyrotechnics only)

Fuel

Magnesium carbonate

Neutralizer

Magnesium sulfate

Oxygen donor

Nitrocellulose-based lacquers

Binder

Phosphorus, red (only as provided in Table E-3.6.1)

Fuel

Potassium or sodium benzoate

Whistle

Potassium bichromate (Potassium dichromate) (not to exceed 5% of

Oxygen donor
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formulation)
Potassium chlorate (only as provided in Table E-3.6.1)

Oxygen donor

Potassium hydrogen phthalate

Whistle

Potassium nitrate

Oxygen donor

Potassium perchlorate

Oxygen donor

Potassium sulfate

Oxygen donor

Sodium bicarbonate (sodium hydrogen carbonate)

Neutralizer

Sodium nitrate

Oxygen donor

Sodium salicylate

Whistle

Sodium salts (except sodium chlorate)

Color agent

Sodium sulphate

Oxygen donor

Strontium carbonate

Color agent

Strontium nitrate

Oxygen donor

Strontium salts (except strontium chlorate)

Color agent

Strontium sulfate

Oxygen donor

Sulfur

Fuel

Titanium (particle size > 100 mesh if 1.4G or 1.4S Fireworks)

Fuel

E-4.2 Construction of Aerial Shells.
E-4.2.1 Each shell is to be identified only in terms of the inside diameter (and not the
circumference) of the mortar in which it can be safely used. [e.g., 3-in. (76-mm) shells are only
for use in 3-in. (76-mm) mortars].
E-4.2.2 Each shell needs to be constructed so that the difference between the inside diameter of
the mortar in which it can be safely used and the outside diameter of the shell is no less than 1/8
in. (3.2 mm) and no more than 1/4 in. (6.4 mm) for shells not exceeding 3 in. (76 mm) or 1/2 in.
(12.7 mm) for shells larger than 3 in. (76 mm).
E-4.2.3 Each shell needs to be marked with the type of shell, the diameter measurement, and the
name of the manufacturer or distributor.
E-4.2.4 The length of the internal delay fuse and the amount of lift charge needs to be sized to
ensure proper functioning of the shell in its mortar. Quick match fuse, if required, needs to be
long enough to allow not less than 6 in. (152 mm) of fuse to protrude from the mortar after the
shell is properly inserted.
E-4.2.5 The length of exposed black match on a shell cannot be less than 3 in. (76 mm) and the
fuse is not to be folded or doubled back under the safety cap. Also, the time delay between
ignition of the tip of the exposed black match and ignition of the lift charge cannot be less than 3
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seconds to allow the operator to retreat safely.
E-4.2.6 A safety cap needs to be installed over the exposed end of the fuse. The safety cap needs
to be of a different color than that used for the paper of the fuse.
†E-4.3 Approval.
Prior to being offered for transportation in the United States, all display fireworks (Fireworks
1.3G) need to be classified and approved by the DOT in accordance with the following
procedures.
†E-4.3.1 Devices containing only mixtures of chemicals specified in Table E-4.3.1. The
manufacturer needs to submit a copy of the Approval Application (see APA 87-1, Appendix D) to
the DOT for any item that has not previously been approved by the DOT. The DOT can issue an
approval for the device based on the information contained in the form or, at its option, can
require fireworks laboratory examination by the Bureau of Explosives, Bureau of Mines, or other
fireworks laboratory acceptable to the DOT.
†E-4.3.2 Devices containing any chemical not specified in Table E-4.3.1. For each item for
which approval is sought, the manufacturer needs to submit a sample of each pyrotechnic
mixture containing any chemical not specified in Table E-4.3.1 to the Bureau of Explosives or
other fireworks laboratory acceptable to the DOT for examination. The manufacturer shall then
submit a Fireworks Approval Application (see APA 87-1, Appendix D), together with the
appropriate fireworks laboratory reports to the DOT. The DOT can then issue approval based on
the information contained in the application and accompanying fireworks laboratory report(s).
Miscellaneous Compounds:
Organic compounds [compounds such as lactose, shellac, red gum, chlorinated paraffin, and
polyvinyl chloride, consisting of some combination of carbon with hydrogen, oxygen, or
chlorine, or all three; nitrogen can be present if it accounts for less than 10 percent (by weight) of
the compound.]
NOTE: Exact chemical identity of each “organic compound” is to be included when submitting an Approval
Application (see APA 87-1, Appendix D) to the DOT.

E-5 Shipping Requirements.
†E-5.1 Transportation Regulating Authorities.
Transportation of fireworks is regulated by the United States Department of Transportation
(DOT). Some states and municipalities also regulate transportation of fireworks through their
jurisdiction, often by incorporation of federal regulations.
†E-5.2 Approval.
Except for samples prepared in accordance with the DOT regulations, no fireworks device or
novelty can be offered for transportation or be transported until it is classed and approved by the
DOT, and an approval number (EX number) is issued (Title 49, Code of Federal Regulations,
Part 173.86). (See Sections E-3 and E-4 of this appendix and APA 87-1, Appendix D.)
†E-5.2.1 EX numbers for fireworks contained in a shipping carton need to be marked on the
shipping carton or on the shipping paper.
†E-5.2.2 Cartons containing more than 5 different fireworks devices need to be marked with at
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least 5 of the EX numbers covering items in the carton, or the EX numbers need to appear on the
shipping paper [Title 49, Code of Federal Regulations, Parts 172.320(c) and (d)].
E-5.3 Packaging.
With certain exceptions, “Fireworks UN0335” (formerly “Special Fireworks”), “Fireworks
UN0336” (formerly “Common Fireworks”) and “Novelties,” are to be securely packaged in
containers complying with the DOT regulations. Gross weight limitation per package is now
dictated by the weight marked on the certified packaging. Until October 1, 1996, these materials
can be packaged in accordance with the regulations in effect on September 31, 1991 (i.e., DOT
12B boxes). These materials can be offered in accordance with the new package requirements
promulgated under Docket No. HM-181 as of January 1, 1991. However, except as noted below,
compliance with these new package standards is mandatory as of October 1, 1996. Fireworks
packaged prior to October 1, 1991, in packagings that comply with the previous DOT regulations
(such as 12B boxes), can be used until October 1, 2001, but only for shipments in domestic
commerce and only if the package has not been emptied or refilled on or after October 1, 1991.
[Title 49, Code of Federal Regulations, Part 171.14(c)]. Articles with match or friction tip
ignition are to be packed so that each individual tip is protected against accidental contact or
friction (Title 49, Code of Federal Regulations, Part 173.108). Loose chemical composition
cannot be present in packages in transportation [Title 49, Code of Federal Regulations, Part
172.102(c)(108)].
†E-5.3.1 Toy Cap Packaging. Until October 1, 1996, toy caps can be packaged in accordance
with Title 49, Code of Federal Regulations, Part 173.109, in effect on September 31, 1991 [i.e.,
DOT 12B fiberboard boxes, with gross weight not to exceed 65 lb (30 kg)]. Toy caps are to be
packaged in inner containers meeting the requirements specified in E-3.2.5 of this appendix. Toy
caps shall not be packed with other fireworks.
†E-5.4 Placards.
Unless otherwise provided, each motor vehicle, freight container, and rail car is to bear
appropriate placards on each end and each side [Title 49, Code of Federal Regulations, Part
172.504 (a)]. Vehicles containing packages of Consumer Fireworks or Novelties that are labeled
“1.4G” require a “1.4G” or “Explosive 1.4G” placard (use of the word “explosive” is optional)
(Title 49, Code of Federal Regulations, Part 172.523), except that highway and rail shipments of
less than 1000 lb (454 kg) gross weight of such fireworks need not bear a placard [Title 49, Code
of Federal Regulations, Part 172.504(c)]. Vehicles containing Display Fireworks in any quantity
require a “1.3G” or “Explosive 1.3G” placard (the word “explosive” is optional) (Title 49, Code
of Federal Regulations, Part 173.522). If both “1.4G” and “1.3G” are present in a shipment, only
the “1.3G” placard is required. Until October 1, 1994, transport vehicles and freight containers
can be placarded with the old placards (i.e., “Class B Explosive” or “Dangerous” placard), and
these placards can be used for domestic highway transportation only until October 1, 2001.
†E-5.5 Package Marking and Labeling.
Each person who offers fireworks for transportation needs to ensure that the package displays
the appropriate square-on-point label [Title 49, Code of Federal Regulations, Parts 172.400(a)
and 172.411]. Consumer fireworks, toy smoke devices, and trick noise makers are either classed
as “1.4G,” “1.4S,” or not regulated for transportation purposes, and Display Fireworks are
classed as “1.3G” (Title 49, Code of Federal Regulations, Part 172.101). The label needs to be
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printed or affixed to the surface of the package near the proper shipping name and identification
number, which are also required to appear on the package [Title 49, Code of Federal
Regulations, Part 172.301(a)].
†E-5.6 Shipping Papers.
Each person who offers a fireworks device or novelty for transportation needs to describe the
item on a shipping paper. The description needs to include the proper shipping name (Title 49,
Code of Federal Regulations, Part 172.101 Table, Col. 2), the hazard class of the material, the
identification number (Col. 4), the packing group (Col. 5), and the total quantity covered by the
description [Title 49, Code of Federal Regulations, Part 172.202(a)]. Consumer Fireworks
(Common Fireworks) would be described as follows: “Fireworks, 1.4G, UN0336, PG II.”
Display Fireworks (Special Fireworks) would be described as “Fireworks, 1.3G, UN0335, PG
II.” In addition, the shipper needs to certify that the shipment is properly classified, marked, and
labeled [Title 49, Code of Federal Regulations, Part 172.204(a)].
NOTE: EX numbers also are to appear on shipping papers unless they are marked on each shipping carton.

E-6 References.
†E-6.1
Title 49, Code of Federal Regulations, Parts 171 to 180, U.S. Department of Transportation,
can be obtained from the Superintendent of Documents, U.S. Government Printing Office,
Washington, DC 20402, or as republished by the Bureau of Explosives as “Hazardous Materials
Regulations of the Department of Transportation,” available from the Association of American
Railroads, 50 F Street, NW, Washington, DC 20001.
†E-6.2
Title 16, Code of Federal Regulations, Parts 1000 to End, Consumer Product Safety
Commission, can be obtained from the Superintendent of Documents, U.S. Government Printing
Office, Washington, DC 20402. Extracts of these regulations pertaining to fireworks can be
obtained only from the American Pyrotechnics Association.
Appendix F Display Planning and Preparation
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
F-1.1 Approval.
The outdoor display of fireworks should only be conducted when and where approved by the
authority having jurisdiction. To the extent required by the authority having jurisdiction, written
documentation describing the location and operation of the outdoor display should be submitted
by the display operator, sponsor, or both for review and approval by the authority having
jurisdiction. The authority having jurisdiction should review these documents as well as inspect
and approve the display site prior to issuing any approval to conduct an outdoor display.
F-1.2 Revocation or Modification.
The authority having jurisdiction can revoke or restrict any approval to conduct an outdoor
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display whenever conditions such as site location, weather, traffic, communication, security
procedures, available public protection, or other safety precautions make such action necessary
to safeguard the health, safety, or welfare of the public.
F-1.2.1 The authority having jurisdiction should determine the level of fire protection to be
provided by the display operator, sponsor, or both for any outdoor display. Standby fire
marshals, fire fighters, and fire equipment might be required by the authority having jurisdiction.
F-1.2.2 Wherever any condition deemed hazardous by the authority having jurisdiction or the
operator arises before or during an outdoor display, the display should be interrupted or
postponed until the condition is corrected or the hazard is abated. Such conditions might include
adverse weather conditions or crowd behavior.
F-1.3 Other Approvals.
Public displays conducted at locations subject to multiple jurisdictions should be reviewed and
approved where required by each applicable authority having jurisdiction.
F-1.3.1 Transportation and storage of fireworks, in particular interstate transit, should be done in
accordance with the appropriate federal or state regulatory authority.
F-1.3.1.1 Interstate commerce in fireworks is regulated in the United States by the Department of
Treasury, Bureau of Alcohol, Tobacco, and Firearms (ATF). An ATF license is required to
purchase fireworks classed as 1.3G explosives.
F-1.3.2 Public display in a harbor or on a navigable waterway should be approved by the U.S.
Coast Guard or other maritime authority.
F-1.3.3 To the extent required by the authority having jurisdiction, public display in the vicinity
of a commercial airport or heliport should be approved by the Federal Aviation Administration
or other aviation authority.
F-1.3.3.1 A Notice to Airmen (NOTAM) should be issued to alert aircraft operators of the
location and time of the public display to avoid conflicts with air operations.
F-1.3.4 Where necessary, permission to close roadways, divert traffic, or restrict access to
roadways or other public rights of way should be obtained from the relevant authorities.
F-1.4 Proof of Insurance.
The display operator, sponsor, or both should present verifiable proof of liability insurance of a
type and amount deemed appropriate by the authority having jurisdiction.
F-1.4.1 Separate insurance coverage might be required for personal injuries or accidents arising
from other aspects of the event. Insurance is intended to indemnify the operator in the event of
an accident arising from the outdoor display.
F-2 Site Plans.
F-2.1
Public displays are often conducted at the same site annually or on a regular periodic basis.
Plans can be reused or filed with the authority having jurisdiction for reference whenever an
application is made.
F-2.1.1 The display operator, sponsor, or both should prepare and submit site plans to the
authority having jurisdiction for approval. These diagrams should be drawn to approximate
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scale, should illustrate compliance with Chapter 3, and to the extent required by the authority
having jurisdiction, should contain the information described in this section.
(a) Display site — identify significant ground features, public rights of way, significant
buildings or structures, overhead obstructions, parking areas, and spectator viewing areas;
(b) Location of fireworks storage areas;
(c) Fallout area, including dimensions;
(d) North arrow;
(e) Likely wind direction;
(f) Location of significant roadways, including access and control points;
(g) Traffic plans indicating the flow of vehicles into and out of the site before and after the
display; and
(h) Location of emergency vehicle staging area and access routes.
F-2.1.2 Discharge Details. To the extent required by the authority having jurisdiction, diagrams
should be prepared and submitted to illustrate the general arrangement and size of mortars and
the location of shell storage at the discharge site. These diagrams should include the location of
the electrical firing unit.
F-2.1.3 Changes. Plans should be revised or updated as often as required by the authority having
jurisdiction to maintain their accuracy. Any changes in site conditions between the time plans are
prepared and the display is conducted should be brought to the immediate attention of the
authority having jurisdiction and the display operator, sponsor, or both.
F-3 Operating Procedures.
F-3.1 Event Procedures.
Where required, a description of the public display event should be prepared by the sponsor
and submitted to the authority having jurisdiction for review and approval. To the extent
required by the authority having jurisdiction, event descriptions should include the time and
schedule of events, attendance estimates, and procedures for the following:
(a) communications;
(b) weather monitoring;
(c) site security;
(d) crowd control;
(e) emergency forces notification;
(f) first-aid fire fighting; and
(g) emergency medical services.
F-3.2 Firing Procedures.
If required by the authority having jurisdiction, operating procedures should be prepared and
submitted to the authority having jurisdiction for review and approval. Where required, the
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operating procedures should illustrate compliance with Chapter 4 and contain the following
information:
(a) Identification of operator;
(b) Copies of applicable display personnel licenses, permits, or certificates of fitness; and
(c) Description of the firing method.
F-3.3 Termination Procedures.
If required by the authority having jurisdiction a description of the procedures to be taken upon
completion of the outdoor display should be prepared and submitted to the authority having
jurisdiction. Where required, the termination procedures should contain the following
information:
(a) Procedures for inspecting the discharge site and fallout area for any defective or
unexploded fireworks; and
(b) Procedures for disposing of defective fireworks and fireworks materials.
F-3.4 Emergency Procedures.
Where required by the authority having jurisdiction, emergency instructions should be
prepared and submitted to the authority having jurisdiction for approval. If required, these
procedures should include the following information:
(a) Description of the means of alerting staff of emergencies;
(b) Identification of the signal and means to notify the display operator, sponsor, or both to
terminate the loading or firing of fireworks in the event a hazard arises during the outdoor
display;
(c) Identification of the means of notifying public emergency forces; and
(d) Emergency reporting instructions describing the information that should be provided to
emergency operators.
F-3.4.1 Where required for safety by the authority having jurisdiction, a public address system
should be provided to ensure the timely and effective notification of spectators of conditions
affecting their safety. Public address announcements should be used to ensure an orderly
spectator response. The following are situations that can be anticipated at an event of this type:
(a) fire;
(b) medical emergency;
(c) vehicle accident;
(d) crowd disturbance; and
(e) adverse weather conditions.
Appendix G Referenced Publications
G-1
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The following documents or portions thereof are referenced within this code for informational
purposes only and thus are not considered part of the requirements of this document. The edition
indicated for each reference is the current edition as of the date of the NFPA issuance of this
document.
G-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 49, Hazardous Chemicals Data, 1994 edition.
NFPA 101, Life Safety Code, 1994 edition.
NFPA 325, Guide to Fire Hazard Properties of Flammable Liquids, Gases, and Volatile
Solids, 1994 edition.
NFPA 701, Standard Methods of Fire Tests for Flame-Resistant Textiles and Films, 1989
edition.
NFPA 1122, Code for Model Rocketry, 1994 edition.
G-1.2 Other Publications.
G-1.2.1 ANSI Publication. American National Standards Institute, 11 West 42nd Street, New
York, NY 10038.
ANSI/ASME B 36.10M, Welded and Seamless Wrought Steel Pipe, 1985.
G-1.2.2 APA Publications. American Pyrotechnic Association, P.O. Box 213, Chestertown,
MD 21620.
“Celebrate Safely,” (Videotape).
American Pyrotechnic Association, Standard 87-1, Standard for Construction and Approval
for Transportation of Fireworks, 1993.
G-1.2.3 PGI Publication. The Pyrotechnic Guild International, Inc., P.O. Box 437, Chillicothe,
OH 45601.
“Study Guide for Display Operator Training Program,” 1993.
G-1.2.4 Canadian Government Publication. Department of Energy, Mines and
Resources-Canada, Explosives Branch, 580 Booth Street, Ottawa, Canada K1A0E4.
The Fireworks Manual, Explosives Division Class 7.2.2, CANMET, Cat. No. M82-10/19911E,
1991.
G-1.2.5 U.S. Government Publications. Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402.
Title 16, Code of Federal Regulations, Parts 1000 to end.
Title 49, Code of Federal Regulations, Parts 171-180, U.S. Department of Transportation.
Tentative Interim Amendment
NFPA 1123
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Code for Fireworks Display
1995 Edition
Reference: 2-3.3.5.6
TIA 95-1 (NFPA 1123)
Pursuant to Section 4 of the NFPA Regulations Governing Committee Projects, the National Fire
Protection Association has issued the following Tentative Interim Amendment to NFPA 1123,
Code for Fireworks Display, 1995 edition. The TIA was processed by the Pyrotechnics
Committee, and was issued by the Standards Council on April 11, 1996, with an effective date of
May 3, 1996.
A Tentative Interim Amendment is tentative because it has not been processed through the entire
standards-making procedures. It is interim because it is effective only between editions of the
standard. A TIA automatically becomes a proposal of the proponent for the next edition of the
standard; as such, it then is subject to all of the procedures of the standards-making process.
1. Add a new paragraph 2-3.3.5.6 to read as follows:
2-3.3.5.6 Staple guns shall not be permitted to be used to secure quick match that is connected to
aerial devices, including but not limited to shells, mines, comets, etc.
Copyright © 1996 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION

Formal Interpretation
NFPA 1123
Fireworks Display
1995 Edition
Reference : Table A-2-3.6.3
F.I. 90-1
Question: Are mortars for 3-in. finale racks acceptable with 14 in. inside length to fire single
break shells (i.e., Chinese Star Shells and Domestic Salutes) to achieve an acceptable altitude of
those shells?
Answer: Yes.
Issue Edition: 1990
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Reference: Entire Document
Issue Date: October 1, 1991
Effective Date: October 21, 1991
Copyright © 1992 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
Fireworks Display
1995 Edition
Reference : 2-2.4, 2-3.3.6*, 3-1.3.4, 3-3.2
FI 90-2 (NFPA 1123)
Question 1a: Is the mortar line required to be twice the distance from the bulk storage area?
Answer: Yes.
Question 1b: Is the display site required to be twice the distance from the spectators?
Answer: No.
Question 1c: Are the spectators required to be twice the distance from the bulk storage area?
Answer: No.
Question 2a: Does NFPA 1123 prohibit the reloading of paper mortars during the same display?
Answer: No.
Question 2b: Does NFPA 1123 specify one type of mortar over another for the purposes of
reloading during the same display?
Answer: No.
Question 2c: Does NFPA 1123 in addressing the three most common type of mortars being used
today, do so without prejudice?
Answer: Yes.
Question 3: Are mortars permitted to be located in the fallout area?
Answer: Yes.
Issue Edition: 1990
Reference: 2-2.4, 2-3.3.7*, 3-1.3.2, 3-3.2
Issue Date: December 1, 1993
Effective Date: December 21, 1993
Copyright © 1994 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
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NFPA 1124
1995 Edition
Code for the Manufacture, Transportation, and Storage of
Fireworks

Copyright © 1995 NFPA, All Rights Reserved
1995 Edition
This edition of NFPA 1124, Code for the Manufacture, Transportation, and Storage of
Fireworks, was prepared by the Technical Committee on Pyrotechnics and acted on by the
National Fire Protection Association, Inc., at its Fall Meeting held November 14-16, 1994, in
Toronto, Ontario, Canada. It was issued by the Standards Council on January 13, 1995, with an
effective date of February 7, 1995, and supersedes all previous editions.
The 1995 edition of this document has been approved by the American National Standards
Institute.
Changes other than editorial are indicated by a vertical rule in the margin of the pages on
which they appear. These lines are included as an aid to the user in identifying changes from the
previous edition.
Origin and Development of NFPA 1124
NFPA 44A was originally developed by the Technical Committee on Explosives of the NFPA
Committee on Chemicals and Explosives. It was adopted as a Tentative Code at the 1972 NFPA
Annual Meeting. It was further revised and officially adopted at the 1973 NFPA Annual
Meeting. A revised edition was adopted in 1974.
In 1980, the Technical Committee on Explosives and the Committee on Pyrotechnics voted to
transfer responsibility for NFPA 44A to the Committee on Pyrotechnics. The Correlating
Committee on Chemicals and Explosives concurred and petitioned the NFPA Standards Council
to effect the change. The Standards Council approved the change in June 1981.
The 1984 edition of NFPA 1124 was the result of a complete review of the 1974 edition of
NFPA 44A by the Committee on Pyrotechnics, including the redesignation of the document as
NFPA 1124 for consistency with the designations for other documents relating to pyrotechnics.
The 1988 edition of NFPA 1124 was the result of a thorough review of and partial revision to
the 1984 edition of NFPA 1124 by the Technical Committee on Pyrotechnics, including
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reference updating and incorporation of the latest separation distances as approved by the
Institute of Makers of Explosives in May 1983. It included new provisions for salute
manufacturing and storage of salute powder.
The 1995 edition of NFPA 1124 represents partial amendments to the document and includes
editorial revisions to improve its ability to be used, adopted, and enforced and to make it
conform with the NFPA Manual of Style. The Committee incorporated the latest separation
distances as approved by the Institute of Makers of Explosives in June 1991. The Committee
also updated the definitions of fireworks to be consistent with the new terminology used in the
U.S. Department of Transportation regulations that incorporated the United Nations shipping
designations for fireworks (explosives).
For this edition, the requirements for fireworks laboratories were clarified by the addition of a
definition and clarification of the storage and separation distances that are appropriate for them.
The Committee added an appendix that extracts language from the American Pyrotechnics
Association Standard 87-1 to provide users of this document with the approved definitions used
in the Federal Regulations for fireworks, novelties, and theatrical pyrotechnics.
Technical Committee on Pyrotechnics
Randall W. A. Davidson, Chair
Risk Int’l Inc./USITT, CA
Kenneth L. Kosanke, Secretary
Pyrolabs, CO
Dane Boles, Quest Aerospace Education, Inc., AZ
Jose R. Colon, CT Dept. of Public Safety, CT
Rep. Fire Marshals Assn. of North America
John A. Conkling, Chestertown, MD
John G. Degenkolb, Carson City, NV
Rep. Alliance of Motion Picture & Television Producers
Thomas DeWille, Luna Tech Inc., AL
Vernon Estes, Canon City, CO
Gary A. Fadorsen, Pyrotech Int’l Inc., OH
Felix J. Grucci, Jr., Fireworks by Grucci, Inc., NY
Lansden E. Hill, Jr., E. E. Hill & Son, Inc./Pyro Shows, TN
Alfred J. Hogan, Reedy Creek Improvement District, FL
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Bonnie J. Kosanke, Whitewater, CO
Rep. Pyrotechnics Guild Int’l
Leslie W. Ledogar, U.S. Aerials, Inc., AL
Duane B. Matthews, State of CA, Dept. of Consumer Affairs, CA
Donald F. McCaulley, Falls Church, VA
Larry J. McCune, U.S. Bureau of Alcohol, Tobacco & Firearms, DC
Frederick L. McIntyre, FLMc, Inc., MS
Dale C. Miller, Falls Church, VA
Billy J. Phillips, Division of State Fire Marshal, OH
David J. Pier, MP Assoc. Inc., CA
Michael W. Platt, High Power Rocket Mfrs. & Dealers Assn., Inc., NY
Mary Roberts, Estes Industries, CO
Charles E. Rogers, Lancaster, CA
Rep. Tripoli Rocketry Assn., Inc.
Gary C. Rosenfield, Industrial Solid Propulsion Inc., NV
G. Harry Stine, Phoenix, AZ
Rep. Nat’l Assn. of Rocketry
Pamela K. Stout Hunt, Fireworks Productions Int’l Inc., AZ
Gerald D. Ward, Bethany Fire & Protection District, IL
Rep. NFPA Fire Service Section
Charles Weeth, Skyrockets of LaCrosse, Inc., WI
Alternates
Bruce E. Blom, Pyrotechnics Guild Int’l, OH
(Alt. to B. J. Kosanke)
Ernest F. DeBlasio, Keystone Fireworks Mfg. Co. Inc., PA
(Vot. Alt. to American Pyrotechnics Assn. Rep.)
David Degenkolb, Degenkolb Engineering, NV
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(Alt. to J. G. Degenkolb)
Tom Foster, Luna Tech Inc., AL
(Alt. to T. DeWille)
Felix J. (Phil) Grucci, Fireworks by Grucci, Inc., NY
(Alt. to F. J. Grucci, Jr.)
Paul C. Hans, P. Hans & Co., AZ
(Alt. to G. C. Rosenfield)
Julie L. Heckman, Keller and Heckman, DC
(Alt. to J. A. Conkling)
Bruce E. Kelly, Orem, UT
(Alt. to C. E. Rogers)
Jane B. McCaulley, D&J Assoc., VA
(Alt. to D. F. McCaulley)
Robert E. Melton, Dallas Fire Dept., TX
(Alt. to J. R. Colon)
J. Patrick Miller, Nat’l Assn. of Rocketry, TX
(Alt. to G. H. Stine)
Thaine Morris, MP Assoc. Inc., CA
(Alt. to D. J. Pier)
David S. Shatzer, U.S. Bureau of Alcohol, Tobacco & Firearms, DC
(Alt. to L. M. McCune)
Bill Stine, Quest Aerospace Education, Inc., AZ
(Alt. to D. Boles)
Nonvoting
Richard Bowes, Canadian Explosives Research Laboratory, Canada
(Alt. to E. Contestabile)
Ettore Contestabile, Canadian Explosives Research Laboratory, Canada
Glen E. Gardner, U.S. Occupational Safety & Health Admin., DC
(Alt. to J. J. Zucchero)
Samuel B. Hall, U.S. Consumer Product Safety Commission, MD
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Gary Zeller, Zeller Int’l, NY
James J. Zucchero, U.S. Dept. of Labor, OH
Martha H. Curtis, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on protection
against the fire and life hazards associated with the manufacture, transportation, and storage of
fireworks; fireworks used in outdoor displays; pyrotechnics used before a proximate audience; and
the construction, launching, and other operations that involve unmanned rockets, including the
manufacture of model rocket motors. This committee does not have responsibility for documents
on the use of fireworks by the general public.

NFPA 1124
Code for the
Manufacture, Transportation, and Storage of Fireworks
1995 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 6 and Appendix D.

Chapter 1 General
1-1 Scope.
1-1.1
This code shall apply to the manufacture, transportation, and storage of fireworks.
1-1.2
This code shall not apply to the sale and use of consumer fireworks.
1-1.3
This code shall not apply to the use of display fireworks.
NOTE: For information on storage of fireworks at the site of an outdoor display of fireworks, see NFPA 1123,
Code for the Outdoor Display of Fireworks.

1-1.4
This code shall not apply to the transportation of fireworks where such transportation is under
the jurisdiction of the U.S. Department of Transportation.
1-1.5
This code shall not apply to the manufacture, transportation, or storage of model rockets and
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model rocket motors designed, sold, and used for the purpose of propelling recoverable aero
models.
NOTE: For information on the use of model rockets and model rocket motors, see NFPA 1122, Code for
Model Rocketry. For information on the manufacture of model rocket motors, see NFPA 1125, Code for the
Manufacture of Model Rocket Motors.

1-1.6
This code shall not apply to the manufacture, transportation, and storage of fireworks by
federal and state military agencies.
1-1.7
This code shall not apply to the use of pyrotechnics in the performing arts.
NOTE: For information on the use of pyrotechnics in the performing arts, see NFPA 1126, Standard for the
Use of Pyrotechnics before a Proximate Audience.

1-1.8
This code shall not apply to those laboratories covered by NFPA 45, Standard for the Fire
Protection of Laboratories Using Chemicals.
1-2 Purpose.
1-2.1
The purpose of this code is to provide reasonable safety in the manufacture, transportation, and
storage of fireworks.
1-2.2
The purpose of this code also is to supplement existing federal, state, or local regulations.
1-3 Equivalency.
Nothing in this code is intended to prevent the use of systems, methods, or devices of
equivalent or superior quality, strength, fire resistance, effectiveness, durability, and safety in
place of those prescribed by this code, provided technical documentation is submitted to the
authority having jurisdiction to demonstrate equivalency and the system, method, or device is
approved for the intended purpose.
1-4 Definitions.
For the purpose of this code, the following terms shall be defined as follows.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Barricade. A natural or artificial barrier that effectively screens a magazine, building, railway,
or highway from the effects of an explosion in a magazine or building containing explosives. To
be effective, a barricade shall be of such height that a straight line from the top of any sidewall of
a magazine or building containing explosives to the eave line of any magazine or building, or to
a point 12 ft (3.7 m) above the center of a railway or highway, passes through the barricade.
Artificial Barricade. An artificial mound or revetted wall of earth of a minimum thickness of 3
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ft (0.9 m).
Natural Barricade. Natural features of the ground, such as hills or timber of sufficient density
that the surrounding exposures that require protection cannot be seen from the magazine or
building containing explosives when the trees are bare of leaves.
Bulk Salute Powder. Any quantity of salute powder in amounts exceeding 1 lb (0.45 kg).
Bulk Salutes. A collection of salutes or salute components containing more than 2 lb (0.9 kg)
of salute powder, unless the salutes are mixed with other types of aerial shells so that the total
quantity of salutes to other types of shells is less than 50 percent.
Bullet-Sensitive Explosive Material. Explosive material that can be detonated by 150-grain
M2 ball ammunition having a nominal muzzle velocity of 2700 ft/s (824 m/s) where fired from a
0.30 caliber rifle at a distance of 100 ft (30.5 m), measured perpendicularly. The test material
shall be at a temperature of 70°F to 75°F (21°C to 24°C) and shall be placed against a 1/4-in.
(6.4-mm) steel plate.
Electric Match. An electric device containing a small amount of pyrotechnic material that
ignites when current flows through the leads and that is used to initiate the burning of
pyrotechnics.
Explosive.* Any chemical compound, mixture, or device, the primary or common purpose of
which is to function by explosion. This term includes, but is not limited to, dynamite, black
powder, pellet powder, initiating explosives, detonators, safety fuses, squibs, detonating cord,
igniter cord, and igniters. The term “explosive” includes any materials determined to be within
the scope of Title 18, United States Code, Chapter 40, “Importation, Manufacture, Distribution
and Storage of Explosive Materials,” and also includes any materials classified as an explosive
by the Hazardous Materials Regulations of the U.S. Department of Transportation.
Explosive Composition. Any chemical compound or mixture the primary or common purpose
of which is to function by explosion.
Fireworks. Any composition or device for the purpose of producing a visible or an audible
effect by combustion, deflagration, or detonation, and that meets the definition of Consumer
Fireworks or Display Fireworks as set forth in this code.
Exception No. 1:* Toy caps for use in toy pistols, toy canes, toy guns, and novelties and trick
noisemakers shall not be considered as fireworks. (See Appendix C.)
Exception No. 2: Model rockets and model rocket motors designed, sold, and used for the
purpose of propelling recoverable aero models shall not be considered as fireworks.
NOTE: For information on the use of model rockets and model rocket motors, see NFPA 1122, Code for
Model Rocketry.

Common Fireworks. See Consumer Fireworks.
Consumer Fireworks.* (Formerly known as “Common Fireworks.”) Any small fireworks
device designed primarily to produce visible effects by combustion that complies with the
construction, chemical composition, and labeling regulations of the U.S. Consumer Product
Safety Commission, as set forth in Title 16, Code of Federal Regulations, Parts 1500 and 1507.
Some small devices designed to produce audible effects are included, such as whistling devices,
ground devices containing 50 mg (0.8 grains) or less of explosive composition (salute powder),
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and aerial devices containing 130 mg (2 grains) or less of explosive composition (salute powder)
per explosive unit. Consumer fireworks are normally classed as Explosives, 1.4G and described
as Fireworks, UN 0336 by the U.S. Department of Transportation. (See Appendix C.)
Display Fireworks. (Formerly known as “Special Fireworks.”) Large fireworks articles
designed to produce visible or audible effects for entertainment purposes by combustion,
deflagration, or detonation. This term includes, but is not limited to, salutes containing more than
130 mg (2 grains) of explosive composition (salute powder), aerial shells containing more than
60 g (2.1 oz) of total pyrotechnic and explosive composition, and other display pieces that
exceed the limits for classification as consumer fireworks. Display fireworks are described as
Fireworks, UN 0335 and classed as Explosives, 1.3G by the U.S. Department of Transportation.
(See Appendix C.)
Special Fireworks. See Display Fireworks.
Fireworks Laboratory. Any building used for chemical and physical analysis and the testing of
fireworks, fireworks components, or pyrotechnic compositions, provided that the total amount of
pyrotechnic compositions contained therein does not exceed 10 lb (4.5 kg) and the total salute
powder contained therein does not exceed 0.5 lb (0.23 kg), and provided that all fireworks and
pyrotechnic composition are stored properly when not in use.
Fireworks Plant. All land and buildings thereon used for or in connection with the manufacture
or processing of fireworks, including storage buildings used with or in connection with plant
operation.
Flash Powder. See Salute Powder.
Highway. Any public street, public alley, or public road.
Inhabited Building. A building regularly occupied in whole or in part as a habitation for human
beings, or any church, schoolhouse, railroad station, store, or other structure where people are
accustomed to assemble. This does not include any building or structure occupied in connection
with a fireworks plant.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
Magazine. Any building, structure, or container used exclusively for the storage of explosive
materials that meets the requirements of Chapter 3.
Manufacture. The preparation of fireworks mixes and the loading and assembly of all
fireworks.
Exception: The preparation of pyrotechnic devices for immediate use on-site by qualified
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personnel where such manufacture is otherwise legal.
Mechanical Building. A building that contains mechanical, electrical, air conditioning, or other
equipment and that usually is connected to a process or nonprocess building. A mechanical
building is intended to be an unoccupied building.
Mixing Building. Any building used primarily for mixing and blending of pyrotechnic
compositions.
Exception: This definition does not apply to wet sparkler mix preparation.
Motor Vehicle. Any self-propelled vehicle, truck, tractor, semitrailer, or truck-trailer
combination used for the transportation of freight over public highways.
Nonprocess Building. Any office building, warehouse, or other building located in a fireworks
plant and where no fireworks, pyrotechnic compositions, or explosive compositions are
processed or stored.
NOTE: A fireworks laboratory also is considered to be a nonprocess building, but it is subject to the required
separation distances for a process building.

Novelties and Trick Noisemakers. Small devices containing limited amounts of pyrotechnic
explosive or composition that produce a visible or audible effect. (See Appendix C.)
Person. Any individual, firm, copartnership, corporation, company, association, or joint-stock
association, including any trustee, receiver, assignee, or personal representative thereof.
Process Building. Any mixing building; any building in which pyrotechnic or explosive
composition is pressed or otherwise prepared for finish and assembly; any finishing or assembly
building; any building in which consumer fireworks are prepared for shipment.
Public Conveyance. Any railroad car, street car, ferry, cab, bus, airplane, or other vehicle that
carries passengers for hire.
Pyrotechnic Composition. A chemical mixture that, upon burning, produces visible, brilliant
displays, bright lights, or sounds.
Railway. Any steam, electric, diesel-electric, or other railroad or railway that carries
passengers for hire on the particular line or branch in the vicinity of a pyrotechnics
manufacturing or storage facility.
Salute. A display firework that is designed to produce a loud report.
Salute Powder. An explosive composition that makes a loud report when ignited and
constitutes the sole pyrotechnic mixture in a salute.
Screen Barricade. Any barrier that contains the embers and debris from a fire or deflagration in
a process building, thus preventing propagation of fire to other buildings or areas. Such barriers
shall be permitted to be constructed of metal roofing, 1/4 in. to 1/2 in. (6 mm to 13 mm) mesh
screen, or equivalent material. The barrier extends from floor level to a height such that a straight
line from the top of any sidewall of the donor building to the eave line of any exposed building
intercepts the screen at a point not less than 5 ft (1.5 m) from the top of the screen. The top 5 ft
(1.5 m) of the screen are inclined toward the donor building at an angle of 30 to 45 degrees.
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Shall. Indicates a mandatory requirement.
Shipping Building. A building used for the packing of assorted display fireworks into shipping
cartons or for the loading of the cartons onto vehicles for shipment to purchasers.
Should. Indicates a recommendation or that which is advised but not required.
Stars. Small masses of pyrotechnic compounds that are projected from aerial shells, mines, or
roman candles. Stars burn while in the air, producing color or streamer effects.
Storage Building. Any building, structure, or facility in which consumer fireworks (formerly
common fireworks) in any state of processing are stored, but in which no processing or
manufacturing is actually performed.
Unoccupied Building. Any building that is normally unoccupied during the entire daily period
of operations of the facility. An unoccupied building can be used for long-term storage of
materials acceptable to the authority having jurisdiction, provided that no fireworks or
pyrotechnic composition is stored within the building.
Warehouse. Any building or structure used exclusively for the storage of nonexplosive
materials.
Chapter 2 Manufacturing Operations
2-1 Basic Requirements.
The manufacture of any fireworks, as defined in Section 1-4, shall be prohibited unless it is
authorized by federal license, where required, and is conducted in accordance with this code.
2-2 Permit Requirements.
2-2.1
Any person engaged in the business of importing, manufacturing, or dealing in fireworks shall
possess a valid federal license or permit, where required by Title XI, Regulation of Explosives,
of the Crime Control Act of 1970 (Title 18 United States Code, Chapter 40) and shall comply
with all applicable state and local laws and regulations.
2-2.1.1 Copies of all required licenses and permits shall be posted at each fireworks plant.
2-2.1.2 License and permit holders shall take reasonable precaution to protect licenses and
permits from loss, theft, defacement, destruction, or unauthorized duplication. Any such
occurrence shall be reported immediately to the issuing authority.
2-2.1.3 Licenses or permits shall not be assigned or transferred.
2-2.2
The issuing authority shall be notified immediately of any change of business address.
2-3 Recordkeeping and Reporting.
2-3.1
Manufacturers shall maintain records in compliance with federal regulations. Such records
shall be kept for five years and shall be made available upon request to the authorities having
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jurisdiction.
Exception: Where only consumer fireworks are handled, records shall be required to be kept for
three years only.
2-3.2
The loss, theft, or unlawful removal of explosive materials shall be reported immediately to the
nearest office of the Bureau of Alcohol, Tobacco and Firearms, U.S. Department of the Treasury,
and to local law enforcement authorities.
Exception: Loss of consumer fireworks shall not be required to be reported to the Bureau of
Alcohol, Tobacco and Firearms.
2-3.3
Manufacturers shall maintain records for all chemicals and chemical mixtures in compliance
with the requirements of Title 29, Code of Federal Regulations, Part 1910. 1200, “Hazard
Communication.”
2-4 Applicability.
All fireworks plants shall comply with the requirements of this chapter.
Exception: Fireworks plants shall not be required to comply with Sections 2-5, 2-9, 2-11, and
2-12, provided they meet all of the following conditions:
(a) Only custom fireworks, not for general sale, are manufactured;
(b) Not more than 5 lb (2.3 kg) of explosive composition, of which no more than 1/2 lb (0.23
kg) shall be permitted to be initiating explosive, is present in any one building at any one time;
(c) All explosive and pyrotechnic compositions are removed to an appropriate storage
magazine at the end of each workday.
2-5 Site Security.
2-5.1
All plant buildings containing pyrotechnic composition, explosive composition, or fireworks
shall be locked securely at the end of the workday or wherever plant personnel are not present to
provide security.
2-5.2
All roads leading into the plant shall have gates that shall be kept closed and locked securely at
all times when not actually in use. Vehicle access into the plant shall be restricted to roadways
by means of a fence, natural barriers such as trees, culverts, or other appropriate means.
Exception: The main plant entrance shall be permitted to be left open during regular plant
operating hours, provided it is in full view of and under observation by an authorized
responsible employee or guard.
2-5.3
Conspicuous signs that read “WARNING — NO SMOKING — NO TRESPASSING” shall be
posted at frequent intervals around the plant perimeter.
2-5.4
Only authorized employees or representatives of federal, state, or local agencies having
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jurisdiction over the plant shall be permitted inside the plant without special permission of the
person in charge.
2-6 Separation Distances.
2-6.1
Process buildings and areas shall be separated from other process buildings and areas and from
nonprocess buildings in accordance with the distances specified in Table 2-6.1.
Table 2-6.1 Minimum Separation Distances Between Fireworks Plant Buildings1
Distance Between Process Buildings and Areas and Distance
Between Process and Nonprocess Buildings and Areas

Net Weight of Fireworks1
Over

Not Over In-Process Display Fireworks2,3
(lb)

In-Process Consumer Fireworks4,5

(ft)

(ft)

0

-

100

57

37

100

-

200

69

37

200

-

300

77

37

300

-

400

85

37

400

-

500

91

37

500

-

1000

not permitted3,4

37

>1000

not permitted3,4

37

>2000

not permitted3,4

48

>3000

not permitted3,4

60

>4000

not permitted3,4

67

For SI units: 1 lb = 0.45 kg; 1 ft = 0.3 m.
1Net weight equals the weight of all pyrotechnic and explosive compositions and fuse only.
2The distances in this column shall apply only with barricades, including screen-type barricades. If
barricades are not used, the distances shall be doubled.
3A maximum of 500 lb (227 kg) of in-process composition, either loose or in partially-assembled display
fireworks, shall be permitted in any process building or area. Finished display fireworks shall not be stored in
a process building. (See 2-10.3.)
4A maximum of 10 lb (4.5 kg) of salute powder, either in loose form or in assembled units, shall be
permitted in any process building or area. Quantities in excess of 10 lb (4.5 kg) shall be kept in an approved
magazine.
5For maximum quantity of pyrotechnic composition in a fireworks laboratory, see 2-10.5.

2-6.2
Process buildings and areas shall be separated from inhabited buildings, passenger railways,
public highways, magazines, display fireworks shipping buildings, and consumer fireworks
storage buildings in accordance with the distances specified in Table 2-6.2.
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Table 2-6.2 Minimum Separation Distances of Process Buildings and Areas from Inhabited
Buildings, Passenger Railways, Public Highways, Fireworks Plant Magazines and Shipping
Buildings, and Storage Buildings for Consumer Fireworks
Distance From Passenger Railways, Public Highways, Fireworks
Magazines and Shipping Buildings, Storage Buildings, and
Inhabited Buildings3

Net Weight of Fireworks1
Over

Not Over
(lb)

In-Process Display Fireworks2

In Process Consumer Fireworks

(ft)

(ft)

0

-

100

200

25

100

-

500

200

50

>500

not permitted4,5

75

>1000

not permitted4,5

100

>2000

not permitted4,5

115

>3000

not permitted4,5

124

>4000

not permitted4,5

130

For SI units: 1 lb = 0.45 kg; 1 ft = 0.3 m.
1Net weight equals the weight of all pyrotechnic and explosive compositions and fuse only.
2This table shall not apply to the separation distances between process buildings (see Table 2-6.1), between
magazines (see Tables 2-6.3 and 2-6.4), and between storage buildings (see Table 2-6.5).
3The distances in this table shall apply with or without barricades or screen-type barricades. However, the
use of barricades is highly recommended.
4A maximum of 500 lb (227 kg) of in-process composition, either loose or in partially-assembled display
fireworks, shall be permitted in any process building or area. Finished display fireworks shall not be stored in
a process building.
5A maximum of 10 lb (4.5 kg) of salute powder, either in loose form or in assembled units, shall be
permitted in any process building or area. Quantities in excess of 10 lb (4.5 kg) shall be kept in an approved
magazine.

2-6.3
Magazines for the storage of display fireworks and components for display fireworks, loose
pyrotechnic composition, and stars shall be separated from inhabited buildings, passenger
railways, public highways, and other magazines in accordance with the distances specified in
Table 2-6.3. For the purposes of applying this table, a shipping building for display fireworks
shall be considered a magazine. At a fireworks plant, up to 50 lb (22.7 kg) of pyrotechnic
composition or display fireworks shall be permitted to be stored in a Type 2 or Type 4 indoor
magazine in any process building.
Exception: Magazines for the storage of bulk salute powder and bulk salutes shall comply with
Table 2-6.4.
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Table 2-6.3 Table of Distances for the Storage of Display Fireworks (Except Salutes) at
Fireworks Manufacturing Plants2,3

Net Weight of Fireworks1
Over

Distance Between Magazine and
Inhabited Building, Passenger
Railway, or Public Highway

Distance Between Magazines4

(ft)

(ft)

Not Over
(lb)

0

-

1000

150

100

1000

-

5000

230

150

5000

-

10,000

300

200

>10,000

See Table 2-6.4

For SI units: 1 lb = 0.45 kg; 1 ft = 0.3 m.
1Net weight equals the weight of all pyrotechnic and explosive compositions and fuse only.
2For fireworks storage magazines in active use prior to the effective date of this code, the distances in this
table shall be permitted to be halved, provided earthen barricades are used between the magazine and potential
receptor sites.
3This table shall not apply to the storage of bulk salute powder or to the storage of shipping cartons or
storage containers containing primarily salutes or salute components. (See Table 2-6.4 for salute powder and
salute storage requirements.)
4For the purposes of applying this table, the term “magazine” also shall include shipping buildings for
display fireworks.

2-6.4
Magazines containing salute powder and salutes shall be separated from each other and from
inhabited buildings, public highways, and passenger railways in accordance with the distances
specified in Table 2-6.4.
Table 2-6.4 Table of Distances for Storage of Bulk Salute Powder and Bulk Salutes
(The American Table of Distances is reproduced from the American Table of Distances for
Storage of Explosives as revised and approved by the Institute of Makers of Explosives in June
1991.)
Distances (ft)
Quantity of Explosive
Materials1,2,3,4

Pounds
Over
0

Inhabited Buildings9

Pounds
Not Over

Barricaded6,7,8
5

70

Unbarricaded
140

Passenger Railways
Public Highways with
Traffic Volume of More
than 3000 Vehicles/Day10,11

Public Highways
Class A to D11
Barricaded6,7,8

Unbarricaded

30

60
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Barri- caded6,7,8

51

Separation of
Magazines12

Unbarri- caded

102

Barricaded6,7,8
6

Unb
ca

5

10

90

180

35

70

64

128

8

10

20

110

220

45

90

81

162

10

20

30

125

250

50

100

93

186

11

30

40

140

280

55

110

103

206

12

40

50

150

300

60

120

110

220

14

50

75

170

340

70

140

127

254

15

75

100

190

380

75

150

139

278

16

100

125

200

400

80

160

150

300

18

125

150

215

430

85

170

159

318

19

150

200

235

470

95

190

175

350

21

200

250

255

510

105

210

189

378

23

250

300

270

540

110

220

201

402

24

300

400

295

590

120

240

221

442

27

400

500

320

640

130

260

238

476

29

500

600

340

680

135

270

253

506

31

600

700

355

710

145

290

266

532

32

700

800

375

750

150

300

278

556

33

800

900

390

780

155

310

289

578

35

900

1000

400

800

160

320

300

600

36

1000

1200

425

850

165

330

318

636

39

1200

1400

450

900

170

340

336

672

41

1400

1600

470

940

175

350

351

702

43

1600

1800

490

980

180

360

366

732

44

1800

2000

505

1010

185

370

378

756

45

2000

2500

545

1090

190

380

408

816

49

2500

3000

580

1160

195

390

432

864

52

3000

4000

635

1270

210

420

474

948

58

4000

5000

685

1370

225

450

513

1026

61

5000

6000

730

1460

235

470

546

1092

65

6000

7000

770

1540

245

490

573

1146

68

7000

8000

800

1600

250

500

600

1200

72

8000

9000

835

1670

255

510

624

1248

75
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9000

10,000

865

1730

260

520

645

1290

78

10,000

12,000

875

1750

270

540

687

1374

82

12,000

14,000

885

1770

275

550

723

1446

87

14,000

16,000

900

1800

280

560

756

1512

90

16,000

18,000

940

1880

285

570

786

1572

94

18,000

20,000

975

1950

290

580

813

1626

98

20,000

25,000

1055

2000

315

630

876

1752

105

25,000

30,000

1130

2000

340

680

933

1866

112

30,000

35,000

1205

2000

360

720

981

1962

119

35,000

40,000

1275

2000

380

760

1026

2000

124

40,000

45,000

1340

2000

400

800

1068

2000

129

45,000

50,000

1400

2000

420

840

1104

2000

135

50,000

55,000

1460

2000

440

880

1140

2000

140

55,000

60,000

1515

2000

455

910

1173

2000

145

60,000

65,000

1565

2000

470

940

1206

2000

150

65,000

70,000

1610

2000

485

970

1236

2000

155

70,000

75,000

1655

2000

500

1000

1263

2000

160

75,000

80,000

1695

2000

510

1020

1293

2000

165

80,000

85,000

1730

2000

520

1040

1317

2000

170

85,000

90,000

1760

2000

530

1060

1344

2000

175

90,000

95,000

1790

2000

540

1080

1368

2000

180

95,000

100,000

1815

2000

545

1090

1392

2000

185

100,000

110,000

1835

2000

550

1100

1437

2000

195

110,000

120,000

1855

2000

555

1110

1479

2000

205

120,000

130,000

1875

2000

560

1120

1521

2000

215

130,000

140,000

1890

2000

565

1130

1557

2000

225

140,000

150,000

1900

2000

570

1140

1593

2000

235

150,000

160,000

1935

2000

580

1160

1629

2000

245

160,000

170,000

1965

2000

590

1180

1662

2000

255

170,000

180,000

1990

2000

600

1200

1695

2000

265
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180,000

190,000

2010

2010

605

1210

1725

2000

275

190,000

200,000

2030

2030

610

1220

1755

2000

285

200,000

210,000

2055

2055

620

1240

1782

2000

295

210,000

230,000

2100

2100

635

1270

1836

2000

315

230,000

250,000

2155

2155

650

1300

1890

2000

335

250,000

275,000

2215

2215

670

1340

1950

2000

360

275,000

300,000

2275

2275

690

1380

2000

2000

385

Numbers in superscript refer to explanatory notes.
Explanatory Notes Essential to the Application of the American Table of Distances for Storage of
Explosives
1“Explosive materials” means explosives, blasting agents, and detonators.
2“Explosives” means any chemical compound, mixture, or device, the primary or common purpose of
which is to function by explosion. A list of explosives determined to be within the coverage of 18 U.S.C.,
Chapter 40, “Importation, Manufacture, Distribution and Storage of Explosive Materials,” is issued at least
annually by the Director of the Bureau of Alcohol, Tobacco, and Firearms of the Department of the Treasury.
For quantity and distance purposes, detonating cord of 50 grains per foot should be calculated as equivalent to
8 lb (3.7 kg) of high explosives per 1000 ft (305 m). Heavier or lighter core loads should be rated
proportionately.
3“Blasting agents” means any material or mixture consisting of fuel and oxidizer, intended for blasting, not
otherwise defined as an explosive, provided that the finished product, as mixed for use or shipment, cannot be
detonated by means of a No. 8 test blasting cap where unconfined.
4“Detonator” means any device containing any initiating or primary explosive that is used for initiating
detonation. A detonator shall not be permitted to contain more than 10 g of total explosives by weight,
excluding ignition or delay charges. The term includes, but is not limited to, electric blasting caps of
instantaneous and delay types, blasting caps for use with safety fuses, detonating cord delay connectors, and
nonelectric instantaneous and delay blasting caps that use detonating cord, shock tube, or any other
replacement for electric leg wires. All types of detonators in strengths through No. 8 cap should be rated at
11/2 lb (0.7 kg) of explosives per 1000 caps. For strengths higher than No. 8 cap, consult the manufacturer.
5“Magazine” means any building, structure, or container, other than an explosives manufacturing building,
approved for the storage of explosive materials.
6“Natural barricade” means natural features of the ground, such as hills, or timber of sufficient density that
the surrounding exposures that require protection cannot be seen from the magazine when the trees are bare of
leaves.
7“Artificial barricade” means an artificial mound or revetted wall of earth of a minimum thickness of 3 ft
(0.9 m).
8“Barricaded” means the effective screening of a building containing explosive materials from the magazine
or other building, railway, or highway by a natural or an artificial barrier. A straight line from the top of any
sidewall of the building containing explosive materials to the eave line of any magazine or other building or to
a point 12 ft (3.7 m) above the center of a railway or highway shall pass through such barrier.
9“Inhabited building” means a building regularly occupied in whole or part as a habitation for human
beings, or any church, schoolhouse, railroad station, store, or other structure where people are accustomed to
assemble, except any building or structure occupied in connection with the manufacture, transportation,
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storage, or use of explosive materials.
10“Railway” means any stream, electric, or other railroad or railway that carries passengers for hire.
11“Highway” means any public street, public alley, or public road.
12Where two or more storage magazines are located on the same property, each magazine must comply
with the minimum distances specified from inhabited buildings, railways, and highways, and, in addition, they
should be separated from each other by not less than the distances shown for “separation of magazines,”
except that the quantity of explosive materials contained in detonator magazines shall govern with regard to
the spacing of the detonator magazines from magazines containing other explosive materials. If any two or
more magazines are separated from each other by less than the specified “separation of magazines” distances,
then those two or more magazines, as a group, must be considered as one magazine, and the total quantity of
explosive materials stored in such group must be treated as if stored in a single magazine located on the site of
any magazine of the group, and must comply with the minimum distances specified from other magazines,
inhabited buildings, railways, and highways.
13Storage in excess of 300,000 lb (136,200 kg) of explosive materials in one magazine is generally not
required for commercial enterprises.
14This table applies only to the manufacture and permanent storage of commercial explosive materials. It is
not applicable to transportation of explosives or any handling or temporary storage necessary or incident
thereto. It is not intended to apply to bombs, projectiles, or other heavily encased explosives.
15Where a manufacturing building on an explosive materials plant site is designed to contain explosive
materials, such building shall be located from inhabited buildings, public highways, and passenger railways in
accordance with the American Table of Distances based on the maximum quantity of explosive materials
permitted to be in the building at one time.

Table 2-6.5 Minimum Separation Distances of Consumer Fireworks Storage Buildings
from Inhabited Buildings, Magazines, Passenger Railways, Public Highways, and Other
Storage Buildings
Distance from
Passenger Railways,
Public Highways, and
Other Storage

Net Weight of Fireworks1
Over

Not Over

Distance from Inhabited
Buildings2 and

Buildings2

(lb)

(ft)

Magazine2
(ft)

0

-

100

25

50

100

-

200

30

60

200

-

400

35

70

400

-

600

40

80

600

-

800

45

90

800

-

1000

50

100

1000

-

2000

58

115

2000

-

3000

62

124

3000

-

4000

65

130

4000

-

5000

68

135
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5000

-

6000

70

139

6000

-

8000

73

140

8000

-

10,000

75

150

10,000

-

15,000

80

159

15,000

-

20,000

83

165

20,000

-

30,000

87

174

30,000

-

40,000

90

180

40,000

-

50,000

93

185

50,000

-

60,000

95

189

60,000

-

80,000

98

195

80,000

-

100,000

100

200

100,000

-

150,000

105

209

150,000

-

200,000

108

215

200,000

-

250,000

110

220

For SI units: 1 lb = 0.45 kg; 1 ft = 0.3 m.
1*Net weight equals the weight of all pyrotechnic and explosive compositions and fuse only. For consumer
fireworks, approximately 25 percent of the gross weight of the fireworks equals the net weight of composition
and fuse.
2This table shall apply only to the storage of consumer fireworks at a fireworks manufacturing plant. It shall
not apply to the storage of packaged consumer fireworks at retail, wholesale, or distributing facilities.

2-6.5
Storage buildings for consumer fireworks located at fireworks manufacturing facilities shall be
separated from inhabited buildings, passenger railways, public highways, and other storage
buildings in accordance with the distances specified in Table 2-6.5.
2-6.6
If any process building is separated from any other process or nonprocess building by less than
the distance specified in Table 2-6.1, then two or more such buildings, as a group, shall be
considered as one building. The total quantity of explosive and pyrotechnic composition in this
group of buildings shall not exceed 500 lb (227 kg), or 10 lb (4.5 kg) of salute powder. Each
building in the group otherwise shall comply with the separation distances specified in Tables
2-6.1 and 2-6.2.
NOTE: There is no minimum separation distance for buildings within a group.

2-6.7
If any two or more magazines or storage buildings are separated by less than the distance
specified in Table 2-6.3, 2-6.4, or 2-6.5, then two or more such structures shall be considered as
one magazine or storage building. The total quantity of explosive and pyrotechnic composition
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stored in the group of buildings shall be used to determine the minimum separation distances of
each building in the group from inhabited buildings, passenger railways, public highways, and
other magazines and storage buildings.
Exception: Unoccupied buildings at manufacturing facilities shall not be subject to the
separation distance requirements of Section 2-6.
NOTE: There is no minimum separation distance for magazines or storage buildings within a group.

2-6.8
Fireworks laboratories shall be considered process buildings for consumer fireworks for the
purpose of separation distances.
NOTE: Fireworks laboratories are considered to be nonprocess buildings with respect to the other
requirements of this code.

2-7 Process Building Construction.
2-7.1*
At least one wall or the roof of each process building in which an explosion hazard exists shall
be provided with explosion relief, either by “weakwall” construction or by explosion vents.
2-7.2
Process buildings shall be single story and shall have no basements.
2-7.3
Wall joints and openings for wiring, plumbing, and other utilities shall be sealed to prevent
entry of dusts.
2-7.4
Horizontal ledges and surfaces upon which dust can settle and accumulate shall be minimized.
2-7.5*
Floors and work surfaces shall not have cracks or crevices in which explosives or pyrotechnic
compositions can lodge. Floors and work surfaces in mixing and loading buildings for salute
powder shall be of conductive materials. Conductive footwear or other grounding techniques for
personnel shall be used wherever exposed salute powder is present.
2-7.6
A means for discharging static shall be provided at the entrance to all mixing, pressing, and
loading buildings where exposed salute powder is present. All personnel entering these buildings
shall utilize these means.
2-8 Means of Egress.
2-8.1
Means of egress in all buildings shall comply with applicable requirements of NFPA 101®,
Life Safety Code®.
2-8.2
Means of egress in process buildings also shall comply with the following requirements:

Copyright 1996 NFPA

(a) From every point in every undivided floor area of more than 100 ft2 (9 m2), there shall be
at least two remotely located means of egress.
(b) Where process buildings are divided into rooms, there shall be at least two means of escape
from each room of more than 100 ft2 (9 m2).
Exception: Toilet rooms shall be required to have only one means of egress, provided they are
located away from or shielded from process areas.
(c) Means of egress shall be located so that every point within the room or undivided floor area
is within 25 ft (7.6 m) of a means of egress. The means of egress shall not be obstructed.
(d) Exit doors shall open outward and shall be capable of being pressure-actuated from the
inside.
2-9 Heat, Light, and Electrical Equipment.
2-9.1
Stoves, exposed flames, and portable electric heaters shall be prohibited in any building where
fireworks, fireworks components, or flammable liquids are or can be present.
Exception: This requirement shall not apply to nonprocess buildings.
2-9.2
Heating shall be provided by steam, hot water, or indirect hot air radiators, or any other means
acceptable to the authority having jurisdiction.
Exception: This requirement shall not apply to nonprocess buildings.
2-9.3
Unit heaters located in buildings that contain exposed explosive or pyrotechnic composition
shall be equipped with motors and electrical devices for use in hazardous locations in accordance
with Article 502 of NFPA 70, National Electrical Code®.
2-9.4
All wiring, switches, and electrical fixtures in process buildings shall meet the requirements
for hazardous locations in accordance with Article 502 of NFPA 70, National Electrical Code.
2-9.4.1 Portable lighting equipment shall not be used.
Exception: Listed portable lighting equipment shall be permitted to be used during repair
operations, provided the area has been cleared of all pyrotechnic or explosive material and all
dust or residue has been removed.
2-9.4.2 All presses and other such mechanical devices used in the vicinity of exposed explosive
or pyrotechnic composition shall be electrically bonded and grounded.
2-9.5
All artificial lighting shall be electrically powered.
2-10 Maximum Number of Occupants and Maximum Quantity Limitations.
2-10.1*
The number of occupants in each process building and in each magazine shall not exceed the
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number necessary for proper conduct of production operations.
2-10.2
The maximum number of occupants and maximum weight of pyrotechnic and explosive
composition permitted in each process building and in each magazine shall be posted in a
conspicuous location in each process building or magazine.
2-10.3
No more than 500 lb (227 kg) of pyrotechnic or explosive composition shall be permitted at
one time in any process building or area. All compositions not in current use shall be kept in
covered, nonferrous containers.
Exception: Composition that has been loaded or pressed into tubes or other containers as
consumer fireworks.
NOTE: The maximum quantity of salute powder that is permitted in any process building or area is 10 lb (4.5
kg).

2-10.4
The requirements of the Bureau of Alcohol, Tobacco and Firearms pertaining to the removal of
dry explosive powders and mixtures, partially assembled, display fireworks, and finished display
fireworks from process buildings to magazines at the conclusion of each day’s operation shall be
met.
Exception: Where a variance from this requirement has been issued in writing to a manufacturer
by the Bureau of Alcohol, Tobacco and Firearms.
NOTE: Where sufficient separation distances exist, the Regional Director of the Bureau of Alcohol, Tobacco
and Firearms can grant a variance from this requirement upon written request.

2-10.5
Fireworks laboratories shall not contain more than 10 lb (4.5 kg) of pyrotechnic composition
and no more than 0.5 lb (0.23 kg) of salute powder, provided that all fireworks and pyrotechnic
composition are stored properly when not in use.
2-11 Fire and Explosion Prevention.
2-11.1
All buildings shall be kept clean and orderly, and dust or rubbish shall be kept to a minimum.
2-11.1.1 Spills of explosive or pyrotechnic composition shall be cleaned up and removed
immediately from the building. The spilled material shall be destroyed by immersion in water or
by burning in a manner acceptable to the authority having jurisdiction.
2-11.1.2 Rags, combustible scrap, and paper shall be kept separate from waste explosive or
pyrotechnic materials. They shall be kept in approved, marked containers until removed from the
building. Disposal containers shall be removed from buildings on a daily basis and removed
from the plant at regular intervals. Waste explosive or pyrotechnic materials shall be destroyed
as described in 2-11.1.1.
2-11.2
Smoking materials shall not be carried into or in the vicinity of process buildings. Personnel
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shall deposit all smoking materials at a designated location in a nonprocess building immediately
upon entering the plant.
2-11.2.1* Smoking shall be permitted only in office buildings or in buildings used exclusively as
lunchrooms or rest rooms and in which the presence of explosive or pyrotechnic materials is
prohibited.
2-11.2.2 Authorized smoking locations shall be so marked, shall contain designated receptacles
for disposal of smoking materials, and shall be provided with at least one approved portable fire
extinguisher for use on Class A fires.
2-11.2.3 Personnel whose clothing is contaminated with explosive or pyrotechnic composition to
a degree that endangers personnel safety shall not be permitted in smoking areas.
2-11.3
No employee or other person shall be permitted to enter the plant while in possession of or
under the influence of alcohol, drugs, or narcotics.
2-11.4
Personnel working at or supervising mixing, pressing, and loading operations shall be provided
with and shall wear cotton or other similarly effective clothing. Other protective clothing, eye
protection, and respiratory protection shall be worn as needed.
2-11.4.1 Washing and change facilities shall be provided for personnel.
2-11.4.2 Work clothing shall be washed frequently to prevent accumulation of explosive or
pyrotechnic composition and shall not be worn outside the plant.
2-11.5
Each plant shall designate an employee as safety officer who shall be responsible for general
safety, fire prevention and protection, and employee safety training.
2-11.6
The safety officer shall provide formal instruction regarding proper methods and procedures,
safety requirements, and procedures for handling explosive and pyrotechnic compositions and
devices to all employees upon commencing employment and at least annually thereafter.
2-11.7*
Oxidizers shall be stored to avoid contact with incompatible materials such as ordinary
combustibles, flammable or combustible liquids, greases, and those materials that could react
with the oxidizer or promote or initiate its decomposition. These shall not include approved
packaging materials, pallets, or other dunnage. This storage shall comply with NFPA 43A, Code
for the Storage of Liquid and Solid Oxidizers.
2-12 Fire Protection and Emergency Plans.
2-12.1
Portable fire extinguishers shall be provided in all buildings in accordance with the
requirements of NFPA 10, Standard for Portable Fire Extinguishers.
Exception: Extinguishers shall not be located in buildings in which explosive or pyrotechnic
mixtures are exposed.
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2-12.2
Each plant shall have a formal emergency plan. Such a plan shall include employee instruction
and training and shall be applicable to all anticipated emergencies. An emergency warning signal
shall be established.
2-12.3
The emergency plan shall include instruction in the use of portable fire extinguishers and the
identification of those fires on which they can be used safely.
2-12.4
Employees shall be instructed to abandon fire-fighting efforts if the fire involves or appears
likely to spread to explosive or pyrotechnic composition or devices. In such cases, employees
shall evacuate the building immediately and alert other plant personnel.
2-12.5
A master electrical disconnect shall be provided at the point where the electrical service enters
the plant. This master disconnect shall be arranged to disconnect all electrical power to the plant.
Exception: Emergency circuits, such as the electrical supply to fire pumps or emergency
lighting, shall have their own master disconnects.
2-13 Testing of Fireworks.
Testing of fireworks and fireworks components shall be performed only in an area specifically
designated for that purpose. The test site shall be located at a safe distance from all plant
buildings or structures.
Chapter 3 Storage of Display Fireworks, Salute Powder, Pyrotechnic and Explosive
Compositions, and Black Powder
3-1 Basic Requirements.
3-1.1
Display fireworks, salute powder, pyrotechnic and explosive compositions, and black powder
shall be stored in magazines meeting the requirements of this chapter. They shall be so stored at
all times.
Exception: During the process of manufacture, packaging, or transportation.
3-1.1.1 Bulk salutes and bulk salute powder shall be stored only in Type 1 or Type 2 magazines.
3-1.1.2 Display fireworks, other than bulk salutes and bulk salute powder, that are not
bullet-sensitive and black powder shall be stored only in Type 1, 2, or 4 magazines.
3-1.2
Magazines containing display fireworks shall be separated from inhabited buildings, passenger
railways, and public highways by the distances specified in Table 2-6.3 or Table 2-6.4.
3-1.3
Magazines containing display fireworks shall be separated from other magazines and from
plant buildings by barricades or screen barricades and by the distances specified in Table 2-6.2.
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3-1.4
Magazines containing black powder shall be separated from inhabited buildings, passenger
railways, public highways, and other magazines by the distances specified in Table 2-6.3.
3-2 Magazine Construction — General.
3-2.1
Magazines shall be constructed to comply with this chapter or in a manner equivalent to the
requirements of this chapter.
3-2.2
The ground around magazines shall be graded so that water drains away from the magazine.
3-2.3
Magazines requiring heat shall be heated by either hot water radiant heating within the
magazine building or by indirect warm air heating.
3-2.3.1 Indirect warm air shall be heated by either hot water or low-pressure [15 psig (103 kPa)
or less] steam coils located outside the magazine building.
3-2.3.2 Magazine heating systems shall meet the following requirements:
(a) Radiant heating coils within the building shall be installed so that explosive materials or
their containers cannot contact the coils and so that air is free to circulate between the coils and
the explosives. The surface temperature of the coils shall not exceed 165°F (74°C).
(b) Heating ducts shall be installed so that the hot air discharge from the ducts is not directed
against explosive materials or their containers.
(c) The heating system shall be controlled so that the ambient temperature of the magazine
does not exceed 130°F (54°C).
(d) Any electric fan or pump used in the heating system shall be located outside the magazine,
separate from the magazine walls, and shall be grounded.
(e) Any electric motor and any controls for electric heating devices used to heat water or
produce steam shall have overload devices and disconnects that comply with NFPA 70, National
Electrical Code. All electrical switchgear shall be located at least 25 ft (7.6 m) from the
magazine.
(f) Any fuel-fired heating source for the hot water or steam shall be separated from the
magazine by a distance of not less than 25 ft (7.6 m). The area between the heating unit and the
magazine shall be cleared of all combustible materials.
(g) Explosive materials stored in magazines shall be arranged so that uniform circulation of air
is ensured.
3-2.4
Where lighting is necessary within the magazine, electric safety flashlights or electric safety
lanterns shall be used.
Exception: As provided for in 3-2.5.
3-2.5
Copyright 1996 NFPA

Where electric lighting is used within a magazine, the installation shall meet the requirements
for hazardous locations in accordance with NFPA 70, National Electrical Code.
(a) Junction boxes containing fuses or circuit breakers and electrical disconnects shall be
located at least 25 ft (7.6 m) from the magazine.
(b) Disconnects, fuses, and circuit breakers shall be protected by a voltage surge arrester
capable of handling 2500 amperes for 0.1 seconds.
(c) All wiring from switches, both inside and outside the magazine, shall be installed in rigid
conduit. Wiring leading into the magazine shall be installed underground.
(d) Conduit and light fixtures inside the magazine shall be protected from physical damage by
guards or by location.
(e) Light fixtures shall be enclosed to prevent sparks or hot metal from falling on the floor or
onto material stored in the magazine.
(f) Junction boxes located within the magazine shall have no openings and shall be equipped
with close-fitting covers.
(g) Lights inside magazines shall not be left on when the magazines are unattended.
3-2.6
There shall be no exposed ferrous metal on the interior of the magazine where it might contact
material stored within.
3-2.7
Where ventilation is required in the magazine, sufficient ventilation shall be provided to
protect the stored materials for the specific area in which the plant is located.
3-2.8
Stored materials shall be placed so that they do not interfere with ventilation and to prevent
contact with masonry walls, any steel, or any other ferrous metal by means of a nonsparking
lattice or equivalent lining.
3-3 Magazine Construction — Requirements for Specific Types.
3-3.1 Type 1 Magazine.
A Type 1 magazine shall be a permanent structure, such as a building or igloo, that is
bullet-resistant, fire-resistant, theft-resistant, weather-resistant, and ventilated. A Type I
magazine shall comply with provisions (a) through (h).
(a) Walls and doors shall be bullet-resistant and shall be constructed in accordance with any of
the specifications in Appendix B.
(b) The roof shall be constructed of any type of structurally sound material that is or has been
made fire-resistant on the exterior.
(c)* Where the natural terrain around a Type 1 magazine makes it possible for a bullet to be
shot through the roof and ceiling at such an angle that the bullet can strike the explosive
materials within, then either the roof or the ceiling shall be of bullet-resistant construction.
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(d) The foundation shall be enclosed completely. A wood foundation enclosure shall be
covered on the exterior with not less than 26-gauge metal.
Exception: Openings provided for cross ventilation.
(e) The floor shall be constructed of wood or other equivalent material. Floors constructed of
materials that can cause sparks shall be covered with a nonsparking surface, or the packages of
explosive material shall be packed on pallets of nonsparking material.
(f) Type 1 magazines shall be ventilated to prevent dampness or heating of explosives.
Ventilation openings shall be screened to prevent entrance of sparks. Ventilators in sidewalls
shall be offset or shielded. Magazines having foundation and roof ventilators, with the air
circulating between sidewalls and floor and between sidewalls and ceiling, shall have a wood
lattice lining or equivalent means to prevent packages from being stacked against sidewalls and
blocking air circulation. A 2-in. (5-cm) air space shall be provided between sidewalls and the
floor.
(g) Each door of the magazine shall be equipped with one of the following locking systems:
1. Two mortise locks;
2. Two padlocks in separate hasps and staples;
3. A mortise lock and a padlock;
4. A mortise lock that needs two keys to be opened;
5. A three-point lock or an equivalent lock that secures the door to the frame at more than
one point.
(h) Padlocks shall be steel, shall have at least five tumblers, and shall have at least a 3/8-in.
(9.5-mm), case-hardened shackle. All padlocks shall be protected by steel hoods installed to
discourage the insertion of bolt cutters. Doors secured by a substantial internal bolt shall not
require additional locking devices. Hinges and hasps shall be fastened securely to the magazine,
and all locking hardware shall be secured rigidly and directly to the door frame.
3-3.2 Type 2 Magazine.
A Type 2 magazine shall be a portable or mobile structure, such as a box, skid-magazine,
trailer, or semitrailer that is fire-resistant, theft-resistant, weather-resistant, and ventilated. If
used for outdoor storage, Type 2 magazines shall be bullet-resistant.
3-3.2.1 Type 2 Outdoor Magazine.
(a) Walls and roof or ceiling shall be constructed according to the provisions of 3-3.1(a), (b),
and (c).
(b) Doors shall be of metal, constructed in accordance with the provisions of 3-3.1(a) or shall
have a metal exterior with an inner door meeting the provisions of 3-3.1(a).
(c) Floors constructed of ferrous metal shall be covered with a nonsparking surface.
(d) A top-opening magazine shall have a lid that overlaps the sides by at least 1 in. (2.5 cm)
when in the closed position.
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(e) The magazine shall be supported so that its floor does not contact the ground directly.
(f) Magazines less than 1 yd3 (0.77 m3) in size shall be fastened securely to a fixed object to
prevent theft of the entire magazine.
(g) Hinges, hasps, locks, and locking hardware shall comply with 3-3.1(g).
Exception: Padlocks on vehicular magazines do not have to be protected by steel hoods.
(h) Wherever a vehicular magazine is left unattended, its wheels shall be removed, or its
kingpins shall be locked, or it shall be otherwise effectively immobilized.
3-3.2.2 Type 2 Indoor Magazines.
(a) The magazine shall have substantial wheels or casters to facilitate removal from the
building in case of emergency.
(b) The cover of the magazine shall have substantial strap hinges and a means for locking. The
magazine shall be kept locked with a five-tumbler padlock or its equivalent.
Exception: A magazine shall be permitted to be unlocked during the placement or removal of
explosive materials.
(c) The magazine shall be painted red, and the top shall bear the words “EXPLOSIVES —
KEEP FIRE AWAY” in white letters at least 3 in. (7.6 cm) high.
(d) Magazines constructed of wood shall have sides, bottoms, and covers or doors of 2-in.
(5-cm) hardwood, well-braced at the corners. The magazines shall be covered with sheet metal
of not less than 26 gauge. Nails exposed to the interior of the magazines shall be countersunk.
(e) Magazines constructed of metal shall be of 12-gauge sheet metal and shall be lined with a
nonsparking material. The edges of metal covers shall overlap the sides by at least 1 in. (2.5 cm).
3-3.3 Type 3 Magazine.
A Type 3 magazine (day box) shall be a portable structure that is fire-resistant, theft-resistant,
and weather-resistant.
(a) The magazine shall be equipped with a five-tumbler padlock.
(b) Magazines constructed of wood shall have sides, bottoms, and covers or doors of 4-in.
(10-cm) hardwood, well-braced at the corners. They shall be covered with sheet metal of not less
than 26 gauge. Nails exposed to the interior of the magazine shall be countersunk.
(c) Magazines constructed of metal shall meet the requirements of 3-3.2.2(e).
3-3.4 Type 4 Magazine.
A Type 4 magazine shall be a permanent, portable, or mobile structure such as a building,
igloo, box, semitrailer or other mobile container that is fire-resistant, theft-resistant, and
weather-resistant.
3-3.4.1 Type 4 Outdoor Magazine.
(a) The magazine shall be constructed of masonry, wood covered with sheet metal, fabricated
metal, or a combination of these materials. Doors shall be metal or wood covered with metal.
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(b) Permanent magazines shall comply with 3-3.1(d), (f), and (g).
(c) Vehicular magazines shall comply with 3-3.2.1(g) and shall be immobilized where
unattended, as described in 3-3.2.1(h).
3-3.4.2 Type 4 Indoor Magazine. A Type 4 indoor magazine shall comply with all the
provisions of 3-3.2.2.
3-4 Storage Within Magazines.
3-4.1
Magazines shall be supervised by a competent person at all times. Such person shall be at least
21 years old and shall be responsible for the enforcement of all safety precautions.
3-4.2*
All magazines containing explosives shall be inspected at intervals not exceeding seven days
to determine whether there has been unauthorized or attempted entry or whether there has been
unauthorized removal of the magazines.
3-4.3*
Magazine doors shall be kept closed. Magazine doors shall be kept locked at all times when
the facility is not in operation.
Exception: During placement or removal of explosive materials or during inspection.
3-4.4*
Containers of explosive materials shall be piled in a stable manner and laid flat with top side
up.
3-4.5
Containers of explosive materials shall not be opened, unpacked, or repacked inside of or
within 50 ft (15 m) of a magazine or in close proximity to other explosives.
Exception: Fiberboard containers shall be permitted to be opened inside of or within 50 ft (15
m) of a magazine. However, they shall not be unpacked.
3-4.6
Tools used for opening containers of explosive materials shall be nonsparking.
Exception: Metal slitters shall be permitted to be used for opening fiberboard containers.
3-4.7
Magazines shall be used exclusively for the storage of explosive and pyrotechnic materials.
Metal tools other than nonferrous conveyors shall not be stored in magazines. Ferrous metal
conveyor stands protected by a coat of paint shall be permitted to be stored within magazines.
3-4.8
Magazine floors shall be swept regularly and kept clean, dry, and free of grit, paper, empty
packing materials, and rubbish. Brooms and other cleaning utensils shall not have
spark-producing metal parts. Sweepings from magazine floors shall be disposed of in accordance
with the manufacturer’s instructions.
3-4.9
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Where any explosive or pyrotechnic material has deteriorated to the extent that it has become
unstable or dangerous, the person responsible shall contact the manufacturer for assistance
immediately.
3-4.10
Before making repairs to the interior of a magazine, all explosive or pyrotechnic material shall
be removed and the interior shall be cleaned.
3-4.11
Before making repairs to the exterior of a magazine where there is a possibility of causing
sparks or fire, all explosive and pyrotechnic material shall be removed.
3-4.12
Explosive or pyrotechnic material removed from a magazine undergoing repair shall be either
placed in another magazine or placed a safe distance from the magazine, where such material
shall be guarded and protected properly. Upon completion of the repairs, the materials shall be
returned promptly to the magazine.
3-5 Miscellaneous Safety Precautions.
3-5.1
Smoking, matches, open flames, spark-producing devices, and firearms shall not be permitted
inside of or within 50 ft (15 m) of a magazine.
Exception: Firearms carried by authorized guards.
3-5.2
The area around a magazine shall be kept clear of brush, dried vegetation, leaves, and similar
combustibles for a distance of at least 25 ft (7.6 m).
3-5.3
Combustible materials shall not be stored within 50 ft (15 m) of a magazine.
3-6 Requirements for Shipping Buildings for Display Fireworks.
3-6.1
Shipping buildings shall be separated from process buildings in accordance with the distances
specified in Table 2-6.2.
3-6.2
Shipping buildings shall be separated from inhabited buildings, passenger railroads, public
highways, and magazines in accordance with the distances specified in Table 2-6.3.
3-6.3
A maximum of 10,000 lb (4536 kg) (gross weight) of display fireworks shall be permitted at
one time in a shipping building.
3-6.4
No more than 30 lb (13.6 kg) of salute powder (net weight), as finished salutes, shall be
permitted at any time in a shipping building.
3-6.5
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All electrical equipment and fixtures in a shipping building shall meet the requirements for
hazardous locations in accordance with NFPA 70, National Electrical Code.
3-6.6
Display fireworks awaiting packing and shipping shall remain in a shipping building
overnight, provided that the building is fire- and theft-resistant. The building shall be locked
securely when not in operation, and windows shall be guarded with bars or similar protection.
Chapter 4 Storage of Consumer Fireworks at Manufacturing Plants
4-1 Basic Requirements.
4-1.1
Consumer fireworks at fireworks manufacturing plants shall be stored in buildings meeting the
requirements of this chapter. They shall be so stored at all times.
Exception: During manufacture, packaging, or transportation.
4-1.2
Storage buildings shall be constructed to comply with this chapter or in a manner equivalent to
the requirements of this chapter.
4-1.3
Storage buildings containing consumer fireworks shall be separated from inhabited buildings,
passenger railways, and public highways by the distances specified in Table 2-6.5. They shall be
separated from other storage buildings, magazines, and fireworks manufacturing buildings by the
distances specified in Table 2-6.2.
4-2 Construction of Storage Buildings.
4-2.1
Storage buildings for consumer fireworks shall be a building, igloo, box, trailer, semitrailer, or
other mobile facility. They shall be constructed to resist fire from an external source and to be
weather-resistant and theft-resistant.
4-2.2
All openings shall be equipped with a means for locking.
4-2.3
All doors shall open outward, and all exits shall be marked clearly. Aisles and exit doors shall
be kept free of obstructions.
4-2.4
All electrical fixtures shall be dust-ignitionproof. All electrical wiring shall comply with
Articles 500 and 502 of NFPA 70, National Electrical Code.
4-2.4.1 Electrical receptacles or unguarded light fixtures shall not be permitted within 25 ft (7.6
m) of any fireworks or pyrotechnic composition. Light fixtures within 25 ft (7.6 m) of any
fireworks shall have guards.
4-2.4.2 An electrical disconnect shall be located outside each storage building and shall be
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arranged to deenergize all electrical power to the building.
4-3 Operations in Storage Buildings.
4-3.1
Storage buildings shall be under the direct supervision of a competent person while in
operation. Such person shall be at least 21 years old, and shall be responsible for enforcing all
safety precautions.
4-3.2
Doors shall be kept locked when the building is not in operation.
4-3.3
Consumer fireworks shall be stored in their original packages, in unopened cases and cartons.
All containers shall be stacked neatly and in a stable manner.
Exception: Unpackaged fireworks returned to the storage building by retailers shall be
permitted to be stored temporarily in bins until repackaged.
4-3.4
Tools used for opening containers shall be nonsparking.
Exception: Metal slitters shall be permitted to be used for opening fiberboard containers.
4-3.5
Storage buildings shall be kept clean, dry, and free of grit, paper, empty used packages, and
rubbish. Brooms and other cleaning utensils shall not have spark-producing metal parts.
Sweepings from magazine floors shall be disposed of properly.
4-3.6
Before making repairs to the interior of a storage building, all fireworks shall be removed and
the interior shall be cleaned.
4-3.7
Before making repairs to the exterior of a storage building where there is a possibility of
causing sparks or fire, all fireworks shall be removed.
4-3.8
The removal of fireworks from a storage building undergoing repair shall be in accordance
with 3-4.12.
4-3.9
Smoking, matches, open flames, spark-producing devices, and firearms shall not be permitted
inside of a storage building or within 25 ft (7.6 m) of stored fireworks.
Exception: Firearms carried by authorized guards.
4-3.10
The area around storage buildings shall be kept clear of brush, dried vegetation, leaves, and
similar combustibles for a distance of at least 25 ft (7.6 m).
Chapter 5 Transportation of Fireworks
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5-1 Basic Requirements.
5-1.1
Transportation of fireworks shall meet all applicable requirements of the U.S. Department of
Transportation, Title 49, Code of Federal Regulations, Parts 170 to end.
5-1.2
Transportation of fireworks shall meet the requirements of this chapter to the extent that they
shall not conflict with the requirements of the U.S. Department of Transportation.
5-2 Vehicle Inspection.
A motor vehicle used to transport fireworks shall be inspected to determine that it is in proper
condition as follows:
(a) Fire extinguishers shall be fully charged and in working order.
(b) All electrical wiring shall be protected and fastened securely to prevent short circuits and
intermittent open circuits.
(c) The chassis, motor, oil pan, and body underside shall be reasonably clean and free of
excess oil and grease.
(d) The fuel tank and fuel lines shall be secure and shall have no leaks.
(e) Brakes, lights, horn, windshield wipers, and steering apparatus shall function properly.
(f) Tires shall be checked for proper inflation and defects.
(g) The vehicle shall be in proper condition in all other respects and shall meet the
requirements for handling explosives and fireworks.
5-3 Driver Qualifications.
5-3.1
Vehicles shall be driven by and shall be in the charge of a properly licensed driver or a
qualified representative of the carrier operating the vehicle who has been evaluated, tested, and
found to be a competent driver in compliance with federal, state, and local motor vehicle laws.
5-3.2
The driver or representative shall be at least 21 years old.
5-4 Vehicle Attendance, Routing, and Parking.
5-4.1
A motor vehicle transporting any quantity of black powder or display fireworks shall be
attended at all times by the driver or the representative of the operator of the vehicle. This
attendant shall be informed of the class of material carried and its inherent dangerous properties.
The attendant shall be instructed in the procedures to be followed in order to protect the public
from danger.
5-4.1.1 The driver or representative shall be thoroughly familiar with the vehicle and shall be
trained, provided with the necessary means, and, where required, authorized to move the vehicle.
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5-4.1.2 The driver or representative shall be familiar with the provisions of this chapter, local
and state traffic regulations, and state and federal regulations governing the transportation of
fireworks.
5-4.1.3 For the purpose of this section, a motor vehicle shall be considered “attended” where the
driver or other attendant is physically on or in the vehicle or where the vehicle is within the field
of vision and can be reached quickly and without interference. “Attended” also means that the
driver or other attendant is awake, alert, and not engaged in activities that can divert attention
from the vehicle.
Exception No. 1: Necessary communication with public officers or representatives of the carrier,
shipper, or consignee or necessary absence from the vehicle to obtain food or to provide for
physical comfort.
Exception No. 2: In an area where unattended parking is permitted, such as an area meeting the
requirements of NFPA 498, Standard for Explosives Motor Vehicle Terminals.
5-4.2
Vehicles transporting display fireworks shall avoid congested areas and heavy traffic. Where
routes through congested areas have been designated by local authorities, such routes shall be
followed.
5-4.3
A vehicle transporting display fireworks shall not be parked before reaching its destination,
even though attended, on any public street adjacent to or near any bridge, tunnel, dwelling,
building, or place where people work, congregate, or assemble.
Exception: This requirement shall not apply in cases of emergency or where the driver or
attendant leaves the vehicle to obtain food or to provide for physical comfort.
5-5 Ignition Sources.
Spark-producing metal or metal tools, oil, matches, firearms, electric storage batteries,
flammable materials, acids, oxidizing materials, or corrosive materials shall not be carried in the
body of a vehicle transporting display fireworks.
5-6 Delivery of Fireworks.
Delivery of fireworks shall be made only to authorized persons.
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this code and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
6-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 10, Standard for Portable Fire Extinguishers, 1994 edition.
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NFPA 43A, Code for the Storage of Liquid and Solid Oxidizers, 1990 edition.
NFPA 45, Standard on Fire Protection for Laboratories Using Chemicals, 1991 edition.
NFPA 70, National Electrical Code, 1993 edition.
NFPA 101, Life Safety Code, 1994 edition.
NFPA 498, Standard for Explosives Motor Vehicle Terminals, 1992 edition.
NFPA 1125, Code for the Manufacture of Model Rocket Motors, 1988 edition.
NFPA 1126, Standard for the Use of Pyrotechnics before a Proximate Audience, 1992 edition.
6-1.2 Other Publications.
6-1.2.1 U.S. Government Publications. Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402.
Title XI, “Regulation of Explosives, of the Crime Control Act of 1970” (Title 18, United
States Code, Chapter 40, Importation, Manufacture, Distribution, and Storage of Explosive
Materials), 1970.
Title 16, Code of Federal Regulations, Parts 1500 and 1507, U.S. Consumer Product Safety
Commission.
Title 18, United States Code, Chapter 40, Importation, Manufacture, Distribution, and Storage
of Explosive Materials, 1970.
Title 29, Code of Federal Regulations, Part 1910.1200, “Hazard Communication,” U.S.
Department of Transportation.
6-1.2.2 Additional Publications.
American Table of Distances for Storage of Explosives; May 1991; Institute of Makers of
Explosives, 1575 Eye Street, NW, Washington, DC 20005.
American Civil Engineering Practice (Abbott, Vol. 1, Table 46, Sec. 3-7.4, 1956 Edition, John
Wiley and Sons).
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-4 Explosive.
U.S. Department of Transportation Revisions of Explosive Materials Transport Regulations.
On December 21, 1990, the U.S. Department of Transportation (U.S. DOT) issued a final rule
that revised the Hazardous Materials Regulations contained in Title 49, Code of Federal
Regulations, Parts 171 to 180.
These regulations cover the classification, packaging, and shipping of explosives (including
blasting agents), oxidizers (ammonium nitrate), flammable liquids, and flammable solids. The
complete final regulations can be found in the Federal Register, Volume 55, No. 246 of
December 21, 1990, pages 5, 2401 through 5, 2729.
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Essentially, the U.S. DOT has revised the U.S. hazardous materials regulations so that they
conform with international regulations, which are based on the United Nations
Recommendations on the Transport of Dangerous Goods. The revised regulations are designed
to standardize testing and classification procedures, nomenclature, packaging, labeling,
placarding, and handling and to eliminate inconsistencies that currently exist between the U.S.
(domestic) and UN (international) standards.
The most important change affecting the user of explosive materials is likely to be the
elimination of the Class A, Class B, and Class C explosives and blasting agents. Under the UN
recommendations, all explosive materials are to be placed into Class 1 explosives. Class 1 is
divided into six divisions, the divisions being characteristic of the properties and hazards of the
particular explosive. The breakdown of Class 1 explosives into its six divisions is as follows:
Class 1 Explosives:
Division 1.1: Explosives that have a mass explosion hazard;
Division 1.2: Explosives that have a projection hazard but not a mass explosion hazard;
Division 1.3: Explosives that have a fire hazard and either a minor blast hazard or a minor
projection hazard, or both, but not a mass explosion hazard;
Division 1.4: Explosive devices that present a minor explosion hazard. No device should
contain more than 25 g (0.9 oz) of a detonating material;
Division 1.5: Very insensitive explosives that have a mass explosion hazard but are so
insensitive that there is little probability of initiation or of transition from burning to detonation
under normal conditions of transport;
Division 1.6: Extremely insensitive articles that do not have a mass explosion hazard, and
articles that demonstrate a negligible probability of accidental initiation or propagation (no
applicable hazard class).
The classification code for an explosive consists of the division number followed by the
compatibility group letter. Compatibility group letters are used to specify the controls for the
transportation, and storage related thereto, of explosives and to prevent an increase in hazard that
might result if certain types of explosives are stored or transported together.
Compatibility groups and classification codes for the various types of explosives are set forth
in Tables A-1-4(a) and (b). Table A-1-4(a) sets forth compatibility groups and classification
codes for substances and articles described in the first column of the table. Table A-1-4(b)
specifies the number of classification codes that are possible within each explosive division.
Altogether, there are 35 possible classification codes for explosives.
Table A-1-4(a) Classification Codes
Compatibility
Group

Classification
Code

Primary explosive substance

A

1.1A

Article containing a primary explosive substance and not containing two

B

1.1B

Description of Substances or Article to be Classified

or more effective protective features

1.2B
1.4B
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Propellant explosive substance or other deflagrating explosive substance

C

or article containing such explosive substance

1.1C
1.2C
1.3C
1.4C

Secondary detonating explosive substance or black powder or article

D

1.1D

containing a secondary detonating explosive substance, in each case

1.2D

without means of initiation and without a propelling charge; or article

1.4D

containing a primary explosive substance and containing two or more

1.5D

effective protective features
Article containing a secondary detonating explosive substance, without

E

1.1E

means of initiation, with a propelling charge (other than one containing

1.2E

flammable liquid or hypergolic liquid)

1.4E

Article containing a secondary detonating explosive substance, with its

F

1.1F

means of initiation, with a propelling charge (other than one containing

1.2F

flammable liquid or hypergolic liquid) or without a propelling charge

1.3F
1.4F

Pyrotechnic substance or article containing a pyrotechnic substance, or

G

1.1G

article containing both an explosive substance and an illuminating,

1.2G

incendiary, tear-producing, or smoke-producing substance (other than a

1.3G

water-activated article or one containing white phosphorus, phosphide or

1.4G

flammable liquid or gell or hypergolic liquid)
Article containing both an explosive substance and white phosphorus

H

1.2H
1.3H
1.1J
1.2J

Article containing both an explosive substance and flammable liquid or gel

J

1.3J

Article containing both an explosive substance and a toxic chemical agent

K

1.2K
1.3K
1.1L
1.2L

Explosive substance or article containing an explosive substance and presenting a special risk
(e.g., due to water activation or presence of hypergolic liquids, phosphides, or pyrophoric
substances) needing isolation of each type

Copyright 1996 NFPA

L

1.3L

Articles containing only extremely insensitive detonating substances

N

1.6N

Substance or article so packed or designed that any hazardous effects arising from accidental
functioning are limited to the extent that they do not significantly hinder or prohibit fire
fighting or other emergency response efforts in the immediate vicinity of the package

S

1.4S

Table A-1-4(b) Scheme of Classification of Explosives, Combination of Hazard Division
with Compatability Group by Column
Compatibility Group
Hazard Division
1.1
1.2

A

B

C

D

E

F

G

1.1A

1.1B

1.1C

1.1D

1.1E

1.1F

1.1G

1.2B

1.2C

1.2D

1.2E

1.2F

1.2G

1.2H

1.2J

1.3F

1.3G

1.3H

1.3J

1.4F

1.4G

1.3
1.4
1.5

1.3C
1.4B

1.4C

1.4D

1.4E

H

J

K

1.1J

L

N

9

1.2K

1.2L

10

1.3K

1.3L

7
1.4S

7
1

1.6N

For comparative purposes, the classification of explosive materials under the UN
recommendations and the current U.S. DOT system is provided as follows:
UN Classification Current DOT System
Division 1.1: Class A explosives (dynamite, cast boosters, cap sensitive emulsions, water gels
and slurries, Class A detonators);
Division 1.2: Class A or Class B explosives (Division 1.2 generally is some sort of
ammunition or materials that have a projection hazard);
Division 1.3: Class B explosives (generally propellants or explosives that have a fire hazard
but not a mass detonation hazard);
Division 1.4: Class C explosives (Class C detonators, safety fuse, and other Class C
explosives);
Division 1.5: Blasting agents (AN/FO, noncap-sensitive emulsions, water gels, slurries,
packaged blasting agents);
Division 1.6: No applicable class (presently there are no commercial explosives in Division
1.6).
In the UN system, oxidizers and organic peroxides form Class 5. Ammonium nitrate, an
oxidizer, is classified as 5.1 (Class 5, Division 1). Flammable and combustible liquids (fuel oils)
are Class 3, and flammable solids are Class 4.
To determine the proper classification of an explosive (class and division) criteria and test
procedures have been set up in the UN recommendations. Through this criteria and test it
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A-S

1.1L

1.5D

1.6

S

1

initially can be determined if the material is an explosive and subsequently to what hazard
division it belongs.
In addition to the class and division number, every explosive under the UN recommendations
has a proper shipping name and a four-digit identification number. When this regulation
becomes effective, shipping cases are required to show the proper shipping name and the
identification number.
The UN Recommendation on the Shipment of Dangerous Goods became effective October 1,
1991, and voluntary compliance was authorized after January 1, 1991. The DOT has provided a
transition period, and present packaging for explosives can be used until October 1, 1996,
although packagings currently authorized under DOT regulations can not be manufactured after
October 1, 1994.
A-1-4 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-4 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-1-4 Consumer Fireworks.
Consumer fireworks contain limited quantities of pyrotechnic composition per unit and do not
pose a mass explosion hazard where stored. Therefore, they are not required to be stored in a
magazine.
A-1-4 Fireworks, Exception No. 1:
The regulations referred to limit the explosive content of each toy cap to not more than an
average of 0.25 grains (16.2 mg). Also, each package containing such caps has to be labeled to
indicate the maximum explosive content per cap.
A-1-4 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
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The authority having jurisdiction should utilize the system employed by the listing organization
to identify a listed product.
A-2-6.5 Table, Note 1:
For example, a warehouse containing 1000 cases of packaged consumer (1.4G) fireworks with
a gross weight of 36 lb (16.4 kg) per case would therefore possess a total gross weight of 36,000
lb (16 330 kg). The net weight of pyrotechnic composition in these fireworks, for separation
distance purposes, would be 0.25 × 36,000 lb = 9,000 lb (4082 kg). The separation distances
listed in Table 2-6.5 for 8000 lb to 10,000 lb (3630 kg to 4540 kg) of pyrotechnic composition
would be required for this building.
A-2-7.1
In general, the wall having the largest area should be chosen to provide explosion relief. The
entire area of the wall should be utilized. The term “weakwall” is used to describe the relative
strength of the explosion-relieving wall as compared to the rest of the building.
A-2-7.5
For information on the use of conductive surfaces to minimize the hazard of static electricity,
see NFPA 99, Standard for Health Care Facilities, 12-4.1, Anesthetizing Locations.
A-2-10.1
This requirement is for purposes of minimizing personnel exposure and is distinct from any
requirement on maximum building occupancy that might exist in local ordinances.
A-2-11.2.1 Smoking materials include matches, lighters, cigarettes, cigars, and pipes.
A-2-11.7
Care should be exercised, since some oxidizers are mutually incompatible. NFPA 491M,
Manual of Hazardous Chemical Reactions, lists many oxidizers and other materials that result in
hazardous interactions. Oxidizers commonly include nitrates, chlorates, and perchlorates.
A-3.3.1(c) A bullet-resistant roof should be constructed according to any of the specifications in
Appendix B. A bullet-resistant ceiling should be constructed at the eave line, covering the entire
area of the magazine, except for the necessary ventilation space. Examples of bullet-resistant
ceiling construction include:
(a) Any construction meeting the specifications in Appendix B,
(b) A sand tray having a sand depth of at least 4 in. (10 cm).
A-3-4.2
Corresponding grades and brands of explosive materials should be stored together so that
brand and grade markings are readily visible. All stock should be stored to be easily counted and
checked.
A-3-4.3
Where explosive materials are removed from the magazine for use, the oldest stock should be
used first.
A-3-4.4
Open containers of explosive materials should be closed securely before being returned to a
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magazine. No container without a closed lid should be stored in a magazine.
Appendix B Magazine Construction
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
Magazines constructed in accordance with the following minimum specifications are approved
as bullet-resistant (as defined in Chapter 1 of this code). All steel and wood dimensions are
actual thickness; concrete block and brick dimensions are nominal.
B-1 Steel Exterior.
(a) Five-eighths-in. (16-mm) steel with an interior lining of nonsparking material.
(b) One-half-in. (13-mm) steel with an interior lining of plywood at least 3/8 in. (9.5 mm)
thick.
(c) Three-eighths-in. (9.5-mm) steel lined with one of the following:
1. 2 in. (5 cm) of hardwood;
2. 3 in. (7.6 cm) of softwood;
3. 21/4 in. (5.7 cm) of plywood.
(d) One-fourth-in. (6.4-mm) steel lined with one of the following:
1. 3 in. (7.6 cm) of hardwood;
2. 5 in. (12.7 cm) of softwood;
3. 51/4 in. (13.3 cm) of plywood;
4. 11/2 in. (3.8 cm) of plywood with an intermediate layer of 2 in. (5 cm) of hardwood.
(e) Three-sixteenths-in. (4.8-mm) steel lined with one of the following:
1. 4 in. (10.2 cm) of hardwood;
2. 7 in. (17.8 cm) of softwood;
3. 63/4 in. (17.1 cm) of plywood;
4. 3/4 in. (19 mm) of plywood with an intermediate layer of 3 in. (7.6 cm) of hardwood.
(f) One-eighth-in. (3.2-mm) steel lined with one of the following:
1. 5 in. (12.7 cm) of hardwood;
2. 9 in. (23 cm) of softwood;
3. 3/4 in. (19 mm) of plywood with an intermediate layer of 4 in. (10.2 cm) of hardwood.
4. Two layers of 3/4-in. (19-mm) plywood with an intermediate layer of 35/8 in. (9.2 cm) of
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well-tamped dry sand or sand/cement mixture.
B-2 Fire-Resistant Exterior.
The exterior of any type of fire-resistant material that is structurally sound with:
(a) An interior lining of 1/2-in. (13-mm) plywood placed securely against an intermediate 4-in.
(10.2-cm) thick layer of solid concrete block, solid brick, or solid concrete.
(b) An interior lining of 3/4-in. (19-mm) plywood, a first intermediate layer of 3/4-in. (19-mm)
plywood, a second intermediate layer of 35/8 in. (9.2 cm) of well-tamped dry sand or
sand/cement mixture, a third intermediate layer of 3/4-in. (19-mm) plywood, and a fourth
intermediate layer of 2-in. (5-cm) hardwood or 14-gauge steel.
(c) An intermediate 6-in. (15.2-cm) space filled with well-tamped dry sand or sand/cement
mixture.
B-3 Masonry Exterior.
(a) Standard 8-in. (20.3-cm) concrete block with voids filled with well-tamped dry sand or
sand/cement mixture.
(b) Standard 8-in. (20.3-cm) solid brick.
(c) 8-in. (20.3-cm) solid concrete.
(d) Two layers of 4-in. (10.2-cm) concrete block.
Appendix C Extract from American Pyrotechnics Association Standard 87-1, Standard for
Construction and Approval for Transportation of Fireworks
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
C-1 Introduction.
†C-1.1
This appendix provides manufacturers, importers, and distributors of fireworks and novelties
information to assist them in manufacturing, testing, shipping, and labeling the products of the
fireworks industry in accordance with applicable federal laws and current good manufacturing
practices.
NOTE: Paragraphs of this appendix that apply to the approval by the U.S. Department of Transportation
(DOT) for transportation of fireworks are indicated by a dagger (†) preceding the paragraph number.

C-1.2
The information in this appendix should enable manufacturers, importers, and distributors of
fireworks and novelties to provide their customers with products that can be transported and used
safely and without unreasonable risk.
†C-1.3
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Fireworks and novelties are not acceptable for transportation within the jurisdiction of the
United States unless they are classed, packaged, labeled, and marked and are in proper condition
for shipment in accordance with the DOT regulations in Title 49, Code of Federal Regulations.
See Section C-5 of this appendix for further discussion.
C-1.4
Consumer fireworks (fireworks classed as 1.4G and 1.4S) (formerly “Fireworks, Common”)
and novelties are not acceptable for sale to the public unless they are manufactured, labeled, and
sold in conformance with the regulations of the U.S. Consumer Product Safety Commission
(CPSC) published in Title 16, Code of Federal Regulations. See Section C-3 of this appendix for
further discussion.
NOTE: Consumer fireworks are normally classed as 1.4G but can be classed by DOT as 1.4S on the basis of
specific test results.

C-1.5
United States laws and regulations prescribe mandatory requirements that a person must
follow in order to market certain products. In these instances, failure to comply can be regarded
by courts as negligence per se in product liability litigation.
†C-1.6
This appendix applies to fireworks devices and novelties for entertainment purposes.
C-2 Definitions.
†C-2.1 Approval.
For purposes of this appendix, approval means the assignment of proper hazard class, EX
number, and proper shipping name by the DOT so that fireworks and novelties can be
transported under conditions specified in Title 49, Code of Federal Regulations. See Section C-5
of this appendix for details.
†C-2.2 Black Match.
A fuse made from thread impregnated with black powder and used for igniting pyrotechnic
devices. Black Match is classed as “1.3G” and described as “Fuse, Instantaneous, non-detonating
UN0101,” or “Quickmatch UN0101.”
†C-2.3 Blowout.
The unintended release of a pressure effect from other than the intended orifice of a fireworks
device. Examples include expulsion of the bottom plug of a roman candle, expulsion of the clay
choke of a fountain, or the rupturing of the wall of a mine or shell.
†C-2.4 Burnout.
The unintended escape of flame through the wall of a pyrotechnic chamber during functioning
of a fireworks device.
†C-2.5 Chemical Composition.
All pyrotechnic and explosive composition contained in a fireworks device. Inert materials
such as clay used for plugs, or organic matter such as rice hulls used for density control, are not
considered to be chemical composition.
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†C-2.5.1 Explosive Composition. Any chemical compound or mixture, the primary purpose of
which is to function by explosion, producing an audible effect in a fireworks device.
†C-2.5.2 Pyrotechnic Composition. A chemical mixture that on burning and without explosion
produces visible or brilliant displays or bright lights, or whistles or motion.
†C-2.6 Fireworks.
Any device, other than a novelty, intended to produce visible or audible effects, or both, by
combustion, deflagration, or detonation. Fireworks are further described as “Fireworks UN0336”
or “Fireworks UN0337” (formerly Common Fireworks and now referred to in this document as
Consumer Fireworks), “Forbidden Fireworks”, or “Fireworks UN0335” (formerly Special
Fireworks and now referred to in this document as Display Fireworks).
NOTE: Propelling and expelling charges consisting of a mixture of sulfur, charcoal, and saltpeter are not
considered as designed to produce audible effects.

†C-2.6.1 Consumer Fireworks (formerly “Common Fireworks”). Any fireworks device for
use by the public that complies with the construction, performance, composition, and labeling
requirements promulgated by the U.S. Consumer Product Safety Commission (CPSC) in Title
16, Code of Federal Regulations, in addition to any limits and other requirements of this
document. See Section C-3 of this appendix for details.
†C-2.6.2 Display Fireworks (formerly “Special Fireworks”). Fireworks devices primarily
intended for commercial displays that are designed to produce visible or audible effects, or both,
by combustion, deflagration, or detonation, including, but not limited to, salutes containing more
than 130 mg (2 grains) of explosive composition; aerial shells containing more than 40 g (1.4 oz)
of chemical composition exclusive of lift charge; and other exhibition display items that exceed
the limits contained in this document for Consumer Fireworks. Certain devices intended for
signaling, illuminating, and incendiary purposes and formerly classed as “Special Fireworks” no
longer fall into this fireworks category. See Section C-4 of this appendix for details.
†C-2.6.3 Theatrical Pyrotechnics. Pyrotechnic devices for professional use in the entertainment
industry similar to “Consumer Fireworks” in chemical composition and construction but not
intended for consumer use. Such articles meeting the weight limits for consumer fireworks but
not labeled as such and containing only chemicals shown in Table C-4-3.1 can be approved
under the provisions of this document and classified as “Article, Pyrotechnic, 1. 4G, UN0431.”
NOTE: Theatrical pyrotechnics devices can be classed as “Article, Pyrotechnic, 1.4S, UN0432” by DOT on
the basis of specific test results.

†C-2.7 Labeling.
A display of written, printed, or graphic matter upon a fireworks device(s) or upon the
immediate container of any such device(s), or both. Included are diamond shaped labels required
by DOT to be displayed on outside packaging for transportation purposes. The term also
includes any identification, cautions, and other information required by this document or by any
Federal Government agency.
†C-2.8 Marking.
The application of the proper shipping name, identification number (UN number), instructions,
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cautions, weight, or specification mark or combination thereof to a package of hazardous
material. Marking also includes any required specification mark on the inside or outside of a
shipping container.
†C-2.9 Novelty.
A device containing small amounts of pyrotechnic or explosive composition, or both, but not
described as consumer fireworks. Such devices produce limited visible or audible effects. These
items shall be classed as “1.4G,” unless classed as “1.4S” or deregulated as a hazardous material
by DOT on the basis of specific test results.
†C-2.10 Placard.
A warning symbol of a square-on-point configuration mounted on each side and each end of a
truck, rail car, or freight container that informs the public and emergency personnel of the
hazardous nature of the cargo, as specified in Title 49, Code of Federal Regulations, Part 172.
†C-2.11 Quick Match (Instantaneous Fuse).
Black match that is encased in a loose-fitting paper sheath to make it burn extremely rapidly.
Quick match is used for aerial shells and for simultaneous ignition of a number of pyrotechnic
devices, such as lances in a ground display piece. Quick match is classed as “1.3G” and
described as “Fuse, instantaneous, non-detonating” or “Quickmatch,” and assigned identification
number “UN0101.”
†C-2.12 Safety Fuse.
A fuse consisting of a thread-wrapped black powder train that has been coated with a
water-resistant material. Such fuse is typically 3/32 in. (2.4 mm) in outside diameter and
frequently green in color. Safety Fuse is described as “Fuse, Safety UN0105” and classed as
“1.4S.”
C-3 Requirements for Consumer Fireworks, Novelties, and Theatrical Pyrotechnics.
NOTE 1: Devices in this category, formerly classed as Class C Explosive, Common Fireworks, are now
classed as Fireworks 1.4G under the U.N. System, and referred to in this document as “Consumer Fireworks.”
NOTE 2: Devices intended for non-consumer use in the entertainment industry that meet the chemical
composition requirements of this appendix can be classed as “1.4G” and described as “Article, Pyrotechnic
UN0431” under the provisions of this document but are not required to comply with the fuse, construction, and
labeling requirements of this appendix.

†C-3.1 Types of Consumer Fireworks.
The following fireworks devices are subject to the requirements of Section C-3 of this
appendix.
C-3.1.1 Ground and Hand-held Sparkling and Smoke Devices.
C-3.1.1.1 Cylindrical Fountain. Cylindrical tube containing not more than 75 g (2.6 oz) of
pyrotechnic composition. Upon ignition, a shower of colored sparks, and sometimes a whistling
effect or smoke, is produced. This device can be provided with a spike for insertion into the
ground (Spike Fountain), a wood or plastic base for placing on the ground (Base Fountain), or a
wood or cardboard handle to be hand-held (Handle Fountain). Where more than one tube is
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mounted on a common base, total pyrotechnic composition cannot exceed 200 g (7.1 oz).
†C-3.1.1.2 Cone Fountain. Cardboard or heavy paper cone containing not more than 50 g (1.8
oz) of pyrotechnic composition. The effect is the same as that of a cylindrical fountain. Where
more than one cone is mounted on a common base, total pyrotechnic composition cannot exceed
200 g (7.1 oz).
†C-3.1.1.3 Illuminating Torch. Cylindrical tube containing not more than 100 g (3.5 oz) of
pyrotechnic composition that produces a colored flame upon ignition. Can be spike, base, or
hand-held. Where more than one tube is mounted on a common base, total pyrotechnic
composition cannot exceed 200 g (7.1 oz).
†C-3.1.1.4 Wheel. Pyrotechnic device intended to be attached to a post or tree by means of a
nail or string. Can have one or more drivers, each of which can contain not more than 60 g (2.1
oz) of pyrotechnic composition. No wheel can contain more than 200 g (7.1 oz) total pyrotechnic
composition. Upon ignition, the wheel revolves, producing a shower of color and sparks and,
sometimes, a whistling effect.
†C-3.1.1.5 Ground Spinner. Small device containing not more than 20 g (0.7 oz) of pyrotechnic
composition, venting out an orifice usually on the side of the tube. Similar in operation to a
wheel but intended to be placed flat on the ground and ignited. A shower of sparks and color is
produced by the rapidly spinning device.
†C-3.1.1.6 Flitter Sparkler. Narrow paper tube attached to a stick or wire and filled with not
more than 5 g (0.2 oz) of pyrotechnic composition that produces color and sparks upon ignition.
The paper at one end of the tube is ignited to make the device function.
†C-3.1.1.7 Toy Smoke Device. Small plastic or paper item containing not more than 100 g (3.5
oz) pyrotechnic composition that, upon ignition, produces white or colored smoke as the primary
effect. (These devices, where complying with the provisions of this appendix, are classed as
“1.4G” unless classed as “1.4S” or not regulated as an explosive by DOT on the basis of specific
test results.
C-3.1.2 Aerial Devices.
†C-3.1.2.1 Sky Rockets and Bottle Rockets. Cylindrical tube containing not more than 20 g
(0.7 oz) of chemical composition with a wooden stick attached for guidance and stability.
Rockets rise into the air upon ignition. A burst of color or sound, or both, can be produced at or
near the height of flight.
†C-3.1.2.2 Missile-type Rocket. A device similar to a sky rocket in size, composition, and effect
that uses fins rather than a stick for guidance and stability. Missiles shall not contain more than
20 g (0.7 oz) of total chemical composition.
†C-3.1.2.3 Helicopter, Aerial Spinner. A tube containing not more than 20 g (0.7 oz) of
chemical composition, with a propeller or blade attached. Upon ignition, the rapidly spinning
device rises into the air. A visible or audible effect can be produced at or near the height of
flight.
†C-3.1.2.4 Roman Candle. Heavy paper or cardboard tube containing not more than 20 g (0.7
oz) of chemical composition. Upon ignition, “stars” (pellets of pressed pyrotechnic composition
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that burn with bright color) are individually expelled.
†C-3.1.2.5 Mine, Shell. Heavy cardboard or paper tube usually attached to a wooden or plastic
base and containing not more than 40 g (1.4 oz) of chemical composition plus not more than 20 g
(0.7 oz) of “lift” charge [the part that actually lifts the aerial effect(s) into the air] per tube. Upon
ignition, “stars” (see C-3.1.2.4), components producing reports containing up to 130 mg (2
grains) of explosive composition per report (see C-3.1.3.1), or other devices are propelled into
the air. A mine can contain more than one tube, provided the tubes fire in sequence upon ignition
of one external fuse. Total chemical composition including lift charges of any multiple tube
device cannot exceed 200 g (7.1 oz).
C-3.1.3 Audible Ground Devices.
†C-3.1.3.1 Firecracker. Small, paper-wrapped or cardboard tube containing not more than 50
mg (0.8 grains) of explosive composition, except that those used in aerial devices can contain up
to 130 mg (2 grains) of explosive composition per report. Upon ignition, noise and a flash of
light are produced.
NOTE: Firecrackers are not subject to the requirements of fuse in C-3.5.1 and chemicals in C-3.6.1 of this
appendix.

C-3.1.3.2 Chaser. Paper or cardboard tube venting out the fuse end of the tube containing not
more than 20 g (0.7 oz) of chemical composition. The device travels along the ground upon
ignition. A whistling effect or other noise is often produced. Explosive composition can be
included to produce a report but cannot exceed 50 mg (0.8 grains).
†C-3.2 Types of Novelties.
The following devices are classed as Fireworks 1.4G and described as Fireworks UN0336
unless they are classed as 1.4S or not regulated as hazardous materials based on specific test
results. These devices that are not regulated are not considered to be consumer fireworks.
†C-3.2.1 Party Popper. Small plastic or paper item containing not more than 16 mg (0.25
grains) of explosive composition that is friction sensitive. A string protruding from the device is
usually pulled to ignite it. This item expels nonflammable paper streamers or other
nonflammable novelties, or both, and produces a small report.
†C-3.2.2 Snapper. Small, paper-wrapped item containing not more than 1 mg (0.02 grains) of
explosive composition coated on small bits of sand, and packaged with sawdust in individual
containers of not more than 50 units. When dropped, the device explodes, producing a small
report.
†C-3.2.3 Snake, Glow Worm. Pressed pellet of not more than 2 g (0.07 oz) of pyrotechnic
composition and packaged in retail packages of not more than 25 units that produces as the
primary effect a snake-like ash upon burning. The ash expands in length as the pellet burns.
(These devices are not regulated for transportation purposes.)
†C-3.2.4 Sparkler. Wire or stick coated with pyrotechnic composition, that cannot exceed 100 g
(3.5 oz) per item, that produces a shower of sparks upon ignition. These items cannot contain
magnesium, except that magnalium (magnesium-aluminum alloy) is permitted. Items containing
any chlorate or perchlorate salts cannot exceed 5 g (0.2 oz) of composition per item. (These
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items are not regulated as explosives for transportation purposes. However, some meet the
criteria for flammable solids.)
†C-3.2.5 Toy Caps. Toy plastic or paper caps for toy pistols in sheets, strips, rolls, or individual
caps, containing not more than an average of 0.25 grains (16 mg) of explosive composition per
cap. Toy caps are described as “Fireworks UN0336” and classed as “1.4G.” Toy caps are to be
packed in inside packages constructed of cardboard not less than 0.013 in. (0.33 mm) in
thickness, metal not less than 0.008 in. (0.2 mm) in thickness, noncombustible plastic not less
than 0.015 in. (0.38 mm) in thickness, or a composite blister package consisting of cardboard not
less than 0.013 in. (0.33 mm) in thickness, and noncombustible plastic not less than 0.005 in.
(0.13 mm) in thickness, which are to provide a complete enclosure. The minimum dimensions of
each side or end of such package are to be not less than 1/8 in. (3.2 mm) in height. The number of
caps in these inside packages are to be limited so that no more than 10 grains (650 mg) of
explosive composition are to be packed into 1 in.3 (16.4 cm3) of space. In addition, no more than
17.5 grains (1138 mg) of the explosive composition of toy caps are to be packed in any inside
container. These inner containers are to be packed in outside containers meeting the
requirements specified in C-5.3.1 of this appendix.
†C-3.2.6 Other Novelties. Devices intended to produce unique visual or audible effects and
containing 50 mg (0.8 grains) or less of explosive composition and limited amounts of other
pyrotechnic composition. Examples include cigarette loads, trick matches, explosive auto alarms,
and other trick noise makers.
†C-3.3 Other Devices.
Any device producing unique pyrotechnic or explosive effects or combinations of effects not
enumerated in Section C-3 of this appendix.
†C-3.4 Combination Items.
Fireworks devices intended to produce more than one of the effects described in Section C-3
of this appendix, and that contain not more than 200 g (7.1 oz) of total chemical composition.
C-3.5 Specific Requirements.
C-3.5.1 Fuse.
C-3.5.1.1 Only safety fuse or other fuse that has been protected to resist side ignition can be used
in devices subject to the requirements of this appendix.
NOTE: See APA 87-1, Appendix B, for method of measuring resistance to side ignition. Devices, such as
ground spinners, that require a restricted orifice for proper functioning and that contain less than 6 g (0.2 oz) of
pyrotechnic composition are not subject to the requirements of C-3.5.1.1.

C-3.5.1.2 The fuse needs to be of sufficient length to burn at least 3 seconds but not more than 6
seconds before ignition of the device, except that fuse for roman candles or similar devices
requiring a longer fuse for safe functioning can burn up to 12 seconds before ignition of the
device.
C-3.5.1.3 The fuse needs to be securely attached, so that it will support either the weight of the
device plus 8 oz (227 g) of dead weight or double the weight of the device, whichever is less,
without separation from the fireworks device.
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C-3.5.2 Construction.
C-3.5.2.1 Bases. Each fireworks device that requires a base needs to utilize a base of wood or
plastic (preferably nonbrittle, medium-impact polystyrene). The minimum horizontal dimension
or the diameter of the base needs to be equal to at least one-third the height of the device
(excluding any protruding fuse), unless the device remains upright when subjected to a tilt of 12
degrees from the horizontal. Bases are to remain firmly attached to the item during
transportation, handling, and normal operation.
NOTE: See APA 87-1, Appendix B, for method of measuring.

C-3.5.2.2 Sticks. The stick on a rocket (including skyrockets and bottle rockets), and on other
fireworks devices that utilize a stick, are to be firmly attached to the body of the device by means
of glue, staples, or wire, and are to be secure enough to remain firmly attached during
transportation, handling, and normal operation. Sticks are to be rigid and of such length so as to
assure stable flight. The maximum curvature of such stick(s) cannot exceed 1 in. (25 mm).
NOTE: See APA 87-1, Appendix B, for method of testing rigidity.

C-3.5.2.3 Handles. Each fireworks device that is intended to be hand-held and is so marked is to
incorporate a handle at least 4 in. (101 mm) in length. Handles are to remain firmly attached
during transportation, handling, and normal operation of the device, or are to consist of an
integral section of the device extending at least 4 in. (101 mm) below the pyrotechnic chamber,
except that sparklers 10 in. (253 mm) or less in length shall have handles at least 3 in. (76 mm)
in length.
C-3.5.2.4 Spikes. Spikes that constitute an integral part of a fireworks device are to protrude at
least 2 in. (51 mm) from the base of the device and are to have a blunt tip not less than 1/8 in.
(3.2 mm) in diameter or 1/8 in. (3.2 mm) square.
†C-3.5.2.5 Pyrotechnic Chamber. The pyrotechnic chamber in a fireworks device that
functions other than by exploding needs to be of sufficient thickness and rigidity to allow normal
functioning of the device without burnout or blowout. The chamber also needs to be constructed
and sealed to prevent leakage of the pyrotechnic composition during transportation, handling,
and normal operation.
C-3.5.2.6 Wings. Wings on helicopter-type rockets and similar devices need to be securely
attached to the body by means of gluing, wiring, or other appropriate means so that they will
remain firmly attached during transportation, handling, and normal operation.
C-3.5.2.7 Wheel Devices. Each wheel device needs to be constructed so that the driver(s),
motor(s), and axle(s), where needed (i.e., on wheel devices intended to operate in a fixed
location), remain securely attached to the device during transportation, handling, and normal
operation.
C-3.5.2.8 Aerial Devices. Each device intended to produce a visible or audible effect high in the
air needs to be designed to produce the effect at or near the apogee of its flight.
C-3.5.2.9 Smoke Devices. Each smoke device needs to be constructed so that it will neither
burst nor produce excessive flame (excluding fuse and small but brief bursts of flame
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accompanying normal smoke production). Smoke devices cannot contain plastic in direct contact
with the pyrotechnic composition, nor can smoke devices resemble, in color and configuration,
banned fireworks devices, such as M80 salutes, cherry bombs, or silver salutes.
C-3.6 Prohibited Chemicals and Components.
†C-3.6.1 Prohibited Chemicals. Consumer fireworks devices offered or intended for sale to the
public cannot contain a chemical enumerated in Table C-3.6.1, except for trace amounts as
impurities, and except as specified therein.
NOTE: Display fireworks and theatrical pyrotechnics (C-2.6.3) are not subject to the provisions of this
appendix.

Table C-3.6.1 Prohibited Chemicals for Consumer Fireworks
(a) Arsenic sulfide, arsenates, or arsenites
(b) Boron
(c) Chlorates, except:
1. In colored smoke mixtures in which an equal or greater weight of sodium bicarbonate is included.
2. In party poppers
3. In those small items (such as ground spinners) wherein the total powder content does not exceed 4 g (0.14 oz) of which not greater
than 15 percent or 600 mg (9.3 grains) is potassium, sodium, or barium chlorate.
4. In firecrackers
5. In toy caps
(d) Gallates or gallic acid
(e) Magnesium (magnesium/aluminum alloys, called magnalium, are permitted).
(f) Mercury salts
(g) Phosphorus (red or white), except that red phosphorus is permissible in caps and party poppers.
(h) Picrates or picric acid
(i) Thiocyanates
(j) Titanium, except in particle size greater than 100-mesh.
(k) Zirconium

†C-3.6.2 Prohibited Components. No component of any consumer fireworks device or novelty
can, upon functioning, project or disperse any metal, glass, or brittle plastic fragments.
†C-3.6.3 Forbidden Explosive Devices. Any explosive device intended for sale to the public
that produces an audible effect (other than a whistle) by a charge of more than 130 mg (2 grains)
of explosive composition per report. Devices obtained for bona-fide pest control purposes in
accordance with regulations promulgated by CPSC in Title 16, Code of Federal Regulations, are
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not forbidden.
For transportation purposes, the term forbidden explosive devices also includes mixtures or
devices containing a chlorate and an ammonium salt or an acidic metal salt, devices that contain
yellow or white phosphorus, devices that combine an explosive and a detonator or blasting cap,
and any device that has not been approved by the DOT.
†C-3.7 Approval.
All consumer fireworks (Fireworks UN0336), novelties, and theatrical pyrotechnics offered for
transportation in the United States need to be classified and approved for transportation purposes
by the DOT, in accordance with the following procedure.
†C-3.7.1 Fireworks and Novelties containing only mixtures of chemicals specified in Table
C-4.3.1 but none of the chemicals prohibited by C-3.6. For each item for which approval is
sought, manufacturers need to submit a copy of the Approval Application (see APA 87, Appendix
D) to the DOT. DOT can issue an approval for the device as “1.4G” based on the information
contained in the form or, at its option, can require fireworks laboratory examination by the
Bureau of Explosives, Bureau of Mines, or other fireworks laboratory acceptable to DOT.
†C-3.7.2 Consumer fireworks devices and theatrical pyrotechnics containing any chemical not
specified in Table C-4.3.1, but none of the chemicals prohibited by C-3.6. For each item for
which approval is sought, the manufacturer needs to submit a sample of each device to the
Bureau of Explosives, Bureau of Mines, or other fireworks laboratory acceptable to DOT (such
as a recognized competent authority for fireworks manufactured abroad) for examination and
thermal stability testing. The manufacturer needs to then submit a fireworks Approval
Application (see APA 87-1, Appendix D) together with the appropriate fireworks laboratory
reports to DOT. DOT can then issue approval based on the information contained in the
application and accompanying fireworks laboratory reports.
†C-3.7.3 Theatrical pyrotechnics containing only mixtures of chemicals specified in Table
C-4.3.1. For each item for which approval is sought, manufacturers need to submit a copy of the
Approval Application (see APA 87-1, Appendix D) to the DOT. DOT can issue an approval for
the device as “1.4G” based on the information contained in the form or, at its option, can require
fireworks laboratory examination by the Bureau of Explosives, Bureau of Mines, or other
fireworks laboratory acceptable to DOT.
†C-3.7.4 If classification other than as “1.4G” is sought, the DOT approval procedure in Title
49, Code of Federal Regulations, 173.56(b)(1) needs to be followed. This includes obtaining a
fireworks laboratory report from the Bureau of Explosives, or other fireworks laboratory
acceptable to DOT.
†C-3.8 Marking and Labeling.
Fireworks intended for consumer sale and use need to be labeled in conformance with the
requirements of the Federal Hazardous Substances Act and regulations promulgated thereunder
in Title 16, Code of Federal Regulations, Part 1500. All outside packaging containing fireworks
must be marked and labeled in conformance with Title 49, Code of Federal Regulations, Part
172. See APA 87-1, Appendix C, and Section C-5 of this appendix for details and examples.
C-4 Requirements for Display Fireworks Devices.
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NOTE: Devices in this category, formerly classed as Class B Explosives, Special Fireworks, are now classed
as “1.3G” under the UN system and referred to in this appendix as “Display Fireworks.”

†C-4.1 Types of Display Fireworks Devices.
The following fireworks devices are subject to the requirements of Section C-4 of this
appendix.
C-4.1.1 Aerial Shell. A cylindrical or spherical cartridge containing chemical composition
exceeding 40 g (1.4 oz) in weight or explosive composition exceeding 130 mg (2 grains) per
report, and a black powder propelling charge (lift charge). Shells are most commonly 3 in. to 6
in. (76 mm to 152 mm) in diameter, and are fired from metal or heavy cardboard tubes. Upon
firing, the lift charge is consumed and the cartridge is expelled into the air. A pyrotechnic effect
is produced near the apogee of flight.
†C-4.1.2 Salute. Paper-wrapped or cardboard tube containing explosive composition in excess
of 130 mg (2 grains). Upon ignition, noise and a flash of light are produced.
C-4.1.3 Other Fireworks Devices.
†C-4.1.3.1 Where the quantity of explosive or pyrotechnic composition, or both, exceeds the
limit for inclusion in the “Fireworks UN0336” category, devices enumerated in C-3.1 are classed
as “1.3G” and described as “Fireworks UN0335” (formerly described as “Fireworks, Special”
and classed as “Class B Explosives”). This includes multiple tube devices containing more than
200 g (7.1 oz) of total chemical composition.
†C-4.1.3.2 Certain devices intended for signaling, illuminating, and incendiary purposes such as
railway torpedoes, airplane flares, illuminating projectiles, incendiary and smoke projectiles, and
flash cartridges, formerly classed as “Special Fireworks,” no longer fall into the “Fireworks”
category under the DOT regulations effective on 10/1/91 and are not part of this appendix.
C-4.2 Construction of Aerial Shells.
C-4.2.1 Each shell is to be identified only in terms of the inside diameter (and not the
circumference) of the mortar in which it can be safely used. [e.g., 3-in. (76-mm) shells are only
for use in 3-in. (76-mm) mortars].
C-4.2.2 Each shell needs to be constructed so that the difference between the inside diameter of
the mortar in which it can be safely used and the outside diameter of the shell is no less than 1/8
in. (3.2 mm) and no more than 1/4 in. (6.4 mm) for shells not exceeding 3 in. (76 mm) or 1/2 in.
(12.7 mm) for shells larger than 3 in. (76 mm).
C-4.2.3 Each shell needs to be marked with the type of shell, the diameter measurement, and the
name of the manufacturer or distributor.
C-4.2.4 The length of the internal delay fuse and the amount of lift charge needs to be sized to
ensure proper functioning of the shell in its mortar. Quick match fuse, if required, needs to be
long enough to allow not less than 6 in. (152 mm) of fuse to protrude from the mortar after the
shell is properly inserted.
C-4.2.5 The length of exposed black match on a shell cannot be less than 3 in. (76 mm) and the
fuse is not to be folded or doubled back under the safety cap. Also, the time delay between
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ignition of the tip of the exposed black match and ignition of the lift charge cannot be less than 3
seconds to allow the operator to retreat safely.
C-4.2.6 A safety cap needs to be installed over the exposed end of the fuse. The safety cap needs
to be of a different color than that used for the paper of the fuse.
†C-4.3 Approval.
Prior to being offered for transportation in the United States, all display fireworks (Fireworks
1.3G) needs to be classified and approved by DOT in accordance with the following procedures.
†C-4.3.1 Devices containing only mixtures of chemicals specified in Table C-4.3-1. The
manufacturer needs to submit a copy of the Approval Application (see APA 87-1, Appendix D) to
DOT for any item that has not previously been approved by DOT. DOT can issue an approval
for the device based on the information contained in the form or, at its option, can require
fireworks laboratory examination by the Bureau of Explosives, Bureau of Mines, or other
fireworks laboratory acceptable to DOT.
†Table C-4.3.1 Standard Fireworks Chemicals
Chemical

Typical Use

Aluminum

Fuel

Ammonium perchlorate

Oxygen donor

Antimony

Fuel

Antimony sulfide

Fuel

Barium carbonate

Neutralizer

Barium nitrate

Oxygen donor

Barium sulfate

Oxygen donor

Boric acid

Neutralizer

Calcium carbonate

Neutralizer

Calcium sulfate

Oxygen donor

Carbon or charcoal

Fuel

Copper metal

Color agent

Copper oxide

Oxygen donor, color agent

Copper salts (except copper chlorate)

Color agent

Dextrine

Fuel/binder

Hexamethylenenetetramine (hexamine)

Fuel

Iron and iron alloys (e.g., ferro/titanium)

Fuel

Iron oxide

Oxygen donor

Magnalium (magnesium/aluminum)

Fuel
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Magnesium (in display fireworks and theatrical pyrotechnics only)

Fuel

Magnesium carbonate

Neutralizer

Magnesium sulfate

Oxygen donor

Nitrocellulose-based lacquers

Binder

Phosphorus, red (only as provided in Table C-3.6.1)

Fuel

Potassium or sodium benzoate

Whistle

Potassium bichromate (Potassium dichromate) (not to exceed 5% of formulation)
Oxygen donor
Potassium chlorate (only as provided in Table C-3.6.1)

Oxygen donor

Potassium hydrogen phthalate

Whistle

Potassium nitrate

Oxygen donor

Potassium perchlorate

Oxygen donor

Potassium sulfate

Oxygen donor

Sodium bicarbonate (sodium hydrogen carbonate)

Neutralizer

Sodium nitrate

Oxygen donor

Sodium salicylate

Whistle

Sodium salts (except sodium chlorate)

Color agent

Sodium sulphate

Oxygen donor

Strontium carbonate

Color agent

Strontium nitrate

Oxygen donor

Strontium salts (except strontium chlorate)

Color agent

Strontium sulfate

Oxygen donor

Sulfur

Fuel

Titanium (particle size > 100 mesh if 1.4G or 1.4S Fireworks)

Fuel

†C-4.3.2 Devices containing any chemical not specified in Table C-4.3.1. For each item for
which approval is sought, the manufacturer needs to submit a sample of each pyrotechnic
mixture containing any chemical not specified in Table C-4.3.1 to the Bureau of Explosives or
other fireworks laboratory acceptable to DOT for examination. The manufacturer shall then
submit a Fireworks Approval Application (see APA 87-1, Appendix D), together with the
appropriate fireworks laboratory reports to DOT. DOT can then issue approval based on the
information contained in the application and accompanying fireworks laboratory report(s).
Miscellaneous Compounds:
Organic compounds [compounds such as lactose, shellac, red gum, chlorinated paraffin, and
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polyvinyl chloride, consisting of some combination of carbon with hydrogen, oxygen, or
chlorine, or all three; nitrogen can be present if it accounts for less than 10 percent (by weight) of
the compound.]
NOTE: Exact chemical identity of each “organic compound” is to be included when submitting an Approval
Application (See APA 87-1, Appendix D) to DOT.

C-5 Shipping Requirements.
†C-5.1 Transportation Regulating Authorities.
Transportation of fireworks is regulated by the United States Department of Transportation
(DOT). Some states and municipalities also regulate transportation of fireworks through their
jurisdiction, often by incorporation of federal regulations.
†C-5.2 Approval.
Except for samples prepared in accordance with DOT regulations, no fireworks device or
novelty can be offered for transportation or be transported until it is classed and approved by
DOT, and an approval number (EX number) is issued (Title 49, Code of Federal Regulations,
Part 173.86). (See Sections C-3 and C-4 of this appendix and APA 87-1, Appendix D.)
†C-5.2.1 EX numbers for fireworks contained in a shipping carton need to be marked on the
shipping carton or on the shipping paper.
†C-5.2.2 Cartons containing more than 5 different fireworks devices need to be marked with at
least 5 of the EX numbers covering items in the carton, or the EX numbers need to appear on the
shipping paper [Title 49, Code of Federal Regulations, Parts 172.320(c) and (d)].
C-5.3 Packaging.
With certain exceptions, “Fireworks UN0335” (formerly “Special Fireworks”), “Fireworks
UN0336” (formerly “Common Fireworks”) and “Novelties,” are to be securely packaged in
containers complying with DOT regulations. Gross weight limitation per package is now
dictated by the weight marked on the certified packaging. Until October 1, 1996, these materials
can be packaged in accordance with the regulations in effect on September 31, 1991 (i.e., DOT
12B boxes). These materials can be offered in accordance with the new package requirements
promulgated under Docket No. HM-181 as of January 1, 1991. However, except as noted below,
compliance with these new package standards is mandatory as of October 1, 1996. Fireworks
packaged prior to October 1, 1991, in packagings that comply with previous DOT regulations
(such as 12B boxes), can be used until October 1, 2001, but only for shipments in domestic
commerce and only if the package has not been emptied or refilled on or after October 1, 1991.
[Title 49, Code of Federal Regulations, Part 171.14(c)]. Articles with match or friction tip
ignition are to be packed so that each individual tip is protected against accidental contact or
friction (Title 49, Code of Federal Regulations, Part 173.108). Loose chemical composition
cannot be present in packages in transportation [Title 49, Code of Federal Regulations, Part
172.102(c)(108)].
†C-5.3.1 Toy Cap Packaging. Until October 1, 1996, toy caps can be packaged in accordance
with Title 49, Code of Federal Regulations, Part 173.109, in effect on September 31, 1991 [i.e.,
DOT 12B fiberboard boxes, with gross weight not to exceed 65 lb (30 kg)]. Toy caps are to be
packaged in inner containers meeting the requirements specified in C-3.2.5 of this appendix. Toy
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caps shall not be packed with other fireworks.
†C-5.4 Placards.
Unless otherwise provided, each motor vehicle, freight container, and rail car is to bear
appropriate placards on each end and each side [Title 49, Code of Federal Regulations, Part
172.504 (a)]. Vehicles containing packages of Consumer Fireworks or Novelties that are labeled
“1.4G” require a “1.4G” or “Explosive 1.4G” placard (use of the word “explosive” is optional).
(Title 49, Code of Federal Regulations, Part 172.523), except that highway and rail shipments of
less than 1000 lb (454 kg) gross weight of such fireworks need not bear a placard [Title 49, Code
of Federal Regulations, Part 172.504(c)]. Vehicles containing Display Fireworks in any quantity
require a “1.3G” or “Explosive 1.3G” placard (the word “explosive” is optional) (Title 49, Code
of Federal Regulations, Part 173.522). If both “1.4G” and “1.3G” are present in a shipment, only
the “1.3G” placard is required. Until October 1, 1994, transport vehicles and freight containers
can be placarded with the old placards (i.e., “Class B Explosive” or “Dangerous” placard), and
these placards can be used for domestic highway transportation only until October 1, 2001.
†C-5.5 Package Marking and Labeling.
Each person who offers fireworks for transportation needs to ensure that the package displays
the appropriate square-on-point label [Title 49, Code of Federal Regulations, Parts 172.400(a)
and 172.411]. Consumer fireworks, toy smoke devices, and trick noise makers are either classed
as “1.4G,” “1.4S,” or not regulated for transportation purposes, and Display Fireworks are
classed as “1.3G” (Title 49, Code of Federal Regulations, Part 172.101). The label needs to be
printed or affixed to the surface of the package near the proper shipping name and identification
number, which are also required to appear on the package [Title 49, Code of Federal
Regulations, Part 172.301(a)].
†C-5.6 Shipping Papers.
Each person who offers a fireworks device or novelty for transportation needs to describe the
item on a shipping paper. The description needs to include the proper shipping name (Title 49,
Code of Federal Regulations, Part 172.101 Table, Col. 2), the hazard class of the material, the
identification number (Col. 4), the packing group (Col. 5), and the total quantity covered by the
description [Title 49, Code of Federal Regulations, Part 172.202(a)]. Consumer Fireworks
(Common Fireworks) would be described as follows: “Fireworks, 1.4G, UN 0336, PG II.”
Display Fireworks (Special Fireworks) would be described as “Fireworks, 1.3G, UN 0335, PG
II.” In addition, the shipper needs to certify that the shipment is properly classified, marked, and
labeled [Title 49, Code of Federal Regulations, Part 172.204(a)].
NOTE: EX numbers also are to appear on shipping papers unless they are marked on each shipping carton.

C-6 References.
†C-6.1
Title 49, Code of Federal Regulations, Parts 171 to 180, U.S. Department of Transportation,
can be obtained from the Superintendent of Documents, U.S. Government Printing Office,
Washington, DC 20402, or as republished by the Bureau of Explosives as “Hazardous Materials
Regulations of the Department of Transportation,” available from the Association of American
Railroads, 50 F Street, NW, Washington, DC 20001.
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†C-6.2
Title 16, Code of Federal Regulations, Parts 1000 to End, Consumer Product Safety
Commission, can be obtained from the Superintendent of Documents, U.S. Government Printing
Office, Washington, DC 20402. Extracts of these regulations pertaining to fireworks can be
obtained only from the American Pyrotechnics Association.
Appendix D Referenced Publications
D-1
The following documents or portions thereof are referenced within this code for informational
purposes only and thus are not considered part of the requirements of this document. The edition
indicated for each reference is the current edition as of the date of the NFPA issuance of this
document.
D-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 70, National Electrical Code, 1993 edition.
NFPA 99, Standard for Health Care Facilities, 1993 edition.
NFPA 491M, Manual of Hazardous Chemical Reactions, 1991 edition.
NFPA 1122, Code for Model Rocketry, 1994 edition.
NFPA 1123, Code for the Outdoor Display of Fireworks, 1990 edition.
NFPA 1125, Code for the Manufacture of Model Rocket Motors, 1988 edition.
NFPA 1126, Standard for the Use of Pyrotechnics before a Proximate Audience, 1992 edition.
D-1.2 Other Publications.
D-1.2.1 U.S. Government Publications. Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402.
Title 16, Code of Federal Regulations, Parts 1000 to End.
Title 49, Code of Federal Regulations, Parts 170 to End.
Federal Register, Vol. 55, No. 246, December 21, 1990, pp. 5,2401 5,2729.
United Nations Recommendations on the Transport of Dangerous Goods.
D-1.2.2 American Pyrotechnics Association Publication. American Pyrotechnics Association,
P.O. Box 213, Chestertown, MD, 21620.
American Pyrotechnics Association Standard 87-1, Standard for Construction and Approval
for Transportation of Fireworks, 1993.
D-1.2.3 Association of American Railroads Publication. Association of American Railroads,
Library Room 5800, 50 F Street, NW, Washington, DC 20001.
“Hazardous Materials Regulations of the Department of Transportation.”
D-1.3
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For information on fireworks classification testing, contact the following agencies:
D-1.3.1 U.S. Bureau of Mines. U.S. Bureau of Mines, P.O. Box 18070, Pittsburgh, PA 15236.
D-1.3.2 Bureau of Explosives Bureau of Explosives, c/o Association of American Railroads, 50
F Street, NW, Washington, DC 20001.
Formal Interpretation
NFPA 1124
Manufacture, Transportation, and Storage of Fireworks
1995 Edition
Reference : Table 2-6.1, Note 2
FI 88-1 (NFPA 1124)
Question: In Table 2-6.1, Note 2, does the term “barricades” include screen barricades as an
acceptable form of natural or artificial barrier for use in screening process buildings?
Answer: Yes.
Issue Edition: 1988
Reference: Table 2-6.1, Note 2
Issue Date: September 16, 1993
Effective Date: October 6, 1993
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1995 Edition
This edition of NFPA 1125, Code for the Manufacture of Model Rocket and High Power
Rocket Motors, was prepared by the Technical Committee on Pyrotechnics and acted on by the
National Fire Protection Association, Inc., at its Annual Meeting held May 22-25, 1995, in
Denver, CO. It was issued by the Standards Council on July 21, 1995, with an effective date of
August 11, 1995, and supersedes all previous editions.
This edition of NFPA 1125 was approved as an American National Standard on August 11,
1995.
Changes other than editorial are indicated by a vertical rule in the margin of the pages on
which they appear. These lines are included as an aid to the user in identifying changes from the
previous edition.
Origin and Development of NFPA 1125
With the increased interest in high power rocketry, the Technical Committee on Pyrotechnics
believed that public safety would be best served by the development of a code relating to the
manufacture of model and high power rocket motors rather than relying on the provisions of
NFPA 1124, Code for the Manufacture, Transportation, and Storage of Fireworks. NFPA 1124
pertains to the manufacture of fireworks, much of which is not applicable to the manufacture of
model rocket and high power rocket motors.
The development of a specific code for the manufacture of model rocket and high power
rocket motors would not only tend to ensure the production of model rocket and high power
rocket motors capable of meeting the standards set forth in the various codes relating to these
activities but would also serve as a guideline to those companies that wish to enter the field of
model and high power rocketry by providing them with information on the requirements
believed by the committee to be necessary to promote safety in the manufacture of model rocket
and high power rocket motors.
The committee revisions for the 1995 edition include editorial changes to the document to
improve the usability, adoptability, and enforceability of the document, with respect to the NFPA
Manual of Style, and the addition of requirements for the manufacture of high power rocket
motors. The committee revisions to the document make it compatible with industry practices and
other industry standards and incorporate regulatory provisions that have changed since the
previous edition of the code.

Technical Committee on Pyrotechnics
Randall W. A. Davidson, Chair
Risk Int’l Inc./USITT, CA
Kenneth L. Kosanke, Secretary
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Pyrolabs, CO
Dane Boles, Quest Aerospace Education, Inc., AZ
Jose R. Colon, Connecticut Dept. of Public Safety, CT
Rep. Fire Marshals Assn. of North America
John A. Conkling, Chestertown, MD
Hugh Council, State of CA Office of the Fire Marshal, CA
Thomas DeWille, Luna Tech Inc., AL
Vernon Estes, Canon City, CO
Gary A. Fadorsen, Pyrotech Int’l Inc., OH
Felix J. Grucci, Jr., Fireworks by Grucci, Inc., NY
Lansden E. Hill, Jr., E. E. Hill & Son, Inc./Pyro Shows, TN
Alfred J. Hogan, Reedy Creek Improvement District, FL
Bonnie J. Kosanke, Whitewater, CO
Rep. Pyrotechnics Guild Int’l
Donald F. McCaulley, Falls Church, VA
Larry J. McCune, U.S. Bureau of Alcohol, Tobacco & Firearms, DC
Frederick L. McIntyre, FLMc, Inc., MS
Robert E. Melton, Dallas Fire Dept., TX
Rep. NFPA Fire Service Section
Dale C. Miller, Falls Church, VA
J. Patrick Miller, Nat’l Assn. of Rocketry, TX
Rep. Nat’l Assn. of Rocketry
David J. Pier, MP Assoc., Inc., CA
Michael W. Platt, High Power Rocket Mfrs. & Dealers Assn., Inc., NY
Mary Roberts, Estes Industries, CO
Charles E. Rogers, Lancaster, CA
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Rep. Tripoli Rocketry Assn., Inc.
Gary C. Rosenfield, Industrial Solid Propulsion Inc., NV
Pamela K. Stout Hunt, Fireworks Productions Int’l Inc., AZ
Charles Weeth, Skyrockers of La Crosse, Inc., WI
Alternates
Arthur H. Barber, III, U.S. Dept. of the Navy, VA
(Alt. to V. Estes)
Bruce E. Blom, Pyrotechnics Guild Int’l, WI
(Alt. to B. J. Kosanke)
Mark B. Bundick, First Chicago Capital Markets, IL
(Alt. to J. P. Miller)
Ernest F. DeBlasio, Keystone Fireworks Mfg. Co. Inc., PA
(Vot. Alt. to APA Rep.)
Tom Foster, Luna Tech Inc., AL
(Alt. to T. DeWille)
Felix J. (Phil) Grucci, Fireworks by Grucci, Inc., NY
(Alt. to F. J. Grucci, Jr.)
Paul C. Hans, P. Hans & Co., AZ
(Alt. to G. C. Rosenfield)
Julie L. Heckman, Keller and Heckman, DC
(Alt. to J. A. Conkling)
Bruce E. Kelly, Orem, UT
(Alt. to C. E. Rogers)
Larry Mars, MP Assoc., Inc., CA
(Alt. to D. J. Pier)
Jane B. McCaulley, D & J Assoc., VA
(Alt. to D. F. McCaulley)
David S. Shatzer, U.S. Bureau of Alcohol, Tobacco & Firearms, DC
(Alt. to L. M. McCune)
Bill Stine, Quest Aerospace Education, Inc., AZ
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(Alt. to D. Boles)
Gerald D. Ward, Bethany Fire & Protection District, IL
(Alt. to R. E. Melton)
Nonvoting
Richard Bowes, Canadian Explosives Research Laboratory, ON
(Alt. to E. Contestabile)
Ettore Contestabile, Canadian Explosives Research Laboratory, ON
Glen E. Gardner, U.S. Occupational Safety & Health Admin, DC
(Alt. to J. Zucchero)
Samuel B. Hall, U.S. Consumer Product Safety Commission, DC
G. Harry Stine, Phoenix, AZ
(Member Emeritus)
Gary Zeller, Zeller Int’l, NY
James J. Zucchero, U.S. Dept. of Labor, OH
Martha H. Curtis, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on protection
against the fire and life hazards associated with the manufacture, transportation, and storage of
fireworks; fireworks used in outdoor displays; pyrotechnics used before a proximate audience; and
the construction, launching, and other operations that involve unmanned rockets, including the
manufacture of model rocket motors. This Committee does not have responsibility for documents
on the use of fireworks by the general public.

NFPA 1125
Code for the
Manufacture of Model Rocket and High Power Rocket Motors
1995 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 5 and Appendix C.
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Chapter 1 General
1-1 Scope.
1-1.1
This code shall apply to the manufacture of model rocket motors designed, sold, and used for
the purpose of propelling recoverable aero models.
NOTE: For further information on propelling recoverable aero models, see NFPA 1122, Code for Model
Rocketry.

1-1.2
This code also shall apply to high power rocket motors.
1-1.3
This code shall not apply to the sale and use of the following:
(a) Model rocket motors (covered by NFPA 1122, Code for Model Rocketry),
(b) High power rocket motors (covered by NFPA 1127, Code for High Power Rocketry).
1-1.4
This code shall not apply to the manufacture, transportation, and storage of fireworks.
NOTE: For further information on fireworks, see NFPA 1124, Code for the Manufacture, Transportation, and
Storage of Fireworks.

1-1.5
This code shall not apply to the manufacture, transportation, and storage of rocket motors by
federal and state military agencies.
1-1.6
This code shall not apply to the assembly of reloadable model rocket motors or reloadable high
power rocket motors by the user.
1-2 Purpose.
1-2.1
The purpose of this code is to provide reasonable safety in the manufacture of model rocket
and high power rocket motors.
1-2.2
The purpose of this code is also to supplement existing federal, state, or local regulations.
1-3 Equivalency.
Nothing in this code is intended to prevent the use of systems, methods, or devices of
equivalent or superior quality, strength, fire resistance, effectiveness, durability, and safety in
place of those prescribed by this code, provided technical documentation is submitted to the
authority having jurisdiction to demonstrate equivalency and the system, method, or device is
approved for the intended purpose.
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1-4 Definitions.
For the purpose of this code, the following terms shall be defined as follows.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Barricade. A natural or artificial barrier that effectively screens a magazine, building, railway,
or highway from the effects of an explosion in a magazine or building containing explosives. To
be effective, a barricade shall be of such height that a straight line from the top of any sidewall of
a magazine or building containing explosives to the eave line of any magazine or building, or to
a point 12 ft (3.7 m) above the center of a railway or highway, passes through the barricade.
Artificial Barricade. An artificial mound or revetted wall of earth of a minimum thickness of 3
ft (0.9 m).
Natural Barricade. Natural features of the ground, such as hills or timber of sufficient density
that the surrounding exposures that require protection cannot be seen from the magazine or
building containing explosives when the trees are bare of leaves.
Screen Barricade. Any barrier that contains the embers and debris from a fire or deflagration
in a process building, thus preventing propagation of fire to other buildings or areas. Such
barriers shall be permitted to be constructed of metal roofing, 1/4 in. to 1/2 in. (6.4 mm to 13 mm)
mesh screen, or equivalent material. The bar- rier extends from floor level to a height such that a
straight line from the top of any sidewall of the donor building to the eave line of any exposed
building intercepts the screen at a point not less than 5 ft (1.5 m) from the top of the screen. The
top 5 ft (1.5 m) of the screen are inclined toward the donor building at an angle of 30 degrees to
45 degrees.
Bullet-Sensitive Explosive Material. Explosive material that can be detonated by 150-grain
M2 ball ammunition having a nominal muzzle velocity of 2700 ft/s (823 m/s) where fired from a
0.30 caliber rifle at a distance of 100 ft (30.5 m), measured perpendicularly. The test material is
at a temperature of 70°F to 75°F (21°C to 24°C) and is placed against a 1/4-in. (6.4-mm) steel
plate.
Composite Propellant Rocket Motor. Any device as defined under “Rocket Motor” that utilizes
a propellant charge consisting primarily of an inorganic oxidizer dispersed in a carbonaceous
polymeric binder.
Delay Composition. A chemical mixture that, upon burning and without explosion, is used to
provide a delay between the thrust and ejection phases.
Ejection Composition. A chemical mixture that, upon burning, produces a burst of gas for
deploying recovery devices.
Explosive.* Any chemical compound, mixture, or device, the primary or common purpose of
which is to function by explosion. This term includes, but is not limited to, dynamite, black
powder, pellet powder, initiating explosives, detonators, safety fuses, squibs, detonating cord,
igniter cord, and igniters. The term “explosive” includes any materials determined to be within
the scope of Title 18, United States Code, Chapter 40, “Importation, Manufacture, Distribution
and Storage of Explosive Materials,” and also includes any material classified as an explosive by
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the Hazardous Materials Regulations of the U.S. Department of Transportation.
Low Explosive. Explosive materials that can be caused to deflagrate when confined (for
example, black powder, safety fuses, igniters, igniter cords, fuse lighters, and display fireworks
defined as low explosives by U.S. Department of Transportation regulations in Title 49, Code of
Federal Regulations, Part 173, except for bulk salutes).
Facility. All land and buildings (including the rocket motor plant) constituting a model
rocketry manufacturing operation.
High Power Rocket Motor. A rocket motor of more than 160 newton-seconds but less than
40,160 newton-seconds total impulse or producing more than 80 newtons average thrust.
Highway. Any public street, public alley, or public road.
Igniter. A device containing a small quantity of igniting compound in contact with a bridge
wire or resistance element used to ignite a rocket motor.
Inhabited Building. A building regularly occupied in whole or in part as a habitation for human
beings, or any church, schoolhouse, railroad station, store, or other structure where people are
accustomed to assembling. This does not include any building or structure occupied in
connection with a rocket motor plant.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
Magazine. Any building or structure used exclusively for the storage of explosive materials
that meets the requirements of Chapter 4.
Manufacture. The preparation of propellant, delay, and ejection mixes and the loading and
assembly of model rocket or high power rocket motors and igniters.
Mixing Building. Any building used primarily for mixing and blending of propellant, delay, or
ejection compositions.
Model Rocket Motor. A solid propellant or pressurized liquid rocket motor that conforms to
the standards for rocket motors provided in NFPA 1122, Code for Model Rocketry.
Motor Vehicle. Any self-propelled vehicle, truck, tractor, semitrailer, or truck-trailer
combination used for the transportation of freight over public highways.
Nonprocess Building. Any office building, warehouse, or other building located in a rocket
motor plant where no explosives are processed or stored.
Person. Any individual, firm, copartnership, corporation, company, association, or joint-stock
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association, including any trustee, receiver, assignee, or personal representative thereof.
Pressing System. A building or group of buildings constituting one rocket motor
manufacturing unit. Considered as one process building for the application of Table 4-1.2. (See
Table 4-1.2.)
Process Building. Any mixing building; any building in which propellant, delay composition,
or ejection composition is pressed or otherwise prepared for finish and assembly. If while in
process, a propellant or delay composition is stored in a process building, the building shall still
be considered a process building.
Propellant Composition. A chemical mixture that, upon burning and without explosion,
produces thrust to propel a recoverable aero model.
Public Conveyance. Any railroad car, street car, ferry, cab, bus, airplane, or other vehicle that
carries passengers for hire.
Railway. Any steam, electric, diesel-electric, or other railroad or railway that carries
passengers for hire on the particular line or branch in the vicinity of a rocket motor plant or
storage facility.
Reloadable Rocket Motor. A rocket motor that has been designed and manufactured so that the
user can load, reload and reuse the pressure-containing body or casing using the parts and
components of a motor reloading kit specifically designed, manufactured, and intended for use
with that rocket motor casing by the manufacturer.
Rocket Motor. As used in this code, the term rocket motor means model rocket motor or high
power rocket motor.
Rocket Motor Plant. All land and buildings thereon used for the manufacture or processing of
propellants and model rocket or high power motors, including storage buildings with or in
connection with plant operation.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Storage Building. Any building or structure in the rocket motor plant in which model rocket
motors or high power rocket motors in any state of processing or finished model rocket motors
or high power rocket motors are stored, but in which no processing or manufacturing is actually
performed.
Warehouse. Any building or structure used exclusively for the storage of materials that are not
used to manufacture model rocket motors or high power rocket motors.
Chapter 2 Manufacturing Operations for Rocket Motors
2-1 Basic Requirements.
2-1.1
The manufacture of any rocket motor, as defined in Section 1-4, shall be prohibited unless it is
authorized by federal license, where required, and is conducted in accordance with this code.
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2-1.2
The manufacture of any rocket motor shall be prohibited in any residence or dwelling, or in
any inhabited building in an area zoned as residential by the local building authority and building
codes in effect.
2-2 Permit Requirements.
2-2.1
Any person engaged in the business of importing, manufacturing, or dealing in rocket motors
shall possess a valid federal license or permit, where required by Title XI, Regulation of
Explosives, of the Crime Control Act of 1970 (Title 18, United States Code, Chapter 40) and
shall comply with all applicable state and local laws and regulations.
2-2.1.1 Copies of all required licenses and permits shall be posted at each rocket motor plant.
2-2.1.2 License and permit holders shall take reasonable precaution to protect licenses and
permits from loss, theft, defacement, destruction, or unauthorized duplication. Any such
occurrence shall be reported immediately to the issuing authority.
2-2.1.3 Licenses or permits shall not be reassigned or transferred.
2-2.2
The issuing authority shall be notified immediately of any change of business address.
2-3 Recordkeeping and Reporting.
2-3.1
License or permit holders shall maintain records of all transactions or operations involving
explosive materials. Such records shall be kept for five years and shall be made available upon
request to the authorities having jurisdiction.
2-3.1.1 An accumulation of invoices, sales slips, delivery tickets or receipts, bills of lading, or
similar papers representing individual transactions shall satisfy the requirements for
recordkeeping, provided such documents include the signature of the receiver of the explosive
materials.
2-3.2
The loss, theft, or unlawful removal of explosive materials shall be reported immediately to the
appropriate officer of the Bureau of Alcohol, Tobacco, and Firearms, U.S. Department of the
Treasury, and to local law enforcement authorities.
2-4 Applicability.
All rocket motor plants that manufacture black powder-based motors shall meet the
requirements of this chapter.
2-5 Site Security.
2-5.1
The plant shall be completely surrounded by a substantial fence having a minimum height of 6
ft (1.8 m).
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2-5.2
All openings in the fence shall have gates that shall be kept closed and securely locked at all
times when the plant is not in operation.
2-5.3
Conspicuous signs that read “WARNING — NO SMOKING — NO TRESPASSING” shall be
posted along the fence.
2-5.4
Only authorized employees or representatives of federal, state, or local agencies having
jurisdiction over the plant shall be permitted inside the plant without special permission of the
person in charge.
2-6 Separation Distances.
2-6.1
Process buildings shall be separated from other inhabited buildings, public highways, and
passenger railways in accordance with the distances specified in Table 2-6.1.
Table 2-6.1 Minimum Separation Distances of Process
Buildings from Inhabited Buildings, Passenger
Railways, and Public Highways1
Net Weight of
Rocket Motor
Composition2

Distance from
Passenger Railways and
Public Highways3, 4

Distance from
Inhabited
Buildings3, 4

(lb)

(ft)

(ft)

100

200

200

200

200

200

400

200

200

600

200

208

800

200

252

1000

200

292

For SI units: 1 lb = 0.454 kg; 1 ft = 0.305 m.
1 This table does not apply to separation distances for magazines containing 1.4 or 1.3
explosives.
2 Net weight of all propellant, delay, and ejection composition only.
3 See Chapter 1 for definitions of passenger railways, public highways, and inhabited
buildings.
4 All distances in this table are to be applied with or without barricades or screen-type
barricades.
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2-6.2
Process buildings shall be separated from nonprocess buildings by the distances specified in
Table 2-6.2. Magazines shall be separated from both process and nonprocess buildings by the
distances specified in Table 2-6.2.
Table 2-6.2 Minimum Separation Distances at Rocket Motor
Manufacturing Plants1

Net Weight
of Low
Explosives

Distance of
Magazine from
Process Buildings and
Nonprocess Buildings2, 3

Distance Between
Process Buildings
and Nonprocess
Buildings2, 3

(lb)

(ft)

(ft)

100

30

30

200

35

35

400

44

44

600

51

51

800

56

56

1000

60

60

2000

76

76

3000

87

87

For SI units: 1 lb = 0.454 kg; 1 ft = 0.305 m.
1 For the purposes of applying separation distances in Table 2-6.2, process buildings include mixing
buildings or any buildings in which propellant, pyrotechnic, or explosive compositions are pressed or
otherwise prepared for finishing and assembling. Nonprocess buildings are office buildings,
warehouses, and other facility buildings where no propellant, delay, or explosive compositions are
processed.
2 Distances apply with or without barricades or screen-type barricades.
3 Distances include those between magazines, between a magazine and a process building, and
between a magazine and a nonprocess building.

2-7 Process Building Construction.
2-7.1*
The interior surfaces of walls and ceilings shall be smooth. Interior finish shall be of
noncombustible or limited combustible materials.
Exception: Materials used for deflagration vent closures.
NOTE: For further information on building construction, see NFPA 220, Standard on Types of Building
Construction.
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2-7.2
Horizontal ledges and surfaces upon which dust can settle and accumulate shall be minimized.
2-7.3*
Floors and work surfaces shall not have cracks or crevices in which propellant composition
can lodge. Floors and work surfaces in mixing and pressing buildings shall be electrically
conductive.
2-8 Means of Egress.
2-8.1
Means of egress in process buildings shall comply with the applicable requirements of NFPA
101®, Life Safety Code®, and the following requirements:
(a) In every undivided floor area of more than 100 ft2 (9 m2), there shall be at least two
remotely located exits.
Exception: Rooms that do not contain exposed propellant composition shall not be required to
have more than one exit, provided that exit is located away from or suitably shielded from rooms
that do contain such composition.
(b) Exits shall be located so that every point within the room or undivided floor area is within
25 ft (7.6 m) of an exit. The routes to the exits shall not be obstructed.
(c) Exit doors shall open outward and shall be capable of pressure actuation from the inside.
2-9 Heat, Light, and Electrical Equipment.
2-9.1
Stoves, exposed flames, and portable electric heaters shall be prohibited in any manufacturing
room where propellant composition, delay composition, ejection composition, or components
thereof, or flammable liquids are or can be present.
2-9.2
Heating shall be provided by steam, hot water, or indirect hot air radiators, or any other means
acceptable to the authority having jurisdiction.
2-9.2.1 Unit heaters located in rooms that contain or can contain exposed propellant composition
shall be equipped with motors and electrical devices suitable for use in Class II, Group E,
Division 1 locations.
Exception: Buildings or rooms that are used only for static motor tests.
NOTE: For information on hazardous locations where combustible dust is present, see Article 502 of NFPA
70, National Electrical Code®.

2-9.3
All wiring, switches, and electrical fixtures in process buildings shall comply with NFPA 70,
National Electrical Code, and be suitable for Class II, Group E, Division 1 hazardous locations.
NOTE: For further information on hazardous locations where combustible dust is present, see Article 502 of
NFPA 70, National Electrical Code.
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2-9.3.1 Temporary or loose electrical wiring shall not be used.
2-9.3.2 Where temporary lighting is necessary within a magazine, electric safety flashlights,
electric safety lanterns, or chemical illuminescent lighting shall be used.
Exception: Listed portable lighting equipment shall be permitted to be used during repair
operations, provided the area has been cleared of all propellant materials and all dust or
residue has been removed by washing.
2-9.3.3 All presses and other mechanical devices shall be electrically bonded and grounded.
2-9.4
All artificial lighting shall be electrically powered.
2-10 Maximum Number of Occupants and Maximum Quantity Limitations.
2-10.1*
The number of occupants in each process building and in each magazine shall not exceed the
number necessary for proper conduct of production operations.
2-10.1.1 The maximum number of occupants permitted in each process building and in each
magazine shall be posted in a conspicuous location in each process building or magazine.
2-10.2
No more than 500 lb (227 kg) of propellant composition shall be permitted at any one time in
any mixing building.
2-10.3
No more than 75 lb (34 kg) of propellant composition shall be permitted at any one time in a
pressing system, with no more than 5 lb (2.3 kg) of propellant composition in the pressing room
itself.
2-11 Fire and Explosion Prevention.
2-11.1
All buildings shall be kept clean, orderly, and free of accumulations of dust or rubbish.
2-11.2
Spills of propellant composition shall be cleaned up and removed immediately from the
building. The spilled material shall be destroyed by immersion in water (if applicable) or by
burning in a manner acceptable to the authority having jurisdiction.
2-11.3
Rags, combustible scrap, and paper shall be kept separate from waste or propellant
composition. They shall be kept in containers until removed from the building. Disposal
containers shall be removed from buildings on a regular basis and removed from the plant at
regular intervals. Waste propellant composition shall be destroyed as described in 2-11.2.
2-11.4*
Smoking materials shall not be carried into or in the vicinity of process buildings. Personnel
shall deposit all smoking materials at a designated location in a nonprocess building immediately
upon entering the plant.
Copyright 1996 NFPA

2-11.5
Smoking shall be permitted only in office buildings or in buildings used exclusively as
lunchrooms or rest rooms and in which the presence of propellant composition is prohibited.
2-11.6
Authorized smoking locations shall be so marked, shall contain designated receptacles for
disposal of smoking materials, and shall be provided with at least one approved portable fire
extinguisher for use on Class A fires.
2-11.7
Personnel whose clothing is contaminated with propellant composition to a degree that can
endanger personnel safety shall not be permitted in smoking areas.
2-12 Personnel Safety.
2-12.1
No employee or other person shall be permitted to enter the plant while in possession of or
under the influence of alcohol, drugs, or narcotics.
2-12.2
Personnel working at or supervising mixing, pressing, and loading operations shall be provided
with and shall wear cotton or flame-retardant clothing. Other protective clothing, eye protection,
and respiratory protection shall be worn as needed. Short-sleeved shirts and short pants shall not
be permitted.
2-12.3
Washing, shower, and changing facilities shall be provided.
2-12.4
Work clothing shall be washed frequently to prevent accumulation of propellant composition.
2-12.5
Each plant shall designate an employee as safety officer who shall be responsible for general
safety, fire prevention and protection, and employee safety training. This person normally shall
be the area supervisor.
2-12.5.1 The safety officer shall provide formal instruction regarding proper methods and
procedures, safety requirements, and procedures for handling propellant composition and devices
to all employees upon commencing employment and at least annually thereafter.
2-12.6
In areas where sparks can ignite materials, only nonsparking hand tools shall be used.
Exception: Normal maintenance in rooms containing less than 1 lb (0.45 kg) of dry propellant
composition shall not be required to use nonsparking hand tools.
2-12.7*
Oxidizers shall not be stored in the same building with combustible powdered materials such
as charcoal, gums, metals, or sulfur.
2-13 Fire Protection and Emergency Procedures.
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2-13.1
Portable fire extinguishers shall be provided in all buildings in accordance with NFPA 10,
Standard for Portable Fire Extinguishers.
Exception: Extinguishers shall not be located in buildings in which more than 5 lb (2.3 kg) of
propellant composition is exposed.
2-13.2
Each plant shall have formal emergency procedures. Such procedures shall include employee
instruction and training and shall be applicable to all anticipated emergencies.
2-13.3
Emergency procedures shall include instruction in the use of portable fire extinguishers and
the identification of those fires on which they can be used safely.
2-13.3.1 Employees shall be instructed to abandon fire-fighting efforts if the fire involves or can
spread to propellant composition or devices. In such cases, employees shall be instructed to
evacuate the building immediately and to alert other plant personnel.
2-14 Testing of Rocket Motors.
Testing of motors and motor components shall be performed only in an area spe- cifically
designated for that purpose. The test site shall be located at a safe distance from all plant
buildings or structures.
Chapter 3 Limited Quantity Manufacturing Operations for Composite Propellant Rocket
Motors
3-1 Basic Requirements.
3-1.1
The requirements of this chapter shall apply to the manufacture of composite propellant rocket
motors as defined in Section 1-4 and that also meet the following criteria:
(a) Both the raw materials and the finished propellant shall be classified by the U.S.
Department of the Treasury, Bureau of Alcohol, Tobacco, and Firearms, as a low explosive.
(b) The propellant ingredients shall be mixed either by hand or in a mixer that does not use
moving parts in contact with the propellant composition to effect mixing.
(c) The propellant batch being mixed at any one time shall not exceed a weight of 35 lb (16
kg).
(d) The propellant formulation shall not include solid ferrocene.
3-1.2
Composite propellant manufacturing processes that do not meet these criteria shall adhere to
the requirements of Chapter 2, where applicable.
3-1.3
The manufacture of any composite propellant rocket motor, as defined in Section 1-4, shall be
prohibited unless it is authorized by federal license, where required, and is conducted in
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accordance with this code.
3-2 License and Permit Requirements.
3-2.1
Any person engaged in the manufacture of composite propellant rocket motors shall comply
with all applicable federal, state, and local laws and regulations.
3-2.1.1 Copies of all required licenses and permits shall be posted at each rocket motor plant.
3-2.1.2 License and permit holders shall take precautions to protect licenses and permits from
loss, theft, defacement, destruction, or unauthorized duplication. Any such occurrence shall be
reported immediately to the issuing authority.
3-2.1.3 Licenses or permits shall not be reassigned or transferred.
3-2.2
The issuing authority shall be notified immediately of any change of business address.
3-3 Site Security.
3-3.1
All doors to the plant shall be kept closed and securely locked at all times when the plant is not
in operation.
3-3.2
Only authorized employees or representatives of federal, state, or local agencies having
jurisdiction over the plant shall be allowed in the plant without special permission of the person
in charge.
3-4 Storage of Materials.
3-4.1
The storage of ammonium perchlocate oxidizer shipped in 250-lb (113-kg) drums shall comply
with NFPA 430, Code for the Storage of Liquid and Solid Oxidizers.
3-4.2
In-process storage of less than 100 lb (45 kg) of uncast propellant mix shall be permitted in
covered containers in the mix room.
3-4.3
Uncast propellant mix in excess of 100 lb (45 kg) shall be stored in magazines meeting the
requirements of Chapter 4.
3-4.4
Storage of binder and metal fuel ingredients shall be separate from storage of oxidizer.
3-5 Process Building Construction.
3-5.1
Interior wall and ceiling surfaces shall be smooth.
3-5.2
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Horizontal ledges and surfaces upon which dust can settle and accumulate shall be minimized.
3-5.3
Floor surfaces in mixing and casting areas shall be smooth and nonsparking.
3-5.4
Propellant mixing by mechanical means shall be conducted either outdoors or in a separate
building or in a room separated from other areas of the building by walls having a 2-hr fire
resistance rating.
3-5.5
A remotely activated or automatic water deluge or sprinkler system shall be provided to the
mix room or building. The deluge system or sprinkler system shall be acceptable to the authority
having jurisdiction.
3-6 Means of Egress.
3-6.1
Means of egress in process buildings shall meet the following requirements:
(a) There shall be at least two remotely located exits accessible from every point in every
undivided floor area of more than 100 ft2 (9 m2).
Exception: Toilet rooms shall not be required to have more than one exit, provided the exit is
located away from or suitably shielded from process areas.
(b) Exits shall be so located that every point within the room or undivided floor area is within
25 ft (7.6 m) of an exit. The routes to the exits shall not be obstructed.
(c) Exit doors shall open outward and shall be capable of pressure actuation from the inside.
3-7 Heat, Light, and Electrical Equipment.
3-7.1
Stoves, exposed flames, and portable electric heaters shall be prohibited in any manufacturing
room where propellant composition, delay composition, ejection composition, or components
thereof, are weighed, mixed, cast, machined, or in-process stored.
3-7.2
Heating shall be provided by steam, hot water, or indirect hot air radiators, or any other means
acceptable to the authority having jurisdiction.
3-7.2.1 Unit heaters located in rooms where propellant composition, delay composition, ejection
composition, or components thereof, are weighed, mixed, cast, machined, or in-process stored
shall be equipped with motors and electrical devices suitable for use in Class II, Group E,
Division 1 locations.
Exception: Buildings or rooms that are used only for static motor tests.
NOTE: For information on hazardous locations where combustible dust is present, see Article 502 of NFPA
70, National Electrical Code.

3-7.3
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All wiring, switches, and electrical fixtures in process buildings shall comply with NFPA 70,
National Electrical Code, and shall be suitable for Class II, Group E, Division 1 hazardous
locations.
NOTE: For information on hazardous locations where combustible dust is present, see Article 502 of NFPA
70, National Electrical Code.

3-7.3.1 Temporary or loose electrical wiring shall not be used.
3-7.3.2 Where temporary lighting is necessary within a magazine, electric safety flashlights,
electric safety lanterns, or chemical illuminescent lighting shall be used.
Exception: Listed portable lighting equipment shall be permitted to be used during repair
operations, provided the area has been cleared of all propellant materials and all dust or
residue has been removed by washing.
3-7.3.3 All presses and other mechanical devices shall be electrically bonded and grounded.
3-7.4
All artificial lighting shall be electrically powered.
3-8 Maximum Number of Occupants and Maximum Quantity Limitations.
3-8.1
The number of occupants in each process building and in each magazine shall not exceed the
number necessary for proper conduct of production operations.
3-8.1.1 The maximum number of occupants permitted in each process building and in each
magazine shall be posted in a conspicuous location in each process building or magazine.
3-8.2
No more than 70 lb (32 kg) of propellant composition shall be permitted at any one time in any
mixing room or building.
3-8.3
No more than 70 lb (32 kg) of uncased propellant composition shall be permitted at any one
time in a finishing or assembly room or building.
3-8.4
Where the quantities of propellant composition exceed the quantity limits stated in 3-8.2 and
3-8.3, the minimum separation distances shall be as specified in Table 3-8.4.
Table 3-8.4 Minimum Separation Distances of Process
Buildings from Inhabited Buildings,
Passenger Railways, and Public Highways1
Net Weight of
Propellant
Composition2
Not to Exceed

Distance from
Passenger Railways
and Public
Highways3,4

Distance from
Inhabited
Buildings3,4

(lb)

(ft)

(ft)
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100

200

200

200

200

200

400

200

200

600

200

208

800

200

252

1000

200

292

For SI units: 1 lb = 0.454 kg; 1 ft = 0.305 m.
1 This table does not apply to separation distances for magazines containing 1.4 or
1.3 explosives.
2 Net weight of all propellant, delay, and ejection composition only.
3 See Chapter 1 for definitions of passenger railways, public highways, and
inhabited buildings.
4 All distances in this table are to be applied with or without barricades or
screen-type barricades.

3-9 Fire and Explosion Prevention.
3-9.1
All buildings shall be kept clean, orderly, and free of accumulations of dust or rubbish.
3-9.1.1 Spills of propellant composition shall be cleaned up immediately. The spilled material
shall be destroyed by burning in a manner acceptable to the authority having jurisdiction.
3-9.1.2 Rags, combustible scrap, and paper shall be kept separate from waste propellant
composition. They shall be kept in containers until removed from the building. Disposal
containers shall be removed from buildings on a regular basis and removed from the plant at
regular intervals. Waste propellant composition shall be destroyed as described in 3-9.1.1.
3-9.2
Smoking materials shall not be carried into or in the vicinity of process rooms or buildings.
Personnel shall deposit all smoking materials at a suitable location in a nonprocess room or
building immediately upon entering the plant.
3-9.2.1 Smoking shall be permitted only in office buildings or in buildings used exclusively as
lunchrooms or rest rooms and in which the presence of unfinished propellant composition is
prohibited.
3-9.2.2 Authorized smoking locations shall be so marked, shall contain suitable receptacles for
disposal of smoking materials, and shall be provided with at least one approved portable fire
extinguisher suitable for use on Class A fires.
3-9.2.3 Personnel whose clothing is contaminated with propellant composition to a degree that
can endanger personnel safety shall not be allowed in smoking locations.
3-10 Personnel Safety.
3-10.1
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No employee or other person shall be permitted to enter the plant while in possession of or
under the influence of alcohol, drugs, or narcotics.
3-10.2
Personnel working at mixing and casting operations shall be provided with and shall wear
cotton or flame-retardant clothing. Other protective clothing, eye protection, and respiratory
protection shall be worn as needed. Short-sleeved shirts and short pants shall not be permitted.
3-10.2.1 Washing, shower, and changing facilities shall be provided.
3-10.2.2 Work clothing shall be washed frequently to prevent accumulation of oxidizer or
propellant composition.
3-10.3
Each plant shall designate an employee as safety officer who shall be responsible for general
safety, fire prevention and protection, and employee safety training. This person normally shall
be the area supervisor.
3-10.4
The safety officer shall provide formal instruction regarding proper methods and procedures,
safety requirements, and procedures for handling propellant composition, ingredients, and
devices to all employees upon commencing employment and at least annually thereafter.
3-10.5
In areas where sparks can ignite materials, only nonsparking hand tools shall be used.
Exception: Normal maintenance in rooms containing less than 1 lb (0.45 kg) of dry propellant
composition shall not be required to use nonsparking hand tools.
3-11 Fire Protection and Emergency Procedures.
3-11.1
Portable fire extinguishers shall be provided in all rooms or buildings but shall be used only
for Class A or Class B fires.
Exception: Extinguishers shall not be located in rooms in which more than 5 lb (2.3 kg) of
propellant composition is exposed.
3-11.2
Each plant shall have formal emergency procedures. Such procedures shall include employee
instruction and training and shall be applicable to all anticipated emergencies.
3-11.3
Emergency procedures shall include instruction in the use of portable fire extinguishers and
the identification of those fires on which they can be used safely.
3-11.4
Employees shall be instructed to abandon fire-fighting efforts if the fire involves or can spread
to propellant compositions or devices. In such cases, employees shall be instructed to evacuate
the building immediately and to alert other plant personnel.
3-12 Testing of Rocket Motors.
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Testing of motors and motor components shall be performed only in an area specifically
designated for that purpose. The test site shall be located at a safe distance from all plant
buildings or structures.
Chapter 4 Storage of Low Explosives at Rocket Motor Manufacturing Plants
4-1 Basic Requirements.
4-1.1
Low explosives shall be stored in magazines meeting the requirements of this chapter. They
shall be so stored at all times unless in the process of manufacture, packaging, or transport.
4-1.1.1 Materials that are bullet-sensitive shall be stored only in a Type 1, 2, or 3 magazine.
4-1.1.2 Black powder and materials that are not bullet-sensitive shall be stored only in a Type 1,
2, 3, or 4 magazine.
4-1.2
Magazines containing low explosives shall be separated from each other and from inhabited
buildings, public highways, and passenger railways, according to the distances specified by
Table 4-1.2.
Table 4-1.2 Table of Storage Distances for Low Explosives at Model and High Power
Rocket Motor Manufacturing Facilities*

4-2 Magazine Construction — General.
4-2.1
Magazines shall be constructed to comply with this chapter or in a manner substantially
equivalent to the requirements of this chapter.
4-2.2
Copyright 1996 NFPA

The ground around magazines shall be graded so that water drains away from the magazine.
4-2.3
Magazines requiring heat shall be heated by either hot water radiant heating within the
magazine building or by indirect warm air heating.
4-2.3.1 Indirect warm air shall be heated by either hot water or low-pressure [15 psig (103 kPa
gauge) or less] steam coils located outside the magazine building.
4-2.3.2 Magazine heating systems shall meet the following requirements:
(a) Radiant heating coils within the building shall be installed so that explosive materials or
their containers cannot contact the coils and so that air is free to circulate between the coils and
the explosives. The surface temperature of the coils shall not exceed 165°F (74°C).
(b) Heating ducts shall be installed so that the hot air discharge from the ducts is not directed
against explosive materials or their containers.
(c) The heating system shall be controlled so that the ambient temperature of the magazine
does not exceed 130°F (54°C).
(d) Any electric fan or pump used in the heating system shall be located outside the magazine,
separate from the magazine walls, and shall be grounded.
(e) Any electric motor or any controls for electric heating devices used to heat water or
produce steam shall have overload devices and disconnects that comply with NFPA 70, National
Electrical Code. All electrical switchgear shall be located at least 25 ft (7.6 m) from the
magazine.
(f) Any fuel-fired heating source for the hot water or steam shall be separated from the
magazine by a distance of not less than 25 ft (7.6 m). The area between the heating unit and the
magazine shall be cleared of all combustible materials.
(g) Explosive materials stored in magazines shall be arranged so that uniform circulation of air
is ensured.
4-2.4
Where temporary lighting is necessary within a magazine, electric safety flashlights, electric
safety lanterns, or chemical illuminescent lighting shall be used.
Exception: Listed portable lighting equipment shall be permitted to be used during repair
operations, provided the area has been cleared of all propellant materials and all dust or
residue has been removed by washing.
4-2.4.1 Electric lighting shall be permitted to be used within the magazine only if the installation
meets the following requirements:
(a) Junction boxes containing fuses or circuit breakers and electrical disconnects shall be
located at least 25 ft (7.6 m) from the magazine.
(b) Disconnects, fuses, and circuit breakers shall be protected by a voltage surge arrestor
capable of handling 2500 amperes for 0.1 seconds.
(c) All wiring from switches, both inside and outside the magazine, shall be installed in rigid
conduit. Wiring leading into the magazine shall be installed underground.
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(d) Conduit and light fixtures inside the magazine shall be protected from physical damage by
suitable guards or by location.
(e) Light fixtures shall be suitably enclosed to prevent sparks or hot metal from falling on the
floor or onto material stored in the magazine.
(f) Junction boxes located within the magazine shall have no openings and shall be equipped
with close-fitting covers.
(g) Magazines containing materials that release flammable vapors shall have wiring and
fixtures that meet the requirements of Article 501 of NFPA 70, National Electrical Code.
(h) Lights inside magazines shall not be left on when the magazine is unattended.
4-2.5
There shall be no exposed ferrous metal on the interior of the magazine where it contacts
materials stored within.
4-2.6
Where ventilation is required in the magazine, sufficient ventilation shall be provided to
protect the stored materials for the specific area in which the plant is located.
4-2.7
Stored materials shall be placed so they do not interfere with ventilation and to prevent contact
with masonry walls, any steel, or any other ferrous metal by means of a nonsparking lattice or
equivalent lining.
4-3 Magazine Construction — Requirements for Specific Types.
4-3.1 Type 1 Magazine.
A Type 1 magazine shall be a permanent structure, such as a building or igloo, that is bullet
resistant, fire resistant, theft resistant, weather resistant, and ventilated and shall include the
following specifications:
(a) Walls and doors shall be bullet resistant and shall be permitted to be constructed according
to any of the specifications of Appendix B.
(b) The roof shall be permitted to be constructed of any type of structurally sound materials
that are or have been made fire resistant on the exterior.
(c)* Where the natural terrain around a Type 1 magazine makes it possible for a bullet to be
shot through the roof and ceiling at such an angle that the bullet can strike the explosive
materials within, either the roof or the ceiling shall be of bullet-resistant construction.
(d) The foundation shall be permitted to be of masonry, wood, or metal and shall be
completely enclosed except for openings to provide cross ventilation. A wood foundation
enclosure shall be covered on the exterior with not less than 26-gauge metal.
(e) The floor shall be constructed of wood or other suitable material. Floors constructed of
materials that can cause sparks shall be covered with a nonsparking surface, or the packages of
explosive material shall be packed on pallets of nonsparking material.
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(f) Type 1 magazines shall be ventilated to prevent dampness or heating of explosives.
Ventilation openings shall be screened to prevent entrance of sparks. Ventilators in sidewalls
shall be offset or shielded. Magazines having foundation and roof ventilators, with the air
circulating between sidewalls and floor and between sidewalls and ceiling, shall have a wood
lattice lining or equivalent means to prevent packages from being stacked against sidewalls and
blocking air circulation.
(g) Each door of the magazine shall be equipped with one of the following locking systems:
1. Two mortise locks;
2. Two padlocks in separate hasps and staples;
3. A mortise lock and a padlock;
4. A mortise lock that requires two keys to open;
5. A three-point lock or an equivalent lock that secures the door to the frame at more than
one point.
Padlocks shall be steel, shall have at least five tumblers, and shall have at least a 7/16-in.
(11-mm) case-hardened shackle. All padlocks shall be protected by steel hoods installed to
discourage insertion of bolt cutters. Doors secured by a substantial internal bolt shall not require
additional locking devices. Hinges and hasps shall be fastened securely to the magazine and all
locking hardware shall be secured rigidly and directly to the door frame.
4-3.2 Type 2 Magazine.
A Type 2 magazine shall be a portable or mobile structure, such as a box, skid-magazine,
trailer, or semitrailer, that is fire resistant, theft resistant, weather resistant, and ventilated. If
used for outdoor storage, Type 2 magazines shall be bullet resistant.
4-3.2.1 Type 2 Outdoor Magazine. A Type 2 outdoor magazine shall include the following:
(a) Walls and roof or ceiling shall be constructed according to the provisions of 4-3.1(a), (b),
and (c).
(b) Doors shall be of metal, constructed according to the provisions of 4-3.1(a), or shall have a
metal exterior with an inner door meeting the provisions of 4-3.1(a).
(c) Floors constructed of ferrous metal shall be covered with a nonsparking surface.
(d) A top-opening magazine shall have a lid that overlaps the sides by at least 1 in. (25 mm)
when in the closed position.
(e) The magazine shall be supported so that its floor does not directly contact the ground.
(f) Magazines less than 1 yd3 (0.77 m3) shall be fastened securely to a fixed object to prevent
theft of the entire magazine.
(g) Hinges, hasps, locks, and locking hardware shall comply with 4-3.1(g).
Exception: Padlocks on vehicular magazines shall not be required to be protected by steel
hoods.
(h) Wherever a vehicular magazine is left unattended, its wheels shall be removed or its
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kingpins shall be locked or it otherwise shall be effectively immobilized.
4-3.2.2 Type 2 Indoor Magazines. A Type 2 indoor magazine shall include the following:
(a) The magazine shall have substantial wheels or casters to facilitate removal from the
building in case of emergency.
(b) The cover of the magazine shall have substantial strap hinges and a means for locking. The
magazine shall be kept locked, except during placement or removal of explosive materials, with
a five-tumbler padlock or its equivalent.
(c) The magazine shall be painted red, and the top shall bear the words “Explosives — Keep
Fire Away” in white letters at least 3 in. (76 mm) high.
(d) Magazines constructed of wood shall have sides, bottoms, and covers or doors of 2-in.
(51-mm) hardwood, well braced at the corners. The magazines shall be covered with sheet metal
of not less than 26 gauge. Nails exposed to the interior of the magazines shall be countersunk.
(e) Magazines constructed of metal shall be of 12-gauge sheet metal and shall be lined with a
nonsparking material. Edges of metal covers shall overlap the sides by at least 1 in. (25 mm).
4-3.3 Type 3 Magazine.
A Type 3 magazine shall be a portable structure that is fire resistant, theft resistant, and
weather resistant and shall include the following:
(a) The magazine shall be equipped with a five-tumbler padlock.
(b) Magazines constructed of wood shall have sides, bottoms, and covers or doors of 4-in.
(102-mm) hardwood, well braced at the corners. They shall be covered with sheet metal of not
less than 26 gauge. Nails exposed to the interior of the magazine shall be countersunk.
(c) Magazines constructed of metal shall meet the requirements of 4-3.2.2(e).
4-3.4 Type 4 Magazine.
A Type 4 magazine shall be a permanent, portable, or mobile structure such as a building,
igloo, box, semitrailer, or other mobile container that is fire resistant, theft resistant, and weather
resistant.
4-3.4.1 Type 4 Outdoor Magazine. A Type 4 outdoor magazine shall include the following:
(a) The magazine shall be constructed of masonry, wood covered with sheet metal, fabricated
metal, or a combination of these materials. Doors shall be metal or wood covered with metal.
(b) Permanent magazines shall comply with 4-3.1(d), (f), and (g).
(c) Vehicular magazines shall comply with 4-3.2.1(g) and shall be immobilized where
unattended, as described in 4-3.2.1(h).
4-3.4.2 Type 4 Indoor Magazine. A Type 4 indoor magazine shall comply with all provisions
of 4-3.2.2.
4-4 Storage Within Magazines.
4-4.1
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Magazines shall be under the responsibility of a competent person at all times. This person
shall be at least 21 years old and shall be responsible for the enforcement of all safety
precautions.
4-4.2
All magazines containing explosives shall be opened and inspected at intervals not exceeding
three days to determine whether there has been unauthorized or attempted entry or whether there
has been unauthorized removal of the magazines or their contents.
4-4.3
Magazine doors shall be kept locked except during placement or removal of explosive
materials or during inspection.
4-4.4
Safety rules covering the operations of magazines shall be posted on the interior side of the
magazine door.
4-4.5
When explosive materials are removed from the magazine for use, the oldest stock shall be
used first.
4-4.6
Corresponding grades and brands of explosive materials shall be stored together so that brand
and grade markings are readily visible. All stock shall be stored to be easily counted and
checked.
4-4.7
Containers of explosive materials shall be piled in a stable manner, laid flat, and with the top
side up.
4-4.8
Open containers of explosive materials shall be closed securely before being returned to a
magazine. No container without a closed lid shall be stored in a magazine.
4-4.9
Containers of explosive materials shall not be opened, unpacked, or repacked inside or within
50 ft (15 m) of a magazine or in close proximity to other explosives.
Exception: Fiberboard containers shall be permitted to be opened inside or within 50 ft (15 m)
of a magazine. They shall not, however, be unpacked.
4-4.10
Tools used for opening containers of explosive materials shall be nonsparking.
Exception: Metal slitters shall be permitted to be used for opening fiberboard containers.
4-4.11
Magazines shall be used exclusively for the storage of propellant composition. Metal tools
other than nonferrous conveyors shall not be stored in magazines. Ferrous metal conveyor stands
protected by a coat of paint shall be permitted to be stored within magazines.
4-4.12
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Magazine floors shall be swept regularly and kept clean, dry, and free of grit, paper, empty
packing materials, and rubbish. Brooms and other cleaning utensils shall not have
spark-producing metal parts. Sweepings from magazine floors shall be disposed of according to
manufacturer’s instructions.
4-4.13
Where any propellant composition has deteriorated to the extent that it has become unstable or
dangerous, the person responsible shall contact the manufacturer for assistance immediately.
4-4.14
Before making repairs to the interior of a magazine, all propellant composition shall be
removed and the interior shall be cleaned.
4-4.15
Before making repairs to the exterior of a magazine where there is a possibility of causing
sparks or fire, all propellant composition shall be removed from the magazine.
4-4.16
Propellant composition removed from a magazine undergoing repair shall be placed in another
magazine or be placed a safe distance from the magazine, where it shall be properly guarded and
protected. Upon completion of the repairs, the propellant composition shall be returned promptly
to the magazine.
4-5 Miscellaneous Safety Precautions.
4-5.1
Smoking, matches, open flames, spark-producing devices, and firearms shall not be permitted
inside of or within 50 ft (15 m) of a magazine.
Exception: Firearms carried by authorized guards.
4-5.2
The area around a magazine shall be kept clear of brush, dried vegetation, leaves, and similar
combustibles for a distance of at least 25 ft (7.6 m).
4-5.3
Combustible materials shall not be stored within 50 ft (15 m) of a magazine.
4-5.4
Property on which Type 1 magazines and outdoor magazines of Types 2 and 4 are located
shall be posted with signs reading “Explosives — Keep Off.” Such signs shall be located to
minimize the possibility that a bullet shot at the sign will hit the magazine.
Chapter 5 Referenced Publications
5-1
The following documents or portions thereof are referenced within this code and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
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5-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 10, Standard for Portable Fire Extinguishers, 1994 edition.
NFPA 70, National Electrical Code, 1996 edition.
NFPA 101, Life Safety Code, 1994 edition.
NFPA 430, Code for the Storage of Liquid and Solid Oxidizers, 1995 edition.
NFPA 1122, Code for Model Rocketry, 1994 edition.
5-1.2 Other Publications.
5-1.2.1 U.S. Government Publications. Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402.
Title XI, Regulation of Explosives, of the Crime Control Act of 1970 (Title 18, United States
Code, Chapter 40).
Title 18, United States Code, Chapter 40, Importation, Manufacture, Distribution, and Storage
of Explosive Materials, 1970.
Title 27, Code of Federal Regulations, Part 55, Bureau of Alcohol, Tobacco, and Firearms,
U.S. Dept. of Treasury.
Title 49, Code of Federal Regulations, Parts 100 to end. (Hazardous Materials Regulations,
U.S. Dept. of Transportation.)
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-4 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-4 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
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other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-1-4 Explosive.
A list of explosives determined to be within the scope of Title 18, United States Code, Chapter
40, is published at least annually by the Bureau of Alcohol, Tobacco, and Firearms, U.S.
Department of the Treasury.
Certain chemicals and fuel materials might have explosive characteristics but are not within
the scope of Title 18, USC, Chapter 40, and are not specifically classified as explosives by the
U.S. Department of Transportation. Authoritative information should be obtained for such
materials, and action commensurate with their hazards, location, isolation, and safeguards should
be taken.
A-1-4 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The authority having jurisdiction should utilize the system employed by the listing organization
to identify a listed product.
A-2-7.1
In general, the wall having the largest area should be chosen to provide explosion relief. The
entire area of the wall should be utilized. The term “weakwall” is used to describe the relative
strength of the explosion-relieving wall as compared to the rest of the building.
A-2-7.3
For information on the use of conductive surfaces to minimize the hazard of static electricity,
see NFPA 99, Standard for Health Care Facilities.
A-2-10.1
This requirement is for purposes of minimizing personnel exposure and is distinct from any
requirement on maximum building occupancy that might exist in local ordinances.
A-2-11.4
Smoking materials include matches, lighters, cigarettes, cigars, and pipes.
A-2-12.7
Oxidizers include nitrates, chlorates, and perchlorates.
A-4-3.1(c) A bullet-resistant roof should be constructed in accordance with any of the
specifications in Appendix B. A bullet-resistant ceiling should be constructed at the eave line,
covering the entire area of the magazine, except for the necessary ventilation space. Examples of
bullet-resistant ceiling construction include:
(a) Any construction meeting the specifications in Appendix B.
(b) A sand tray having a sand depth of at least 4 in. (10.2 cm).
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Appendix B Magazine Construction
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
Magazines constructed in accordance with the following minimum specifications are approved
as bullet resistant (as defined in Section 1-4 of this code). All steel and wood dimensions are
actual thickness; concrete block and brick dimensions are nominal.
B-1 Steel Exterior.
(a) Five-eighths-in. (16-mm) steel with an interior lining of nonsparking material.
(b) One-half-in. (13-mm) steel with an interior lining of plywood at least 3/8 in. (9.5 mm)
thick.
(c) Three-eighths-in. (9.5-mm) steel lined with one of the following:
1. 2 in. (5 cm) of hardwood;
2. 3 in. (7.6 cm) of softwood;
3. 21/4 in. (5.7 cm) of plywood.
(d) One-fourth-in. (6.4-mm) steel lined with one of the following:
1. 3 in. (7.6 cm) of hardwood;
2. 5 in. (12.7 cm) of softwood;
3. 51/4 in. (13.3 cm) of plywood;
4. 11/4 in. (3.2 cm) of plywood with an intermediate layer of 2 in. (5 cm) of hardwood.
(e) Three-sixteenths-in. (4.8-mm) steel lined with one of the following:
1. 4 in. (10.2 cm) of hardwood;
2. 7 in. (17.8 cm) of softwood;
3. 63/4 in. (17.1 cm) of plywood;
4. 3/4-in. (19-mm) of plywood with an intermediate layer of 3 in. (7.6 cm) of hardwood.
(f) One-eighth-in. (3.2-mm) steel lined with one of the following:
1. 5 in. (12.7 cm) of hardwood;
2. 9 in. (23 cm) of softwood;
3. 3/4 in. (19 mm) of plywood with an intermediate layer of 4 in. (10.2 cm) of hardwood;
4. Two layers of 3/4-in. (19-mm) plywood with an intermediate layer of 35/8 in. (9.2 cm) of
well-tamped dry sand or sand/cement mixture.
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B-2 Fire-Resistant Exterior.
Exterior of any type of fire-resistant material that is structurally sound with:
(a) An interior lining of 1/2-in. (13-mm) plywood placed securely against an intermediate 4-in.
(10.2-cm) thick layer of solid concrete block, solid brick, or solid concrete.
(b) An interior lining of 3/4-in. (19-mm) plywood; a first intermediate layer of 3/4-in. (19-mm)
plywood; a second intermediate layer of 35/8 in. (9.2 cm) of well-tamped dry sand or
sand/cement mixture; a third intermediate layer of 3/4-in. (19-mm) plywood; and a fourth
intermediate layer of 2-in. (5-cm) hardwood or 14-gauge steel.
(c) An intermediate 6-in. (15-cm) space filled with well-tamped dry sand or sand/cement
mixture.
B-3 Masonry Exterior.
(a) Standard 8-in. (20-cm) concrete block with voids filled with well-tamped dry sand or
sand/cement mixture.
(b) Standard 8-in. (20-cm) solid brick.
(c) Eight-in. (20-cm) solid concrete.
(d) Two layers of 4-in. (10.2-cm) concrete block.
Appendix C Referenced Publications
C-1
The following documents or portions thereof are referenced within this code for informational
purposes only and thus are not considered part of the requirements of this document. The edition
indicated for each reference is the current edition as of the date of the NFPA issuance of this
document.
C-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 70, National Electrical Code, 1996 edition.
NFPA 99, Standard for Health Care Facilities, 1993 edition.
NFPA 220, Standard on Types of Building Construction, 1995 edition.
NFPA 1122, Code for Model Rocketry, 1994 edition.
NFPA 1124, Code for the Manufacture, Transportation, and Storage of Fireworks, 1995
edition.
C-1.2 Other Publications.
C-1.2.1 U.S. Government Publications. Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402.
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Title 18, United States Code, Chapter 40, Importation, Manufacture, Distribution, and Storage
of Explosive Materials, 1970.
Title 49, Code of Federal Regulations, Parts 100 to end. Hazardous Materials Regulations,
U.S. Dept. of Transportation.
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to a recognized need for a document to provide guidance to public safety officials for the safe
use of pyrotechnic special effects at both indoor and outdoor locations. The purpose of this
standard is to provide requirements for reasonable protection for pyrotechnic operators,
performers, support personnel, and viewing proximate audiences where pyrotechnic special
effects are used indoors and outdoors.
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pyrotechnics have incorporated the tentative interim amendment addressing measures to
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NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on protection
against the fire and life hazards associated with the manufacture, transportation, and storage of
fireworks; fireworks used in outdoor displays; pyrotechnics used before a proximate audience; and
the construction, launching, and other operations that involve model and high power rockets,
including the manufacture of model and high power rocket motors. This Committee does not have
responsibility for documents on the use of fireworks by the general public.

NFPA 1126
Standard for the
Use of Pyrotechnics before a
Proximate Audience
1996 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 7 and Appendix E.

Chapter 1 General
1-1 Scope.
1-1.1
This standard shall apply to the use of pyrotechnics in the performing arts in conjunction with
theatrical, musical, or similar productions before a proximate audience, performers, or support
personnel.
1-1.2
This standard shall apply to the performance specifications, instructions, notifications, and
labeling by the manufacturer of pyrotechnics materials, devices, equipment, and supplies.
1-1.3
This standard shall apply to any indoor use of pyrotechnics.
1-1.4
This standard shall apply to any outdoor use of pyrotechnics at distances less than those
required by NFPA 1123, Code for Fireworks Display. The use of pyrotechnics before a
proximate audience shall not be construed as a display of fireworks as regulated by NFPA 1123.
Exception: Any use of aerial shells as regulated by NFPA 1123, Code for Fireworks Display,
shall comply with the provisions of that code.
1-1.5
This standard shall apply to the videotaping, audiotaping, or filming of any television, radio, or
movie production only where such production takes place before a proximate audience and
includes the use of pyrotechnics.
1-1.6
This standard shall apply to the rehearsal of any production in which pyrotechnics are used.
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1-1.7*
This standard shall not apply to the manufacture, transportation, or storage of fireworks at a
manufacturing facility.
1-1.8
This standard shall not apply to the use of consumer fireworks by the general public.
1-1.9*
This standard shall not apply to the manufacture, transportation, storage, and use of explosives.
1-1.10
This standard shall not apply to the transportation, handling, or use of pyrotechnics by the
Armed Forces of the United States of America.
1-1.11
This standard shall not apply to the transportation of pyrotechnic materials and devices
approved and governed by U.S. Department of Transportation regulations.
1-1.12*
This standard shall not apply to the use of pyrotechnics in training by the fire service, law
enforcement, or similar government agencies.
Exception: This standard shall apply where there is a proximate audience that is not part of the
live fire training evolution.
1-1.13
Facilities in or at which pyrotechnics are to be used or stored shall comply with the applicable
provisions of NFPA 101® , Life Safety Code® . Pyrotechnics shall be permitted to be used in
accordance with the provisions of NFPA 101, 9-3.2.5 and 9-3.2.6, where approved by the
authority having jurisdiction.
1-1.14*
This standard shall not apply to the use of flammable liquids and flammable gases in the
performing arts.
1-1.15
This standard shall not apply to the manufacture of model rocket and high power rocket motors
as covered in NFPA 1125, Code for the Manufacture of Model Rocket and High Power Rocket
Motors.
1-1.16
This standard shall not apply to the design, construction, limitation of propellant mass and
power, and reliability of all rocket motors, other than fireworks rockets, produced commercially
for sale to or use by the public for purposes of education, recreation, and sporting competition.
1-1.17
This standard shall not apply to the sale and use of model rockets and model rocket motors
used in conformance with NFPA 1122, Code for Model Rocketry.
1-1.18
This standard shall not apply to the sale and use of high power sport rockets and high power
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sport rocket motors used in conformance with NFPA 1127, Code for High Power Rocketry.
1-2 Purpose.
1-2.1
The purpose of this standard shall be to provide requirements for the reasonable protection of
pyrotechnic operators, performers, support personnel, viewing proximate audiences, property,
and buildings where pyrotechnics are used indoors or outdoors.
1-2.1.1 The purpose of this standard shall be to provide guidelines to the authority having
jurisdiction for approval of the use of pyrotechnics as specified in 1-2.1.
1-2.1.2 The purpose of this standard shall be to provide requirements for local permits.
1-3 Equivalency.
This standard is not intended to prevent the use of systems, methods, or devices that provide
protection equivalent to the provisions of this standard, provided such equivalency can be
demonstrated to the authority having jurisdiction.
1-4 Definitions.
The following definitions are used in the body of this standard. Additional terms are provided
in Appendix D.
Aerial Shell. Usually a cylindrical or spherical cartridge containing pyrotechnic material, a
long fuse or electric match wires, and a black powder lift charge. The shells are most commonly
3 in. to 6 in. (76 mm to 152 mm) outside diameter and are fired from mortars. Upon firing of the
shell, the fuse and lift charge are consumed.
Airburst. A pyrotechnic device that is suspended in the air to simulate outdoor aerial fireworks
shells without producing hazardous debris.
Approved.* Acceptable to the authority having jurisdiction.
Assistant. A person who works under the supervision of the pyrotechnic operator.
Audience. Spectators whose primary purpose is to view a performance.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Binary Materials. See Binary System.
Binary System. A two-component pyrotechnic system. These items are shipped as separate
ingredients: an oxidizer and a fuel. The ingredients do not become a pyrotechnic material until
they are mixed. For the purposes of this standard, the supplier of such ingredients shall be
considered the manufacturer.
Black Powder. A low explosive consisting of an intimate mixture of potassium or sodium
nitrate, charcoal, and sulfur.
Comet. A pellet of pyrotechnic composition that is ignited and propelled from a mortar tube by
a charge of black powder. Comets frequently leave a trail of sparks as they rise in the air, and
they sometimes burst into smaller fragments at their zenith.
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Concussion Effect. A pyrotechnic effect that produces a loud noise and a violent jarring shock
for dramatic effect.
Concussion Mortar. A device specifically designed and constructed to produce a loud noise
and a violent jarring shock for dramatic effect without producing any damage.
Electric Match. A device containing a small amount of pyrotechnic material that ignites when
a specified electric current flows through the leads. An electric math is used to initiate
pyrotechnics. Electric matches are often incorrectly called squibs.
Electrical Isolation. See Isolated Power Supply.
Explosive Special Effect. See Pyrotechnic Special Effect.
Fallout Area. The area in which any hazardous debris falls after a pyrotechnic device is fired.
The fallout area is defined as a circle that, in turn, is defined by the fallout radius.
Fallout Radius. A line that defines the fallout area of a pyrotechnic device. The line is defined
by two points. The first point is at the center of a pyrotechnic device. The second point is the
point most distant from the center of the pyrotechnic device at which any hazardous debris from
the device can fall.
Fire (v.). To ignite pyrotechnics by using an electric match, electrical current, or some other
means.
Firing System. The source of ignition for pyrotechnics. In an electrical system, it is the source
of electric current used to initiate electric matches or other devices. Generally, the electrical
firing system has components, such as a primary key switch, test circuits, warning indicators,
cables, isolation transformers, and switches to control the routing of the current to various
pyrotechnics.
Fixed Production. Any production performed repeatedly in only one geographic location.
Flare. A pyrotechnic device designed to produce a single source of intense light for a defined
period of time.
Flash Pot. A device used with flashpowder that produces a flash of light and is capable of
directing the flash in an upward direction.
Flashpowder. A specific pyrotechnic material in powder form composed of fuel(s) and
oxidizer(s). Ignition produces a flash of light, sparkles, an audible report, or a combination of
these effects.
Fuel. In pyrotechnics, anything combustible or acting as a chemical reducing agent such as,
but not limited to, sulfur; aluminum powder; iron powder; charcoal; magnesium; gums; and
organic plastic binders. Fuels are an ingredient of pyrotechnic materials.
Gerb. A cylindrical preload intended to produce a controlled spray of sparks with a
reproducible and predictable duration, height, and diameter.
Hazardous Debris. Any debris, produced or expelled by the functioning of a pyrotechnic
device, that is capable of causing personal injury or unpredicted property damage. This includes,
but is not limited to, hot sparks, heavy casing fragments, and unignited components. Materials
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such as confetti, lightweight foam pieces, feathers, or novelties, are not to be construed as
hazardous debris.
Holder. Any device used to hold a pyrotechnic device other than a mortar. The purpose of a
holder is to maintain the position of a pyrotechnic device. Holders hold preloads, which are
self-contained. A holder is not to be construed to be a mortar.
Igniter. An electrical, chemical, or mechanical device normally used to fire pyrotechnics.
Ingredient. A chemical used to create a pyrotechnic material. Such a chemical is not itself a
pyrotechnic material.
Integral Mortar. A preloaded mortar containing pyrotechnic materials and intended for a single
firing only.
Isolated Power Supply. An ungrounded power supply that provides electricity, in which both
output wires are isolated from ground. An isolated power supply can be an ungrounded
generator, an ungrounded dc-to-ac converter, or commercial power supplied through an isolation
transformer.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Lift Charge. The composition in a pyrotechnic device that propels (lifts) the effect into the air
when ignited. It usually consists of a black powder charge.
Listed.* Equipment, materials, or services included in a list published by an organization
acceptable to the authority having jurisdiction and concerned with evaluation of products or
services that maintains periodic inspection of production of listed equipment or materials or
periodic evaluation of services and whose listing states either that the equipment, material, or
service meets identified standards or has been tested and found suitable for a specified purpose.
Magazine. Any building, structure, or indoor container used exclusively for the storage of
explosive materials as defined in NFPA 495, Explosive Materials Code.
Manufacturer. An individual who performs the following:
(a) Prepares any pyrotechnic material;
(b) Loads or assembles any pyrotechnic device.
Exception No. 1: In the case of binary systems, the supplier of preweighed or premeasured
ingredients, not the person mixing the ingredients, is considered the manufacturer of any
pyrotechnic materials created from binary components.
Exception No. 2: The person loading binary materials into devices supplied by the manufacturer
of binary systems is not considered a manufacturer where such loading is performed in
accordance with the instructions of the manufacturer.
NOTE: A federal explosives manufacturer's license (ATF) is required where a binary system is used and the
components are mixed in the course of a trade or business to create an explosive material.
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Mine. A pyrotechnic device, usually a preload, that projects multiple pellets of pyrotechnic
material that produce sparks or flame. It is usually supplied with an integral mortar.
Mortar. A tube or a pot-like device used to direct and control the effect of the pyrotechnic
material.
Oxidizer. Usually an oxygen-rich, ionically bonded chemical that decomposes at moderate to
high temperatures. Where such a chemical decomposes, it releases oxygen. In addition to ionic
solids, an oxidizer can be a material having covalent molecules containing halogen atoms. An
oxidizer is an ingredient of pyrotechnic materials.
Performance. The enactment of a musical, dramatic, operatic, or other entertainment
production. The enactment begins and progresses to its end according to a script, plan, or other
preconceived list of events. A performance can include encores.
Performer. Any person active in a performance during which pyrotechnics are used and who is
not part of the audience or support personnel. Among others, performers can include, but are not
limited to, actors, singers, musicians, and acrobats.
Permittee. The person or persons who are responsible for obtaining the necessary permits for a
production. The permittee can vary from jurisdiction to jurisdiction. The pyrotechnic operator is
not necessarily the permittee.
Preload. A pyrotechnic device supplied by the manufacturer in a ready-to-use condition.
Producer. An individual who has overall responsibility for the operation and management of
the performance where the pyrotechnics are to be used. Generally, the producer is an employee
of the promotion company, entertainment company, festival, theme park, or other entertainment
group.
Production. All the performances of a musical, dramatic, operatic, or other series of shows.
There are two types of productions: fixed and touring.
Proximate Audience. An audience closer to pyrotechnic devices than permitted by NFPA
1123, Code for Fireworks Display.
Pyrotechnic Device. Any device containing pyrotechnic materials and capable of producing a
special effect as defined in this standard.
Pyrotechnic Material (Pyrotechnic Special Effects Material). A chemical mixture used in the
entertainment industry to produce visible or audible effects by combustion, deflagration, or
detonation. Such a chemical mixture consists predominantly of solids capable of producing a
controlled, self-sustaining, and self-contained exothermic chemical reaction that results in heat,
gas, sound, light, or a combination of these effects. The chemical reaction functions without
external oxygen.
Pyrotechnic Operator (Special Effects Operator). An individual who has responsibility for
pyrotechnic safety and who controls, initiates, or otherwise creates special effects. The operator
is also responsible for storing, setting up, and removing pyrotechnic materials and devices after a
performance.
Pyrotechnic Special Effect. A special effect created through the use of pyrotechnic materials
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and devices. (Also see Special Effect.)
Pyrotechnics. Controlled exothermic chemical reactions that are timed to create the effects of
heat, gas, sound, dispersion of aerosols, emission of visible electromagnetic radiation, or a
combination of these effects to provide the maximum effect from the least volume.
Rehearsal. A practice performance during which no audience is present.
Rocket. A pyrotechnic device that moves by the ejection of matter produced by the internal
combustion of propellants.
Saxon. A pyrotechnic device consisting of a tube that rotates around a pivot point to produce a
circular shower of sparks.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Special Effect. A visual or audible effect used for entertainment purposes, often produced to
create an illusion. For example, smoke might be produced to create the impression of fog being
present, or a puff of smoke, a flash of light, and a loud sound might be produced to create the
impression that a cannon has been fired.
Support Personnel. Any individual who is not a performer or member of the audience. Among
others, support personnel include the road crew of any production, stage hands, property masters,
security guards, fire watch officers, janitors, or any other employee.
Touring Production. Any production performed in more than one geographic location.
Venue Manager. An individual who has overall responsibility for the operation and
management of the facility where pyrotechnics are to be used in a performance.
Waterfall, Falls, Park Curtain. An effect of a cascade of sparks that usually are produced by
multiple devices fired simultaneously.
Wheel. A pyrotechnic device that rotates on a central axis consisting of multiple gerbs or
rockets attached to a framework.
Chapter 2 Transportation of Pyrotechnic Materials
2-1 Transportation.
All ingredients, pyrotechnic materials, and pyrotechnic devices shall be transported in
accordance with Title 49, Code of Federal Regulations (Federal Regulation for Transport), and
any state and local requirements.
Chapter 3 Storage of Pyrotechnic Materials and Devices
3-1 Storage Requirements.
3-1.1
All pyrotechnic materials and devices shall be stored in accordance with Title 27, Code of
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Federal Regulations, Subpart K (Federal Storage Regulation), and any state and local
regulations.
NOTE: Binary systems are usually supplied in fuel and oxidizer packages, which are intended to be mixed as
single units of fixed size.

3-1.2
If more pyrotechnic material than is needed for the performance is prepared by mixing a single
unit, the excess mixed material shall be considered, handled, stored, and disposed of as a
pyrotechnic material of the applicable explosive class as defined in Title 27, Code of Federal
Regulations, Part 55.
3-2 In-Transit Requirements.
All pyrotechnic materials and devices not stored in magazines meeting the requirements of
Title 27, Code of Federal Regulations, Subpart K, shall remain in their prescribed U.S.
Department of Transportation containers until it becomes necessary to set them up for a
performance. The time between removal from storage and actual use shall be the shortest time
practicable with respect to the needs of a performance. Pyrotechnic materials and devices shall
be supervised.
Exception: Where protechnic materials and devices are secured or inaccessible, they shall not
be required to be supervised.
3-3 Separation Distance from Unprotected Heat Source or Open Flame.
Pyrotechnic materials and devices shall not be stored within 50 ft (15.3 m) of any unprotected
source of heat or open flame.
Chapter 4 Permit Requirements and Operator Qualifications
4-1 Permit Requirements.
4-1.1
Permit requirements vary with each location. This standard provides requirements to be used
by the authority having jurisdiction for making sound judgment regarding the safety of the
production and the qualifications of the pyrotechnic operator.
4-1.2
The use of all pyrotechnics shall be approved by the authority having jurisdiction.
4-1.3
The authority having jurisdiction shall determine that appropriate measures are established to
provide acceptable crowd management, security, fire protection, and other emergency services.
4-1.4
All planning and use of pyrotechnics shall be coordinated with the venue manager and
producer.
4-2
Pyrotechnics Plans.
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4-2.1
Before the performance of any production, the permit applicant shall submit a plan for the use
of pyrotechnics to the authority having jurisdiction.
4-2.2
After a permit has been granted, the permittee shall keep the plan available at the site for safety
inspectors or other designated agents of the authority having jurisdiction.
4-2.3
Any addition of pyrotechnics to a performance or any significant change in the presentation of
pyrotechnics shall require approval by the authority having jurisdiction.
Exception: For the purpose of this standard, reducing the number or size of pyrotechnics to be
used in a performance shall not be considered to be a significant change in the presentation.
4-3 Content of Plans.
4-3.1
The plan for the use of pyrotechnics shall be made in writing or such other form as is approved
by the authority having jurisdiction.
4-3.2
The plan shall provide the following:
(a) The name of the person, group, or organization sponsoring the production.
(b) The date and time of day of the production.
(c) The exact location of the production.
(d) The name of the person actually in charge of firing the pyrotechnics (i.e., the pyrotechnic
operator).
(e) The number, names, and ages of all assistants who are to be present.
(f) The qualifications of the pyrotechnic operator.
(g) The pyrotechnic experience of the operator.
(h) Confirmation of any applicable state and federal licenses held by the operator or
assistant(s).
(i) Evidence of the permittee's insurance carrier or financial responsibility.
(j) The number and types of pyrotechnic devices and materials to be used, the operator's
experience with those devices and effects, and a definition of the general responsibilities of
assistants.
(k) A diagram of the grounds or facilities where the production is to be held. This diagram
shall show the point at which the pyrotechnic devices are to be fired, the fallout radius for each
pyrotechnic device used in the performance, and the lines behind which the audience shall be
restrained.
(l) The point of on-site assembly of pyrotechnic devices.
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(m) The manner and place of storage of the pyrotechnic materials and devices.
(n) A material safety data sheet (MSDS) for the pyrotechnic material(s) to be used.
(o) Certifications that the set, scenery, and rigging materials are inherently flame-retardant or
have been treated to achieve flame retardancy.
4-3.3
All plans shall be submitted as soon as is possible so that the authority having jurisdiction has
time to be present and to notify other interested parties. In no event shall such advance notice be
less than 24 hours.
Exception: Notice shall be permitted to be given less than 24 hours in advance where acceptable
to the authority having jurisdiction.
4-4 Pyrotechnics Demonstration.
4-4.1
A walk-through and a representative demonstration of the pyrotechnics shall be approved by
the authority having jurisdiction before a permit is approved.
Exception: The authority having jurisdiction shall be permitted to waive this requirement based
on past history, prior knowledge, and other factors, provided the authority is confident that the
discharge of pyrotechnics can be conducted safely.
4-4.2
The demonstration shall be scheduled with sufficient time allowed to reset/reload the
pyrotechnics before the arrival of the audience.
4-4.3
Where the use of certain indoor pyrotechnics requires smoke detectors to be bypassed or
air-handling systems to be disengaged, the fire department shall be notified and a representative
shall be present for the demonstration. The individual responsible for the life safety systems of
the building shall return those systems to normal operating conditions as soon as the likelihood
of false alarms from the pyrotechnics has passed.
4-5 Qualifications of Operators and Assistants.
4-5.1
All pyrotechnic operators shall be at least 21 years old and licensed or approved by the
authority having jurisdiction in accordance with any and all applicable laws.
4-5.2
All assistants shall be at least 18 years old.
Chapter 5 Requirements for Manufacturers of Pyrotechnics and Associated Equipment
5-1 Pyrotechnic Product Information.
The pyrotechnic operator shall use products provided with written information supplied by the
manufacturer detailing the following:
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(a) The name of the pyrotechnic device and a description of its effect;
(b) The performance characteristics (duration, height, and diameter of the effect) for the
pyrotechnic device where used as specified, or, in the case of binary materials, where used in the
specified amounts for the designated materials and equipment;
(c) A material safety data sheet (MSDS) for the pyrotechnic materials;
(d)* The manufacturer's statement regarding whether the pyrotechnic is intended for indoor
use and whether it is to be used with any cautions or special considerations;
(e) Instructions for the proper method(s) of placing, loading, and using the pyrotechnic device,
including any cautions or special considerations;
(f) The name, address, and phone number of the manufacturer.
5-2 Identification of Pyrotechnic Devices or Binary Systems.
5-2.1
All pyrotechnic products or binary systems used shall have been identified or marked by the
manufacturer with the following:
(a) The name of the pyrotechnic device or binary system;
(b) The name, address, and phone number of the manufacturer;
(c) A statement describing the conditions of use and potential hazards;
(d)* The manufacturer's statement regarding whether the pyrotechnic is intended for indoor
use.
NOTE: Pyrotechnics intended for indoor use also can be used outdoors.

(e) If the preload is too small to bear this label, this information shall be printed on the
instruction sheet or on the shipping container for the preload.
5-2.2
The marking on the device shall be of at least 6-point type size.
Exception: If the pyrotechnic device is too small, the information shall be permitted to be
marked on its packaging.
5-3 Pyrotechnic Equipment.
5-3.1
The pyrotechnic operator shall use equipment for which the manufacturer has provided
instructions for use, including the ratings of the types and quantities of material(s) for those
devices.
5-3.2
The pyrotechnic operator shall use electrical firing systems for which the manufacturer has
provided instructions for the setup and use of the system with pyrotechnics.
5-4 Indoor Use of Binary Materials.
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Binary materials shall be preweighed, premeasured, prepackaged, and identified by the
manufacturer as being intended for indoor use.
Chapter 6 Use of Pyrotechnics
6-1 General Fire Protection.
6-1.1* Portable Fire-Fighting Equipment.
Two or more fire extinguishers of the proper classification and size as approved by the
authority having jurisdiction shall be readily accessible while the pyrotechnics are being loaded,
prepared for firing, or fired.
6-1.1.1 In all cases, at least two pressurized water or pump extinguishers shall be available.
6-1.1.2 Additional fire extinguishing equipment shall be provided as required by NFPA 10,
Standard for Portable Fire Extinguishers, and the authority having jurisdiction.
6-1.2
Personnel who have a working knowledge of the use of the applicable fire extinguishers shall
be present while the pyrotechnics are being handled, used, or removed.
6-1.3
To prevent unauthorized personnel from gaining access to the pyrotechnics, the venue
manager for the site shall provide a separate, lockable room or facility for the preparation of
pyrotechnic materials and devices that has been approved by the authority having jurisdiction
and that is acceptable to the pyrotechnic operator.
6-1.4
Provisions for lockable storage for pyrotechnics, approved by the authority having jurisdiction,
also shall be provided.
6-1.5
No personnel shall use or handle pyrotechnic materials or devices while under the influence of
intoxicating beverages, narcotics, controlled substances, and prescription or nonprescription
drugs that can impair judgment.
6-1.6
Where the performance necessitates the bypassing of any smoke detectors, the permittee shall
arrange for a fire watch officer from the authority having jurisdiction to be available during
performances and rehearsals. The fire watch officer shall be in direct communication with the
local fire department. All smoke detectors shall be reactivated as soon as the likelihood of false
alarms has passed. (See also 6-7.6.)
6-2 Firing Prerequisites.
6-2.1
All pyrotechnic devices shall be mounted in a secure manner to maintain their proper positions
and orientations so that, when they are fired, the pyrotechnic effects described in the plan
submitted by the permittee are produced. Pyrotechnic devices shall be mounted so that no
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fallout from the device endangers human lives, results in personal injury, or damages property.
NOTE: Deliberate destruction of properties or portions of the set, where destroyed as part of the special
effects, shall not be construed as property damage.

6-2.2
Pyrotechnic materials shall be fired only from equipment specifically constructed for the
purpose of firing pyrotechnic materials.
6-2.2.1 Where a pyrotechnic special effect is placed on or in contact with a performer's body, a
means of shielding or containment adequate to prevent any injury to the performer shall be
provided. This protection shall be sufficient to protect against the normal functioning of the
pyrotechnic special effect as well as any possible malfunction.
6-2.2.2 Converted electrical switch boxes, lamp sockets, lamp holders, plug fuses, or other
similar thin-walled, brittle devices shall not be used for concussion mortars or flash pots.
6-2.3
Binary systems shall be mixed and used in accordance with the manufacturer's instructions.
6-2.4
Binary systems shall be mixed one unit at a time, and no more units than are needed for
immediate use shall be mixed. Binary systems shall only be mixed in the bottles supplied. No
additional tools shall be used.
6-2.5
All holders shall be constructed and secured so that they remain in a fixed position when the
pyrotechnic device is fired.
6-2.6
Mortars and flash pots shall be constructed so that they do not fragment when the pyrotechnic
material is fired and so that their shapes are not distorted after use. Distorted mortars and flash
pots shall not be used.
6-2.7
Before firing the pyrotechnic device, the pyrotechnic operator or designated performance
security staff shall prevent unauthorized entry into the area where the special effects are to occur.
6-2.8
Rotating pyrotechnic devices, such as wheels and saxons, shall be mounted securely so that
their rotation does not cause the holder to fail.
6-2.9
Where rockets are launched before a proximate audience, performers, or support personnel, the
rockets shall be attached securely to a guide wire or cable with both ends securely attached and
placed on an impact-resistant surface located at the terminal end of the guide. This guide wire or
cable shall be of sufficient strength and flame resistance to withstand the exhaust from the
rocket. An effective arrangement to stop the rocket shall be provided.
6-2.10
Flares shall be placed so that any debris falls into a safe, flame-resistant area.
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6-2.11
Comets and mines shall be fired so that the trajectory of their pyrotechnic material is not
carried over the audience.
6-2.12
Waterfalls shall be placed for firing so that no flammable materials are within their fallout
area.
6-2.13
Pyrotechnic devices and materials used indoors shall be specifically manufactured and marked
for indoor use by the manufacturer.
6-2.14
Airbursts shall be permitted to be fired above the assembled audience, subject to the following
conditions:
(a) The airburst shall be suspended by a minimum 30-gauge metal wire that is attached
securely to a secure support acceptable to the authority having jurisdiction.
(b) The airburst shall occur at a minimum height of three times the diameter of the effect.
(c) Where the effect is demonstrated, there shall be no burning or glowing particles below the
15-ft (4.6-m) level above the floor.
6-3 Firing Safeguards.
6-3.1
Circuit testers shall supply no more than 25 mA. Testers shall be permitted to include, but are
not limited to, blasting galvanometers, low-current multimeters, or a firing system with a built-in
circuit tester.
6-3.2
Power sources used for firing pyrotechnic devices shall be restricted to batteries or isolated
power supplies used for firing purposes only.
Exception: Firing systems employing isolation transformers shall be permitted to use
commercial power. Transformers shall be permitted to be located within the controllers of firing
systems, within the pyrotechnic devices themselves, or elsewhere within the firing circuit.
6-3.3
All firing systems shall be designed to ensure against accidental firing by providing at least a
two-step interlock in which no firing power can be applied to any firing circuit unless the
operator intentionally:
(a) Enables or arms the firing system; and
(b) Deliberately applies firing power.
6-3.4
Firing systems shall not be left unattended while connected to loaded pyrotechnic devices.
Exception: Firing systems that are disconnected from their power source and have a removable
activator, keyswitch, or coded arming system.
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6-3.5
Pyrotechnic devices shall be fired only when the area where the effect is to occur is in clear
view of the pyrotechnic operator or an assistant who is in direct communication with the
operator. This communication shall be permitted to be accomplished with signal lights or other
nonverbal means of communication.
6-3.6*
To allow the support personnel to take appropriate action, the use of warning signal lights shall
be permitted to indicate the impending firing of a pyrotechnic effect, where necessary.
6-3.7
Because of their potential hazard, concussion mortars shall be placed in a secured location that
prevents the audience and support personnel from gaining access to the secured location. The
concussion mortars can be secured by placing them under the stage or by placing them behind
barricades made of equipment road cases.
6-3.8
While the authority having jurisdiction has the authority to stop the discharge of pyrotechnics,
the ultimate responsibility for firing shall be that of the pyrotechnic operator.
6-4 Separation Distances for Audiences.
6-4.1*
Each pyrotechnic device fired during a performance shall be separated from the audience by at
least 15 ft (4.6 m) but not by less than twice the fallout radius of the device.
Exception: Where otherwise approved by the authority having jurisdiction.
6-4.2
Concussion mortars shall be separated from the audience by a minimum of 25 ft (7.6 m).
6-4.3
There shall be no glowing or flaming particles within 10 ft (3 m) of the audience.
6-5 Safety Precautions.
6-5.1
The premises where pyrotechnic materials and devices are handled and used shall be
maintained in a neat and orderly condition and shall be kept free of any conditions that can
create a fire hazard.
6-5.2
The pyrotechnic operator shall inspect the containers in which all pyrotechnic materials and
devices have been shipped. No damaged pyrotechnic materials and devices shall be used, and
they shall be disposed of in accordance with the manufacturer's instructions. Before disposal,
shipping containers shall be inspected for loose pyrotechnic materials. If a shipping container is
found to contain loose pyrotechnic materials, it also shall be disposed of in accordance with the
manufacturer's instructions.
6-5.3
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Pyrotechnic materials and devices shall be stored in accordance with regulations promulgated
by the Bureau of Alcohol, Tobacco, and Firearms (ATF). A closed vehicle, such as a truck, shall
be permitted to be used for storage where permitted by ATF, state, or local regulations.
6-5.4
No quantity of pyrotechnics greater than that needed for the production of special effects in
one performance or rehearsal shall be removed from storage.
6-5.5
Smoking shall not be permitted within 25 ft (7.6 m) of the area where pyrotechnics are being
handled or fired.
Exception: Smoking by performers as part of the performance shall be permitted as blocked in
rehearsals and approved by the pyrotechnic operator and the authority having jurisdiction.
6-5.6
No pyrotechnics shall be left unattended.
Exception: Where pyrotechnics are located in a secured, approved location.
6-5.7*
The pyrotechnic operator and assistants shall wear safety glasses and protective clothing
applicable to the hazard associated with the material during preparation and loading of
pyrotechnic devices.
6-6 Performance.
6-6.1
The pyrotechnic operator shall warn all performers and support personnel that they are
exposed to a hazardous situation while performing or otherwise carrying out their
responsibilities in the vicinity of a pyrotechnic device. Performers and support personnel
familiar and experienced with the effects being used shall be permitted to elect to be in the
fallout area of a pyrotechnic effect, provided they do so of their own volition and only while in
the performance of their duties.
6-6.2
No part, projectile, or debris from the pyrotechnic material or device shall be propelled so that
it damages overhead properties, overhead equipment, or the ceiling and walls of the performance
site.
6-6.3
Immediately before any performance, the pyrotechnic operator shall make a final check of
wiring, position(s), hookups, and pyrotechnic devices to ensure that they are in proper working
order. The pyrotechnic operator also shall verify safety distances.
6-6.4
The placement and wiring of all pyrotechnic devices shall be designed to minimize the
possibility of performers and support personnel disturbing the devices during a performance.
6-6.5
The pyrotechnic operator shall exercise extreme care throughout the performance to ensure
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that the pyrotechnic devices function correctly and that the performers, support personnel, and
audience are clear of the devices.
6-6.6 Smoke Control.
Where pyrotechnics are fired, the quantity of smoke developed shall not obscure the visibility
of exit signs or paths of egress travel.
6-7 Requirements after Performance.
6-7.1
Immediately after each performance and before support personnel remove any property related
to a performance, the pyrotechnic operator shall verify that all pyrotechnic devices have been
fired. Any unfired pyrotechnic materials or devices shall be either fired or disposed of in
accordance with the manufacturer's recommendations.
6-7.2
All unused pyrotechnics shall be disposed of in accordance with the manufacturer's
instructions or returned to storage as soon as possible following the performance or rehearsal.
6-7.3
After all other properties and equipment relating to the production have been removed from
the performance site, the pyrotechnic operator shall verify that the performance site is free of any
pyrotechnic devices or materials.
6-7.4
All pyrotechnics shall be stored properly for transportation to the next performance. No
pyrotechnics shall be transported unless such transportation meets U.S. Department of
Transportation regulations.
6-7.5
Binary systems that have been mixed in excess of the needs of a rehearsal or performance shall
be stored as an explosive of the applicable class or disposed of in accordance with the
manufacturer's instructions. (See Section 3-3 for storage requirements.)
6-7.6
Life safety and other systems that have been disarmed or disengaged as specified by 4-4.3 and
6-1.6 shall be restored to normal operating condition as soon as the likelihood of false alarms
from the use of pyrotechnics has passed.
6-7.7
The fire watch required by 6-1.6 shall be maintained until the restoration of normal operating
conditions has been verified.
Chapter 7 Referenced Publications
7-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
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7-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 10, Standard for Portable Fire Extinguishers, 1994 edition.
NFPA 101, Life Safety Code, 1994 edition.
NFPA 495, Explosive Materials Code, 1996 edition.
NFPA 1122, Code for Model Rocketry, 1994 edition.
NFPA 1123, Code for Fireworks Display, 1995 edition.
NFPA 1125, Code for the Manufacture of Model Rocket and High Power Rocket Motors, 1995
edition.
NFPA 1127, Code for High Power Rocketry, 1995 edition.
7-1.2 Other Publications.
7-1.2.1 U.S. Government Publications. Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402.
Title 27, Code of Federal Regulations, Part 55, Bureau of Alcohol, Tobacco and Firearms,
"Explosives Law and Regulations."
Title 27, Code of Federal Regulations, Subpart K.
Title 49, Code of Federal Regulations, U.S. Department of Transportation, Parts 171 to end,
"Hazardous Materials Regulations."
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1.7 For information on fireworks manufacturing, see NFPA 1124, Code for the
Manufacture, Transportation, and Storage of Fireworks.
A-1-1.9 For information on the manufacture, transportation, storage, and use of explosives, see
NFPA 495, Explosive Materials Code.
A-1-1.12 For information on training uses for pyrotechnics, see NFPA 1403, Standard on Live
Fire Training Evolutions in Structures.
A-1-1.14 For information on flammable and combustible liquids, see NFPA 30, Flammable and
Combustible Liquids Code. For information on storage and handling of liquefied petroleum
gases, see NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum Gases.
A-1-1.16 For information on model rockets, see NFPA 1122, Code for Model Rocketry.
A-1-4 Approved. The National Fire Protection Association does not approve, inspect, or certify
any installations, procedures, equipment, or materials; nor does it approve or evaluate testing
laboratories. In determining the acceptability of installations, procedures, equipment, or
materials, the authority having jurisdiction may base acceptance on compliance with NFPA or
other appropriate standards. In the absence of such standards, said authority may require
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evidence of proper installation, procedure, or use. The authority having jurisdiction may also
refer to the listings or labeling practices of an organization concerned with product evaluations
that is in a position to determine compliance with appropriate standards for the current
production of listed items.
A-1-4 Authority Having Jurisdiction. The phrase "authority having jurisdiction" is used in
NFPA documents in a broad manner, since jurisdictions and approval agencies vary, as do their
responsibilities. Where public safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or individual such as a fire chief; fire marshal;
chief of a fire prevention bureau, labor department, or health department; building official;
electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the
authority having jurisdiction. In many circumstances, the property owner or his or her
designated agent assumes the role of the authority having jurisdiction; at government
installations, the commanding officer or departmental official may be the authority having
jurisdiction.
A-1-4 Listed. The means for identifying listed equipment may vary for each organization
concerned with product evaluation, some of which do not recognize equipment as listed unless it
is also labeled. The authority having jurisdiction should utilize the system employed by the
listing organization to identify a listed product.
A-5-1(d) Pyrotechnics intended for indoor use also can be used outdoors.
A-5-2.1(d) Chemicals and Compounds Not Recommended for Indoor Use Other than in
Trace Quantities. These chemicals include, but are not limited to, antimony, arsenic, cadmium,
chromium, lead, mercury, nickel, selenium, zinc, and their compounds; naphthalene; or any dye
rated as a carcinogen.
A-6-1.1 Attempting to extinguish pyrotechnic fires is not recommended. Fire extinguishers
should be chosen to fight potential secondary fires.
A-6-3.6 Warning lights should be used for warning support personnel of the presence of
concussion special effects.
A-6-4.1 For example, if a pyrotechnic device has a 10-ft (3-m) fallout radius, the pyrotechnic
device shall be separated from the audience by a minimum distance of 20 ft (6 m).
A-6-5.7 Protective clothing should include long-sleeved shirts and long pants made of 100
percent cotton, leather, or other materials with equivalent flammability, melting, thermal, or
static-reducing protective characteristics.
Appendix B Inspection Requirements
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
B-1 Inspection Requirements. The authority having jurisdiction, who is required to judge the
safety of any production, might or might not be familiar with pyrotechnic special effects. The
following guidelines are provided as a possible inspection routine that can be used as a model:
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B-1.1 Access.
(a) Fire lane kept clear
(b) Hydrants not blocked
(c) Fire department connections clear
(d) Standpipe connections clear
(e) At least two fire extinguishers provided
(f) Extinguishing equipment charged and in good working order
(g) Warning signs.
B-1.2 Exits.
(a) All designated exits clear
(b) Exits visible.
B-1.3 Pyrotechnic Materials and Devices.
(a) Proper and current license in the possession of the pyrotechnic operator
(b) Permit on site
(c) Fire department briefed on proposed activity
(d) Proper ventilation.
B-1.4 Electrical.
(a) Cords and connections in good condition
(b) Power supply
(c) Pyrotechnic firing mechanism in good working order.
B-1.5 Flameproofing.
(a) Set and scenic materials treated for flame retardance
(b) Burlap or other protective materials used for rigging treated for flame retardance.
Appendix C Licensing Requirements for Pyrotechnic Operators
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
C-1 Pyrotechnic Experience. A license should be granted only to an individual who has
actively participated in the setup and loading of at least five performances where pyrotechnic
special effects were used. (At the option of the issuing office, an alternative number of
performances can be permitted to be substituted.)
C-2 Formal Requirements. A license should be granted only to an individual who has met at
least one of the following requirements:
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(a) Successful completion of a comprehensive written examination covering this standard and
state laws pertaining to the use of pyrotechnic special effects;
(b) Receipt of a competency certificate from a national organization that promotes the safe use
of pyrotechnic special effects; or
(c) Possession of a license for the use of pyrotechnic special effects issued by another state.
C-3 Provisions for License Renewal. A license should be permitted to be renewed upon review
of the applicant's record proving active participation in at least three pyrotechnic special effect
performances during the last 4 years and demonstrating that these performances were conducted
in a safe manner. The pyrotechnic uses can be of either the indoor or outdoor type.
Appendix D Glossary
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
NOTE: The following terms are not necessarily inclusive of all the terms used in the pyrotechnic special
effects industry.

Alternating Current (ac). An electrical current that reverses direction in a circuit at regular
intervals. Almost all electrical current supplied from wall outlets or sockets is alternating
current.
Black Match. A fuse made from thread impregnated with black powder and used for igniting
pyrotechnic devices.
Blank Cartridge. A cartridge constructed from a cartridge case equipped with a percussion
primer and filled with various loads of smokeless powder or other propellant. Weapons using
blank cartridges often are used in conjunction with bullet hits.
Bridgewire. A fine wire that either heats up or explodes when an electric current is applied. It
is used to fire pyrotechnic devices.
Bullet Effect. An effect intended to simulate a slug from a weapon as it strikes a person or
object.
Bullet Hit. A small explosive charge attached to a person's clothing or body, or to an inanimate
object, to simulate a slug from a weapon as it strikes a person or object.
Colored Smoke. An aerosol of special dyestuffs of chemical reactants dispersed by pyrotechnic
heat or explosion.
Color Pot. A tube containing pyrotechnic materials. It produces a colored flame when ignited.
Concussion Flashpowder. Flashpowder intended to be used in a concussion mortar to produce
a loud concussive effect.
Consumer Fireworks (formerly known as "Common Fireworks"). Any small fireworks device
designed primarily to produce visible effects by combustion that complies with the construction,
chemical composition, and labeling regulations of the U.S. Consumer Product Safety
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Commission, as set forth in Title 16, Code of Federal Regulations, Parts 1500 and 1507. Some
small devices designed to produce audible effects are included, such as whistling devices,
ground devices containing 50 mg (0.8 grains) or less of explosive composition (salute powder),
and aerial devices containing 130 mg (2 grains) or less of explosive composition (salute powder)
per explosive unit. Consumer fireworks are classed as Explosives 1.4G and described as
Fireworks UN0336 by the U.S. Department of Transportation.
Day Box. A portable magazine used for the immediate storage of pyrotechnics.
Deflagration. A rapid chemical reaction in which the output of heat is sufficient to enable the
reaction to continue and accelerate without input of heat from another source. Deflagration is
primarily a surface phenomenon, with most reaction products flowing away from the unreacted
material along the surface at less than supersonic velocity. The effect of a deflagration under
confinement is an explosion. Confinement of the reaction increases pressure, rate of reaction,
and temperature and, in some cases, can cause transition into a detonation.
Det Cord. A flexible detonating cord. It is a highly explosive material encased in a
plastic-covered cord resembling a clothesline.
Detonation. An extremely rapid chemical reaction in which the pressure generated is sufficient
to cause the formation of a shock wave, which causes the reaction to continue. Detonation is a
phenomenon with reaction products flowing in the direction of unreacted materials at supersonic
velocity. The effect of a detonation with or without confinement is an explosion.
Detonator. Any device containing an initiating or primary explosive that is used for initiating
detonation. The term includes, but is not limited to, electric blasting caps (instantaneous and
delay types), blasting caps for use with safety fuses, detonating cord delay connectors, and
nonelectric caps that use a detonating cord, shock tube, or any other replacement for electric
legwires. A detonator also could be an explosive or device initiated by a primer and used to
initiate another explosive that is less sensitive and larger.
Direct Current (dc). An electrical current that flows in one direction. Most frequently, direct
current is supplied by a battery.
Display Fireworks (formerly known as "Special Fireworks"). Large fireworks articles designed
to produce visible or audible effects for entertainment purposes by combustion, deflagration, or
detonation. This term includes, but is not limited to, salutes containing more than 130 mg (2
grains) of explosive composition (salute powder), aerial shells containing more than 60 g (2.1
oz) of total pyrotechnic and explosive composition, and other display pieces that exceed the limit
for classification as consumer fireworks. Display fireworks are described as Fireworks UN0335
and classed as Explosives 1.3G by the U.S. Department of Transportation.
Explosion. The rapid production of hot gases at a high pressure as the result of a chemical
reaction and the sudden release of the energy to cause strong dynamic stresses in the
surroundings. The term usually refers to the effects of a detonation of initiating explosives and
high explosives but also applies to the effect of a deflagrating propellant explosive in certain
circumstances such as heavy confinement. The term also describes a mechanical phenomenon in
which failure of the container results in a sudden release of pressure from within a vessel.
Explosive. Any chemical compound, mixture, or device whose primary or common purpose is
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to function by explosion. The term includes, but is not limited to, dynamite, black powder, pellet
powder, initiating explosives, detonators, safety fuses, squibs, detonating cords, igniter cords,
and igniters. The term "explosives" includes any material determined to be within the scope of
Title 18, United States Code, Chapter 40, "Importation, Manufacture, Distribution, and Storage
of Explosive Materials," and also includes any material classified as Explosive 1.1, 1.2, or 1.3 by
the Hazardous Materials Regulations of the U.S. Department of Transportation.
Fireworks. Any composition or device for producing a visible, audible, or both visible and
audible effect by combustion, deflagration, or detonation and that meets the definition of
"consumer" or "display" fireworks as set forth by the U.S. Department of Transportation, Title
49, Code of Federal Regulations, "Hazardous Materials Regulations."
First Fire. The ignited mixture used with pyrotechnic devices and loaded in direct contact with
the main pyrotechnic charge. A pyrotechnic first-fire mixture is compounded to produce a high
temperature and hot slag. The mixture is readily ignitable and capable of igniting the underlying
pyrotechnic charge.
Lycopodium. The spores produced by the genus of mosses called lycopodium. This powdery,
organic, yellow material can be agitated and dispersed mechanically into a cloud and then
ignited by a spark, pilot flame, or electrical heating device. Although not a pyrotechnic material,
this material is used by special effects operators to produce fire effects or in conjunction with
other pyrotechnics to create a special effect.
Nonelectric Detonator. A detonator that does not need electric energy to function.
Photoflash Flashpowder. A loose pyrotechnic mixture that yields a very large amount of light
for a small fraction of a second on exploding.
Quick Match. Black match that is encased in a loose-fitting paper sheath. Although exposed
black match burns slowly, quick match burns extremely rapidly and almost instantaneously.
Quick match is used in fuses for aerial shells and for simultaneous ignition of a number of
pyrotechnic devices, such as lances in a ground display piece.
Safety Fuse. A flexible cord containing an internal burning medium by which fire or flame is
conveyed at a constant and relatively uniform rate from the point of ignition to the point of use.
Salute Powder. See Sonic Flash.
Smoke Pot. A pyrotechnic device used to create smoke during a production.
Soft Detonator. A detonator with a higher velocity than a bullet hit, but with no metallic
elements or jacket. It is essentially a blasting cap without a metal jacket.
Sonic Flash (Salute Powder, Extra-Fast Flash, Concussion Flashpowder). Flashpowder
specifically formulated to produce a loud concussive effect.
Sparkle Flashpowder. A flashpowder that produces a bright flash of light and a shower of
sparks when ignited.
Sparkle Pot. A pyrotechnic device intended to contain and control the discharge of sparkle
flashpowder.
Squib. A device consisting of an electric match plus a base pyrotechnic charge. It usually is
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contained in a thin metal tube and often has a hole or slit to direct the flame produced when
fired. Squibs are regulated in a manner similar to blasting caps. Squibs are not usually used in
fireworks, although electric matches often are incorrectly called squibs.
Stars. Small masses of pyrotechnic compounds that are projected from aerial shells, mines, or
roman candles. Stars burn while in the air, producing color or streamer effects.
Theatrical Flashpowder. A pyrotechnic material intended for use in theatrical shows.
Theatrical flashpowder produces a flash of light when ignited. Typical theatrical flashpowders
burn more slowly than salute powder and also might produce a shower of sparks. Theatrical
flashpowder is not intended to produce a loud report.

Appendix E Referenced Publications
E-1 The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
E-1.1 NFPA Publications. National Fire Protection Association, 1 Batterymarch Park, P.O. Box
9101, Quincy, MA 02269-9101.
NFPA 30, Flammable and Combustible Liquids Code, 1996 edition.
NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum Gases, 1995 edition.
NFPA 495, Explosive Materials Code, 1996 edition.
NFPA 1122, Code for Model Rocketry, 1994 edition.
NFPA 1124, Code for the Manufacture, Transportation, and Storage of Fireworks, 1995
edition.
NFPA 1403, Standard on Live Fire Training Evolutions in Structures, 1992 edition.
E-1.2 Other Publications.
E-1.2.1 U.S. Government Publications. Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402.
Title 16, Code of Federal Regulations, Parts 1500 and 1507, U.S. Consumer Product Safety
Commission, "Federal Hazardous Substances Act Regulations."
Title 18, United States Code, Chapter 40, "Importation, Manufacture, Distribution, and Storage
of Explosive Materials," 1970.
Title 27, Code of Federal Regulations, Part 55, Bureau of Alcohol, Tobacco, and Firearms,
"Explosives Law and Regulations."
Title 49, Code of Federal Regulations, U.S. Department of Transportation, "Hazardous
Materials Regulations."
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This edition of NFPA 1127, Code for High Power Rocketry, was prepared by the Technical
Committee on Pyrotechnics and acted on by the National Fire Protection Association, Inc., at its
Annual Meeting held May 22-25, 1995, in Denver, CO. It was issued by the Standards Council
on July 21, 1995, with an effective date of August 11, 1995.
This edition of NFPA 1127 was approved as an American National Standard on August 11,
1995.
Origin and Development of NFPA 1127
Since 1978, technical progress in solid propellant rocket motors, rocket airframe materials,
bonding agents, and construction techniques has resulted in the emergence of a new form of
nonprofessional rocketry based on model rocketry but using larger and more powerful
commercially-made solid propellant rocket motors in larger and heavier rocket airframes. This
new activity is called “high power rocketry.” Flying activities have taken place throughout the
United States in locations where the authority having jurisdiction has been permissive of the
activity and where the Federal Aviation Administration has granted waivers to Part 101 of the
Federal Aviation Regulations. Therefore, more than a decade of operational experience has been
accumulated. Safety rules, operational procedures, and other facets of the activity have been
worked out and tested. The activity has spawned its own organization, The Tripoli Rocketry
Association, Inc., which now has a representative on the NFPA Technical Committee on
Pyrotechnics. The National Association of Rocketry, with longtime representation on the NFPA
Technical Committee on Pyrotechnics, realizing the educational and sporting aspects of the
activity, has also embraced high power rocketry. Both organizations believe that national
standards, rules, and regulations can be and should be formalized at this time. Indeed, the
experience gained thus far exceeds that amassed by model rocketry when the first NFPA Code
for Model Rocketry, NFPA 44L, was adopted.
The code contains instructional guidelines and specific standards for the design, construction,
limitation of charge and power, and reliability of all high power rocket motors manufactured for
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sale to users; the qualification and certification of users; the design and construction of high
power rockets propelled by these motors; and for the conduct of tests, launchings, and other
operations involving rockets so that hazards are minimized.
The NFPA Technical Committee on Pyrotechnics believes that this code contains appropriate
measures to safeguard this popular and growing activity. Although not as widespread as model
rocketry, the committee believes a separate NFPA code should be adopted for high power
rocketry because of significant differences in operations and to prevent confusion of model
rocketry and high power rocketry in the minds of public safety officials. Both of these consumer
rocket activities should not be confused with the hazardous, uncontrolled operations of so-called
“basement bombers” who attempt to make their own propellants, rocket motors, and large
metallic rocket vehicles. High power rocket activities should be allowed within the specifications
of this code to guide our science-minded citizens safely.
Technical Committee on Pyrotechnics
Randall W. A. Davidson, Chair
Risk Int’l Inc./USITT, CA
Kenneth L. Kosanke, Secretary
Pyrolabs, CO
Dane Boles, Quest Aerospace Education, Inc., AZ
Jose R. Colon, Connecticut Dept. of Public Safety, CT
Rep. Fire Marshals Assn. of North America
John A. Conkling, Chestertown, MD
Hugh Council, State of California Office of the Fire Marshal, CA
Thomas DeWille, Luna Tech Inc., AL
Vernon Estes, Canon City, CO
Gary A. Fadorsen, Pyrotech Int’l Inc., OH
Felix J. Grucci, Jr., Fireworks by Grucci, Inc., NY
Lansden E. Hill, Jr., E. E. Hill & Son, Inc./Pyro Shows, TN
Alfred J. Hogan, Reedy Creek Improvement District, FL
Bonnie J. Kosanke, Whitewater, CO
Rep. Pyrotechnics Guild Int’l
Donald F. McCaulley, Falls Church, VA
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Larry J. McCune, U.S. Bureau of Alcohol, Tobacco & Firearms, DC
Frederick L. McIntyre, FLMc, Inc., MS
Robert E. Melton, Dallas Fire Dept., TX
Rep. NFPA Fire Service Section
Dale C. Miller, Falls Church, VA
J. Patrick Miller, Nat’l Assn. of Rocketry, TX
Rep. Nat’l Assn. of Rocketry
David J. Pier, MP Assoc., Inc., CA
Michael W. Platt, High Power Rocket Mfrs. & Dealers Assn., Inc., NY
Mary Roberts, Estes Industries, CO
Charles E. Rogers, Lancaster, CA
Rep. Tripoli Rocketry Assn., Inc.
Gary C. Rosenfield, Industrial Solid Propulsion Inc., NV
Pamela K. Stout Hunt, Fireworks Productions Int’l Inc., AZ
Charles Weeth, Skyrockers of La Crosse, Inc., WI
Alternates
Arthur H. Barber III, U.S. Dept. of the Navy, VA
(Alt. to V. Estes)
Bruce E. Blom, Pyrotechnics Guild Int’l, WI
(Alt. to B. J. Kosanke)
Mark B. Bundick, First Chicago Capital Markets, IL
(Alt. to J. P. Miller)
Ernest F. DeBlasio, Keystone Fireworks Mfg. Co. Inc., PA
(Vot. Alt. to APA Rep.)
Tom Foster, Luna Tech Inc., AL
(Alt. to T. DeWille)
Felix J. (Phil) Grucci, Fireworks by Grucci, Inc., NY
(Alt. to F. J. Grucci, Jr.)
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Paul C. Hans, P. Hans & Co., AZ
(Alt. to G. C. Rosenfield)
Julie L. Heckman, Keller and Heckman, DC
(Alt. to J. A. Conkling)
Bruce E. Kelly, Orem, UT
(Alt. to C. E. Rogers)
Larry Mars, MP Assoc., Inc., CA
(Alt. to D. J. Pier)
Jane B. McCaulley, D & J Assoc., VA
(Alt. to D. F. McCaulley)
David S. Shatzer, U.S. Bureau of Alcohol, Tobacco & Firearms, DC
(Alt. to L. J. McCune)
Bill Stine, Quest Aerospace Education, Inc., AZ
(Alt. to D. Boles)
Gerald D. Ward, Bethany Fire & Protection District, IL
(Alt. to R. E. Melton)
Nonvoting
Richard Bowes, Canadian Explosives Research Laboratory, ON
(Alt. to E. Contestabile)
Ettore Contestabile, Canadian Explosives Research Laboratory, ON
Glen E. Gardner, U.S. Occupational Safety & Health Admin., DC
(Alt. to J. J. Zucchero)
Samuel B. Hall, U.S. Consumer Product Safety Commission, DC
G. Harry Stine, Phoenix, AZ
(Member Emeritus)
Gary Zeller, Zeller Int’l, NY
James J. Zucchero, U.S. Dept. of Labor, OH
Martha H. Curtis, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
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NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on protection
against the fire and life hazards associated with the manufacture, transportation, and storage of
fireworks; fireworks used in outdoor displays; pyrotechnics used before a proximate audience; and
the construction, launching, and other operations that involve unmanned rockets, including the
manufacture of model rocket motors. This Committee does not have responsibility for documents
on the use of fireworks by the general public.

NFPA 1127
Code for
High Power Rocketry
1995 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 7 and Appendix B.

Chapter 1 General Requirements
1-1 Scope.
1-1.1
This code shall apply to the design, construction, limitation of propellant mass and power, and
reliability of all high power rocket motors and motor components produced commercially for
sale to or use by the certified user for education, recreation, and sporting competition.
1-1.2
This code also shall apply to the design and construction of high power rocket vehicles
propelled by the high power rocket motors specified in 1-1.1.
1-1.3
This code also shall apply to the conduct of launch operations of high power rocket vehicles
specified in 1-1.2.
1-1.4
This code shall not apply to the design, construction, production, manufacture, fabrication,
maintenance, launching, flight, test, operation, use, or other activity in connection with a high
power rocket or high power rocket motor when carried out or engaged in by
(a) The government of the United States of America;
(b) Any state or local government;
(c) Any college or university; or
(d) Any individual, firm, partnership, joint venture, corporation, or other business entity
engaged, as a licensed for-profit business, in research, development, production, testing,
maintenance, or supply of high power rockets, high power rocket motors, high power rocket
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propellant chemicals, or high power rocket components or parts for ultimate sale to qualified
users in conformance with this code, or in connection with contracts with the federal or state
governments or with commercial space transportation vehicle contractors or operating firms.
1-1.5
This code shall not apply to the design, construction, fabrication, production, manufacture,
maintenance, launching, flight, test, operation, or use of rocket-propelled model aircraft that
sustain their mass against the force of gravity by aerodynamic lifting surfaces during the entire
duration of their flight in the air. However, this code shall apply to rocket motors and motor
reload components used in such devices.
1-1.6
This code shall not apply to model or toy rockets propelled by pressurized liquid rocket motors
containing less than 250 ml (8.45 fl oz) of water.
1-1.7
This code shall not apply to model rockets whose power and weight do not exceed the limits
established in NFPA 1122, Code for Model Rocketry; fireworks rockets, skyrockets, and rockets
with sticks, as defined in NFPA 1123, Code for Fireworks Display; NFPA 1124, Code for the
Manufacture, Transportation, and Storage of Fireworks; or NFPA 1126, Standard for the Use of
Pyrotechnics before a Proximate Audience, or other types of rockets not covered by this code.
1-2 Purpose.
1-2.1
The purpose of this code shall be to ensure the availability of high power rocket motors and
components that meet national standards of safety and reliability stated herein to certified users.
1-2.2
The purpose of this code also shall be to establish guidelines for reasonably safe operation of
high power rockets to protect the user and the public.
1-2.3
The purpose of this code also shall be to discourage experiments with explosive or highly
energetic rocket propellants, construction of homemade rocket propulsion motors, and attempted
launchings or operations of these homemade rocket devices, thereby minimizing tragic deaths
and injuries.
1-3 Definitions.
For the purposes of this code, the following terms shall be defined as stated in this section.
Aero Model. A miniature, unmanned replica of a flying device, which includes the category of
high power rocket, as defined in this section.
Approved.* Acceptable to the authority having jurisdiction.
Arm. Rendering of an igniter from a safe (no energy) to a ready-to-fire condition.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
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Certified. Approved or endorsed authoritatively.
Certified High Power Rocket Motor.* A commercially made high power rocket motor that has
been tested by a recognized testing organization that is acceptable to the authority having
jurisdiction and found to meet the requirements set forth in this code.
Certified User.* An individual, distributor, or seller who has been tested or otherwise
examined by a recognized organization that is acceptable to the authority having jurisdiction and
found to be qualified to purchase, possess, and use high power rocket motors.
Code.* A standard that is an extensive compilation of provisions on a broad subject matter or
that is suitable for adoption into law independently of other codes and standards.
Commercial Manufacturer. Any individual, firm, partnership, joint venture, corporation, or
other business entity engaged as a licensed business in research, development, production,
preparation, testing, maintenance, or supply of rockets, rocket motors, rocket propellant
chemicals, rocket propellant, delay or ejection modules, or rocket components or parts.
Complex High Power Rocket. A high power rocket that is multistaged or propelled by a cluster
of rocket motors intended for simultaneous ignition at launch or in the air.
High Power Rocket. A rocket vehicle:
(a) That is propelled by a single rocket motor having a total impulse of more than 160
Newton-seconds or an installed total impulse of more than 320 Newton-seconds and no more
than 40,960 Newton-seconds of installed total impulse;
(b) That weighs more than 1500 g (53 oz);
(c) That contains any single motor with an average thrust of more than 80 Newtons;
(d) That contains a recovery device for returning it safely to the ground so it can be flown
again;
(e) That is made of paper, wood, fiberglass, or plastic with the minimum amount of metallic
parts necessary for airframe integrity dependent upon the installed total impulse, and whose
primary use is for purposes of education, recreation, and sporting activities.
High Power Rocket Motor. A rocket motor that has more than 160 Newton-seconds of total
impulse or an average thrust of greater than 80 Newtons and that otherwise meets the other
requirements set forth in this code.
Hybrid Rocket Motor. A rocket motor in which the fuel is in a different physical state (solid,
liquid, or gaseous) than the oxidizer and that derives its force or thrust from the combination
thereof.
Installed Total Impulse. The sum of the total impulses of all rocket motors installed in a rocket
and intended to be ignited during the launching and flight of that rocket.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
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appropriate standards or performance in a specified manner.
Launch Site. An area used for high power rocket activities that includes the following:
(a) A prepping area(s);
(b) A launching area(s);
(c) A recovery area(s);
(d) A spectator area(s); and
(e) A parking area(s).
Launching Area. An area designated by the safety monitor in which high power rockets are
placed on a launching device and ignited.
Liquid Propellant Rocket Motor. A rocket motor that contains a fuel and an oxidizer in liquid
form or in a combined monopropellant liquid form as a single chemical and that derives its force
or thrust from the combustion thereof.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
Model Rocket. A rocket that weighs no more than 1500 g (53 oz), including propellant, and is
propelled by a model rocket motor. It has structural parts made of paper, wood, or breakable
plastic; it has a means for returning it to the ground so it can be flown again; and its primary use
is for purposes of education, recreation, and sporting competition.
Model Rocket Motor. A solid propellant or pressurized liquid rocket motor that conforms to
the requirements for model rocket motors as set forth in NFPA 1122, Code for Model Rocketry.
Module. A pyrotechnic component of a loadable or reloadable rocket motor in which its
chemical composition is preloaded into a finished assembly that does not necessitate mixing of
ingredients by the user.
Motor Reloading Kit. A package designed and produced by a commercial manufacturer that
contains all of the components and parts necessary to reload and reuse a nonexpendable model
rocket motor casing specifically designed and manufactured to use these components and parts.
These components and parts normally include a propellant module(s), a new rocket motor
nozzle, new insulation components, prepackaged delay and ejection modules, an electrical
igniter, and the parts necessary to seal the casing during operation.
Parking Area. An area designated by the safety monitor where spectators park their vehicles.
Prepping Area. An area designated by the safety monitor where high power rockets and high
power rocket motors are prepared for launch.
Pressurized Liquid Rocket Motor. A rocket motor that derives its force or thrust from a liquid
expelled from the rocket motor by pressurized gas and whose discharge involves no combustion
or change of state.
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Production Lot. A quantity of solid propellant rocket motors or reloading kits or a pyrotechnic
module(s) produced during a single work shift, on the same motor manufacturing device, or
using the same batch of pyrotechnic material.
Propellant. The material(s) utilized in a rocket motor that produces thrust by the discharge of a
working fluid generated by combustion, decomposition, change of state, or other discharge of
such material contained, carried, or stored within said rocket motor.
Range Safety Officer. See definition of safety monitor.
Recovery Area. An area designated by the safety monitor for the recovery of high power
rockets.
Reloadable Rocket Motor. A rocket motor that has been designed and manufactured so that the
user can load, reload, and reuse the pressure-resisting body or casing, using the parts and
components of a motor reloading kit specifically designed, manufactured, and intended for use
with that rocket motor casing by the manufacturer.
Rocket. A device that ascends into the air without use of aerodynamic lifting forces acting
against gravity and that is propelled by one or more rocket motors.
Rocket Engine. See definition of rocket motor.
Rocket Motor. A device, or combination of devices, that provides the necessary force or thrust
to cause a rocket to move. The force or thrust shall be created by the discharge of gas generated
by combustion, decomposition, change of state, or other discharge of materials contained,
carried, or stored solely within said rocket motor or rocket and not dependent upon the outside
environment for reaction mass.
Rocket Vehicle. See definition of rocket.
Safety Monitor. A certified user of high power rocket motors whose responsibilities and duties
during the operation of high power rockets are to confirm a rocket’s compliance with the
applicable provisions of this code, ensure that the rocket will fly in a safe manner, designate the
areas of the launch site, and oversee the safety of all spectators and participants.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Skyrockets or Rockets with Sticks. Commercially manufactured fireworks rockets not intended
for reuse and that have been classified as Class 1.3G or 1.4G Explosives in accordance with U.S.
Department of Transportation regulations.
Solid Propellant Rocket Motor. A rocket motor containing a fuel and oxidizer in solid form
and deriving its force or thrust from the combustion thereof.
Spectator. A nonparticipant whose primary purpose is to view a high power rocket launch.
Spectator Area. A designated area where spectators view a high power rocket launch.
Steam Rocket Motor. A rocket motor that produces its force or thrust by means of steam
carried or stored within the rocket motor or rocket vehicle or produced in the rocket motor or
rocket vehicle by the heating of water therein.
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Structural Parts. The load-bearing parts of a rocket, specifically the nose cone, body tube, and
fins.
Thrust Augmenter. A device for increasing the force or motive power of a rocket motor by
imparting a portion of the momentum of the rocket motor’s exhaust jet to the surrounding
environmental medium; it is considered to be a part of a rocket motor when and where it is used.
Chapter 2 Requirements for High Power Rocket Construction and Operation
2-1 User Certification.
A person shall operate or fly a high power rocket only if that person is a certified user.
2-2 Operating Clearances.
A person shall fly a high power rocket only in compliance with:
(a) This code;
(b) United States Code, Title 49, Section 1348, “Airspace Control and Facilities,” 72 Statute
749, Section 307, Federal Aviation Act of 1958, covering Federal Aviation Administration
Regulations, from Code of Federal Regulations, Title 14, Chapter 1, Subchapter F, Part 101,
Paragraph 101.1 (a)(3)(ii)(a) through (d) or later revisions or amendments thereto; and
(c) Other applicable federal, state, and local laws, rules, regulations, statutes, and ordinances.
2-3 Preflight Inspection.
A person shall fly a high power rocket only if it has been inspected and approved for operation
immediately prior to flight by a safety monitor. The safety monitor shall confirm the rocket’s
compliance with the applicable provisions of this code and shall ascertain that the rocket will fly
in a safe manner.
2-4 High Power Rocket Motors and Components.
2-4.1
A person shall use only commercially manufactured certified high power rocket motors or
motor reloading kits or components.
2-4.2
No person shall dismantle, reload, or alter a single-use high power rocket motor. No person
shall alter the components of a reloadable high power rocket motor or use the contents of a
reloadable rocket motor reloading kit for a purpose other than those specified by the
manufacturer in the rocket motor or reloading kit instructions.
2-5 Rocket Construction.
A high power rocket shall be constructed in such a manner and with suitable materials to
withstand the operating stresses and retain structural integrity under conditions expected or
known to be encountered in flight.
2-6 Rocket Airframe Materials.
A high power rocket vehicle intended to be propelled by one or more high power rocket
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motors shall be constructed using lightweight materials such as paper, wood, rubber, plastic,
fiberglass, or, when necessary, ductile metal so that the rocket conforms to the other
requirements of this code.
2-7 Stability.
A person intending to operate a high power rocket shall determine its stability before flight.
This person shall provide documentation of the location of the center of pressure and the center
of gravity of the high power rocket to the safety monitor if the safety monitor requests same.
2-8 Weight and Power Limits.
2-8.1
A person intending to operate a high power rocket shall ensure that it weighs less than the
rocket motor manufacturer’s recommended maximum liftoff weight for the rocket motor(s) used
for the flight. This person shall present documented proof of compliance with this requirement if
it is requested by the safety monitor during preflight inspection.
2-8.2
A person shall not install in a high power rocket a rocket motor or combination of rocket
motors that will produce more that 40,960 Newton-seconds of total impulse (4.45 Newtons
equals 1.0 lb).
2-9 Recovery.
2-9.1
A person shall fly a high power rocket only if it contains a recovery system that will return all
parts of it safely to the ground so it can be flown again.
2-9.2
The person preparing the high power rocket for flight shall install only flame-resistant
recovery wadding if wadding is necessary by the design of the rocket.
2-9.3
A person shall not attempt to catch a high power rocket as it approaches the ground.
2-9.4
A person shall not attempt to retrieve a high power rocket from a hazardous area. The person
flying the rocket shall attempt as soon as practicable to notify the utility company or other
appropriate authority if the high power rocket becomes entangled in a power line when
descending.
2-10 Payloads.
2-10.1
A person shall not install or incorporate in a high power rocket a payload that is intended to be
flammable or explosive or to cause harm.
2-10.2
A person shall not fly a vertebrate animal in a high power rocket.
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2-11 Launching Devices.
2-11.1
A person operating a high power rocket shall launch it from a stable device that provides rigid
guidance until the rocket has reached a speed adequate to ensure a safe flight path.
2-11.2
The person launching the high power rocket shall ensure that the launcher incorporates a jet
deflector device if necessary to prevent the rocket motor exhaust from impinging directly on
flammable materials.
2-11.3
A launching device shall not be used to launch a high power rocket at an angle more than 20
degrees from vertical.
2-11.4
A person operating a high power rocket shall place the end of the launch rod or rail above eye
level or cap it to prevent accidental eye injury. A person shall store a launch rod or rail so it is
capped, cased, or left in a condition where it cannot cause injury.
2-12 Ignition Systems.
2-12.1
A person launching a high power rocket shall use an ignition system that is remotely
controlled, is electrically operated, and contains a launching switch that will return to “off” when
released.
2-12.2
The ignition system shall contain a removable safety interlock device in series with the launch
switch.
2-12.3
The launch system and igniter combination shall be designed, installed, and operated so the
liftoff of the rocket shall occur within 3 sec of actuation of the launch system. If the rocket is
propelled by a cluster of rocket motors designed to be ignited simultaneously, the person
operating the rocket shall install an ignition scheme that either has been previously tested or has
a demonstrated capability of igniting all rocket motors intended for launch ignition within 1 sec
following ignition system activation.
2-12.4
A person shall install an ignition device in a high power rocket motor at the launcher or within
the area designated by the safety monitor. The rocket shall be pointed in a safe direction during
and after installation of the ignition device.
2-12.5
No firing circuits shall be armed with the rocket in other than a launching position.
2-13* Launch Site.
2-13.1
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A person shall launch a high power rocket only in an outdoor area where tall trees, power
lines, and buildings will not present a hazard, in the opinion of the safety monitor, to the safe
flight operation of a high power rocket.
2-13.2
A person shall not locate a launcher closer to the edge of the launch site than one-half the
minimum launch site dimension stated in Table 2-13.2.
Table 2-13.2 Launch Site Dimensions
Installed Total Impulse

Equivalent Motor Type

(N-sec)

Minimum Site
Dimensions
(ft)

Equivalent

(mi)

(m)

(km)

160.01 - 320.00

H

1500

0.3

457

0.5

320.01 − 640.00

I

3000

0.6

914

1.0

640.01 − 1280.00

J

5280

1.0

1609

1.6

1280.01 − 2560.00

K

5280

1.0

1609

1.6

2560.01 − 5120.00

L

10,560

2.0

3219

3.2

5120.01 − 10,240.00

M

15,840

3.0

4828

4.8

10,240.01 − 20,480.00

N

21,120

4.0

6437

6.4

20,480.01 − 40,960.00

O

26,400

5.0

8047

8.0

NOTE: For a circular area, the minimum launch site dimension is the diameter in feet; for a rectangular
area, it is the shortest side in feet.

2-13.3
The launch site shall be at least as large as that stated in Table 2-13.2.
2-13.4
As an alternative to the launch site dimensions, the size of the launch site shall be established
as no less than one-half the maximum altitude expected, calculated, simulated, or granted (by
FAA waiver/authority having jurisdiction) for the particular flight in question. In no case shall
the minimum launch site dimension be less than 1500 ft (457 m).
2-13.5
In no case shall the minimum site dimension be less than one-half the estimated maximum
altitude of the high power rocket.
2-14 Launcher Location.
2-14.1
The launch site shall contain no occupied buildings or public highways on which traffic flow
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exceeds ten vehicles per hour.
2-14.2
The person launching a high power rocket shall ensure that the ground for a radius of 10 ft (3
m) around the launcher is clear of brown grass, dry weeds, or other easy-to-burn materials that
could be ignited during launch by the exhaust of the rocket motor.
2-14.3
The person intending to launch a high power rocket shall locate the launcher more than 1500 ft
(457 m) from any occupied building or public highway on which traffic flow exceeds ten
vehicles per hour.
2-15 Safe Distances.
2-15.1
No person shall be closer to the launch of a high power rocket than the person actually
launching the rocket and those authorized by the safety monitor.
2-15.2
All spectators shall remain within an area determined by the safety monitor and shall remain
behind the safety monitor and the person launching the rocket.
2-15.3
A person shall not be closer to the launch of a high power rocket than the applicable minimum
safe distance set forth in Table 2-15.3.

Table 2-15.3 Safe Distances
Installed Total Impulse
(N-sec)

Equivalent
Motor

Minimum Safe
Distance

Minimum Safe Distance
(Complex Rocket)1

(ft)

(m)

(ft)

(m)

160.00 − 320.00

H

100

30

200

61

320.01 − 640.00

I

100

30

200

61

640.01 − 1280.00

J

100

30

200

61

1280.01 − 2560.00

K

200

61

300

91

2560.01 − 5120.00

L

300

91

500

152

5120.01 − 10,240.00

M

500

152

1000

305

10,240.01 − 20,480.00

N

1000

305

1500

457

457

2000

610

20,480.01 − 40,960.00

O

1500

1A “complex” high power rocket is one that is multistaged or propelled by a cluster of motors.
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2-16 Launch Operations.
2-16.1
A person shall not ignite and launch a high power rocket horizontally, at a target, or so the
rocket’s flight path goes into clouds or beyond the boundaries of the launch site.
2-16.2
A person shall not launch a high power rocket if the surface wind at the launcher is more than
20 mph (32 km/hr).
2-16.3
A person shall not operate a high power rocket in a manner that is hazardous to aircraft.
2-17 Launch Control.
2-17.1
A person shall launch a high power rocket only with the immediate knowledge, permission,
and attention of the safety monitor.
2-17.2
All persons in the launching, prepping, spectator, and parking areas during a countdown and
launch shall be standing and facing the launcher if requested to do so by the safety monitor.
Exception: Those individuals that have mobility restrictions.
2-17.3
The person launching a high power rocket shall precede the launch with a 5-sec countdown
audible throughout the launching, spectator, and parking areas. This countdown shall be given by
the person launching the rocket, the safety monitor, or other flying site operating personnel.
2-17.4
No person shall approach a high power rocket that has misfired until the safety interlock has
been removed or the battery has been disconnected from the ignition system, 1 min has passed,
and the safety monitor has given permission for only a single person to approach the misfired
rocket to inspect it.
2-18 Storage of High Power Rocket Motors, Motor Reloading Kits, and Pyrotechnic
Modules.
2-18.1
High power rocket motors, motor reloading kits, and pyrotechnic modules shall be stored in
reclosable, noncombustible containers away from open flames and sources of heat.
2-18.2
Smoking or open flames shall not be permitted in the launching area, prepping area, or within
25 ft (7.6 m) of any high power rocket motors, motor reloading kits, or pyrotechnic modules.
NOTE: A Tentative Interim Amendment has been issued on the following text; see page 1127-15.

2-18.3
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No more than 25 lb (11.3 kg) of net propellant weight of high power rocket motors, motor
reloading kits, or pyrotechnic modules shall be stored in a single-family dwelling.
2-18.3.1 Storage in a duplex or multifamily residence shall be permitted if no more than 25 lb
(11.3 kg) of net propellant weight of high power rocket motors, motor reloading kits, or
pyrotechnic modules is enclosed in a reclosable, noncombustible container and kept in a wooden
box or cabinet having a self-closing lid and all surfaces are at least 1-in. (2.5-cm) nominal
thickness, when approved by the authority having jurisdiction.
2-18.3.2 Storage of more than 25 lb (11.3 kg) net propellant weight of high power rocket motors,
motor reloading kits, or pyrotechnic modules shall be in accordance with Title 27, Code of
Federal Regulations, Part 55.
2-18.4
High power rocket motors, motor reloading kits, and pyrotechnic modules shall be stored in
accordance with all applicable federal, state, and local laws, rules, regulations, statutes, and
ordinances.
Chapter 3 Requirements for High Power Rocket Motors
3-1 Solid Propellant High Power Rocket Motors.
3-1.1
A solid propellant high power rocket motor shall be a device produced by a commercial
manufacturer and shall have all of the propellant either preloaded into the motor casing if a solid
propellant high power rocket motor is designed to be expendable, or shall be available in a
premanufactured module(s) if the propellant is designed to be used in a reloadable,
nonexpendable solid propellant high power rocket motor.
3-1.1.1 The solid propellant high power rocket motor shall be designed in such a manner that the
propellant:
(a) Cannot be removed without destroying the motor; or
(b) Is a premanufactured module(s) intended to be easily inserted into a reloadable,
nonexpendable solid propellant high power rocket motor.
3-1.1.2 Delay trains and ejection charges shall be permitted to be included as an integral part of
the motor or shall be permitted to be packaged separately if these auxiliary packages are
designed so that, in the opinion of the authority having jurisdiction, an individual would have no
difficulty handling and using them safely.
3-1.1.3 Propellant grains packaged in motor reloading kits for reloadable high power rocket
motors shall be shipped and stored in an insulating sleeve having a low thermal conductivity and
shall be of equal or greater length than the propellant grain and have a thickness of not less than
0.030 in. (0.80 mm).
3-1.2
A solid propellant high power rocket motor shall be designed so that the temperature of the
external surface of the motor casing shall not exceed 392°F (200°C) during or after operation.
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3-1.3
A solid propellant high power rocket motor casing shall be so designed and constructed that, if
it ruptures, it will not project any casing fragments beyond a radial distance of one-half the
distance shown as a safe distance in Table 2-15.3.
3-1.4
A solid propellant high power rocket motor whose casing is metallic shall be so designed and
constructed that its normal failure mode shall lead to all separated parts traveling along the
longitudinal axis of the motor. Such metal casings shall be made of aluminum (6061-T6 or
equivalent alloy) and, if used in reloadable motors, shall be designed to contain at least twice the
design maximum operating pressure of the motor before allowing failure to occur.
3-1.5
A solid propellant high power rocket motor or motor reloading kit or component shall be so
designed and constructed as to be incapable of ignition when subjected to temperatures of 125°C
(257°F) for a duration of no less than 30 min.
3-2 Manufacturer Requirements.
3-2.1
A manufacturer of a solid propellant high power rocket motor shall subject a random sample of
1 percent of each production lot to a static test that shall measure and record the high power
rocket motor’s total impulse, delay time, and action of ejection charge, if included. Solid
propellant high power rocket motor production lots shall be corrected, destroyed, or retested by
the manufacturer under any of the following conditions:
(a) The total impulse of any test item departs more than 20 percent from the certified mean
total impulse value of the high power rocket motor type.
(b) The time delay of any test item departs more than 20 percent from the established mean
time delay value of the high power rocket motor type. However, in no case shall this variation
exceed 3 sec.
(c) The ejection charge, if any, of any test item does not function properly.
(d) Any test item malfunctions in any other manner that affects the safety of its shipment,
storage, handling, or use. Static tests shall be conducted with the test items at ambient
temperature.
Exception: As an alternative to a random sample of 1 percent of each production lot, a written
quality control plan and record keeping acceptable to the recognized testing organization or the
authority having jurisdiction shall be permitted to be maintained for production lots of
propellant composition, delay composition, and motor components to ensure compliance with
3-2.1(a), (b), (c), and (d).
3-2.2
For a retest, a manufacturer shall test a minimum additional 2 percent of the production lot in
question. If any additional test item displays any of the above-mentioned conditions, the entire
production lot shall be corrected or destroyed by the manufacturer.
3-2.3
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An expendable or reloadable solid propellant high power rocket motor or motor reloading kit
whose performance deviates from the sample test criteria and performance limits detailed above
within three years from the date of manufacture shall be withdrawn from commercial sale and
redesigned to provide reliable operation when ignited within a period of three years from the
date of manufacture. If the expected shelf life is less than ten years, the manufacturer shall
imprint a “use before” date on the package or motor casing.
3-2.4
No manufacturer, distributor, or other person shall sell, offer to sell, expose for sale, or
otherwise make available to the public any type of high power rocket motor ignition device that
is intended to be initiated by a hand-held flame.
3-3 Shipping and Packaging.
3-3.1
A solid propellant high power rocket motor shall be shipped and stored with no ignition
element installed.
3-3.2
A solid propellant high power rocket motor or motor reloading kit shall be shipped and sold
with complete instructions for its storage, handling, and use. These instructions shall contain a
warning to read and follow all instructions carefully and to use the high power rocket motor only
according to instructions. In addition, the instructions shall contain the following:
(a) Information on how to safely ignite the high power rocket motor by electrical means;
(b) Performance data on the high power rocket motor type, including propellant weight, total
impulse, average thrust, time delay, and representative thrust-time curve;
(c) Any special first aid data or action to be taken in the event of burns or oral ingestion of the
propellant;
(d) Information on the proper and safe disposal of the high power rocket motor, motor
reloading kit, or pyrotechnic module, if it has become too old, has been subjected to conditions
that could impair its performance, or, in the opinion of the user, has become unsafe;
(e) Any special action that shall be taken to fight any fire in which stored high power rocket
motors, motor reloading kits, or modules are involved; and
(f) If a motor reloading kit, safety precautions for handling the propellant and pyrotechnic
materials and for cleaning and other necessary post-firing maintenance on the motor casing.
3-3.3
The package containing the motor reloading kit for use in a nonexpendable, reloadable high
power rocket motor shall have visible identification that will identify the motor casing type in
which it must be installed. The package containing the motor reloading kit shall display
instructions that the kit shall not be opened until the user is ready to install the motor reloading
kit parts, including the propellant module(s), in the nonexpendable, reloadable high power rocket
motor casing.
3-3.4
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A high power rocket motor or motor reloading kit shall have imprinted on its external surface
or package the name of the importer, manufacturer, or distributor and a recognized code
indicating its nominal performance parameters. It shall also have imprinted on its external
surface or package a lot number or manufacture date, which shall be permitted to be encoded.
3-3.5
High power rocket motors, motor reloading kits, and pyrotechnic components shall be marked
with information complying with the Federal Hazardous Substances Act of Title 16, Code of
Federal Regulations, Part 1500.
Chapter 4 High Power Solid Propellant Rocket Motor Testing and Certification
4-1 Certification Requirement.
A high power rocket motor type or motor reloading kit offered for sale, exposed for sale, sold,
used, or made available shall be examined and tested by the authority having jurisdiction to
determine whether or not the type complies with the requirements and tests detailed in Chapter 3.
4-1.1
The authority having jurisdiction shall certify as acceptable for sale and use those high power
rocket motor types and motor reloading kits that do comply.
4-1.2*
At the discretion of the authority having jurisdiction, such examination, testing, and
certification shall be permitted to be carried out by an approved testing laboratory or a national
user organization having such capabilities.
4-1.3
A prerequisite for this certification of a solid propellant high power rocket motor or motor
reloading kit shall be its prior classification by the U.S. Department of Transportation as a UN
Division 1.3 or 1.4 Explosive or a written acknowledgment from the U.S. Department of
Transportation that the high power rocket motor or motor reloading kit is a flammable solid.
4-1.4
The authority having jurisdiction shall examine an appropriate number of samples of a motor
or reloadable motor system for the following conditions before granting such certification:
(a) Verification that propellant composition complies with NFPA 1125, Code for the
Manufacture of Model Rocket and High Power Rocket Motors;
(b) Static testing to determine that total impulse and delay time comply with the requirements
of 3-2.1;
(c) For metal casing motors, destructive testing to ensure that the casing complies with the
requirements of 3-1.4;
(d) Thermal testing to ensure that the casing temperature during and after static firing complies
with 3-1.2;
(e) Heat sensitivity testing to ensure that the motor or motor reloading kit complies with 3-1.5;
and
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(f) Examination of the packaging, labeling, and instructions to verify compliance with all
provisions of this code.
4-1.5
Within 30 days, manufacturers shall report to the authority that originally certified a motor,
motor reloading kit, or component any changes in the design or performance of such motor,
motor reloading kit, or component made after its certification testing.
4-2 List of Certified High Power Rocket Motors.
The authority having jurisdiction shall maintain a current and complete list of all those high
power rocket motor types and motor reloading kits that are certified as complying with the
requirements and tests detailed in Chapter 3 and shall make copies of this list available to
citizens and public safety officials who request it.
Chapter 5 High Power Rocket Motor User Certification
5-1 Sales Only to Certified Users.
A high power solid propellant rocket motor or motor reloading kit shall be sold to, shipped to,
stored by, and used only by certified users.
NOTE: A Tentative Interim Amendment has been issued on the following text; see page 1127-15.

5-2 Maintenance of Selling Records.
5-2.1
High power solid propellant rocket motor manufacturers, distributors, and sellers shall
maintain a list of those certified users to whom they have sold high power solid propellant rocket
motors or motor reloading kits. This list shall contain the following information:
(a) Name and address of the purchaser;
(b) Name and address of the national user organization that has certified the user;
(c) The type and number of high power solid propellant rocket motors or motor reload kits sold
to the certified user; and
(d) The date of sale and shipment of high power solid propellant rocket motors or motor reload
kits to the certified user.
5-2.2
The manufacturer, distributor, or seller shall make available, on request and at a reasonable
time, the records specified in 5-2.1 to any law enforcement person or the authority having
jurisdiction. These records shall be kept for five years from the date of sale.
5-3 User Certification Provisions.
5-3.1
A person who is a certified user shall meet the following minimum provisions:
(a) The person shall be at least 18 years of age and shall provide proof of age upon applying
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for certification.
(b) The person shall show a level of knowledge and competence acceptable to the certifying
organization in handling, storing, and using a high power solid propellant rocket motor and high
power rockets.
(c) The person shall be a citizen of the United States of America and shall have no felony
convictions.
(d) The person shall possess a low explosives user permit or other such permit as required by
the Bureau of Alcohol, Tobacco, and Firearms for the handling of explosive materials.
5-3.2
The certifying organization shall maintain a list of all persons it has certified as high power
rocket motor users. This list shall be updated on a regular basis. Copies and updated copies of
this list shall be, upon request, sent to all manufacturers of certified high power rocket motors
and motor reload kits. The organization shall, upon request and at a reasonable time, make
available to any law enforcement official or authority having jurisdiction a copy of the list of
certified users.
Chapter 6 Prohibited Activities
6-1 Prohibited Acts.
The following activities shall be prohibited by this code:
(a) The use of a high power rocket motor for the primary purpose of producing a spectacular
display of color, light, sound, or any combination thereof.
Exception No. 1: This prohibition shall not be construed as prohibiting the public demonstration
of high power rockets as defined herein and as certified according to these regulations.
Exception No. 2: This prohibition shall not be construed as prohibiting the use of chemical
additives to the propellant to produce a brightly colored exhaust flare or dense colored smoke to
aid in following or tracking the rocket in flight.
(b) The use of a high power rocket or high power rocket motor as a weapon against a target.
(c) Tampering with a high power rocket motor, motor reloading kit, or module in any manner
or degree that is contrary to the purpose for which said high power rocket motor or motor
reloading kit is designed and intended to be used.
(d) The sale, offering for sale, exposing for sale, or otherwise making available a rocket motor
or motor reloading kit that does not comply with the requirements herein and has not been
certified in accordance with Chapter 4.
Exception No. 1: This prohibition shall not be construed as prohibiting the transfer of rocket
motors or motor reloading kits to a certifying authority for the purpose of testing for
certification.
Exception No. 2: This prohibition shall not be construed as prohibiting the transfer, sale,
offering for sale, exposing for sale, or otherwise making available model rocket motors, motor
reloading kits, or modules complying with NFPA 1122, Code for Model Rocketry.
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(e) The operation, discharge, or activation of a high power rocket contrary to the provisions of
Federal Aviation Administration regulations.
(f) The manufacture, production, fabrication, operation, maintenance, launch, flight, test,
discharge, or other experimentation with high power rocket motors, motor reloading kits, or
pyrotechnic modules that have not been certified in accordance with the provisions of Chapter 4
including, but not limited to, cold propellant rocket motors, hybrid rocket motors, liquid
propellant rocket motors, steam rocket motors, and rocket propellant chemicals, including
monopropellants, for solid, liquid, and hybrid rocket motors.
Exception: This prohibition shall not be construed as prohibiting the evaluation and certification
of new high power rocket motor technology by a recognized national user organization or an
authority having jurisdiction, provided that all other requirements of this code are complied with
and all activities are in accordance with applicable federal, state, and local laws, regulations,
and ordinances.
(g) The sale, offering for sale, exposing for sale, making, or using of fuse, wick, or other
ignition devices intended to be activated by a hand-held flame for the purpose of starting or
igniting a high power rocket motor.
(h) Affixing to a high power rocket motor or motor reloading kit a statement of compliance
with the regulations or statement of certification required by Chapter 4, or statements in writing
in advertising or on the package that certification according to Chapter 4 has been obtained,
when such certification has not been obtained, has been withdrawn, or has been denied.
(i) Reloading any expendable, disposable solid propellant high power rocket motor with any
material once said motor has been operated; or reloading any reloadable, nonexpendable solid
propellant high power rocket motor with any material or by any means not specifically provided
or recommended by the manufacturer.
(j) Selling or conveying a high power rocket motor or motor reloading kit to any person who is
not a certified user.
Exception: This prohibition shall not be construed as prohibiting the transfer of a single high
power rocket motor or motor reloading kit for the purpose of user certification.
(k) Possession, storage, or use of a high power rocket motor or motor reloading kit by any
person who is not a certified user.
Exception: This prohibition shall not be construed as prohibiting the possession, storage, or use
of a single high power rocket motor or motor reloading kit for the purpose of user certification.
(l) Persons participating in the prepping or launching of high power rockets, including
spectators in the prepping areas, that have consumed alcohol, narcotics, medication, or drugs that
could affect judgment, movement, or stability.
(m) The storage of high power rocket motors, motor reloading kits, or modules contrary to the
regulations of the U.S Bureau of Alcohol, Tobacco and Firearms.
(n) The transporting of high power rocket motors, motor reloading kits, or modules contrary to
the regulations of the U.S. Department of Transportation.
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Chapter 7 Referenced Publications
7-1
The following documents or portions thereof are referenced within this code and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
7-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NOTE: See Tentative Interim Amendment on page 1127-15.

NFPA 1122, Code for Model Rocketry, 1994 edition.
NFPA 1123, Code for Fireworks Display, 1995 edition.
NFPA 1124, Code for the Manufacture, Transportation, and Storage of Fireworks, 1995
edition.
NFPA 1125, Code for the Manufacture of Model Rocket and High Power Rocket Motors, 1995
edition.
NFPA 1126, Standard for the Use of Pyrotechnics before a Proximate Audience, 1992 edition.
7-1.2 U.S. Government Publications.
Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402.
Code of Federal Regulations, Title 16, Part 1500.
Code of Federal Regulations, Title 27, Part 55.
Code of Federal Regulations, Title 49, Parts 100 to end.
Federal Aviation Administration Regulations, from Code of Federal Regulations, Title 14,
Chapter 1, Subchapter F, Part 101.1 (a)(3)(ii), or revisions or amendments thereto.
United States Code, Title 49, Section 1348, “Airspace Control and Facilities,” 72 Statute 749,
Section 307.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
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labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-3 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-1-3 Certified High Power Rocket Motor.
Recognized testing organizations that certify high power rocket motors include, but are not
limited to, Tripoli Rocketry Association, Inc., the National Association of Rocketry, or their
successor organizations.
A-1-3 Certified User.
A certified user includes, but is not limited to, an individual who has licenses or certificates
from Tripoli Rocketry Association, Inc., the National Association of Rocketry, or their successor
organizations.
A-1-3 Code.
The decision to designate a standard as a “Code” is based on such factors as the size and scope
of the document, its intended use and form of adoption, and whether it contains substantial
enforcement and administrative provisions.
A-1-3 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The authority having jurisdiction should utilize the system employed by the listing organization
to identify a listed product.
A-2-13 First Aid.
First aid facilities or medical help suitable to the number of participants and spectators and the
maximum size, weight, and power of the rockets operated should be made available.
A-4-1.2
Recognized testing organizations include, but are not limited to, Tripoli Rocketry Association,
Inc., the National Association of Rocketry, or their successor organizations.
Appendix B Referenced Publications
B-1
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The following documents or portions thereof are referenced within this code for informational
purposes only and thus are not considered part of the requirements of this document. The edition
indicated for each reference is the current edition as of the date of the NFPA issuance of this
document.
B-1.1 NAR Publication.
National Association of Rocketry, P.O. Box 177, Altoona, WI 54720-0177.
High Power Rocket Safety Code of the National Association of Rocketry, 1991.
B-1.2 Tripoli Rocketry Association Publication.
Tripoli Rocketry Association, Inc., P.O. Box 339, Kenner, LA 70063-0339.
High Power Rocket Safety Code of Tripoli Rocketry Association, Inc.
Tentative Interim Amendment
NFPA 1127
Code for High Power Rocketry
1995 Edition

Reference: 2-18.3, 2-18.4, 5-2(New)
TIA 95-1 (NFPA 1127)
Pursuant to Section 4 of the NFPA Regulations Governing Committee Projects, the National Fire
Protection Association has issued the following Tentative Interim Amendment to NFPA 1127,
Code for High Power Rocketry, 1995 edition. The TIA was processed by the Pyrotechnics
Committee and was issued by the Standards Council on July 21, 1995, with an effective date of
August 11, 1995.
A Tentative Interim Amendment is tentative because it has not been processed through the entire
standards-making procedures. It is interim because it is effective only between editions of the
standard. A TIA automatically becomes a proposal of the proponent for the next edition of the
standard; as such, it then is subject to all of the procedures of the standards-making process.
1. Revise the wording of 2-18.3 in proposed NFPA 1127, 1995 edition, to read as follows:
2-18.3
No more than 50 lb (22.7 kg) of net propellant weight of high power rocket motors, motor
reloading kits, or pyrotechnic modules shall be stored in a Type 3 or a Type 4 indoor magazine
as described in NFPA 495, Explosive Materials Code. Indoor magazines shall be painted red,
and the top shall bear the words “EXPLOSIVES — KEEP FIRE AWAY” in white letters at least
3 in. (76 mm) high.
Exception: This requirement shall not apply to solid propellant rocket motors, motor reloading
kits, pyrotechnic modules, or any other solid propellant rocket motor products that are exempt
under Title 27, Code of Federal Regulations, Part 55, Subpart H, Section 55.141.
2-18.3.1 The magazine shall not be located in any residence.
2-18.3.2 The indoor magazine shall be permitted to be located in a detached garage or
outbuilding substantially removed or segregated from any residence.
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2-18.3.3 The indoor magazine shall be permitted to be located in an attached garage in a
single-family residence.
2-18.3.4 The indoor magazine shall be permitted to be located in an attached garage of a
multifamily residence or duplex if the magazine is surrounded on all sides by a 1-hr fire-rated
barrier.
2. Add the following new section 2-18.4 to proposed NFPA 1127, 1995 edition, to read as
follows and renumber existing section 2-18.4 as 2-18.5:
2-18.4 Large Quantity Storage.
2-18.4.1 More than 50 lb (22.7 kg) of net propellant weight of high power rocket motors, motor
reloading kits, or pyrotechnic modules shall be stored in a Type 4 outdoor magazine or greater as
described in NFPA 495, Explosive Materials Code, and Title 27, Code of Federal Regulations,
Part 55.High Power Rocketry
Exception: This requirement shall not apply to solid propellant rocket motors, motor reloading
kits, pyrotechnic modules, or any other solid propellant rocket motor products that are exempt
under Title 27, Code of Federal Regulations, Part 55, Subpart H, Section 55.141.
2-18.4.2 The magazine shall meet the distance requirements in Table 2-18, Table of Storage
Distances for Low Explosives.
Table 2-18 Table of Storage Distances for Low Explosives
Pounds (kg)

Distances in Feet (m)

Over
0 (0)
1000

From Public

From

Building

Railroad and

Above-Ground

Not Over
1000

(454)

From Inhabited

(454)

Highway

Magazine

75 (23)

75 (23)

50 (15)

5000

(2268)

115 (35)

115 (35)

75 (23)

5000 (2268)

10,000

(4536)

150 (46)

150 (46)

100 (30)

10,000 (4536)

20,000

(9072)

190 (58)

190 (58)

125 (38)

20,000 (9072)

30,000 (13,608)

215 (66)

215 (66)

145 (44)

30,000 (13,608)

40,000 (18,144)

235 (72)

235 (72)

155 (47)

40,000 (18,144)

50,000 (22,680)

250 (76)

250 (76)

165 (50)

50,000 (22,680)

60,000 (27,216)

260 (79)

260 (79)

175 (53)

60,000 (27,216)

70,000 (31,751)

270 (82)

270 (82)

185 (56)

70,000 (31,751)

80,000 (36,287)

280 (85)

280 (85)

190 (58)

80,000 (36,287)

90,000 (40,823)

295 (90)

295 (90)

195 (59)

90,000 (40,823)

100,000 (45,360)

300 (91)

300 (91)

200 (61)
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100,000 (45,360)

200,000 (90,718)

375 (114)

375 (114)

250 (76)

200,000 (90,718)

300,000 (136,078)

450 (137)

450 (137)

300 (91)

* Table is extracted from 27 CFR, Part 55 (BATF regulations for the storage of explosive materials).

3. Insert a new section 5-2 to proposed NFPA 1127, 1995 edition, to read as follows:
5-2 User Permit Requirements.
A “User of Low Explosives Permit” as defined in Title 27, Code of Federal Regulations, Part
55, is required prior to both of the following:
(a) Acquisition by a certified user of a high power solid propellant rocket motor(s) or motor
reloading kit(s) in a state other than where the user resides.
Exception No. 1: This requirement shall not apply to the transportation, shipment, or receipt of
high power rocket motor(s) or motor reloading kit(s) by a nonpermittee who lawfully purchases
high power rocket motor(s) or motor reloading kit(s) from a licensee in a state contiguous to the
purchaser’s state of residence, if the purchaser’s state of residence has enacted legislation,
currently in force, specifically authorizing a resident of that state to purchase explosive
materials in a contiguous state.
Exception No. 2: This requirement shall not apply to solid propellant rocket motors, motor
reloading kits, pyrotechnic modules, or any other solid propellant rocket motor products that are
exempt under Title 27, Code of Federal Regulations, Part 55, Subpart H, Section 55.141.
(b) Transportation by a certified user of a high power solid propellant rocket motor(s) or motor
reloading kit(s) to a state other than where the user resides.
Exception No. 1: This requirement shall not apply to the transportation, shipment, or receipt of
high power rocket motor(s) or motor reloading kit(s) by a nonpermittee who lawfully purchases
high power rocket motor(s) or motor reloading kit(s) from a licensee in a state contiguous to the
purchaser’s state of residence, if the purchaser’s state of residence has enacted legislation,
currently in force, specifically authorizing a resident of that state to purchase explosive
materials in a contiguous state.
Exception No. 2: This requirement shall not apply to solid propellant rocket motors, motor
reloading kits, pyrotechnic modules, or any other solid propellant rocket motor products that are
exempt under Title 27, Code of Federal Regulations, Part 55, Subpart H, Section 55.141.
4. Renumber the subsequent portions of Chapter 5.
5. Add the following referenced publications to the existing list in Chapter 7, Referenced
Publications.
7-1.1 NFPA Publications.
NFPA 495, Explosive Materials Code, 1992 edition.
7-1.2 U.S. Government Publications
Title 27, Code of Federal Regulations, Part 55.
Copyright © 1995 All Rights Reserved
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NATIONAL FIRE PROTECTION ASSOCIATION

NFPA 1141
1990 Edition
Standard for Fire Protection in Planned Building Groups

Copyright © 1990 NFPA, All Rights Reserved
1990 Edition
This edition of NFPA 1141, Standard for Fire Protection in Planned Building Groups, was
prepared by the Technical Committee on Forest and Rural Fire Protection and acted on by the
National Fire Protection Association, Inc. at its Annual Meeting held May 21-24, 1990 in San
Antonio, TX. It was issued by the Standards Council on July 20, 1990, with an effective date of
August 17, 1990, and supersedes all previous editions.
The 1990 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1141
Work on this standard was begun in 1972 by the former Technical Committee on Suburban
and Rural Fire Prevention and Promotion in response to needs expressed by several members.
Several drafts were prepared and a document was adopted by the Correlating Committee on
Suburban and Rural Fire Protection and Prevention (predecessor to present committee) for
presentation at the 1977 Annual Meeting. Due to technical problems, the standard was
withdrawn from the meeting agenda.
Following reorganization of the Committee in 1982, a task group undertook a review and
update of the 1977 document which resulted in the 1985 edition. The current Committee has
revised the 1985 edition resulting in the 1990 edition.
Technical Committee on Forest and Rural Fire Protection
R. L. Bjornsen, Chairman
FMA Int’l, Inc.
James T. Wooters, Vice Chairman
DeKalb Cnty Fire Services
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Mary D. Chambers, Secretary
Bernalillo Cnty Fire District 10
Fred G. Allinson, Nat’l Volunteer Fire Council
Lee Barkow, USDI Bureau of Land Management
Lynn R. Biddison, Chemonics, Fire-Trol
John E. Bunting, New Boston Fire Dept.
Richard J. Day, California Dept. of Forestry & Fire Protection
Dennis Dube, Forestry Canada
J. A. Foster, ISO Commercial Risk Services Inc.
Donald C. Freyer, Georgia Forestry Commission
William Goldfeder, Loudoun Cnty Dept. of Fire/Rescue Services
Rep. IAFC
Salvatore M. Grasso, Fred S. James & Co. of NY Inc.
Edward T. Grohe, Western Fire Equipment Co.
Roy G. Hatcher, Iowa Conservation Commission
Louis G. Jekel, Rural/Metro Corp.
Ralph R. Lafferty, MacMillan Bloedel Ltd.
Michael W. Lowder, Bladen Cnty Office of Emergency Services
Paul G. Mason, M&M Protection Consultants
Richard E. Montague, Incident Management Concepts
Frederick S. Richards, NYS Dept. of State
Rep. FMANA
James C. Sorenson, USDA Forest Service
Robert M. Swinford, USDA Forest Service
Gary O. Tokle, CA State Fire Marshal’s Office
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Howard L. Vandersall, Lawdon Fire Services, Inc.
John Vieweger, ANSUL Fire Protection
Louis A. Witzeman, Scottsdale Fire Dept.
Alternates
John F. Marker, USDA Forest Service
(Alternate to R. M. Swinford)
Edward G. Mazurkiewicz, M&M Protection Consultants
(Alternate to P. G. Mason)
Edward F. Straw, ISO Commercial Risk Services Inc.
(Alternate to J. A. Foster)
David D. Walizer, CA State Fire Marshal’s Office
Rep. FMANA (Alternate to G. O. Tokle)
William J. Baden, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.

NFPA 1141
Standard for
Fire Protection in Planned Building Groups
1990 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 4 and Appendix B.

Chapter 1 Purpose and Scope
1-1 Purpose.
The purpose of this standard is to consolidate into one document the necessary requirements
for the prevention or minimizing of loss of lives and property that may result from fire in
buildings that are a part of planned building groups.
1-2 Scope.
1-2.1
This standard is intended to apply to all developments meeting the definition of planned
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building groups and may be used as guidance in other situations where a number of buildings are
constructed in an area with limited access, water supply, or other distinguishing features that
may be referred to in this standard. This standard is not intended to apply to mobile home or
recreation vehicle parks, which are provided for in NFPA 501A, Standard for Firesafety Criteria
for Manufactured Home Installations, Sites, and Communities, and NFPA 501D, Standard for
Firesafety Criteria for Recreational Vehicle Parks and Campgrounds, respectively, nor to farm
properties.
1-2.2
This standard shall not be construed as prohibiting better construction or planning features that
will materially improve fire protection, fire control, or fire prevention.
1-2.3
The provisions of this standard are intended to encourage the use of innovative alternatives
that are deemed through inspection, tests, or other substantive means as meeting the intent of this
standard by the authority having jurisdiction. These alternatives require monitoring by the
authority having jurisdiction to ensure the integrity of the provisions of this standard.
1-2.4
This standard shall not be construed as altering any existing code, law, or regulation that may
require fire protection features not covered or alluded to in this standard, nor shall it waive any
requirements of any code, law, or regulation. When any conflict exists between this standard and
any other applicable code, law, regulation, or order, the provisions of the applicable code, law,
regulation, or order shall prevail.
1-2.5
This standard is not intended to set forth general fire prevention features or procedures that
may be covered in other codes or standards, nor shall it prohibit the commonsense use of fire
prevention measures. (See Appendix B.)
Chapter 2 Definitions
2-1 Definitions.
Words defined in this standard are intended for use only with the sections of this standard.
Definitions set forth in any document referenced by this standard shall be the acceptable
definitions for use of that document only. Words not specifically defined in this standard or other
referenced documents shall be interpreted as being the ordinary usage of the word as set forth in
Webster’s Third New International Dictionary of the English Language, Unabridged, as
published by the G & C Merriam Company, Springfield, Massachusetts, in 1966.
Alternative. A system, condition, arrangement, material, or equipment submitted to the fire
marshal as a substitute for a code requirement.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
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authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or departmental official
may be the “authority having jurisdiction.”

Automatic Fire Extinguishing System. Any system that is designed and installed to detect a
fire and subsequently discharge an extinguishing agent without human activation or direction.
Basement. A story with more than 50 percent of its cubic volume below grade.
Curb Cut. Reduced curb height to facilitate vehicle passage over or across a curb. Curb cut can
be an abrupt reduction or may be a tapering reduction for the length of the curb on each side of
the means of access.
Dwelling. A single unit providing complete and independent living facilities for one or more
persons, including permanent provisions for living, sleeping, eating, cooking, and sanitation.
Existing Condition. Any situation, circumstance, or physical makeup of any structure, premise,
or process that was ongoing or in effect prior to the adoption of this standard.
Farm Properties. Those properties that are used primarily for agricultural purposes.
Fire Department. The governmental, quasi-governmental, or other organization that is
responsible for providing fire protection services to an area.
Fire Door. A tested, listed, or approved door and door assembly constructed and installed for
the purpose of preventing the spread of fire through openings in walls, partitions, or other
horizontal or vertical construction. (See NFPA 80, Standard for Fire Doors and Windows, for
classification and types of fire doors.)
Fire Hazard. Any situation, process, material, or condition that, on the basis of applicable data,
may cause a fire or explosion or provide a ready fuel supply to augment the spread or intensity of
the fire or explosion and that poses a threat to life or the property of others.
Fire Hydrant. A valved connection on a piped water supply system having one or more outlets
and that is used to supply hose and fire department pumpers with water.
Fire Lane. The road or other passageway developed to allow the passage of fire apparatus.
Fire Marshal. The individual designated as the administrative head of the agency, bureau, or
division responsible for the administration and enforcement of the fire protection laws of the
jurisdiction. For purposes of utilizing this standard, this term shall also apply to any person
designated as a representative of the fire marshal.
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Fire Protection System. Any fire alarm device or system or fire extinguishing device or
system, or their combination, that is designed and installed for detecting, controlling, or
extinguishing a fire or otherwise alerting occupants, or the fire department, or both, that a fire
has occurred.
Floor Area, Gross. The floor area within the inside perimeter of the outer walls of the building
under consideration with no deduction for hallways, stairs, closets, thickness of interior walls,
columns, or other features. Where the term area is used elsewhere in this code, it shall be
understood to be gross area unless otherwise specified.
Grade. The reference plane representing the average elevation of finished ground level
adjoining the building at all exterior walls.
Height. As applied to a building, height means the vertical distance from grade to the average
elevation of the roof of the highest story.
Jurisdiction. Any governmental unit or political division or subdivision including, but not
limited to: township, village, borough, parish, city, county, state, commonwealth, province,
freehold, district, or territory over which the governmental unit exercises power and authority.
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The “authority having
jurisdiction” should utilize the system employed by the listing organization to identify a listed product.

Means of Access. The method or arrangement by which entry or approach is made to a
building area by fire department apparatus.
Municipal-Type Water Systems. A system having water pipes servicing hydrants and designed
to furnish, over and above domestic consumption, a minimum flow of 250 gpm at 20 psi residual
pressure for a two hour duration.
Planned Building Groups. Multiple structures constructed on a parcel of land that is under the
ownership, control, or development by one individual, corporation, partnership, or firm,
excluding farms, manufactured home installations, sites, and communities and recreational
vehicle parks and campgrounds.
Private Building. Any building or that portion of a building that is normally not frequented by
nor open to the public.
Private Drive. The same as Private Street.
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Private Dwelling. The same as Dwelling.
Private Road. The same as Private Street.
Private Street. Any access way normally intended for vehicular use in the movement between
points within a planned building group area or between the planned building group area and a
street.
Roadway. Any street, private street, or fire lane.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Standpipe. A pipe and attendant hose valves and hose (if provided) used for conveying water
to various parts of a building for fire fighting purposes. (See NFPA 14, Standard for the
Installation of Standpipe and Hose Systems.)
Story. That portion of a building included between the upper surface of the floor and the upper
surface of the floor or roof next above.
Street. A public thoroughfare (street, avenue, or boulevard) that has been dedicated for
vehicular use by the public and can be used for access by fire department vehicles.
Structure. Any building, monument, or other object that is constructed with the ground as its
foundation or normal resting place.
Supervised Automatic Fire Extinguishing System. Any automatic fire extinguishing system
that is constantly monitored so as to determine its operating condition at all times.
System. Several items of equipment, assembled, grouped, or otherwise interconnected, for the
accomplishment of a specific purpose or function.
Wildfire. An unplanned and unwanted fire requiring suppression action; an uncontrolled fire,
usually spreading through vegetative fuels but often threatening structures.
Chapter 3 General Requirements
3-1* Means of Access for Fire Department Apparatus.
3-1.1
Means of access for fire department apparatus shall consist of fire lanes, private streets, streets,
parking lot lanes, or a combination thereof.
3-1.2
Means of access for fire department apparatus shall be provided to all structures in planned
building groups in accordance with Section 3-1 and the applicable provisions of Sections 3-2
through 3-9.
3-1.3*
Means of access for fire department apparatus shall be constructed of a hard, all-weather
surface adequately designed to support the heaviest piece of fire apparatus likely to be operated
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on the fire lane, private street, street, or parking lot lane.
3-1.4
Every dead-end roadway more than 300 ft (91 m) in length shall be provided at the closed end
with a turnaround acceptable to the fire department.
3-1.5*
Turns in roadways shall maintain the minimum road width.
3-1.5.1 Turns in publicly owned or privately owned major feed roadways shall be constructed
with a minimum radius of 100 ft (30.5 m) to the centerline.
3-1.5.2 Turns in other privately owned means of access shall be constructed with a minimum
radius of 25 ft (7.5 m) at the inside curb line and a radius of 50 ft (15 m) at the outside curb line.
3-1.6*
Roadways shall be not less than 24 ft (7 m) wide provided no parking is allowed, not less than
30 ft (9 m) wide if parallel parking is allowed on one side, and not less than 36 ft (10.5 m) wide
if parallel parking is allowed on both sides.
3-1.7
Parking in any means of access shall not be permitted within 20 ft (6 m) of a fire hydrant,
sprinkler, or standpipe connection or in any other manner that will obstruct or interfere with the
fire department’s use of the hydrant or connection.
3-1.8
“No Parking” signs or other designation indicating that parking is prohibited shall be provided
at all normal and emergency access points to structures and within 20 ft (6 m) of each fire
hydrant, sprinkler, or standpipe connection.
3-1.9
Where no recognized water supply distribution system exists, appropriate access shall be
provided for water supplies in accordance with the provisions of NFPA 1231, Standard on Water
Supplies for Suburban and Rural Fire Fighting.
3-2 Fire Lanes.
3-2.1*
Fire lanes shall be provided as required by the fire department having jurisdiction and in
keeping with the following requirements.
3-2.2
Fire lanes shall be at least 20 ft (6 m) in width with the road edge closest to the structure at
least 10 ft (3 m) from the structure.
3-2.3*
“No Parking — Tow-Away Zone” signs shall be posted in accordance with the instructions of
the fire department having jurisdiction, and a method of enforcing such provisions shall be
provided.
3-2.4
Fire lanes connecting to public streets, roadways, or private streets shall be provided with curb
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cuts extending at least 2 ft (0.6 m) beyond each edge of the fire lane.
3-2.5
The designation and maintenance of fire lanes on private property shall be accomplished as
specified by the fire department having jurisdiction.
3-3* Parking Lot Lanes.
Parking lot lanes shall have a minimum of 25 ft (7.5 m) clear width between rows of parked
vehicles for vehicular access and movement.
3-4 Grades.
3-4.1
Grades shall be no more than 10 percent.
Exception: The authority having jurisdiction may allow steeper grades where mitigation
measures can be agreed upon jointly by the fire chief and the road engineer.
3-4.2
Any secondary road intersecting with another road shall be sloped one to three percent down
and away from the intersection for a distance of 100 ft (30.5 m) from the intersection.
3-4.3
Grades shall be no less than 0.5 percent in order to prevent pooling of water in the traveled
way.
3-5 Location of Structures.
3-5.1
Structures exceeding 1000 sq ft (93 sq m) gross floor area shall not be set back more than 50 ft
(15 m) from an approved fire lane or street.
Exception No. 1: All perimeter walls of a structure and all exterior doors into the structure
constructed as a part of a planned building group are permitted to be within 200 ft (61 m) of an
approved fire lane or street when the structure is protected by an automatic sprinkler system in
accordance with NFPA 13, Standard for the Installation of Sprinkler Systems, NFPA 13D,
Standard for the Installation of Sprinkler Systems in One- and Two-Family Dwellings and
Mobile Homes, or NFPA 13R, Standard for the Installation of Sprinkler Systems in Residential
Occupancies up to Four Stories in Height, and is less than 30 ft (9 m) in height.
Exception No. 2: When any combination of private fire protection facilities, including but not
limited to fire-resistive roofs, fire separation walls, space separation, and automatic fire
extinguishing systems, is provided and approved by the fire marshal as an acceptable
alternative, 3-5.1 shall not apply.
3-5.2
All structures exceeding three stories in height and 3,000 sq ft (279 sq m) in ground floor area
and containing nonrated openings in exterior walls facing other structures shall be separated
from other structures by at least 50 ft (15 m) of clear space between structures, and 25 ft (8 m)
from a common property line. (See 1-2.4.)
3-5.3*
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At least two means of access for fire apparatus shall be provided for each structure exceeding
30 ft (9 m) or three stories in height, not less than one of which shall be a fire lane or street.
3-5.4*
At least 14 ft (4 m) of nominal clearance shall be provided over the full width of streets,
private streets, fire lanes, and other means of vehicular access.
3-5.5*
Landscaping or other obstructions shall not be placed around structures in a manner so as to
impair or impede accessibility for fire fighting and rescue operations.
3-5.6*
The location of structures and access to each structure shall be approved by the fire marshal
before permits for construction are issued.
3-6 Fire Protection.
3-6.1
All structures more than three stories in height or over 50 ft (15 m) in height above grade and
containing intermediate stories or balconies shall be equipped with a standpipe system in
accordance with the provisions of NFPA 14, Standard for the Installation of Standpipe and Hose
Systems (see 1-2.4). Fire department standpipe connections shall be located within 50 ft (15 m)
of a fire hydrant.
Exception: This section shall not apply to industrial process structures where life or property of
others is not imperiled by fire or explosion.
3-6.2
Automatic fire extinguishing systems shall be required as set forth in the applicable NFPA
code or standard for the intended occupancy of the structures or as may be otherwise required by
the authority having jurisdiction. All such systems shall be installed in accordance with the
applicable NFPA standard or code for the type of fire extinguishing system installed. (See
Appendix B.)
3-6.2.1 Any residential building containing more than four living units shall have an automatic
extinguishing system installed according to NFPA 13, Standard for the Installation of Sprinkler
Systems, NFPA 13D, Standard for the Installation of Sprinkler Systems in One-and Two-Family
Dwellings and Mobile Homes, or NFPA 13R, Standard for the Installation of Sprinkler Systems
in Residential Occupancies up to Four Stories in Height, whichever is appropriate.
3-6.2.2 Fire department connections for sprinkler systems shall be located within 50 ft (15 m) of
a fire hydrant
3-6.3*
A portable fire extinguisher having a minimum rating of 2-A, 10-BC shall be provided in each
dwelling unit. (See Appendix B.)
3-6.4
An approved single station smoke detector(s) or an approved automatic detection system shall
be installed in each dwelling unit in accordance with NFPA 74, Standard for the Installation,
Maintenance, and Use of Household Fire Warning Equipment. The automatic detection system
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shall include at least one smoke detector in each dwelling unit. (See Appendix B.)
3-6.5
For other than dwelling units, a fire warning or alarm system shall be provided in accordance
with the applicable NFPA code or standard for the intended occupancy of the structure. Such
systems shall be installed in accordance with the applicable NFPA code or standard for the type
of system installed and shall be designed to alert occupants under emergency conditions and to
retransmit to ensure notification of the fire department. Alarms or warning systems shall be
tested and maintained in accordance with the applicable NFPA code or standard or as may be
required by the authority having jurisdiction. (See Appendix B.)
3-7 Water Supply.
(See Appendix B.)
3-7.1
Water supply systems not publicly owned and installed shall meet the minimum requirements
of NFPA 24, Standard for the Installation of Private Fire Service Mains and Their
Appurtenances, or NFPA 1231, Standard on Water Supplies for Suburban and Rural Fire
Fighting, where no recognized water supply distribution exists.
3-7.2
Fire hydrants shall be provided in a ratio of at least one fire hydrant for every 160,000 sq ft
(8370 sq m) of ground area or portion thereof involved in the development subject to the fire
flow requirements established by the authority having jurisdiction.
Exception: This requirement shall not apply to land planned or left for other than structural
development.
3-7.2.1 The fire flow requirements shall be not less than that established by the fire department
having jurisdiction. In cases where a water supply system consisting of mains and hydrants does
not exist, the provisions of NFPA 1231, Standard on Water Supplies for Suburban and Rural
Fire Fighting, shall apply.
3-7.2.2 Water supplies shall be capable of supplying the required fire flow for at least one hour
for fire flows of 1500 gpm (6750 L/min) at 20 psi (1.38 bars) or less or for two hours for fire
flow greater than 1500 gpm (6750 L/min) at 20 psi (1.38 bars).
Exception: In those situations where the provisions of NFPA 1231, Standard on Water Supplies
for Suburban and Rural Fire Fighting, are utilized, 3-7.2.2 shall not apply.
3-7.2.3* The contractor or installer of water supply systems in planned building groups shall
demonstrate by actual test that the capacity of the water supply system will meet fire protection
design requirements. Fire flow performance tests shall be witnessed by the fire department and
other authorities having jurisdiction who desire to do so.
3-7.3
Where a municipal-type water supply is provided, distances between installed fire hydrants
shall not exceed 300 ft (91 m) unless fire department operations or technology would otherwise
dictate increased spacing. For buildings exceeding 20,000 sq ft (1860 sq m) in ground floor area,
a fire hydrant shall be installed within 300 ft (91 m) of any portion of the exterior of the building.
Actual location of fire hydrants shall be as required by the fire department prior to installation.
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3-7.3.1 Where a municipal-type water system is not provided and the provisions of NFPA 1231
are utilized, the maximum distance from any point of a structure to a pumper connection shall be
determined by the fire department.
3-7.4
Fire hydrants shall be marked in a uniform manner.
NOTE: NFPA 291, Recommended Practice for Fire Flow Testing and Marking of Hydrants, provides
information on the uniform marking of hydrants.

3-7.5
Fire hydrants located in parking areas shall be protected by barriers that will prevent physical
damage from vehicles.
3-7.6
Fire hydrants shall be located within 3 ft (0.9 m) of the curb line of fire lanes, streets, or
private streets when installed along such access ways.
3-7.7*
Fire hydrants shall be properly installed.
3-7.8
Threads on fire hydrant outlets shall be American National Fire Hose Connection Screw
Threads and shall be equipped with thread adapters when the local fire department thread is
different. (See NFPA 1963, Standard for Screw Threads and Gaskets for Fire Hose
Connections.)
3-7.9
Fire hydrants shall be supplied by not less than a 6-in. (15-cm) diameter main installed on a
looped system or not less than an 8-in. (20-cm) diameter main if the system is not looped or the
fire hydrant is installed on a dead-end main exceeding 300 ft (91 m) in length.
3-7.10
Dead-end mains shall not exceed 600 ft (182.5 m) in length for main sizes under 10 in. (25 cm)
in diameter.
3-8 Construction of Structures.
3-8.1*
Construction of each structure shall be equal to the requirements of the building code of the
jurisdiction.
3-8.2
Common walls between tenants or dwelling units shall have a fire resistance rating of not less
than 1 hour.
3-8.3
Roof coverings shall be Class C or better when tested in accordance with NFPA 256, Standard
Methods of Fire Tests of Roof Coverings.
3-9 Fire Protection during Construction.
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(See Appendix B.)
3-9.1
Protection shall be not less than that required by the fire department having jurisdiction.
3-9.2
Fire department vehicular access to all structures under construction shall be provided at all
times. In areas where ground surfaces are soft or likely to become soft, hard, all-weather surface
access roads shall be provided. (See 3-1.3.)
3-9.3
The fire protection water supply system, including fire hydrants, shall be installed and in
service prior to placing combustible building materials for structures or combustible pretested
fabricated building assemblies on the project site or utilizing them in the construction of building
structures. If phased construction is planned, coordinated installation of the fire protection water
system is permitted. (See 3-7.2.3.)
3-9.4
Trash and debris shall be removed from the construction site as often as necessary to maintain
a firesafe construction site.
3-9.5
Flammable or combustible liquids shall be stored, handled, or used on the construction site in
accordance with the applicable provisions of NFPA 30, Flammable and Combustible Liquids
Code; NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum Gases; and
NFPA 395, Standard for the Storage of Flammable and Combustible Liquids on Farms and
Isolated Construction Projects.
3-9.6
At least one portable fire extinguisher having a rating of at least 4-A, 30-BC shall be within a
travel distance of 75 ft (22.5 m) or less to any point of a structure under construction. Personnel
normally on the construction site shall be instructed in the use of the fire extinguishers provided.
(See Appendix B.)
3-9.7*
A method of security shall be provided on the construction site during the hours when
construction workers are not present on the site.
3-10 Plans.
3-10.1
All plans for planned building groups shall be submitted to the authority having jurisdiction
for approval before the issuance of the construction permit. If a planned building group is
exposed to wildfire, as part of the plan development and submittal a wildfire protection
assessment, a fire behavior potential evaluation, and a fuel management planning analysis shall
be submitted to the authority having jurisdiction. This approval procedure shall include the fire
department having jurisdiction.
3-10.2
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In addition to the requirements of 3-10.1, a small-scale drawing of the site’s surrounding area
showing streets, access points, water supply sources, and other items of fire suppression interest
shall be submitted to the local fire department before the start of any construction. (See 1-2.4.)
3-10.3
Drawings showing building floor plans, fire protection systems, and items of fire suppression
interest shall be submitted to the fire department having jurisdiction, as requested, upon
completion of the project.
Chapter 4 Referenced Publications
4-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
4-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 14-1990, Standard for the Installation of Standpipe and Hose Systems
NFPA 24-1987, Standard for the Installation of Private Fire Service Mains and Their
Appurtenances
NFPA 30-1990, Flammable and Combustible Liquids Code
NFPA 58-1989, Standard for the Storage and Handling of Liquefied Petroleum Gases
NFPA 74-1989, Standard for the Installation, Maintenance, and Use of Household Fire
Warning Equipment
NFPA 256-1987, Standard Methods of Fire Tests of Roof Coverings
NFPA 395-1988, Standard for the Storage of Flammable and Combustible Liquids on Farms
and Isolated Construction Projects
NFPA 501A-1987, Standard for Firesafety Criteria for Manufactured Home Installations,
Sites, and Communities
NFPA 501D-1990, Standard for Firesafety Criteria for Recreational Vehicle Parks and
Campgrounds
NFPA 1231-1989, Standard on Water Supplies for Suburban and Rural Fire Fighting
NFPA 1963-1985, Standard for Screw Threads and Gaskets for Fire Hose Connections.
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-3-1
This section is intended to apply to roads constructed within the confines of private property
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whether they be dedicated or not.
A-3-1.3
A fire lane may be subsurface construction of a hard material adequately designed to support
the heaviest piece of fire apparatus likely to be driven upon it and then covered with no more
than 3 in. (7.6 cm) of soil, sod, or both. When a subsurface fire lane is constructed it should be
identified in a manner acceptable to the fire department.
A-3-1.5
Turns in roads of this width must be designed and constructed as indicated or fire apparatus
will have to ride up on the curb. Sharper turns may prohibit or seriously detain apparatus
response.
A-3-1.6
Road width should be sufficient for travel, passing other vehicles, and operating from
apparatus in the vicinity of the fire scene.
A-3-2.1
Barriers may be provided at the entrance to fire lanes or private streets, provided they are
installed according to the requirements of the fire department having jurisdiction. Break-away
locks may be used.
A-3-2.3
The local law enforcement officers must be given written legal authority to enforce parking
regulations, or property management must be prepared to enforce these regulations with their
own personnel, including the towing of vehicles as may be necessary.
A-3-3
Current design criteria for parking lots allow variable lane widths depending on individual
parking space width and angle of the space with respect to the sides of the lot. The Institute of
Transportation Engineers Transportation and Traffic Engineering Handbook, using this type of
criteria, suggests lane widths varying from 11 to 28 ft (3.4 to 8.5 m). These dimensions are based
upon access to the parking space only and do not consider space requirements for normal
operations of emergency vehicles.
A-3-5.3
For taller buildings it may be necessary that provision be made to position apparatus on two or
more sides of the building for effective fire fighting and rescue operations. Ground ladders can
be effectively used on the shorter buildings. Taller buildings normally require the use of aerial
ladders. Preferably, access should be provided in the front and rear of the structure.
A-3-5.4
Clearances of less than 14 ft (4 m) may prohibit or severely slow the response of certain types
or makes of fire apparatus.
A-3-5.5
This would include obstructions obscuring or interfering with fire department connections to
sprinkler and/or standpipe systems.
A-3-5.6
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Plan review and cooperative solutions to problems in the planning stage tend to eliminate
many major difficulties, economic waste, and misunderstandings. For example, an identification
system for all buildings and roadways can aid in fire department response.
A-3-6.3
This requirement may be met by providing one multipurpose dry chemical fire extinguisher or
one Class A and one Class BC fire extinguisher. The recommendation for providing these
extinguishers in the dwelling unit is basically for security.
A-3-7.2.3 It is recommended that the fire department consider the required fire flow as
established by the insurance rating authority for the area.
A-3-7.7
American Water Works Association, 6666 W. Quincy Avenue, Denver, CO 80235
A-3-8.1
In areas not governed by a building code, NFPA codes or standards as they apply for the
intended occupancy of the structure should be considered the minimum requirements.
A-3-9.7
The method of security is to be as agreed upon by the contractor and local officials and should
be commensurate with the item(s) or area needing security. It may involve a fence with
padlocked gate, hiring guards, or providing a patrol security system.
Appendix B Referenced Publications
B-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus should not be considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
B-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 13-1989, Standard for the Installation of Sprinkler Systems
NFPA 13D-1989, Standard for the Installation of Sprinkler Systems in One- and Two-Family
Dwellings and Mobile Homes
NFPA 13R-1989, Standard for the Installation of Sprinkler Systems in Residential
Occupancies up to Four Stories in Height
NFPA 80-1990, Standard for Fire Doors and Windows
NFPA 291-1988, Recommended Practice for Fire Flow Testing and Marking of Hydrants.
Appendix C Bibliographical and Information Sources
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C-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus should not be considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
C-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1-1987, Fire Prevention Code
NFPA 10-1990, Standard for Portable Fire Extinguishers
NFPA 13A-1987, Recommended Practice for the Inspection, Testing and Maintenance of
Sprinkler Systems
NFPA 20-1990, Standard for the Installation of Centrifugal Fire Pumps
NFPA 22-1987, Standard for Water Tanks for Private Fire Protection
NFPA 31-1987, Standard for the Installation of Oil Burning Equipment
NFPA 54-1988, National Fuel Gas Code
NFPA 70-1990, National Electrical Code®
NFPA 71-1989, Standard for the Installation, Maintenance, and Use of Signaling Systems for
Central Station Service
NFPA 72-1990, Standard for the Installation, Maintenance and Use of Protective Signaling
Systems
NFPA 72E-1990, Standard on Automatic Fire Detectors
NFPA 78-1989, Lightning Protection Code
NFPA 80A-1987, Recommended Practice for Protection of Buildings from Exterior Fire
Exposures
NFPA 82-1990, Standard on Incinerators, Waste and Linen Handling Systems and Equipment
NFPA 90A-1989, Standard for the Installation of Air Conditioning and Ventilating Systems
NFPA 90B-1989, Standard for the Installation of Warm Air Heating and Air Conditioning
Systems
NFPA 101-1988, Life Safety Code®
NFPA 203M-1987, Manual on Roof Coverings and Roof Deck Constructions
NFPA 211-1988, Standard for Chimneys, Fireplaces, Vents, and Solid Fuel Burning
Appliances
NFPA 220-1985, Standard on Types of Building Construction
NFPA 224-1985, Standard for Homes and Camps in Forest Areas
NFPA 241-1989, Standard for Safeguarding Construction, Alteration, and Demolition
Operations
NFPA 600-1986, Recommendations for Organization, Training, and Equipment for Private
Fire Brigades
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NFPA 601-1986, Standard for Guard Service in Fire Loss Prevention
NFPA 602-1986, Standard for Guard Operations in Fire Loss Prevention
NFPA 1221-1988, Standard for the Installation, Maintenance and Use of Public Fire Service
Communication Systems
Brannigan, Francis L., Building Construction for the Fire Service, Montgomery College,
Rockville, Maryland, NFPA FSP-33A,1982, p. 34
Kimball, Warren Y., Jamestown, Rhode Island, Fire Attack 1, FSP-1, 1966, p. 280
Kimball, Warren Y., Jamestown, Rhode Island, Fire Attack 2, FSP-2, 1968, p. 234
NFPA Inspection Manual, Sixth Edition, National Fire Protection Association, SPP-11-1982
Fire Protection Handbook, Sixteenth Edition, National Fire Protection Association, FPH1581
Small Community Fire Departments: Organization and Operation, National Fire Protection
Association, 1982
C-1.2 Other Publications.
Fire Suppression Rating Schedule, Insurance Services Office, Commercial Risk Services, 160
Water Street, New York, NY 10038
Water Distribution Operator Training Handbook, American Water Works Association, 6666
W. Quincy Avenue, Denver, CO 80235, M-8, 1976, p. 165
Water Supply Operation’s Training Course Volume III, Introduction to Water Distribution,
American Water Works Association, 666 W. Quincy Avenue, Denver, CO 30235, 1986
Managing Fire Services, International City Managers’ Association, 1140 Connecticut Avenue,
NW, Washington, DC 20036, 1979
C-1.3 Information Sources.
National Fire Protection Association, 1 Batterymarch Park, P. O. Box 9101, Quincy, MA
02269-9101
American Institute of Architects, 1735 New York Avenue NW, Washington, DC 20006
International Conference of Building Officials, 5360 South Workman Mill Road, Whittier, CA
90601
Building Officials and Code Administrators, 4051 West Florssmor Country Club Hills, IL
60477
American Insurance Association, 85 John Street, New York, NY 10038
Southern Building Code Congress, 900 Mont Clair Road, South Birmingham, AL 35213
American Water Works Association, 6666 W. Quincy Avenue, Denver, CO 80235
ISO, Commercial Risk Services, Inc., Two Sylvan Way, Parsippany, NJ 07054
Fire Marshals Association of North America, NFPA, 1 Batterymarch Park, P.O. Box 9101,
Quincy, MA 02269-9101.
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Information on referenced publications can be found in Chapter 22 and Appendix C.

Chapter 1 General
1-1* Scope.
This standard contains requirements and recommendations on the structure and operation of
organizations providing public fire protection services.
1-2* Purpose.
Copyright 1996 NFPA

This standard is intended for the use and guidance of those charged with providing fire
protection (safety) services to protect lives, property, and the environment from the effects of fire
and, in many cases, other perils.
1-3* Introduction.
This standard discusses public fire departments that serve a defined area and are generally
under the auspices of a local government authority.
1-4 Relationship to Other Standards.
The requirements of other NFPA standards that contain mandatory provisions related to the
operation of a fire department and the delivery of fire protection shall be met.
1-5* Concept of Risk.
The level of service provided and the degree of risk accepted by the jurisdiction shall be
subject to local determination.
1-6* Fire Protection Alternatives.
Where possible, fire departments shall periodically evaluate and redefine fire protection needs
for their jurisdiction through the strategic (master) planning process.
1-7 Definitions.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Company. A group of members:
(a) Under the direct supervision of an officer or leader;
(b) Trained and equipped to perform assigned tasks;
(c) Usually organized and identified as engine companies, ladder companies, rescue
companies, or squad companies;
(d) Usually operating with one piece of fire apparatus (pumper, ladder truck, elevating
platform, rescue, squad, ambulance);
(e) Arriving at the incident scene on fire apparatus or assembling at the scene prior to
assignment. “Company,” as used in this standard, is synonymous with company unit, response
team, and response group.
Fire Chief. The highest ranking officer in charge of a fire department.
Fire Department. An organization providing rescue, fire suppression, and related activities.
The term “fire department” shall include any public, governmental, private or military
organization engaging in this type of activity.
Hazardous Material. A substance that when released is capable of creating harm to people, the
environment, and property.
Incident Management System. An organized system of roles, responsibilities, and standard
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operation procedures used to manage and direct emergency operations. Such systems are
sometimes referred to as incident command systems (ICS).
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Standard Operating Procedure. An organizational directive that establishes a standard course
of action.
Chapter 2 Purpose of a Fire Department
2-1 Purpose.
The fire department shall have programs, procedures, and organizations for preventing the
outbreak of fires in the community and to minimize the danger to persons and damage to
property caused by fires that do occur. The fire department also shall carry out other compatible
emergency services as mandated.
2-2 Fire Prevention and Risk Reduction.
2-2.1*
Every fire department shall have a program under which its personnel regularly examine every
part of the community where a significant fire problem might develop. Personnel shall inspect
real property in the community with an emphasis on those occupancies identified by a risk
schedule as subject to a high level of hazard to life and property.
2-2.2*
The fire department shall offer its services to local individuals and organizations with potential
fire hazard conditions and shall assist in their solution.
2-3 Fire Suppression.
2-3.1
The fire department shall be organized to effectively combat fires that occur within the area it
serves. A department’s commitment to provide nonemergency services activities shall not
interfere with its ability to effectively combat fires when they occur.
2-3.2
The priority of goals in the suppression of fire shall be as follows:
(a) Save lives
(b) Limit the spread of the fire
(c) Extinguish the fire
(d) Minimize property damage from fire-related hazards.
2-4 Rescue and Emergency Medical Services.
2-4.1*
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Preservation of human life shall be the primary responsibility of the fire department during
fires and other emergencies.
2-5 Hazardous Materials.
2-5.1*
The fire department shall be prepared to carry out at least first responder level functions in the
event of hazardous materials incidents in its jurisdiction. Occupational Safety and Health
Administration (OSHA) regulations require that all fire departments be trained to handle
hazardous materials incidents at the first responder level.
2-6 Disaster Planning.
2-6.1*
Comprehensive response plans shall be prepared in writing describing the fire department role
and providing for management and coordination of all public and private services called into
action in natural and technological (man-made) disasters.
Chapter 3 Governmental Responsibilities
3-1 Local Government.
3-1.1* Purpose.
The government agency responsible for establishment and operation of the fire department
shall adopt a formal statement (bylaw statute) of purpose and policies for the fire department that
includes the type and levels of services that are to be provided, the area to be served, and the
delegation of authority to the fire chief and other officers to manage and operate the fire
department.
3-1.2*
The fire department shall maintain a close working relationship with the agencies responsible
for law enforcement and water supply, among others, in order to operate in an effective and
cooperative manner.
3-2 Intergovernmental Relationships.
3-2.1*
State statutes, municipal charters, and the charters of townships, fire districts, or counties shall
document the legal authority for operation of the fire department. The fire department shall
operate within and comply with the existing laws respecting its areas of jurisdiction and
responsibilities in all instances.
Chapter 4 Strategic (Master) Planning
4-1* Purpose.
The fire department, in conjunction with the community administration, shall develop and
implement a total concept strategic (master) plan for a community-wide balanced and
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cost-effective fire control strategy that takes existing conditions and anticipated overall
community growth into consideration.
4-1.1*
The fire department shall concern itself with developing its internal operations and
involvement with all other community departments in planning for anticipated overall
community growth.
4-2 Research and Planning.
4-2.1*
The fire department shall maintain a continuing program of research and planning.
4-2.2
The research and planning function shall encompass examination of any or all aspects of the
fire department’s activities, both generally and specifically. It shall be directed toward improving
and maintaining the efficiency and effectiveness of the fire department and toward maintaining a
responsive approach to the community’s changing needs for service.
4-2.3*
Where provided, the research and planning staff of the fire department shall maintain an
ongoing relationship with other agencies involved in community planning and shall keep the fire
chief and other staff informed of community development plans, projected service demands,
alternative approaches, and problems that might develop as change occurs.
4-2.4
The staff or individuals assigned to research and planning shall maintain constant awareness of
programs that produce state of the art in the delivery of public protection services, in order to
evaluate alternative approaches and methods and to consider their applicability to local
situations.
4-3 Strategic Planning Process.
4-3.1*
The strategic planning process shall be designed to evaluate the kind and level of fire risk in a
community and to establish future objectives for minimizing or reducing that risk.
4-3.2*
The strategic planning process shall attempt to project the future fire protection needs of a
community for periods of 10 and 20 years.
4-3.3*
Strategic planning shall be utilized to develop a series of criteria to determine the levels of fire
risk that will prevail in the community relative to the fire suppression resources to be maintained.
4-3.4*
The strategic planning decisions shall be directed toward establishing and justifying the budget
to be allocated annually for operation of the fire department after cost/benefit and program
effectiveness analysis studies have been completed.
4-3.5*
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The fire department, in cooperation with building, planning, and water utility officials, shall
evaluate the benefits of automatic fire sprinkler systems and other forms of private fire
protection relative to their impact on the entire public fire protection system.
4-3.6*
Within the strategic planning process, the fire chief, in concert with the community
administration, shall prepare practical contingency plans for implementation in the event of
curtailment of local government ability to provide normal fire protection or other assigned
emergency services.
4-3.7*
Research reports and analyses of fire loss, structural and occupancy trends, and demographic
information shall form the basis for all long-range planning. A statement shall be prepared
projecting fire department goals for a minimum period of 5 years and shall include budget
requests for personnel, equipment, and facilities based on established objectives.
Chapter 5 Organizational Structure of the Fire Department
5-1 Purpose.
The fire department shall have an organizational structure that facilitates efficient and effective
management of its resources to carry out its mandate as required in Chapters 2 and 3.
5-2 Management/Fire Chief.
5-2.1*
The manager of the fire department shall be the fire chief. The fire chief shall be governed in
the development of regulations and orders by the provisions of all applicable laws or ordinances
and shall maintain a file of such documents.
5-2.2*
The fire chief shall be appointed on the basis of merit and ability. NFPA 1021, Standard for
Fire Officer Professional Qualifications, shall be used as the basis for determining
qualifications.
5-2.3*
The fire chief shall communicate closely with the local government chief executive and
governing body.
5-2.4*
The governing body shall establish only the primary policies of the fire department and shall
not act as an administrative agency nor direct day-to-day management of the department.
5-3 Line Organization.
5-3.1*
Those officers designated to command operations at fire scenes and other emergencies and the
fire company officers shall be considered part of the line organization, and the fire companies
shall be considered the line units.
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5-3.2*
The fire chief shall determine the organization, number, and distribution of the operating line
units of the department.
5-4 Fire Department Organizational Plans.
5-4.1*
The fire department shall have an organizational plan that illustrates the relationship of the
individual operating divisions to the entire organization.
5-4.2*
The fire department organizational plan shall reflect the current organizational and staffing
status of the department and shall include a job description or list of responsibilities for each
position.
5-5 Operating Units.
5-5.1*
Fire companies whose primary functions are to pump and deliver water and perform basic fire
fighting at fires shall be known as engine or pumper companies.
5-5.2*
Fire companies whose primary functions are to perform the variety of ancillary services
associated with ladder truck work, such as forcible entry, ventilation, rescue, utility control,
illumination, overhaul, and salvage work, shall be known as ladder companies.
5-5.3*
Other types of companies equipped with specialized apparatus and equipment shall be
provided to assist pumper and ladder companies where deemed necessary as part of established
practice.
5-5.4*
The department shall maintain a periodically updated community fire risk analysis to identify
the size and scope of the potential fire problem in order to determine the necessary number and
deployment of fire companies.
5-6 Fire Suppression Force Staffing.
5-6.1*
The fire company or response group assigned to respond to a fire call shall be comprised of the
numbers necessary for safe and effective fire-fighting performance relative to the expected
fire-fighting conditions. These shall be determined through task analysis procedures. The
conditions to be considered shall include:
(a) Life hazard to the populace protected
(b) Provisions of safe and effective fire-fighting performance conditions for the fire fighters
(c) The potential property loss
(d) The nature, configuration, hazards, and internal protection of the properties involved
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(e) The types of fireground tactics employed as standard procedure, the type of apparatus used,
and the results expected to be obtained at the fire scene
(f) Budgetary constraints.
5-6.2*
Each company shall be led by an officer whenever the company is involved in any fire-fighting
activity who shall be considered part of the total personnel of the company.
5-6.3*
Supervisory chief officers shall be available to command the fire companies or response group
at each fire or other emergency scene. Provision shall be made for chief officers to designate
aides for support in managing an incident.
5-7 Other Functions.
5-7.1*
The fire chief shall have responsibility for all managerial functions and command of the fire
suppression operating forces.
5-7.2*
Fire department officers and personnel shall perform managerial and administrative functions
and fireground/emergency management functions as assigned.
5-7.3*
Administrative and managerial functions shall be established by department policies or
regulations and assignments designated on the basis of the function performed, not the rank of
the person in charge.
5-8 Intercommunity Organization (Mutual Aid).
5-8.1
Where practical and as conditions require, the fire department shall have an effective mutual
aid arrangement with neighboring jurisdictions.
5-8.2*
Mutual aid agreements shall be in writing and shall address such issues as liability for injuries,
cost of service, authorization to respond, staffing, and equipment, including the resources to be
made available and the designation of the incident commander.
5-8.3
Training of personnel for all fire departments in a mutual aid plan shall be comprehensive and
standardized to produce an effective fire force and to ensure uniform operations. All personnel
shall receive sufficient training to ensure compatible operations. Operational methods shall be as
uniform as practicable.
5-8.4
Apparatus for responding to mutual aid incidents shall be equipped with radios that allow
personnel to communicate with incident commanders and sector officers. Separate frequencies
shall be provided that allow mutual aid companies to communicate without disruption of their
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local frequency.
5-9 Intracommunity Cooperation or Consolidation.
5-9.1*
The fire chief shall ensure establishment of a positive, ongoing relationship with other resource
groups in the community such as police, public works, and water departments to facilitate useful
cooperation, particularly under emergency conditions.
5-9.2*
The fire chief shall promote coordination of effort with the police department in locating fire
hazards, providing crowd and traffic control at emergency incidents, investigating fires, and
providing other emergency services to the public.
Chapter 6 Financial Management and Budgeting
6-1 Purpose.
The fire department shall have a system of accounts for financial administration that includes a
record of funds received and expended by the department. The system shall account for how the
money has been spent and provide analytical information.
6-2 Accounting and Budgeting.
6-2.1*
There shall be an established policy for periodic review of fire department personnel work
hours, salary, and benefits to ensure competitiveness with comparable fire departments providing
the same level and quality of services.
6-2.2* Relation to Planning.
Effective budget management shall include the analysis of conditions and operations for the
prior and current budgets.
6-2.3*
In establishing personnel requirements for staffing fire-fighting companies, the fire chief shall
allow for sick leave, vacations, and other absences in order to maintain established minimum
strengths at all times. The chief shall keep attendance records covering all personnel and analyze
these to provide statistics for the specific conditions affecting the department.
6-2.4*
The financing of physical facilities shall be coordinated with the overall financial policies and
capital improvement financing of the jurisdiction. A list of capital projects shall be compiled,
and studies and surveys shall be undertaken to establish the priority of these projects.
6-2.5*
The responsibility for the functions of budget control shall fall under the direction of the fire
chief in all fire departments, even the largest. Within a local jurisdiction’s budget control
operation, the fire chief shall work closely with the chief administrative officer and department
of finance on budget policy matters affecting the department.
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6-3 Purchasing.
6-3.1*
A fire department’s records on purchases shall be sufficiently detailed to permit the chief to
have data available for the actual cost estimates needed for planning and budget purposes.
Records shall be maintained on requisitions, quotations received from bidders, purchase orders,
and general correspondence.
6-3.2*
Standard specifications shall be used for major purchases, and the fire department shall
maintain a file of such specifications for major items, including fire apparatus, protective
clothing, and fire-fighting tools and equipment.
6-3.3*
A departmental inventory control system shall be established that provides a record of the
custody/location of major items.
6-4 Available Resources.
6-4.1
The fire chief shall identify other revenue and equipment supply sources that are available to
the department, such as federal, state, and provincial grant programs and surplus property
agencies.
Chapter 7 Human Resources Management
7-1 Purpose.
The fire department shall have a human resources management policy, including personnel
standards, selection, promotion, benefits, and personnel practices, that ensures fair and equitable
treatment of all personnel and promotes an environment conducive to maintenance of a
competent and well-trained work force.
7-2 Personnel Standards Administration.
7-2.1* Personnel Objectives.
The objectives of the personnel standards for the fire department shall be to establish and
maintain a competent and well-trained force by attracting and retaining qualified personnel and
by providing a fulfilling career from recruitment to retirement. The fire department shall strive to
build a work force diverse in both gender and culture and representative of the community’s
available labor pool. All personnel policies shall be in compliance with applicable local, state,
provincial, and federal publications and laws.
7-2.1.1* The fire chief shall continually review, revise, and enforce the personnel standards of
the department and, to the extent empowered, issue the orders necessary for administering
personnel procedures.
7-2.1.2* The fire chief shall have authority to determine station and platoon or work group
assignments for each member of the department.
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7-2.2 Standards Applying to All Members.
7-2.2.1 All members of the department shall be kept informed of expectations for an individual’s
attendance; punctuality; duty performance; compliance with laws, rules, regulations, and
procedures; and professional behavior that contribute to the maintenance of a positive work
environment. Each member shall be provided with a personnel manual or set of department
regulations that explains working conditions, prohibited behaviors, and responsibilities for the
care of department equipment. Each member also shall be provided with the rules and
procedures for disciplinary actions and grievance proceedings.
7-2.2.2* A rank system shall be established to create officer positions for the department. If a
position classification system is used, it shall be correlated to these ranks. Ranks shall reflect the
level of responsibility and not specific detailed duties. NFPA 1021, Standard for Fire Officer
Professional Qualifications, shall be used for determining the qualifications of personnel to fill
any officer position.
7-2.2.3* Departmental regulations shall describe the procedures to be followed in cases where
disciplinary action is necessary. They shall be administered by the fire chief and fire department
officers.
7-2.3 Personnel Records.
7-2.3.1 When a new member is added to the department, a comprehensive personnel record shall
be established. Access and control of individual personnel records shall be in accordance with
applicable local, state, provincial, and federal regulations.
7-2.3.2 A comprehensive personnel record shall include data regarding medical history, training,
personal performance evaluations, employment or membership history, department training
courses, and other information.
7-2.3.3 Attendance records shall be maintained as a part of the procedures for performance
evaluations and compensation.
7-2.4 Health and Safety.
7-2.4.1 The fire department shall adopt an occupational health and safety program that complies
with NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, and
other applicable laws, standards, and regulations. Safe work procedures shall be stressed, and
they shall be emphasized throughout a member’s career.
7-2.4.2 All fire department members shall be physically fit for the duties they are expected to
perform and shall be tested in accordance with the requirements of NFPA 1500, Standard on
Fire Department Occupational Safety and Health Program. The fire department shall adopt a
mandatory physical fitness program that addresses the particular demands of fire department
activities. The program shall be under the direction of qualified medical personnel.
7-2.4.3 Candidates and members who will engage in fire suppression shall meet the medical
requirements of NFPA 1582, Standard on Medical Requirements for Fire Fighters, prior to
being medically certified for duty by the fire department physician.
7-2.4.4* All members of the department shall be furnished with an annual medical and physical
examination. The medical reports shall establish the ability of each member of the department to
perform emergency duties. The confidentiality of personal health records shall be maintained.
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7-2.4.5 Accidents and injuries shall be investigated, and findings shall be included in the
member’s personnel record and appropriate actions taken. All supervisors shall be responsible
for ensuring that their employees use and maintain safety equipment in accordance with
department regulations as well as state, provincial, and federal legislation.
7-2.4.6 The fire department shall appoint a safety officer charged with the duties and
responsibilities defined in NFPA 1521, Standard for Fire Department Safety Officer.
7-3 Selection of Personnel.
7-3.1* Recruitment.
The fire department shall establish a recruitment program coordinated with the procedures of
municipal or other personnel or civil service agencies having jurisdiction and in accordance with
federal, state, and provincial requirements.
7-3.2
A minimum age limit that is consistent with state, provincial, and federal labor laws shall be
specified to ensure that members possess sufficient physical and mental maturity to perform
fire-fighting duties.
7-3.3*
A high school education, or state-recognized equivalent, shall be required as a minimum to
ensure the candidate has the educational background to accommodate the wide variety of
activities in which fire fighters now participate.
7-3.4*
Job-related physical performance requirements shall be used to select candidates who are
physically qualified.
7-3.5*
The fire department shall adopt job-related medical standards. All persons offered a fire
fighter’s position shall meet the medical requirements as outlined in NFPA 1582, Standard on
Medical Requirements for Fire Fighters. The confidentiality of personal health records shall be
maintained.
7-3.6*
For a specified period of at least 12 months before permanent appointment to the department,
candidates shall be assigned to a probationary training program and supervision. Candidates
shall meet the requirements for Fire Fighter I and, preferably, Fire Fighter II of NFPA 1001,
Standard for Fire Fighter Professional Qualifications, before permanent appointment.
7-3.7*
Candidates shall be kept in probationary status until all phases of the selection process are
completed, including the period of probationary training. The chief shall dismiss any candidate
at any point during the period of probation for unsatisfactory performance after reasonable
written warning and notice.
7-4 Promotion of Personnel.
7-4.1*
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The fire department shall establish a documented job-related personnel evaluation program for
internal and lateral entry promotion to the various ranks. The program shall be coordinated with
the procedures of municipal or other personnel or civil service agencies having jurisdiction.
7-4.2*
Internal and lateral entry candidates for officer shall meet the requirements for that officer rank
for which they have applied in accordance with NFPA 1021, Standard for Fire Officer
Professional Qualifications. Promotion examination questions, whether administered by the fire
department or a personnel agency, shall be related to the principal duties to be performed.
7-4.3*
Internal and lateral entry candidates for promotion to positions requiring special qualifications
shall have education and experience that meet the requirements for the effective performance of
the mandated duties of those positions. Candidates shall meet the professional qualifications
required in accordance with NFPA 1021, Standard for Fire Officer Professional Qualifications;
NFPA 1031, Standard for Professional Qualifications for Fire Inspector; NFPA 1033, Standard
for Professional Qualifications for Fire Investigator; NFPA 1035, Standard for Professional
Qualifications for Public Fire and Life Safety Educator; and NFPA 1041, Standard for Fire
Service Instructor Professional Qualifications.
7-5 Personnel Benefits Programs and Retirement.
7-5.1*
A retirement plan shall be established to enhance the benefits of the fire service and thus
increase recruitment.
7-5.2
A job-related compulsory retirement system shall be adopted. The system shall determine the
ability of members to perform their jobs in terms of mental and physical fitness and shall not be
confused with voluntary retirement that is based on age and years of service. The annual medical
examination furnished by the department shall provide the basis for personnel decisions and
actions regarding retirement.
7-6 Personnel Practices.
7-6.1*
In the development of personnel standards, the fire chief shall seek the opinion of members of
the fire department as individuals and as offered by any employee organization where such
exists.
7-6.2*
The fire chief shall ensure that lines of communication are open within the department.
7-6.3 Educational Programs for Department Personnel.
7-6.3.1* Ongoing educational programs for department personnel shall be made available to and
brought to the attention of all members of the department to help improve fire science and
management related skills.
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Chapter 8 Training
8-1 Purpose.
The fire department shall have a training program and policy that ensures that personnel are
trained and competency is maintained to effectively, efficiently, and safely execute all
responsibilities consistent with the department’s mandate in Chapters 2 and 3.
8-2 Management Functions.
8-2.1*
The fire chief shall be responsible for the department training program and shall designate an
individual to act as administrator of the program. The fire chief shall budget for training
facilities, expendable supplies, training aids, and training staff, including both in-house and guest
instructors, where used. The department shall utilize training services furnished by the National
Fire Academy and state, provincial, and regional training programs where available and
practicable.
8-2.2
Chief officers shall be required to fully support and ensure that the training activities
developed by the training officer are carried out within their respective commands. They shall
coordinate training with other activities, report on training completed, and assist the training
officer in evaluating the effectiveness of the program.
8-3 The Training Officer.
8-3.1
The training officer shall furnish the subjects for the training program. The program shall be
coordinated with the needs of department personnel and shall utilize available resources within
the community. Compliance with the appropriate requirements of NFPA 1021, Standard for Fire
Officer Professional Qualifications; NFPA 1031, Standard for Professional Qualifications for
Fire Inspector; NFPA 1033, Standard for Professional Qualifications for Fire Investigator;
NFPA 1035, Standard for Professional Qualifications for Public Fire and Life Safety Educator;
and NFPA 1041, Standard for Fire Service Instructor Professional Qualifications, shall be met.
8-3.2*
The training officer shall furnish the performance standards to be covered by the training
program and develop schedules to ensure that the appropriate members of the department meet
the standards.
8-3.3*
The effectiveness of department training shall be evaluated on an ongoing basis by department
staff, using fire critiques as an aid in such evaluation. At least annually, the program shall be
reviewed and a report made to the chief.
8-3.4*
Chief officers and company officers shall make regular reports to the training officer on
training activities in which they are involved.
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8-3.5*
The training officer shall be responsible for supervising the work of department personnel
assigned as instructors or assistants. Internal and lateral entry candidates for training officer shall
meet Level 3 of NFPA 1041, Standard for Fire Service Instructor Professional Qualifications.
All instructors shall meet the professional qualifications of NFPA 1041 at a level determined by
the authority having jurisdiction.
8-3.6
The training officer shall be responsible for the operation of training equipment, fire service
library, buildings, training aids, and other facilities. Departmental rules shall cover the use of
shared facilities and equipment.
8-4 Special Functions.
8-4.1
The officers in charge of fire prevention, maintenance, communications, and other specialized
bureaus shall be responsible for special training needed by the personnel assigned to their
particular staff function. They shall coordinate this special training with other programs of the
department and with the training officer.
8-4.2
All officers shall be involved in the training process for the purpose of determining subject
matter, time length of instruction, and other details of department-wide training as they relate to
their own responsibilities.
8-5 Education and Training of Company Officers.
8-5.1*
Courses for the education and training of personnel to meet minimum qualifications as
company officers shall be provided by the training officer. Departments that do not offer
comprehensive training courses shall arrange to provide such courses at any appropriate
educational institution or fire department training facility.
8-5.1.1 Company officers shall be required to meet the Level 1 requirements of NFPA 1021,
Standard for Fire Officer Professional Qualifications, and the Level I requirements of NFPA
1041, Standard for Fire Service Instructor Professional Qualifications.
8-5.2*
The subject matter of training courses shall be designed to achieve the stated performance
objectives of the specific officer levels of NFPA 1021, Standard for Fire Officer Professional
Qualifications. Candidates shall pass an examination on these objectives as well as an
examination on the complete training course. Candidates shall be evaluated on the basis of their
examination grades and class participation and in exercises that test their performance of
officers’ duties.
8-5.3
The training officer shall ensure that the content of courses for promotion is appropriate,
coordinate the scheduling of courses, provide the necessary instructors, and administer the
examinations, except where these are delegated to an outside educational facility. The training
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officer shall also be required to advise the fire chief of the candidate’s overall performance in the
training courses and to evaluate the candidate’s suitability for appointment as a company officer.
8-6 Training of Company Members.
8-6.1
Company officers shall be responsible for the ongoing, in-service training of members of the
company assigned to them, since the unit must work together as an effective team.
8-6.2
Sufficient time shall be spent on training during company duty tours in career departments and
at convenient times for volunteers so that regular tests of proficiency are met. Training shall be
in the form of classroom instruction, practice drills, familiarization inspection, and pre-fire
planning.
8-6.3
The training officer shall furnish the subject matter for the training sessions so that all
personnel in the department periodically complete training in specified subjects. The training
officer shall supervise the training program and review and approve lesson plans prepared by
company officers.
8-6.4*
Company officers shall be required to complete the training scheduled, including all hours of
training mandated and covering all subject matter as developed by the chief and the training
officer. They shall coordinate the various daily company activities so that all assigned members
receive the scheduled training. They shall be required to coordinate an individual’s training so
that each member receives all required training despite sick leave and vacations.
8-6.5
Company officers periodically shall evaluate members assigned to their company to determine
that the training is effective and to provide a basis for evaluation of the performance of
individuals.
8-6.6*
Company officers shall evaluate the performance of assigned members during fires and drills
to ensure that members are utilizing the techniques covered by the training program. Critiques of
all company operations during fires shall be held to discuss the company’s performance as a
team in general terms.
8-6.7
Company officers shall furnish to the training officer, through appropriate channels, reports on
training sessions held, subjects covered, and hours trained. Reports on the performance of
members of the company receiving training shall be made by the company officer and sent to the
training officer for further evaluation.
8-7 Training of New Personnel.
8-7.1
New personnel shall receive training before engaging in emergency duties to ensure that
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trainees can work safely and effectively at fires. This training shall be a foundation for
subsequent in-service training.
8-7.2
The course of probationary training shall be consistent with the performance objectives for the
designated fire fighter level in accordance with NFPA 1001, Standard for Fire Fighter
Professional Qualifications, as required by the authority having jurisdiction.
8-7.3
The course duration for new personnel instruction shall be at least the minimum number of
hours necessary to meet the performance objectives for the designated fire fighter level in
accordance with NFPA 1001, Standard for Fire Fighter Professional Qualifications, as required
by the authority having jurisdiction. This entry training shall take place prior to serving as a
probationary member of a company.
8-7.4
Probationary training shall be under the direction of the training officer unless carried out by
an outside agency.
8-8 Group Training and Evaluation.
8-8.1*
All fire-fighting personnel, including each shift of each company, shall be assigned to the
training officer periodically for group training with other shifts and companies. This assignment
shall be scheduled to ensure that each member completes the program objectives.
8-8.2
Annually, or more often as appropriate, the training officer shall furnish the fire chief with a
report on the performance of each company in group training sessions.
8-9 Other Training.
8-9.1*
Specialized and advanced training courses shall be provided for individuals or groups
throughout the department to the extent that such specialized skills are needed in carrying out
their duties.
8-10 Training Safety Considerations.
Safety shall be a primary consideration in all training exercises and drills. Prior to undertaking
any training exercise, the related safety aspects shall be discussed with all participants.
8-11 Training Preplanning.
Every training evolution and hands-on training session shall be reviewed in advance for proper
protection of personnel from accidents. Live structural fire and other training exercises shall
conform to the requirements of NFPA 1403, Standard on Live Fire Training Evolutions in
Structures; NFPA 1406, Standard for Outside Live Fire Training Evolutions; and NFPA 1500,
Standard on Fire Department Occupational Safety and Health Program, and all training
programs shall comply with these requirements to ensure personnel safety. The fire chief
ultimately shall be responsible for the safety of all fire department members.
Copyright 1996 NFPA

Chapter 9 Organization for Fire Suppression
9-1 Purpose.
Fire suppression operations shall be organized to ensure adherence to an operational guideline
that includes fire company procedures and staffing; officers; and duty requirements and
responses to fire and other emergencies that achieve effective, efficient, and safe execution of the
fire department’s mandate.
9-2 Operational Guidelines and Orders.
9-2.1
The fire chief shall promulgate the department’s organizational and operational procedures by
issuing written administrative regulations and operating guidelines and orders.
9-2.2*
Departmental procedures shall state clearly the succession of command responsibility.
9-3 Fire Company Procedures and Staffing.
9-3.1*
Personnel designated to respond to fires and other emergencies shall be organized into
company units or response teams and shall have appropriate apparatus and equipment assigned
to such companies or teams.
9-3.2*
The fire department shall identify minimum staffing requirements to ensure that a sufficient
number of members to operate safely and effectively are available to respond with each company
or response team.
9-3.3*
Departmental regulations shall specify the officer’s responsibility for the apparatus and
equipment assigned to each company or response group.
9-3.4*
Departmental procedures shall specify that company officers are responsible for:
(a) Assigning individual members to the various working positions on the apparatus and at the
emergency scene.
(b) Ensuring that drivers, operators, and other members are properly qualified under the
department’s training procedures for their assigned duties.
(c) Training members of their companies in the use of all company equipment and providing
familiarity with hazards likely to be encountered in their district.
9-3.5
The company officer shall be aware of the identity of all members assigned to the company at
all times and of the location and activity of each assigned member. Each member of the company
shall be aware of the identity of the company officer. Orders addressed to individual members,
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particularly verbal orders and orders at incident scenes, shall be transmitted through the company
officer.
9-3.6
Fire companies shall be responsible for identifying all target hazards or unusual properties in
their districts and for developing pre-fire plans for use in the event a fire or other related
emergency occurs at such a location.
9-3.7
Departmental procedures shall require that each company or response group be assigned to a
district within which it is to be responsible for the programs of the department, including
inspections. In such districts, the company officer shall be responsible for familiarization of the
company with high-risk properties and special hazards and participation in pre-incident planning
operations.
9-3.8*
A journal shall be kept for each station and company to provide a written record of daily
activities.
9-3.9
The journal shall record all incidents and all pertinent information relating to the operation of
the company, including the names of all members on duty, members on vacation, sick leave, and
special assignments, and those members absent for other reasons.
9-3.10*
The company officer shall prepare a standard report containing specified information for each
response made by the company. These reports shall include the location and nature of the fire or
emergency and describe the operations performed. For volunteer departments, this report shall
identify the members responding to the incident.
9-4 Emergency Operations Officers.
9-4.1*
A company officer or qualified acting officer shall be assigned to be in charge of each
company at all times. An assistant officer also shall be assigned in the case of volunteer
companies.
9-4.2
Departmental regulations shall assign specific responsibilities among the individual officers
assigned to each station for the management and administration of the station and all assigned
personnel. Procedures shall require the officers assigned to each station to coordinate activities
for executing the various programs of the department. In career companies, the off-going and
on-coming officers shall be required to meet during the change of duty shifts for the purpose of
coordinating duty assignments between shifts.
9-4.3*
A suitable number of chief officers shall be designated for incident command purposes, based
on the size and work load of the fire department. Departmental procedures shall provide for at
least one command officer to be available to respond and direct operations at a fire or other
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emergency incident at all times.
9-5 Suppression Duty Requirements.
9-5.1*
Departmental procedures shall designate work groups or shifts to ensure that an adequate
number of members are on duty or available to respond at all times.
9-6 Duty Roster.
9-6.1
Departmental procedures shall provide for a duty roster and instructions for its maintenance.
9-6.2
The duty roster shall list all members of the department by their name and rank and their
current assignments. It shall include assignments to staff work or special assignments, members
on duty in companies or assigned to vehicles to respond to fires and other emergencies, members
on shifts or work groups, members off duty, members on regular leave or vacation, and members
on sick leave.
9-6.3
A master duty roster shall be maintained at fire department headquarters. That part of the
roster affecting companies and other units shall be maintained by the officers responsible for
each unit and posted in unit quarters or fire stations. In departments with districts (battalions) or
divisions, the district or division officers shall maintain respective rosters for districts and
divisions.
9-6.4
Departmental regulations shall designate holidays and general vacation periods for department
personnel. The roster maintenance procedure shall provide for approval of the vacation and
holiday schedule of every member by the fire chief or designated officer.
9-6.5
Departmental regulations shall include procedures for handling absences due to sickness or
injury and to avoid unnecessary absences. A record of absences shall be maintained in the
personnel file of each member. The fire department shall have one or more physicians on call for
assistance. The fire department shall have a program to promote physical fitness and health
maintenance for all members as required by NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program, Chapter 8.
9-7 Response to Fires and Other Emergencies.
9-7.1
Standard response assignments and procedures, predetermined by the location and nature of
the reported incident, shall regulate the dispatch of companies, response groups, and command
officers to fires and other emergency incidents.
9-7.2
The dispatcher shall be responsible for maintaining awareness of the location and status of all
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units and their availability to respond at all times and shall have some latitude in dispatching
assignments within prescribed limits.
9-7.3*
The number and type of units assigned to respond to a reported fire incident shall be
determined by risk analysis and pre-fire planning based on specific location or neighborhood.
Chapter 10 Emergency Scene Management
10-1* Purpose.
An incident management system shall be provided to form the basic structure of all emergency
operations of the fire department, regardless of the scale of the department or the emergency. An
effective incident management system shall be designed to manage incidents of different types,
including structure fires, wildland fires, hazardous materials incidents, emergency medical
operations, and other types of emergencies that might be handled by the department.
10-2 Establishment of On-scene Command.
10-2.1
Departmental procedures shall require the officer or member in charge of the first arriving unit
on the scene of any fire or emergency to assume command and provide a brief situation report by
radio that indicates the nature and extent of the emergency. The report shall identify the on-scene
unit, confirm assumption of command, describe the incident parameters, state the obvious
conditions, and briefly describe the course of action initiated by that unit. In addition, the first
officer to arrive shall establish an effective command position, rapidly evaluate the situation
(size-up), develop an action plan, assign other incoming units, and, if necessary, call for
additional assistance.
10-3 Transfer of Command.
10-3.1*
Transfer of command from the first commander shall be carried out according to the accepted
principles of this system, whereby continuity of command responsibility is formally turned over
in person on the scene.
10-4 Command Options.
10-4.1*
When a command officer arrives with the first arriving units, this command officer shall
assume command and establish a fixed command post. If a company is the first to arrive at the
scene, it shall be the responsibility of the company officer to assume command until relieved by
an officer of higher rank.
10-5 Command Structures.
10-5.1*
The incident commander shall delegate responsibility to subordinates in order to concentrate
on overall strategy. This results in an increase in the number of staff and command positions, as
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an emergency escalates, in conformity with an established command structure.
10-6 Deployment of Resources.
10-6.1*
Operational procedures shall be established whereby the high concentration of emergency
vehicles on the scene of an incident will be alleviated in an orderly manner through use of a
staging process.
Chapter 11 Emergency Medical Systems
11-1 Purpose.
11-1.1
Where the department provides or participates in emergency medical systems (EMS), the fire
department shall provide appropriate resources, planning, and training that are consistent with
the level of EMS service the community expects from the department.
11-1.2*
Where a fire department organization provides or participates in EMS, the provisions of this
chapter shall apply.
11-2 Resources.
11-2.1*
The fire department shall analyze and report to the governing authority its resource needs and
ability to provide the level of emergency medical service to which it is committed in addition to
its fire-fighting and other responsibilities.
11-3 Planning.
11-3.1*
The fire department shall participate in community-wide planning to assure residents of the
most effective available services at all times and at the levels to which it is committed.
11-4 Level of Service.
11-4.1*
Based on local needs, preferences, and resources, the community shall develop a policy
statement that specifies the type of emergency medical service to be provided for the community
and the role to be played by the fire department in delivery of that service.
11.5 Training.
11-5.1
All fire department members who respond to emergencies that involve life-threatening
situations shall be trained and certified to the minimum level of emergency medical care required
in NFPA 1001, Standard on Fire Fighter Professional Qualifications.
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11-5.2
Fire departments that utilize the services of helicopter medical evacuation programs shall
ensure that on-scene personnel are adequately trained for, but not limited to, loading zone
preparation, ground-to-air communications, and helicopter emergency crash procedures.
11-6 Medical Protocol.
11-6.1
The fire department shall maintain a close working relationship with a physician to provide for
an appropriate level of medical supervision for the service level to which it is committed.
Standard medical operating guidelines outlining performance criteria shall be established and
approved by the physician or medical authority and shall include treatment modalities.
11-7 Patient/Client Records.
11-7.1
All patient/client reports and treatments shall be reviewed by a medical control officer
approved by the physician and service director. Records shall be critiqued according to the
guidelines for quality patient care. Patient/client records shall be maintained in confidence and
include as a minimum:
(a) History
(b) Vital signs taken every 10 minutes
(c) Chief medical complaint/nature of incident
(d) Medical care rendered
(e) Disposition
(f) Time log (received call, arrived on scene, left scene, arrived tertiary care center, and
in-service).
11-8 Personnel Protection.
11-8.1*
Medical exposure plans shall be established that provide each employee with an understanding
of infection control procedures and training, prevention measures, and appropriate immunization
where available. The department shall fund, provide, and maintain the immunizations and their
records as well as the protective clothing for its employees and members.
11-9 Incident Management.
11-9.1*
A regionally approved incident management system shall be utilized for all medical incidents.
Procedures shall be established on a regional basis to provide for an orderly response when
multiple casualty incidents occur and an organization must expand its capacity.
Chapter 12 Community Relations
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12-1 Purpose.
The fire department shall carry out a program to develop public awareness and cooperation in
management of the fire risk, based on analysis of the fire record in the identifiable physical and
social sectors of the community.
12-2 The Public Information Function.
12-2.1*
The fire department shall endeavor to develop the community’s understanding of the fire
department mission through an active public relations program.
12-2.2*
The department shall be managed with consideration given to community awareness, and the
community relations program shall include the participation of all department members.
12-3 Relations with the Community.
12-3.1
The department shall identify the service needs of all segments of the community and provide
these services for all citizens without discrimination. Where feasible, support programs such as
arson victim assistance and crisis intervention shall be established in cooperation with other local
service agencies for citizens affected by fires.
12-3.2
The department shall promote public understanding through active liaison with its various
citizens groups, such as the chamber of commerce, service clubs, parent-teacher associations,
senior citizens organizations, youth groups, multicultural groups, and neighborhood associations.
12-4 Relations with the Local Government.
12-4.1*
The fire department’s community relations program shall ensure that the members of the
municipal council, board, or commission (or governing body of its fire district) are kept fully
informed of the department’s achievements, operations, and problems.
12-5 Media Relations.
12-5.1*
Good media relations shall be developed through cooperation with the media and provision of
facilitated access to the entire fire department.
Chapter 13 Public Fire Safety Education
13-1 Purpose.
The fire department shall carry out a public fire safety education program to achieve/develop a
level of fire safety awareness and attitude that assists the fire department in the management and
reduction of the fire risk in the community.
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13-1.1*
Fire safety education shall be considered a major component of fire protection management.
13-1.2*
Fire safety education objectives shall focus on providing citizens with information to help
them to protect their lives and their property from fire.
13-2 Responsibility.
13-2.1
The fire chief shall be responsible for carrying out a program of public fire safety education
within the community.
13-3 Staffing for Public Fire Safety Education.
13-3.1*
The fire chief shall designate a public fire safety education officer to coordinate all fire safety
education programs. The appointed officer/specialist shall meet the professional qualifications of
the position in accordance with NFPA 1035, Standard for Professional Qualifications for Public
Fire and Life Safety Educator.
13-4 Promoting Community Understanding of Fire Dangers.
13-4.1*
The fire department shall provide for an orderly flow of information to the citizens of the
community to help increase their fire safety awareness. All effective outlets for dissemination of
information, including neighborhood, multicultural, social, and youth groups, shall be utilized.
13-4.2*
The fire department shall provide consulting and advisory services in fire safety tailored to
meet the needs of the various population elements that comprise the community.
13-5 Fire Safety Education Program.
13-5.1*
Fire safety education programs shall be monitored for effectiveness on an established basis.
13-6 Message Delivery Techniques.
13-6.1*
The fire department shall effectively utilize all communication media such as newspapers,
magazines, newsletters, in-house publications, radio and television stations, billboards, and
vehicle advertising signs.
13-6.2
The fire department shall make available and encourage the use of speakers, demonstrations,
and audiovisual fire safety materials for presentation to or use by local community organizations.
13-6.3*
A program of private home fire safety surveys shall be part of the fire department’s effort to
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reduce residential losses in the community.
13-6.4*
The fire department shall encourage and assist industrial and commercial firms in instructing
employees in fire safety practices on and off the job. Special efforts and emphasis shall be placed
on fire safety training programs in hospitals, nursing homes, schools, and other occupancies
where a high hazard to life might be involved.
13-7 Use of Special Dates to Promote Programs.
13-7.1*
The fire department shall make effective use of the nationally observed annual Fire Prevention
Week, which is the full calendar week including October 9, the date of the great Chicago Fire of
1871.
Chapter 14 Code Enforcement
14-1 Purpose.
14-1.1
The fire department, subject to legal authority, shall establish policies and procedures for the
enforcement of fire and life safety codes that enhance compliance with applicable fire safety
legislation.
14-1.2*
The enforcement of fire and life safety codes shall be one of the major focus areas for a fire
department.
14-2 Legal Authority.
14-2.1*
Fire chiefs shall determine the status of their code enforcement authority and shall be aware of
how this authority interfaces with other federal, state or provincial, and political subdivisional
agencies.
14-3 Codes and Regulations.
14-3.1*
The fire department shall have the authority to enforce a comprehensive modern fire
prevention code unless this is the responsibility of another authority.
14-3.1.1 If a fire prevention code is not in effect in the jurisdiction, the fire chief shall initiate the
adoption and enforcement of a model fire prevention code. If state or provincial law preempts
local authority to adopt or enforce a model fire prevention code, the fire chief shall establish and
implement policies and programs to assist the appropriate agency in the enforcement of state or
provincial fire safety laws.
14-3.1.2 If a building code is not in effect, the fire chief shall actively promote the adoption and
enforcement of a model building code by an appropriate authority.
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14-3.2*
There shall be an organized fire prevention code and regulations revision process for the code
adopted, with an established schedule for revision.
14-3.3*
The fire chief shall identify any legislative need, in addition to the codes and regulations, for
selected supplemental fire protection measures and shall initiate their adoption by local
ordinances.
14-4 Enforcement Administration.
14-4.1
Where not the responsibility of another authority, the fire chief shall manage a structured
program of code enforcement within the department’s jurisdiction to satisfy the needs of the
codes and regulations in force.
14-4.2
The agency responsible for administration of fire prevention regulations shall establish an
inspection schedule for all appropriate new and existing properties in the community. Inspectors
shall have sufficient authority granted by the authority having jurisdiction to enforce the
provisions of the fire prevention regulations. Inspectors shall meet the requirements of Fire
Inspector I, II, and III of NFPA 1031, Standard for Professional Qualifications for Fire
Inspector.
14-5 Fire Prevention Enforcement Staffing.
14-5.1 Specialist Enforcement Personnel.
14-5.1.1* The fire chief shall appoint, within the limitations imposed by local government,
sufficient specialist fire prevention staff to permit the execution of a competent fire prevention
and code enforcement program, including follow-up and reinspection of violations.
14-5.2 Fire Company Inspections.
14-5.2.1* Where needed to ensure a thorough and sufficiently frequent inspection enforcement
schedule, the fire chief shall utilize the fire suppression personnel by incorporating fire
prevention duties into fire company activities. Company officers shall meet the requirements of
Fire Inspector I of NFPA 1031, Standard for Professional Qualifications for Fire Inspector.
14-5.3 Inspection Program.
14-5.3.1* Where inspection intervals are set by law, they shall be followed strictly, including the
necessary follow-up on violations and reinspections.
14-5.3.2 The fire department or other agency responsible for fire prevention enforcement shall
provide for a structured program of scheduled field checks to determine the quality and adequacy
of inspections being performed. There shall be a periodic review of the adequacy, effectiveness,
and efficiency of the procedures used in identifying, scheduling, assigning, and performing
inspections and related activities and the adequacy of the training that supports those activities.
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14-5.3.3* The fire department, in coordination with legal counsel, shall develop a program for
issuing citations of code violations and the proper follow-up of all citations issued to ensure
compliance or correction. This process shall be documented.
14-5.4*
Code enforcement education and training shall be an important part of the department’s overall
training goal. Regular code enforcement education and training shall be provided to ensure that
inspection staff and fire companies perform code enforcement current with new codes, policies,
and interpretations. New employees shall receive instruction in fire codes and inspection
practices.
14-6 Enforcement Procedures.
14-6.1*
On all matters affecting fire protection, building construction and site plans shall require the
consent of the fire department, except upon successful appeal to the board of appeals.
14-6.2*
The fire department shall provide prompt and complete staff advisory services in the technical
areas concerning advance planning for buildings and subdivisions, technical subjects, and code
interpretation. The code enforcement staff also shall assist fire suppression forces in developing
pre-fire plans.
14-6.3*
Accurate records shall be kept and maintained of all complaints, permits, past inspections,
legal action, investigations, and special conditions.
14-7 Zoning Regulations.
14-7.1*
Fire departments shall seek to establish good working relationships with the local zoning and
planning authorities so that review of development and construction proposals can identify fire
protection concerns.
14-8 Building Regulations.
14-8.1*
The fire department shall seek to establish a good working relationship with the agency or
authority responsible for enforcing the building code so that the review of the design,
construction, alteration, or demolition of buildings and structures can be monitored to identify
fire protection concerns. In the event that authority for enforcement of building regulations has
not been delegated within the jurisdiction, the fire chief shall actively encourage the adoption of
a model building code by the appropriate agency or jurisdiction.
14-8.2
A procedure shall be established to obtain the approval of the fire official on all matters that
affect fire safety. Fire protection and safety criteria shall be part of the building permit
application, plans check, approval, and certificate of occupancy process.
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Chapter 15 Fire Investigation
15-1 Purpose.
15-1.1
The fire department, subject to legal authority, shall investigate all fires by gathering
information that assists in developing an effective fire prevention program, improving fire safety
legislation, identifying public education programs, describing the community’s fire problems,
evaluating fire protection capability and assisting law enforcement.
15-1.2*
All fires shall be investigated to determine the origin and cause of the fire. If the fire is
determined to be accidental, the investigation shall consider methods of eliminating or reducing
that type of fire. If the fire is determined to be incendiary or suspicious, a full investigation shall
be initiated.
15-2 Organization for Investigation.
15-2.1
All fire suppression personnel shall be trained in basic fire cause determination, arson
detection, and investigation procedures to provide a high rate of origin and cause determination.
15-2.2*
As the lead agency, it shall be the responsibility of the fire department to organize an arson
investigation team and direct its activities unless such a team is otherwise established by a higher
jurisdiction.
15-2.3
Any persons appointed to fire investigator positions shall meet the appropriate professional
qualifications required by NFPA 1033, Standard for Professional Qualifications for Fire
Investigator.
15-2.4*
Control and release of all information regarding suspicious fires shall be performed under the
supervision of the fire chief, the fire marshal, or the supervisor of the fire investigation team.
15-3 Fire Investigation Information Systems.
15-3.1*
A fire investigation information system (often referred to as an arson information system) shall
be established and maintained for efficient and effective information retrieval. This system shall
cover the county or, if possible, the state.
15-3.2*
The fire department shall establish systems to collect information needed for each fire incident,
and special information needs for particular types of incidents such as incendiary or suspicious
fires shall be identified.
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Chapter 16 Communications
16-1 Purpose.
16-1.1
The fire department shall have a reliable communications system to facilitate prompt delivery
of public fire services.
16-1.2*
A secure communications center shall be provided and staffed to receive requests for
emergency assistance from the public, to dispatch that assistance, to coordinate communications
with units providing emergency services, and to provide overall coordination and control of fire
department operation communications.
16-2 Communications Center.
16-2.1
All communications facilities and equipment shall comply with NFPA 1221, Standard for the
Installation, Maintenance, and Use of Public Fire Service Communication Systems.
16-2.2
The facilities provided at the communications center shall be based on the needs of the area for
which service is to be provided, with emphasis on the adequacy and reliability of the systems
provided, for both routine and emergency conditions, including the capability to receive
communications from hearing-impaired persons.
16-2.3*
In larger jurisdictions, a separate communications facility shall be provided and staffed with
trained operators. In a small fire department, an adequate communications system shall be
permitted to be provided and designed as part of a fire station or other facility. In both cases, the
needs of the area shall be served adequately and reliably on a 24-hour basis. The fire chief shall
ensure that adequate and reliable communications for the fire department mission and operations,
without compromises that serve other priorities, are provided.
16-2.4
Where joint communications systems are operated with other services, adequate supervision,
training, operating procedures, and systems shall be provided to ensure that communications
center personnel are prepared to meet the inherently different needs of the fire department.
16-3 Public Reporting of Fires and Emergencies.
16-3.1*
Facilities and systems shall be provided to ensure that the public can notify the fire department
of fires and emergencies easily and promptly.
16-3.2*
The fire department shall conduct an ongoing public education and information program to
ensure that citizens are aware of the proper methods for requesting fire department emergency
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services.
16-3.3*
The telephone number used to report emergencies shall be easy to recognize and remember.
The use of the 911 emergency number shall be encouraged.
16-3.4 Reporting Facilities.
16-3.4.1* The communications center shall have sufficient incoming telephone lines and trained
operators to answer the volume of calls that reasonably can be anticipated under routine,
unusual, and emergency conditions.
16-3.4.2* A contingency plan shall be in place to provide for emergency reporting in the event of
a failure of all or part of the public telephone system.
16-3.5
The connection of automatic-dialing emergency reporting equipment to the primary
emergency reporting lines shall be prohibited to prevent malfunctioning equipment from
occupying the lines. An alternate telephone number shall be permitted to be provided for this
purpose, or the authority having jurisdiction shall be permitted to require such equipment to be
connected to an approved alarm monitoring service.
16-3.6*
Where fire alarm box systems accessible to the public are installed, they shall conform to
NFPA 1221, Standard for the Installation, Maintenance, and Use of Public Fire Service
Communication Systems.
16-4 Dispatch Systems.
16-4.1*
The communications center shall be responsible for dispatching the appropriate units to any
reported emergency incident, based on written operational guidelines.
16-4.2
A minimum of two approved methods shall be available to transmit a dispatch message from
communications to each fire station so that a fully independent back-up is immediately available
in the event of failure of the primary method. The methods shall be as specified in NFPA 1221,
Standard for the Installation, Maintenance, and Use of Public Fire Service Communication
Systems.
16-4.3*
All units that are available for dispatch to emergency incidents and are not located in quarters
at a fire station shall be capable of constant radio contact with the communications center.
16-4.4
Where the response of volunteer or on-call personnel is anticipated, the communications
system shall have a reliable means to notify these personnel of an alarm, such as tone-activated
radios and pagers, outside horns or sirens, and special telephone systems.
16-4.5*
Appropriate methods shall be employed to alert personnel within each fire station when an
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alarm is received. These methods shall be permitted to include the activation of lights, visual
indicators, and/or audible devices, activated automatically or by a member assigned to
house-watch duties.
16-4.6
Each fire station shall have a means to manually acknowledge the receipt of alarms received
from the communications center.
16-4.7*
The communications center shall be informed of all changes in the availability status of each
unit in order to determine properly which units are available for dispatch to emergency incidents.
16-4.8
Where automated or computer-aided equipment and systems are used as a routine part of the
dispatch system, manual back-up systems and procedures shall be in place and exercised
periodically to maintain operator skills in the event of a failure.
16-4.9
A high priority shall be placed on maintaining all dispatch equipment and systems in full
working order at all times.
16-5 Radio Communications.
16-5.1*
Radio transmitter/receivers shall be provided at headquarters and in emergency vehicles. Every
chief officer and company officer shall be provided with a portable transmitter/receiver while
assigned to emergency duty.
16-5.2*
The fire department shall have a selective alerting system by which it can summon designated
on-call personnel, including volunteers and career staff, at any hour of the day or night.
16-5.3*
Sufficient radio frequencies shall be provided to accommodate the operational needs of the fire
department or communications system, based on the amount of radio traffic that is anticipated
and the need to communicate simultaneously with different individuals or groups.
16-5.4
Frequency allocations shall meet the requirements of the Federal Communications
Commission in the United States or Transport Canada.
16-5.5
Specific radio frequencies shall be designated for use in anticipated situations according to a
written communications plan. Where a group of fire departments operates a common
communications system and mutual aid network, all users shall have access to any and all
frequencies used in the system to provide for effective communication.
16-5.6*
The department shall establish operational guidelines for radio communications. All members
shall be trained in radio procedures to provide for efficient use of the system. In regions where
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multiple fire departments might be involved in an emergency, communications procedures shall
be formalized with all assisting departments.
16-5.7
All radio and telephone messages to the communications center shall be automatically
recorded using equipment that automatically records the time as well. Small fire departments
shall be permitted to substitute a frequent statement of the time in the recorded messages for the
time recording equipment. Separate equipment shall be provided to play back immediately
pertinent telephone and radio communications related to the reporting or handling of fires or
emergencies.
16-6 Fireground Communications.
16-6.1*
Operational procedures shall mandate that the first unit to arrive at an emergency notify the
communications center by radio of its arrival and provide a brief description of the visible
conditions and the location of the incident. The first responding officer shall establish incident
command at the fire or emergency scene.
16-7 Nonemergency Communications.
16-7.1*
The fire department shall have a functional business communications system separate from the
emergency communications system. This system shall be designed and operated in a manner to
ensure that emergency communications take priority over nonemergency messages. Where
components of the emergency communications system are utilized for nonemergency purposes,
such use shall yield to the priority of emergency functions.
16-8 Private Alarm Systems.
16-8.1
Property owners shall be encouraged to install automatic and manual fire alarm systems that
can be connected directly to fire communications centers or to alarm monitoring services. Such
systems shall be properly installed and maintained in accordance with appropriate NFPA
standards to provide for reliable operation and to minimize unnecessary alarms.
Chapter 17 Equipment and Buildings
17-1 Purpose.
17-1.1
The fire department shall maintain an inventory of all equipment, buildings, and land owned,
leased, utilized, or maintained by the fire department to assist in day-to-day operations and for
future planning.
17-1.2*
The fire department shall maintain a current inventory of all apparatus, vehicles, and
equipment owned, leased, utilized, or maintained by the department. This inventory shall include
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the current status of all assets of the department, project the remaining service life, and serve as a
programming tool for future needs and procurement of requisite approvals for acquisitions.
17-2 Purchasing of Equipment.
17-2.1*
Specifications shall be prepared for the acquisition of all pieces of fire apparatus, vehicles,
major equipment, and minor equipment as needed. Fire apparatus shall be acquired in
accordance with the requirements of the appropriate NFPA 1900 series standards, which address
such vehicles.
17-3 Maintenance.
17-3.1
Following any response, maintenance and inspection shall be performed immediately to
restore the apparatus and equipment to ready status in anticipation of another response. This
shall include replenishment of supplies used and restoration of ladders, tools, and respiratory
equipment after use, inspection of apparatus and equipment for damage, and verification that all
personal safety equipment is fully operational. Any unsatisfactory condition noted shall be
recorded properly and corrective action initiated.
17-3.2*
In addition to regular inspections by the vehicle operator, a procedure for periodic inspection
of apparatus and related equipment by qualified personnel shall be established. Written
instructions shall define the work to be performed, the inspection frequency schedule, and the
requirements for documentation.
17-3.3
Pumps, aerial ladders, and ground ladders shall be tested on a periodic basis and after major
repairs. Apparatus testing shall include a road performance test and operation of all functions.
Ladders also shall be tested after any suspected destructive impact, overloading, or destructive
exposure to fire.
17-3.3.1* NFPA 1901, Standard for Pumper Fire Apparatus; NFPA 1904, Standard for Aerial
Ladder and Elevating Platform Fire Apparatus; NFPA 1911, Standard for Service Tests of
Pumps on Fire Department Apparatus; NFPA 1914, Standard for Testing Fire Department
Aerial Devices; and NFPA 1932, Standard on Use, Maintenance, and Service Testing of Fire
Department Ground Ladders, shall be the basis of the test procedures. Suitable and adequate
records of all test procedures and results shall be maintained for the service life of each piece of
covered equipment.
17-4 Hose.
17-4.1*
A complete inventory of all fire hose, including purchase date, cost, and results of acceptance
and annual service tests shall be maintained. To facilitate such record maintenance, each length
of hose or each hose coupling shall be given a unique serial number for inventory purposes.
17-4.2
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The department shall adopt standards for the amount and size of hose carried on each piece of
apparatus, depending on department operating practices, rated apparatus pump capacity, and its
operational utilization in delivering fire flows.
17-4.3
Hose coupling and connection threads, including those on all master stream and other water
delivery devices, shall be standardized throughout the department. Where threaded connection
couplings are employed, coupling threads shall conform to the American National Fire Hose
Connection Screw Thread as specified in NFPA 1963, Standard for Fire Hose Connections.
17-4.4
For situations where hose or devices of different threads have to be connected, suitable adapter
couplings shall be acquired and provided on all responding units.
17-4.5
All fire department hose shall be tested in accordance with NFPA 1962, Standard for the Care,
Use, and Service Testing of Fire Hose Including Couplings and Nozzles. Hose shall also be
tested after exposure to freezing and after repair or replacement of any coupling.
17-5 Personal Equipment.
17-5.1
Members of the department shall be provided with personal protective clothing and equipment
prior to engagement in any fire department response or hands-on training activity. This
requirement shall be applicable to both fire-fighting and EMS functions that might be carried
out. All equipment necessary to meet the requirements of NFPA 1500, Standard on Fire
Department Occupational Safety and Health Program, as well as federal, state, provincial, or
local law, shall be provided.
17-5.1.1* When purchasing personal protective equipment for fire fighting and medical
protection, such as breathing apparatus, protective clothing, gloves, footware, and helmets,
special consideration shall be given to meeting the NFPA standards for such personal protective
clothing and equipment.
17-5.2 Maintenance of Personal Equipment.
17-5.2.1 Procedures shall be implemented for thoroughly inspecting and servicing personal
protective equipment, particularly following fires or other emergency usage. The procedures
employed for such servicing, particularly product washing or other cleaning, shall be in
conformance with the manufacturer’s recommendations and with NFPA 1581, Standard on Fire
Department Infection Control Program, and OSHA Blood-Borne Pathogens regulations.
17-5.2.2* A procedure shall be established for determining whether personal equipment shall be
repaired or replaced. All repairs shall be made in conformance with the manufacturer’s
recommendations. Completed repairs shall be approved by the department.
17-6 Fire Department Buildings.
17-6.1 Building Records and Planning.
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17-6.1.1* A file record shall be established for all buildings and structures owned, occupied, or
utilized by the fire department, with future building needs identified.
17-6.2 Land Needs Planning.
17-6.2.1* Land for fire department buildings shall be obtained in accordance with a planned
program of development and acquisition. Measures shall be taken to prepare sites for future fire
department use.
17-6.3 Maintenance of Land and Buildings.
17-6.3.1* Routine maintenance procedures shall be established for all fire department facilities,
including land, buildings, and grounds. These procedures shall address the building structure,
including exterior and interior finish, as well as each major component of the building services,
including plumbing, heating, and air conditioning.
17-6.3.2* Fire stations shall be designed to meet their respective service demands in terms of
space for practical utilization by apparatus and personnel. Construction specifications shall
include details of facilities to be provided in new fire stations that provide for efficient, safe, and
convenient functioning of the emergency fire service. Specifications shall comply with the
requirements of NFPA 1500, Standard on Fire Department Occupational Safety and Health
Program, and NFPA 101®, Life Safety Code®.
17-6.4 Training Facilities.
17-6.4.1* Sufficient training facilities shall be provided for the department’s in-service, special
skills, and probationary programs. These shall include adequate classroom, lecture hall,
conference room, library and study room, assembly area, and audiovisual facilities for the needs
of the fire department.
17-6.4.2 Adequate audiovisual and reference materials shall be available to support the
department’s training activities and subjects addressed in the NFPA professional qualifications
standards for respective ranks of personnel in the department.
17-6.4.3* The department shall have access to facilities for ground ladder training, live smoke
and fire training, flammable liquids fires, pumping and drafting operations, and apparatus driver
training.
17-6.5 Vehicle Maintenance Buildings.
17-6.5.1* The fire department requirements for vehicle maintenance facilities shall be assessed,
and facilities appropriate to these needs shall be established.
Chapter 18 Management of Water for Fire Protection
18-1 Purpose.
18-1.1
The fire department shall carry out and maintain a program for evaluating all sources of water
supplies and delivery systems for fire fighting within the community and facilitate the delivery
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of adequate water supply consistent with the fire risk and the fire department capabilities.
18-1.2*
The fire department shall carry out a continuing program of evaluation for all water supplies
for fire fighting, maintaining a liaison with the water authorities on fire protection water supply
matters.
18-1.3*
The fire department shall assess the adequacy or weakness of water supplies in relation to the
fire risk throughout the community in conjunction with its pre-fire inspection or planning
program.
18-1.4*
The fire chief shall assign a full- or part-time water officer to assist the chief and keep the
department informed of the available water supplies for fighting fires from all sources and to
maintain regular contact with the managers of public and private water systems.
18-2 Fire Department Water Supply Operations.
18-2.1*
The fire department shall have operational guidelines for utilization of available water
supplies, both piped and static, taking into account any weaknesses or deficiencies and providing
contingency plans for potential service outages. The fire department shall develop and maintain
inspection and testing procedures to evaluate the adequacy and availability of a public or private
water supply for fire protection.
18-2.2*
Command officers shall have water resource information available to them en route to and at
incidents by means of maps or telecommunications, and each fire company in the fire department
shall maintain a water resources map and records of its response area. These information sources
shall include, as a minimum:
(a) The location and size of water distribution mains in public or private water systems
(b) The location and capacities of hydrants on the public or private system
(c) Identification of any sections of the water source where insufficient flows or pressures
might require special operations
(d) The accessibility and capacity of auxiliary water supplies.
18-2.3*
The fire suppression training program shall include information and instructions on available
water supplies and their use.
18-3 Fire Department/Water Utility Relationship.
18-3.1*
Where the utility is owned by the city and both the fire chief and the manager of the water
system report to the chief administrative officer of the city, the respective responsibilities of the
two departments shall be delineated clearly and liaison personnel shall be provided. The chief
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administrator shall resolve conflicts, making recommendations to the city’s council or governing
board where needed.
18-3.2*
Where the municipality owns the utility but an independent administration or board is
established to govern its operation, the fire chief shall be a member, ex officio, of the water
authority board.
18-4 Hydrant Service.
18-4.1*
All hydrants shall be inspected and tested at least once per year, preferably twice per year, and
after use at fires if problems related to hydrant performance have been experienced. If not
inspected and tested by the water utility, the hydrants shall be inspected and tested by the fire
department. Where problems or deficiencies are identified, the fire department shall file a report
with the water utility requesting specific relocations, repairs, or other adjustments to correct the
problem.
18-4.2*
Fire hydrant locations shall be clearly marked and maintained so that each hydrant location is
visible and accessible at all times. Each hydrant shall be marked to provide pumper operators
with an indication of available flow.
18-4.3
The fire department communications center shall be notified by the water utility whenever any
fire hydrant is placed out of service or returned to service. The communications center shall then
advise all stations for the purpose of posting this information for all members.
18-5 Private Fire Connections.
18-5.1*
It shall be a policy of the fire department to encourage the installation and maintenance of
private hydrant supply and automatic sprinkler systems and to stay informed as to the nature and
condition of these systems.
18-6 Alternate Water Supplies.
18-6.1*
The fire department shall study alternate sources of water supply to be used in the event of a
major disruption in public water supply capabilities.
18-6.2
Written agreements shall be signed with the parties concerned where the auxiliary water
sources are privately owned or under the control of a separate public authority.
18-7 Supervision of Private Water Systems.
18-7.1*
The fire department shall require managers of properties with private fire protection systems to
notify the department when any of the valves controlling private water supplies have to be closed
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for repairs, extensions, or other reasons.
Chapter 19 Hazardous Materials
19-1 Purpose.
19-1.1
The fire department shall have a viable plan for the protection of the community from the risks
associated with storage, use, and transportation of hazardous materials.
19-1.2*
The fire department shall assume one of the lead agency roles in protecting the community
from risks associated with storage, use, and transportation of hazardous materials. The fire
department shall participate in the process of gathering and organizing information, identifying
risks, and regulating the storage, use, transportation, and disposal of hazardous materials and
hazardous wastes. The fire chief shall ensure compliance with NFPA 472, Standard for
Professional Competence of Responders to Hazardous Materials Incidents, and NFPA 473,
Standard for Competencies for EMS Personnel Responding to Hazardous Materials Incidents.
19-2 Hazardous Materials Incident Response.
19-2.1
All fire department members shall be trained to recognize and deal with emergencies involving
hazardous materials. The level of training for individual members shall depend on the role each
is expected to perform during a hazardous materials incident. The training level shall be derived
from established and recognized criteria as described in NFPA 472, Standard for Professional
Competence of Responders to Hazardous Materials Incidents, and NFPA 473, Standard for
Competencies for EMS Personnel Responding to Hazardous Materials Incidents.
19-2.2
To safely and effectively manage hazardous materials incidents, fire service personnel shall be
trained and equipped properly and shall have access to resources in addition to those normally
used for fire suppression, including specialized protective clothing and breathing apparatus,
disposal containers, neutralizing agents, monitoring equipment, reference materials, and
communication with other agencies and sources of information that might be needed in the event
of a leak or spill.
19-2.3
The fire department shall provide an inventory and specific information on the hazardous
materials that are stored or used at each fixed location in the community. This information shall
include material safety data sheets, plans and diagrams, information on potential sources of leaks
or spills, and appropriate intervention strategies to be employed in predictable situations.
19-2.4*
The fire department shall adopt operational guidelines for hazardous materials incidents that
are integrated with the incident command system and procedures used for other types of
incidents. Pre-incident plans shall be prepared for specific target occupancies.
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19-2.5*
Hazardous materials response teams shall be established as deemed necessary in jurisdictions
with substantial hazardous materials risks.
Chapter 20 Major Emergency Management
20-1* Purpose.
The fire department shall have a viable plan for the protection of the community from the
anticipated risks associated with natural and technological emergencies that are more severe than
the scale of most fires and hazardous material incidents and have the potential to exceed the
resource capabilities of a particular jurisdiction.
20-2 Disaster Planning.
20-2.1*
A disaster plan shall be developed that is broad enough to encompass all situations that a
community might face (all-hazard approach).
20-2.2
The disaster plan shall identify and evaluate risk (hazard analysis), formulate objectives,
determine resource requirements and availability, assign responsibilities, develop special
situation plans, provide the structure for directing and managing response operations, and
develop plans for short- and long-term recovery.
20-2.3*
Local disaster plans shall be coordinated with any county and state or provincial emergency
plans as well as with plans by federal agencies.
Chapter 21 Management Reports and Records
21-1* Purpose.
A management information system shall be maintained to support the management of the fire
department by providing the fire chief and other administrative officers with data that indicates
the effectiveness of the department in preventing, suppressing, and investigating fires and all
other major services and functions of the department. The records system shall provide data for
reports on department activities, accomplishments, and long-range needs. The management
information system shall be used to develop reports to the governing officials or members of a
fire department.
21-2 Records Retention.
21-2.1*
The fire chief shall review legal requirements relating to reporting and retention of records and
specify the records to be kept and the methods of gathering data. A records retention and
disposal system shall be instituted.
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21-3 Incident Reporting.
21-3.1*
Reports on emergency operations shall outline conditions encountered at an emergency and all
actions taken by the department to control the condition, and they shall serve as a basis for
determining incident responsibility.
21-3.2*
Each fire company shall record necessary information on each response. The officer in charge
of each response shall collect the company information and consolidate that data which applies
to a particular incident or fire.
21-3.3
When a fire occurs in a building, reports shall cover operations of the department,
investigation of the fire, and details on the losses incurred. If subsequent data is collected as a
result of additional investigations by members of the department, it shall be added to the report
or filed with the report.
21-3.4
A fire record journal shall be kept to provide a chronological record of all fires, alarms, and
other emergency incidents. The journal shall include the date, time, location of the incident, and
names of persons sustaining a loss, together with a brief description of the incident.
21-4 Administrative Reports.
21-4.1*
A consolidated report shall be developed to allow the fire chief to review department activities
on a regular basis.
21-4.2*
The status of fire department operations and incident and fire loss data shall be summarized
periodically.
21-5 Annual Reports.
21-5.1*
The fire chief shall submit an annual report to the administrative head of the jurisdiction
served by the fire department. This report shall include a complete summary of the department’s
periodic reports as well as a discussion of department policies, important changes that have
occurred during the year, and recommendations for the coming year.
Chapter 22 Referenced Publications
22-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
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22-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-1901.
NFPA 101, Life Safety Code, 1994 edition.
NFPA 472, Standard for Professional Competence of Responders to Hazardous Materials
Incidents, 1992 edition.
NFPA 473, Standard for Competencies for EMS Personnel Responding to Hazardous
Materials Incidents, 1992 edition.
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition.
NFPA 1021, Standard for Fire Officer Professional Qualifications, 1992 edition.
NFPA 1031, Standard for Professional Qualifications for Fire Inspector, 1993 edition.
NFPA 1033, Standard for Professional Qualifications for Fire Investigator, 1993 edition.
NFPA 1035, Standard for Professional Qualifications for Public Fire and Life Safety
Educator, 1993 edition.
NFPA 1041, Standard for Fire Service Instructor Professional Qualifications, 1992 edition.
NFPA 1221, Standard for the Installation, Maintenance, and Use of Public Fire Service
Communication Systems, 1994 edition.
NFPA 1402, Guide to Building Fire Service Training Centers, 1992 edition.
NFPA 1403, Standard on Live Fire Training Evolutions in Structures, 1992 edition.
NFPA 1406, Standard for Outside Live Fire Training Evolutions, 1993 edition.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1521, Standard for Fire Department Safety Officer, 1992 edition.
NFPA 1581, Standard on Fire Department Infection Control Program, 1991 edition.
NFPA 1582, Standard on Medical Requirements for Fire Fighters, 1992 edition.
NFPA 1901, Standard for Pumper Fire Apparatus, 1991 edition.
NFPA 1904, Standard for Aerial Ladder and Elevating Platform Fire Apparatus, 1991 edition.
NFPA 1911, Standard for Service Tests of Pumps on Fire Department Apparatus, 1991
edition.
NFPA 1914, Standard for Testing Fire Department Aerial Devices, 1991 edition.
NFPA 1932, Standard on Use, Maintenance, and Service Testing of Fire Department Ground
Ladders, 1994 edition.
NFPA 1962, Standard for the Care, Use, and Service Testing of Fire Hose Including
Couplings and Nozzles, 1993 edition.
NFPA 1963, Standard for Fire Hose Connections, 1993 edition.
22-1.2 Other Publication.
22-1.2.1 AWWA Publication. American Water Works Association, 6666 W. Quincy Avenue,
Denver, CO 80235.
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AWWA M-17-1989, Manual on Installation, Field Testing, and Maintenance of Fire
Hydrants.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1
Public fire protection services include, but are not limited to, fire suppression, fire prevention,
fire investigations, public fire safety education, disaster management, rescue, emergency medical
services, hazardous materials response, and response to other emergencies as needed.
A-1-2
The standard includes recommendations that are intended to provide effective and efficient
protective services that operate on a sound basis to prevent fires and reduce risk to lives and
property, to deal with incidents that occur, and to prepare for anticipated incidents. It sets
minimum standards considered necessary for the provision of public fire protection. It addresses
the structure and operation of organizations providing such services, including fire suppression,
fire prevention, related code enforcement, public fire safety education, fire investigation, and
other assigned emergency response responsibilities, including medical services and hazardous
materials operations.
A-1-3
In North America, protection of the public from fire is generally regarded as a local
government function, often within a regulatory framework. The basic requirements contained
within this standard could be adopted by a private organization or by a governmental
organization operating under a different structure. The basic principles of organization are
similar, whether operated by a city, town, county, special district, voluntary organization, or
private organization, even though administrative practices might vary.
A-1-5
There is a fundamental concept of fire risk associated with modern society. Public fire service
organizations are expected to reduce the risk within their areas of jurisdiction by taking measures
to prevent the outbreak of fires, to limit the extent and severity of fires, to provide for the
removal or rescue of endangered persons, to control and extinguish fires that occur within the
jurisdiction, and to perform other emergency response operations and delivery of emergency
medical services.
The cumulative effects of preventive efforts, risk reduction and control, and fire suppression
capabilities result in variable levels of risk to the jurisdictions and their residents.
The risk remaining after deducting the cumulative effect of the public fire service
organization’s efforts is the responsibility of each individual, including owners, operators,
occupants, and casual visitors to properties. It should be noted that fire risk cannot be completely
avoided or eliminated.
A-1-6

Copyright 1996 NFPA

The strategic planning method can result in the proposal of methods other than suppression
that contribute to an acceptable level of fire protection. An example of this is securing legislation
requiring automatic sprinkler systems in buildings, thus providing a protection alternative that
reduces the level of risk and the demands on the fire service. In addition, requiring smoke
detectors and/or sprinkler systems in residential properties ensures that occupants will be alerted
so they can self-rescue and summon the fire department early in the fire development, thus
minimizing life and property loss due to fire. The primary result of sound strategic planning is
the shift of emphasis from fire suppression to fire prevention.
A-1-7 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-7 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-2-2.1
In a modern society where combustibles are prevalent, this aspect of the fire department’s
activities should encompass a variety of approaches, including inspections, enforcement of fire
codes, review of plans for new construction projects, consultation with builders, developers, and
those responsible for the management of individual properties, and public education programs.
Fire chiefs usually are required, through state or provincial and local statutes, to safeguard the
public and its property from the dangers of fire and panic through prudent code enforcement.
Case law has made it very clear that the fire chief, authorized representatives of other
governmental agencies, are obligated to discharge the duties of their positions and can be held
liable for not carrying out their legal obligations for fire prevention. It is essential that all
members of the fire service realize that this is an important part of their activity. Many fire
departments have developed a combination fire inspector and fire company inspection
organization to accomplish their inspection goals. This approach has gained wide acceptance
because it allows for both the technical expertise and the necessary personnel to maintain a
regular inspection program throughout the community.
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A-2-2.2
Studies indicate that the majority of building fires are caused by carelessness and ignorance
and are preventable primarily through educational and motivational efforts. Reducing the
number of life losses, injuries, dollar losses, and fire incidents in this category depends on fire
department development of ongoing, comprehensive fire safety programs — with emphasis on
high-risk populations. Public fire safety education is becoming an increasingly productive and
cost-effective element in the community fire protection system. It should be a planned program
including needs assessment, determination of objectives, evaluation, and allocation of sufficient
resources.
A-2-4.1
The delivery of services that are directed toward saving lives from a variety of perils is
generally included in the mission of the fire service, although the nature and extent of these
services varies from one jurisdiction to another. Fire departments usually are staffed and
deployed in a manner that readily supports the delivery of such varying emergency services
where the necessary resources are provided.
In addition to duties at fires, fire departments should be prepared to perform rescue work and
provide emergency care for those injured in connection with such incidents as traffic accidents,
train wrecks, aircraft crashes, floods, windstorms, and earthquakes, unless specifically excluded
from involvement. (See NFPA 1581, Standard on Fire Department Infection Control Program,
and OSHA regulations on blood-borne pathogens.)
In many areas, the fire department is designated as the primary provider of emergency medical
services (EMS). This might involve the delivery of basic or advanced (paramedic) life-support
services and might include ambulance service. These services might be performed by fire
fighters or by members of the fire department specializing in EMS. The impact on fire
department resources and the department’s continued ability to perform its fire control
responsibilities should be considered when undertaking the EMS activity.
A-2-5.1
In many communities, the fire department is assigned primary responsibility for the
management of hazardous materials emergencies. In some cases, this includes regulatory
responsibilities to identify and minimize risks to the community resulting from the storage, use,
transportation, and disposal of hazardous materials. (See 29 CFR, 1910.120.)
A-2-6.1
Disaster planning should be coordinated at all levels of government in anticipation of
large-scale emergencies. There might be legislation or legal restrictions that establish the overall
controlling authority in disaster operations. All planning and activity should operate within the
framework of these restrictions.
A-3-1.1
Fire protection is considered to be a local government responsibility in most areas in North
America. Local government is broadly interpreted to include municipalities, comprising
jurisdictions such as cities, towns, villages, and townships. Fire protection responsibilities might
be assigned to fire districts and other jurisdictions established by law to provide services to the
public. In most cases, state or provincial legislation identifies the specific level or unit of
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government that is responsible for providing public fire protection by granting charters or by
statute. For the purposes of this standard, the term “local government” is used to cover all these
jurisdictions.
A-3-1.2
Where fire services are provided by a governmental agency, the resources of other related
governmental units, such as personnel systems, finance departments, planning agencies,
purchasing systems, and similar components should be used cooperatively to achieve the most
effective service delivery system.
A-3-2.1
Even independent volunteer fire departments and fire associations that are not under local
governmental operation are subject to state or provincial laws defining the operations of such
departments or associations. These laws also commonly provide authority to a fire department to
operate outside of the municipal territory to which it is assigned and define the terms of such
operation. Modification of these laws should be sought where necessary to allow for broader
operations.
Fire investigation and fire prevention activity are fire department functions authorized by
provincial or state and local law. In most states in the United States and provinces in Canada,
authority for these functions is vested in a state official (the state or provincial fire marshal) with
the general provision that local fire chiefs may be permitted to act in a similar capacity within
their respective municipal jurisdictions in accordance with state or provincial law.
There is also a class of legislation that imposes limits on municipal officials. Examples are
laws that specify the pay and working hours and other conditions of work for the members of fire
departments. This type of legislation imposes specific limits on the financial and operational
management of a fire department by the municipalities.
One of the most important of province-state service functions performed for fire departments is
the operation of a fire service oriented educational and training program. This often is
administered by a state educational agency or institution cooperating with individual fire
departments and other organizations in operating schools and training facilities.
Some federal regulations have a direct impact on fire department operations. These include the
OSHA fire brigade, right-to-know, and hazardous chemical regulations, the DOT regulations
controlling emergency medical technician training, and others.
The organization of employees for first-aid fire fighting is one form of private protection. In
some cases, the property management also provides a fire department for its own protection
within its property. Such a property is sometimes large enough so that the form of its fire
department is similar to that of a fire department organized for the protection of a city or town.
Where a fire department is equipped to supply fire protection for a specific piece of property, it
should be described as “industrial” or “private” to distinguish it from one provided for a city,
town, or other local governmental unit. The decision to provide such additional private
protection should be based on a management evaluation of risk.
“Industrial” or “private” fire departments are discussed in other NFPA publications. (See
NFPA 600, Standard on Industrial Fire Brigades.)
There are also private, commercial, or independently owned and operated fire departments
providing fire protection services to the public. In some areas, these departments contract with
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individual property owners to provide services where there is no fire department operating as a
function of local government. Some fire districts and municipalities contract with private or
commercial fire protection for fire protection services.
A-4-1
A total concept strategic plan will include extensive utilization of built-in fire protection,
including early warning smoke and fire detection and automatic suppression systems in addition
to fire-fighting measures and fire prevention/education programs.
A-4-1.1
The governing body should be encouraged to adopt a long-range community plan dedicated to
the reduction of life and property loss from fire. (See “America Burning,” the report of the
National Commission on Fire Prevention and Control, and “America Burning Revisited.”)
Where increased economic efficiency and program effectiveness are prime objectives in
choosing between programs, cost/benefit analysis can be used to obtain a ranking of alternative
programs and provide the basis for department planning.
Program effectiveness is an important part of cost/benefit analysis. A method that incurs
higher cost might be the most effective, although not the most cost-effective. In the emergency
services, value criteria should be considered. For example, life safety is valued more highly than
physical property.
Cost/benefit analysis typically consists of five steps that draw heavily on systems analysis:
determining need, developing objectives, developing the criteria for measuring effective
accomplishment, generating alternatives, and analyzing and selecting alternatives.
A-4-2.1
In larger departments, this should be carried out with a full-time staff, while smaller
departments should assign these functions to committees or personnel with other responsibilities.
In some cases, these functions should be performed in part by consultants or by planning
agencies working within or in cooperation with governmental agencies.
A-4-2.3
These liaisons should include budget and planning agencies, redevelopment agencies, water,
street, traffic, and engineering departments, and private sector developers.
A-4-3.1
The overall approach is comprehensive, since it examines the resources available for fire
prevention and suppression, together with the level of risk created by the built environment
under varying regulatory approaches. The assumption is that the need for public protection can
be modified by increasing the required level of protection provided by the private sector in the
form of fire alarm and detection systems and automatic sprinklers and by limiting the size and
type of construction that are permitted. A desirable approach provides a low level of fire risk at a
low overall cost, although the specific cost and risk levels are determined by local option.
A-4-3.2
The costs of the fire department might be reduced by minimizing both the potential life
hazards and the combustible features of the community. If, in the area served by the fire
department, the construction or existence of buildings of excessive area or noteworthy risk to life
without provision of automatic sprinkler or other appropriate private fire protection are tolerated,
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the taxpayers have to accept either a high level of fire department expense or inadequate
protection. The same is true of tolerance of other design characteristics that set up a high
conflagration hazard or present unreasonably difficult fire control problems.
A-4-3.3
Some communities have chosen to require automatic sprinklers in all new construction or to
retrofit protection in existing high-risk structures, reducing the need for fire suppression
capability. Alternatively, restrictions on types of construction, building size and siting,
occupancy, and other building features have been used to reduce local fire exposure. (Some
communities do not have these powers granted to them in legislation.)
A-4-3.4
Some communities support a quality of fire department service that other communities have
never had and, therefore, do not miss. Many fire departments do not receive adequate support
simply because taxpayers have never experienced the valuable services that an effective fire
department can provide. Expenditure standards involve both technical questions and value
judgments. The annual operating cost of a fire department is largely established when the
number of pumper and ladder companies it will maintain and the personnel required for these
companies have been determined by an analysis of the degree of desired protection and the
ability to provide financial support.
A-4-3.5
The inhabitants of the jurisdiction should be informed that the amount of money appropriated
annually for the fire department is related closely to how well property owners accept
responsibility for better protection of their individual properties from fire. They should
understand the impact on fire risk of unnecessary requirements or added costs for connections to
water systems for automatic sprinkler systems.
One of the most effective means of private fire protection is through the use of automatic
sprinkler systems. The terms under which the water utility serving the community furnishes
connections to such systems are a factor in whether property owners will consider this means of
self-protection. Local requirements often include installation of flow detection devices, meters,
and unnecessarily high annual charges. Unnecessary requirements for sprinkler connections can
generate relatively little income for the water utility and trivial savings in water loss. In contrast,
lack of private fire protection can result in large fire losses and heavy water consumption for fire
suppression. These losses can cause an increase in fire department expenditure over a period of
years far in excess of the water utility income or savings.
Fire code enforcement, fire safety education, and community cleanup programs are an
accepted approach in the reduction of fire suppression work load. On a short-term basis, they
offer limited opportunity to affect fire department operating costs, but they can be more
productive where undertaken on a long-term basis.
A-4-3.6
Future reduction of the ability of local government to provide public fire protection should be
considered in any planning process. These reductions might be temporary, as in the case of a
strike or natural disaster, or permanent, because of a reduction in the tax base. The result of such
events can range from slight inconvenience to total elimination of usual services. The fire
department, unlike many community departments, provides an emergency service upon which
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the saving of lives and control of major property destruction can depend. Local, state, and federal
regulations and agreements should be guiding factors when planning for the contingency of any
work curtailment.
A-4-3.7
Computer software packages can be utilized to help determine optimum station locations,
necessary number of companies, and best response routes. In addition, they can assist in
development of interjurisdictional fire suppression response plans, including mutual and
automatic aid plans.
Over a period of several years, expenditure for capital items can be spread out by use of
reserve funds or borrowing, if necessary. Under a reasonably accurate forecast, a five-year plan
enables major changes to be carried out on an extended and rational basis.
A statement should be prepared describing potential master plan goals over a period of 10
years. It should indicate how long-range programs for the department and the community can
begin to reduce losses. It should show how capital cost items for equipment and fire stations will
be provided when needed.
A-5-2.1
The management activities of the department are separate from the activities of the governing
body. The manager of the fire department commonly is designated as the fire chief, and use of
that title is intended to apply to the manager of the department even where some other title is
used. Provisions of law by which fire departments can be organized include statutes, city
charters, or special acts that define a fire department’s service area. In addition, there might be
ordinances that apply to the fire department’s organization and operations. These might include
civil service provisions and other laws that regulate such items as permissible work hours for fire
department members.
A-5-2.2
Typically, the fire chief is appointed for an indefinite term and is removable only for cause. If
local regulations require election of the fire chief, the job qualifications should nonetheless be
the same.
A-5-2.3
This requirement is essential for long-range planning, goal setting, and program and budget
development. The local government chief executive or governing board should be kept abreast of
department performance and needs through regular reports submitted by the fire chief.
The fire chief typically reports to a governing body corresponding to the board of directors in
any enterprise.
A-5-2.4
The governing body generally has the responsibility to determine:
(a) The scope and level of service provided by the fire department;
(b) The necessary level of funding; and
(c) The necessary level of personnel and resources, including facilities.
In order to provide service, the governing body should have the power to levy taxes or solicit
funding, to own property and equipment, and to cover personnel costs. The authority necessary
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is conveyed by law to a local jurisdiction.
In addition, the governing body also should monitor the achievement of the management goals
of the department, such as fire prevention, fire suppression, employee training, communications,
maintenance, public fire safety education, and department administration.
A-5-3.1
Officers assigned to the line organization commonly are organized in the following ranking
and designations:
(a) Fire chief
(b) Deputy or assistant chiefs
(c) Divisional or platoon chiefs
(d) District or battalion chiefs
(e) Company officers (captains and lieutenants)
(f) Apparatus operators
(g) Fire fighters.
A-5-3.2
The governing body of the fire department, by its authorization of activities and
appropriations, determines the total numbers of equipment and personnel necessary. The fire
chief should determine how operating units of the department should be organized into bureaus,
divisions, fire companies, or response teams/groups together with the number and distribution of
such units.
Traditional practice as followed in the United States and Canada establishes the fire company
as the basic unit of a fire department. A fire company is provided with at least one piece of fire
apparatus and includes the personnel necessary to place the apparatus into service and operation
when needed. Some apparatus vehicles might be assigned a staff of only a single operator who
works in support of company crews, forming part of a response group.
A-5-4.1
Fire departments, like other organizations, are comprised of a group of people working
together in a coordinated effort to achieve a common set of objectives. An organizational plan
does not preclude the necessity for active leadership; it provides a means to promote effective
management of the organization.
Organizational charts for typical structures of small, medium, and large fire departments are
shown in Figures A-5-4.1(a), A-5-4.1(b), and A-5-4.1(c). Modern management practice suggests
that an effective span of control should include five to seven units.
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Figure A-5-4.1(a) Organizational chart for typical small-size fire department.

Figure A-5-4.1(b) Organizational chart for typical medium-size fire department.
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Figure A-5-4.1(c) Organizational chart for typical large-size fire department.

A-5-4.2
The manner in which fire departments are organized is dependent upon the size of the
department and the scope of its operations. Organizational plans are intended to illustrate the
relationship and responsibility of each operating division to the total organization. A good
organizational plan is essentially a blueprint of the organization and can be useful for budgetary
and planning purposes.
Important to the organizational plan is a list of responsibilities or a job description for each
position. In smaller departments, a single individual might have responsibility for more than one
function. For example, one officer might be responsible for training, safety, and maintenance.
This should be detailed in the job description.
A-5-5.1
One engine company generally can perform the basic individual fire-fighting evolutions, but
not several evolutions simultaneously.
A-5-5.2
Ladder company operations can be performed by engine, rescue, or other companies at fires if
appropriate equipment is available. Single companies are increasingly being equipped with
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quintuple combination aerial trucks or engines carrying aerial devices and might be capable of
carrying out either engine or ladder truck company duties. However, they normally cannot
perform these simultaneously due to personnel limitations, and this should be recognized in
departmental operating procedures.
A-5-5.3
Some departments provide companies or vehicles for special purposes such as salvage, rescue,
lighting, refilling self-contained breathing apparatus, and handling hazardous materials incidents.
Tankers and off-road vehicles are common to urban-rural and rural jurisdictions. Marine or
aircraft fire-fighting companies can be considered special engine companies. (See Chapter 9.)
A-5-5.4
The risk analysis also determines the needed staffing level. See National Fire Academy
Publication, “Community Fire Protection—Master Planning,” for an example of fire suppression
resources analysis, and also see Chapter 4.
A-5-6.1
Response personnel refers to the number of physically able, competent, and well-trained
personnel assigned and available to respond and includes both officers and fire fighters. NFPA
1001, Standard for Fire Fighter Professional Qualifications; NFPA 1002, Standard for Fire
Department Vehicle Driver/Operator Professional Qualifications; and NFPA 1021, Standard for
Fire Officer Professional Qualifications, should be used as the basis for determining personnel
qualifications.
Fire departments in North America staff fire companies with personnel that respond from a fire
station, personnel (volunteer or paid) who respond to an alarm from home or other work, or other
variations of these staffing methods. The mode of staffing tends to be determined by the level of
fire frequency and severity, the ability of the community to afford paid personnel, and the
availability of suitable volunteer personnel. In order to meet a minimum staffing level, some
suburban communities have had to utilize a paid force for response by day, because volunteer
personnel are available principally only at night and on weekends/holidays.
Departments that are composed principally of volunteer personnel should ensure adequate
response staffing by designating personnel for scheduled response. One successful method has
been to designate personnel responsible for responding on a predetermined schedule.
A-5-6.2
A company officer should be designated and held accountable for the company’s management
and its performance of operational functions.
A-5-6.3
The number of supervisory chief officers needed depends on the size of the department. In
some instances, the functions of chief officers below the rank of chief of department might be
combined. In a department of one or two companies, a ranking company officer reasonably can
be designated second in command. The management objective should be to provide a ranking
officer in command of the companies working at each fire or emergency with reasonable
promptness. Such district or battalion chiefs should be provided as necessary, considering
geographical distribution and work load.
The function of the aide is to provide direct support to the command officer in managing the
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incident. These functions might include managing and recording information, operating
communications equipment, making observations and reporting on conditions, transmitting
orders, and providing other forms of assistance to the command officer. In some fire
departments, the duties of an aide might include assisting with administrative functions and
maintaining and operating the command vehicle.
A-5-7.1
The managerial activities are referred to as staff functions and include financial management,
personnel management, fire protection engineering, fire prevention, code enforcement, fire
safety education, fire investigation, research and planning, maintenance, training, community
relations, communications, safety and health, and other activities.
A-5-7.2
When the fire chief assigns any of the functional areas to operational officers or personnel for
attention, it should be in accordance with NFPA 1021, Standard for Fire Officer Professional
Qualifications. Department officers are acting for the fire chief or principal deputies whenever
performing administrative, managerial, or operational functions. In many departments, officers
might have administrative and operational functions or assignments.
A-5-7.3
Personnel from any level of the department can be utilized to perform administrative and
managerial functions. Nonsworn/nonuniform personnel should be permitted to be utilized. Many
fire departments use qualified noncommissioned personnel, such as planners, educators, fire
protection engineers, media specialists, and others, to direct functions including, but not limited
to, master planning, community education, fire prevention, emergency medical services, and fire
investigation.
A-5-8.2
Where appropriate, the mutual aid agreement should include automatic responses on first
alarms (automatic aid). This concept contemplates joint response of designated apparatus and
personnel on a predetermined running assignment basis.
Mutual aid concepts should be considered on a regional basis. In an effective mutual aid
arrangement, each fire department should retain reserves of personnel and apparatus.
Traditionally and legally, overall command of the incident is vested with the senior officer of the
jurisdiction experiencing the emergency.
Some areas use consolidated dispatching to coordinate the response of fire companies to assist
an outside fire department. The management of responses can be made easier by utilizing
computerization, “running cards,” and other advance planning.
A-5-9.1
To save money or to provide the necessary personnel and equipment to perform a job
adequately, some local government jurisdictions have combined compatible functions, such as
communications, maintenance, and other services that can be shared with an overall increase in
efficiency. In combining such functions, the fire chief should ensure that the ability of the fire
department to effectively deliver emergency services is not impaired.
There is a direct relationship between the functions and objectives of a building department
and a fire department, as both departments are involved in the enforcement of safety codes
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covering properties within the jurisdiction. In several jurisdictions, these functions have been
combined successfully by making the building code enforcement program a part of the fire
department organization structure.
Where politics and geography permit, smaller departments should be combined to create a fire
department of a size that is capable of providing adequate protection to a defined area. This can
be accomplished by having the municipalities concerned form fire department districts or by
transferring management of the fire department function to a regional government unit.
Intergovernment cooperation also should be considered in areas such as communications,
automatic aid, EMS delivery, disaster planning and management, hazardous materials response,
fire investigation, central purchasing, maintenance, and training. These are accepted practices in
many communities.
A-5-9.2
This coordination should recognize that the two departments have separate and distinct
responsibilities but need to operate with an effective level of interaction to support their
individual missions.
A-6-2.1
The system of accounts might include computer technology and books of original entry and
ledgers. Books of original entry might include a general journal and register for cash receipts,
purchase orders, contracts, material issued, and payroll.
There should be a general ledger as well as subsidiary ledgers for revenue, appropriation
expenditures, stores, bank funds, and property. If, as an independent fire district, the fire
department performs municipal functions, it should have additional books of original entry for
bonds and interest, for investments, and for insurance. It should have additional ledgers for tax
rolls, individual unit taxes, special assessments, bonded debt interest payable, and investments.
The recommended records should be maintained through appropriate computer technology.
Care should be taken to maintain a back-up file of permanent records. Back-up files should be
maintained in a secure location away from the area where master files are kept.
Salaries, hours, and benefits are principal factors in determining the cost of the service and the
amounts of money that must be appropriated and administered. The authority responsible for
fiscal administration (city council, mayor, supervisor, or board) should consult with the fire chief
on negotiations because of the potential financial impact to the fire department budget.
A budget is the work program of the fire department expressed in dollars and cents. One
portion lists the services, activities, and projects with the estimated expenditure for each service.
The other segment identifies the income to be used to meet total expenses. Budgets usually cover
one fiscal year. A final budget is adjusted when the appropriation items are known. In a
municipality, the final fire department budget requires approval of the authority having
jurisdiction, such as the city council, township, or fire district. In an independent fire department
area, the chief usually is required to submit the budget to a governing body.
A-6-2.2
The result of this analysis should be reflected in the program on which the future budgets are
based. Since annual budgets are inevitably affected by the financial arrangements that are made
over a period of years, an annual budget is supplemented by a budget for longer periods. Fire
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department long-range proposed budgets for 5 years, 10 years, or longer should be considered.
Proposed budgets for long periods should show the approximate priority of the financial needs
and resources.
A budget for any current cycle is inevitably influenced by past commitments, established
standards of service, existing organization structure, current methods of operation, and future
needs. The budget-making process provides an opportunity to appraise the significance of
established practices at intervals. (See Chapter 4.)
A-6-2.3
Staffing for effective fire-fighting companies is one of the most serious problems faced by a
fire department. In order to fill vacancies due to sickness, vacations, and absences in excess of
those covered by normal relief personnel or other arrangements, the fire chief should be
authorized to employ available off-duty members, and pay for such extra duty should be
included in the department budget.
The number of full-time personnel needed to fill a position can be determined by dividing 168
(7 days times 24 hours) by the number of hours in the duty work week. In addition, allowance
should be provided for anticipated sick leave, vacations, and other absences.
The number of personnel in a volunteer fire department needed for staffing should be
calculated considering the number and types of apparatus to be staffed, attendance records, and
number and types of emergency responses. The use of duty rosters might be necessary to ensure
sufficient response numbers on weekends or specific days or times of day.
A-6-2.4
In long-range budgets, a distinction has to be made between expenditures for normal, ongoing
operations and those for capital improvements. The latter are long-term assets of higher cost.
Once these two types of costs are identified, a fire department can create a long-term operating
budget that maintains both costs at an inflationary rate that can be met by a reasonable, uniform
tax rate.
The financing of physical plants and facilities should be coordinated with the overall financial
policies and capital improvement financing of the city. Long-range planning involves listing and
prioritizing the capital items necessary for the next 5 or 10 years, or longer.
Options such as revenue programs, pay-as-you-go, leasing, establishing reserve funds, and
borrowing funds should be adapted to coordinate with the interests of the individual department.
In place of borrowing, communities should consider establishing reserve funds. These funds
could be set up using generally accepted accounting principles. The funds then should be drawn
on for specified purchases.
Borrowing obviously adds to the cost of expenditures for fire stations, equipment, and other
physical facilities. Some communities finance the purchase of major equipment items by the
issuance of bonds. Another possibility is the leasing of equipment (or purchasing it under a lease
that eventually transfers the title to the governmental body). Leasing or lease/purchasing might
be the most expensive of the methods of financing capital improvements, but it also might mean
that facilities are available for use immediately.
A-6-2.5
For assistance, the fire chief should have administrative and other qualified technical support
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in proportion to the size of the department’s operations. This support should comprise qualified
personnel in either the fire department or another municipal department.
A-6-3.1
Requisitions and purchase orders should be numbered and filed by number. A commodity
price file and a vendors’ catalog file should be maintained. The records that the fire department
should keep on its purchasing operations will vary somewhat with the size of the department and
the rules of the administration. In those jurisdictions where central purchasing is in effect, certain
information might be available in central files. A commodity price file on fire department items
is useful in particular. It indicates the quantity used for a given item and the price experience for
each item, and it lists vendors from whom it would be useful to solicit bids at the time of new
purchases.
A-6-3.2
Reference should be made to the applicable NFPA standards and specifications that have been
prepared by technical associations and testing laboratories. (See Chapter 17.)
It is not absolutely necessary to standardize all articles purchased, particularly small items.
However, specifications for major items help the fire department to define special requirements.
The fire department should identify acceptance tests on motorized fire equipment, hose, and
other items.
Substantial savings have been realized through the use of joint purchasing programs by fire
departments on a regional basis. Efforts should be made to participate in such programs.
A standard form should be prepared to be used in invitations to bid or requests for quotations
on items to be purchased. Such a form should contain all of the general conditions applying to
the purchase. Descriptions and specifications applying to each item should be attached to the
form. If it is required that the lowest or best value bids be accepted, the fire chief should be
permitted to use judgment, within established guidelines, in deciding which bid is to be accepted.
Considerations related to such judgment decisions should include long-range cost of operations,
maintenence, dependability of equipment, and reliability of supplier.
The fire chief should require a written report on goods received to show that they have been
inspected and comply with the purchase order as to specifications, quantity, and cost and that the
goods have complied with any test procedures specified.
A-6-3.3
Items for consumption should be released from stores only on the basis of properly signed
requisitions to ensure authorized use. Departments that include a maintenance shop should
require the shop to keep inventory records on major equipment. Companies should be charged
for equipment issued to them. Equipment purchases for, or issued to, a training school,
communications office, or other bureau should be charged to those bureaus.
There should be a record card or file on each parcel of land the fire department uses or has in
custody, on each building, on major pieces of motor fire equipment, on small items of
equipment, and on individual items of supplies. Purchase records of vendors and prices should
be kept with each of these items. A physical inventory taken at least once each year should be
checked against these basic records.
A-7-2.1
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To accomplish this objective, hours of work, wages, and working conditions for fire
department personnel should be equal at least to skilled personnel in the community or other
skilled employees of a municipality. Volunteer fire departments continually should review and
compare benefits and incentives to maximize quality recruitment and retention of members.
A-7-2.1.1 The fire chief should delegate authority to provide specific direction and control over
members of the department, and these delegations then should be responsible for the mechanics
of personnel administration. The fire chief should assign an assistant or deputy chief to
specialize in personnel administration in order to create an effective department personnel office.
The specific personnel activities conducted by the fire department depend to some extent on the
character and extent of personnel services provided by municipal, state, or federal personnel
agencies.
State or provincial legislation and the activities of independent municipal civil service
commissions frequently affect the personnel policies of municipalities and fire departments.
Such legislation might set standards of pay, hours, working conditions, and other features of
personnel policy so as to limit the authority of the municipality and fire department. Final
decisions affecting the personnel program for a fire department are made properly by the local
governing authority or other authority having jurisdiction. The governing council or board
defines the general policies of the department relative to salaries, methods of recruitment,
promotion, conditions of employment, retirement, and other separations from the service within
the scope of its responsibility. The governing body’s power to make financial appropriations
gives it continuous control over the number and quality of department members.
The complexity of personnel management has made it desirable to manage the administration
of certain human resources functions on a central basis for all departments. A competent central
human resources agency can perform valuable services of a technical nature for the fire
department.
A-7-2.1.2 This management authority is essential to the proper utilization of emergency service
organizations. The city council (or other governing board of the fire department), or the mayor,
city manager, or other chief executive officer of the municipality, should not limit the fire chief’s
responsibility for this function. The fire chief should be authorized to (1) place the member in a
position that fully utilizes that individual’s skill and knowledge, (2) train members in a variety of
functions by assigning them to various positions to promote their future advancement in the
department, and (3) foster maximum productivity by rotating the assignment of members to peak
work loads as they occur. Great care should be taken to ensure that transfers are not made for
punitive reasons, as this can damage department morale.
The company officers should assign the actual work detail within their general authority. A
distinction should be made between a permanent assignment to regular stations and work groups
and those “details” assigned by the appropriate supervisor to cover temporary situations such as
absences, particularly within volunteer fire companies. There is always a chance that a
“permanent detail” will be assigned in cases where there is no budgetary provision for an
essential position.
A-7-2.2.2 Officer ranks are necessary to establish command responsibilities. A proliferation of
special ranks for special assignments is undesirable, as it tends to require too many civil service
examinations and procedures and to freeze personnel in specific jobs. The procedures most
desirable are those where the chief can make special assignments with considerable freedom
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without prejudicing a member’s opportunity for promotion. Pay scales for special assignments in
a given rank should be established as appropriate for the qualifications required for the
assignment and the work to be performed.
A-7-2.2.3 There should be some relatively informal procedures for dealing with minor
disciplinary matters such as tardiness in attendance or in completion of routine duties or reports.
For serious violation of departmental regulations, formal disciplinary procedures should be
adopted. An important objective of discipline is to maintain an effective level of performance by
the members of the department. Good leadership and management involves positive discipline
and a minimum of punitive action.
A-7-2.4.4 This examination should be performed by the fire department physician or the same
medical facility that examines department candidates. When members are found to be unfit for
emergency duties or the performance of the functions of their positions, the fire department
should attempt to assist members in correcting the problem or should reassign members to duties
for which they are fit and pose no threat to safety.
A-7-3.1
The same goals of personnel selection as outlined below can be achieved with equal or higher
quality results at lower cost by utilizing college preemployment education and training
programs. These college programs can provide personnel that meet education and training
requirements, medical requirements, and physical agility requirements before employment by a
fire department.
It should be recognized that state regulations can vary and can be more restrictive than those of
the federal government. The recruitment program should consist of the following steps:
(a) Conduct an active search for the best qualified persons available for membership in the
department and encourage them to apply for appointment, with special effort made to encourage
applicants from under-represented segments of the community labor pool. The recruitment
process should include lateral entry of candidates meeting the respective qualification level as
outlined in the Standards of the National Professional Qualifications System.
(b) Minimum standards should be established and enforced, based on recognized hiring
practices.
(c) Test to measure aptitudes and physical ability. Each candidate who receives a passing
grade on the aptitude and physical ability tests should be interviewed. The oral interview should
measure achievement and motivation characteristics.
(d) Subject candidates to a thorough physical and medical examination, which they should
pass in order to fully perform fire department work.
(e) Investigate the character of candidates by interviewing former employers, personal
references, neighbors, and others familiar with their record, and take fingerprints for police
record checks.
(f) Require appropriate driving licenses before the completion of the recruitment training.
A-7-3.3
The nature of their duties makes it desirable for recruits to have higher levels of training and
preparation than those that can be secured in elementary schools. It is not practical to recognize
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experience in lieu of education, because entry personnel for the fire service should be recruited at
an early age, which can limit their experience. Lateral entry personnel bring higher levels of
experience and training to the department. It is desirable to give consideration to candidates who
have taken fire science, fire technology, and public administration college courses.
The candidate’s application should require a full employment history and personal references.
When candidates report for an interview or tests, photographs, fingerprints, and signatures
should be taken for identification purposes. Credit ratings should be checked to eliminate
irresponsible applicants. Police and motor vehicle records should be checked to evaluate
character. However, the investigation of a candidate’s background should be conducted in
accordance with applicable provincial and federal legislation.
A-7-3.4
A series of tests should be given to determine the applicant’s strength, coordination, agility,
dexterity, and endurance. Tests employing actual fire service tasks provide job-related physical
requirement testing.
A-7-3.5
The medical standards should require all persons offered a fire fighter’s position to pass an
examination to reveal any physical handicaps, deformities, disease, organic deficiencies, or the
use of medication or illegal drugs that might impair performance. The standards should designate
the physical or medical facility that is to be responsible for the examination.
It might be advisable for candidates to be given job-related written, oral, and performance tests
for aptitudes and general knowledge. In most departments, preliminary assessment of aptitudes
should be made from the candidate’s interview and from reports of the supervisors and the
training officer during the period of entry level or probationary training. Tests of general
knowledge and measures of reading, thinking, and decision-making abilities should be verified
for their relationship to the specific job and freedom from illegal discrimination.
A-7-3.6
Periodic written reports or individual significant event reports from a candidate’s supervisors
and department training officer should be used to evaluate the candidate’s cooperation and the
ability of the candidate to become a successful member of the department.
Fire fighting is primarily a team function. Furthermore, the daily life of a fire fighter involves
group living and demands a high degree of ability to get along with others. It is desirable that the
candidate work under at least three supervisors during probation and receive a satisfactory
written rating from each supervisor before permanent appointment. Prior to permanent
appointment, a review board composed of these supervisors should make these recommendations
regarding permanent appointment.
A-7-3.7
The fire chief’s authority should be limited to recommending action where a personnel agency
outside the fire department has jurisdiction over probationers or where another agency makes the
actual appointments. Where a preemployment training procedure is not used, it often turns out
that those who can meet the physical and written tests for candidates cannot meet the actual
performance requirements of department work. Many candidates voluntarily drop out when they
find that they cannot perform the work during the probationary period. It is preferable to
encourage candidates to complete preemployment fire science courses and basic training
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academics before probationary employment is offered to them. This is more equitable to the
candidate and to the taxpayers.
All candidates should complete an intensive program of work and training in the department
operations with a satisfactory rating. The rating should be based on written reports from
supervisors to whom they have been assigned and from the fire department training officer. A
satisfactory rating should include passing an examination that verifies the assimilation of
necessary information on fire department practices. Any candidate failing to meet these
qualifications should be discharged at this point.
A-7-4.1
A printed career development guide should be provided to all full-time members upon their
acceptance into the fire department. The guide should outline the opportunities and requirements
for career advancement, including education, experience, time in job grade, equal opportunity,
affirmative action, and other information. Personnel should not be placed in acting positions to
circumvent the filling of vacancies.
In addition to the traditional promotional program described below, fire departments should
not overlook well-organized and operated education programs available locally, regionally, and
nationally. Some of these programs might be run by community colleges, universities, state or
provincial fire academies, and the (U.S.) National Fire Academy.
The personnel evaluation program should include:
(a) Preparing lists of members for in-service training for promotion to company officers, chief
officers, and positions requiring special qualifications.
(b) Arranging assignments so that officer candidates experience a variety of duties (in several
companies or districts) and various types of staff work such as fire prevention, training,
maintenance, and communications.
(c) Requiring a formal procedure whereby supervisors report on a candidate’s aptitudes,
participation, and ability to function as part of a company for the purpose of evaluating the
candidate’s qualifications for promotion. Evaluate lateral entry candidates for acceptance or
rejection on merit.
(d) Requiring candidates to complete an in-service training program, based on a job analysis
for each position, and to pass an examination on this training. Also, some departments require
specialized training or completion of specific job-related classes before candidates become
eligible to compete for promotion. Lateral entry candidates might have completed the required
levels of preparation previously.
(e) Arranging assignments so that interested members can pursue courses for academic credit
or college degrees at accredited and approved colleges and schools.
(f) Appointing candidates to positions after the procedures of the fire department as well as
those of the personnel agency having jurisdiction have been met.
A-7-4.2
In addition to serving as a fire fighter, such candidates should have experienced at least one
phase of work covering fire prevention, training, maintenance, or communications.
A-7-4.3
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Due to the growing range and complexity of the services provided by the fire service, an
assortment of individuals that possesses unique talents and abilities can be utilized to ensure the
public safety mission of the fire department. These individuals include, but are not limited to,
planners, educators, fire protection engineers, and media specialists. Often the fire service loses
talented professional staff due to limited career opportunities within the fire department. A
promotional process should recognize the skills, knowledge, and abilities of the professional
staff. Those individuals so qualified should be integrated into the organizational/command
structure of the fire department.
A-7-5.1
The retirement plan should include vesting and reciprocity provisions and should comply with
federal, state, provincial, and local regulations. Retirement plans for both career and volunteer
members should be based on a minimum length of service and clearly establish how and when
benefits are paid.
A-7-6.1
There should be procedures by which members can submit constructive suggestions and report
grievances on working conditions. Members should also be consulted regarding department
policies for member programs such as group insurance, group medical and nursing care, member
assistance programs, credit unions, members’ social and athletic clubs, and recreational facilities.
The practical reason for such consultation is to promote understanding and support for personnel
standards and policies.
A-7-6.2
Feedback from the ranks can be used to defuse problems before they become serious
situations. A technique that can improve communication is the establishment of an
organizational development program that involves personnel in group communication and
problem-solving sessions. However, the potential for open communication is directly related to
the attitude and example set by the fire chief.
A-7-6.3.1 The programs should be capable of responding to changes in the community’s
perception of the department. Departments should encourage and provide incentives for
employees who continue their education.
Educational programs should inform personnel of methods for communicating with the
community served and should respond to their existing needs consistent with the objectives of
the department. In addition, they should provide department members with the skills necessary
to perform successfully in a rapidly changing fire service.
A-8-2.1
It might be possible to establish and staff a joint-use training facility for an appropriate region,
such as a county. Such a training facility can be created by the joint action of any group of
departments. By joint contract or articles of association, several departments can provide for the
government of a joint facility. Each department supporting the facility is expected to budget for
its proportionate share of expenses for facilities, supplies, equipment, and staff.
A-8-3.2
Instruction might take place either at the department’s own facilities for training, in stations, or
at regional fire department training schools. There are often other educational facilities within
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the community that can be utilized for aspects of personnel training.
A-8-3.3
Reports should suggest alterations in methods or equipment for changing conditions. The
training officer should witness operations at emergencies and at training sessions periodically to
determine progress and to ensure that training is uniform and that procedures are followed
properly.
A-8-3.4
The training officer should review statements of chief and company officers as to the
performance of members of the department assigned to training under these officers.
Performance records of members of the department taking instruction at a training school other
than one operated by the department itself should be obtained. The training officer should
evaluate the performance of members assigned for instruction at the department training
facilities and should be responsible for ensuring that proper records and evaluation of training
completed are furnished to the chief for the personnel file of each member of the department.
A-8-3.5
This should include periodic evaluations of each instructor, reviewing such skills as lesson
preparation and instructional techniques.
A-8-5.1
Officer candidates should be relieved of company duty for the hours during which such
courses are given. Whenever possible, the scheduling of such courses should not cause the
member to miss regular training periods.
A-8-5.2
This primarily is to measure the effectiveness of the instruction. These examinations and
evaluations can serve the purposes of the fire department as part of the qualification for
promotion, but where a separate personnel agency has jurisdiction, the candidate might also have
to pass other examinations to satisfy the personnel agency concerned.
A-8-6.4
The training schedules of individual companies should be varied for effective use of available
training aids. Company officers should use lesson plans with a standard format so that each
training session can be measured against a planned program of instruction. They should exercise
versatility in using standard lesson plans to reflect conditions in the company’s principal
response district.
A-8-6.6
This procedure is one on which the training officer and chief should insist in order to avoid
perfunctory training work.
A-8-8.1
Group training should enable the training officer to evaluate the ongoing ability of each
company group to use assigned equipment properly. It should be provided to update operating
methods and to demonstrate, or provide experience in the use of, new equipment or methods. It
also should bring pumper and ladder companies together to enable the training officer to evaluate
multicompany operations utilizing the department’s standard operating procedures as a basis for
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this evaluation.
A-8-9.1
Examples include courses for prospective chief officers, chief officers’ aides, and personnel
for special duties, administration, fire prevention, fire investigation, fire safety education,
communications, and maintenance. Other examples include advanced courses for operators of
pumps, aerial devices, and special fire-fighting and rescue equipment and courses on advanced
tactical operations.
A-9-2.2
Departmental regulations and operating guidelines and orders should be developed for the
purpose of ensuring uniformity and effectiveness in department actions and operations. These
should be published and circulated to all members, and training should be provided whenever
major changes or additions are made. A system should be established that requires each member
to read and acknowledge existing and revised regulations and procedures.
Such procedures should cover matters not subject to frequent changes and should be reviewed
at least annually to ensure that they are current. All members should have access to the system of
orders and directives that relate to their unit. Orders should be reviewed periodically by company
officers during company meetings or training sessions.
The departmental procedures should specify the channels through which orders are to be
transmitted. All orders should pass through the established chain of command and should be
acknowledged. The chain of command also should be followed, in reverse order, for reports and
other communications from units to headquarters.
For volunteer fire departments, this chain of command may be permitted be far less structured
as long as the essential objective of full communication is achieved.
The succession of command responsibility is necessary to provide for the continuity of
operations due to death, injury, disability, or the absence of individuals. Succession should
include the job title designation “acting” but should not imply automatic reassignment or
promotion.
A-9-3.1
The fire chief should determine the number and type of fire company units to be provided. All
personnel except those assigned to staff or support units or those serving as chief officers should
be assigned to a specific company unit. It is the fire chief’s responsibility to ensure that the best
use is made of personnel and equipment. See NFPA 1561, Standard on Fire Department
Incident Management System, for additional information.
A-9-3.2
See NFPA 1500, Standard on Fire Department Occupational Safety and Health Program,
Section 6-4.
A-9-3.3
This responsibility includes the inspection, maintenance, inventory control, and records
management of all assigned equipment. It might be divided among more than one officer, but the
division of responsibilities should be defined clearly.
A-9-3.4
Copyright 1996 NFPA

Each member normally should be assigned to a particular company and work under the
direction of the company officer. This does not preclude cross-staffing involving responses of
specialized vehicles nor staffing of volunteer apparatus based on order of arrival of personnel on
the scene or at the station.
A-9-3.8
Weekly or monthly records might be sufficient in the case of volunteer stations.
A-9-3.10
The record of arrival time of units at incidents is important particularly for planning and
analysis.
A-9-4.1
The use of a second officer to respond in volunteer companies increases the availability of
leadership on the scene as well as the control over the larger size of such companies.
A-9-4.3
The assignment of specific response districts to command officers should be based on the
number of companies, work load, and response distances. Department administrative procedures
should indicate clearly the jurisdiction of command officers.
A-9-5.1
An adequate number of members on duty might be necessary only at certain times in volunteer
companies, such as on weekends. The fire department should have a sufficient number of
members to maintain the minimum company or response group strengths under normal vacation,
sickness, and other leave conditions. Departmental procedures should indicate the minimum
on-duty strength to be maintained in each company or response group. In order to maintain
coverage of all essential positions, relief personnel, temporary assignments, or overtime might be
necessary. An appropriate officer should be responsible for such assignments as are necessary to
meet staffing requirements, including temporarily reassigning members from one company to
another.
Where volunteers are used or off-duty members are subject to recall for emergency incidents,
procedures should define the call-out or recall process. Such procedures should be periodically
tested.
Departmental procedures should provide that career members in on-duty status remain on duty
until the relieving members of the on-coming shift have been declared on duty by the officer in
charge. The duty roster should not be interpreted to change automatically duty status at a given
time except where permitted in the case of volunteer standby response groups.
Any exchange of shifts between individual company members should be approved by a
designated officer.
A-9-7.3
A variety of factors should be taken into account including the size, height, and configuration
of buildings, special life risks, exposures between structures, construction types, occupancy
classifications, and other hazards.
Modern computerized dispatch systems have the capability of providing specific dispatch
assignments for every specified building. Where street fire alarm boxes are provided, a response
Copyright 1996 NFPA

assignment should be prepared for each box location. Where there are no street boxes, zone
numbers should be assigned to different points, sectors, or properties.
The number and type of units assigned to a particular incident depend on the availability of
units at the time the incident occurs. Dispatchers should be given the authority to use judgement,
within departmental guidelines, when they encounter situations or circumstances that demand
modification of normal response assignments.
For unusual incidents that require the response of large numbers of companies, procedures
should be established for companies to respond in groups. Situations requiring the recall of
off-duty personnel should be defined in departmental procedures.
Procedures for the redistribution of available companies within the jurisdiction in such a
manner as to provide the best possible protection in the event of major incidents or high activity
should be established. Mutual aid companies should be used for back-up coverage in these
situations.
A-10-1
Emergency incidents can involve operations that vary considerably in their complexity and
scale. The control of these incidents depends on the planned, systematic implementation of an
effective fireground organization to accomplish identified objectives. Every fire department,
regardless of size, needs a proper system to regulate and direct emergency forces and equipment
at both routine and major incidents. The incident management system forms the basic structure
of operations, regardless of scale. An effective system is designed to manage incidents of
different types, including structure fires, wildland fires, hazardous materials incidents, and
medical and other emergencies. See NFPA 1561, Standard on Fire Department Incident
Management System.
Incident management systems are designed to provide a standard approach and response to all
types of incidents and have been developed and implemented by many fire departments. A basic
concept of these systems uses an incremental approach in building a command structure, starting
with the first officer arriving at the scene of an incident. The development of the command
structure should coincide with the commitment of emergency forces assigned to the situation.
The specific methods used by fire departments throughout the country differ, but the essential
operational objectives remain consistent. The main distinguishing characteristics of the various
incident management systems currently employed involve terminology and specific details of
organization structures.
A model incident management system has been developed by the National Fire Service
Incident Management System Consortium. The model combines command strategy with
organizational procedures and is designed primarily for structure fire incidents using up to 25
fire companies, though much of the organizational design is applicable to other types of
emergency incidents. The model reflects a merger of the California Firescope Incident Command
System and the Phoenix Fireground Command System.
A-10-3.1
Command should never be transferred to an individual not on the scene. The arrival of senior
officers on the scene does not result in an automatic transfer of command. The identity of
incident command might change during the course of an incident, but the continuity of
responsibility and accountability should be maintained.
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On a typical first alarm assignment, the chain of command is usually transferred on the arrival
of a chief officer. The officer being relieved should be prepared to provide the superior with an
assessment of the general conditions and tactical priorities, such as the location of companies
that have been assigned, the identity of companies available for assignment, and the need for
additional resources.
A-10-4.1
The situation faced by a company officer assuming initial command of an incident dictates an
operating mode in each case. The basic options available to that officer are:
(a) Investigation Mode. If there is no fire evident, the first arriving company officer
investigates while all other units stand by in staging mode or positions. The company officer
assumes command responsibility.
(b) Initial Attack Mode. The first arriving company officer assumes command responsibility
while leading an initial rapid attack to stabilize the situation. This mode is effective where fast
action is critical and will control the situation quickly.
(c) Command Post Mode. The first arriving company officer identifies a large, complex
situation and assigns resources while setting up a command post operation from the outset.
In each case, the company officer assuming command is fully responsible for the identified
tasks assigned to the command function. The degree of personal involvement in tactical actions
varies in each mode.
A-10-5.1
Developing a command organizational structure should begin with the implementation of
initial tactical control measures. The size and complexity of the organization are determined by
the dimensions of the particular situation.
A model command structure for a large-scale emergency typically includes four levels of
command plus staff support. (See Figure A-10-5.1.)

Figure A-10-5.1 Model command structure.

The command level includes the functions necessary for overall control of operations and
identification of strategic objectives. It normally is staffed by the highest ranking officers.
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The operations control level is an optional level that can be implemented when command finds
it necessary to group tactical objectives together for coordination and to maintain a span of
control. This level is crucial at large-scale incidents to provide coordination among sectors and
should be staffed by experienced command officers reporting directly to command.
The sector or division level provides the immediate tactical level that concentrates on specific
operating areas or functions to meet operational objectives. Several fire companies might be
assigned to each sector or division directed by an assigned officer.
The task or company level refers to evolution-oriented functions at a company level. Each
company officer supervises the efforts of a crew, under the direction of a sector or division
officer. The combined efforts of these crews achieve the objectives of overall strategic plans.
As the need arises, specific positions can be added to the command structure to serve directly
under command as staff or aides. This is meant to relieve the incident commander of the
responsibility to supervise auxiliary activities not directly involved in the supervision of the
emergency and to provide detailed or specialized information that might directly support
command functions or fireground operations. These positions can be filled by a variety of
personnel, depending on the situation and specific needs.
A-10-6.1
The responsibility for assigning fire companies at an emergency belongs to the incident
commander, who must establish priorities and assign units based on identified objectives.
Normally, on a first alarm response, the first engine company and truck company respond
directly to the front of the emergency, while other responding units stand by or stage nearby until
assigned to a particular task. Whenever an emergency situation demands extended operational
activities, additional alarms should be called to provide reinforcements and a reserve supply of
personnel and equipment at the scene.
Arriving companies that have not been assigned according to standard operating procedures or
directions from the incident commander should proceed automatically to a standby or staging
position. These units should stop short and remain uncommitted about a block from the scene
until assigned by the incident commander. Staging positions should take into account access to
potential operating positions, water supply, and traffic conditions. The primary emphasis is on
avoiding the independent commitment of companies to tasks or positions that conflict with the
incident commander’s objectives. Once the initial command responsibilities have been
completed, the incident commander should begin obtaining progress reports from operating units
and begin to evaluate efforts. The initial action plan should then be revised or refined as
necessary.
The convergence of many units at the scene of an incident, particularly units that are not part
of a planned response system, can cause major problems. Procedures should be established on a
regional basis to provide for orderly response when major incidents occur. All responding
multiple alarm companies should gather in a specific area designated by the incident
commander. This formal staging area should be located away from the emergency scene in order
to provide adequate space for assembly of all response apparatus. The first officer to arrive in
this designated location should automatically assume control of the staging area. This officer
should maintain an accurate log of available companies and, when requested by command,
should verbally assign companies to report to specific sectors or divisions or for specific
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functions, with instructions on where and to whom to report.
A-11-1.2
Emergency medical services (EMS) have become a major part of the work load of many fire
departments, both career and volunteer. In many cases, the EMS activity level exceeds the work
load from fires and other types of emergencies by a considerable margin. Comprehensive
treatment of the management and delivery of EMS systems is beyond the scope of this standard.
This chapter contains only general requirements and information relating to the subject as an
element in a fire department’s organization.
A-11-2.1
The resources needed to provide an emergency medical service system beyond a department’s
resources can include combinations of both public agencies and private organizations in a
public-private partnership responding to medical incidents. The fire department is an available
resource to participate in this system in most areas.
The local fire department is a source of medical aid capability since it generally has a sizable
body of reliable, trained personnel operating in an existing emergency command structure, with
a communications system and emergency vehicles strategically deployed throughout the
community.
A well-designed EMS system should provide for rapid response by personnel trained at one or
more of the following recognized levels, First Responder (FR), Emergency Medical Technician
(EMT) or Basic Life Support (BLS), Advanced Life Support (ALS), and patient transportation
and specialized rescue and extrication capabilities.
A-11-3.1
In many cases, the fire department operates as part of a system that includes a combination of
public and private sector resources, such as joint emergency responses or private ambulances
transporting patients after initial response and treatment have been provided by fire department
personnel. In other areas, EMS is provided by a public agency that is separate from the fire
department, with initial response by the fire department units as first responders (tiered
response).
A-11-4.1
Fire department involvement in EMS varies significantly from one location to another.
Variations include personnel on engine and ladder companies trained as first responders or
emergency medical technicians and ambulance systems operated by fire fighter-EMTs or civilian
employees of the fire department. Advanced life support might be provided by paramedics
operating ambulances or rescue vehicles or staffing regular fire suppression companies.
A-11-8.1
See NFPA 1581, Standard on Fire Department Infection Control Program, and 29 CFR, Part
1910.1030 (OSHA), “Occupational Exposure to Bloodborne Pathogens” regulations.
A-11-9.1
The benefits of an effective fire incident management system are readily transferrable to a
medical incident. The fire department is often the first to arrive at the scene and the first to
establish any command or control.
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A-12-2.1
A positive community relations program should be a continuing effort and a persistent,
well-planned and organized activity to promote community understanding and appreciation of
fire department services.
Community relations is an important management function that identifies fire department
activities with the various interests of the public. The fire department needs to justify its
programs and resource needs with respect to other municipal departments demanding the
attention of the public.
Due to the nature of community relations, the fire chief should personally monitor the
program. The overall effectiveness of any community relations program is generally a direct
reflection of the administrator’s participation in the program. Wherever possible, a staff
specialist should be assigned the responsibility for developing and implementing an organized
program identifying objectives, time frames, and evaluation measures.
A-12-2.2
The fire department management should ensure that its personnel fully understand the
department’s organization and functions and the role each is expected to play in the department’s
community relations program. Good community relations begin with positive behavior by all
department members. A vital part of a good program is the proper public perception of personnel
both on duty and off duty, especially during high visibility activities.
A-12-4.1
The governing bodies should provide the fire department with an organizational structure and
the necessary resources for community relations activities.
The fire department should carry out its public relations and educational programs in such a
way as to strengthen the position of all departments of the local government with which it is
associated. The chief executive official (mayor, city manager, town manager, or supervisor),
heads of principal municipal or local government departments, and their employees generally
should be kept informed of the fire department’s operations and programs. Municipal department
heads should be consulted in all programs that might affect their departments and in cases where
support of their departments might be beneficial. The various planning agencies and the water
and building departments should receive particular attention.
Fire department public relations programs should be coordinated with those of neighboring
communities especially as to the timing and scope of effort in education campaigns. These
programs should be coordinated with area, county, and state-wide fire protection activities and
fire prevention programs.
A-12-5.1
Good media relations are essential for the success of public education programs and the
delivery of the fire safety message.
A-13-1.1
Fire officials recognize that public fire safety education is the most effective way to reduce fire
incidence. The majority of fires and fire-related deaths and injuries occur in residential
occupancies, which are more difficult to inspect because of social resistance and constitutional
protection. Education brings safety attitudes into the home.
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A-13-1.2
Fire safety education differs significantly from the community relations objective of promoting
community understanding and appreciation of fire department services.
A-13-3.1
The public fire safety education officer or specialist also might serve as spokesperson for the
department if assigned the community relations responsibilities as well. This individual provides
for continuity and responsibility for the fire safety education function.
While a fire department can make effective contributions working alone, it should enlist the
cooperation of individuals in the community. A community committee adds enormously to the
staff time and resources available to accomplish fire safety education program objectives. Such a
group might have administrative and/or policy responsibility.
A community committee can be composed of representatives of the community and/or
members of the fire department. It usually has staff responsibility for carrying out the program if
there is no department staff member or specialist assigned.
A-13-4.1
Active concern for and understanding of the hazards of fire by the public are necessary for the
success of fire department fire safety education programs. A sense of common cause in the fight
against fire is important.
A-13-4.2
The department should analyze the problem of communicating with people in homes, stores,
institutions, businesses, and other occupancies in a community to determine how best to educate
each. A community relations program should establish the foundation for citizen cooperation in
cases where the fire department wishes to enter private property for home fire safety surveys or
inspections by ensuring that the purpose of these surveys or inspections is understood.
A-13-5.1
The following steps should be considered as part of a cyclical process to be completed every 3
to 6 months by the fire department.
(a) Identify important local fire problems in order to make them a focus of the education effort.
This includes gathering information on high-risk locations, victims, behaviors, and hazards.
(b) Identify community resources, available materials, and potential audiences, then select the
appropriate objectives that meet the community’s needs and resources.
(c) Create a program design by determining the content and format of the message and
packaging the program for delivery within the community or high-risk population groups.
(d) Produce and distribute materials, train fire service personnel, and involve target audiences
in the education process.
The impact of the program should be measured by comparing baseline data gathered prior to
the program’s implementation with data compiled at an appropriate point following the
implementation of the program. Such data might include fire deaths, injuries, property losses,
and number and type of incidents. Pre-program and post-program data on awareness, knowledge,
and behavior in the community also should be compared to determine the success of the program
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and how it can be modified to improve its effectiveness.
A-13-6.1
Utilization of mass media is a basic resource for public education. Distribution of educational
literature, displays, and exhibits also effectively reaches large numbers of people.
Recent improvements in data collection and analysis now allow identification of fire problems
within a given neighborhood. Narrowly targeted campaigns are designed to utilize direct mail,
face-to-face, and telephone contact. These specialized campaigns have been proven to be more
effective for specific problems than mass media campaigns.
A-13-6.3
The home visit approach should be educational and designed to identify and explain existing
hazards with suggestions for their elimination. Home fire safety survey programs accomplish
direct elimination of fire hazards and have important educational aspects. Information on
low-cost, quick-acting residential sprinkler systems and smoke detectors should be provided and
strongly emphasized as part of home survey programs. During the visit, recommendations on
other fire safety practices should be made. The program sometimes can be staffed by volunteers
or senior citizens and/or citizens with disabilities. All personnel performing home fire safety
surveys should be trained and supervised by a designated, qualified fire department officer.
Since children receive most of their formal education in schools, the elementary and secondary
schools should be the focal point of their education and training in fire safety. The fire
department should ensure that local school administrators are adequately supplied with fire
safety information and materials. Prepackaged programs such as NFPA’s “Learn Not to Burn®”
and the Project Burn Prevention program provide comprehensive, educationally sound curricula
for grade levels kindergarten through 12.
The fire department’s responsibility is to convince and assist administrators and educators at
local schools and in school districts to institute such programs, to help raise funds for materials,
and to provide the necessary fire department resources for classroom visits and assemblies to
reinforce program messages. Information on residential sprinklers and smoke detector programs
are especially successful in conjunction with school programs that utilize children to carry
information home to share with their parents.
A-13-6.4
The minimum education for all workers should include instruction in how to use exit facilities
and turn in a fire alarm. The fire department should encourage instruction by persuading private
sector firms and organizations to provide classes, demonstrations, bulletin board displays of
posters and informational materials, folder distributions, and publicity in company newsletters
and bulletins published for employees. Fire exit drills should be held periodically where
practicable.
A-13-7.1
Fire Prevention Week campaigns provide numerous opportunities to emphasize the year-round
need for attention to fire safety and call attention to current departmental programs.
Cleanup campaigns, conducted during the spring in many areas, provide excellent
opportunities to emphasize public fire safety. The fire department should ensure that fire safety
is emphasized in any general program of home and civic beautification that is sponsored in the
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community.
A thorough disposal of rubbish, trash, and other hazardous materials in homes, commercial
establishments, industrial plants, and on farms should be the objective of these campaigns.
Seasonal holidays provide opportunities for fire departments to stress particular fire prevention
messages. At Christmas, information on the safe use of Christmas trees, decorations, lighting
sets, and wrappings should be provided. This is also an excellent opportunity for the fire
department to recommend making gifts of smoke detectors. Fireworks hazards should be
emphasized on the Fourth of July and during other holiday periods when fireworks are used.
Halloween is a time when parents should be alerted to the hazards of flammable costumes and
sources of ignition, such as bonfires and candles. The fire department should conduct specific
educational activities in conjunction with other national or local events designed to promote fire
safety awareness (e.g., “Change your clock, change your battery”).
A-14-1.2
The fire chief and building official are given the legal authority and responsibility to establish
and maintain fire and life safety throughout the community. Ultimately, citizens depend on the
fire department to ensure that they are protected against the dangers of fire, panic, explosions,
and other hazardous conditions and their effects that might occur within the jurisdiction or
district.
A-14-2.1
An initial task of an effective code enforcement program is the comprehensive review of
appropriate state laws and local ordinances in order to determine the legal authority of the fire
chief to enforce laws for fire and life safety. Many federal, provincial, and state laws have direct
impact on local fire departments. It is imperative to have contact with responsible legal
authorities to determine the current status of the laws.
Some states or regions have preempted local authority by adopting specific laws governing fire
safety of care facilities, schools, assemblies, high-rise buildings, and other occupancies subject to
critical life safety hazards. The fire department might be involved in their enforcement.
A-14-3.1
Most fire departments secure community adoption of one of the recognized model codes that
are developed by private or government code and standard development organizations. Sufficient
time should be taken to review carefully each model code before adoption to ensure it meets the
needs of the community. Model codes may be permitted to be amended for adaptation to local
concerns and needs. The fire department should work closely with the local government’s legal
authority to develop an adoptive ordinance for the code. It is critical that the public have an
opportunity to review and comment on the proposed code before it is amended or adopted.
A-14-3.2
The revision process should include:
(a) Input from a fire prevention regulations advisory committee that has representation from
the fire department, building department, design profession, and from local business and other
entities.
(b) Procedures to enact emergency regulations.
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(c) Identification of retroactive requirements for existing buildings as well as requirements for
new construction.
The local fire department should participate actively in the code revision process at the state
level, within model code organizations, or wherever appropriate.
A-14-3.3
Many communities have determined that certain types of occupancies, or buildings exceeding
specific heights or floor areas, should be required to install automatic fire sprinkler systems.
Some local governments require automatic sprinklers in all buildings, including residential
occupancies. The rationale is to build in the fire protection rather than rely completely on fire
suppression services. New advances in automatic sprinkler technology have made systems
cost-effective in residential properties. Such provisions have a direct impact on the overall life
and property losses within the community as well as on the size and cost of providing manual
suppression forces. The fire department should actively promote the installation and maintenance
of automatic sprinkler systems. (See Section 4-3.)
Requirements for the installation of smoke detectors are intended to increase life safety by
means of early warning for residents living in apartments, hotels, motels, dormitories,
condominiums, dwellings, and other residential property. Smoke detector ordinances should be
retroactive for existing occupancies and should apply to all new occupancies. Most model
building codes currently require detectors in new residential occupancies, but local laws can
make smoke detector requirements retroactive in order to protect the health and safety of the
community. Properly installed and maintained smoke detectors have been proven to reduce loss
of life due to fire. This is cost-effective fire protection, and fire departments should participate
actively to ensure detector protection is provided in all residential occupancies.
Fire lanes should be required to provide access to structures for fire department vehicles
during emergency incidents. Fire lane parking violation ordinances should be developed and
enforced to keep these access roadways clear.
Other fire protection measures such as weed abatement ordinances and dilapidated building
removal ordinances should be enacted and enforced as necessary to remove potential fire
problems before they become a public danger.
A-14-5.1.1 Due to the limited number of full-time fire prevention positions available and the
heavy demand for fire safety services, each community needs to decide what level of service the
fire department should provide. Many departments have prioritized inspections based on life
safety considerations in order to utilize their inspection staff in critical areas. Once these
priorities have been established, each inspector can work within the priority areas. This allows a
community to receive a high level of service for their investment.
A-14-5.2.1 In the past, most fire prevention activities were limited to a small nucleus of full-time
specialists who might be civilian or uniformed personnel. While it is still necessary to maintain
full-time, specialist fire prevention personnel, the responsibilities of the fire department are
greater than can be performed by a few specialists. Fire suppression personnel have been
increasingly active in inspections and code enforcement. With proper training and support,
suppression personnel are effective in performing code enforcement inspections. It is imperative
that all fire department personnel recognize that fire safety education and prevention is a major
part of the fire fighter’s responsibilities.
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The concept of utilizing fire companies for fire prevention inspection duties has been used
widely in the fire service for the past several decades. This practice has allowed the fire
department to maintain an acceptable level of fire and life safety in a broad range of critical
occupancies. In order for this concept to be effective, several basic rules should be followed:
(a) The fire chief and personnel involved should thoroughly understand and fully support the
concept.
(b) Each fire company member should receive adequate training on inspection procedures,
laws and basic codes, and departmental policies.
(c) Fire company inspection manuals should be developed and issued to all personnel to
provide general code violation and inspection procedures.
(d) Geographical areas of responsibility should be assigned to each fire company. These areas
should correspond to first alarm suppression districts.
(e) Full-time fire prevention personnel should be assigned to assist the fire companies with
technical advice.
(f) Criteria should be established to prioritize occupancies for life safety inspection (e.g.,
hospitals, schools).
(g) Fire company officers should be held accountable for completion of their assigned
inspection responsibilities.
The advantages of this type of program for fire companies include increased productivity, risk
familiarization, and more contact with the public. The ability to inspect far more occupancies
reduces the need to expand full-time fire prevention positions and contributes to a higher level of
service.
Fire companies also should be used to perform occupancy inspections in places of assembly
(e.g., nightclubs, sporting events, special events), after normal business hours, to check for
overcrowding, locked/blocked exits, and other similar violations. Fire companies and/or
personnel should not be used to “stand by” for these events.
A-14-5.3.1 Certain model fire codes and national standards suggest that some occupancies be
inspected quarterly or semiannually. Many states license care facilities and schools and require
an annual inspection.
A-14-5.3.3 The fire department should work with prosecutors, judges, and other elements of the
legal system to ensure that sanctions sought by the fire department for uncorrected regulation
violations are applied swiftly and fairly, with sufficient force to be effective, and in accordance
with the requirements of due process. There should be a clear and effective chain of command
for the department’s regulations administration and enforcement activities.
A-14-5.4
The training staff should use specialists in the subject matter to provide this training. Some
state and provincial fire marshals offer regular training classes for fire inspectors. Model code
groups offer excellent courses for inspectors in fire codes, building codes, and plans review. The
National Fire Academy offers classes to the fire service in fire prevention. In addition to these,
state fire chief and fire prevention officer associations are good sources for information
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concerning special classes, seminars, tests, and demonstrations that might occur within the state
or local area. Local colleges might offer courses in fire technology or fire science.
Three basic organizational plans have been developed within the fire service for code
enforcement personnel. One utilizes a technical subject specialist who inspects only certain types
of occupancies. The second employs a generalist who inspects all occupancies. The third plan
utilizes a combination of specialist and generalist inspectors.
A-14-6.1
The design, construction, alteration, or demolition of buildings and structures should be
governed by a model building code. Each model building code prescribes occasions where new
construction must meet the requirements of its companion fire prevention codes. In addition,
many building code provisions are predicated on assumptions about fire department operating
procedures. Therefore, fire officials should be prepared to advise and consult with the building
official concerning the control of hazards governed by the fire prevention code as well as
interpretations of code requirements that are affected by fire department operating procedures.
Since most model fire prevention codes are intended to ensure that new or altered buildings are
maintained in accordance with the requirements of the building code in effect when construction
or alteration was performed, a close working relationship between the fire official and building
official is necessary to ensure that public health, safety, and welfare are maintained.
A-14-6.2
During the planning phase of construction, the fire department should meet and confer with
architects, building owners, and structural engineers to discuss details of the design, type of use,
arrangement, integrity of exit systems, and fire protection and of any special agreements
concerning the construction of the building and its siting, taking into consideration emergency
vehicle access, hydrant location, and fire flow demands. The final agreements should be in
writing and become part of the permanent record of the occupancy. If the representatives of the
fire department determine that the matters being reviewed need further technical analysis,
documentation on code compliance, or conformance with special conditions placed on the
building, the owner should be required to obtain and provide, without cost to the fire department,
the needed information.
A-14-6.3
These records are necessary because inspectors have to review the history of the occupancies
prior to making inspections. Also, in case of litigation, fire department records are subject to
subpoena as evidence in court. In addition, the data from the records can assist in prioritizing and
scheduling inspection work loads and tracking violations in code compliance. Schedules for
record retention should be established outlining the period for retention of all documents and the
procedure for their timely purging.
A-14-7.1
Zoning regulations should be adopted. Zoning regulation planning should include provisions
for evaluating how buildings and occupancies will affect the fire service demands of the
community. Representatives from the fire department should be consulted by the local zoning
authority on new proposals, revisions, or exceptions to the zoning regulations. Entities exempt
from local zoning regulations should be identified.
Major use classifications should be established to categorize fire service demands. There
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should be a local determination based on size, environmental effects, height limitations,
hazardous industrial processes, water supply requirements for fire fighting, and similar
contingencies. Allowances should be considered for the provision of built-in fire protection such
as fire sprinkler systems, smoke and fire detection systems, fire standpipes, and
compartmentation. Water supplies for fire suppression should be established in accord with the
fire service demands and should be a part of the zoning requirement. The regulations should
provide for a periodic review of zoning regulations to assess changing conditions, and
adjustments to zoning requirements should be made accordingly.
A-14-8.1
Fire safety is only one of the objectives of modern building regulations. Fire officials should
encourage the adoption and enforcement of model building codes to ensure adequate protection
from fire and other natural and technological hazards. Likewise, building officials should consult
closely with local fire prevention and fire suppression forces to ensure the proper application of
model building code requirements. Due to the complex and specialized knowledge required to
enforce a model building code, jurisdictions should consider creating specialized agencies to
develop, adopt, and enforce these regulations.
A-15-1.2
The investigation of fires identifies factors that can be used to decrease the number and
severity of fires in the future. Data from fire investigations should be a part of the department’s
management information system. A thorough investigation of all incendiary or suspicious fires is
a powerful deterrent to the crime of arson.
Fire investigation information is a valuable tool in developing an effective fire prevention
program, determining necessary code revisions or additions, identifying the need for public
education programs, describing a community’s fire problem, and planning future fire protection
needs.
A-15-2.2
If suspicious fires are to be investigated successfully and arsonists apprehended and convicted,
technical specialists are needed. These specialists should be trained and qualified in (1) cause
and origin determination and (2) investigative procedures. Because these are two separate skills,
it might be desirable to have an expert in each work as a team.
Teams or task forces made up of members from both fire and law enforcement agencies have
been established throughout the United States and Canada. The most successful of these have
combined the technical skills of the fire department investigator and the investigative skills of
the law enforcement detective. Other teams have been formed from employees of the district
attorney’s office, federal enforcement agencies, the insurance industry, and citizen action groups.
The formation of a joint team or task force necessitates interagency coordination to determine
responsibilities. A high ranking local government official with authority over all members
should provide direction, define roles, and assign responsibilities.
When the formation of a fire investigation-arson team is not practical and the volume of work
in fire investigation goes beyond that which the fire chief can handle or delegate, the fire chief
should appoint fire investigation staff personnel, including a chief officer for fire investigation.
In communities where a fire investigation official has been appointed prior to the formation of
the fire department, the fire chief should recommend that the official be integrated into the fire
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department.
The fire marshal or chief of the fire prevention bureau is also charged with fire investigation
work in many departments. State and some county fire marshals in the United States and
provincial fire marshals in Canada usually have the authority to subpoena witnesses to determine
fire cause. This requires close coordination with the local agency responsible for the prosecution
when the case goes to trial.
A-15-2.4
Information resulting from the investigation of a fire can have important implications in the
development of a case against an arsonist. It is important that no information be released to the
public until the cause of the fire has been firmly established. If the cause has been determined to
be arson, then information should be released only upon the approval of the prosecutor or
supervising fire investigator. Premature release of information often can damage an arson case.
Only one individual should be responsible for the release of information to the media.
A-15-3.1
Such systems, as a minimum, should serve:
(a) A management function by providing accurate data for planning purposes regarding the
scope and extent of the arson problem;
(b) As an investigative tool to provide prior fire activity data concerning the current fire
incident and parties thereto, to quickly match trademark or modus operandi (MO) data with other
incidents, and to cross-refer to hard copy files; and
(c) As an information source to provide any needed statistical data not provided in other
reporting systems such as the incident reporting system.
The information system should be used easily by individual investigators but should be secure
from compromise by unauthorized users.
A-15-3.2
NFPA 901, Uniform Coding for Fire Protection; NFPA 902M, Fire Reporting Field Incident
Manual; NFPA 904, Incident Follow-up Report Guide; the National Fire Incident Reporting
System (NFIRS), which can be obtained from the Federal Emergency Management Agency,
Washington, DC; and the Canadian Code Structure for Fire Statistics all provide information on
incident reporting systems and should be used as the basis of development for an incident
reporting system.
All information on each incident should be maintained at the fire investigation offices. A
chronological list of all incidents should be kept. Reports should be cross-filed by street and
number, owner/occupant, date, suspect, or MO, as this enables the complete fire history of any
particular building, location, or person to be quickly identified.
In some fire investigations, information is developed that should not be made accessible to the
public. These investigation files are regarded as confidential but should be kept in separate files
in order to preserve their legal classification as confidential information.
A-16-1.2
The provision and operation of a reliable communications system is essential to facilitate the
delivery of public fire services. The nature and extent of the system provided will vary with the
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size and nature of the jurisdiction served, the services provided, and other local conditions and
preferences.
A fire communications system might serve an individual jurisdiction or multiple jurisdictions.
In many cases, a regional system, operating under a valid intergovern-mental agreement,
provides operational advantages and reduced overall costs as compared with a number of smaller
systems serving individual jurisdictions. The benefits might be reflected in a more functional
mutual aid system, as well as in operational advantages within the communications system itself.
A-16-2.3
An emphasis should be placed on making the communications center highly reliable and safe
from natural and human-caused perils. A back-up or alternate facility should be available in case
the primary facility is disabled.
The communications center for a fire department can be incorporated with communications
facilities provided for other emergency services, including emergency medical services, law
enforcement, and other governmental operations.
A-16-3.1
The primary method of alerting the fire department in most jurisdictions is the public
telephone system.
Alternate systems for notification of emergencies include public fire alarm box systems,
automatic and manual fire alarm systems connected to private or public alarm monitoring
systems, and 911 public safety telephone systems.
A-16-3.2
The telephone number to be used for reporting fires and other emergencies should be displayed
prominently on the inside front cover of the local telephone directory and in the government
pages under the community listings. Individual fire station telephone numbers should not be
listed. Stickers for telephones indicating the proper emergency number should be distributed
widely in the community.
A-16-3.3
Where 911 service has not been introduced, the telephone company should provide an operator
to intercept calls from persons dialing 911 and connect the caller to an appropriate emergency
service.
Automatic Number Identification (ANI) and Automatic Location Identification (ALI) are
valuable supplementary systems to provide rapid assistance to dispatchers and those calling a
911 emergency reporting system.
When the telephone number for reporting emergencies is changed, the old number should be
maintained in service as an alternate method to report emergencies until the public is fully aware
of the new number. In many cases, this transition will take several years.
A-16-3.4.1 The staffing level should be varied, as appropriate, based on call volume experience
for different hours of the day, days of the week, seasonal patterns, and unusual or emergency
conditions. An adequate number of telephone lines and answering points should be provided for
anticipated highest call volume periods.
A-16-3.4.2 This plan should include measures such as sending radio-equipped vehicles on patrol
or to specific locations, establishing radio communications with other radio-equipped vehicle
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fleets (e.g., police, public vehicles, taxi cabs, ham radio operators), and notifying the public of
the alternate methods that are to be used.
A-16-3.6
Public fire alarm box systems are an alternate method for summoning emergency assistance.
These systems might be highly desirable on the street in commercial and industrial areas where
telephones might not be readily available, particularly at night, and provide direct access to the
fire department from schools, hospitals, and other public institutions. Alarm boxes are sometimes
installed in residential areas, depending on local priorities and requirements.
Public fire alarm box systems include telegraph systems that transmit coded signals, radio
alarm boxes, telephone boxes utilizing dedicated telephone lines, and other systems.
Alarm systems installed in buildings and individual properties may be permitted to be
connected to public fire alarm systems if approved by the authority having jurisdiction.
Fire alarm box locations should be highly visible and marked with distinguishing lights or
reflective material to provide for their rapid identification by persons reporting emergencies.
The decision to install or to remove public fire alarm boxes should be based on an evaluation
of local conditions, including the availability and perceived reliability of public telephones,
public utilization of the alarm system, false alarm experience, cost of maintenance and repair,
and the number of properties protected by other systems.
A-16-4.1
These procedures should establish the standard response to any given location, as determined
by a classification of the incident type. This necessitates the capability to research the location
and classify the incident, reliable equipment to transmit the information to units selected for
dispatch, and a method to keep track of the status of all units controlled by the communications
center.
A variety of methods can be employed to research the location and determine the appropriate
classification of an incident. These methods vary from manual quick-reference files to
computer-aided dispatch systems. The system selected should be appropriate for the number of
calls and the complexity of the service area to allow for the response to be determined within 30
seconds.
A-16-4.3
These units can include mobile radios in vehicles, portable radios assigned to units or
individuals, and pagers assigned to various personnel.
A-16-4.5
It is preferable to have vocal alerting systems to announce the nature and location of alarms to
all responding personnel. Auxiliary equipment should be included in the station alerting systems
to perform such functions as opening and closing doors and turning off cooking appliances when
an alarm is received.
A-16-4.7
A standard method should be used to record and display this unit status at all times. Unit status
should be maintained by radio or telephone using a manually operated status display in small
departments. Larger communications systems should be provided with automated status and
display systems.
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A-16-5.1
Radios are an integral part of a fire department’s communications system and are essential for
efficient operations. Radios keep fire-fighting units in communication with one another and with
the communications center to coordinate fireground activities, provide progress reports, request
assistance, or return units that are not needed. Radios are also necessary to maintain
communication with units that are out of quarters to provide for their dispatch to emergency
incidents.
A-16-5.2
Certain emergencies might necessitate summoning the fire chief, other officers, or off-duty
members. Radio receivers or pagers can be provided for all personnel, as in volunteer
departments, or for selected officers and personnel in other types of departments. Through these
instruments, a particular individual or group of individuals can be alerted without disturbing the
general public or other personnel.
A-16-5.3
In large fire departments, separate frequencies should be provided for dispatch, fireground
communication, command officers, interagency and mutual aid communication, and other
specialized purposes. Multichannel radios should be used to provide access for any channel that
the user needs to access.
Multifrequency operation should be planned for the future, even if facilities for such operation
are not provided immediately.
A-16-5.6
The adoption of standard terminology for voice communication is important for expeditious
message transmission and avoidance of errors. The use of clear text generally is preferred to
coded messages. It is necessary to phrase messages so that they are not misunderstood.
Standard procedure should define how the person originating a message should be identified
(e.g., by unit number or by rank and name).
Operators should be given direction as to priorities in handling messages. First priority should
be given to transmission of alarms and calls for additional companies.
A-16-6.1
As soon as conditions allow, the officer in charge should report supplementary information to
the communications center and should provide additional status reports if operations keep the
fire units at the emergency longer than a few minutes. Report intervals should be established,
and the communications center should initiate contact when report frequency exceeds the
interval limit.
Major fires and emergencies impose complex communication demands on the officer in
charge. The command officer should assign an aide to handle communications. Where an aide is
not available, and in small departments, a qualified person should be designated to handle
communications, including calls for additional alarms, special companies, and equipment.
Large fire incidents can necessitate the use of a special fireground communication unit that
responds to provide the chief officer in charge with additional facilities and communication
officers when needed.
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A-16-7.1
The nonemergency or “business” telephone number and address of the fire department should
be listed in telephone directories so that persons do not utilize the emergency number
unnecessarily.
A-17-1.2
For pumpers, aerial apparatus, and other major pieces of equipment, inventories should contain
such information as age, downtime, annual maintenance costs by unit, and recommended
replacement date. For smaller and more numerous items of equipment, the inventory should
show expected replacement needs due to use or loss based on the department’s experience.
A list should be maintained of all new apparatus and capital equipment needs. As a minimum,
the listing should indicate specific acquisition needs for the following year and should include
projections for a minimum of 5 years. Such projections should be consistent with the
department’s long-range plan.
Cost estimates should be developed and presented in current dollars and then projected for the
proposed purchase date using appropriate inflation factors. When preparing the budget, these
lists should be reviewed and incorporated as appropriate. Lists for multiple years should reflect
anticipated annexations of territory to the service area of the department, changes in the aid that
can be obtained from neighboring communities, and changes in the organization or operations of
the department itself. Reserve vehicles also should be included in all equipment lists.
A-17-2.1
These specifications should be prepared with proper consideration given to the emergency use
of the equipment and the criteria for reliable performance. In setting performance criteria, the
necessity and ease of performing routine maintenance should be considered.
The specifications should include detailed lists of all tools and equipment to be provided with
each apparatus.
In general, public entities are required to publicly advertise and solicit responsible bids for
purchases of apparatus or equipment in accordance with state, provincial, or local law. Where a
private entity is involved, solicitation of bids should be considered in an effort to minimize costs
for new acquisitions. Legal counsel should be contacted to ensure that proper procedures are
followed.
Apparatus or equipment leasing, or lease/purchase, is an option employed by a growing
number of departments. It releases funds formerly encumbered in large capital outlay
expenditures or permits earlier acquisition of critically needed equipment. Care should be
undertaken in executing any such lease or lease/purchase agreement to ensure that all
governmental and legal requirements are met.
A-17-3.2
The manufacturer’s recommendations and the department’s service experience for each piece
of apparatus and equipment should be used as the basis for defining the scope and frequency of
maintenance inspection and service.
A-17-3.3.1 A cost record should be kept on each piece of apparatus and equipment purchased or
otherwise acquired. All costs of service and repair should be similarly recorded. Such
information should serve to indicate actual operating costs of each piece of apparatus or
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equipment and provide a comparative record that can be used when making future purchases.
A-17-4.1
In each instance of repair, the work performed and its cost should be recorded. These should
be reviewed periodically to ascertain any trends in equipment failure indicative of a systemic
problem. NFPA 1962, Standard for the Care, Use, and Service Testing of Fire Hose Including
Couplings and Nozzles, should be referenced for further details.
The fire department should develop written specifications for each type and size of fire hose
utilized. Particular attention should be paid to compatibility of hose couplings and their screw
threads to fire apparatus pump, fire hydrant, and automatic sprinkler connections, in both the
local jurisdiction and the mutual aid jurisdiction. The specifications of NFPA 1961, Standard for
Fire Hose, and NFPA 1963, Standard for Fire Hose Connections, should be used for the
purchase of such equipment.
A-17-5.1.1 NFPA standards for personal protective clothing and equipment include NFPA 1971,
Standard on Protective Clothing for Structural Fire Fighting; NFPA 1972, Standard on Helmets
for Structural Fire Fighting; NFPA 1973, Standard on Gloves for Structural Fire Fighting;
NFPA 1974, Standard on Protective Footwear for Structural Fire Fighting; NFPA 1975,
Standard on Station/Work Uniforms for Fire Fighters; NFPA 1981, Standard on Open-Circuit
Self-Contained Breathing Apparatus for Fire Fighters; NFPA 1982, Standard on Personal Alert
Safety Systems (PASS) for Fire Fighters; and NFPA 1983, Standard on Fire Service Life Safety
Rope, Harness, and Hardware.
A-17-5.2.2 Such a determination might need to be made when personal equipment is damaged
due to a particular use. It might also have to be made when an item is substantially damaged by
ordinary wear before the period set for normal replacement. In either case,
manufacturer-approved repair specifications might facilitate such repair/replacement
determinations.
A-17-6.1.1 The file should include all documents in the custody of the department covering the
rental, lease, or ownership of both land and buildings; responsibility for maintenance;
restrictions on usage; cost data; cost of alterations and improvements; expenditures for
maintenance; and other pertinent information.
The fire department should prepare 5- and 10-year plans for future station locations in
accordance with the projected growth or service demands of the area protected by the
department. In addition, a program should be prepared for any new buildings needed, including
locations and land requirements. The fire chief should seek general approval of the program by
the governing authority of the fire department and any municipal officials concerned. The
program should be updated annually and reflect anticipated annexations of territory to the area
served by the department and changes in the operation of the department that will affect the
buildings and land required.
A-17-6.2.1 Land needs for fire department facilities should be estimated realistically,
recognizing the long-term need for station usage and the expanding role of the fire department in
the community. The general development plans of a community or area projected for annexation
should be reviewed, and future station locations should be identified.
Land needs should consider the space necessary for parking, refueling facilities, maintenance
and service, drill work, a ramp at the front of the fire station, and the station itself. Because of
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the additional safety afforded by drive-through stations, land to permit rear access of vehicles
also should be considered. Parking space and drill space should be located so that parking does
not interfere with drill activities. Stations should be set back from the street with a ramp area in
front so apparatus does not have to use a blind entry into a public way.
The criteria for any building should be determined before plans and specifications are
prepared. Written comments should be solicited from all interested parties, both within and
outside the department, who have any interest in the future use of the facility. The final draft of
such criteria should be fully detailed in order to provide a firm basis for actual design of the
facility.
A-17-6.3.1 Maintenance to be performed should be defined in written orders or purchase
requests. For minor maintenance items performed by fire department personnel, forms should be
provided for recording time and materials involved. The associated labor and material costs then
should be periodically tabulated to ascertain annual recurring costs of maintenance for the
department’s facilities. Written repair or purchase orders should be issued to the responsible city
agency or outside contractor for work beyond the scope of department responsibility.
Maintenance expenses should be identified for the fire department budget. If fire department
personnel are used on maintenance, such personnel might have less time for important fire
department activities, such as training, pre-fire planning, and fire prevention.
Where there are shifting patterns of population, it might be appropriate to consider alternatives
to the construction of permanent stations. Temporary or portable stations can provide flexibility
in station location planning and do not necessitate a large capital investment.
A-17-6.3.2 Adequate floor space should be determined recognizing current and projected needs.
The floor space needed for apparatus and staff automobiles can quickly exceed that originally
provided, as additional responsibilities, such as emergency medical or hazardous material control
services, are assumed by the fire department. Apparatus and equipment storage space
requirements can increase. Such contingencies should be considered at the time of initial land
acquisition and building design.
Construction specifications should include details of facilities to be provided in new fire
stations. These should include storage areas for equipment; areas for inspecting, cleaning, and
maintaining equipment; and a control or watch facility near the main entrance to monitor station
and department activities.
Building utilities to support station activities should be provided, including water connections
to fill vehicle/equipment tanks, refueling facilities, and an emergency power source. It should be
possible to operate all doors manually in case of failure of electric operation. Vent connections
should also be provided to allow apparatus motors to operate safely inside of structures.
Fire department buildings should be fully protected by smoke detectors and automatic
sprinkler systems. Fire departments frequently have to recommend protection for other important
privately and publicly owned buildings in the community. Installing such systems in fire
department facilities sets a good example and provides reliable protection for an important
community facility. In addition, systems in fire department buildings can be used for training fire
fighters.
The structure and finish of the apparatus floor section should be considered separately from the
framing and finish of other parts of the fire station building. Entry doors should be sufficient in
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number and dimensions for all vehicles projected to be housed, and ceiling height should be
sufficient to permit an individual to stand safely on all apparatus surfaces without stooping.
Nonskid flooring should be provided on apparatus floors to permit the cleaning of vehicles and
equipment inside under safe conditions. The structure should be adequate to support all
anticipated equipment and other loads, including snow and wind.
Personnel quarters in fire stations should provide for both male and female personnel and the
desire for individual privacy. If the station is to house chief officers, a separate section should be
provided for such officers, independent of general station facilities. Where stations are staffed
during meals, food preparation and serving space should be provided that includes refrigeration,
general storage, and cooking facilities. Automatic shut-off switches for cooking appliances
should be provided to prevent fires during a station’s emergency response. Automatic
dishwashers should be provided to reduce the risk of contagious illness.
Due consideration should be given to sufficient space for training. Criteria for classroom
space, telecommunications capabilities, utilization and storage of audiovisuals and written
materials, and for personal study space within the fire station should be specified.
Fire station external design should conform with the surrounding neighborhood.
A-17-6.4.1 Shared or regional facilities are highly desirable for meeting training space needs, as
they reduce the cost of maintenance and operation. Joint facilities permit collective use of
resources and personnel talents. Joint facilities also facilitate development of cooperative efforts
used in mutual-aid and automatic-aid activities. A classroom or similar lecture facility for
in-service or continuing education training should be available within every fire department.
Dual-use space might be appropriate in some cases. NFPA 1402, Guide to Building Fire Service
Training Centers, should be used to design a proper training facility.
A fully adequate facility should include one or more drill towers, buildings in which actual
fires can be set and rescue operations performed, classrooms, laboratories, and administrative
and storage space. In some cases, dormitories are provided for students. A training center should
include an appropriate selection of built-in fire protection equipment, including smoke detectors,
automatic sprinklers, standpipe systems, fire pumps, tanks, and other equipment with which fire
department personnel should be familiar. Paved areas should be provided for driving instruction
if performed on the premises of the facility.
A-17-6.4.3 Training buildings should be supplemented by sufficient yard space to provide room
for fuel pits, oil tanks, and other mockups of fire or emergency situations that can be created to
make training realistic. The site should be sufficiently isolated from other properties to eliminate
inconvenience to the public from training activities. The site should have proper drainage,
adequate water supplies for hydrants, appropriate pollution abatement equipment, and a pond or
reservoir for pumper drafting operations. A separate water supply should be considered to avoid
inconvenience to the surrounding area when pumping operations are conducted. Suitable lighting
and public address systems should be provided. Also, adequate facilities to monitor operations
and safeguard trainee safety should be provided. Ample on-site parking for vehicles should be
provided.
The training facilities discussed in this paragraph are those for training members of the fire
department separately from members trained and drilled at fire stations. Certain facilities, such
as those for pumper training operations, might be similar to the facilities needed by a department
vehicle repair facility for pumper testing. There is an element of convenience if the training
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building and vehicle repair facility are on the same site. Similarly, it is often convenient to have
a fire station adjacent the training facility.
A-17-6.5.1 In departments that have a small number of vehicles, it might be sufficient to isolate a
maintenance area in the apparatus area of the fire station or to have vehicle maintenance work
performed by qualified contractors or performed in a consolidated, municipal vehicle repair
facility. Large fire departments might require a fully equipped and staffed facility for apparatus
and equipment maintenance and repair.
A-18-1.2
It is important for the fire department to be knowledgeable about the water supplies in the
different areas of its response district, particularly where target risks are involved. Since some
districts overlap more than one water authority, this liaison enables the fire department to be
aware of water supply changes, expansion of systems for growth development, and projects
where parts of systems could be placed out of service. The fire department also might be
responsible for identifying and inspecting static sources that could be used outside water
authority facility areas.
A-18-1.3
Adequacy of supply for fire fighting is established by determining minimum rates of fire flow
needed to control potential fires in representative structures and exposures in the municipality or
fire district. The fire flow rates are based on estimates of the number of hose streams needed to
control potential fires in a given structure or group of structures subject to fire. This might
include demand for hose streams together with water for automatic fire sprinkler systems.
The fire department should predetermine fire flow needs for proposed projects involving
structures or complexes of structures. Through coordination with the building inspection
department, satisfactory plans for provision of such flows should be a condition of authorization
to issue a building permit. Significant reductions in needed fire flow often can be achieved by
the installation of an approved automatic fire sprinkler system throughout the building.
A-18-1.4
The specific duties in which the water officer should assist the fire chief include, but are not
limited to:
(a) Preparing the information to make determinations of fire flow.
(b) Planning jointly with the water department or water utility for extensions of the distribution
system and proper location of fire hydrants.
(c) Supervising or monitoring the inspection and testing of hydrants, private fire connections,
and other water facilities, and ensuring that these are completed in compliance with AWWA
M-17, Manual on Installation, Field Testing, and Maintenance of Fire Hydrants.
(d) Verifying that maintenance work is completed on auxiliary and other water supply
facilities that might be a responsibility of the fire department.
(e) Coordinating pre-fire planning for water supplies at fires and contingency planning for
action during disruptions in water supply production and distribution.
(f) Keeping the officer in charge at a major fire informed of any water supply problems and
assisting in maintaining adequate flows and pressures.
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(g) Providing training in water supply matters for members of the department.
(h) Ensuring that distribution maps and other essential records are updated continually for the
fire department’s information.
A-18-2.1
Where deficiencies are identified in a distribution system, the fire department should plan to
supplement the weak supply through the use of large diameter hose and/or response of mobile
water supply apparatus.
For operations outside the service area of any water facility, the fire department should provide
means to access water supplies, such as portable pumps and mobile water supply apparatus with
water tanks. It should also develop the necessary operating practices to utilize effectively water
supplied by such equipment.
Inspection and testing procedures should be done in collaboration with the water supply
authority.
A-18-2.2
Fire companies should keep their water supply maps and file data in a form that can be
referenced en route to an incident. It should be the responsibility of the individual fire company
to make inspections of the water facilities assigned to it and to discover any changes in these
water facilities. Water distribution maps are usually available from the water utility department
or company.
A-18-2.3
All department members should have a thorough knowledge of the subject of water supply as
it affects fire scene operations. Periodic field exercises should be conducted to provide all
members with a better working knowledge of the water system and other water supplies
available, particularly the more complex evolutions, such as those involving relay pumping.
A-18-3.1
The fire chief and the manager of the water utility should maintain a close liaison or assign
specific individuals to such work. The liaison developed between fire departments and water
utilities should follow four basic rules:
(a) Water utility officials should recognize their responsibility as an important element of the
fire protection system and look to the fire department for advice on supply needs, location of
hydrants, and type of hydrants.
(b) In small departments, the fire chief and the waterworks superintendent should perform the
liaison function. In larger departments, a fire department staff officer and a waterworks engineer
should have the responsibility.
(c) The fire chief should make reports in writing to the head of any water department or water
company affected, outlining recommendations for water supply in anticipated or planned
developments in the community.
(d) The fire chief should identify weaknesses in the water supply for fire suppression in any
part of the community and make written recommendations to the water utility for their
improvement.
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A-18-3.2
The fire department should be familiar with franchise and contract provisions of utilities that
affect its operations. The fire department should act through appropriate administrative channels
to ensure that any needed revisions of franchise or contracts are made whenever such franchises
or contracts are renewed.
In cases where the utility is privately owned, or where the utility is owned by a public
authority serving an area larger or smaller than the fire department area, the utility should have a
franchise or contract with the city or fire department area authority. These franchises or contracts
give the utility certain basic rights. It is particularly important to the fire department that the
contract should include terms adequately reimbursing the utility for the fire protection service it
furnishes. If a utility is not adequately paid for fire protection, it might limit such service, and the
fire department could be inadequately served.
A-18-4.1
The fire department should collaborate with the water authority on the approval of hydrant
design and installations. This should include the size and type of hydrants, number and size of
outlets, threads used, and approval of each specific hydrant location and installation. Hydrant
placement should reflect the hazards of the locality and the needs of the fire department in
dealing with those hazards.
A-18-4.2
NFPA 291, Recommended Practice for Fire Flow Testing and Marking of Hydrants, explains
a method of conducting flow tests and a marking scheme using colors for tops and caps to
indicate flow. Flow data on individual hydrants is principally of value in weak areas of a
distribution system and on dead-end mains in order to alert officers and pumper operators to very
limited flows.
Hydrant barrels should be painted with reflective paint for night visibility. Reflective markers
should be placed in the middle of the street opposite hydrants to assist in location at night or in
location during the day if hidden behind parked vehicles or other obstacles.
AWWA M-17, Manual on Installation, Field Testing, and Maintenance of Fire Hydrants, can
be helpful in this process.
A-18-5.1
Private fire connections are the connections from public utility street mains that are made in
individual properties to furnish water for fighting fires. The simplest connections serve sprinkler
or standpipe systems. More complex systems feed private underground yard systems and
hydrants or storage tanks providing a private fire pump supply.
The fire department should know how water systems in individual properties supplied by
private fire connections are employed most effectively in fighting fires and should have the
authority for approval and general supervision of private fire connections.
The water utility should be required to inform the fire department whenever a connection is
made, to supply fire protection systems for a specific property, and to furnish detailed plans of
the connection to the fire department. The fire department should approve any fire department
connections provided in private systems.
The fire department should have readily accessible a file of records or plans of the piping and
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valves in all connections to water utility systems for fire protection of specific properties. It
should inspect such connections at the time of installation, when changes are made, when
pre-fire plans are being made, and at other times as necessary or at least annually.
Particular attention should be given to pumps supplying sprinkler and standpipe systems.
The fire department should promote continually the need for the installation of sprinkler
systems and other forms of private fire protection through education programs, press releases,
and liaisons with special interest groups within the municipality.
Some large occupancies present uncontrollable fire potential if they are not protected by
automatic sprinklers. Some occupancies, such as nursing homes, convalescent centers, and
hospitals, are serious life hazards without sprinkler protection. Fires in tall buildings are
extremely difficult to fight if the buildings are not fully sprinklered. Reductions in insurance
premiums for fully sprinklered buildings are often sufficient to recover the expense of the
sprinkler system over a period of several years.
Automatic alarm signals from built-in detection and suppression systems provide early
warning and enable earlier fire department response. The installation of such systems should be
encouraged where alarm-receiving facilities are available or can be provided.
The authority having jurisdiction should prohibit unnecessary meter requirements, pit
arrangements, and standby charges that do not represent a real cost to the utility for private fire
connections.
A-18-6.1
Water is available in many communities from natural lakes and ponds, streams, and the ocean.
To make these sources available for pumper suction, dry hydrants and piping should be installed,
or driveways, ramps, platforms, or floats should be provided. It also might be possible to obtain
water with portable pumps from swimming pools, decorative pools, stock tanks, or storm
drainage systems.
A-18-7.1
Managers of industrial and other properties with extensive yard systems of private piping for
fire protection usually require employees to notify the officer in charge of loss prevention in
such cases. In such plants, notification of the fire department provides a valuable support service
to plant protection, as the fire department can develop contingency plans to support the fire
protection in the impaired areas in case of a fire.
Plants without an official assigned to fire loss prevention should be asked to require
maintenance personnel to notify both plant management and the fire department of system
impairments.
A-19-1.2
Exceptional expertise and specialized capabilities are needed to manage these roles effectively.
The responsibility for managing the community hazardous materials program demands extensive
interaction with other agencies on the local, regional, state or provincial, and federal levels;
organized planning groups; and private sector organizations. The particular role of the fire
department might vary, based on local and regional determinations.
A-19-2.4
The planning process should be coordinated with community and private sector planning
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processes that are implemented to meet legal requirements. These plans should include
evacuation plans, intervention strategies, sources of expertise, and specialized assistance and
disposal plans. The planning process should identify clearly the authority having jurisdiction for
command responsibility during hazardous materials incidents.
A-19-2.5
The establishment of a hazardous materials response team demands a significant commitment
in terms of training, equipment, and medical support. Where the fire department lacks the
necessary resources, alternatives such as regional teams and private sector support might suffice.
A-20-1
Emergency management is a complex subject that is beyond the scope of this document. The
information provided in this section is intended only to describe the basic components of
emergency management.
Emergency management usually is considered in four phases: mitigation, preparedness
(including planning), response, and recovery. These phases commonly are known as
comprehensive emergency management. The fire department is usually involved primarily in the
functions that relate to preparedness and response.
The authority to take actions to protect lives and property and to preserve the well-being of the
community is contained in federal laws, state or provincial laws, county laws and ordinances,
and city laws and ordinances. These should be researched and included in the plan.
A-20-2.1 Potential emergencies might include:
(a) Conflagrations
(b) Earthquakes
(c) Floods
(d) Nuclear war
(e) Nuclear generating plant accidents
(f) Transportation incidents (vehicle, railroad, aircraft, marine vessels)
(g) Product pipeline leakage
(h) Gas explosions
(i) Toxic material releases
(j) Tidal waves
(k) Hurricanes
(l) Other events that necessitate multiagency action to preserve life and property and to
facilitate recovery from the event.
A-20-2.3
The following emergency functions should be considered in the development of a disaster
plan:
(a) Law and order
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(b) Communications
(c) Public notification and evacuation
(d) Fire protection
(e) Rescue
(f) Ambulance
(g) Engineering
(h) Public works
(i) Public utilities
(j) Private utilities
(k) Health and medical
(l) Emergency welfare services
(m) Personnel
(n) Finance
(o) Damage assessment
(p) Transportation
(q) Emergency public information
(r) Shelter (natural or nuclear)
(s) Legal
(t) Radiological defense
(u) Multiagency cooperation.
A-21-1 Management Information Systems.
Records should be maintained to satisfy legal requirements for provincial, state, and federal
agencies as well as to provide the database from which management reports can be generated.
Information should be collected so that it satisfies the requirements and provides useful data for
decision-making. However, it is necessary to do more than simply collect data. It should be
analyzed and interpreted in relation to other statistics and factors. Training for use and
interpretation of data by department personnel should be included when a reporting system is
implemented.
A-21-2.1
All records should be examined for their usefulness and effectiveness in order to assist
management. Records should be made or kept only for a valid management or legal purpose. The
scope of the record system depends on the size of the fire department, the type of organizational
structure, and the expertise of personnel assigned to maintain it.
Although the basic data that should be recorded is essentially the same for all sizes of fire
departments, the method of gathering and recording the data can become complex in large
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departments. A study of fire department operations or the development of information for
long-range plans might document the need for compiling certain information. The fact that
certain data might be needed for special purposes, however, does not mean that such data should
be collected indefinitely.
The use of computers has enhanced the record-keeping functions in many fire departments.
Computers can enhance the quality of the data in the file by editing the data as it is entered. They
also allow for a quick retrieval of specific records or data, easy summarization of data into
management reports, and the ability to cross-tie information between files (e.g., incident data and
inspection data). Infrequently-used data can be retained on microfiche.
State record authorities can advise which original records have to be retained and which can be
converted to microfiche. All computer records, in either mainframe or personal computers,
should be duplicated on a regular basis and retained in a remote location to protect against loss.
A-21-3.1
Reports on emergencies are essential to providing an accurate record of a department’s
activities.
Reports also serve as a basis for determining local, state, and national fire trends and for
establishing the needs of a fire department. NFPA 901, Uniform Coding for Fire Protection,
should be used as the basis for classifying data on emergency incidents. NFPA 902M, Fire
Reporting Field Incident Manual, and the National Fire Incident Reporting System (NFIRS),
Federal Emergency Management Agency, Washington, DC, should form the basis of an incident
reporting system.
A-21-3.2
This should be the basic record summarizing the operations of the department. From these
reports, information should be available for daily, monthly, and annual reports of the work of the
department.
A-21-4.1
Frequency of reports should be based on activity, size, and composition of the fire department.
Responsibility for the consolidation of data for the reports should be directed by the chief. The
consolidated report normally originates in the communications center. That office should provide
a list of the alarms, fires, and other emergencies to which the fire department responded in the
previous 24 hours. In jurisdictions where the dispatch function is not part of the fire department,
the officer in charge of the activities for the day should provide the list of alarms.
A-21-4.2
For many departments, monthly frequency is adequate. Small departments might choose a
quarterly schedule while larger departments might prefer or need a weekly report. The report
should summarize the department’s work for the period. The report information should be
arranged for convenient review by the fire chief and other administrative officers, by staff
bureaus, and by any municipal executive or governing fire board.
This report should classify emergency and other responses and total losses using the best
figures available. Fires and inspections should be tabulated according to standard occupancy
classes so results can be compared with the current year-to-date and the same period of the
previous year. Similar comparisons should be made for the work of each fire company and the
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work of the various staff bureaus. Personnel information, particularly information on absences
and details to other duties, should be separated to assist in the decision-making used to maintain
adequately staffed fire companies.
A-21-5.1
An annual informational report for general circulation to citizens and other concerned
individuals might be desirable. This annual report should be prepared for public information
purposes and should present an accurate picture of the community’s fire protection in a concise
manner.
Appendix B Alternative Recruitment
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
B-1 History.
Alternative recruitment was developed by a fire and police consortium validation study in
Orange County, California, with more than a dozen cities participating. This was a Guidelines
Oriented Job Analysis (GOJA) performed according to the Uniform Guidelines on Employee
Selection Procedures (1978) so that these cities would meet EEO and AAP requirements. One
city performed the master study and the other cities “linked up” through their GOJA,
demonstrating that their fire fighter position was the same as the master study of the fire fighter
position. The use of NFPA 1001, Standard for Fire Fighter Professional Qualifications, allowed
this standardization of the fire service. Later, the efforts of that consortium were extended to
several dozen more cities throughout the west coast. The cities linked up to a master validation
study. The link-up process substantially reduced the response time of each of the participating
cities.
There was a coordinated development of the selection methods for entry level fire fighters.
These included job analysis; selection plan (for regular and/or lateral candidates); supplemental
application form (for regular and/or lateral candidates); candidate test preparation manual; a
reading ability test measuring the ability to read, retain, recall, and comprehend materials similar
to, if not identical to, those read in the academy and on the job; physical capability
demonstration events; structured oral interviews (oral board); background investigation guide;
departmental appointment interview; performance appraisal form; and content validity report.
Each of these selection tools was developed directly from a detailed, thorough job analysis
based on the GOJA. The validity of each selection tool then was documented, and special
content reports were prepared for each of the cities. The consultant that performed the
Guidelines Oriented Job Analysis study was Biddle and Associates, 903 Enterprise Drive, Suite
1, Sacramento, CA 95825, Telephone: (916) 929-7670.
The fire fighter job content was matched to each of the participating cities. The analysis was
conducted simultaneously with significant program changes, modifications, and revisions that
currently were being implemented. This allowed for the development and structuring of a
complete fire science curriculum linked directly to composite job analysis information from each
of the participating cities.
The Rancho Santiago College Fire Technology Department developed a fire academy program
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based on this GOJA study to prepare entry candidates as trained Fire Fighter I technicians. This
program provides the fire service with trained entry personnel rather than unskilled, untrained
personnel. It provides fire departments with personnel who are already trained to address the
EEO requirements at a savings of thousands of dollars per employee. The fire department is
spared training candidates and avoids wasting time and effort on those who are ultimately
discharged. Those who fail drop out of the college instead of being discharged as a “failure” by a
fire department, which sometimes results in lawsuits and damaged egos.
The Rancho Santiago College Basic Fire Academy program is managed and administered by
Rancho Santiago College under the guidance of a fire technology advisory committee, with
members from the Orange County Fire Chiefs’ Association and the Orange County Firemen’s
Association. All faculty are recruited from the fire service and approved by the fire technology
advisory committee before employment.
The Rancho Santiago College Fire Academy has been approved by the California State Board
of Fire Services as meeting the minimum qualifications and training for Fire Fighter I
certification in the state of California. The Orange County Fire Chiefs’ Association utilizes the
Rancho Santiago College Basic Fire Academy system to validate entry level fire fighter
candidate qualifications, including academic, medical, physical, and manipulative skill
qualifications. Candidates with fire service experience and/or training from other programs are
encouraged to validate their Fire Fighter I training through the utilization of the Basic Fire
Academy lateral entrance procedure at Rancho Santiago College.
Validation of certified Fire Fighter I training qualifies candidates for placement on the Rancho
Santiago College Fire Fighter I trained eligibility list. This list indicates to the potential employer
that these candidates have met the minimum medical, physical, academic, and manipulative
skills qualifications based on NFPA 1001, Standard for Fire Fighter Professional
Qualifications. This education and training program, with the support of the Orange County Fire
Chiefs’ Association and the Orange County Firemen’s Association, provides entry candidates
with education and training in important and critical knowledge, skills, and abilities associated
with entry level fire fighting. The curriculum directly and specifically teaches fire fighter duties
as performed in the GOJA cities.
Documentation is provided in accordance with the Uniform Guidelines on Employee Selection
Procedures (1978) that confirms the correlation between the job relatedness of the fire science
curriculum content and the fire fighter job content of the participating cities. Students completing
the Rancho Santiago College Basic Fire Academy program are qualified for entry level fire
fighter positions in the participating cities.
B-2 Requirements.
Entrance into the Basic Fire Academy requires completion of seven core classes with a grade
of “C” or higher, completion of a reading test, a medical examination, and a physical agility
examination.
B-2.1 Reading Test.
This test is based on the difficulty level of fire textbooks in the GOJA and measures reading at
the twelfth grade level or higher and mathematics at the tenth grade level or higher.
B-2.2 Medical Examination.
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This meets NFPA 1001, Standard for Fire Fighter Professional Qualifications.
B-2.3 Physical Agility Examination.
A practical examination is given approximately two to three weeks prior to the start of each
Fire Academy 060, Basic Fire Academy. This test is based on actual job tasks in the GOJA.
B-2.4 Core Classes.
These seven classes must be completed with a grade of “C” or higher. Transcripts must be
submitted as proof of completion. The seven core classes are as follows:
(a) Fire Technology 101, Introduction to Fire Technology
(b) Fire Technology 102, Physical Science for Fire Fighters
(c) Fire Technology 103, Fundamentals of Personal Fire Safety
(d) Fire Technology 104, Fundamentals of Fire Prevention
(e) Fire Technology 105, Building Construction for Fire Protection
(f) Fire Technology 106, Fire Protection Equipment and Systems
(g) Fire Technology 121, Physical Fitness for Public Safety Personnel.
These seven core classes are based on the GOJA. New employees must be able to perform
hazardous work with reasonable safety to themselves, to coworkers, and to the public.
These seven core classes were selected after a two-year study (1977-1978) by the State
Association of Fire Educators (the California Chapter of the International Society of Fire Service
Instructors) for the California State Board of Fire Services. The California State Board of Fire
Services adopted the seven core courses and the statewide curriculum for more than fifty
California Community College Fire Technology programs on September 9, 1978.
B-2.5 Entry into the Basic Fire Academy.
Upon satisfactory completion of all of previously mentioned requirements, students file
applications for entry into Fire Academy 060, Basic Fire Academy. Approximately 30 to 35
students are enrolled in the 40-hour per week Basic Fire Academy, which lasts 9 weeks. The
academy uses both manipulative and didactic methods of training. Each candidate completes the
Emergency Medical Technician-1-Fire Service class during the Basic Fire Academy.
The core courses require 414 class hours, and the Basic Fire Academy course requires 360
class hours, totaling 774 class hours with related homework.
B-3 Employment Opportunities.
B-3.1
Cities can hire from the graduate list, utilizing selection by interview.
B-3.2
Cities can reduce cost for the following reasons:
(a) Advertising to the general public is not required.
(b) The personnel department is not required in the testing process.
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(c) The fire department is not required in the testing process.
(d) Fire department personnel are not required to train entry level recruits up to the levels of
Fire Fighter I and EMT-1.
(e) The salaries of new employees are not paid by the department during the pre-entry training
period.
(f) Unsatisfactory employees are removed during the college courses and do not have to be
discharged from a fire department.
(g) The college program is EEO Guideline based.
By hiring successful candidates of the Basic Fire Academy, the active search for the best
qualified persons available for membership in the department has been accomplished.
Candidates are informed of where they failed to meet the standards for entrance and can pursue
other areas of fire protection technology, such as private fire services, or they can pursue other
occupations. Remedial courses are available at the college for required improvements.
A thorough medical examination is required before a candidate takes the physical agility tests
to determine ability to perform fire department work. The requirement that candidates complete
an intensive program of work and training at the academy confirms that they can satisfactorily
perform the same type of work if employed by any fire department. A candidate who fails to
meet these qualifications is dismissed during the college courses and Basic Fire Academy. A
candidate who fails a portion of the course will be accepted in a future academy session.
Successful graduates remain on the college eligibility list for a period of 2 years unless they
ask to have their names removed. To remain on the eligible list, a graduate must be employed in
a fire department or be enrolled in a fire department-related skills maintenance or work
experience course within an 18-month period in order to maintain his or her skills. The eligible
list is usually short due to the rapid employment of these qualified and pre-trained fire personnel.
B-4 Promotional Education.
Rancho Santiago College provides a second career ladder by offering additional officer level
courses that qualify fire fighters to become fire officers. The California State Board of Fire
Services has a program that requires a state certification examination with a minimum passing
score of 70 percent in each of eight subjects in order to become a certified fire officer. These
eight courses are offered at over 50 California community colleges and are based on Levels I and
II of NFPA 1021, Standard for Fire Officer Professional Qualifications.
The eight courses are as follows:
(1) Fire Command IA
(2) Fire Command IB
(3) Fire Instructor IA
(4) Fire Instructor IB
(5) Fire Investigation I
(6) Fire Management I
(7) Fire Prevention IA
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(8) Fire Prevention IB.
Information about textbooks for students and instructors and certification examinations are
available from the California Fire Service Training and Education System, 7171 Bowling Drive,
Sacramento, CA 95823, Telephone: (916) 427-4204.
Appendix C Referenced Publications
C-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
C-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 291, Recommended Practice for Fire Flow Testing and Marking of Hydrants, 1988
edition.
NFPA 600, Standard on Industrial Fire Brigades, 1992 edition.
NFPA 901, Uniform Coding for Fire Protection, 1990 edition.
NFPA 902M, Fire Reporting Field Incident Manual, 1990 edition.
NFPA 904, Incident Follow-up Report Guide, 1992 edition.
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition.
NFPA 1002, Standard for Fire Department Vehicle Driver/Operator Professional
Qualifications, 1993 edition.
NFPA 1021, Standard for Fire Officer Professional Qualifications, 1992 edition.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1561, Standard on Fire Department Incident Management System, 1990 edition.
NFPA 1581, Standard on Fire Department Infection Control Program, 1991 edition.
NFPA 1961, Standard for Fire Hose, 1992 edition.
NFPA 1962, Standard for the Care, Use, and Service Testing of Fire Hose Including
Couplings and Nozzles, 1993 edition.
NFPA 1963, Standard for Fire Hose Connections, 1993 edition.
NFPA 1971, Standard on Protective Clothing for Structural Fire Fighting, 1991 edition.
NFPA 1972, Standard on Helmets for Structural Fire Fighting, 1992 edition.
NFPA 1973, Standard on Gloves for Structural Fire Fighting, 1993 edition.
NFPA 1974, Standard on Protective Footwear for Structural Fire Fighting, 1992 edition.
NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters, 1994 edition.
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NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters,
1992 edition.
NFPA 1982, Standard on Personal Alert Safety Systems (PASS) for Fire Fighters, 1993
edition.
NFPA 1983, Standard on Fire Service Life Safety Rope, Harness, and Hardware, 1990
edition.
C-1.2 Other Publications.
C-1.2.1 AWWA Publication. American Water Works Association, 6666 W. Quincy Avenue,
Denver, CO 80235.
AWWA M-17-1989, Manual on Installation, Field Testing, and Maintenance of Fire
Hydrants.
C-1.2.2 FEMA Publication, Federal Emergency Management Agency, Washington, DC.
National Fire Incident Reporting System (NFIRS)
C-1.2.3 U.S. Government Publications. U. S. Government Printing Office, Washington, DC
20402.
Code of Federal Regulations (OSHA), 29 CFR, 1910.120, “Hazardous Waste Operations and
Emergency Response.”
Code of Federal Regulations (OSHA), 29 CFR, 1910.1030, “Occupational Exposure to
Bloodborne Pathogens.”
C-1.3 Bibliographical References.
For additional explanatory and informative material, the following publications are
recommended reading:
Age Discrimination in Employment Act, Public Law 93-259 (Bona Fide Occupational
Qualifications).
Callahan, Timothy, Fire Service and the Law, second ed., National Fire Protection
Association, Quincy, MA 1987.
Davis, Larry, Rural Fire Fighting Operations — Books 1, 2, and 3, International Society of
Fire Service Instructors, Ashland, MA 01721.
Didactic Systems, Inc., “Management in the Fire Service,” National Fire Protection
Association, Quincy, MA.
Fire Underwriters Survey, “Public Fire Protection, Recommended Practice,” 180 Dundas
Street West, Toronto, Ont. M5G 129, 1986.
Institute of Local Self Government, “Tale of Two Cities,” Claremont Hotel Building,
Berkeley, CA 94705, 1977.
Insurance Services Office, “Fire Suppression Rating Schedule,” 160 Water Street, New York,
NY 10038, 1980.
International City Management Association, “Managing Fire Services,” 1120 G Street NW,
Washington, DC 20005, 1988.
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International Fire Service Training Association, “Essentials of Fire Fighting,” third ed., Fire
Protection Publications, Oklahoma State University, Stillwater, OK, 1992.
International Fire Service Training Association, “Fire Inspection and Code Enforcement,” Fire
Protection Publications, Oklahoma State University, Stillwater OK, 1987.
International Fire Service Training Association, “Leadership in the Fire Service,” first ed., Fire
Protection Publications, Oklahoma State University, Stillwater, OK, 1987.
International Fire Service Training Association, “Fire Service Instructor,” fifth ed., Fire
Protection Publications, Oklahoma State University, Stillwater, OK, 1990.
International Fire Service Training Association, “Public Fire Education,” first ed., Fire
Protection Publications, Oklahoma State University, Stillwater, OK, 1979.
Jenaway, William, ed., “Fire Officer Series — Managing Support Systems,” International
Society of Fire Service Instructors, Ashland, MA 01721.
National Fire Academy, “Community Fire Protection—Master Planning,” United States Fire
Administration, 66825 S. Seton Avenue, Emmitsburg, MD 21727.
Occupational Safety and Health Administration, “Fire Brigades,” 29 CFR, Part 1910, Subpart
L, Washington, DC.
Piringer, Bruce, ed., “Fire Officer Series — Managing Operations,” International Society of
Fire Service Instructors, Ashland, MA 01721.
Report of The National Commission on Fire Prevention and Control, “America Burning,”
United States Government Printing Office, Washington, DC, 1973.
“Uniform Guidelines on Employee Selection Procedures (1978),” Federal Register, August 25,
1978, United States Government Printing Office, Washington, DC.
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NFPA 1221
Standard for the
Installation, Maintenance, and Use of Public Fire Service Communication Systems
1994 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
A dagger (†) following the number or letter designating a paragraph indicates explanatory figures for that
paragraph in Appendix B.
Information on referenced publications can be found in Chapter 4 and Appendix C.

Chapter 1 Fundamentals
1-1 Scope.
1-1.1
This standard covers the installation, maintenance, and use of public fire service
communications systems and facilities. This standard is neither intended as a design
specification nor as an instruction manual.
1-1.2
These systems and facilities include, but are not limited to, public reporting, dispatching,
telephone, and both two-way and microwave radio systems that fulfill two principal functions:
that of receiving fire alarms or other emergency calls from the public and that of retransmitting
these alarms and emergency calls to fire companies and other interested agencies.
1-1.3
Fire alarm systems on private premises from which signals are received directly or indirectly
by the communication center are covered by NFPA 72, National Fire Alarm Code.
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1-1.4
If a system or device having materials, methods of operation, or forms different from those
detailed in this standard is examined and tested by the authority having jurisdiction according to
the intent of the requirements of this standard and is found satisfactory, it shall be judged to be
equivalent.
1-2 Management.
The system shall be under the control of a responsible jurisdiction employee.
1-3 Definitions.
When the words defined in this section are used in this standard, they have the meanings
described below.
Alarm. A signal or message from a person or device indicating the existence of a fire, medical
emergency, or other situation that requires fire department action.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Baud. Measurement of data transmission rates expressed as “bits per second” or bps.
CAD (Computer-Aided Dispatching). A dispatching method or process in which a computer
and its associated terminal(s) is utilized to provide relative dispatch data (e.g., running
assignments, address locations, equipment status, utility locations, special hazards, etc.) to the
concerned dispatcher(s)/operator(s).
Certification. A formal program of related instruction and testing as provided by a recognized
organization or the authority having jurisdiction.
Channel.
(a) Electric Communication.
(1) A single path for transmitting electric signals, usually as distinct from other parallel
paths, or
(2) A band of frequencies.
NOTE: The word path is to be interpreted in a broad sense to include separations by frequency division or
time division. The term channel can signify either a one-way path, providing transmission in one direction
only, or a two-way path, providing transmission in two directions.

(b) Data Transmission. In electric communication,
(1) A single path for transmitting electric signals, usually as distinct from other parallel
paths, or
(2) A band of frequencies.
NOTE: The word path is to be interpreted in a broad sense to include separation by frequency division or time
division. The term channel can signify either a one-way path, providing transmission in one direction only, or
a two-way path, providing transmission in two directions. (See duplex operation; radio channel.)
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Channel, Radio. See radio channel.
Circuit.* The conductor, or radio channel, and associated equipment used to perform a definite
function in connection with an alarm system. Specific types of circuits are defined below.
(a) Dispatch Circuit. A circuit over which alarms are retransmitted automatically or manually
from the communication center to fire stations (formerly called alarm circuits).
(b) Local Circuit. A circuit upon which the receipt of alarms over box circuits or
retransmission of alarms over dispatch circuits does not depend.
(c) Tie Circuit. A circuit connecting a communication center and a subsidiary communication
center.
Common Battery. The battery used to power recorders, transmitters, relays, other
communication center equipment and, if used, subsidiary communication center equipment. This
battery can also be used with Form 4 power supply. Common battery is also termed local or
master.
Communication Center. A building or portion of a building specifically configured for the
primary purpose of providing emergency communication services to one or more public safety
agencies under the authority(ies) having jurisdiction. This facility shall apply to all areas
necessary for operation, domicile, and the installation of necessary equipment.
Converter. Any mechanical or electrical device that changes alternating current to direct
current or changes direct current voltage to a higher or lower voltage, the latter commonly
referred to as a direct current to direct current converter.
CPU. Central processing unit of the computer system. The CPU contains the main storage,
arithmetic unit, and special register groups.
CRT. A general term used to abbreviate “Cathode Ray Tube” but as used in this standard is
considered to include other display devices providing comparable functional capabilities.
Duplex Channel. See duplex operation.
Duplex Operation.
(a) General. The operation of transmitting and re- ceiving apparatus at one location in
conjunction with associated transmitting and receiving equipment at another location, the
processes of transmission and reception being concurrent.
(b) Radio Communication (Two-Way Radio Communication Circuit). The operation utilizing
two radio-frequency channels, one for each direction of transmission, in such a manner that
intelligence can be transmitted concurrently in both directions.
Dynamotor. A machine that combines both motor and generator action in one magnetic field,
either with no armatures or with one armature having two separate windings.
Emergency. Any condition endangering, or thought to be endangering, life or property.
Engine-Driven Generator. A generator driven by an internal combustion engine.
Fire Station. A building occupied by mobile apparatus of the fire department. It might also
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include locations where other emergency equipment is housed.
Frequency (Radio). A frequency useful for radio transmission.
NOTE: The present practicable limits of radio frequency are roughly 10 kilohertz to 100,000 megahertz.
Within this frequency range, electromagnetic radiation can be detected and amplified as an electric current at
the wave frequency.

Frequency Periodic Function (wherein time is the independent variable).
(a) General. The number of periods per unit time.
(b) Radio Wave Propagation. Of a periodic wave, the number of identical cycles per second.
Inverter. Any mechanical or electrical device that changes direct current to alternating current.
Jurisdiction. Any government unit, such as a federal agency, state, county, city, town, or fire
protection district.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
Modem (Modulator Demodulator Unit). A device that converts data that is compatible with
data-processing equipment to a form that is compatible with transmission facilities, and
vice-versa.
Motor-Generator. A machine that consists of a generator driven by an electric motor.
Operations Room. The room in the communication center where alarms are received and
retransmitted.
Operator. A person or persons certified to receive or retransmit an alarm.
Power Source. The power obtained from the utility distribution system, an engine-driven
generator, or a battery.
Power Supply. A device that receives its input power from a power source and converts the
input power to the alternating current or direct current voltage(s) required to operate the system.
Power Supply, Uninterruptible (UPS). A system designed to provide power, without delay or
transients, during any period when the normal power supply is incapable of performing
acceptably.
Protocol.
(a) Data Communication. A formal set of conventions governing the format and relative
timing of message exchange between two communications terminals.
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(b) Software.
(1) A set of conventions or rules that governs the interactions of processes or applications
within a computer system or network.
(2) A set of rules that governs the operation of functional units to achieve communication.
Public Reporting System. A system of alarm initiating devices, receiving equipment, and
connecting circuits (other than a public telephone network) used to transmit alarms from street
locations to the communication center.
(a) Type A — Public Reporting System. A system in which an alarm from a fire alarm box is
received and is retransmitted to fire stations either manually or automatically.
(b) Type B — Public Reporting System. A system in which an alarm from a fire alarm box is
automatically transmitted to fire stations and, if used, to outside alerting devices.
Radio Channel. A band of frequencies of a width sufficient to permit its use for radio
communication.
NOTE: The width of the channel depends on the type of transmissions and the tolerance for the frequency of
emission. Normally allocated for radio transmission in a specified type of service or by a specified transmitter.

Radio Circuit. A means for carrying out one radio communication at a time in either or both
directions between two points. (See radio channel.)
Rectifier. A device without moving parts that changes alternating current to direct current.
Repeater. A combination of apparatus for receiving either one-way or two-way communication
signals and delivering corresponding signals that are amplified, reshaped, or both.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Solar Cell. A device that converts light or other radiant energy into electrical energy.
Structured Programming. A modular approach to program development that emphasizes
stepwise refinement, simple control structures, and short one-entry point/one-exit point modules.
Subsidiary Communication Center or “Subsidiary.” The building used to house a part of the
control equipment of a fire alarm system.
Supervision. The automatic monitoring of circuits and other system components to reveal
defects or faults that would interfere with reception or transmission of an alarm.
Supervisor. A person or persons certified to manage all operational aspects of a
communication center.
Terminal. Used in this standard in relation to CAD systems/networks, the word terminal refers
to an electronic device that combines a keyboard and CRT, allowing an interchange of
information between a dispatcher/operator and one or more computers in the system/network.
Trouble Signal. A signal that indicates an abnormal condition.
Trunk Line. A telephone line or channel between telephone central offices or switching
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devices, including lines between communication center.
UPS (Uninterruptible Power System). See power supply, uninterruptible (UPS).
Chapter 2 General Requirements - Communication Center and Fire Stations
2-1 Communication Center (Primary or Subsidiary).
2-1.1 Location.
2-1.1.1 If the building is located within 150 ft (46 m) of another structure, special attention shall
be given to guard against damage from such exposure by protecting openings and by
constructing the roof to resist damage that might be caused by falling walls.
2-1.1.2 A communication center shall not be located below grade unless the facility is
specifically designed for such a location. The lowest floor elevation shall be above the 100-yr
flood plain prediction.
2-1.1.3 Each jurisdiction shall maintain an alternate communication facility that is capable, when
staffed, of performing the emergency functions provided at the communication center. The
facility shall be separated geographically from the primary communication center at a distance
satisfactory to ensure the viability of the alternate facility concept.
2-1.2 Construction.
2-1.2.1 Buildings housing communication centers shall be Type I, Type II, or Type III
construction as defined by NFPA 220, Standard on Types of Building Construction. The building
shall have a Class A roof as defined by NFPA 256, Standard Methods of Fire Tests of Roof
Coverings.
2-1.2.2 When the building is also occupied for purposes other than fire communication, the
communication center shall be separated from the other portions of the building by vertical and
horizontal separations having a fire resistance rating of at least 2 hours. Openings shall be
protected by listed, self-closing fire doors or other assemblies having a fire resistance rating at
least equal to that of the construction but with not less than a 11/2-hour fire rating. If spaces
adjoining the communication center are occupied by Ordinary Hazard Occupancies, as defined in
NFPA 13, Standard for the Installation of Sprinkler Systems, they shall be provided with an
automatic fire detection and modification system conforming to NFPA 72, National Fire Alarm
Code, and NFPA 75, Standard for the Protection of Electronic Computer/Data Processing
Equipment. If the adjoining spaces are occupied by Extra Hazard Occupancies as defined in
NFPA 13, Standard for the Installation of Sprinkler Systems, they shall be provided with an
automatic sprinkler system that shall be completely supervised at the communication center. The
sprinkler system and its supervisory service shall conform to NFPA 13, Standard for the
Installation of Sprinkler Systems.
2-1.2.3 Communication center interior finish material, as defined by NFPA 101®, Life Safety
Code®, shall have a flame spread rating of 25 or less and a smoke development rating of 50 or
less, when tested in accordance with NFPA 255, Standard Method of Test of Surface Burning
Characteristics of Building Materials.
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2-1.2.4 When the design of a new communication center or a major remodeling of an existing
center requires one or more full-time, on-duty operators, the center shall be equipped with a
toilet and lunch area directly accessible to the operations room.
2-1.2.5 The communication center and other buildings housing essential operating equipment
shall be protected against damage due to vandalism and civil disturbances. In communication
centers constructed on the first floor of a building, with the floor at exterior grade level, direct
exterior windows shall not be permitted. The door opening shall be protected by not less than a
1-hour listed, self-closing fire door assembly.
2-1.2.6 Entry to the communication center shall be restricted to authorized persons only.
Entryways leading directly from the exterior shall be protected by two doors and a vestibule.
2-1.3 Utilities.
2-1.3.1 Warm air heating, ventilating, and air conditioning shall be by independent systems
serving only the communication center.
2-1.3.2 No main utility services shall pass through those portions of the communication center
where essential equipment is installed or operational functions are performed.
2-1.4 Fire Protection.
2-1.4.1 The communication center shall be provided with fire extinguishers meeting the
requirements of NFPA 10, Standard for Portable Fire Extinguishers, and not less than two such
extinguishers shall be required.
2-1.4.2 The communication center shall be provided with an automatic fire detection, alarm, and
notification system in accordance with NFPA 72, National Fire Alarm Code. Evacuation signals
shall not interfere with communications operations. The alarm system shall be monitored in the
operations room.
2-1.4.3 The building housing the communication center and the communication center shall be
protected throughout with an approved, automatic fire sprinkler system complying with NFPA
13, Standard for the Installation of Sprinkler Systems. The sprinkler system shall be supervised
in accordance with NFPA 72, National Fire Alarm Code, and monitored in the operations room.
2-1.4.3.1 Where applicable, electronic computer/data processing equipment shall be protected in
accordance with NFPA 75, Standard for the Protection of Electronic Computer/Data Processing
Equipment.
2-1.4.4* In the event of a fire in the communication center, the facility shall be capable of
continuous operation for sufficient time to enable transfer of operations to any alternate
communication center capable of continuous operation.
2-1.5 Emergency Lighting.
2-1.5.1 The communication center shall be equipped with emergency lighting that shall be
immediately placed in service upon a power failure and shall be independent of the power source
normally used for lighting purposes. Illuminations shall be great enough to permit all necessary
operations. [See Section 700-12(b)(f), NFPA 70, National Electrical Code®.]
2-1.5.2 In addition to the requirement of 2-1.5.1, the communication center shall be equipped
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with not less than one self-charging battery pack lantern that lights automatically when power is
interrupted.
2-1.6 Power.
2-1.6.1 General.
2-1.6.1.1 Under all conditions, two sources of power shall be provided for the operation of the
communication network and its supporting related systems and equipment.
2-1.6.1.2 Power circuits, together with their associated motors, generators, rectifiers,
transformers, fuses, and controlling devices, shall be installed in accordance with the
requirements of NFPA 70, National Electrical Code.
2-1.6.1.3 The conductors of the power supply circuit shall be connected to the line side of the
main service of a commercial light or power supply circuit, or to the main conductors of an
isolated power plant located on the premises, except as permitted in 2-1.6.1.4. The circuit
disconnecting means shall be installed so that it is accessible only to authorized personnel.
2-1.6.1.4 Power shall be permitted to be obtained from the load side of the main disconnect
switch only where buildings are used exclusively for the housing of fire alarm and other
emergency facilities.
2-1.6.1.5 Circuit protection, enclosed in a locked or sealed cabinet located immediately adjacent
to the point of connection to the light and power conductors, shall be provided in series with
each ungrounded conductor.
2-1.6.1.6 Power supply circuit conductors shall be installed in independent conduits not used for
any other circuit conductors, from the disconnect switches to the current-consuming devices. The
conductors of this section shall not be routed over any heat-producing equipment, including a
distribution transformer or an engine-driven generator set.
2-1.6.2 Power Source. The following methods of obtaining two sources of power for the
communication center shall be considered acceptable:
(a)† One circuit from a utility distribution system and a second from an engine-driven
generator and a standby storage battery having a 4-hour capacity. All standby storage batteries
incorporated into a power source network shall be equipped with suitable chargers (float or
trickle).
(b)† Two circuits from separate utility distribution systems, so serviced or connected that
normal supply to one will not be affected by trouble that would put the other out of service. This
would require supply from two building services on entirely separate distribution networks from
independent generating stations.
(c)† Two engine-driven generators with one unit supplying normal system power and the other
unit serving as standby with facilities to apply its power to the line within 30 seconds. A standby
storage battery having a 4-hour capacity shall be provided. All standby storage batteries
incorporated into a power source network shall be equipped with suitable chargers (float or
trickle). If two engine-driven generators are used as a second source of power, the fire alarm
system 4-hour battery shall be permitted to be omitted.
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2-1.6.3 Power Supply.
2-1.6.3.1 Local circuits at the communication center shall be supplied either in common with box
circuits or dispatch circuits or by a separate power source. The source of power for local circuits
required to operate the essential features of the system shall be supervised.
2-1.6.3.2 Visual and audible means of indicating a 15 percent or greater reduction of normal
power supply (rated voltage) shall be provided.
2-1.6.4 Rectifiers, Converters, Inverters, and Motor-Generators.
2-1.6.4.1 Rectifiers shall be supplied through an isolating transformer taking energy from a
circuit not exceeding 250 volts.
2-1.6.4.2 Complete, ready-to-use spare units and spare parts shall be available in reserve.
2-1.6.4.3 One spare rectifier shall be provided for each 10 required for operation but in no case
shall less than one be provided.
2-1.6.4.4 Leads from rectifiers or motor-generators, with storage battery floating, shall have
fuses rated at not less than 1 ampere and not more than 200 percent of maximum connected load.
Where not provided with battery floating, the fuse shall be not less than 3 amperes.
2-1.6.5 Engine-Driven Generator Sets.
2-1.6.5.1 The provisions of this section shall apply to generators driven by internal combustion
engines.
2-1.6.5.2 The installation of engine-driven generator sets shall conform to the provisions of
NFPA 37, Standard for the Installation and Use of Stationary Combustion Engines and Gas
Turbines, and NFPA 110, Standard for Emergency and Standby Power Systems, except as
restricted by the provisions of this section.
2-1.6.5.3 The engine-driven generator set shall be located in an adequately ventilated cutoff area
of the building housing the communication center equipment. The area housing the unit shall be
used for no other purpose except storage of spare parts or equipment. Exhaust fumes shall be
discharged directly outside the building.
2-1.6.5.4 Liquid fuel shall be stored outside the communication center in accordance with NFPA
37, Standard for the Installation and Use of Stationary Combustion Engines and Gas Turbines,
and gravity feed shall not be used. Sufficient fuel shall be available for 24 hours of operation at
full load.
2-1.6.5.5 Liquefied petroleum gas and natural gas installations shall meet the requirements of
NFPA 54, National Fuel Gas Code, and NFPA 58, Standard for the Storage and Handling of
Liquefied Petroleum Gases.
2-1.6.5.6 The unit, as a minimum, shall be of sufficient capacity to supply power to operate all
fire alarm facilities and emergency lighting of the operating rooms or communication building.
2-1.6.5.7 A separate storage battery on automatic float charger shall be provided for starting the
engine-driven generator.
2-1.6.6 Batteries.
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2-1.6.6.1 Batteries shall be of the storage type; primary batteries (dry cells) shall not be used. All
cells shall be of the spillproof type, adequately vented and, as applicable, equipped with
explosion-inhibiting caps. Lead-acid batteries shall be in jars of glass or other suitable
transparent material; other types of batteries shall be in containers suitable for the purpose.
2-1.6.6.2 Batteries shall be located in the same building as the operating equipment, preferably
on the same floor, and shall be readily accessible for maintenance and inspection. The battery
space shall not be located below grade unless the structure is specifically designed for such a
location and shall be ventilated to prevent accumulation of explosive gas mixtures.
2-1.6.6.3 Batteries shall be mounted to provide effective insulation from the ground and from
other batteries. The mounting shall be suitably protected against deterioration, and consideration
shall be given to stability, especially in geographic areas subject to seismic disturbance.
2-1.6.6.4 Battery leads of both polarities shall not be in the same conduit, tubing, or cable
between the battery terminals and fuses.
2-1.7 Electrical Wiring.
2-1.7.1 Circuit Conductors - General.
2-1.7.1.1 Wires shall be terminated to provide good electrical conductivity and to prevent
breaking from vibration or stress.
2-1.7.1.2 Circuit conductors on terminal racks shall be identified and isolated from conductors of
other systems wherever possible and shall be suitably protected from mechanical damage.
2-1.7.1.3 All conduits or ducts entering buildings from underground duct systems shall be
through an approved weatherhead or suitable sleeves slanting upward and inward. Drip loops
shall be formed on wires outside of buildings.
2-1.7.2 Wiring inside Buildings.
2-1.7.2.1 At the communication center, conductors shall extend as directly as possible to the
operations room in conduits, ducts, shafts, raceways, or overhead racks and troughs of a type of
construction providing protection against fire and mechanical damage.
2-1.7.2.2 All conductors inside buildings shall be in conduit, electrical metallic tubing, metal
molding, or raceways. Installation shall be in accordance with NFPA 70, National Electrical
Code.
2-1.7.2.3 Conductors shall have an approved insulation; the insulation or other outer covering
shall be flame retardant and moisture resistant.
2-1.7.2.4 Conductors shall be installed as far as possible without joints. Splices shall be
permitted only in junction or terminal boxes. Wire terminals, splices, and joints shall conform
with NFPA 70, National Electrical Code.
2-1.7.2.5 Conductors bunched together in a vertical run connecting two or more floors shall have
a flame-retardant covering sufficient to prevent the carrying of fire from floor to floor. This
requirement shall not apply if the conductors are encased in a metallic conduit or located in a
fire-resistive shaft having stops at each floor.
2-1.7.2.6 Where cables or wirings are exposed to unusual fire hazards, they shall be properly
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protected.
2-1.7.2.7 Cable terminals and cross-connecting facilities shall be located either in or adjacent to
the operations room.
2-1.7.2.8 Where signal conductors and electrical light and power wires are run in the same shaft,
they shall be separated by at least 2 in. (50 mm), or either system shall be encased in a
noncombustible enclosure.
2-1.8 Staffing.
2-1.8.1 Number of Operators.
2-1.8.1.1 The number of operators shall be as follows:
(a) For jurisdictions receiving 600 or more alarms per year, at least one operator shall be on
duty in the communication center. The number of operators shall be sufficient to affect the
prompt receipt and processing of and other request for fire department services as follows:
(1) Ninety-five percent of alarms shall be answered within 30 seconds, and in no case shall
the initial operator’s response to an alarm exceed 60 seconds.
(2) The dispatch of the appropriate fire services shall be made within 60 seconds after the
completed receipt of an emergency alarm.
(3) When three or four operators are required to be on duty to meet the performance criteria
of 2-1.8.1.1(a)(1) and (2), at least one supervisor shall be on duty in the communication center.
(4) When five or more operators are required to be on duty to meet the performance criteria
of 2-1.8.1.1(a)(1) and (2), then the supervisor on duty shall be in the operations room.
(b) For jurisdictions receiving fewer than 600 alarms per year, alarms not retransmitted
automatically shall be received and transmitted to the fire force by an operator on duty for the
purpose as follows:
(1) A specifically designated operator, an employee of the local telephone company; or
(2) A member of another jurisdictional agency; or
(3) The house watch at a fire station, with facilities for transfer of service to another
jurisdictional agency if the house watch responds to fires.
(4) In all cases, the performance requirements of 2-1.8.1.1(a)(1) and (2) shall apply.
2-1.8.1.2 The operators shall be at the communication center and shall be capable of operating
and testing the system unless other qualified persons are on duty and assigned to test the system.
2-1.8.2 Qualifications.
2-1.8.2.1 Operators shall be in good health and free from disabling physical and mental defects
that would affect their ability to efficiently handle the duties assigned. They shall be
temperamentally suited to the position, including being able to remain calm and take decisive
action during emergencies, to remain alert during periods of inactivity and when carrying out
normal repetitive operations, and to work harmoniously with other persons.
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2-1.8.2.2 Operators shall be familiar with general fire department operations and shall have
access to information regarding the locations of streets; important structures, including schools,
hospitals, and other buildings with a high life hazard; and congested or hazardous areas.
2-1.8.2.3 Operators shall have a working knowledge of the fire alarm system and any 9-1-1
system and shall be capable of making the prescribed tests. They shall be familiar with rules and
regulations relating to equipment use, including those of the Federal Communications
Commission pertaining to emergency services’ use of radio.
2-1.9 Operating Practices.
2-1.9.1* Emergency calls, however received, shall be appropriately recorded and tabulated to
indicate the origin of the call.
2-1.9.2 In cases where the communication center is not the primary answering agency for fire
calls, the answering agency shall transfer the call directly to the fire alarm operator and remain
on the line until assured that the transfer is effected. This transfer procedure shall be used instead
of relaying the information to the operator.
2-1.9.3 All emergency alarms, including requests for multiple alarms, shall be transmitted to the
proper fire department companies over the required dispatch circuit or circuits conforming to
Chapter 3.
2-1.9.4 An accurate indication of the status of all fire companies (e.g., in the station available for
response, out of service at a fire, out of service due to other reasons) shall be readily available to
the operators at all times.
2-1.9.5 Dispatch of apparatus in response to emergency calls shall be recorded. Records shall
indicate companies and supervisory officers for fires and subsequent alarms, time of
acknowledgment by companies, time of arrival at scene, and time back in service.
2-1.9.6 An audible warning or alerting signal, typically a distinctive tone(s), shall precede any
alarm transmitted by voice.
2-1.9.7 The first fire company arriving at the location of the alarm shall give a brief preliminary
report on conditions observed to the communication center.
2-1.9.8 Fire communication equipment shall be restored to normal condition as promptly as
possible after each alarm for which the equipment functioned.
2-1.9.9 A report of operations summarizing important statistics shall be prepared annually.
2-1.10 Equipment Testing.
2-1.10.1 General.
2-1.10.1.1 Testing facilities shall be installed at the communication center and each subsidiary
communication center, if used.
Exception: If satisfactory to the authority having jurisdiction, those facilities for systems leased
from a nonmunicipal organization that might be located elsewhere.
2-1.10.1.2 Tests and inspections shall be made at intervals not less frequent than those specified
in this standard.
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2-1.10.2 Power.
2-1.10.2.1 An emergency power source other than batteries shall be operated to supply the
system for a continuous period of 1 hour at least weekly. This test shall require simulated failure
of the normal power source.
2-1.10.2.2 Periodic tests shall be performed to ensure that the batteries are capable of supplying
the system with power when required to do so. The required tests and the maximum intervals at
which they are to be performed shall be as follows:
Table 2-1.10.2.2(a)* Required Tests For Lead-Acid Batteries
Test

Maximum Interval

Measure Float Voltage
Of entire battery or a pilot cell

1 week

Of each cell

3 months

Measure Specific Gravity
Of a pilot cell

6 weeks

Of each cell

6 months

Discharge for 2 hours

1 year

Clean and Inspect

3 months

Calibrate Meters

1 year

To maximize battery life, the battery voltage for lead-acid cells shall be maintained within the
limits shown in the table below:
High Gravity Battery
(Lead Calcium)

Low Gravity Battery
(Lead Antimony)

Maximum

2.25 volts/cell

2.17 volts/cell

Minimum

2.20 volts/cell

2.13 volts/cell

High Rate Voltage

2.33 volts/cell

Float Voltage

NOTE: High and low gravity voltages are (+)0.07 volts and (-)0.03 volts, respectively.

Table 2-1.10.2.2(b)* Required Tests for Nickel Cadmium Batteries
Test

Maximum Interval

Measure Float Voltage

Copyright 1996 NFPA

(1.42 volts per cell nominal)
Of entire battery

3 months

Of each cell

1 year

Check State of Charge

6 months

Discharge for 2 hours

1 year

Clean and Inspect

3 months

Calibrate Meters

1 year

To maximize battery life, the battery shall be charged as follows:
Float Voltage

1.42 volts/cell ± 0.01 volts

High Rate Voltage

1.58 volts/cell + 0.07 - 0.00 volts

2-1.11 Management and Maintenance.
2-1.11.1 All systems shall be under the control of a responsible jurisdictional employee. When
maintenance is provided by an organization or person other than the municipality or its
employees, complete written records of the installation, maintenance, test, and extension of the
system shall be forwarded to the responsible employee as soon as possible.
2-1.11.2 A complete record shall be kept by the municipality of all test and alarm signals, all
circuit interruptions and observations or reports of apparatus failure or derangements, and all
seriously abnormal or defective circuit conditions indicated by test or inspection; these records
shall include the date and time of occurrence. Notice of failure and restoration of service shall be
made immediately to the responsible municipal employee.
2-1.11.3 Maintenance by an organization or person other than the jurisdiction or a jurisdiction
employee shall be by written contract, guaranteeing performance acceptable to the authority
having jurisdiction.
2-1.11.4 All equipment shall be accessible to the authority having jurisdiction for the purpose of
maintenance.
2-1.12 Records.
2-1.12.1 Complete records, sufficient to ensure reliable operation of all alarm system functions,
shall be maintained in a satisfactory manner.
2-1.12.2 Complete records of test and alarm and dispatch signals, all circuit interruptions and
observations or reports of apparatus failures or derangements, and all seriously abnormal or
defective circuit conditions indicated by test or inspection shall be kept by the jurisdiction; these
records shall include the date and time of all occurrences.
Copyright 1996 NFPA

2-1.12.3 Where a combination of leased/owned facilities exists, resources required to be
maintained by the lessor for the jurisdiction shall be specified.
2-1.12.4* A report of operations summarizing important statistics shall be prepared annually.
2-1.12.5 Records of wired circuits (box and dispatch) shall include outline plans showing
terminals and box sequence; diagrams of office wiring; materials used, including trade name,
manufacturer, and year of purchase or installation.
2-1.12.6 Emergency generating equipment periodic test records shall include date and time; fuel,
electrical, coolant, and exhaust system conditions; and operating time.
2-1.13 Telephone Receiving Equipment.
2-1.13.1 Commercial Telephone.
2-1.13.1.1 General.
(a) The provisions of this section apply to the facilities necessary to receive alarms transmitted
by citizens using the commercial telephone system.
(b) The provisions of this section shall apply regardless of whether other reporting systems are
provided.
2-1.13.1.2 Directory Listing.
(a) A specific telephone number shall be assigned for fire alarm emergency service with a
separate number assigned for normal fire department business. Telephone directory listings shall
be as follows:
(1) On the inside front cover of the white pages directory:
FIRE (Symbol optional) (FIRE NUMBER)
In the white pages directory:
FIRE DEPARTMENT
To report a fire (FIRE NUMBER)
Nonfire purposes (business number)
(2) The fire department listing shall also appear in the directory under the name of the
municipality.
(3) If the directory covers an area that is protected by more than one fire department or fire
protection district, each such department or district shall be listed as outlined above.
(4) Telephones installed in fire stations shall not be listed in the telephone directory.
(b) Where suitable arrangements have been made for the receipt and handling of all emergency
calls for fire, police, ambulance, etc., at a single communication center, such as through the use
of the national emergency number 9-1-1, the directory listing shall be appropriate.
2-1.13.1.3 Equipment and Operations.
(a) At the communication center, at least one telephone line shall be assigned for fire alarm
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emergency calls; in larger municipalities additional lines shall be assigned. The number of lines
shall depend on the traffic handled. Additional telephone lines shall be provided for the business
number as required.
(b) In addition to the above, at least one unlisted line shall be provided.
(c) For manual switching-type telephone systems, connections to assigned lines shall be made
only for reporting. Where dial system service is used, provisions shall be made for automatic
selection of the assigned emergency lines first, and progressing to the general business lines
when the emergency number is dialed, but the assigned lines shall not be made responsive to a
dialing of the general business numbers.
(d) In cases where the communication center is not the primary answering agency for fire calls,
the answering agency shall transfer the call directly to the fire alarm operator and remain on the
line until assured that the transfer is effected. This transfer procedure shall be used instead of
relaying the information to the operator.
(e) Fire calls received by telephone shall be recorded automatically, and the receiving
equipment shall be provided with capability of instant playback. Nonvoice alarms shall be
graphically recorded.
(f) A voice recording facility shall be provided for each operator handling incoming alarms in
order to eliminate the possibility of interference.
(g) Facilities shall be provided that will automatically record the time of receipt of each alarm.
(h) If an incoming telephone call is not answered within 60 seconds, when only one operator is
on duty, a trouble indication shall be automatically transmitted to a location acceptable to the
authority having jurisdiction.
(i) Where private fire alarm equipment, arranged to automatically transmit a signal to the fire
department over commercial telephone facilities, is in use, a separate unlisted telephone line(s)
shall be used to receive such signals. The private equipment shall not be permitted to
automatically connect to the telephone lines required by 2-1.13.1.2(a), 2-1.13.1.3(a), or
2-1.13.1.3(b).
2-1.13.1.4 Supervision. Where the service is available, no less than 50 percent but at least one of
the fire reporting trunk lines between the telephone company central office and the
communication center shall be supervised. Supervision shall be in accordance with the
provisions of 3-2.6.
2-1.13.2* Universal Emergency Number 9-1-1 Service.
2-1.13.2.1 General. Universal emergency number 9-1-1 service, where provided, shall meet the
minimum requirements as specified in this section.
2-1.13.2.2 Circuits. At least two incoming 9-1-1 circuits shall be provided to each
communication center or Public Safety Answering Point (PSAP) location, as applicable. These
circuits shall have diverse routes.
If the communication center and PSAP are not located in a common facility, there shall be at
least two circuits provided between the PSAP and each fire communication center served by said
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PSAP. Supervision of the tie circuits, where utilized, shall be consistent with the provision of
2-1.13.1.4.
2-1.13.2.3 Circuit Protection. All conductors entering the PSAP shall be protected with
devices, in the order named, starting from the exterior, as follows:
(a) A fuse rated at 3 amp minimum to 7 amp maximum and not less than 2000 volts;
(b) A lightning arrester; and
(c) A fuse or other device, such as a heat coil, rated at not more than 1/2 ampere; or
(d) Where the design of the equipment is such that other type protection is necessary, the
recommendation of the manufacturer shall be followed.
2-1.13.2.4 Power Source. The PSAP location shall be powered by:
(a) A source not susceptible to variations in the utility distribution system.
(b) A source backed up by an emergency power source.
NOTE: Form 2B, a rectifier or motor-generator powered from two sources of alternating current, with a
floating storage battery having a 4-hour standby capacity, shall be acceptable for this application.

2-1.13.2.5 PSAP Equipment.
(a) The PSAP equipment shall be capable of operating for 4 hours in the event of temporary
primary power source outages.
(b) Voice recording interfaces shall be provided on all incoming circuits.
(c) The PSAP equipment shall be designed such that an equipment failure shall not prevent
calls from being answered. Under failure conditions, the full feature complement does not have
to be maintained; however, the calling party must be able to communicate with an attendant.
(d) The PSAP equipment shall be designed so that it can be manually forced (at the PSAP
location by simulating a component failure) to operate in the failsafe mode.
2-1.13.2.6 Testing.
(a) Power Source. The power source shall be tested in accordance with 2-1.10.2.
(b) Incoming Circuits. Each incoming circuit shall be given an operational test at least weekly.
(c) PSAP Equipment. The PSAP equipment shall be operated in the failsafe mode at least
weekly.
2-2 Fire Stations.
2-2.1 Power.
Power for operating the necessary alarm receiving equipment shall meet the provisions of
2-1.6.
2-2.2 Electrical Wiring.
Electrical wiring shall meet the provisions of 2-1.7.
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2-2.3 Equipment Testing.
Testing shall be conducted in accordance with the provisions of 2-1.10.
2-2.4 Telephones.
2-2.4.1 There shall be a telephone at each fire station.
2-2.4.2 Where there is no other means of voice communications with fire stations, the telephones
at fire stations shall be arranged so that they cannot be called by the public except:
(a) Through a common switching point in the communication center, and
(b) Where there is only one fire station in the community.
NOTE: This is not meant to apply to the office of the chief and other executive officers or to the
communication center, which might be housed in a fire station.

2-2.5 Public Reporting at Fire Stations.
A publicly accessible means of communication conforming to this standard shall be provided
at fire stations for the reporting of emergencies at such times when the station is unoccupied.
Chapter 3 Dispatching Systems
3-1 Fundamental Requirements of Fire Alarm Dispatching Systems.
3-1.1 General.
3-1.1.1 A fire alarm dispatching system shall be designed, installed, operated, and maintained to
provide the maximum practicable reliability for transmission and receipt of fire alarms.
3-1.1.2 Transmission of Other Signals.
3-1.1.2.1 Use of a fire alarm dispatching system for the transmission of other signals or calls of a
public emergency nature is permissible provided such transmission does not interfere with the
transmission and receipt of fire alarms.
3-1.1.2.2 Where the system is used as a communication network for other agencies of the
jurisdiction, the fire alarm operator shall not be required to take action or responsibility for
routine calls when the number of routine calls interferes with the proper handling of fire alarms.
3-1.2 Equipment and Installation.
3-1.2.1 All devices and equipment constructed and installed under this standard shall be suitable
for the purposes for which they are intended.
3-1.2.2 All systems shall be installed in accordance with established practices and the applicable
requirements of this standard.
3-1.2.3 All the devices shall be designed to function satisfactorily under the climatic conditions
to which they are exposed.
3-1.2.4 Upon completion of system installation, a satisfactory test of the entire equipment shall
be made in the presence of the authorized representative of the purchaser and, if required by the
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authority having jurisdiction, in the presence of its representative.
3-1.2.5 All apparatus shall be restored to normal condition as promptly as possible after each test
or alarm for which the apparatus functioned.
3-1.3 Dispatch Circuits — General.
3-1.3.1 Two separate dispatch circuits shall be provided for transmitting alarms, except as
permitted in 3-1.3.3 and 3-2.3.2. A circuit terminating at a telephone instrument only shall not be
considered as either of the required dispatch circuits.
3-1.3.2*† One dispatch circuit shall consist of one of the following:
(a) A supervised wired circuit; or
(b) A radio channel with duplicate base transmitters, receivers, microphones, and antennas; or
(c) A microwave supervised carrier channel; or
(d) A polling or self-interrogating radio or microwave radio system with duplicate base
transmitters, and equipment necessary for redundancy; or
(e) A properly arranged, supervised telephone circuit.
3-1.3.3† The second dispatch circuit need not be supervised and shall be either a wired circuit or
a radio channel. If radio is used as the second dispatch circuit, it need not have duplicate
facilities. In those jurisdictions that receive fewer than 600 alarms per year, the second dispatch
circuit shall not be required.
3-1.3.4 If voice transmission is used as a dispatch method, the transmission of an alarm over the
circuit used shall be preceded by an audible warning or alerting signal [typically a distinctive
tone(s)] to differentiate the alarm from routine traffic.
3-1.3.5 Facilities for retransmitting alarms to fire stations shall be installed at the place where
telephone alarms are received.
3-1.3.6 Two separate facilities shall be provided, one of which shall be connected to a supervised
dispatch circuit, except as outlined in 3-1.3.3 and 3-2.3.2.
3-1.3.7 The facilities shall include automatic recording of alarms transmitted over the required
dispatch circuit(s). Provisions shall be made to automatically record the date and time of
transmission.
NOTE 1: Alarms shall be permitted to be transmitted by coded signals or by signals for graphic or facsimile
reproduction.
NOTE 2: Manual entry of date and time by the operator shall be satisfactory when graphic or facsimile
transmission is used.

3-1.3.8 Automatic recording facilities shall be provided for alarms transmitted by voice, separate
from those used for recording incoming voice alarms.
NOTE: When only one operator is required, a single recording facility shall be permitted to be used for the
receipt and transmission of voice alarms.

3-1.3.9 Devices for transmitting coded or other types of signals shall be arranged for manual
setting and operations.
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3-1.4 Power.
3-1.4.1 General.
3-1.4.1.1 Power circuits, together with their associated motors, generators, rectifiers,
transformers, fuses, and controlling devices, shall be in accordance with the requirements of
NFPA 70, National Electrical Code.
3-1.4.1.2 The conductors of the power supply circuit shall be connected to the line side of the
main service of a commercial light or power supply circuit or to the main conductors of an
isolated power plant located on the premises, except as permitted in 3-1.4.1.3. The circuit
disconnecting means shall be installed so that it is accessible only to authorized personnel.
NOTE: Power shall be permitted to be obtained from the load side of the main disconnect switch only where
buildings house fire alarm and other emergency facilities.

3-1.4.1.3 Circuit protection, enclosed in a locked or sealed cabinet located immediately adjacent
to the point of connection to the light and power conductors, shall be provided in series with
each ungrounded conductor.
3-1.4.2 Power Source. Each dispatch circuit or radio dispatch channel, and related alarm
transmitting or receiving devices, including equipment at stations needing local power for
operation, shall be provided with two sources of power. The following methods of obtaining two
sources of power shall be considered acceptable:
(a)† One circuit from a utility distribution system and a second from an engine-driven
generator and a standby battery having a 4-hour capacity.
(b)† Two circuits from separate utility distribution systems, serviced or connected, so that
normal supply to one will not be affected by trouble that would put the other out of service. This
would require supply from two building services on entirely separate distribution networks from
independent generating stations.
(c)† Two engine-driven generators with one unit supplying normal system power and the other
unit serving as standby with facilities to apply its power to the line within 30 seconds. A standby
storage battery having a 4-hour capacity shall be provided. If two engine-driven generators are
used as a second source of power, the fire alarm system 4-hour battery shall be permitted to be
omitted.
3-1.4.3 Power Supply.
3-1.4.3.1 The forms and arrangements of power supply shall be classified as described in
3-1.4.3.2 through 3-1.4.3.5.
NOTE: If the electrical service/capacity of the equipment required under 2-1.6 is adequate to satisfy the needs
of the equipment in this section, said equipment need not be duplicated.

3-1.4.3.2 Form 2. Permissible for Type A systems only. Dispatch circuits served in multiple by:
(a)† Form 2A. A rectifier or motor-generator powered from a single source of alternating
current, with a floating storage battery having a 24-hour standby capacity.
(b)† Form 2B. A rectifier or motor-generator powered from two sources of alternating current,
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with a floating storage battery having a 4-hour standby capacity.
(c)† Form 2C. Duplicate rectifier or motor-generator powered from two sources of alternating
current with transfer facilities to apply power from the secondary source to the system within 30
seconds (see 3-1.4.2). Each rectifier or motor-generator shall be capable of powering the entire
system.
NOTE: For Forms 2A, 2B, and 2C, these arrangements shall be permitted but are not recommended where
circuits are wholly or partly open wire because of the possibility of trouble from multiple grounds.

3-1.4.3.2.1 Batteries, motor-generators, or rectifiers shall be sufficient to supply all connected
circuits without exceeding the capacity of any battery or overloading any generator or rectifier,
so that circuits developing grounds or crosses with other circuits can be supplied each by an
independent source to the extent required by 3-1.4.3.2.2.
3-1.4.3.2.2 Provisions shall be made in the operations room for supplying any circuit from any
battery, generator, or rectifier. Enclosed fuses shall be provided at points where supplies for
individual circuits are taken from common leads. Necessary switches, testing, and signal
transmitting and receiving devices shall be provided to permit the isolation, control, and test of
each circuit to at least 10 percent of the total number of dispatch circuits but never less than 2.
3-1.4.3.2.3 If common-current source systems are grounded, the ground shall not exceed 10
percent of the resistance of any connected circuit and shall be located at one side of the battery.
Visual and audible indicating devices shall be provided for each dispatch circuit to give
immediate warning of ground leakage endangering operability.
3-1.4.3.3 Form 3. Each dispatch circuit served by:
(a)† Form 3A. A rectifier or motor-generator powered from a single source of alternating
current with a floating storage battery having a 60-hour standby capacity.
(b)† Form 3B. A rectifier or motor-generator powered from two sources of alternating current
with a floating storage battery having a 24-hour standby capacity.
3-1.4.3.4 Form 4. Each dispatch circuit served by:
(a)† Form 4A. An inverter powered from a common rectifier powered by a single source of
alternating current, with a floating storage battery having a 24-hour standby capacity.
(b)† Form 4B. An inverter powered from a common rectifier receiving power from two
sources of alternating current, with a floating storage battery having a 4-hour standby capacity.
NOTE: For Form 4A and Form 4B, it shall be permissible to distribute the system load between two or more
common rectifiers and batteries.

(c)† Form 4C. A rectifier, converter, or motor-generator receiving power from two sources of
alternating current with transfer facilities to apply power from the secondary source to the
system within 30 seconds (see 3-1.4.2).
3-1.4.3.5 Local circuits at the communication center shall be supplied either in common with
dispatch circuits or by a separate power source. The source of power for local circuits required to
operate the essential features of the system shall be supervised.
3-1.4.3.6 Visual and audible means of indicating a 15 percent or greater reduction of normal
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power supply (rated voltage) shall be provided.
3-1.4.4 Rectifiers, Converters, Inverters, and Motor-Generators.
3-1.4.4.1 Rectifiers shall be supplied through an isolating transformer taking energy from a
circuit not to exceed 250 volts.
3-1.4.4.2 Complete, ready-to-use spare units, or spare parts, shall be available in reserve.
3-1.4.4.3 One spare rectifier shall be provided for each 10 required for operation but in no case
shall less than one be provided.
3-1.4.4.4 Leads from rectifiers or motor-generators, with storage battery floating, shall have
fuses rated at not less than 1 ampere and not more than 200 percent of maximum connected load.
Where not provided with battery floating, the fuse shall be not less than 3 amperes.
3-1.4.5 Engine-Driven Generator Sets.
3-1.4.5.1 The provisions of this section shall apply to generators driven by internal combustion
engines.
3-1.4.5.2 The installation of such units shall conform to the provisions of NFPA 37, Standard for
the Installation and Use of Stationary Combustion Engines and Gas Turbines, and NFPA 110,
Standard for Emergency and Standby Power Systems, except as restricted by the provisions of
this section.
3-1.4.5.3 The engine-driven generator set shall be located in an adequately ventilated cutoff area
of the building housing the communication center equipment. The area housing the unit shall be
used for no other purpose except storage of spare parts or equipment. Exhaust fumes shall be
discharged directly outside the building.
3-1.4.5.4 Liquid fuel shall be stored outside the communication center in accordance with NFPA
37, Standard for the Installation and Use of Stationary Combustion Engines and Gas Turbines,
and gravity feed shall not be used. Sufficient fuel shall be available for 24 hours of operation at
full load.
3-1.4.5.5 Liquefied petroleum gas and natural gas installations shall meet the requirements of
NFPA 54, National Fuel Gas Code, and NFPA 58, Standard for the Storage and Handling of
Liquefied Petroleum Gases.
3-1.4.5.6 The unit, as a minimum, shall be of sufficient capacity to supply power to operate all
fire alarm facilities and emergency lighting of the operations rooms or communication center.
3-1.4.5.7 When more than one engine-driven generator is provided, each shall be provided with a
separate fuel line and transfer pump.
3-1.4.5.8 A separate storage battery on automatic float charger shall be provided for starting the
engine-driven generator.
3-1.4.6 Batteries.
3-1.4.6.1 Batteries shall be of the storage type; primary batteries (dry cells) shall not be used. All
cells shall be of the spillproof type, adequately vented, and, as applicable, equipped with
explosion-inhibiting caps. Lead-acid batteries shall be in jars of glass or other suitable
transparent material; other types of batteries shall be in containers suitable for the purpose.
Copyright 1996 NFPA

3-1.4.6.2 Batteries shall be located in the same building as the operating equipment, preferably
on the same floor, and shall be readily accessible for maintenance and inspection. The battery
space shall not be located below grade unless the structure is specifically designed for such a
location and shall be ventilated to prevent accumulation of explosive gas mixtures.
3-1.4.6.3 Batteries shall be mounted to provide effective insulation from the ground and from
other batteries. The mounting shall be suitably protected against deterioration, and consideration
shall be given to stability, especially in geographic areas subject to seismic disturbance.
3-1.4.6.4 Battery leads of both polarities shall not be in the same conduit, tubing, or cable
between battery terminals and fuses.
3-1.5 Testing.
3-1.5.1 General.
3-1.5.1.1 Tests and inspections shall be made at intervals not less frequent than those specified in
this standard.
3-1.5.1.2 Testing facilities shall be installed at the communication center and the subsidiary
communication center, if used.
Exception: If satisfactory to the authority having jurisdiction, those facilities for systems leased
from a nonmunicipal organization that might be located elsewhere.
3-1.5.1.3 All apparatus shall be restored to normal condition as promptly as possible after each
test or alarm for which the apparatus functioned.
3-1.5.1.4 Where supervisory devices or tests indicate that trouble has occurred anywhere on the
system, the operator shall take appropriate steps to repair the fault or, if this is not possible,
isolate the fault and notify the official responsible for maintenance.
3-1.5.2 Dispatching Systems.
3-1.5.2.1 Manual test of dispatch circuit instruments shall be made and recorded at least once
every 24 hours. Circuits for transmission of graphic signals shall be tested by a message
transmission.
3-1.5.2.2 Outside devices, radio, telephone, or other means for alerting volunteer and off-duty
fire fighters shall be tested daily.
3-1.5.2.3 All wired radio and voice amplification circuits shall be subjected to a talking test at
least twice daily.
3-1.5.3 Power.
3-1.5.3.1 Emergency power sources other than batteries shall be operated to supply the system
for a continuous period of 1 hour at least weekly. This test shall require simulated failure of the
normal power source.
3-1.5.3.2 Periodic tests shall be performed to ensure that the batteries are capable of supplying
the system with power when required to do so. See Table 3-1.5.3.2(a) for the required tests and
the maximum intervals at which they are to be performed.
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Table 3-1.5-3.2(a)* Required Tests For Lead-Acid Batteries
Test

Maximum Interval

Measure Float Voltage
Of entire battery or a pilot cell

1 week

Of each cell

3 months

Measure Specific Gravity
Of a pilot cell

6 weeks

Of each cell

6 months

Discharge for 2 hours

1 year

Clean and Inspect

3 months

Calibrate Meters

1 year

To maximize battery life, the battery voltage for lead-acid cells shall be maintained within the
limits shown in the table below:
Float Voltage

High Gravity Battery
(Lead Calcium)

Low Gravity Battery
(Lead Antimony)

Maximum

2.25 volts/cell

2.17 volts/cell

Minimum

2.20 volts/cell

2.13 volts/cell

High Rate Voltage

2.33 volts/cell

NOTE: High and low gravity voltages are (+)0.07 volts and (-)0.03 volts, respectively.

Table 3-1.5.3.2(b)* Required Tests For Nickel Cadmium Batteries
Test

Maximum Interval

Measure Float Voltage
(1.42 volts per cell nominal)
Of entire battery

3 months

Of each cell

1 year

Check State of Charge

6 months

Discharge for 2 hours

1 year

Copyright 1996 NFPA

Clean and Inspect

3 months

Calibrate Meters

1 year

To maximize battery life, the battery shall be charged as follows:
Float Voltage

1.42 volts/cell ± .01 volts

High Rate Voltage

1.58 volts/cell + .07 - 0.00 volts

3-1.6 Records.
3-1.6.1 General.
3-1.6.1.1 Complete records, sufficient to ensure reliable operation of all dispatching system
functions, shall be maintained in a satisfactory manner.
3-1.6.1.2 Where a combination of leased/owned facilities exists, records required to be
maintained by the lessor for the jurisdiction shall be specified.
3-1.6.1.3 A report of operations summarizing important statistics shall be prepared annually.
3-1.6.2 Circuits. Records of wired dispatch circuits shall include outline plans showing
terminals and fire station sequence; diagrams of office wiring; materials used, including trade
name, manufacturer, and year of purchase or installation.
3-1.6.3 Operating Practices.
3-1.6.3.1 Emergency calls, however received, shall be appropriately recorded and tabulated to
indicate the source of origin.
3-1.6.3.2 Dispatch of mobile units in response to emergency calls shall be recorded. Records
shall indicate units responding to all alarms, time of acknowledgment by units, time of arrival of
first unit at scene, and time back in service of all units.
3-1.6.4 Emergency Generating Equipment. Emergency generating equipment periodic test
records shall include date and time; fuel, electrical, coolant, and exhaust system conditions; and
operating time.
3-1.7 Circuit Construction and Arrangement.
3-1.7.1 ANSI/IEEE C2, National Electrical Safety Code, shall be used for the installation of
outdoor circuitry.
3-1.7.2 All installations shall be protected against damage due to mechanical injury, fire, falling
walls, floods, corrosive vapors, or other causes.
3-1.7.3 Open local circuits within single buildings shall be permitted for the operation of alerting
devices and alarm equipment additional to that required by this standard.
3-1.7.4 All circuits shall be routed to permit ready tracing of circuits for trouble.
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3-1.7.5 Circuits shall not pass over, under, through, or be attached to buildings or property that is
not owned by, or under the control of, the municipality or the agency responsible for maintaining
the system.
3-1.7.6 Alarm instruments installed in private buildings shall be on separate dedicated circuits.
3-1.8 Circuit Conductors - General.
3-1.8.1 Wires shall be terminated to provide good electrical conductivity and to prevent breaking
from vibration or stress.
3-1.8.2 Circuit conductors on terminal racks shall be identified and isolated from conductors of
other systems wherever possible and shall be suitably protected from mechanical damage.
3-1.8.3 Exterior cable and wire shall conform to International Municipal Signal Association
specifications or their equivalent.
Exception: Where circuit conductors are provided by a public utility on a lease basis,
International Municipal Signal Association (IMSA) specifications shall not apply.
3-1.9 Cables.
3-1.9.1 General.
3-1.9.1.1 Cables that meet the requirements of Article 310, NFPA 70, National Electrical Code,
for installation in wet locations shall be satisfactory for overhead or underground installation
except that direct-burial cable shall be specifically approved for the purpose.
3-1.9.1.2 Paper or pressed pulp insulation shall not be considered satisfactory for emergency
service such as a fire alarm system, except that cables containing conductors with such insulation
shall be permitted be acceptable if pressurized with dry air or nitrogen. Loss of pressure in cables
shall be indicated by a visual or audible warning system located where someone is in constant
attendance who can interpret the pressure readings and who has the authority to have the
indicated abnormal condition corrected.
3-1.9.1.3 Natural rubber-sheathed cable shall not be used where it can be exposed to oil, grease,
or other substances or conditions that might tend to deteriorate the cable sheath.
Braided-sheathed cable shall be used only inside of buildings where run in conduit or metal
raceways.
3-1.9.1.4 Other municipally controlled signal wires shall be permitted to be installed in the same
cable with fire alarm wires. Cables controlled by, or containing wires of, private signaling
organizations can be used for fire alarm purposes only, with permission of the authority having
jurisdiction.
3-1.9.1.5 Signaling wires that, because of the source of current supply, might introduce a hazard
shall be protected and supplied as required for lighting circuits.
3-1.9.1.6 All cables, when installed with all taps and splices made, but before connection to
terminals, shall be tested for insulation resistance. Such tests shall indicate an insulation
resistance of at least 200 megohms per mile between any one conductor and all others, the
sheath, and ground.
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3-1.9.2 Underground Cables.
3-1.9.2.1 Underground cables in duct or direct burial cable shall be brought aboveground only at
points where liability of mechanical damage, or disablement from heat incident to fires in
adjacent buildings, is minimized.
3-1.9.2.2 Cables shall be in duct systems and manholes containing only low-tension signaling
system conductors, low-tension secondary power cables, or both. If in duct systems or manholes
containing power circuit conductors in excess of 250 volts to ground, fire alarm cables shall be
located as far as possible from such power cables and shall be separated from them by a
noncombustible barrier or by such other means as might be practicable to protect the fire alarm
cables from damage.
3-1.9.2.3 All cables installed in manholes shall be properly racked and marked for identification.
3-1.9.2.4 All conduits or ducts entering buildings from underground duct systems shall be
effectively sealed against moisture or gases entering the building.
3-1.9.2.5 Cable joints shall be located only in manholes, fire stations, and other locations where
proper accessibility is provided and where there is little liability of damage to the cable by
falling walls or by operations in the buildings. Cable joints shall be made to provide and
maintain conductivity, insulation, and protection at least equal to that afforded by the cables that
are joined. Cable ends shall be sealed against moisture.
3-1.9.2.6 Direct-burial cable, not enclosed in ducts, shall be laid in grass plots, under sidewalks,
or in other places where the ground is not apt to be opened for other underground construction. If
splices are made, such splices shall be accessible, where practicable, for inspection and tests.
Such cables shall be buried at least 18 in. (0.5 m) deep and, where crossing streets or other areas
likely to be opened for other underground construction, shall be in duct or conduit or be covered
by properly protected planking of at least 2-in. × 4-in. (50-mm × 100-mm) planks with half-round
grooves, spiked or banded together after the cable is installed.
3-1.10 Aerial Construction.
3-1.10.1 Fire alarm wires shall be run under all other wires except communication wires.
Suitable precautions shall be provided where passing through trees, under bridges, over
railroads, and at other places where damage or deterioration is possible. Wires and cables shall
not be attached to a crossarm carrying electric light and power wires, except circuits carrying up
to 220 volts for public communication use. Such 220-volt circuits shall be tagged or otherwise
identified.
3-1.10.2 Aerial cable shall be supported by messenger wire of adequate tensile strength, except
as permitted in 3-1.10.3.
3-1.10.3 Two-conductor cable shall be messenger supported unless it has conductors of size No.
20 AWG or larger and has mechanical strength equivalent to No. 10 AWG hard-drawn copper.
3-1.10.4 Single wire shall meet International Municipal Signal Association specifications and
shall not be smaller than No. 10 Roebling gauge if of galvanized iron or steel, No. 10 AWG if of
hard-drawn copper, No. 12 AWG if of approved copper-covered steel, or No. 6 AWG aluminum.
Span lengths shall not exceed manufacturers’ recommendations.
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3-1.10.5 Aerial wires to buildings shall contact only intended supports and shall enter through an
approved weatherhead or suitable sleeves slanting upward and inward. Drip loops shall be
formed on wires outside of buildings.
3-1.11 Leads Down Poles.
3-1.11.1 Leads down poles shall be protected against mechanical damage. Any metallic covering
shall form a continuous conducting path to ground. In all cases, installation shall prevent water
from entering the conduit.
3-1.11.2 Leads shall have 600-volt insulation approved for wet locations, as defined in NFPA 70,
National Electrical Code.
3-1.12 Wiring inside Buildings.
3-1.12.1 At the communication center, conductors shall extend as directly as possible to the
operating room in conduits, ducts, shafts, raceways, or overhead racks and troughs of a type of
construction affording protection against fire and mechanical damage.
3-1.12.2 All conductors inside buildings shall be in conduit, electrical metallic tubing, metal
molding, or raceways. Installation shall be in accordance with NFPA 70, National Electrical
Code.
3-1.12.3 Conductors shall have an approved insulation; the insulation or other outer covering
shall be flame retardant and moisture resistant.
3-1.12.4 Conductors shall be installed as far as possible without joints. Splices shall be permitted
only in junction or terminal boxes. Wire terminals, splices, and joints shall conform with NFPA
70, National Electrical Code.
3-1.12.5 Conductors bunched together in a vertical run connecting two or more floors shall have
a flame-retardant covering sufficient to prevent the carrying of fire from floor to floor. This
requirement shall not apply if the conductors are encased in a metallic conduit or located in a
fire-resistive shaft having fire stops at each floor.
3-1.12.6 Where cables or wirings are exposed to unusual fire hazards, they shall be properly
protected.
3-1.12.7 Cable terminals and cross-connecting facilities shall be located either in or adjacent to
the operations room.
3-1.12.8 Where signal conductors and electric light and power conductors are run in the same
shaft, the light and power conductors shall be in conduit.
3-2 Wired Dispatch Systems - Communication Center.
3-2.1 General.
Dispatch circuits shall be provided in accordance with the provisions of 3-1.3.
3-2.1.1 A metallic dispatch circuit shall not be connected to alarm instruments in more than five
fire stations.
3-2.1.2 Where a wired graphic or voice amplification circuit is used as one of the required
dispatch circuits, such circuit shall be individual to each fire station or the instruments shall be
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connected in parallel in the circuit.
3-2.1.3 Coded signals shall be transmitted not slower than two strokes per second. If outside
alerting devices are employed, transmission shall be over separate circuits but shall be at a speed
suitable for such devices.
3-2.1.4 A separate tie circuit shall be provided from the communication center to each subsidiary
communication center.
NOTE: In a Type B system, where all boxes in the system are of succession type, it shall be permissible to use
the tie circuit as a dispatch circuit.

3-2.2 Requirements for Constant-Current Systems.
3-2.2.1 Means shall be provided for manually regulating current in dispatch circuits so that
operating current is maintained within 10 percent of normal throughout changes in external
circuit resistance from 20 percent above to 50 percent below normal.
3-2.2.2 The voltage supplied to maintain normal line current on dispatch circuits shall not exceed
150 volts, measured under “no load” conditions, and where box circuits are used as dispatch
circuits, the line current shall not be reduced below safe operating value by the simultaneous
operation of four boxes.
3-2.2.3 Visual and audible means to indicate a 20 percent or greater reduction in the normal
current in any dispatch circuit shall be provided. All devices connected in series with any
dispatch circuit shall function properly when the dispatch circuit current is reduced to 70 percent
of normal.
3-2.2.4 Sufficient meters shall be provided to indicate the current in any dispatch circuit and the
voltage of any power source. Meters used in common for several circuits shall be provided with
cut-in devices designed to reduce the probability of cross-connecting circuits.
3-2.3 Type B System.
3-2.3.1 A box circuit entering a fire station and connected there to automatic recording and
sounding facilities shall be permitted as one of the two required dispatch circuits.
3-2.3.2 In those jurisdictions where fewer than 600 alarms per year are received, or where all
stations have recording and sounding devices responsive to each box circuit, the second dispatch
circuit shall not be required; only the supervised dispatch circuit facility need be provided.
3-2.3.3 In a Type B system, the following requirements shall also apply.
(a) Facilities shall be installed to automatically transmit alarms received from any box to all
fire stations and, where employed, to outside sounding devices.
(b) Control facilities shall permit any or all circuits to be individually connected to or
disconnected from the repeating mechanism.
(c) Code transmitting devices using metallic conductors shall be provided with means for
transferring the facilities from one dispatch circuit to another.
3-2.4 Circuit Protection.
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3-2.4.1 General.
3-2.4.1.1 The protective devices shall be located close to, or shall be combined with, the cable
terminals.
3-2.4.1.2 Lightning arresters suitable for the purpose shall be provided. Lightning arresters shall
be marked with the name of the manufacturer and model designation.
3-2.4.1.3 All lightning arresters shall be connected to a suitable ground in accordance with
NFPA 70, National Electrical Code.
3-2.4.1.4 All fuses shall be plainly marked with their rated ampere capacity. All fuses rated over
2 amps shall be of the enclosed type.
3-2.4.1.5 Circuit protection required at the communication center shall be provided in every
building housing communication center equipment.
3-2.4.1.6 Each conductor entering a fire station from partially or entirely aerial lines shall be
protected by a lightning arrester.
3-2.4.1.7 All conductors entering the communication center shall be protected by the following
devices, in the order named, starting from the exterior circuit:
(a) A fuse rated at 3 amps minimum to 7 amps maximum and not less than 2000 volts;
(b) A lightning arrester;
(c) A fuse or circuit breaker, rated at 1/2 amp.
3-2.4.1.8 The 1/2-amp protection on tie-line circuits shall be omitted at subsidiary
communication center.
3-2.4.2 Protection on Aerial Construction.
3-2.4.2.1 At junction points of open aerial conductors and cable, each conductor shall be
protected by a weatherproof lightning arrester or suitably protected from the weather. There shall
also be a connection between the lightning arrester ground and any metallic sheath and
messenger wire.
3-2.4.2.2 Aerial open wire and nonmessenger-supported two-conductor cable circuits shall be
protected by lightning arresters at intervals of approximately 2000 ft (610 m).
3-2.4.2.3 All protective devices shall be accessible for maintenance and inspection.
3-2.5 Wired Dispatch Equipment - General.
3-2.5.1 All wired dispatch devices and instruments, the failure of which would adversely affect
the operation of the system, shall be mounted upon noncombustible bases, pedestals,
switchboards, panels, or cabinets. All mounting shall be of such design and construction that all
components are readily accessible.
3-2.5.2 Wires on switchboards shall be not smaller than No. 24 AWG. Unsupported wires and
wires subject to vibration shall be not smaller than No. 18 AWG. The outer covering over the
insulation of such wires, or the insulation itself if no outer covering is present, shall be flame
retardant and moisture resistant.
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3-2.5.3 Equipment shall be designed and installed so that it shall be capable of performing its
intended function at 85 percent and at 110 percent of the rated voltage.
3-2.5.4 The normal operation of the system shall not require the use of a ground return to secure
any essential function. Circuits extending outside the communication center shall normally test
free of ground. This shall not prohibit the use of the ground to secure functioning under
abnormal line conditions, provided such use would not prevent reception or transmission of a
signal under normal conditions if the circuit were accidentally grounded.
3-2.5.5 Means for transmission of alarms by the public shall be conspicuous and readily
accessible for easy operation.
3-2.6 Supervision.
3-2.6.1 To ensure operability, wired circuits and devices upon which transmission and receipt of
alarms depend shall be under constant electrical supervision to give prompt warning of electrical
conditions adversely affecting operability.
3-2.6.2 The power supplied to all required circuits and devices of the system shall be supervised.
3-2.6.3 Trouble signals shall actuate a sounding device located where there is always a
responsible person on duty.
3-2.6.4 Trouble signals shall be distinct from alarm signals and shall be indicated by both a
visual light and an audible signal.
NOTE 1: The audible signal shall be permitted to be common to several supervised circuits and devices.
NOTE 2: A switch for silencing the audible trouble signal shall be permitted if the visual signal remains
operated until the silencing switch is restored to its normal position.

3-2.6.5 The audible signal shall be responsive to faults on any other circuits that might occur
prior to restoration of the silencing switch to normal.
3-2.7 Testing - General.
Tests and inspections shall be conducted in accordance with the requirements of 3-1.5. In
addition, the requirements of 3-2.7.1 through 3-2.7.2 shall apply.
3-2.7.1 Manual tests of the power supply for dispatch circuits shall be made and recorded at least
once during each 24-hour period. Such tests shall include:
(a) Current strength of each circuit. Changes in current of any circuit amounting to 10 percent
of normal current shall be investigated immediately.
(b) Voltage across terminals of each circuit, inside of terminals of protective devices. Changes
in voltage of any circuit, amounting to 10 percent of normal voltage, shall be investigated
immediately.
(c) Voltage between ground and circuits. When this test shows a reading in excess of 50
percent of that shown in the test mentioned in 3-2.7.1(b), the trouble shall be located
immediately and cleared; readings in excess of 25 percent shall be given early attention. These
readings shall be taken with a voltmeter of not more than 100 ohms resistance per volt.
NOTE 1: The voltmeter sensitivity has been changed from 1000 ohms per volt to 100 ohms per volt so that
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false ground readings (caused by induced voltages) are minimized.
NOTE 2: Systems in which each circuit is supplied by an independent current source (Forms 3 and 4) shall
require tests between ground and each side of each circuit. Common current source systems (Form 2) shall
require voltage tests between ground and each terminal of each battery and other current source.

(d) A ground current reading shall be acceptable in lieu of 3-2.7.1(c). When this method of
testing is used, all grounds showing a current reading in excess of 5 percent of the normal line
current shall be given immediate attention.
(e) Voltage across terminals of common battery, on switchboard side of fuses.
(f) Voltage between common battery terminals and ground. Abnormal ground readings shall be
investigated immediately.
NOTE: Tests (e) and (f) shall apply only to those systems using a common battery. If more than one common
battery is used, each common battery shall be tested.

3-2.7.2 Manual tests of dispatch circuit instruments shall be made and recorded at least once
during each 24-hour period.
3-3 Wired Dispatch Systems - Fire Stations.
3-3.1 General.
3-3.1.1 A metallic dispatch circuit shall not be connected to alarm instruments in more than five
fire stations.
3-3.1.2 Where a wired graphic or voice amplification circuit is used as one of the required
dispatch circuits, either such circuit shall be individual to each fire station, or the instruments
shall be connected in parallel in the circuit.
3-3.1.3 A separate tie circuit shall be provided from the communication center to each subsidiary
communication center.
NOTE: In a Type B system, where all boxes in the system are of succession type, it shall be permissible to use
the tie circuit as a dispatch circuit.

3-3.2 Equipment in Fire Stations.
3-3.2.1 As required in 3-1.3, each fire station shall have two separate and distinct facilities for
receiving notification from the communication center that response of the apparatus and
personnel is expected.
Exception: Except as permitted in 3-1.3.3 and 3-2.3.2.
3-3.2.2 An audible signal device shall be connected to each of the two dispatch circuits. When
coded signals are used for the supervised circuit, the signals also shall be visually recorded.
3-3.2.3 Where watch is maintained at all times, instruments on all dispatch circuits shall be
located in the vicinity of the watch desk. Alarm instruments need not be located elsewhere in the
fire station, except as necessary to alert all fire fighters.
3-3.2.4 Means of acknowledging receipt of an alarm from the fire station to the operator shall be
provided. The acknowledgment shall be permitted to be made by radio (including that on
apparatus when responding) or by metallic circuits, including departmental telephone facilities.
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3-3.2.5 Alarms from the communication center shall be automatically received at each fire
station.
3-3.2.6 An audible warning or alerting signal [typically a distinctive tone(s)] shall precede any
alarm transmitted by voice.
3-3.2.7 For coded and graphic systems, a permanent record and an audible signal are required to
indicate the receipt of an alarm. The permanent record shall indicate the exact location from
which the alarm is being received.
3-3.2.8 Facilities for reception of alarms from the communication center shall be installed where
a house watch is constantly on duty or shall be arranged to alert all personnel within the fire
station premises.
3-3.2.9 Where watch is not maintained, sufficient audible devices shall be installed throughout
the fire station to ensure that all members are alerted to alarms at any hour.
3-3.2.10 Coded signals shall be received not slower than 2 strokes per second. If outside alerting
devices are employed, reception shall be over separate circuits but shall be at a speed suitable for
such devices.
3-3.3 Type B System.
In a Type B system, the following requirements shall also apply:
(a) Facilities shall be installed to automatically receive alarms from any box at all fire stations.
(b) In those municipalities that receive fewer than 600 alarms per year or where all stations
have recording and sounding devices responsive to each box circuit, only the supervised dispatch
circuit facility need be provided.
3-3.4 Testing.
3-3.4.1 Manual tests of the power supply for dispatch circuits shall be made and recorded at least
once during each 30-day period. Such tests shall include:
(a) Voltage across terminals of power source on receiving device side of fuses.
(b) Voltage between power source terminals and ground. Abnormal ground readings shall be
investigated immediately.
3-3.4.2 Emergency generator equipment shall be operated to supply the system for a continuous
period of 1 hour at least weekly.
NOTE: This test requires simulated failure of normal power source.

3-3.4.3 Batteries supplying dispatch equipment shall be tested in accordance with 3-1.5.3.2.
3-3.5 Records.
Emergency generating equipment periodic test records shall include date and time; fuel,
electrical, coolant, and exhaust system conditions; and operating time.
3-3.6 Wiring in Fire Stations.
At fire stations, conductors shall extend as directly as possible to alarm equipment in conduits,
ducts, shafts, raceways or overhead racks, and troughs of a type of construction providing
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protection against fire and mechanical damage.
3-3.7 Circuit Protection.
3-3.7.1 Each conductor entering a fire station from partially or entirely aerial lines shall be
protected by a lightning arrester.
3-3.7.2 The protective devices shall be located close to, or be combined with, the cable
terminals.
3-3.7.3 Lightning arresters suitable for the purpose shall be provided. Lightning arresters shall be
marked with the name of the manufacturer and model designation.
3-3.7.4 All lightning arresters shall be connected to a suitable ground in accordance with NFPA
70, National Electrical Code.
3-3.7.5 All fuses shall be plainly marked with their rated ampere capacity. All fuses rated over 2
amps shall be of the enclosed type.
NOTE: Fuses are not recommended for conductors entering a fire station. If fuses are used, they must be rated
at least 5 amps.

3-3.8 Power.
3-3.8.1 Receiving devices at fire stations needing local power for operation shall be provided
with two sources of power.
3-3.8.2 Power arrangements and facilities shall be in accordance with 3-1.4.
3-4 Radio Dispatch Systems - Communication Center.
3-4.1 General.
3-4.1.1 Radio dispatch circuits, where used, shall be provided in accordance with 3-1.3.
3-4.1.2 If the primary transmitter fails upon operation, switchover to the second transmitter shall
be automatic, with audible and visual indications to the operator. However, if the transmitter
controls are located where someone is always on duty, switchover facilities shall be permitted to
be manually operated if manual operation is possible within 30 seconds.
3-4.1.3 If both of the dispatch circuits are radio, separate radio frequencies shall be provided.
3-4.1.4 Jurisdictions shall be permitted to share the same fire frequency(ies), provided that a
Continuous Tone Coded Squelch System (CTCSS) or a Continuous Digital Coded Squelch
System (CDCSS) is used.
3-4.1.5 Radio dispatch channels shall be separate from radio channels used for routine or
fireground communications.
3-4.1.6 For each frequency used, two separate receiving networks, each including an antenna,
audio alerting device, receiver, power supply, signal processing equipment, a means of providing
a permanent graphic recording of the incoming message that is both timed and dated, and other
associated equipment shall be provided and shall be installed at the communication center.
Facilities shall be arranged so that a failure of either receiving network will not affect the receipt
of messages from boxes.
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3-4.2 Fusing - Circuit Protection.
For wired portions of a radio dispatch circuit (i.e., antenna networks, etc.), circuit protection
shall be provided in a manner consistent with the provisions of 3-2.4.
3-4.3 Radio Dispatch Equipment - General.
3-4.3.1 All radio dispatch devices and instruments, the failure of which would adversely affect
the operation of the system, shall be mounted upon noncombustible bases, pedestals,
switchboards, panels, or cabinets. All mounting shall be of such design and construction that all
components are readily accessible.
3-4.3.2 The outer covering over wires, or the insulation itself if no outer covering is present,
shall be flame retardant and moisture resistant.
3-4.3.3 Equipment shall be designed and installed so that it shall be capable of performing its
intended functions in a range of 85 percent through 110 percent of rated voltage.
3-4.4 Supervision.
3-4.4.1 To ensure reliability, wired circuits and devices upon which transmission and receipt of
alarms depend, where required, shall be under constant electrical supervision to give prompt
warning of conditions adversely affecting reliability. Supervised radio channels upon which
transmission and receipt of alarms depend shall meet the requirements of 3-1.3.2 and 3-4.1.2.
3-4.4.2 The power supplied to all required circuits and devices of the system shall be supervised.
3-4.4.3 Trouble signals shall actuate a sounding device and visual signal located where there is
always a responsible person on duty.
3-4.4.4 Trouble signals shall be distinct from alarm signals and shall be indicated by both a
visual light and an audible signal.
NOTE 1: The audible signal can be common to several supervised circuits and devices.
NOTE 2: A switch for silencing the audible trouble signal shall be permitted if the visual signal continues to
operate until the silencing switch is restored to its normal position.

3-4.4.5 The audible signal shall be responsive to faults on any other circuits that might occur
prior to restoration of the silencing switch to normal.
3-4.4.6 When a single-wired circuit is used to connect the base radio transmitters with remote
control units in compliance with 3-1.3.2(b) and (c), or (d), the wired circuit shall be supervised.
3-4.5 Testing.
Tests and inspections shall be conducted in accordance with the applicable requirements of
3-1.5.
3-4.6 Records.
3-4.6.1 General. Records shall be maintained in accordance with the applicable requirements of
3-1.6.
3-4.6.2 Channels. Records of radio dispatch channels, and any associated wired circuits, shall
include outline plans showing transmitters and receivers; diagrams of interconnecting office
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wiring; materials used, including trade name and manufacturer; and year of purchase or
installation.
3-4.7 Electrical Wiring.
Metallic interconnections and other electrical wiring shall meet the provisions of 3-1.7 through
3-1.12.
3-5 Radio Dispatch Systems - Fire Stations.
3-5.1
Each fire station shall have two independent facilities for receiving notification from the
communication center that response of the apparatus and personnel is expected, except as
permitted in 3-2.3.2.
3-5.2
Visual indication shall be provided to indicate that radio facilities are in the “on” position.
3-5.3
An audible signal device shall be connected to the dispatch channel. When coded signals are
transmitted over the radio channel, the signals shall also be graphically recorded.
3-5.4
Where watch is maintained at all times, instruments on all dispatch circuits shall be located in
the vicinity of the watch desk. Alarm instruments need not be located elsewhere in the fire
station, except as necessary to alert all fire fighters.
3-5.5
Means of acknowledging receipt of an alarm from the fire station to the operator shall be
provided. The acknowledgment shall be permitted to be by radio (including that on apparatus
when responding) or by metallic circuits, including departmental telephone facilities.
3-5.6
Alarms from the communication center shall be automatically received at fire stations.
NOTE: Voice alarms shall be recorded only at the communication center.

3-5.7
An audible warning or alerting signal [typically a distinctive tone(s)] shall precede any alarm
transmitted by voice.
3-5.8
For coded and graphic systems, a permanent record and an audible signal shall be required to
indicate the receipt of an alarm. The permanent record shall indicate the exact location from
which the alarm is received.
3-5.9
Facilities for reception of alarms from the communication center shall be installed where a
house watch is constantly on duty or shall be arranged to alert all personnel within the fire
station premises.
3-5.10
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Where watch is not maintained, sufficient audible devices shall be installed throughout the fire
station to ensure that all members are alerted to alarms at any hour.
3-6 Radio Dispatching - Mobile Equipment.
3-6.1
The communication center shall be equipped for radio communication with fire apparatus.
3-6.2*
All fire apparatus and other fire department emergency vehicles shall be equipped with
two-way radios that conform to FCC Rules and Regulations.
3-6.3
A separate frequency shall be provided for fireground communications for jurisdictions or
multiple jurisdictions on the same channel receiving 2500 or more alarms per year or where
multiple jurisdictions share a common radio frequency.
3-6.4
Mobile radios shall be equipped with a transmit-indicating lamp.
3-6.5
Spare mobile radio units shall be provided for radio-equipped fire-fighting apparatus as
follows:
(a) A minimum of one spare unit for each model not directly interchangeable.
(b) A minimum of one spare unit for each 20 units in service.
3-6.6
All base stations and mobile radio transmitters shall be equipped with a carrier control timer to
disable the transmitter in the event of a malfunction causing it to remain inadvertently on the air.
3-6.7
The jurisdiction shall adopt a uniform code for radio dispatching. When more than one
jurisdiction is dispatched from a single communication center, or is involved in routine mutual
aid operations with other jurisdictions, the code shall be common for all jurisdictions.
3-6.8
There shall be qualified technical assistance available for trouble analysis and repair either by
in-house personnel or by an outside contract maintenance service with a maximum response time
of 2 hours from time of notification.
3-6.9
All fire vehicles assigned to aircraft emergency responses shall also be equipped with radios
capable of operating on the aircraft ground control emergency channels.
3-6.10
Mobile radios and associated equipment shall be manufactured for the environment in which it
will be used.
3-6.11
When a data transmission function is utilized, mobile radios shall have the ability to transmit
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data without distortion, and the equipment shall be designed to ensure full data stream
transmission at full power.
3-6.12
If scanning devices are used, they shall have an automatic priority feature whereby the radio
will revert automatically to its primary channel when the channel is being used. Scanning
devices shall have a manual lock position to lock the receiver on its primary channel. No other
lock position shall be permitted.
3-6.13
Mobile radios shall be capable of Continuous Tone Coded Squelch System (CTCSS) or
Continuous Digital Coded Squelch System (CDCSS) operation to reduce the
interference/annoyance level.
NOTE: If operating in standard squelch systems, coded squelch circuitry shall be permitted to be partially or
completely disabled.

3-7 Radio Dispatching - Portable Equipment.
3-7.1
This section applies to fire-portable radio devices utilized as a part of a primary dispatch
network. The criteria for similar devices used in miscellaneous services, including fireground
operations, are found in 3-11.3.
3-7.1.1 Portable radios shall conform to FCC Rules and Regulations.
3-7.1.2 Fire-portable equipment shall be manufactured for the environment in which it will be
used with size and construction making it capable of one-handed operation.
3-7.1.3 Fire-portable radio transceivers shall not be placed into transmit mode except by operator
action on a mechanically guarded switch.
3-7.1.4 Fire-portable radio transmitters shall have a carrier-controlled timer to disable the
transmitter in the event of a malfunction that causes the transmitter to remain inadvertently on
the air.
3-7.1.5 Multiple-frequency fire-radio transceivers shall be capable of changing channels while
operators are wearing gloves.
3-7.1.6 Single unit chargers for fire-portable radios shall be capable of charging fully while the
radio is in the receiving mode.
3-7.1.7 Battery chargers for portable radios shall automatically revert to maintenance charge
when the battery is fully charged.
3-7.1.8 Battery chargers shall be capable of charging batteries independently and externally of
the portable radio unit.
3-7.1.9 Spare batteries shall be maintained in sufficient quantities to permit reliable operation of
fire-portable radios.
NOTE: Rapid-charge batteries and chargers shall be permitted to be utilized to reduce the quantity of spare
batteries needed.

3-7.1.10 Fire-portable transceivers shall be capable of multiple-frequency operation to enable a
Copyright 1996 NFPA

fireground radio network to be organized independently of normal dispatch channels.
3-7.1.11 Fire-portable radios shall be capable of Continuous Tone Coded Squelch System
(CTCSS) or Continuous Digital Coded Squelch System (CDCSS).
NOTE: If operating in standard squelch systems, continuous coded squelch circuitry can be partially or
completely disabled.

3-7.1.12 When a data transmission function is utilized from fire-portable transceivers, the radio
shall be capable of transmitting data without distortion, and the equipment shall be designed to
ensure full data stream transmission at full power.
3-7.1.13 When utilizing fire-portable transceivers in a fire dispatch system, system design shall
be such that a portable transceiver will be capable of operating properly within the dispatch area
without the use of mobile RF amplifiers.
NOTE: These requirements shall not apply to equipment used for biomedical operations.

3-7.1.14 If scanning devices are used, they shall have an automatic priority feature whereby the
radio will revert automatically to its primary channel whenever the channel is being used.
Scanning devices shall have a manual lock position to lock the receiver on its primary channel.
No other lock position shall be permitted.
3-7.1.15 Radio pocket pagers shall indicate audibly before the battery is incapable of operating
the pager for alerting purposes.
3-8 Telephone Dispatch Systems - Communication Center.
3-8.1 General.
This section applies to a telephone dispatch circuit when it is used as one of the dispatch
circuits and satisfies the requirement in 3-1.3.2(e).
3-8.2 Circuit Protection.
3-8.2.1 General.
3-8.2.1.1 The protective devices shall be located close to, or be combined with, the cable
terminals.
3-8.2.1.2 Lightning arresters suitable for the purpose shall be provided. Lightning arresters shall
be marked with the name of the manufacturer and model designation.
3-8.2.1.3 All lightning arresters shall be connected to a suitable ground in accordance with
NFPA 70, National Electrical Code.
3-8.2.1.4 All fuses shall be plainly marked with their rated ampere capacity. All fuses rated over
2 amps shall be of the enclosed type.
3-8.2.1.5 Circuit protection required at the communication center shall be provided in every
building housing communication center equipment.
3-8.2.1.6 Each conductor entering a fire station from partially or entirely aerial lines shall be
protected by a lightning arrester.
3-8.2.2 Communication Center. All conductors entering the communication center shall be
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protected with devices, in the order named, starting from the exterior circuit, as follows:
(a) A fuse rated at 3 amps minimum to 7 amps maximum and not less than 2000 volts;
(b) A lightning arrester;
(c) A fuse or other device, such as a heat coil, rated at not more than 1/2 ampere; or
(d) Where the design of the system is such that another type of protection is necessary, the
recommendation of the manufacturer shall be followed.
3-8.2.3 Protection on Aerial Construction.
3-8.2.3.1 At junction points of open aerial conductors and cable, each conductor shall be
protected by a lightning arrester of weatherproof type or shall be suitably protected from the
weather. There shall also be a connection between the lightning arrester ground and any metallic
sheath and messenger wire.
3-8.2.3.2 Aerial open-wire and nonmessenger-supported two-conductor cable circuits shall be
protected by a lightning arrester at intervals of approximately 2000 ft (610 m).
3-8.2.3.3 All protective devices shall be accessible for maintenance inspection.
3-8.3 Supervision.
3-8.3.1 To ensure operability, wired circuits and devices upon which transmission and receipt of
alarms depend shall be, where required, under constant electrical supervision to give prompt
warning of conditions adversely affecting operability.
3-8.3.2 The power supplied to all required circuits and devices of the system shall be supervised.
3-8.3.3 Trouble signals shall actuate a sounding device located where there is always a
responsible person on duty.
3-8.3.4 Trouble signals shall be distinct from alarm signals and shall be indicated by both a
visual light and an audible signal.
NOTE 1: The audible signal shall be permitted to be common to several supervised circuits and devices.
NOTE 2: A switch for silencing the audible trouble signal shall be permitted if the visual signal continues to
operate until the silencing switch is restored to its normal position.

3-8.3.5 The audible signal shall be responsive to faults on any other circuits that might occur
prior to restoration of the silencing switch to normal.
3-8.4 Testing.
Tests and inspections shall be conducted in accordance with the applicable requirements of
3-1.5.
3-8.5 Circuit Construction and Arrangement.
3-8.5.1 Circuits shall be constructed and arranged in accordance with the provisions of 3-1.7.
Exception: These provisions shall not apply when circuitry is provided by a public utility on a
lease basis.
3-8.5.2 Other signal wires under control of the utility as the agency responsible for maintenance
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of the system shall be permitted to be installed in the same cable with fire alarm wires. The
dispatch circuits shall be well identified as emergency circuits at all points that might be exposed
to maintenance personnel.
3-9 Telephone Dispatch Systems - Fire Stations.
3-9.1 Equipment in Stations.
Each fire station shall have facilities for receiving notification from the communication center
that response of the apparatus and personnel is expected.
3-9.2 Voice Amplification.
The telephone dispatch circuit shall be equipped with a loudspeaker(s) at the fire station for
receipt of fire alarm messages.
3-9.2.1 The dispatch circuit shall be arranged to automatically provide an audible warning or
alerting signal [typically a distinctive tone(s)] over the loudspeaker prior to transmission of an
alarm message.
3-9.2.2 The dispatch circuit shall be arranged for acknowledgment of messages by removing the
handset in the fire station, which automatically removes the loudspeaker(s) from the circuit.
3-10 Commercial Telephones - Fire Stations.
3-10.1 General.
In addition to the required dispatch circuits and receiving equipment, commercial telephone
facilities shall be provided and shall meet the requirements of this section.
3-10.2
There shall be a telephone at each fire station.
3-10.3
Where there is no other means of voice communications with fire stations, the telephones at
fire stations shall be arranged so that they cannot be called by the public.
Exception: (a) Through a common switching point in the communication center, or (b) where
there is only one fire station in the community.
NOTE: This is not meant to apply to the office of the chief and other executive officers or to the
communication center, which can be housed in a fire station.

3-11 Other Alerting Facilities - Volunteer and Off-Shift Fire Fighters.
3-11.1 Telephone Circuits.
A separate tie circuit shall be provided from the communication center to the telephone central
office for a telephone group alerting system.
3-11.1.1 The tie circuit shall not be used for any other purpose or function than its intended
purposes in a telephone group alerting system.
3-11.1.2 The tie circuit shall be supervised with visual and audible alarms in accordance with
3-2.6.
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3-11.2 Alerting Facilities.
3-11.2.1 Where outside alerting devices are used to indicate a fire alarm, they shall be suitably
located for alerting all available fire department members.
3-11.2.2 Where coded alerting devices are not operable at speeds of at least one actuation per
second, a special operating circuit shall be provided. Three or four rounds of coded signals shall
be required where outside alerting devices are operated for summoning fire fighters.
3-11.2.3 Telephone or other alerting facilities shall be provided for alerting all available fire
department members. Where radio alerting receivers are employed, a secondary power supply
shall be provided for each unit.
NOTE: Such facilities need not actuate an outside alerting device.

3-11.2.4 Electrical power essential for operation of alerting devices shall meet the requirement of
3-1.4. This shall include power for control equipment such as relays, timers, coders, etc., and,
where required, for operation of the alerting device itself.
3-11.2.5 Compressed air alerting devices shall have a distinctive tone; if coded, the duration of
the blast shall be neither less than 1/2 second nor longer than 11/2 seconds, with silent intervals
of 1 to 11/2 times the blast.
3-11.2.6 Storage tanks shall comply with ASME specifications for unfired pressure vessels and
shall be equipped with a safety relief valve. Size shall be such that, at 85 percent of normal
pressure, eight times the largest number of blasts assigned to any signal can be sounded but not
less than 50 blasts.
3-11.2.7* Compressors shall have sufficient capacity to fill storage tanks to normal pressure
within 30 min. Piping of ferrous materials shall be provided with adequate scale traps, accessible
for ready cleaning. All piping shall be arranged to permit inspection and repair.
3-11.3 Miscellaneous Radio Devices.
3-11.3.1 Where radio home alerting receivers, hand-held units, pocket pagers, and similar radio
devices are used to receive fire alarms, or are used on the fireground, they shall conform to the
requirements of 3-11.3.2 through 3-11.3.6.
3-11.3.2 Fire-portable radio equipment shall be manufactured for the environment in which it
will be used, with size and construction making it capable of one-handed operation.
3-11.3.3 Fire-portable radio transceivers shall not be placed into transmit mode except by
operator action on a mechanically guarded switch.
3-11.3.4 Multiple-frequency fire-radio transceivers shall be capable of changing channels while
operators are wearing gloves.
3-11.3.5 Single unit chargers for fire-portable radios shall be capable of charging fully while the
radio is in the receiving mode.
3-11.3.6 Radio pocket pagers shall indicate audibly before the battery is incapable of operating
the pager for alerting purposes.
3-12 Computer-Aided Dispatching (CAD) Systems.
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3-12.1 General.
3-12.1.1 Fire service dispatching entities employing Computer-Aided Dispatching (CAD)
systems shall have qualified technical assistance available for trouble analysis and repair by
in-house personnel or by authorized outside contract maintenance services.
3-12.1.2 Where a CAD system is used for fire service dispatch operations, manual back-up
facilities shall be provided and shall be readily available for use in the event of problems with, or
failure of, the CAD system.
3-12.1.3 Support Dispatch Information. There shall be an up-to-date hard copy file of stored
information located on the premises to support the dispatching system should the CAD system
fail.
3-12.1.4 Dispatch Capabilities. The installation of a CAD system in fire service dispatching
shall not negate the requirements for a second dispatch system. The requirements associated with
the type of secondary system selected for use, such as radio, teletype, or wire, shall continue to
be met.
3-12.1.5 The CAD systems shall be dedicated pieces of equipment whose use serves only to
enhance fire services dispatching operations. The use of these computer systems to serve
unrelated services or other departments shall be prohibited.
Exception: When dispatching operations are of a combined public service nature, the computer
system shall be permitted to be used jointly, provided that an automatic control function is
installed in the dispatching control console positions allowing the operator control override of
all agency dispatching for the purpose of dispatching priority traffic. Any emergency that, in the
judgment of the operator in charge, is categorized to be life-threatening shall take precedence
over all other traffic in a combined dispatch communication center using a shared computer
system.
3-12.2 Classification of Systems.
CAD systems in fire communication services shall be categorized as Class 1, Class 2, or Class
3.
3-12.2.1 A Class 1 CAD system shall be one in which computer technology and equipment
selects and recommends to the operator appropriate units to dispatch. The system shall be
redundant and shall provide automatic switchover in case of failure of the primary operating
Central Processing Unit (CPU) and shall transmit and receive data transmissions from fire
stations, other administrative sites, and mobile vehicles operated by the fire department.
3-12.2.2 A Class 2 CAD system shall be one in which computer technology and equipment are
used in the communication center in support of dispatching operations. The system shall be
redundant and shall transmit and receive data transmissions from fire stations, other
administrative sites, and mobile vehicles operated by the fire department.
3-12.2.3 A Class 3 CAD system shall be one in which computer technology is used as a support
function to fire service dispatching and is limited primarily to status and logging information.
3-12.3 Class 1 CAD System.
3-12.3.1 General. The CAD system shall be an integrated system of computers, consoles,
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CRT/keyboard terminals, monitor displays, printers, local and remote administrative terminals,
data bases, and computer software. The CAD system shall be capable of interfacing with other
related systems (i.e., telephone, 9-1-1, fire alarm, etc.).
The function of the Class 1 CAD system shall be to:
(a) Process emergency calls for service, handle peak call loads, select units for assignment to
calls and ensure that the optimum units are selected, provide the initial alerting and dispatch
communications to assigned units and provide them with all necessary information, provide unit
status monitoring, and support direct entry of status information from the field.
(b) Provide automated support to the monitoring and management of in-process incidents.
(c) Provide detailed and accurate records of all operations in a format suitable for computer
analysis.
3-12.3.2 Auxiliary Power. Computer hardware equipment located at the communication center
shall have installed and operational an on-line uninterruptable power supply (UPS) system of
sufficient output to provide constant operating power for the computer equipment being used for
a period of time sufficient to allow for manual or automatic transfer from the public service ac
power to localized auxiliary ac power. Capacity of the UPS system during emergencies shall be
consistent with the requirements detailed in 3-1.4. However, in no case shall the capacity be less
than 4 hours.
3-12.3.3 Computer Systems Requirements.
3-12.3.3.1 The following performance requirements are provided as a minimum in equipment
selection and system design.
(a) The system shall accommodate the call volumes and other sizing parameters required by
the authority having jurisdiction.
(b) The system shall provide the operational capabilities required by the authority having
jurisdiction.
(c) The system response time, full load, measured from the time a console operator completes
a keyboard entry to the completion of the return of the system response to the CRT screen, shall
not exceed five 5 seconds.
(d) Reliability of the CAD system shall be such that the probability that the system is fully
functional shall be not less than 98 percent of the time and that the probability of the system
being partially operational shall be not less than 99.9 percent of the time.
(e) The CAD system hardware shall be configured so that failure of any single device shall not
disable the system.
3-12.3.3.2 Computers shall meet the following applicable approved Electronics Industries
Association (EIA) code requirements and other such requirements associated with good
engineering and manufacturing practices:
(a) RS-152-C, Land Mobile Communications
(b) RS-316-O, Land Mobile Communications
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(c) RS-316-C, Portable Land Mobile Communications
(d) RS-374-A, Land Mobile Signaling Standard.
3-12.3.4 Applications Software and Data Base Support.
3-12.3.4.1 The CAD system applications shall be written in a structured programming language.
The software shall be modular, fully documented in the source code, and designed and
implemented in accordance with the accepted standard of software engineering.
3-12.3.4.2 The CAD system applications shall run under the overall control of a standard
operating system. The operating system shall include support functions and features as
established by the authority having jurisdiction.
3-12.3.4.3 The data files shall be maintained and updated in an on-line interactive mode,
generally using administrative CRT terminals. A set of operator commands, data entry screens,
and related software shall be provided to support the on-line update transactions for all
user-modified files.
3-12.3.5 Computers.
3-12.3.5.1 The CAD system shall be based on two identical CPUs, designated A and B.
3-12.3.5.2 The mass storage configuration of CPUs A and B shall maintain redundant copies
(mirror images) of all critical CAD on-line files and shall provide protection from detrimental
effect from failure or maintenance outage of any single disk, tape drive, or device controller;
shall permit connection of any device to the CPU independently of the other devices; and shall
be automatically reconfigurable under software control.
3-12.3.5.3 Central Processing Units (CPUs).
3-12.3.5.4 The two CPUs shall be identical processors. Each processor shall be initially equipped
with sufficient real main memory and I/O (input and output) capacity to support all of the
software functions and meet the performance requirements. The processors shall include the
following features:
(a) Automatic bootstrap loader,
(b) Time and date capability,
(c) Programmable interval timer, and
(d) Power-fail recovery capability.
3-12.3.5.5 The on-line CAD system CPU shall continuously monitor its peripheral devices and
interfaces for equipment failures, device exceptions, and timeouts. Upon detection of a failure,
the CPU shall perform any appropriate reconfiguration (i.e., bring the back-up disk on-line or
transfer control to the back-up CPU) and shall queue notification messages to the supervisor and
CPU console terminal.
3-12.3.5.6 The back-up CPU shall continuously monitor the operation of the on-line CPU by
means of periodic inquiries requiring positive acknowledgments. In the event of a negative
acknowledgment or timeout, the back-up CPU shall immediately seize the on-line disk(s) and
peripherals and assume the operation of the on-line CAD applications.
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3-12.3.5.7 In addition to the requirements of 3-12.4.1, the operator shall have the capability to
manually initiate CPU switchovers and peripheral device reconfigurations and reassignments by
means of operating system commands at the CPU console terminal(s).
3-12.3.5.8 Console Terminal. Each CPU shall have its own dedicated console terminal. The
terminal shall include an operator keyboard and a printer for a hardcopy log of
computer-operator messages and transactions.
3-12.3.5.9 Storage Network.
(a) Disk Units. The CAD systems shall provide on-line storage for programs and data to meet
all of the functional and performance requirements, but in no case shall there be less than one
disk unit per CPU.
(b) Mass Storage Unit. Sufficient capacity shall be provided for storage of a minimum of 100
days of history log data.
3-12.3.6 Dispatch Screens and Function Keyboards.
3-12.3.6.1 There shall be not less than one CRT screen and keyboard for each CPU installed.
3-12.3.6.2 There shall be not less than one CRT screen and keyboard for each call taker/dispatch
position.
3-12.3.6.3 There shall be not less than one spare CRT screen and keyboard available on the
premises for immediate change out for every three operator positions, or portion thereof, up to a
maximum of three spare CRT screens and keyboards. For the purpose of this section, any
additional administrative CRT screens and keyboards over and above those required for
dispatching positions and not considered essential to the dispatching of emergencies can be
considered as spares.
3-12.3.6.4 CRT Screens.
(a) The CRT display shall have graphics capability suitable for at least the partitioning of the
screen with boundary lines and the display of simple map and floor plan line drawings.
(b) The CRT screen size shall have the capacity to display the information required by the
authority having jurisdiction.
(c) Characters shall be displayed in a manner acceptable to the authority having jurisdiction
(i.e., bright and dim intensities, blinking, blanking, reverse video, or color). Display intensities
shall be operator adjustable from completely dark to maximum CRT brightness. All characters
shall be easily visible in a normally lighted room. The CRT display shall be stable and jitter-free.
Characters shall have a uniform appearance on all parts of the screen.
3-12.3.6.5 Keyboards.
(a) A keyboard shall be provided at each operation position. The keyboard shall be capable of
controlling all CAD operational functions as well as all CRT displays associated with the
specific operating position.
(b) The keyboard design shall prevent malfunction due to key “bounce,” simultaneous closure
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of multiple keys, or spillage of consumable liquids. The keys shall be formed to prevent dirt and
dust from obliterating the legends.
3-12.3.7 Printers.
3-12.3.7.1 The CAD system shall include printers for dispatching, logging, and administrative
utility functions.
3-12.3.7.2 All printers shall be interchangeable, and logging or utility functions shall be
assignable to any printer under system control.
3-12.3.7.3 The authority having jurisdiction shall determine the following minimum
characteristics:
(a) Print speed,
(b) Maximum adjustable form size,
(c) Total number of copies, and
(d) Weight of paper stock.
3-12.3.8 Information Transmittal. Data communications systems, interfaced with the CAD
system, shall provide digital communications between the CAD system remote fire stations,
administrative sites, and mobile fire department vehicles, at a rate not less than 600 baud.
3-12.3.8.1 Where radio frequency, wired circuitry, or a combination thereof is used, each method
used shall meet all applicable requirements in this standard for the use of radio frequency
transmission or wired circuitry as a primary method of fire service dispatching.
3-12.3.8.2 The transmission of computer information to mobile equipment or fixed locations
associated with fire and rescue operations shall be in accordance with Federal Communications
Commission (FCC) approved radio frequency channel use for the particular type of service being
used.
3-12.3.8.3 The message formats shall be defined by the authority having jurisdiction.
3-12.3.9 Time Synchronization. The CAD system CPU clocks shall be synchronized
continuously.
3-12.3.10 Remote Data Terminals (RDTs).
3-12.3.10.1 General.
(a) The CAD system shall initialize the data communications by means of an “all-call”
message (or series of messages). The “all-call” shall accomplish at least the following functions:
(1) Display a “system is up” message.
(2) Download forms not permanently stored at all RDTs.
(3) Poll terminals to request current status and update CAD status files and displays
accordingly.
(b) CAD system transmissions to RDTs shall be as follows:
(1) Emergency messages shall take priority and shall be immediately indicated and printed
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if printers are included in the system.
(2) After transmission of a message, the RDT shall acknowledge by both automatic and
manual means. The RDT shall transmit automatic acknowledgment indicating that it has
received and stored the message. A manual acknowledgment shall indicate that the field
personnel have viewed the message and are taking appropriate action.
(3) Failure to receive an automatic or manual acknowledgment from the RDT shall cause a
notification on the originating operator CRT screen in the communication center.
(4) RDT display shall not be automatically updated. Displays shall be configured to indicate
that a message is waiting. (See 3-12.3.)
3-12.3.10.2 The RDT terminals shall meet all requirements set forth in EIA RS-374-A, Land
Mobile Signaling Standard, March 1981.
(a) The RDTs shall be interchangeable, such that any RDT can be installed in any vehicle or
fixed location. The RDT shall connect to its associated radio transceiver by a plug-in
locking-cable assembly.
(b) The RDT keyboard shall provide the ability to perform all functions as required by the
authority having jurisdiction, while keeping keystrokes to a minimum. The terminal shall
provide one keystroke operation for unit status reporting functions. The terminal shall display
information with minimum use of multipage display.
(c) The RDTs shall have manual controls mounted on the unit for:
(1) Display intensity,
(2) Audible alarm volume,
(3) Alarm test, and
(4) Power on/off. The power on/off shall include a visual indication that the unit is
energized.
(d) The RDTs shall activate both audible and visual indication of incoming messages. Audio
alarm shall be of sufficient volume to overcome ambient noise levels as determined by the
authority having jurisdiction.
(e) The RDTs shall have a last in/first out feature that shall allow the user to recall the last
message transmitted or received.
(f) Each RDT shall have an individual addressing identifier and shall be capable of receiving
single, group, or all-call messages. The RDT terminal address identifier shall be transmitted
automatically through the control CPU(s) for each message.
(g) The RDT shall continuously display both current unit and terminal status.
(h) The RDT shall display current unit status as determined by the authority having
jurisdiction.
(i) The RDT shall display current status and shall include the following:
(1) Transmitter Keyed. Indicates a message sent by the RDT is currently being transmitted.
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(2) Message Received. Indicates the last transmission has been correctly received by the
communication center.
(3) No Ack/Fail. Indicates a transmission was not received after a predetermined number of
retransmissions.
(4) Channel Busy. Indicates that the terminal cannot transmit due to other traffic on the
frequency, and the message will be sent as soon as the frequency is clear; no manual
retransmission is necessary.
(5) Message Waiting. Indicates that a new message is waiting to be sent to the terminal and
the operator must clear the page to allow the message to be accepted.
(6) Ack Required. Indicates that a manual acknowledgment by the operator of a received
message is required.
3-12.3.10.3 Keyboard Design.
(a) The terminal shall be equipped with an alphanumeric keyboard that meets the requirements
of 3-12.3.10.2.
(b) If the keyboard is detachable, the bottom shall have a non-skid surface to prevent the unit
from sliding if placed on a slippery surface.
3-12.3.10.4 The RDTs shall not require current to maintain programmed functions when the
power to the unit is turned off.
3-12.3.11 Display Functional Requirements.
3-12.3.11.1 The display size shall have the capacity to present the information as required by the
authority having jurisdiction.
3-12.3.11.2 Characters shall be displayed in a manner acceptable to the authority having
jurisdiction (i.e., bright and dim intensities, blinking, blanking, reverse video, or color). Display
intensities shall be continuously variable by the operator from completely dark to maximum
brightness. All characters shall be easily visible in daylight conditions. The display shall be
stable and jitter-free. Characters shall have a uniform appearance on all parts of the screen.
3-12.4 Class 2 CAD System.
3-12.4.1 Computers. The minimum standards required in a Class 1 fire service CAD system
shall apply.
Exception No. 1: The CAD system shall be based on two identical CPUs.
Exception No. 2: Computers used in a Class 2 system shall not be required to have complete
redundancy.
Exception No. 3: Automatic switchover shall not be required as a standard; however, a fault
detection system shall be employed to detect computer failure and to subsequently alert the
control console by visual and audio means.
3-12.4.2 Console Equipment. The minimum standards contained in 3-12.3.3 for Class 1 fire
service CAD systems shall apply.
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3-12.4.3 Information Transmittal. The minimum standards contained in Class 1 fire service
CAD systems shall apply.
3-12.5 Class 3 CAD System.
NOTE: Computers shall be permitted to be of a microprocessor type, or larger, with limited storage and
memory capacity.

3-12.5.1 Redundancy capabilities shall not be required in a Class 3 system.
3-12.5.2 One master hard copy printer for logging purposes shall be required. Program entry
changes shall not be required to have protected command entry code. Priority override shall not
be a requirement.
Chapter 4 Referenced Publications
4-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
4-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 10, Standard for Portable Fire Extinguishers, 1994 edition.
NFPA 13, Standard for the Installation of Sprinkler Systems, 1994 edition.
NFPA 37, Standard for the Installation and Use of Stationary Combustion Engines and Gas
Turbines, 1994 edition.
NFPA 54, National Fuel Gas Code, 1992 edition.
NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum Gases, 1992 edition.
NFPA 70, National Electrical Code, 1993 edition.
NFPA 72, National Fire Alarm Code, 1993 edition.
NFPA 75, Standard for the Protection of Electronic Computer/Data Processing Equipment,
1992 edition.
NFPA 101, Life Safety Code, 1994 edition.
NFPA 110, Standard for Emergency and Standby Power Systems, 1993 edition.
NFPA 220, Standard on Types of Building Construction, 1992 edition.
NFPA 255, Standard Method of Test of Surface Burning Characteristics of Building Materials,
1990 edition.
NFPA 256, Standard Methods of Fire Tests of Roof Coverings, 1993 edition.
4-1.2 Other Publications.
4-1.2.1 EIA Publications. Electronics Industries Association, Engineering Department, 2001 I
Street, NW, Washington, DC 20006.
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RS-152-C, Land Mobile Communications (December 1988).
RS-204-D, Land Mobile Communications (May 1988).
RS-316-C, Portable Land Mobile Communications (August 1990).
RS-374-A, Land Mobile Signaling Standard (March 1981).
4-1.2.2 U.S. Government Publication. U.S. Government Printing Office, Washington, DC
20025.
Code of Federal Regulations, Federal Communications Commission, Title 47, Part 90,
“Private Land Mobile Radio Services,” 1990.
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Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-3 Definitions.
Approved. The National Fire Protection Association does not approve, inspect, or certify any
installations, procedures, equipment, or materials; nor does it approve or evaluate testing
laboratories. In determining the acceptability of installations, procedures, equipment, or
materials, the authority having jurisdiction may base acceptance on compliance with NFPA or
other appropriate standards. In the absence of such standards, said authority may require
evidence of proper installation, procedure, or use. The authority having jurisdiction may also
refer to the listings or labeling practices of an organization concerned with product evaluations
that is in a position to determine compliance with appropriate standards for the current
production of listed items.
Authority Having Jurisdiction. The phrase “authority having jurisdiction” is used in NFPA
documents in a broad manner, since jurisdictions and approval agencies vary, as do their
responsibilities. Where public safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or individual such as a fire chief; fire marshal;
chief of a fire prevention bureau, labor department, or health department; building official;
electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the
authority having jurisdiction. In many circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at government installations, the
commanding officer or departmental official may be the authority having jurisdiction.
Box Circuit. A circuit connected to boxes that transmit an alarm to the communication center.
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In Type B systems, box circuits usually connect to receiving equipment at fire stations.
Circuit. The conductor, or radio channel, and associated equipment used to perform a definite
function in connection with an alarm system. Specific types of circuits are defined below.
Listed. The means for identifying listed equipment may vary for each organization concerned
with product evaluation, some of which do not recognize equipment as listed unless it is also
labeled. The authority having jurisdiction should utilize the system employed by the listing
organization to identify a listed product.
A-2-1.4.4 The communication center should be provided with self-contained breathing apparatus
meeting the requirements of NFPA 1981, Standard on Open-Circuit Self-Contained Breathing
Apparatus for Fire Fighters, for all essential operating personnel in the event of a fire in the
communication center.
A-2-1.9.1 For additional information, refer to NFPA 297, Guide on Telecommunications
Systems-Principles and Practices for Rural and Forestry Services.
Table A-2-1.10.2.2(b) The following procedure is recommended for checking state of charge:
Switch the battery charger from float to high-rate mode.
The current, as indicated on the charger ammeter, will immediately rise to the maximum
output of the charger, and the battery voltage, as shown on the charger voltmeter, will start to
rise at the same time.
The actual value of the voltage rise is unimportant, since it depends on many variables; the
length of time it takes for the voltage to rise is the important factor.
If, for example, the voltage rises rapidly in a few minutes, then holds steady at the new value,
the battery was fully charged. At the same time, the current will drop to slightly above its
original value.
In contrast, if the voltage rises slowly and the output current remains high, the high-rate charge
should be continued until the voltage remains constant. Such a condition is an indication that the
battery was not fully charged, and the float voltage should be increased slightly.
A-2-1.12.4 Performance statistics should be gathered and maintained annually in accordance
with 2-1.8.1(a)(1) and 2-1.8.1(a)(2).
A-2-1.13.2 Planning Guidelines for Universal Emergency Number (9-1-1) Systems.
This document is intended as a guide to assist those jurisdictions contemplating or actually
planning 9-1-1 systems. There are three parts to the document:
(a) Feature definitions,
(b) Jurisdiction characteristics,
(c) Feature versus characteristics correlation.
In the feature definition section, all known 9-1-1 features are described. It should be noted,
however, that this is a listing of all features and that not all features are technically compatible
with one another. Furthermore, certain features can only be provided if special equipment is
available in the telephone company central office. Your local telephone company should be
consulted as early as possible when planning a 9-1-1 system.
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The second section considers various characteristics of municipalities that would influence the
feature complement of a 9-1-1 system.
A graph is included in the third section that relates municipal characteristics to 9-1-1 features.
It must be emphasized that these notes are only a planning guideline. Each jurisdiction has its
own unique set of characteristics that must be evaluated and matched to a set of 9-1-1 features.
I. Feature Definitions.
Automatic Location Identification (ALI). Displays the calling party’s address and other
preselected information at the PSAP attendant position.
Automatic Number Identification (ANI). Displays the calling party’s telephone number at the
PSAP attendant position.
Call Detail Recording (CDR). Provides a hard copy printout after every call of the ANI
number, trunk number, and answering attendant number; and the time of seizure, answer,
disconnect/transfer.
Called Party Hold. Allows the PSAP attendant to hold the established connection to the station
from which the 9-1-1 call was originated, regardless of calling party action.
Default Routing. Provides routing of 9-1-1 calls to a predetermined PSAP when it is not
possible to route a call to its primary PSAP.
Emergency Ringback. Allows the PSAP attendant to ring the calling station regardless of the
station switch-hook status.
Forced Disconnect. Enables the PSAP attendant to terminate, at any time, an existing 9-1-1
call regardless of the action of the calling party.
Idle Tone Application. Gives the PSAP attendant an audible indication if the 9-1-1 caller
abandons before the attendant answers the call or if the 9-1-1 caller terminates the call after the
attendant answers the call.
Night Service/Alternate Routing. Calls are routed to an alternate PSAP when:
(a) All trunks are busy to a PSAP, or
(b) A PSAP closes down for a period of time.
Public Safety Answering Point (PSAP). Any facility where 9-1-1 calls are answered, either
directly or through rerouting.
Selective Routing. Routes a 9-1-1 call to the correct PSAP based on the calling party’s
telephone number, regardless of jurisdiction and telephone company central office boundary
mismatches.
Switch-Hook Status. Provides a visual and/or audible indication of whether the originating
station on an established 9-1-1 call is on-hook or off-hook.
Transfer. Allows an incoming 9-1-1 call to be rerouted from one PSAP to another. There are
three generic types of transfer:
(a) Manual. Voice only is rerouted using a series of operations at the attendant console.
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(b) Fixed. Voice, ANI, and ALI are rerouted to a specific secondary PSAP by pressing a
button associated with the desired PSAP.
(c) Selective. Voice, ANI, and ALI are rerouted to any number of secondary PSAPs based on
the telephone number of the calling party by the operation of a single button.
II. Jurisdictional Characteristics.
Number of 9-1-1 Centers. The number of 9-1-1 emergency reporting centers [or Public Safety
Answering Points (PSAP)] is one of the key factors that should be considered in planning a 9-1-1
system. If multiple answering points are located throughout the system (jurisdiction), then there
are many factors that will influence the way in which 9-1-1 calls are handled. For instance,
telephone company and jurisdiction boundaries are rarely coincident. Thus, calls will be routed
to improper answering points, and time delays will be encountered in handling or rerouting the
9-1-1 calls.
On the other hand, having a single answering point minimizes the boundary problem.
However, other functions such as dispatch become more difficult.
When planning a 9-1-1 system, many factors should be considered. The administrative and
operational procedures of the answering bureau and the available 9-1-1 system features should
be carefully reviewed.
Location of Fire Dispatch Center. If the 9-1-1 center (PSAP) is the main dispatch center for
fire services, the center should meet the requirements of this standard.
Force Utilization. Both the number and type of personnel that will be handling 9-1-1 calls
should be considered when planning a 9-1-1 system. For instance, if a large percentage of calls
must be rerouted (i.e., calls are answered by personnel not affiliated with any particular
emergency agency), then 9-1-1 features that provide for the expeditious handling of calls should
be considered.
If the primary objective is to optimize force, then 9-1-1 features that minimize the number of
misrouted calls should be considered.
Third-Party Call Handling and Conference Calls. The characteristics of a particular
jurisdiction might require the frequent use of interpreters or subsidiary centers (secondary Public
Safety Answering Points). This requires frequent rerouting and conferencing of 9-1-1 calls. The
9-1-1 system features that provide expeditious call handling under these conditions should be
considered where this poses a severe problem.
Improper Call Termination by Call Originator. When the calling party does not hang up after a
9-1-1 call, whether deliberate or accidental, telephone facilities will be tied up for a time,
limiting access to the 9-1-1 center by other emergency callers. Where this might be a problem,
9-1-1 system features and quantities of telephone access facilities should be reviewed.
Inadequate or Untimely Location Information. In some jurisdictions or portions thereof, there
could be a higher incidence of calls where location information is inadequate or untimely due to
such circumstances as inability of the caller to talk, a speech or hearing problem, a prank call, or
a false alarm. Where the frequency of such occurrences hampers the effectiveness or costs of the
municipalities’ emergency services, administrative procedures, operational plans, and 9-1-1
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system features should be reviewed.
Computer-Aided Dispatching (CAD). Many jurisdictions are considering or are already
employing a CAD system. Several 9-1-1 system features complement CAD systems and should
be very carefully considered when planning a 9-1-1 system with a CAD interface.
Fire Emergency Call Handling. In most cases, 9-1-1 fire calls will not be routed directly to fire
dispatch centers. The first response centers will be required to reroute the calls to the appropriate
fire communication center. Therefore, 9-1-1 features that minimize call handling time (especially
rerouting) should be considered when planning a 9-1-1 system.
Recommended 9-1-1 System Feature Groupings. Forced disconnect and transfer should always
be provided. Forced disconnect to prevent the system from being tied up, and transfer to ensure
expeditious handling of calls.
Either ANI or Called Party Hold, Idle Tone Application, Switchhook Status, and Emergency
Ringback should be provided. This will be referred to as basic calling party status identification.
It should be noted that some features are incompatible with one another from a technical point
of view (i.e., ANI, SR, ALI are incompatible with Switchhook Status, Emergency Ringback, and
Called Party Hold). Also, certain features can only be provided if special equipment is available
in the telephone company central office. Your local telephone company should be consulted
when planning for a 9-1-1 system.
III. Features to Be Considered for Various Jurisdictional Characteristics.
Force Third Party

Location
Information

Computer
Aided
Dispatch

All

X

X

CDR

X

X

Character
Feature

Number
of
9-1-1
Centers

Utilization Calls

Conference
Termination

Improper Calls

Fire
Call

Calling party
status*

X

Alternate
routing†

X

X

Forced
disconnect

X

Selective
routing

X

X

Transfer

X

X

X
X
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X

*Called Party Hold, Emergency Ringback, Switchhook Status, Idle Tone Application, or ANI. †Default
Routing, Night Transfer, or Alternate Routing.

A-3-1.3.2 Separate support structures for the duplicate antennas are not required, provided the
structure is adequately constructed.
Table A-3-1.5.3.2(b) See Table A-2-1.10.2.2(b).
A-3-6.2
When noise levels are excessive, noise canceling microphones and noise attenuating headsets
should be provided.
A-3-11.2.7 Facilities should be provided for the auxiliary supply of compressed air in case of
compressor or power failure. These facilities can be either manifolds and regulators for
connection of high-pressure cylinders, fittings for the supply of compressed air from external
self-powered compressors, or supply of air from vehicle air brake compressors.
Appendix B
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.

Figures B-2-1.6.2(a)/B-3.1.4.2(a).

Figures B-2-1.6.2(b)/B-3-1.4.2(b).
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Figures B-2-1.6.2(c)/B-3-1.4.2(c).

Figure B-3-1.3.2.
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Figure B-3-1.3.3.

Figure B-3-1.4.3.2(a).

Figure B-3-1.4.3.2(b)(1).

Figure B-3-1.4.3.2(b)(2).
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Figure B-3-1.4.3.2(c).

Figure B-3-1.4.3.3(a).
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Figure B-3-1.4.3.3(b)(1).

Figure B-3-1.4.3.3(b)(2).
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Figure B-3-1.4.3.4(a).

Figure B-3-1.4.3.4(b)(1).
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Figure B-3-1.4.3.4(b)(2).

Figure B-3-1.4.3.4(c).

Appendix C Referenced Publications
C-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
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document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
C-1-1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 72, National Fire Alarm Code, 1993 edition.
NFPA 297, Guide on Telecommunications Systems-Principles and Practices for Rural and
Forestry Services, 1986 edition.
NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters,
1992 edition.
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material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 8 and Appendix H.

Chapter 1 Administration
1-1* Scope.
This standard identifies minimum requirements for water supplies for fire fighting purposes in
rural and suburban areas in which adequate and reliable water supply systems for fire fighting
purposes do not exist.
1-2 Purpose.
This standard specifies minimum requirements for water supply for fire fighting purposes to
protect property from fire in areas where water must be transported from a river, lake, canal, bay,
stream, pond, well, cistern, or other similar source of water that is available as suction supply for
fire department use. Water obtained by methods outlined in this standard can be used to
supplement water for fire fighting available from hydrants on a traditional municipal-type
distribution system. Likewise, a hydrant served by a water distribution system shall be permitted
to be the source of supply for water that is transported to the rural fire area.
It is the intent of this standard to provide and maintain minimum water supplies for fire
fighting purposes through the establishment of a cooperative working arrangement among the
authority having jurisdiction, the fire department having jurisdiction, and the property owners in
the jurisdiction.
This standard provides minimum requirements, and nothing herein shall be interpreted to mean
that the authority having jurisdiction cannot exceed any or all of these requirements where, in the
judgment of such authority having jurisdiction, additional protection is warranted.
This standard is restricted to identifying minimum requirements for water supplies for fire
fighting purposes. Much information has been included in the appendixes of this standard
concerning rural water supplies, hauling of water, transporting water through large diameter
hose, portable pumping equipment, automatic sprinkler protection, and secondary water supply,
any or all of which may comprise a rural “water system.”
1-3 General.
1-3.1
The requirements of Chapters 5 and 6 are performance oriented and allow the authority having
jurisdiction the option to specify how these water supplies are made available, thereby giving
consideration to local conditions and need.
1-3.2
Although the water requirements developed by this standard are performance oriented, it must
be emphasized that they are minimum in scope. The water available to the fire department,
which may come from a single water point or multiple water points, must be delivered to the fire
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scene. The authority having jurisdiction shall be permitted to determine that additional water
supplies are warranted. Appendix G contains secondary water supply requirements, useful where
the authority having jurisdiction determines additional water supplies are desirable.
1-3.3
Fire apparatus and associated equipment are important components of the water transport
process. Many alternative approaches to fulfilling this process are provided in Appendixes C, D,
and E.
Apparatus shall meet the requirements outlined in NFPA 1903, Standard for Mobile Water
Supply Fire Apparatus, and other applicable NFPA standards.
1-3.4
Fire control and extinguishment is probable only where a prompt alarm notification initiates an
immediate response, which in return results in effective agent application confining the fire to
the area of origin.
1-3.5
The effectiveness and reliability of fixed fire protection systems is a documented fact. Serious
consideration shall be given to installation of sprinkler systems as outlined in NFPA 13,
Standard for the Installation of Sprinkler Systems; NFPA 13D, Standard for the Installation of
Sprinkler Systems in One- and Two-Family Dwellings and Mobile Homes; and NFPA 13R,
Standard for the Installation of Sprinkler Systems in Residential Occupancies Up to and
Including Four Stories in Height.
1-4 Definitions.
Adequate and Reliable Water Supply. A water supply that is sufficient every day of the year to
control and extinguish anticipated fires in the municipality, particular building, or building group
served by the water supply.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or departmental official
may be the “authority having jurisdiction.”
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Automatic Aid. A plan developed between two or more fire departments for immediate joint
response on first alarms.
Building. Any structure erected for the support, shelter, or enclosure of persons, animals, or
property of any kind.
Construction Classification Number. A series of numbers from 0.5 through 1.5 that are
mathematical factors used in a formula to determine the total water supply requirements for this
standard only.
Dry Hydrant. A permanent piping system, normally a drafting source, that provides access to a
water source other than a municipal-type water system.
Exposure Hazard. A structure within 50 ft (15.2 m) of another building and 100 ft2 (9.3 m2) or
larger in area. If a structure is a Class 3 or Class 4 occupancy hazard, it is considered an
exposure hazard if within 50 ft (15.2 m) of another building, regardless of size.
Fire Department Having Jurisdiction. The fire department serving the municipality, or any
portion of the municipality, governed by the authority having jurisdiction. The authority having
jurisdiction and the fire department having jurisdiction can be the same agency.
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Large Diameter Hose. Fire department hose having an inside diameter of 31/2 in. (89 mm) or
larger.
Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The “authority having
jurisdiction” should utilize the system employed by the listing organization to identify a listed product.

Minimum Requirements for Water Supply. The smallest quantity of water supply suggested
for any degree of fire control. In some fires, this supply may be suitable for protecting exposures
only.
Mobile Water Supply. A vehicle designed primarily for transporting (pickup, transportation,
and delivery) of water to fire emergency scenes to be applied by other vehicles or pumping
equipment.
Municipality. A town, city, county, fire district, or community having powers of local
self-government.
Municipal-Type Water System. A system having water pipes serving hydrants and designed to
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furnish, over and above domestic consumption, a minimum flow of 250 gpm (946 L/min) and 20
psi (139 kPa) residual pressure for a 2-hour duration.
Mutual Aid. A plan developed between two or more departments to render assistance to the
parties of the agreement. Often the request for such aid to be rendered comes only after an initial
response has been made and the fire scene status has been determined.
Normal Living Area — Dwelling. This area shall include typical rooms, such as living room,
dining area, parlor, kitchen, bath, bedroom, halls, library, music room, family room, laundry
room, etc., and includes any other areas that are normally heated or cooled plus attic-basement
provisions, enclosed parking (garage), and storage areas.
Occupancy Hazard Classification Number. A series of numbers from three through seven that
are mathematical factors used in a formula to determine total water supply requirements of this
standard only.
Protected Property. Property protected by a water supply that is minimally adequate in volume
and duration and by a fire department capable of using this water supply to suppress a possible
fire within the property.
Secondary (Design) Water Supply. The estimated rate of flow [expressed in gpm (L/min) for a
prescribed time period] that is considered necessary to control a major fire in a building or
structure.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Single Water Point. The point or site at which water supply, such as a pumper with portable
folding tank or dry hydrant, etc., can be located to protect a cluster of buildings, such as a
subdivision or an estate.
Tanker. See “Mobile Water Supply.”
Water Supply Officer (WSO). The fire department officer responsible for providing water for
fire fighting purposes.
Water Tender. See “Mobile Water Supply.”
Chapter 2 Structure Surveys
2-1 General.
2-1.1*
The fire department having jurisdiction shall perform an on-site survey of all buildings,
including type of construction, occupancies, and exposures, within the applicable jurisdiction to
obtain the information needed to compute the minimum water supplies required. At the time of
the on-site survey, a record shall be prepared of available water supplies. This information shall
be utilized for prefire planning purposes as well as by the WSO.
2-1.2
Areas specified in 5-2.1, 5-3.1, 5-4.1, 5-5.1, and 5-6.1 can be surveyed as areas to determine
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the square footage or cubic footage and square meters or cubic meters of each structure and the
distance to structural exposure hazards, but without a survey of contents.
2-1.3
These surveys can be combined with fire prevention or prefire planning inspections.
Chapter 3 Classification of Occupancy Hazard
3-1 General.
3-1.1
The fire department having jurisdiction, upon completing the survey specified in Chapter 2,
shall determine the occupancy hazard classification number from the appropriate sections of this
chapter.
3-1.2
Occupancy hazard classification numbers shall not be assigned to any structure not surveyed
as specified in Chapter 2.
3-1.3
An occupancy hazard classification number shall not be assigned to any building where such
building is protected by an automatic sprinkler system installed in accordance with applicable
NFPA standards.
3-1.4*
Storage of products that are potentially hazardous from the standpoint of increased fire
volume, or those having an explosive nature, exists at many rural locations, and such products
can exist in sufficient quantities to increase the occupancy hazard classification number of the
building.
3-2* Occupancy Hazard Classification Number.
3-2.1
The occupancies listed in each section are only examples of types of occupancies for the
particular classification, and these lists of examples shall not be interpreted as being exclusive.
Similar occupancies shall be assigned the same occupancy hazard classification number.
3-2.2
Where more than one occupancy is present in a structure, the occupancy hazard classification
number for the most hazardous occupancy shall be used for the entire structure.
3-2.3 Occupancy Hazard Classification 3.
3-2.3.1 Occupancies in this classification shall be considered SEVERE HAZARD
OCCUPANCIES, where quantity and combustibility of contents are very high. Fires in these
occupancies can be expected to develop very rapidly and have high rates of heat release. (See
5-5.1.)
3-2.3.2 Where an exposing structure is of occupancy hazard classification 3, it shall be
considered an exposure hazard if within 50 ft (15.2 m), regardless of size.
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3-2.3.3 Occupancy hazard classification 3 examples include:
(a) Aircraft hangars
(b) Cereal or flour mills
(c) Chemical works and plants
(d) Cotton picker and opening operations
(e) Distilleries
(f) Explosives and pyrotechnics manufacturing and storage
(g) Feed and grist mills
(h) Grain elevators and warehouses
(i) Linseed oil mills
(j) Lumberyards
(k) Oil Refineries
(l) Plastics manufacturing and storage
(m) Saw mills
(n) Solvent extracting
(o) Straw or hay in bales
(p) Varnish and paint manufacturing.
3-2.4 Occupancy Hazard Classification 4.
3-2.4.1 Occupancies in this classification shall be considered HIGH HAZARD OCCUPANCIES,
where quantity and combustibility of contents are high. Fires in these occupancies can be
expected to develop rapidly and have high rates of heat release.
3-2.4.2 Where an exposing structure is of occupancy hazard classification 4, it shall be
considered an exposure hazard if within 50 ft (15.2 m), regardless of size.
3-2.4.3 Occupancy hazard classification 4 examples include:
(a) Barns and stables (commercial)
(b) Building materials
(c) Department stores
(d) Exhibition halls, auditoriums, and theaters
(e) Feed stores (without processing)
(f) Freight terminals
(g) Mercantiles
(h) Paper and pulp mills
(i) Paper processing plants
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(j) Piers and wharves
(k) Repair garages
(l) Rubber products manufacturing and storage
(m) Warehouses, such as those used for:
Furniture
General storage
Paint
Paper
Whiskey
(n) Woodworking industries.
3-2.5 Occupancy Hazard Classification 5.
3-2.5.1 Occupancies in this classification shall be considered MODERATE HAZARD
OCCUPANCIES, where quantity and combustibility of contents are moderate and stockpiles of
combustibles do not exceed 12 ft (3.7 m) in height. Fires in these occupancies can be expected to
develop quickly and have moderately high rates of heat release.
3-2.5.2 Occupancy hazard classification 5 examples include:
(a) Amusement occupancies
(b) Clothing manufacturing plants
(c) Cold storage warehouses
(d) Confectionery product warehouses
(e) Farm storage buildings, such as:
Corn cribs
Dairy barns
Equipment sheds
(f) Hatcheries
(g) Laundries
(h) Leather goods manufacturing plants
(i) Libraries (with large stockroom areas)
(j) Lithography shops
(k) Machine shops
(l) Metalworking shops
(m) Nurseries (plant)
(n) Pharmaceutical manufacturing plants
(o) Printing and publishing plants
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(p) Restaurants
(q) Rope and twine manufacturing plants
(r) Sugar refineries
(s) Tanneries
(t) Textile manufacturing plants
(u) Tobacco barns
(v) Unoccupied buildings.
3-2.6 Occupancy Hazard Classification 6.
3-2.6.1 Occupancies in this classification shall be considered LOW HAZARD OCCUPANCIES,
where quantity and combustibility of contents are moderate and stockpiles of combustibles do
not exceed 8 ft (2.4 m) in height. Fires in these occupancies can be expected to develop at a
moderate rate and have moderate rates of heat release.
3-2.6.2 Occupancy hazard classification 6 examples include:
(a) Armories
(b) Automobile parking garages
(c) Bakeries
(d) Barber or beauty shops
(e) Beverage manufacturing plants
(f) Boiler houses
(g) Breweries
(h) Brick, tile, and clay product manufacturing plants
(i) Canneries
(j) Cement plants
(k) Churches and similar religious structures
(l) Dairy products manufacturing and processing
(m) Doctors’ offices
(n) Electronics plants
(o) Foundries
(p) Fur processing plants
(q) Gasoline service stations
(r) Glass and glass products manufacturing plants
(s) Mortuaries
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(t) Municipal buildings
(u) Post offices
(v) Slaughterhouses
(w) Telephone exchanges
(x) Watch and jewelry manufacturing plants
(y) Wineries.
3-2.7 Occupancy Hazard Classification 7.
3-2.7.1 Occupancies in this classification shall be considered LIGHT HAZARD
OCCUPANCIES, where quantity and combustibility of contents are low. Fires in these
occupancies can be expected to develop at a relatively low rate and have relatively low rates of
heat release.
3-2.7.2 Occupancy hazard classification 7 examples include:
(a) Apartments
(b) Colleges and universities
(c) Dormitories
(d) Dwellings
(e) Fire stations
(f) Fraternity or sorority houses
(g) Hospitals
(h) Hotels and motels
(i) Libraries (except large stockroom areas)
(j) Museums
(k) Nursing and convalescent homes
(l) Offices (including data processing)
(m) Police stations
(n) Prisons
(o) Schools.
Chapter 4 Classification of Construction
4-1 General.
4-1.1
The fire department having jurisdiction, upon completing the survey specified in Chapter 2,
shall determine the construction classification number from the sections of this chapter.
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4-1.2
For the purpose of this standard, each building surveyed shall be classified as to type of
construction and shall be assigned a construction classification number. However, no dwelling
shall be assigned a construction classification number higher than 1.0.
4-1.3
Construction classification numbers shall not be assigned to any structure not surveyed, as
specified in Chapter 2.
4-1.4
Where more than one type of construction is present in a structure, the higher construction
classification number shall be used for the entire structure.
4-1.5
Where a building is located within 50 ft (15.2 m) of the surveyed building and is 100 ft2 (9.3
m2) or greater in total area, the building shall be treated as an exposure, with the water
requirement as calculated in accordance with this standard multiplied by 1.5.
4-2* Construction Classification Type.
4-2.1
The construction classifications listed in this standard have been simplified for quick use.
Where a more complete definition is needed, refer to NFPA 220, Standard on Types of Building
Construction, or the local building code.
4-2.2 Type I (Fire-Resistive) Construction — Construction Classification Number 0.5.
A building constructed of noncombustible materials (reinforced concrete, brick, stone, etc.,
and having any metal members properly “fireproofed”) with major structural members designed
to withstand collapse and to prevent the spread of fire.
4-2.3 Types II and IV (Noncombustible) and Heavy Timber Construction — Construction
Classification Number 0.8.
A building having all structural members (including walls, floors, and roofs) of
noncombustible materials and not qualifying as fire-resistive construction.
Also, heavy timber construction in which walls are masonry, columns are 8-in. (20.3-cm)
wood supports, floors are 3-in. (76-mm) tongue-and-grooved plank, and roof decks are 2-in.
(51-mm) tongue-and-grooved plank. All wood beams and girders are 6 in. (15.2 cm) wide and 10
in. (25.4 cm) deep.
4-2.4* Type III (Ordinary) Construction — Construction Classification Number 1.0.
Any structure having exterior walls of masonry, or other noncombustible material, in which
the other structural members are wholly or partly of wood or other combustible material.
4-2.5* Type V (Wood Frame) Construction — Construction Classification Number 1.5.
Any structure, other than dwellings, in which the structural members are wholly or partly of
wood or other combustible material and in which the construction does not qualify as ordinary
construction.
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Where a dwelling is classified as wood frame construction (that is, having structural members
wholly or partly of wood or other combustible material), a construction classification number of
1.0 shall be assigned.
Chapter 5 Determining Minimum Water Supplies
5-1 General.
5-1.1
The fire department having jurisdiction for structural surveys specified in Chapter 2, after
completing the survey and determining the construction classification number and the occupancy
hazard classification number, shall compute the minimum water supply, in gallons (liters),
needed for the structure under its authority. As the water supplies developed by this standard are
minimum and in many cases are or will be suitable for exposure protection only, the authority
having jurisdiction shall review the calculations to see that adequate flows are available to meet
the needs indicated by the preplans.
5-2 Single Structures Without Exposure Hazards.
5-2.1*
For single structures with no portion of any unattached structural exposure hazard within 50 ft
(15.2 m), unless it is smaller than 100 ft2 (9.3 m2), the minimum water supply, in gallons (liters),
shall be determined by the total cubic footage (m3) of the structure, including any attached
structures, divided by the occupancy hazard classification number determined from Chapter 3,
and multiplied by the construction classification number determined from Chapter 4; or Table
5-9(a) shall be referenced.
MINIMUM WATER SUPPLY =
Total ft3 (m3) of Structure
----------------------------------------- × Construction Classification No.
Occupancy Hazard Classification No.
5-2.1.1 The minimum water supply required for any structure, without exposure hazards, shall
not be less than 2000 gal (7570 L). [See Table 5-9(b).]
5-2.1.2 The minimum water supply, as determined for any structure specified in 5-2.1 and
5-2.1.1, shall be available on the fireground at, and the fire department shall be capable of
utilizing the total water supply at, the rates specified in Table 5-9(c).
5-3 Single Structures with Exposure Hazards.
5-3.1*
For all single structures with unattached structural exposure hazards closer than 50 ft (15.2 m)
to any portion of the dwelling and larger than 100 ft2 (9.3 m2), the minimum water supply, in
gallons (liters), shall be determined by the total cubic footage (m3) of the structure, including any
attached structures, divided by the occupancy hazard classification number determined from
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Chapter 3, multiplied by the construction classification number determined by Chapter 4, and
multiplied by 1.5; or Table 5-9(a) shall be referenced.
MINIMUM WATER SUPPLY =
Total ft3 (m3) of Structure
----------------------------------------- × Construction Classification No. × 1.5
Occupancy Hazard Classification No.
5-3.1.1 The minimum water supply required for a single structure with exposure hazards
specified in 5-3.1 shall not be less than 3000 gal (11 355 L). [See Table 5-9(b).]
5-3.1.2 The minimum water supply, as determined for any structure specified in 5-3.1 and
5-3.1.1, shall be available on the fireground at, and the fire department shall be capable of
utilizing the minimum water supply at, the rates specified in Table 5-9(c).
5-4 Multiple Structures — Single Water Point Without Exposure Hazards.
5-4.1*
For all multiple structures with no portion of any unattached structural exposure hazard within
50 ft (15.2 m), unless it is smaller than 100 ft2 (9.3 m2), the minimum water supply, in gallons
(liters), shall be determined by the total cubic footage (m3) of the structure, including any
attached structures, divided by the occupancy hazard classification number as determined by
Chapter 3, multiplied by the construction classification number determined by Chapter 4; or
Table 5-9.1(a) shall be referenced.
MINIMUM WATER SUPPLY =
Total ft3 (m3) of Structure
------------------------------------------ × Construction Classification No.
Occupancy Hazard Classification No.
Where structures are close enough together that they may be served from a single water point,
the water supply shall be computed from the structure having the largest minimum water supply
requirement.
5-4.1.1 The minimum water supply required for multiple structures specified in 5-4.1 shall not be
less than 3000 gal (11 355 L). [See Table 5-9(b).]
5-4.1.2 The minimum water supply, as determined for any structure specified in 5-4.1 and
5-4.1.1, shall be available on the fireground at, and the fire department shall be capable of
utilizing the minimum water supply at, the rate specified in Table 5-9(c).
5-5 Multiple Structures — Single Water Point with Exposure Hazards.
5-5.1*
For all multiple structures with unattached structural exposure hazards within 50 ft (15.2 m) of
any portion of the structure and larger than 100 ft2 (9.3 m2), the minimum water supply, in
gallons (liters), shall be determined by the cubic footage (m3) of the structure, including any
attached structures, divided by the occupancy hazard classification number determined from
Chapter 3, multiplied by the construction classification number determined from Chapter 4, and
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multiplied by 1.5; or Table 5-9(a) shall be referenced.
MINIMUM WATER SUPPLY =
Total ft3 (m3) of Structure
------------------------------------------ × Construction Classification No. × 1.5
Occupancy Hazard Classification No.
5-5.1.1 The minimum water supply required for multiple structures specified in 5-5.1 shall not be
less than 3000 gal (11 355 L). [See Table 5-9(b).]
5-5.1.2 The minimum water supply, as determined for any structure specified in 5-5.1 and
5-5.1.1, shall be available on the fireground at, and the fire department shall be capable of
utilizing the minimum water supply at, the rate specified in Table 5-9(c).
5-6 Special Fire Protection Problems.
5-6.1*
This standard is not intended to provide details for calculating an adequate amount of water for
large special fire protection problems, such as bulk flammable liquid storage, bulk flammable
gas storage, large varnish and paint factories, some plastics manufacturing and storage, aircraft
hangars, distilleries, refineries, lumberyards, grain elevators, large chemical plants, coal mines,
tunnels, subterranean structures, and warehouses using high rack storage for flammables or
pressurized aerosols. For suggested protection, consult appropriate NFPA standards.
5-7 Structures with Automatic Sprinkler Protection.
5-7.1*
For any structure protected by an automatic sprinkler system that fully meets the requirements
of NFPA 13, Standard for the Installation of Sprinkler Systems; NFPA 13D, Standard for the
Installation of Sprinkler Systems in One- and Two-Family Dwellings and Mobile Homes; or
NFPA 13R, Standard for the Installation of Sprinkler Systems in Residential Occupancies Up to
and Including Four Stories in Height, the fire department having jurisdiction shall be permitted
to waive any requirement for additional water supply required by this standard. (See Appendix
F.)
5-7.1.1* The water supply for automatic sprinkler systems meeting the requirements of NFPA
13, Standard for the Installation of Sprinkler Systems, contemplates the use of outside hose lines;
therefore, this water supply shall be available to the fire department outside the structure for
manual fire fighting purposes.
5-7.1.2 Automatic sprinkler systems meeting the requirements of NFPA 13, Standard for the
Installation of Sprinkler Systems, shall, in all cases, be provided with a fire department
connection as described in NFPA 13.
5-7.2
For a structure protected by an automatic sprinkler system that does not fully meet the
requirements of NFPA 13, Standard for the Installation of Sprinkler Systems, and NFPA 13D,
Standard for the Installation of Sprinkler Systems in One- and Two-Family Dwellings and
Mobile Homes, or NFPA 13R, Standard for the Installation of Sprinkler Systems in Residential
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Occupancies Up to and Including Four Stories in Height, the fire department having jurisdiction
shall be permitted to reduce the minimum water supply required by this standard, for fire
fighting purposes, in Sections 5-2, 5-3, 5-4, or 5-5, whichever is applicable.
5-8* Structures with Other Automatic Fire Suppression Systems.
For any structure fully or partially protected by an automatic fire suppression system other
than as specified in 5-7.1, the fire department having jurisdiction shall determine the minimum
water supply required for fire fighting purposes.
5-9 Precalculated Water Supply.
Table 5-9(a) provides a quick method for determining the water requirements suggested by
this standard for structures without exposures. For structures with exposures, multiply the water
requirements developed by Table 5-9(a) by 1.5.
Example: A farm storage building housing a barn (occupancy hazard classification 4) of ordinary
construction (construction classification number 1.0) with a cubic area of 160,000 ft3 (4480 m3)
will produce, using Table 5-9(a), a water requirement of 40,000 gal (151 400 L).
Table 5-9(a) Precalculated Minimum Water Supplies by Occupancy Hazard and
Construction Classification (no exposures)
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Table 5-9(a) Continued
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Table 5-9(b) Minimum Water Requirements (Examples)
Minimum Water
Requirements (gallons)
Paragraph

Type of Occupancy

5-2.1.1

Single Structures
Without Exposure Hazards

5-3.1.1

Single Structures
with Exposure Hazards

3000 (11 335 L)

5-4.1.1

Multiple Structures
Single Water Point
Without Exposure Hazards

3000 (11 335 L)

Copyright 1996 NFPA

2000 (7570 L)

5-5.1.1

Multiple Structures
Single Water
Point with Exposure
Hazards

3000 (11 335 L)

Table 5-9(c) Minimum Capability of Fire Department to Transport and to Use Water

Total Water Supply
Required
(gallons)

Rate Water Is Available
to Fireground and
Fire Department’s
Capability for
Using Water
(gal/m)

up to 2499 (9459 L)

250 (946 L/min)

2500 to 9999 (9460 L to 37 849 L)

500 (1893 L/min)

10,000 to 19,999 (37 850 L to 75 699 L)

750 (2839 L/min)

20,000 or more (75 700 L)

1000 (3785 L/min)

Chapter 6 Water Supply
6-1 Water Supply for Fire Fighting.
The water supplies for fire fighting purposes, as specified in Chapter 5, can be supplied from
natural bodies of water and constructed sources of water. Natural bodies of water are defined as
bodies of water contained by earth only and include ponds, lakes, rivers, streams, bays, creeks,
springs, artesian wells, and irrigation canals. Constructed sources of water include aboveground
tanks, elevated gravity tanks, livestock watering tanks, cisterns, swimming pools, wells, quarries,
mines, reservoirs, aqueducts, mobile water supplies, and hydrants served by a water system. (See
Appendix B.)
6-1.1
The surface at the water access point shall be adequate to support heavy vehicles at all times of
the year. Provisions shall be made so that such water suction points are visible and usable in all
weather conditions, including heavy snow or brush conditions and mud slides.
6-1.2
If a dry hydrant is located close to vehicular traffic, suitable barriers shall be constructed to
protect fire fighters, equipment, and the dry hydrant.
6-2 Water Supply Transfer.
The transfer of water from a water source to the scene of the fire can be done by a number of
different methods. These methods include mobile water supply shuttles, pumper relays using
large diameter [normally 31/2-in. (89-mm) or greater] hose, pumper relays, portable piping,
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irrigation piping and ditching, helicopters, railroad tank cars, etc. (See Appendixes C, D, and E.)
6-3 Minimum Water Supply.
The minimum water supply from whatever source or combination of sources shall meet the
requirements of Chapter 5.
6-4* Accessibility.
Water supplies for fire fighting purposes shall be accessible to fire fighting equipment. The
fire department having jurisdiction shall determine, as part of its property survey, maximum safe
load limits of roadways, laneways, and bridges, and determine accessibility during various
climatic conditions.
6-4.1
Any means of access shall be constructed in accordance with NFPA 1141, Standard for Fire
Protection in Planned Building Groups.
6-5 Identification.
An appropriate sign shall be erected at each water point identifying the site for fire department
emergency use. (See B-1.2.11.)
Chapter 7 Reports and Records
7-1 Plans for New Construction and Additions.
7-1.1*
Where the appropriate governmental entity has building laws that require plans to be submitted
for review before building construction is started, the plans shall be submitted to the fire
department for review and approval.
7-1.2
Where no building laws exist or plans are not required for review, the fire department shall
request the cooperation of the property owner(s) in voluntary compliance with provisions of this
standard.
7-2 Requirements for the Fire Department.
7-2.1
The fire department having jurisdiction for property surveys specified in Chapter 2, after
completing the survey and computing the minimum water supply required, shall notify, in
writing, the authority having jurisdiction of the results of the surveys and the minimum water
supplies required. In all cases, the building(s) owner(s) shall be advised of the minimum water
supply required. Fire department personnel shall be available to citizens for appropriate
consultation.
7-3 Requirements for Property Owners or Occupants.
7-3.1
The property owner shall notify the authority having jurisdiction in writing before any
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structures are erected or any alterations are made to any existing structure that will increase the
total cubic footage (m3) of the structure. The property owner shall provide the authority having
jurisdiction with complete written plans and drawings of any proposed structure, including all
measurements, construction, intended occupancy, and a description of contents.
7-3.2
The property owner or occupant shall notify, in writing, the authority having jurisdiction
before any changes are made in the contents of a structure or occupancy of a structure, other than
residential occupancies, that would materially affect the occupancy hazard classifi cation number
as specified in Section 3-2. The property owner or occupant shall provide the authority having
jurisdiction with a complete written report of contents or occupancy changes.
7-4 Smoke Detectors.
7-4.1*
Each family living unit shall be provided with smoke detectors as required in NFPA 72,
National Fire Alarm Code.
7-5 Changes in Automatic Sprinkler Protection.
7-5.1
The property owner or occupant shall notify the authority having jurisdiction in writing
whenever any alterations are made that cause any change to an automatic sprinkler system
covered in Section 5-7. The property owner or occupant shall provide the authority having
jurisdiction with a complete written report of alterations to any existing sprinkler system or of
installation of a new sprinkler system.
7-5.2*
The property owner or occupant shall promptly notify the authority having jurisdiction
whenever any automatic sprinkler system or other automatic suppression system or portion of
any system is shut off or is to be out of service for any reason.
7-6 Retention of Reports.
The fire department shall file all plans, reports, and surveys by street address and shall retain a
copy of all reports specified in this standard.
Chapter 8 Referenced Publications
8-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
8-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 13, Standard for the Installation of Sprinkler Systems, 1991 edition.
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NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and Two-Family
Dwellings and Mobile Homes, 1991 edition.
NFPA 13R, Standard for the Installation of Sprinklers Systems in Residential Occupancies Up
to and Including Four Stories in Height, 1991 edition.
NFPA 72, National Fire Alarm Code, 1993 edition.
NFPA 220, Standard on Types of Building Construction, 1992 edition.
NFPA 1141, Standard for Fire Protection in Planned Building Groups, 1990 edition.
NFPA 1903, Standard for Mobile Water Supply Fire Apparatus, 1991 edition.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-1
In some areas, water supply systems have been installed for domestic water purposes only.
These systems can be equipped with hydrants that might not be standard fire hydrants, with
available volume, pressure, and duration of flow being less than needed for adequate fire fighting
purposes. Where such conditions exist, this standard and appendix should be applied in water
supply matters.
A-2-1.1
Information needed to compute the minimum water supplies that should be collected during
the building survey includes:
(a) Area of all floors, including attics, basements, and crawl spaces.
(b) Height between floors or crawl spaces and in the attics from floor to ridgepole.
(c) Construction materials used in each building, including walls, floors, roofs, ceilings,
interior partitions, stairs, etc.
(d) Occupancy (occupancies) of buildings.
(e) Occupancy (occupancies) of yard areas.
(f) Exposures to buildings and yard storage and distances between them.
(g) Fire protection systems — automatic and manual protection systems, hydrants, yard mains,
and other protection facilities.
(h) On-premises water supplies, including natural and constructed sources of water.
A-3-1.4
In addition to the storage of products that are potentially hazardous from the standpoint of
increased fire load, farm properties present certain inherent dangers to the rural fire fighter that
are not contemplated by the urban fire fighter. Storage of products that are potentially hazardous
to fire fighters from the standpoint of increased fire volume, explosion, and toxicity exists at
most rural fire locations. These hazards include:
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(a) Bulk storage of petroleum fuels, more frequently fuel oil, but often gasoline and propane.
While some tanks are underground, many are aboveground and often located within 50 ft (15.2
m) of farm buildings.
(b) Many farmers use and store blasting agents such as dynamite, often extended with
ammonium nitrate (the latter of greater explosive impact per unit weight).
(c) Nearly all farms use and store different pesticides. Some of these chemical compounds give
off very toxic fumes while burning. Two compounds that are safe where used independent of
each other may be very hazardous to the fire fighter where mixed together in a fire situation.
(d) Localized problems also exist in corn growing areas; for example, anhydrous ammonia is
stored and used in large amounts during the early growing season.
The rural fire department needs to work with the farmer to reduce the fire and life potential
hazard of these products by storing them safely. However, fire fighters of the rural fire
departments should know the potential hazards presented by the products and the appropriate fire
fighting precautions to be taken. The department membership should be aware of the hazards
listed in (a) through (d) by means of the survey of the farm by the WSO or other inspector, and
appropriate measures should be taken to protect the membership of the department from
potential hazards.
A-3-2
The occupancy hazard classification number is a mathematical factor to be used in calculating
minimum water supplies. The lowest occupancy hazard classification number is 3 and is
assigned to the highest hazard group. The highest occupancy hazard classification number is 7
and is assigned to the lowest hazard group.
A-4-2
The construction classification number is a mathematical factor to be used in calculating
minimum water supplies. The “slowest burning” or lowest hazard type of construction,
fire-resistive, is construction classification number 0.5. The fastest burning or highest hazard
type of construction, wood frame, is construction classification number 1.5. All dwellings should
be assigned a construction classification number of 1.0 or lower where construction is
noncombustible or fire-resistive.
A-4-2.4
Due to cost savings, many Type III (ordinary) and Type V (wood frame) constructed buildings
can have wood trusses as a lightweight pre-engineered framing system used in the roof and
floors. As long as the integrity of all members of the unit is intact, the unit is a stable building
item. However, this might not be the case if one of the outer members is destroyed or damaged.
If this happens during a fire, the roof or floor supported by the unit can be weakened to the point
where it will be unsafe to support fire fighters.
Another weak point found in the lightweight pre-engineered truss during a fire is the joint
formed by metal gussets. The use of metal gussets has reduced the cost and increased production
of wood trusses; however, the metal gussets might not retain their strength and integrity where
exposed to heat or fire.
Therefore, during the survey of the buildings for water requirements, fire prevention, or prefire
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planning purposes, the fire department should be aware of such structural fire fighting hazards,
take appropriate steps to make all fire fighters aware of the condition, and plan alternate fire
tactics.
A-4-2.5
See A-4-2.4.
A-5-2.1 Single Structures Without Exposure Hazards.
Examples of calculating minimum water supply:
Residential:
Dwelling: 50 ft by 24 ft; 2 stories, 8 ft each; pitched roof, 8 ft from attic floor to ridgepole;
wood frame construction.
50 × 24 = 1200 (ft2)
Height = 8 + 8 + 4* = 20 (ft)
1200 × 20 = 24,000 (ft3)
Occupancy hazard classification number 7 (See 3-2.7.)
Construction classification number 1.0, frame dwelling (See 4-2.5.)
(24,000 ÷ 7) × 1.0 = 3429 gal
Minimum water supply = 3429 gal
For SI Units: 1 ft = 0.305 m; 1 ft2 = 0.092 m2; 1 ft3 = 0.028 m3; 1 gal = 3.785 L.
*For pitched roofs, calculate half the distance from attic floor to ridgepole.
If a structure is of occupancy hazard classification number 3 or 4, it is considered an exposure
hazard if within 50 ft, regardless of size. (See 5-3.1.) For a dwelling, the construction
classification number is no larger than 1.0.
Commercial:
Farm equipment shed: 125 ft × 100 ft; height 14 ft; 1 story; flat roof; noncombustible
construction.
125 × 100 = 12,500 (ft2)
Height = 14 (ft)
12,500 × 14 = 175,000 (ft3)
Occupancy hazard classification number 5 (See 3-2.5.)
Construction classification number 0.75 (See 4-2.3.)
(175,000 ÷ 5) × 0.75 = 26,250
Minimum water supply = 26,250 gal
For SI Units: 1 ft = 0.305 m; 1 ft2 = 0.092 m2; 1 ft3 = 0.028 m3; 1 gal = 3.785 L.
If a structure is of occupancy hazard classification number 3 or 4, it is considered an exposure
hazard if within 50 ft, regardless of size.
A-5-3.1 Single Structures with Exposure Hazards.
Examples of calculating minimum water supply:
Residential:
Dwelling 50 ft × 24 ft; 1 story, 8 ft high; pitched roof, 8 ft from attic floor to ridgepole; brick
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construction and exposed on one side by a frame dwelling with a separation of less than 50 ft and
with areas greater than 100 ft2.
50 × 24 = 1200 (ft2)
Height = 8 + 4* = 12 (ft)
1200 × 12 = 14,400 (ft3)
Occupancy hazard classification number 7 (See 3-2.7.)
Construction classification number 1.0, brick dwelling, (See 4-2.4.)
(14,400 ÷ 7) × 1.0 = 2057
Since the dwelling is exposed by a frame dwelling, multiply by the exposure factor of 1.5
2057 × 1.5 = 3086 Minimum water supply = 3086 gal
For SI Units: 1 ft = 0.305 m; 1 ft2 = 0.092 m2; 1 ft3 = 0.028 m3; 1 gal = 3.785 L.
*For pitched roofs, calculate half the distance from attic floor to ridgepole.
If a structure is of occupancy hazard classification number 3 or 4, it is considered an exposure
hazard if within 50 ft, regardless of size. For a dwelling, the construction classification number is
no larger than 1.0.
A-5-4.1 Multiple Structures — Single Water Point Without Exposure Hazards.
Example of calculating minimum water supply:
Assembly:
Church: 130 ft × 60 ft; height 25 ft to ridgepole (15 ft from ground to eaves, with pitched
ridgepole 10 ft above the eaves); brick construction with fire-resistive constructed office
building within 40 ft of church.
130 × 60 = 7800 (ft2)
Height = 15 + 10* = 20 ft
2
7800 × 20 = 156,000 (ft3)
Occupancy hazard classification number 6 (See 3-2.6.)
Construction classification number 1.0 (See 4-2.4.)
(156,000 ÷ 6) × 1.0 = 26,000
As church is exposed by a brick office building, multiply by the exposure factor of 1.5
26,000 × 1.5 = 39,000
Minimum water supply = 39,000 gal
*For pitched roofs, calculate half the distance from attic floor to ridgepole.
The fire-resistive office building:
Office building is 175 ft × 100 ft; 2 stories, each floor 10 ft; with a flat roof.
175 × 100 = 17,500 (ft2)
Height = 10 + 10 = 20 (ft)
17,500 × 20 = 350,000 (ft3)
Occupancy hazard classification number 7 (See 3-2.7.)
Construction classification 0.5 (See 4-2.2.)
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(350,000 ÷ 7) × 0.5 = 25,000
Minimum water supply = 25,000 gal
As this is a multiple structure location served from a single water point with the supply
computed from the structure having the larger water supply requirement, the church will control
the water supply requirement.
Water supply for church = 39,000 gal
Water supply for office = 25,000 gal
Therefore, the church has the larger water supply requirement.
Minimum water supply for these multiple structures = 39,000 gal
For SI Units: 1 ft = 0.305 m; 1 ft2 =0.092 m2; 1 ft3 = 0.028 m3; 1 gal = 3.785 L.
A-5-5.1 Multiple Structures — Single Water Point with Exposure Hazards.
Example of calculating minimum water supply:
A row of five dwellings, identical to the residential occupancy in A-5-2.1, except one has a
brick barn measuring 80 ft by 40 ft located 35 ft from the dwelling. The barn is larger than 100
ft2 in area and is closer than 50 ft to the dwelling. Therefore, the minimum water supply for this
dwelling (3429 gal) should be multiplied by 1.5 for the exposure.
3429 × 1.5 = 5144 gal
If the dwellings and barn are to be protected by the same water supply, as is likely, the water
supply should be calculated on the structure that requires the largest minimum water supply,
which is the barn in this case. Thus, if the barn has no hay storage and is 25 ft in height to the
pitched ridgepole, and the ridgepole is 10 ft above the eaves, the calculations would be as
follows:
80 × 40 = 3200 (ft2)
Height = 15 + 5* = 20 (ft)
3200 × 20 = 64,000 (ft3)
Occupancy hazard classification number 4, for the barn with no hay storage (See 3-2.4.)
Construction classification number is 1.0 (See 4-2.4.)
(64,000 ÷ 4) × 1.0 = 16,000
16,000 × 1.5 (for exposure hazard the dwelling) = 24,000
Minimum water supply = 24,000 gal
If a structure is of occupancy hazard classification number 3 or 4, it is considered an exposure
hazard if within 50 ft, regardless of size.
For SI Units: 1 ft = 0.305 m; 1 ft2 = 0.092 m2; 1 ft3 = 0.028 m3; 1 gal = 3.785 L.
*For pitched roofs, calculate half the distance from attic floor to ridgepole.
Farm equipment shed, identical to commercial occupancy in A-5-2.1, except with a one-story,
pitched-roof dwelling measuring 50 ft by 25 ft located 45 ft from the equipment shed. The
dwelling is larger than 100 ft2 in area and is closer than 50 ft to the equipment shed. Therefore,
the minimum water supply for the equipment shed (26,250 gal) is multiplied by 1.5.
26,250 × 1.5 = 39,375 (gal)
Minimum water supply = 39,375 gal
The total water supply for the dwelling is: 50 × 25 = 1250 (ft2)
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Height = 8 + 4 = 12 (ft)
1250 × 12 = 15,000 (ft3)
Occupancy hazard classification number 7 (See 3-2.7.)
Construction classification number 1.0 (See 4-2.5.)
(15,000 ÷ 7) × 1.0 = 2143 gal
For SI Units: 1 ft = 0.305 m; 1 ft2 = 0.092 m2; 1 ft3 = 0.028 m3; 1 gal = 3.785 L.
Since the equipment shed requires the larger minimum water supply, if these two buildings
were to be protected by the same water supply, that minimum water supply would be 39,375 gal.
If a structure is of occupancy hazard classification number 3 or 4, it is considered an exposure
hazard if within 50 ft, regardless of size. For a dwelling, the construction classification number is
no larger than 1.0.
A-5-6.1
The fire department having jurisdiction should consider the number of fire streams needed to
control a potential fire in such an occupancy, multiplying the estimated total application rate in
gpm by a liberal estimate of the time in minutes (60 minutes or more) necessary to control and
extinguish the fire. A review of appropriate NFPA standards is suggested, as properties having
special fire protection problems are beyond the scope of this standard on rural water supplies.
(See G-1 for additional information on fire flows.)
A-5-7.1
It is the intent of NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and
Two-Family Dwellings and Mobile Homes, and NFPA 13R, Standard for the Installation of
Sprinkler Systems in Residential Occupancies Up to and Including Four Stories in Height, to
provide additional life safety as the primary goal, with property protection as a secondary goal.
NFPA, federal agencies, and private organizations are united to provide the research and to
develop sprinkler protection for residential occupancies at a low cost. Researchers have
developed a new sprinkler head for the residential system that has a uniform discharge density
and quick response capabilities. The reports from those areas that have adopted NFPA 13D for
dwellings, apartments, mobile homes, hotels, and motels show promise.
A-5-7.1.1 The fire department should employ measures to supplement the sprinkler system to
ensure adequate water and pressure for efficient operation of the sprinklers and should use care
not to “rob” water from the supply for the sprinklers to supply hand lines. (See Appendix F.)
A-5-8
Other automatic suppression systems could include foam, carbon dioxide, dry chemical, etc.,
installed in part or in all of the structure.
A-6-4
Accessibility to water supplies should incorporate whatever features necessary to ensure the
ability for year-round travel, taking into consideration local climatic conditions and topography.
The state Department of Transportation (DOT), in most cases, can provide the fire department
with a computer printout showing safe load limits for bridges located within the boundaries of
any city, town, county, or fire district, etc. This information has proved invaluable to a number
of fire departments in checking bridges used to carry fire equipment. (See B-6 and B-7 for
further information on access to water supplies.)
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A-7-1.1
Where a subdivision or other “planned building group” is proposed, it should be in accordance
with NFPA 1141, Standard for Fire Protection in Planned Building Groups.
Fire and municipal officials having jurisdictional authority in areas where structures interface
with wildlands should establish and enforce protective measures in accordance with generally
accepted principles and applicable NFPA standards.
A-7-4.1
Smoke detectors work and are needed. In any given year, statistics reveal that well over 50
percent of all persons killed by fire die in residential fires. The encouraging news is that current
estimates indicate that smoke detectors are in approximately 75 percent of the nation’s homes.
(See NFPA 72, National Fire Alarm Code.) The primary concern of the standard is with life
protection, and many water-hauling fire departments have developed programs to promote the
installation, maintenance, and testing of smoke detectors as a first step in saving life and
property through early detection. Early detection of a fire will go a long way toward reducing the
water requirements needed for fire fighting purposes and reducing the water necessary for a
water-hauling fire department to transport.
A-7-5.2
When the fire department is advised of a sprinkler system impairment, every effort should be
made to restore the protection to service as quickly as possible. In some cases, the property
owner might be able to provide a makeshift arrangement or to secure a part that will enable the
restoration of the system, either completely or with only a very small number of sprinkler heads
out of service during restoration.
Appendix B Water Supply
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
The following numbering system is not intended to correlate with the standard.
B-1 Water Supply.
B-1.1 General.
The fire fighter operating without a water system with hydrants (or with a very limited number
of hydrants) has two means of getting water: (1) from supplies on the fireground, which may be
constructed or natural, or (2) from supplies transported to the scene. This appendix discusses the
variety and potential of these sources.
B-1.2 Water Supply Officer (WSO).
Many progressive rural fire departments depend on a WSO. The work of a properly trained
and equipped WSO makes it possible for the officer supervising the actual fire attack to plan it
on the basis of reliable water supply information, to coordinate the attack with the available
water supplies, and to help prevent the confusion inherent in fighting a major fire when the chief
officer at the scene must divert too much personal attention from the attack to the logistics of
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backing it up.
B-1.2.1 Duties of Water Supply Officer (WSO). The officer is designated to provide sufficient
water at the fire site, to plan availability of additional water sources, and to determine water
requirements at the various locations over the district. The WSO should maintain and even carry
a complete set of files, which should include cards showing water points and lists of automatic
and mutual aid mobile water supply apparatus available. Modern technology in optics and
computers makes it feasible for even a relatively low-budget department to reduce this data to
microfiche or photographic slides, which can be maintained in the fire alarm communication
center and taken to the scene of every fire and used on small, even hand-held, viewers. The WSO
is, basically, the individual who implements the water supply prefire planning.
As the WSO visits neighboring fire departments, a list of all apparatus, equipment, and
personnel available to the officer’s department should be developed. At this time, arrangements
can be developed where certain apparatus and personnel will respond under an automatic aid
agreement (first alarm response) or a mutual aid agreement (called as needed), depending on the
needs of the department. These needs will be dictated, of course, by the nature of the structure(s)
involved.
B-1.2.2 Duties at Fire. At the fire scene, the WSO becomes the rural equivalent of the water
department representative who responds to major municipal fires. The WSO’s duty to maintain
continuous fire streams in rural areas is frequently a very complicated task involving setting up
several water hauling facilities, assembling water-carrying equipment of automatic and mutual
aid departments, calculating estimated arrival times of mobile water supply apparatus, and
having a thorough knowledge of available water supplies throughout a wide area of fire
department jurisdiction.
B-1.2.3 Communication Coordination. In water supply operations, efficient radio
communication is absolutely necessary. To develop and sustain large fire flow requires the use
of several water sources as well as several drop tanks where water may be dumped. Therefore,
good radio communication is necessary in readily directing mobile water supplies so that time is
not lost at the fill and the dump points. To obtain this level of mobile water supplies efficiency, a
radio frequency separate from that used for the fire ground operations needs to be assigned to the
WSO and the water supply site and the mobile water supply apparatus. The WSO also needs to
have efficient communication with the incident commander.
B-1.2.4 Duties Before the Fire. Before the fire, the WSO participates in the prefire planning and
in calculating the fire flow requirements for the various buildings in the area under the
department’s jurisdiction.
To satisfy these water requirements, the WSO should survey the district and the surrounding
areas for available water for fire fighting purposes. Water supplies might exist on the property to
be protected or might need to be transported. The WSO should develop preplans and see that the
fire department is kept aware of all the water supplies available to the entire area. This means
close coordination between the WSO and the fire department training officer and assistance in
joint water supply training sessions with neighboring fire departments. The WSO should make
periodic inspections of all water supplies and structural changes in the department’s jurisdiction.
The WSO or designee must meet with property owners and secure their permission to use the
water supply (see B-1.2.6), to develop an all-weather road to the supply (see B-6) and to install
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dry hydrants (see B-5). The installation of roads to or dry hydrants in navigable water or
wetlands might require a permit from appropriate local, state, or national agencies. Fire
departments should contact these groups early in the planning process to avoid violations of the
law.
If called upon, the WSO should be available to consult with the owner in the design of a water
source on a property to be protected.
B-1.2.5 Water Source Cards. A recommended practice is to prepare individual water source
cards for each water point. This is a job that lends itself ideally to computers. There may be one
or more water source applicable to a given potential fireground. In addition to the computer, the
water sources should be noted on a master grid map of the area. Thus, the grid map will show the
index location of water source cards on which pertinent data will be noted. This data should
include type of source (stream, cistern, domestic system, etc.), point of access [100 ft (30.5 m)
north of barn, etc.], gallons available [flows minimum 250 gpm (946 L/min), 10,000 gal (37,850
L) storage, etc.], and any particular problem such as weather condition or seasonal fluctuations
that can make a source unusable. It is good practice to attach a photograph of the water point to
the card. Also, it is advisable to note an alternate source.
These water source cards should be used as the basis of regular inspections to make sure the
source continues to be available and to note any improvement or deterioration of its usefulness.
A program to develop additional sources as needed, including water sources for new
construction as it evolves, should be an ongoing program in an alert organization.
B-1.2.6 Water Usage Agreement. The WSO should make arrangements with the owner of
water supplies before a fire develops. Such agreements should be made in writing in close
cooperation with the municipal, town, or county attorney. Also, it is highly desirable that the
agreement be reviewed by a representative of the highway or the county road department or
other persons who will build, service, and maintain the access road to the supply, including such
functions as snow plowing in certain areas of the country. The property owner also should have a
copy of the agreement that has been used by several fire departments with the approval of their
county or town attorney. (See sample water usage agreement.)
Sample
Water Usage Agreement
I, We the undersigned owner(s) of a lake or pond located at __________________________
do hereby grant the Anytown Fire Department permission to erect and maintain, at its expense, a
dry hydrant and access roadway to said lake or pond to be utilized for emergency fire
suppression purposes.
All other uses of said pond or lake shall be after notification and permission of the owners. The
Anytown Fire Department shall be responsible for any and all damages to property resulting
from fire department exercises.
This contract can be cancelled at any time by written notice thirty days in advance to the
Anytown Fire Department located at Scott and College Road, Anytown, U.S.A.
________________________________
__________________________________
Owner
Date
President
Anytown Fire
Department
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________________________________
Owner
Date

__________________________________
Secretary
Anytown Fire
Department
__________________________________
Chief
Anytown Fire
Department

B-1.2.7 Water Map. Each WSO should maintain a map showing the location and amount of
water available at each water site. A copy of this map should be located in the fire alarm
dispatcher’s headquarters where such an alarm facility is available and should be carried on at
least one pumper and the chief’s car and by the WSO. Any problems that are encountered at the
supply should be recorded.
B-1.2.8 Inspection of Water Supplies. It is the responsibility of the WSO to make inspections
of all water sources available as often as conditions warrant and to note any changes in the
facilities. This is particularly true during adverse weather conditions, such as droughts, very wet
periods, heavy freezing, and following snowstorms.
B-1.2.9 Reliability of an Impounded Supply. For an impounded supply, cistern, tank, or
storage facility, the quantity of water to be considered available is the minimum available [at not
over 15-ft (4.6-m) lift] during a drought with an average 50-year frequency (certified by a
registered professional engineer). The maximum rate of flow is determined by testing, using the
pumper(s), hose arrangement, and dry hydrant normally used at the site.
B-1.2.10 Reliability of a Flowing Stream. For a supply from a flowing stream, the quantity to
be considered available is the minimum rate of flow during a drought with an average 50-year
frequency (certified by a registered professional engineer). The maximum rate of flow is
determined by testing using the pumper(s), hose arrangement, and dry hydrant normally used at
this site.
B-1.2.11 Sign. The WSO should ensure that an appropriate sign is erected at each water point
identifying the site for fire department emergency use and including the name, or a number, for
the water supply. Letters and numbers should be at least 3 in. (76 mm) high, with a 1/2-in.
(13-mm) stroke and reflective.
B-1.2.12 Water Operations. The WSO and the training officer, in conjunction with the fire
chief, should develop standard operating procedures for hauling water to fires. The standard
operating procedures should be put in motion for all structural fires; however, they can be
discontinued after the officer in charge has evaluated the fire and determined that water hauling
capabilities will not be needed.
B-2 First-Aid Fire Protection Using On-Site Water Systems.
B-2.1 General.
The individual domestic water supply system provided in many rural homes and business
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establishments, if properly equipped and maintained, is an effective “first-aid fire extinguisher.”
For large establishments, an elevated water storage tank or reservoir connected to hydrants and
standpipes could provide substantial fire streams as well.
B-2.2 Domestic Water Systems.
In order for domestic (farm) water systems to provide some degree of reliability in case of fire,
the pump or pumps should be placed in a fire-resistive location. The electric power supply
should have the maximum protection from deenergization by fire or other cause. In some cases,
standby power and pumps can be justified.
B-2.3 Delivery of First-Aid Fire Protection.
For first-aid fire protection to be effective, every portion of the dwelling and outlying
buildings should be within reach of a hose stream. This might require some additional pipelines
beyond those needed for other purposes. A garden hose long enough to reach any point in a
structure is often valuable for fire fighting use. Care should be taken so that water is drained
from hose or pipes that could be subject to freezing weather.
B-2.4 In-Depth Fire Protection.
To provide for in-depth fire protection, three types of water supplies might be needed: (1)
first-aid via the domestic water system; (2) a bulk water supply at the property, which may be a
stream, pond, elevated tank, ground-level tanks, or cistern; or (3) an area system of static water
supplies with drafting points and means for transporting the water to the fire site. Alternative
power supplies should be considered.
B-3 Natural Water Sources.
B-3.1 Streams.
Streams, including rivers, bays, creeks, and irrigation canals, can represent a continuously
flowing source of substantial capacity. Where considering water from flowing streams as
potential water sources, the fire department should consider the following factors:
(a) Flowing Capacity. The stream should deliver water in capacities compatible with those
outlined in the water requirements of this standard. (See Chapter 5.)
(b) Climatic Characteristics. Streams that deliver water throughout the year and are not
susceptible to drought are desirable for fire protection. However, where such streams are not
available, a combination of supplies might be necessary. In many sections of the country,
streams cannot be relied on during drought seasons. If the stream is subject to flooding or
freezing, special evolutions might be necessary to make the stream usable under such conditions.
Similar circumstances might exist during wet periods or when the ground is covered with snow.
(c) Accessibility. A river or other source of water might not be accessible to the fire department
for use during a fire. Distance and terrain from the all-weather road to the source should be such
as to make the water readily available. In some cases, special equipment should be used to obtain
the water. (See B-6 and Appendix E, Portable Pumps.) Where roadways are provided to the
water supply, they should be constructed in accordance with B-6.2.
(d) Calculating Flow of a Stream. A simple method for estimating the flow of water in a creek
is to measure the width and depth of the creek.
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Drop a cork or any light floating object into the water, and determine the time it takes the cork
to travel 10 ft (3.1 m). To obtain complete accuracy, the sides of the creek should be
perpendicular, the bottom flat, and the floating object should not be affected by the wind. Where
the sides and bottom of the stream are not uniform, the width and depth can be averaged.
Example: A creek that is 4 ft (1.2 m) wide and 6 in. (15.2 cm) deep. The flow of water is such
that it takes 45 seconds for a cork to travel 1 ft (0.3 m). Therefore:
W × D × TD = cubic feet ft3 (m3) of water
where:
W = width = 4 ft (1.2 m)
D = depth = 6 in. (15.2 cm) = 1/2 ft (0.15 m)
TD = travel distance = 10 ft (3.1 m)
T = time in seconds = 45 sec
0.00223 ft3/sec = 1 gal
4 (1.2 m) × 1/2 (0.15 m) × 10 (3.1 m) = 20 ft3 (0.56 m3) of water
The cork takes 45 seconds to flow the 10-ft (3.1-m) distance.
ft3 of water/time = ft3/sec (m3 water/time = m3/sec)
20/45 = 0.444 ft3 of water/sec (0.558/45 = 0.0124 m3 water/sec)
0.444/0.00223 = 199 gpm flowing in the creek (0.0124/0.00223 = 5.56 L/min).
For assistance in more accurately determining stream flow, contact the state Department of
Natural Resources, Soil Conservative Service, or county agent.
B-3.2 Ponds.
Ponds can include lakes or farm ponds used for watering livestock, irrigation, fish culture,
recreation, or other purposes while serving a secondary function for fire protection. Valuable
information concerning the design of ponds can be obtained from county agricultural agents,
cooperative extension offices, county engineers, etc. Most of the factors listed in B-3.1 relative
to streams are pertinent to ponds, with the following items to be considered:
(a) Minimum annual level should be adequate to meet water supply needs of the fire problem
the pond serves.
(b) Freezing of a stationary water supply, contrasted with the flowing stream, presents a
greater problem.
(c) Silt and debris can accumulate in a pond or lake, reducing its actual capacity, while its
surface area and level remain constant. This can provide a deceptive impression of capacity and
calls for at least seasonal inspections.
(d) Accessibility should always be considered. Many recreational lakes are provided with
access by roads, driveways, and boat launching ramps and are available for fire department use.
Some large lakes, formed by a dam on a river, might have been constructed for such purposes as
to generate power, for flood control, or to regulate the flow of a river. During certain periods of
the year (droughts, drawdowns, etc.), such bodies of water can have very low water levels. The
water under such conditions might not be accessible to the fire department for drafting by the fire
department pumping unit, even where a paved road, for boat launching, has been provided and
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extended into the water at normal water levels for several feet or meters. Under such conditions,
other provisions should be made to make the water supply fully accessible to the fire department.
B-3.3 Other Natural Sources.
These might include springs and artesian wells. Individual springs and occasional artesian
water supplies exist in some areas and, again, while generally of more limited capacity, can be
useful for water supply, subject to reasonable application of the factors listed for ponds and
streams. In many cases, it might be necessary to form a temporary natural pool or form a pond
with a salvage cover, for example, to collect water for the use of the fire department where using
a spring or an artesian well.
B-4 Developed Sources of Water.
B-4.1 General.
The developed sources of water supplies adapted for fire fighting are limited only to the
innovative nature of the fire department. They range from cisterns, swimming pools, quarries,
mines, automatic sprinkler system supplies, stationary tanks, driven wells, and dry hydrants, to
situations where fire fighters have drafted water out of the basement of a burning building into
which it was pumped only minutes before to fight the fire.
B-4.2 Cisterns.
Cisterns are one of the oldest sources of emergency water supply, both for fire fighting and
drought storage. They are very important sources of water for fire fighting, domestic
consumption, and drought storage in many rural and beach areas.
Cisterns should have a minimum usable volume as determined by the authority having
jurisdiction, using the methods described in Chapter 5 of this standard, and there is no real limit
to the maximum capacity. A cistern should be accessible to the fire apparatus or other pumping
device but should be located far enough from the hazard that personnel and equipment are not
endangered.
The water level of a cistern can be maintained by rainfall, water pumped from a well, water
hauled by a mobile water supply, or by the seasonal high water of a stream or river. The cistern
can present a freezing problem since its surface is often relatively inaccessible and the water is
stagnant. One method for minimizing freezing is to use a dry hydrant protruding into the water at
a point below the local frost line.
Cisterns should be capped for safety, but they should have openings to permit inspections and
use of suction hose when needed. [See Figures B-4.6(e), B-4.6(f), and B-4.6(g).]
B-4.3 Protection from Freezing.
If a dry hydrant is not installed in a cistern, then, depending on local conditions, a heavy pipe
or a pike pole can be adequate to break an ice formation. In fact, the weight of the suction hose
itself can be sufficient, provided there is no danger of damaging the strainer, the hose, or hose
threads.
There are several methods of providing an ice-free surface area in a cistern or other water
source. These include, but are not limited to:
(a) Floating a log or a bale of hay or straw, etc., on the surface of the water.
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(b) Placing a partly filled, floating barrel on the surface of the water.
B-4.4 Guide to Cistern Capacity.
A ready guide to the capacity of cisterns with vertical sides is provided in Table B-4.7.
B-4.5 Construction of Cisterns.
Construction of cisterns is governed by local conditions of soil and material availability.
Practical information can be obtained from local governmental departments or agricultural
agencies.
Some engineering considerations to be used in designing cisterns include:
(a) Base, walls, and roof should be designed for the prevailing soil conditions and for the loads
encountered where heavy vehicles are parked adjacent.
(b) If groundwater conditions are high, the cistern should not float when empty.
(c) Suction piping should be designed to minimize whirlpooling.
(d) Vent piping should be of sufficient size.
Maintenance factors to be considered by the fire department include the danger of silting,
evaporation or other low water conditions, and the freezing problems previously discussed.
B-4.6 Cistern Specifications.
Some governing bodies, where water systems are not available and water for water-hauling
fire departments is inadequate, require developers to provide cisterns with all subdivisions that
are constructed. As each cistern can provide fire protection for a number of buildings, the
necessary capacity is rather large and represents a substantial investment. The following are
specifications for cistern design and construction used by one governing body. [See Figures
B-4.6(a) through (h).]
1. Cisterns should be located no more than 2200 feet (671 m) truck travel distance from the
nearest lot line of the furthermost lot.
2. The design of a cistern should be trouble-free and last a lifetime.
3. The cistern capacity should be 30,000 gallons (113 550 L) minimum, available through the
suction piping system.
4. The suction piping system should be capable of delivering 1000 gpm (3800 L/min) for three
quarters of the cistern capacity.
5. The design of the cistern should be submitted to the authority having jurisdiction for
approval prior to construction. All plans should be signed by an acceptable registered
professional engineer.
6. The entire cistern should be rated for highway loading, unless specifically exempted by the
authority having jurisdiction.
7. All drawings are for estimating purposes only and are not intended for use as design.
8. Each cistern should be sited to the particular location by a registered engineer and approved
by the authority having jurisdiction.
9. Cast-in-place concrete should achieve a 28-day strength of 3000 psig (20 700 kPag). It
should be placed with a minimum of 4-in. (10.2-cm) slump and vibrated in a professional
manner.
10. The concrete should be mixed, placed, and cured without the use of calcium chloride.
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Winter placement and curing should follow the accepted American Concrete Institute (ACI)
codes.
11. All suction and fill piping should be American Society for Testing and Materials (ASTM)
Schedule 40 steel. All vent piping should be ASTM Schedule 40 PVC with glued joints.
12. All PVC piping should have glued joints.
13. The 8 in. × 5 in. (20.3 cm × 12.7 cm) eccentric reducer is available from suppliers.
14. The final suction connection should be a minimum of 41/2 in. (11.4 cm). It should be
capped.
15. The filler pipe siamese should have 21/2-in. (64-mm) National Standard female threads
with plastic caps.
16. The entire cistern should be completed and inspected before any backfilling is done.
17. All backfill material should be screened gravel with no stones larger than 11/2 in. (38 mm)
and should be compacted to 95 percent ASTM 1557.
18. Bedding for the cistern should consist of a minimum of 12 in. of 3/4-in. to 11/2-in. crushed,
washed stone, compacted. No fill should be used under stone.
19. Filler pipe siamese should be 36 in. (91.4 cm) above final backfill grade.
20. Suction pipe connection should be 20 in. to 24 in. (51 cm to 61 cm) above the level of the
gravel where vehicle wheels will be located when cistern is in use.
21. Suction pipe should be supported either to top of tank or to a level below frost.
22. Base should be designed so that cistern will not float when empty.
23. Perimeter of tank at floor/wall joint should be sealed with 8-in. (20.3-cm) PVC waterstop.
24. After backfilling, tank should be protected by fencing or large stones.
25. Backfill over the tank should be:
(a) 4 ft (1.2 m) of fill; or
(b) The top and highest 2 ft (0.6 m) of sides of cistern should be insulated with
vermin-resistant foam insulation, and 2 ft (0.6 m) of fill.
(c) All backfill should extend 10 ft (3.1 m) beyond the edge of the cistern, and then have a
maximum 3:1 slope, loamed and seeded.
26. Bottom of suction pipe to pumper connection should not exceed 14 ft (4.25 m) vertical
distance.
27. Pitch of shoulder and vehicle pad from edge of pavement to pumper suction connection
should be 1 to 6 percent downgrade.
28. Shoulder and vehicle pad should be of sufficient length to permit convenient access to
suction connection when pumper is set at 45 degrees to road.
29. All construction, backfill, and grading material should be in accordance with proper
construction practices and acceptable to the authority having jurisdiction.
30. All horizontal suction piping should slope slightly uphill toward pumper connection.
31. Installer is responsible for completely filling cistern until accepted by the authority having
jurisdiction.
(Specifications furnished by the New Boston Fire Department, New Boston, NH.)
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Figure B-4.6(a) Cistern site.

Figure B-4.6(b) Cistern.

Figure B-4.6(c) Detail A — vent pipe.

Copyright 1996 NFPA

Figure B-4.6(d) Detail B — fill pipe.

Figure B-4.6(e) Detail C — manhole.

Figure B-4.6(f) Detail D — upper suction pipe.
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Figure B-4.6(g) Detail E — lower suction pipe.

Figure B-4.6(h) Typical well (cistern) with dry hydrant installed. Same design suitable for cistern if bottom of
casing is not perforated. For usable water depth, see B-4.7 warning.

B-4.7 Guide to Circular Cistern Capacity.
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A ready guide to the capacity of cisterns with vertical sides is provided in Table B-4.7.
Table B-4.7 Cistern Storage Capacity
Inside Diameter in Feet

Storage Capacity per Foot of Depth

6 (1.8 m)

212 gal ( 802 L)

7 (2.1 m)

288 gal (1090 L)

8 (2.4 m)

376 gal (1423 L)

9 (2.7 m)

476 gal (1801 L)

10 (3.0 m)

588 gal (2226 L)

For SI units: 1 ft3 = 7.48 gal of water; 1 ft3 = 0.02832 m3.

A formula for calculating the storage capacity of a rectangular cistern is the same as the
formula for “pool capacity.” (See B-4.8.2.)
WARNING: Reference is made to water depths in cisterns, swimming pools, streams, lakes,
and other sources in a number of places in this appendix. It should always be remembered that
the depth with which the fire fighter is concerned is the usable depth. In a cistern, a bottom bed
of gravel protecting a dry hydrant inlet, for instance, reduces the usable depth of the area above
the gravel.
B-4.8 Swimming Pools.
Swimming pools are an increasingly common source of water for fire protection. Even in some
areas with normally adequate hydrant water supplies, they have been a factor in providing
protection, such as in cases in which water demands have exceeded availability because of
wildfire disasters, etc. They provide an advantage in that they are sources of clean water, but
have major drawbacks due to the weight of fire department vehicles and poor accessibility for
large apparatus. There are some areas of the country in which swimming pool distribution is
better than hydrant distribution. If the WSO intends to use a swimming pool as a supply of water,
it is a good practice to develop these water sources through working with property owners and
preplanning.
B-4.8.1 Pool Accessibility. If fire department accessibility is considered with the design of the
pool, a usable water supply should be available to the fire department for supplying direct hose
lines or a source of water for mobile water supply filling. Most swimming pools are built in areas
requiring security fencing or walls, and these can complicate accessibility. Fences and walls can
be designed for fire department use or, depending on construction, can be entered forcibly. In
most cases, a solution to the problems of accessibility can be achieved through preplanning and
might call for long lengths of suction hose, portable pumps, dry hydrants, syphon ejectors, or
properly spaced gates. Portable (or floating) pumps designed for large volume delivery at limited
pressures deliver water to portable folding tanks or fire department pumpers and are frequently
ideal where accessibility problems exist. (See E-1.2.6.)
A swimming pool located virtually under the eaves of a burning house can be a very poor
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location from which to pump if there are problems of fire exposure to the work area, etc.
Pumping from a neighboring pool, if it is close enough, or setting the water-hauling program in
motion is frequently preferable to pumping from the pool of the burning house. (See Figure
B-4.8.1.)

Figure B-4.8.1 Pool accessibility. Where plans are made before a fire, it might not take elaborate preparation
to use a swimming pool as a water supply.

B-4.8.2 Pool Capacity. A short-form method of estimating pool capacity is:
L × W × D × 7.5 gal (1000 L) = estimated capacity in gallons (litres).
where:
L = length in feet (m).
W = width in feet (m).
D = estimated average depth in feet, from water line in feet (m).
NOTE: These dimensions should be estimated or rounded off if pool is of stylized construction. 1 ft3 water =
7.5 gal (1 m3 = 1000 L)

Consideration should be given for providing more suction hose on fire apparatus responding in
areas dependent on swimming pools. Fast rigging of such suction hose demands special training.
Using long lengths of hose over walls and other obstacles typical of swimming pools demands
techniques other than those used for drafting from ponds or streams. Adequate prefire planning
requires knowledge of individual pools so that the method of obtaining water at the property is
known. Lightweight or flexible-type suction hose can be advantageous for this purpose.
B-4.8.3 Care in Use of Pools. Care must be exercised to be sure structural damage will not be
done to a pool and the surrounding area if the water is used for fire fighting. Lightly built
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cement, Gunite®, or poured concrete pools can present danger of structural damage, cracking, or
collapse when drained. There is a further possibility that a pool in extremely wet soil will tend to
float upwards when drained; therefore, it may be necessary to refill the pool as soon as the fire is
under control and mobile water supply apparatus can be released from fire duties.
Some pools are compacted earth covered by a plastic surfacing or light-gauge metal panels
placed against such earth or a special fill. Such pools can collapse internally if emptied. It might
be possible to use a limited portion of such water sources but not possible to use the entire depth
apparently available. It might be prudent not to use these pools at all.
Another consideration is whether the ground surrounding a pool will support the weight of a
fire department vehicle without collapsing. The WSO should study and know the various pool
limitations within the area served by consulting with the builders and installers of these pools.
B-4.9 Livestock Watering Ponds and Tanks.
Many farms have livestock water tanks and other similar facilities. If the owner is aware of the
water needs for the farm’s buildings for fire fighting purposes, such tanks and ponds should be
so sized as to be adequate in volume for both farm and fire department use and so located as to
be readily available to the fire department. Tanks should be placed on the edge of the barnyard
and on a side accessible to the fire department, with the pumper or pump taking suction through
a connection on the tank or by suction hose. These watering tanks and ponds are often filled and
maintained full by a pump operated by a windmill or by an electric pump.
Where a well fitted with an electric pump is used for irrigation or industrial use, the fuses can
be pulled for periods of time when the farmer or plant does not need the water supply. Therefore,
the fire department should carry fuses for all of the pumps in the district, and provisions should
be made for an electrician or a power company employee or individual knowledgeable of pumps
to respond on all alarms of fire.
B-4.10 Sprinkler Systems.
In some rural areas, the only large water supply might be storage provided for use of a
sprinklered building. The supply might be from an underground water distribution system, a
pond or suction tank with pumps, an elevated tank, or a combination of these. In many cases,
preplan arrangements can be made to use the water. This is particularly true if the property
owner is contacted before installation of sprinkler protection, as it might be necessary to increase
the capacity of the storage or to install a hydrant that is accessible to the fire department and
connected to the private yard distribution system.
Extreme care should be exercised in the use of water supplies provided for sprinkler
protection. A certain amount of water should be retained in these systems for minimum sprinkler
protection. A careful study and preplan should be made to determine such use.
Some states and municipalities might have special ordinances requiring sprinkler protection
for certain properties such as nursing homes. Frequently, the water supplies for these systems are
minimal and are from pressure tanks of limited capacity. Where this is the case, it is suggested
that the fire department not consider such supplies in their planning, as the rural fire department
should take care that it does not disrupt the protection at such a property. (See Appendix F for
additional information on sprinkler systems.)
B-4.11 Driven Wells.
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Wells and well systems are becoming increasingly popular as water supplies for fire fighting
purposes at industrial properties, shopping centers, subdivisions, and farm houses located in rural
areas beyond the reach of a municipal water distribution system.
In areas with suitable soil conditions, for instance, those of a very sandy nature, it might be
possible to use driven wells or water jetted wells to obtain water for fire fighting. These wells
are, in essence, pipes, usually with perforations about the base to permit entry of water, driven
into the ground. From the threaded pipe head (or a fitting attached to the body of the pipe) a
pump connection can be made to draft water much as from a well hydrant. A high water table is
a prerequisite to using this method. Fire fighting units in areas conducive to this technique
should have the necessary equipment for such installations.
Some states and local governments have regulations or licensing requirements in order to
construct a well. Such restriction will probably increase in the future.
B-5 Dry Fire Hydrants.
B-5.1 General.
As the installation of rural dry fire hydrants using constructed or natural water sources
increases, an understanding of the planning, permitting, design criteria, and construction
processes becomes evident. A strategically placed rural dry fire hydrant system, with all-weather
road access, significantly reduces water point set-up time and turnaround time to the fireground,
improves the life safety of the fire fighter, and can reduce insurance costs. [See Figure B-5.1(a).]
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Figure B-5.1(a) Dry hydrant.

B-5.2 Planning and Permits.
The planning, permitting, and design processes should be completed before the actual
construction can begin. Planning should involve all affected agencies and private concerns so a
coordinated effort can be undertaken. Some factors to consider in determining the need and
locations for a dry fire hydrant system are:
(a) Current and future population and building trends.
(b) Property values protected.
(c) Potential for loss.
(d) Fire history of the area protected.
(e) Current water supply systems.
(f) Potential water supply sources — constructed or natural.
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(g) Cost of project.
(h) Other factors of local concern.
B-5.2.1 Permits. Permits to install a dry fire hydrant should be obtained from the authorities
having jurisdiction, which can include local, state, and federal agencies, such as zoning, water
authority, environmental protection, resource departments, agriculture and conservation districts,
among others.
B-5.3 Dry Fire Hydrant Design.
Local topography, climatic conditions, and access to materials will, among other factors,
determine the design characteristics of each installation. Distance to the water combined with the
difference in elevation between the hydrant head and the water source, and the desired gpm
(L/min) flow, will affect the pipe size that needs to be used. All installations should be a
minimum of 6-in. (15.2-cm) pipe. With longer lateral runs and higher volume gpm (L/min) flow,
8-in. or 10-in. (20.3-cm or 25.4-cm) pipe sizes can become necessary. Local preferences and
experience, along with access to materials, will determine the type of pipe and fittings best suited
for the job. In some parts of the country, brass and bronze caps and steamer connections, along
with iron, steel, and bituminous cement pipe and fittings are being used for hydrant materials.
[See Figure B-5.3(a).] However, in many parts of the country, schedule 40 or 80 PVC pipe,
fittings, and connections are becoming more common. [See Figure B-5.3(b).] Many fire service
manufacturers are now offering premade and preassembled PVC suction screens, hydrant heads,
and supports that come ready to attach to the pipe. [See Figure B-5.3(b).] Steamers should be fire
department’s hard suction hose size and thread type.

Figure B-5.3(a) Dry fire hydrant construction using iron, steel, or PVC pipe.

Copyright 1996 NFPA

Figure B-5.3(b) Commercially available dry fire hydrant components. (Courtesy of Wisconsin Dept. Natural
Resources)

B-5.3.1 Design Criteria. The design of dry fire hydrant installations has been carefully planned
to incorporate several desirable advantages that tend to bring the installation of the PVC dry fire
hydrants within the personnel and financial resources of a large number of rural fire departments
or property owners. The design criteria are listed here to simplify the understanding of the design
of the dry fire hydrant.
Design Criteria for Dry Hydrants.
(a) It is recommended that all dry hydrants be constructed of 6-in. (15.2-cm) or larger pipe and
fittings.
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(b) Only schedule 40 or heavier PVC should be used in PVC systems.
(c) All exposed PVC or metal surfaces and all underground metal surfaces should be primed
and painted to prevent deterioration of the material.
(d) A minimum number of 90-degree elbows, preferably no more than two, are suggested to be
used in the total system. It might be desirable to have a wide-sweep elbow installed at the bottom
of the riser where the lateral run connects. In the event of a broken-off hydrant connection, this
could permit sections of 21/2-in. (64-mm) suction hose to be inserted down the 6-in. (15.2-cm)
pipe to the water and would permit drafting to continue, although at a much reduced rate of flow.
A wide-sweep elbow can be constructed using two 45-degree elbows and a 2-ft (0.6-m) length of
pipe.
(e) All connections should be clean and the appropriate sealing materials used according to
manufacturer’s specifications so as to ensure all joints are airtight.
(f) Strainers or screens can be handmade by drilling 1000, 5/16-in. (8-mm) holes in length of
pipe and capping the end with a removable or hinged cover. Remember to leave a solid strip of
pipe approximately 4 in. to 5 in. (10.2 cm to 12.7 cm) wide along one side to act as a baffle to
prevent whirlpooling during periods of low water.
(g) In areas where frost is a problem, the design should ensure that no frost will ever reach the
water in the pipe. There are two ways to accomplish this: (1) bury the pipe below the frost line
and mound up the soil over the pipe and around the rise; or (2) place an insulating barrier, such
as styrofoam, between the pipe and the surface to prevent the frost from reaching the water in the
pipe. Placement of the suction screen in the body of water should be deep enough to ensure that
ice will not reach the screen. In such cases, divers might be needed to assist in proper screen
placement.
(h) Thrust blocks should be considered at the elbow joint both to resist hydraulic forces and to
steady the installation in unstable soils.
B-5.3.2 Useful Depth of Water Sources. Careful note should be made of the fact that
installation of dry fire hydrants, as noted in B-5, calls for care in measuring water storage
capacities. The useful depth of a lake with a dry fire hydrant installation, for instance, is from the
minimum foreseeable low-water surface level to the top of the suction strainer, not to the bottom
of the lake, and must be not less than 2 ft (0.6 m) of water. This becomes a very important point
where hydrants are installed on a body of water affected by tide or on a lake that is lowered to
maintain the flow of a river during drought conditions, to generate power, or that freezes over.
Pump suction requires a submergence below the water surface of 2 ft (0.6 m) or more, depending
on the rate of pumping, to prevent the formation of a vortex or whirlpool. Baffle and antiswirl
plates should be added to minimize vortex problems and allow additional water use. The vortex
allows air to enter the pump, which can cause the loss of the pump prime. Therefore, pumping
rates should be adjusted as the water level is lowered. This factor should be considered by the
water control officer when estimating the effective rate at which water can be drawn from all
suction supplies.
B-5.3.3 Design Worksheet and Charts for PVC Dry Fire Hydrant Installations. The
following worksheet (see Figure B-5.3.3) and charts [see Figures B-5.3.3(a), (b), (c)] can be
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used to assist in the design of a dry fire hydrant installation. These charts will help determine the
size of pipe and fittings that will be needed to flow the capacity of the pumps being used at the
hydrant site. The charts are for PVC pipe. Charts are available for other types of pipe material.
Some factors to consider in designing the dry fire hydrant are:
(a) Static lift should not exceed 10 ft to 12 ft (3.1 m to 3.7 m), if possible. This is dead lift and
cannot be overcome by enlarging the pipe size. Keep the static lift as low as possible.
(b) Total head loss should not exceed 20 ft (6.1 m), or the pump might not supply its rated gpm
(L/min). If using portable pumps on the dry fire hydrant, keep total head loss as low as possible.
How to use the charts:
(a) Add the total length of straight pipe to be used at the site (screen + lateral run + riser =
STRAIGHT PIPE). Write this down on the design worksheet at step 1.
(b) Using Figure B-5.3.3(a), add up the number of feet of straight pipe equivalent for all
fittings used to make up the hydrant (elbows + hydrant adapter + any reducers = STRAIGHT
PIPE EQUIVALENT FOR FITTINGS). Write this down on the design worksheet at step 2.
(c) Add the numbers from step 1 and step 2 together to obtain the TOTAL STRAIGHT PIPE
EQUIVALENT of the hydrant. Write this figure down on the design worksheet at step 3.
(d) Determine the desired maximum gpm (L/min) hydrant flow. Usually this would be the
pumping capacity of the pump or pumper used at this hydrant. Write this figure down on the
design worksheet at step 4.
(e) Using Figure B-5.3.3(b), determine the head loss due to friction per 100 ft (30.5 m) of pipe
(number from step 3) based on the gpm (L/min) from step 4. If there is over or under 100 ft (30.5
m) of pipe equivalent (from step 3), adjust head loss from the chart. Example: TOTAL
STRAIGHT PIPE EQUIVALENT is 75 ft (22.9 m) and the desired volume is 1950 gpm (7441
L/min) - head loss from the chart is 20 ft/100 ft (6.1 m/30.5 m) of pipe. For this run, there would
be a head loss of 15 ft (4.6 m) [20 ft (6.1 m) × 75 ft/100 ft (22.9 m/30.5 m) = 15 ft (4.6 m)].
Write this figure down as HEAD LOSS FOR PIPE AND FITTINGS on the design worksheet at
step 5.
(f) From Figure B-5.3.3(c), figure the head loss due to friction in the suction hose to be used
on the hydrant. Write this down on the design worksheet as SUCTION HOSE HEAD LOSS at
step 6.
(g) Next, determine static lift. This is the vertical distance from the water’s surface in the
hydrant pipe (use the lowest water level as it will represent the maximum lift needed) and the
pump or pumper intake. Write this figure down on the design worksheet as STATIC LIFT at step
7. Try not to exceed 8 ft to 10 ft (2.4 m to 3.1 m) if possible. Remember — this is a vertical
measurement and represents “dead” lift.
(h) Add the answers from steps 5, 6, and 7 together on the design worksheet at step 8. This is
the TOTAL HEAD LOSS. Do not exceed 20 ft to 25 ft (6.1 m to 7.6 m) of total head loss at the
pump intake; otherwise, all the pump capacity will be used for suction (or lift), and the pump
might not flow its rated capacity.
Design Worksheet
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FIRE DEPARTMENT ________________________________________________________
DRY FIRE HYDRANT LOCATION______________________________________________
Step 1
Screen length ____________________________________________________
Lateral run length ________________________________________________
Riser height ______________________________________________________
Straight Pipe = __________________________________________________
Step 2
Use Figure B-5.3.3(a) to fill in the following values:
Hydrant adapter ____________________
Reducer __________________________
Elbow ____________________________
Elbow ____________________________
Elbow ____________________________
Elbow ____________________________
Straight Pipe Equivalent for Fittings = ____________________________________________
Step 3
Straight Pipe + Straight Pipe Equivalent for Fittings =
______________ + __________________ = Total Straight Pipe Equivalent
Step 4
Desired GPM flow = __________ (Rated pump capacity)
Step 5
Using answers from Steps 3 and 4, use Figure B-5.3.3(b) to determine Head Loss for Pipe and
Fittings.
Head Loss for Pipe and Fittings = ________________________________________________
Step 6
Using Figure B-5.3.3(c), determine suction hose head loss for length of suction hose used to
connect the pump to the hydrant. Suction Hose Head Loss = __________________________
Step 7
Static Lift = ____________________________________________
Step 8
Add the answers from Steps 5, 6, and 7 together to get total head loss.
#5 ______ + #6 ________ + #7 ________ =
Total Head Loss
If Total Head Loss is greater than 20 to 25 ft, the pump might not be able to flow its rated GPM.
Figure B-5.3.3 Design worksheet.
PVC Pipe Diameter

2.5"

3.0"

4.0"

5.0"

6.0"

8.0"

10.0"

90° Elbow, Standard

6.5

8.5

11.0

14.0

16.0

22.0

27.0

90° Elbow, Medium Sweep

5.5

7.0

9.5

12.0

14.0

18.0

22.0

90° Elbow, Long Sweep

4.5

5.5

7.0

9.0

11.0

14.0

18.0

45° Elbow

3.0

4.5

5.0

6.5

7.5

10.0

13.0
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Hydrant Connection
(6" × 4.5")

2.5

Reducer (8" × 6")

3.5

Source: Handbook of PVC Pipe.
For SI units: 1 in. = 2.54 cm; 1 ft = 0.305 m.

Figure B-5.3.3(a) Straight pipe equivalents for fittings (in feet).
Pipe
Size

3"

4"

5"

6"

7"

8"

100

2.4

0.6

0.2

0.1

200

8.6

2.1

0.7

250

13.0

3.2

300

18.2

350

10"

0.3

0.1

0.1

1.1

0.5

0.1

0.1

4.5

1.5

0.6

0.2

0.2

0.1

24.2

6.0

2.0

0.8

0.3

0.2

0.1

400

30.9

7.6

2.6

1.1

0.4

0.3

0.1

500

46.8

11.5

3.9

1.6

0.8

0.4

0.1

600

65.6

16.2

5.5

2.2

1.1

0.6

0.2

700

87.2

21.5

7.3

3.0

1.4

0.7

0.2

750

99.1

24.4

8.3

3.4

1.6

0.8

0.3

800

111.7

27.5

9.3

3.8

1.8

0.9

0.3

900

138.9

34.3

11.6

4.8

2.3

1.2

0.4

1000

168.8

41.6

14.1

5.8

2.7

1.4

0.5

1100

201.4

49.7

16.8

6.9

3.3

1.7

0.6

1200

236.7

58.4

19.7

8.1

3.8

2.0

0.7

1300

274.5

67.7

22.9

9.4

4.4

2.3

0.8

1400

314.9

77.7

26.2

10.8

5.1

2.7

0.9

1500

357.7

88.5

29.8

12.3

5.8

3.0

1.0

1600

403.2

99.5

33.6

13.8

6.5

3.4

1.2

1700

451.1

111.3

37.6

15.5

7.3

3.8

1.3

1800

501.5

123.7

41.8

17.2

8.1

4.2

1.4

1900

554.3

136.7

46.1

19.0

9.0

4.7

1.6

GPM
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2000

609.5

150.4

50.8

20.9

9.9

5.2

1.7

2100

667.2

164.6

55.6

22.9

10.8

5.6

1.9

2200

727.2

179.4

60.6

24.9

11.8

6.2

2.1

2300

789.6

194.8

65.8

27.1

12.8

6.7

2.3

2400

854.4

210.7

71.2

29.3

13.8

7.2

2.4

2500

921.4

227.3

76.7

31.6

14.9

7.8

2.6

2600

990.9

244.4

82.5

34.0

16.1

8.4

2.8

2700

1062.6

262.1

88.5

36.5

17.2

9.0

3.0

2800

1136.6

280.4

94.7

39.0

18.4

9.6

3.2

2900

1213.0

299.2

101.0

41.6

19.7

10.3

3.5

3000

1291.6

318.6

107.6

44.3

21.0

10.9

3.7

For SI units: 1 GPM = 0.0631 L/sec.

Figure B-5.3.3(b) Head loss (ft per 100 ft of PVC pipe).

The charts are for PVC schedule 40 pipe. Other types of pipe material have similar charts that
should be consulted when other pipe is used.
Hose
Size

11/2"

21/2"

4"

41/2"

5"

6"

100

84.1

7.0

0.7

0.4

0.2

0.1

200

303.6

25.3

2.6

1.4

0.9

0.4

250

459.0

38.2

3.9

2.2

1.3

0.5

300

643.3

53.6

5.4

3.1

1.8

0.8

350

855.9

71.3

7.2

4.1

2.4

1.0

400

1096.0

91.3

9.3

5.2

3.1

1.3

500

1656.9

138.0

14.0

7.9

4.7

1.9

600

2322.4

193.4

19.7

11.1

6.6

2.7

700

3089.7

257.3

26.1

14.7

8.8

3.6

800

3956.6

329.5

33.5

18.9

11.3

4.7

900

4921.0

409.9

41.6

23.5

14.1

5.8

1000

5981.4

498.2

50.6

28.5

17.1

7.0

1100

7136.1

594.4

60.4

34.0

20.4

8.4

GPM
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1200

8383.8

698.3

71.0

40.0

24.0

9.9

1300

9723.5

809.9

82.3

46.4

27.8

11.4

1400

11153.9

929.0

94.4

53.2

31.9

13.1

1500

12674.2

1055.6

107.2

60.5

36.2

14.9

1600

14283.3

1189.6

120.9

68.1

40.9

16.8

1700

15980.5

1331.0

135.2

76.2

45.7

18.8

1800

17765.0

1479.6

150.3

84.7

50.8

20.9

1900

19635.9

1635.5

166.2

93.7

56.1

23.1

2000

21592.7

1798.5

182.7

103.0

61.7

25.4

2100

23634.7

1968.5

200.0

112.8

67.5

27.8

2200

25761.2

2145.7

218.0

122.9

73.6

30.3

2300

27971.7

2329.8

236.7

133.4

80.0

32.9

2400

30265.7

2520.8

256.1

144.4

86.5

35.6

2500

32642.5

2718.8

276.2

155.7

93.3

38.4

2600

35101.9

2923.7

297.0

167.5

100.3

41.3

2700

37643.1

3135.3

318.5

179.6

107.6

44.3

2800

40265.8

3353.8

340.7

192.1

115.0

47.4

2900

42969.6

3579.0

363.6

205.0

122.8

50.6

3000

45753.9

3810.9

387.1

218.3

130.7

53.8

For SI units: 1 GPM = 0.0631 L/sec.
Figure B-5.3.3(c) Head loss (ft per 100 ft of hard rubber suction hose).

B-5.3.4 Step-by-Step Installation Procedure for a Dry Fire Hydrant.
(a) Check for any underground or overhead utilities before digging. Contact the appropriate
authorities, e.g., water, power, telephone, cable, gas, etc.
(b) Using a backhoe or excavator, dig in the trench starting at the point where the suction
screen will be placed in the water.
(c) Maintain a uniform level trench cut all the way from the screen location to the point where
the riser begins.
(d) Assemble the horizontal run and vertical riser portion of the hydrant (screen, lateral run,
and riser) and place into the trench and water source as one piece.
(e) Sink the screen end and allow the assembly to sink into the bottom of the trench. IT IS
CRITICAL THAT AT NO TIME SHOULD ANYONE BE ALLOWED INTO OR CLOSE TO
THE TRENCH. IT IS NOT NECESSARY.
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(f) When certain the suction screen is placed correctly, start backfilling the trench at the riser
(keeping the riser pipe vertical) and backfill out into the water, being careful not to cover the
suction screen.
(g) Mound and tamp the dirt slightly, as settling will occur over time. Mounding the dirt will
also help to keep frost away from the water in the pipe.
(h) Place a cement block or use a commercial or manufactured strainer support under the
suction screen to support the screen off the bottom. If the installation is in a fast-moving
waterway, several blocks or supports might have to be attached to the screen to prevent the
current from moving the screen. The pipe and screen will also have to have special protection
from any debris washing down the stream and hitting the pipe or screen.
(i) Cut off the vertical riser and attach the hydrant connection, making sure that the top of the
hydrant connection is below the bottom of the pump intake. It is important that the pump intake
remain slightly above the hydrant connection to prevent an air lock in the suction line.
(j) Set the guards and hose supports. Level, seed, and mulch the area to prevent erosion.
(k) Test pump the hydrant.
B-5.4 Maintenance of Dry Fire Hydrant.
These facilities require periodic checking, testing, and maintenance at least quarterly.
Checking and testing by actual drafting should be a part of fire department training and drills.
Thorough surveys should reveal any deterioration in the water supply situation in ponds,
streams, or cisterns.
Particular attention should be given to streams and ponds. They might need frequent removal
of debris, dredging or excavation of silt, and protection from erosion. The hydrants should be
tested at least annually with a pumper. Back flushing, followed by a test at a maximum designed
flow rate, with records kept of each test, is highly desirable. Tests of this kind will not only
verify proper condition but also keep the line and strainer clear of silt and the water supply
available for any fire emergency.
The pond should be maintained as free of aquatic growth as possible. At times it might be
necessary to drain the pond to control this growth. Helpful information is available from such
sources as the county agricultural extension agent or the U.S. Department of Agriculture.
Inspections should verify safety procedures such as posted warning signs and the availability
of life preservers, ropes, etc. Particular attention should be given to local authorities’ regulations
governing such water points.
It is important to consider appearance of this water point. Grass should be kept trimmed and
neat. The hydrant should be freshly painted as needed. The cap can be painted a reflective
material to improve visibility during emergencies. All identification signs should be approved by
the Department of Transportation prior to installation if they are to be located on the
right-of-way or are subject to state laws. Vegetation should be cleared for a minimum 3-ft
(0.9-m) radius from around hydrants.
B-5.4.1 Maintenance Record for Dry Fire Hydrant. It is suggested that a record of inspection
be maintained with a separate card on each dry fire hydrant. (See Figure B-5.4.1.)
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Figure B-5.4.1 Maintenance record for dry fire hydrant.
B-5.4.2 Map and Location/Detail Drawing. An official record should be kept of all pertinent
information recommended for each dry fire hydrant area. An example of one type is Figure
B-5.4.2. The record will provide invaluable information whenever the need for such is required.
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Figure B-5.4.2 Example map and location/detail drawing.

B-5.5 Pressurized Dry Fire Hydrant Sources.
There can be two types of pressurized dry fire hydrants—those flowing through a dam (or
dike) and those coming from an uphill water source emptying at a point downhill from the
source. Although the water source uphill can be of extreme advantage when flowed to a downhill
source, a major disadvantage could lie in the burying of the pipe below the frost level. For a
pressure hydrant, the pipe should be sloped downhill to the hydrant riser and be fitted with a gate
valve. Where the supply line passes through the dike of a pond, anti-seep collars should be
attached to the pipe to prevent water from seeping and channeling beside the pipe.
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B-5.6 Variations in Dry Fire Hydrant Design.
There are numerous adaptations to the basic design of a dry fire hydrant. These have been
developed to overcome local or regional problems and can have applications over a large
geographical area. [See Figures B-5.6(a) and (b).]

Figure B-5.6(a) A dry fire hydrant innovation has eliminated the top 90-degree or 45-degree elbow on each
hydrant. (Photo by Nahunta Volunteer Fire Department, NC)
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Figure B-5.6(b) Hard suction hose is connected to the pumper. The driver maneuvers the truck as the fire
fighter walks the suction end of the hose to the dry fire hydrant. An “O” ring in the plastic “L” provides a
right fit and allows the operator to draft. This is a quick and simple method to connect the pumper to a dry
fire hydrant. It is critical that a good seal be obtained with the “O” ring to prevent any air leakage, or the
pump will fail to prime.

Dry fire hydrants can be installed in areas where the frost line would freeze the water in the
hydrant pipe. This system was designed to inject air into the hydrant and displace the water to
prevent freezing. With the water displaced below the frost line, the hydrant would be usable
year-round for drafting purposes. Air is injected into the hydrant until it bubbles out of the
suction screen, or the air pressure gauge no longer rises. This low-pressure air should not cause a
safety problem, but all personnel should be advised to remove the hydrant cap slowly to prevent
any possible injury. The air gauge should be checked periodically to be sure the water remains
displaced in the hydrant. [See Figure B-5.6(c).]
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Figure B-5.6(c) Air injection frost-proofing system (developed by Wascott Volunteer Fire Department, WI).

Install an air pressure gauge and air chuck in the cap of the hydrant by drilling and tapping into
the metal. The chain for the hydrant cap will have to be removed. Use Teflon® tape on the
threads of the gauge and chuck. This method has the advantage that if the chuck or gauge is
damaged, it will not effect the airtight integrity of the hydrant while drafting, because the cap is
removed. [See Figure B-5.6(d).]

Figure B-5.6(d) Cap design for air injection system.
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Figure B-5.6(e) Offset screen installation (developed by Weyerhaeuser Volunteer Fire Department, WI).

B-6 Access to Water Supplies.
B-6.1 General.
The fact that an adequate water supply is in sight of the main road does not ensure that the
water can be used for fire fighting purposes. Many times, it is necessary that a suitable approach
be provided to reach within 10 ft (3.1 m) of the water supply. This should be done and the
department trained in the use and limitations of the water supply before a fire occurs. A suitable
approach might call for a roadway. However, at some sites and in some areas of the country, it
might not be necessary that a roadway be constructed, due to soil conditions. Other sites might
already have roadways provided or pavement installed, with the construction of an entranceway
or a gate necessary to provide access to the water supply. Other sites can be reached by foot only
and can necessitate that a path be constructed and maintained so that portable pumps can be
carried to the site. Each site should be evaluated by the WSO to determine the best way, within
the fire department’s means, for using the water supply.
B-6.2 Roadway Access.
Most artificial lakes are constructed with heavy earth-moving equipment. In order for the
property owner to construct a roadway for fire department use, the WSO should make the
property owner aware of the needs of the fire department while the heavy equipment is still on
the job. Table B-6.2 details considerations that should be kept in mind when planning access.
Table B-6.2 Recommendations for Roads to Water Supplies
Width:

Roadbed — 12 ft (3.7 m)
Tread — 8 ft (2.4 m)
Shoulders — 2 ft (0.6 m)

Alignment:

Radium centerline curvature — 50 ft (15.2 m).

Gradient:

Maximum sustained grade — 8 percent.

Side Slopes:

All cut and fill slopes to be stable for the soil involved.

Drainage:

Bridges, culverts, or grade dips at all drainageway crossings. Roadside ditches deep
enough to provide drainage. Special drainage facilities (tile, etc.) at all seep areas and high
water-table areas.

Surface:

Treatment as required for year-round travel.

Erosion Control:

Measures as needed to protect road ditches, cross drains, and cut and fill slopes.

Turnaround:

Turnaround should be designed to handle the equipment of the responding fire department
with a minimum diameter of 90 ft (27.4 m).

Load Carrying Capacity:

Adequate to carry maximum vehicle load expected.

Condition:

Suitable for all-weather use.
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B-6.2.1 While the roadway to the water supply is being developed, consideration should be
given to providing a 90-ft (27.4-m) diameter turnaround for the mobile water supply apparatus.
Where conditions at the supply do not make a turnaround feasible, a large underground pipe
transmission line can be laid from the water supply to the highway and the mobile water supply
apparatus filled on the highway right-of-way. However, a turnaround or looped facility will still
need to be provided at the fill point on the right-of-way.
B-6.2.2 Bridges Used as Water Points. In some states, a fire department cannot use a bridge to
park a mobile water supply while it is being filled, thereby blocking traffic on a road. However,
the fire department might be able to use the water source by moving the fill point off of the
bridge to the right-of-way. Therefore, the department needs to check with the state Department
of Transportation and abide by the appropriate laws governing the situation.
B-6.3 Dry Fire Hydrant with Suction Line.
In some cases, it may be desirable to install a dry fire hydrant with a suction line in lieu of an
access road. This can be true in marsh or swamp areas. In this case, the fire department will have
access to the hydrant from the shoulder of the main road. So as not to block the road during
pumper operations, a suitable parking area on the shoulder of the road should be provided. Basic
recommendations in Table B-6.2 can be useful in the design of such an area so that pumpers can
be used efficiently and safely.
B-7 Bridges.
B-7.1 General.
It is expected that the general condition of the bridges in most states is poor. A large number of
these bridges are very old, and many that were built for farm-to-market-type use are now in
urban areas with greatly increased traffic loads.
The condition of the nation’s bridges was brought to the public’s attention in the late 1960s,
when the collapse of a large bridge received headline reporting from the news services.
Furthermore, it became evident that many of the states did not provide complete bridge
inspection and maintenance programs.
B-7.1.1 Federal Legislation. As a result of this bridge failure, the Federal Highway Act of 1968
was passed, which required, among other things, that all states, counties, and cities receiving
federal highway funding implement a program to inspect each bridge in the federally funded
system every two years. Additional bridge collapses prompted amendment of this law in 1976 to
include all bridges on the public roads system.
B-7.1.2 Bridge Inspection Programs. During the last few years, a number of states have set up
bridge inspection programs, and the current safe tonnage is being posted. Over the entire
country, a large number of bridges have been restricted to below the legal weight limit for which
the road and bridge were originally designed.
One state with over 15,000 bridges reports that 50 percent of all its bridges are now posted
below the original maximum load limits, and 25 percent of these bridges are unsafe for use by a
fully loaded school bus or normal fire department equipment.
B-7.1.3 Repair Programs. Highway departments are doing what is possible with the money
available to improve bridge safety. Priority is given to bridge upkeep on primary roads, with
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bridges on less-traveled roads having to take what is left. Some highway departments are
upgrading or raising the tonnage on their bridges as much as possible through repairs; however,
many cannot be brought up to standard without complete rebuilding. Most states do not have
money available for such an overhaul program.
In some states, the state highway department has consulted fire officials, explained the
situation, and required that the fire department list the unsafe bridges in order of their importance
to the fire service. The highway departments then attempt to upgrade these bridges on the basis
of fire department priority.
B-7.1.4 Effect on the Fire Service. The long-range nature of the bridge problem makes it a
matter for serious consideration when planning purchases of apparatus. Mobile water supply size
must be restricted to volumes that will not cause overloading.
Whether or not a fire service is held financially responsible for damage to a bridge depends on
state law; however, a good policy for every rural fire department is to check the bridge load
restrictions before purchasing a new piece of apparatus. The lighter the equipment, the more
bridges the department can use.
B-7.1.5 Fire Department Responsibility. The fire department should check every bridge in its
response districts, both primary response and mutual aid, to ensure that all bridges will safely
carry the fire department load. This might not be the overwhelming task it appears. In view of
the current use of computers by state highway departments to inventory their bridges, load limits
should be readily available.
The fire department will need to make whatever special provision is indicated to protect an
accessible area by an unsafe bridge. For example, providing temporary station-to-house
equipment in the isolated area, using a pumper taking suction from the river to pump water
across the bridge through large hose lines, or servicing the area from another station that has a
safe bridge to the area or, even better, does not have to use a bridge to respond.
B-8 Preplanning Water Supply.
B-8.1 Preplanning.
Structures within the district of responsibility of the fire department should be surveyed in
accordance with Chapter 2. The water requirement should be calculated, and the type and
amount of equipment that should respond on first alarm should be designated. The response of
fire apparatus, in conjunction with capacity of mobile water supply apparatus, travel distance to
haul water, and the volume of water supply, can then be arranged so that a constant flow to equal
the water flow requirements is obtained. The procedure should be verified under training
conditions prior to a fire emergency. This training exercise should include the spotting of
equipment to protect the fire property and the exposures, exploration of the water sources,
designation of fire lanes or routes, and review and modification of the operations to meet unusual
conditions.
Aircraft and aerial photographs can be very helpful in the survey of static water availability.
Such photographs are usually available from the county agriculture department or the county
office of planning and zoning. Topographical maps from the United States Geological Survey
also can be of value in this survey. However, the value should be determined by the date that the
map was made or revised, since an out-of-date map can prove to be of little value. Once sites are
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located, they need to be prepared for use according to the recommendations of this section.
Appendix C Water Hauling
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
C-1 Moving Water by Mobile Water Supply.
C-1.1 General.
The fire service has always experienced fire control difficulties in isolated areas. The
difficulties have been many and varied, but one of the big factors is the lack of an adequate water
supply. An adequate amount of water for control and extinguishment is a major consideration of
most rural fire chiefs and influences the majority of their fire fighting decisions. A portion of the
training of the rural fire department emphasizes the need for the conservation of the meager
water supply that is available in many areas.
A limited water supply condition at a working fire in a rural area challenges all phases of fire
fighting. Therefore, this appendix discusses the procedures for moving water in those areas
where there are no municipal-type water distribution systems with fire hydrants.
If the water supply is a dry fire hydrant, a lake, a cistern, a swimming pool, etc., some means
must be provided for transporting the water from the supply to the fire. Most fire departments
use a fire department pumper having a pump capacity of 750 gpm (2842 L/min) or more and
having a minimum 500-gal (1895-L) tank.
As this vehicle is always assigned to the supply, some departments provide it with little
equipment beyond the pumps, the necessary hose for loading, and some preconnected hand lines.
Several departments report that they have developed water supplies where the pumper is
actually driven into shallow water at the water supply. Others have developed a trailer with a
pump, and the trailer is pulled to the water supply. Still other departments have received good
service from a permanently installed pump at the supply.
Over the years, rural departments depending on hauled water have tended to utilize any means
that will carry water and have exercised a great deal of ingenuity to make it work. Recently,
there has been a trend in fire departments in rural areas to use “standard” pumpers and mobile
water supply apparatus with tanks in the 1000- to 1500-gal (3785- to 5678-L) range. Significant
progress has been made in such mobile water supply apparatus techniques as loading, unloading,
and maintaining a continuous fire stream, based on the fire flow study, during the entire fire
fighting operation.
Mobile water supply apparatus are necessary for most rural departments and can be a big asset
to a department having a weak municipal-type water system. While specially built and designed
mobile water supply apparatus are ideal, many fire chiefs are facing fires without adequate
standard equipment. Since the job of putting out fires will require, on occasion, water-carrying
capacity far above normal capability, a sound mutual or automatic aid program is necessary and
far superior to makeshift equipment that is not designed for emergency service and is unsafe.
In building and buying nonstandard apparatus, utmost care should be exercised to consider
safety and serviceability of the equipment as well as the safety of the membership of the
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department. A department that depends on an assortment of mobile water supply apparatus
designed primarily for other use might need expert assistance in checking the equipment for
safety before putting it in service.
If satisfactory service is to be obtained from mobile water supply apparatus, the size of chassis
necessary to safely carry the load, the horsepower of the engine necessary to perform on the road
and at the fire site, the completed vehicle’s weight distribution, and the gear train combination
best suited for the operation in that specific locale are factors that should be carefully considered
in the purchase or construction of the apparatus. The apparatus components, such as baffling of
tank and center of gravity, are just as important as the engine, axles, and other drive line
components and should not be overlooked.
Some fire departments, where their pumpers are equipped with large booster tanks, have
retrofitted these pumps with a dump system.
C-1.2 Purchase or Construction of a Mobile Water Supply Apparatus.
In the purchase or construction of a mobile water supply apparatus, it is necessary that careful
attention be given to ensure that engine, chassis, baffling, center of gravity, and brakes of
adequate specifications are obtained. NFPA 1903, Standard for Mobile Water Supply Fire
Apparatus, covers mobile water supply apparatus, and it is suggested that this standard be
carefully followed. The tank should be properly constructed and baffled. Particular attention
should be paid to flow rates to and from the tank. Consideration should be given to discharging
the mobile water supply apparatus to the receiving vehicle, portable tank, or other equipment as
rapidly as possible to get back on the road and bring another load of water to the fireground.
Some departments are installing very large dump valves with gravity flow; while other
departments are providing a dump with a jet dump arrangement to reduce the emptying time.
Terrain to be traveled, weather to be encountered, and bridge and road conditions should be
considered in buying or building safe mobile water supply apparatus.
It is suggested that, for a mobile water supply apparatus with a capacity greater than 1,500 gal
(5678 L), it might be necessary to utilize a semitrailer or tandem rear axles, depending on tank
size and chassis characteristics. Consideration should be given to utilizing limited slip
differential or all-wheel drive capabilities. Certain types of chassis might not provide safe
carrying capabilities, and a dangerous vehicle could result from assembly. Safe, reliable
equipment that at least meets the minimum standards is a must.
It is further recommended that the maximum water tank capacity for mobile water supply
apparatus should not exceed 4,800 gal (18,168 L) or 20 tons of water. In some cases, it might
even be found that the cost of two smaller mobile water supply apparatus will be little more, if
any, than the cost of one large mobile water supply. The mobility, cost of upkeep, state weight
restrictions, and highway bridge weight restrictions can convince many rural fire departments of
the need to restrict the weight of their mobile water supply. The weight of the vehicle plus the
load carried should not be greater than the rated capacity of the tires.
Each load-bearing tire and rim of the apparatus should carry a weight not in excess of the
recommended load for truck tires of the size used, as published by the tire manufacturer’s rating,
when apparatus is loaded. Compliance should be determined by weighing of the loaded
apparatus.
C-1.3 State Regulations.
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Regardless of rear axle configuration, definite consideration should be given to the state legal
weight per axle requirement. All states have single-axle weight limits, which are imposed solely
due to road surface conditions and longevity of highways. Although axles are designed to carry
their rated weight, and vehicle and fire department planners can specify precise chassis
requirements to fall within the safe tolerances of total vehicle operation and weight, this still
does not legally permit the fire apparatus to exceed the state’s legal weight rating per axle. Since
some single-axle weight ratings are 26,000 lb (11,778 kg), the consideration and attention paid to
state single-axle weight limits can become quite significant.
The use of dead (or dummy) axles serves only to reduce the weight per axle load (on weighing
scales). In no manner does it allow the engineering parameters of motor, transmission, drive
shaft, brakes, etc., designed for the gross vehicle weight rating (GVWR) of the chassis to be
functional. Using a nonworking axle for load-carrying purposes does not make a road-safe
chassis.
C-1.4 Mobile Water Supply.
In general terms, mobile water supply vehicles are units made for specific water-hauling
requirements. In some wildland areas, where fire fighting is off the road and up steep grades, a
200-gal (757-L) slip-on unit is a mobile water supply. East of the Mississippi River, there is a
trend in fire departments in rural areas to use mobile water supplies in the 1000-gal to 1500-gal
(3785-L to 5678-L) range. In flat areas west of the Mississippi, fire departments successfully use
mobile water supply apparatus with capacities of 3000 gal to 5000 gal (11 355 L to 18 925 L)
and occasionally more.
In many parts of the country, terrain and bridge and road weight restrictions limit the capacity
of mobile water supplies to the 1,000-gal to 1,500-gal (3785-L to 5678-L) range. (See B-7.1.)
However, the department operating mobile water supplies with capacities of 1,000 gal (3785 L)
or more will normally find it easy to meet minimum water requirements outlined in this standard
where water supplies are readily available.
It is desirable to have mobile water supplies of similar fill and discharge capability and equal
water-carrying capacities to prevent them from “stacking” at the fill and discharge points.
C-1.5 Tank Baffles.
Some consider the age-old problem associated with tank baffles or swash partitions as the
weakest and most dangerous area of fire engine and mobile water supply design and
construction. Considerable improvements have been made in baffles since the advent of the
computer age. Poor baffling has been responsible for many accidents and accounts for a number
of deaths throughout the country each year. Therefore, careful consideration should be given to
baffles by the designers and builders of the tanks.
C-1.6 Plumbing.
It is important to have an outlet of adequate size to empty the tank. The reason is evident when
the time needed to empty a 1600-gal (6056-L) mobile water supply apparatus by gravity flow is
considered. (See Table C-1.6.)
Table C-1.6 1600-Gallon Mobile Water Supply (Tanker) Gravity Flows
Outlet in Inches

Discharge Time in Minutes
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21/2 (65 mm)

20

41/2 (11.4 cm)

7

6 (15.2 cm)

5

10 (20.0 cm)

12/3

12 (30.5 cm)

11/2

Adequately sized plumbing is also important in those mobile water supply apparatus equipped
with a pump with a jet dump arrangement. Many jet dump mobile water supply apparatus are
capable of discharging at the rate of 1000 gpm (3785 L/min) or more.
Proper venting is a prerequisite for filling and emptying tanks, but it is imperative for rapid
filling and discharging of tanks. There must be adequate provision for air to be driven from the
tank when it is being filled with water and for air to enter the tank when that tank is being
emptied. It is recommended that, as a minimum, the vent opening should be four times the
cross-sectional area of the inlet. Inadequate venting can result in the tank being bowed outward
when it is being filled rapidly, or in impairing the discharge flow when emptying.
An 8 in. × 8 in. (20.3 cm × 20.3 cm) vent extending approximately 12 in. (30.1 cm) high is an
adequate vent size. Also, a 3-in. (76-mm) overflow pipe is suggested in NFPA 1903, Standard
for Mobile Water Supply Fire Apparatus. This overflow pipe located in the vent pipe area has
worked very well for a number of departments to provide an important venting source when the
vent top is closed.
Adequate pump-to-tank plumbing size is also essential to provide for rapid discharge of water
from a mobile water supply through its pump. Many pieces of fire apparatus are in service that
cannot deliver the full capacity of their pumps from their tanks because of undersized
tank-to-pump plumbing. In a mobile water supply operation in which the emphasis can be placed
on rapid low pressure emptying of a tank, this can be a major limitation of efficiency.
Of major concern, in a water-hauling system involving mobile water supply apparatus, is the
fact that the mobile water supply might not be completely filled at the source of water or water
supply or completely emptied at the fire. Some mobile water supplies are so designed that as
little as 10 gal (38 L) of water is left in the tank while others can have 100 gal (379 L) or more.
Applicable NFPA standards such as NFPA 1903, Standard for Mobile Water Supply Fire
Apparatus, contain data on adequate plumbing. Many departments are now exceeding the
nominal pipe size requirements for their pumps in order to overcome friction loss and increase
their capability to rapidly empty a tank by use of the pump.
C-1.6.1 Fill Line Couplings. Often, time wasted at mobile water supply fill locations is due to
difficulties in coupling and uncoupling the threaded couplings between fill pumper and the
mobile water supply. If this is the case, considerable time can be saved by using either a
quarter-turn coupling, or some type of flexible hose with a quick discharge, specially designed
large diameter fill pipe, or a rapid fill device that drops into the tank fill opening, thus providing
quick breakaway from the fill supply.
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C-1.7 Weight Distribution.
Weight distribution is all-important in the handling of a heavy piece of fire apparatus and
should be properly designed into the unit and then verified by actual weighing of each axle. Only
a slight change in the load carried or the distribution of the load might cause the design limits of
the truck to be exceeded and turn a safe vehicle into an unsafe vehicle.

Figure C-1.7 Weight distribution for mobile water supplies.
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Figure C-1.7 provides information as to data necessary to figure accurate weight distribution
and how to use this data to make the weight distribution calculation.
Data required pertains to “as is” weights of the chassis to be used, dimensions of the chassis,
and weights to be placed on the chassis. “As is” weights are best determined by weighing the
chassis, with separate weights obtained on front and rear axles. If the unit has dual rear axles,
they should be weighed together. In some cases, particularly in using a new chassis, this data can
be obtained from the agency providing the chassis, but it should be noted that such items as
changes in tire size, lengthening, shortening, or reinforcement can alter such standard
factory-provided data, and it is consequently preferable to weigh the chassis upon starting
construction planning.
Dimensional data is easily obtained by use of a tape measure or carpenter’s ruler. Again, it
might be available from the source providing the chassis but should be verified.
The weight of the body to be added to the chassis is primarily a combination of the steel and
other materials used in the body, the water in the tank itself, and the components added to that
basic list. These include such items as any reels, hose, or miscellaneous equipment planned.
While it is not necessary to make an individual calculation for minor items (minor in terms of
weight), it is certainly important to calculate weight distribution of items of a few hundred
pounds or more.
This appendix does not attempt to provide complete information on mobile water supply
construction or the weight distribution of such a mobile water supply. The chassis
manufacturer’s recommended weight distribution — generally expressed as a percentage of total
weight, including both chassis and the weight placed on that chassis for front and rear axle(s) is
a prudent guideline for the final weight distribution desired. Component weights should be
obtained from the manufacturers of those components. Steel weights should be obtained from the
steelyard providing the material.
C-1.8 Turning Radius and Wheelbase.
An important consideration in mobile water supply shuttle operations is the area available for
turning. Since the mobile water supply might be called on to reverse direction or to maneuver for
position at the water source or the fire site, a multiple of small single-axle mobile water supplies
with 12-in. (30.1-cm) quick dump or 6-in. (15.2-cm) jet dumps might actually move more water
to the fire location than longer wheelbase tractor trailers and dual tandem axle mobiles water
supply apparatus.
C-1.9 Nonwater Mobile Water Supply Modification.
Special care should be used when modifying a mobile water supply built for one purpose to be
used for another purpose, such as the prevalent practice of adapting an oil tanker as a mobile
water supply apparatus. The majority of oil or gasoline tankers are constructed to carry a volatile
liquid whose specific gravity is less than that of water. When utilized as a mobile water supply
apparatus, the weight may exceed the manufacturer’s permissible gross vehicle weight limits.
For this reason, it might be prudent to reduce the tank’s size to avoid undesirable effects on
weight distribution. However, in doing so, special attention should be paid to the problem of
altering the center of gravity, which makes the vehicle’s cornering characteristics more
hazardous.
Special attention should be paid to the baffling of such mobile water supply apparatus, and the
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truck should be rejected if it does not meet the demands of cornering, braking, and acceleration
required by the fire service.
Other special considerations:
A stainless steel milk tanker might be made out of very light gauge metal with no baffling and
be difficult to baffle crosswise and lengthwise.
The steel used in gasoline tankers will corrode extremely fast due to the uncoated interior of
such tanks. In addition, the steel used is not of the copper-bearing or stainless type used in most
fire apparatus tanks.
Aluminum fuel oil tanks have been found to be subject to corrosion from chlorinated water and
corrosive rural water supplies. They can have a life expectancy less than that of steel if not
properly coated and protected.
There is an inherent danger in modifying gasoline tankers — that of an explosion. All gasoline
tanks should be thoroughly steam-cleaned before modifications requiring welding are
undertaken.
Gasoline and milk tankers are usually designed to be filled with the product each morning for
distribution of that product during the day under normal traffic conditions rather than emergency
conditions, as is the case with fire equipment. It is not necessary for an oil tanker or milk tanker
to stand in the station fully loaded day after day.
Weights of Various Fluids
Milk — 8.5 lbs/gal
Water — 8.3 lbs/gal
Gasoline — 6.2 lbs/gal
For SI units: 1 lb = 0.454 kg; 1 gal = 3.785 L.

C-1.10 Driver Training.
An important consideration frequently overlooked by the rural fire department is that of driver
training. There are few people trained to drive a tractor-trailer combination under emergency
conditions, and the fire department planning to use one should be trained. Even a 2- or 3-axle
vehicle used as a mobile water supply will probably have driving characteristics highly unlike
other apparatus, and driver training is a must. Individual state operator licensing requirements
should be met.
C-1.11 Calculating Water-Carrying Potential.
Two primary factors to be considered in the development of tank water supplies are: (1) the
amount of water carried on initial responding units and (2) the amount that can be continuously
delivered thereafter.
A number of fire departments have developed water-hauling operations to the point where they
have a maximum continuous flow capability (a sustained fire flow) of 1000 gpm to 2000 gpm
(3785 L/min to 7570 L/min) at the fire scene. This requires several mobile water supply
apparatus to haul such large quantities of water, with a developed water source near the fire site.
To improve the safety factor by reducing congestion on the highways, the departments often
send the mobile water supply apparatus to the water source by one road and use another route for
the mobile water supply apparatus to return to the fire scene. Therefore, the time for the
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department to travel from the fire to the water source (T1) might be a different time than the
travel time back to the fire (T2). The reduction of congestion on the highway provides for a safer
operation and can increase the actual amount of water hauled.
An appropriate formula to calculate the maximum continuous flow capability at the fire scene
is:
V
Q = ----------------------- - 10%
A + (T1 + T2) + B
Where:
Q
=
V
=
A
=
T1

=

T2

=

B

=

Maximum continuous flow capability in gallons per minute (L/min);
Mobile water supply capacity in gallons (L);
Time in minutes (for the mobile water supplies) to drive 200 ft (61 m), dump water
into a drop tanks, and return 200 ft (61 m) to starting point;
Time in minutes (for the mobile water supply) to travel from fire to water source,
calculated by the formula T1 = 0.65 + XD1 [see Table C-1.11(b)];
Time in minutes for the same mobile water supply to travel from water source back
to fire, calculated by the formula T2 = 0.65 + XD2 [see Table C-1.11(b)];

Time in minutes (for the mobile water supply) to drive 200 ft (61 m), fill mobile
water supply at water source, and return 200 ft (61 m) to starting point;
-10% =
Amount of water supply (mobile water supply capacity) considered not available
due to spillage, underfilling, and incomplete unloading.
The dumping time (A) and filling time (B) for the formula should be determined by drill and
by close study of water sources. Equipment does not have to be operated under emergency
conditions to obtain travel time (T), as this is calculated using the following equation:
T = 0.65 + XD
Where:
T = Time in minutes of average one-way trip travel
D = One-way distance.
Where an apparatus is equipped with an adequate engine, chassis, baffling, and brakes, a safe
constant speed of 35 mph (56.3 kph) can generally be maintained on level terrain, in light traffic,
and on an adequate roadway. Where conditions will not permit this speed, the average safe
constant speed should be reduced.
Using an average safe constant speed of 35 mph (56.3 kph).
60
60
X = ------------------------------ = ---------- = 1.70
average safe constant speed
35 mph
NOTE: The factor 0.65 represents an acceleration/deceleration factor constant developed by the Rand Corp.

Precalculated values of “X” using various speeds in mph have been inserted into the above
formula, (T = 0.65 + XD) as follows:
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Table C-1.11(a)
T = 0.65 + 1.7 D

Constant Speed of 35 mph

T = 0.65 + 2.0 D

Constant Speed of 30 mph

T = 0.65 + 2.4 D

Constant Speed of 25 mph

T = 0.65 + 3.0 D

Constant Speed of 20 mph

T = 0.65 + 4.0 D

Constant Speed of 15 mph

For SI units: 1 mph = 1.609 km/hr.

Table C-1.11(b) Time Distance Table Using an Average Safe Constant Speed of 35 mph, T
= 0.65 + 1.70 D
Distance

Time

Distance

Time

Distance

Time

Distance

Time

(Miles)

(Minutes)

(Miles)

(Minutes)

(Miles)

(Minutes)

(Miles)

(Minutes)

0

0

0.1

0.82

2.6

5.07

5.1

9.32

7.6

13.57

0.2

0.99

2.7

5.24

5.2

9.49

7.7

13.74

0.3

1.16

2.8

5.41

5.3

9.66

7.8

13.91

0.4

1.33

2.9

5.58

5.4

9.83

7.9

14.08

0.5

1.50

3.0

5.75

5.5

10.00

8.0

14.25

0.6

1.67

3.1

5.92

5.6

10.17

8.1

14.42

0.7

1.84

3.2

6.09

5.7

10.34

8.2

14.59

0.8

2.01

3.3

6.26

5.8

10.51

8.3

14.76

0.9

2.18

3.4

6.43

5.9

10.68

8.4

14.93

1.0

2.35

3.5

6.60

6.0

10.85

8.5

15.10

1.1

2.52

3.6

6.77

6.1

11.02

8.6

15.27

1.2

2.69

3.7

6.94

6.2

11.19

8.7

15.44

1.3

2.86

3.8

7.11

6.3

11.36

8.8

15.61

1.4

3.03

3.9

7.28

6.4

11.53

8.9

15.78

1.5

3.20

4.0

7.45

6.5

11.70

9.0

15.95

1.6

3.37

4.1

7.62

6.6

11.87

9.1

16.12

1.7

3.54

4.2

7.79

6.7

12.04

9.2

16.29

1.8

3.71

4.3

7.96

6.8

12.21

9.3

16.46
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1.9

3.88

4.4

8.13

6.9

12.38

9.4

16.63

2.0

4.05

4.5

8.30

7.0

12.55

9.5

16.80

2.1

4.22

4.6

8.47

7.1

12.72

9.6

16.97

2.2

4.39

4.7

8.64

7.2

12.89

9.7

17.14

2.3

4.56

4.8

8.81

7.3

13.06

9.8

17.31

2.4

4.73

4.9

8.98

7.4

13.23

9.9

17.48

2.5

4.90

5.0

9.15

7.5

13.40

10.0

17.65

For SI units: 1 mile = 1.609 km.

These formulas make it possible to plan water availability at any point in an area. As an
example of how to calculate the water available from a supply where the water must be trucked
to the fire scene, consider the following applications of the formula:
If tank capacity (V) is 1500 gal (5678 L), the time (A) to fill the mobile water supply with
water is 3.0 minutes and the time (B) to dump the mobile water supply load of water into a
portable tank is 4.0 minutes.
The distance (D1) from the fire to the water source is 2.10 miles (3.38 km). As the mobile
water supply returns by a different road, the distance (D2) from the water source is 1.80 miles
(2.9 km).
First, solve for T1, the time for the mobile water supply to travel from the fire to the water
source and, then, for T2, the time for the mobile water supply to travel from the water source
back to the fire.
Due to good weather and road conditions, the average mobile water supply speed going from
the fire to the water source is 35 mph (56.3 kph).
Therefore:
T = 0.65 + XD1
X = 1.7
D1 = 2.10 miles
At a constant speed of 35 mph:
T1 = 0.65 + 1.7 D1
T1 = 0.65 + 1.7 × 2.10
T1 = 0.65 + 3.57
T1 = 4.22 minutes
[Also see Table C-1.11(b).]
At a constant speed of 35 mph (56.3 kph), a mobile water supply traveling 2.1 miles (3.4 km)
will take 4.22 minutes. Due to traffic lights, the average mobile water supply speed between the
fire and the water source is 30 mph (48.3 kph).
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Therefore:
T = 0.65 + XD2
At 30 mph:
X = 2.0
D2 = 1.80 miles
T2 = 0.65 + 2.0 D2
T2 = 0.65 + 2.0 × 1.8
T2 = 0.65 + 3.60
T2 = 4.25 minutes
Substituting in the formulas
Q

=

V
----------------------A + (T1 + T2) + B

- 10%

Where:
Q = Maximum continuous flow capability in gpm with
V = 1500
A = 3.0
T1 = 4.22
T2 = 4.25
B = 4.0
1500
Q = ----------------------- - 10%
3.0 + (4.22 + 4.25) + 4.0
1500
Q = ----------------------- - 10%
3.0 + 8.47 + 4.0
Q = 1500 - 10%
15.47
Q = 97 - 10% = 87 gpm maximum continuous flow capacity available from this 1500-gal
mobile water supply.
For SI units: 1 mile = 1.609 km.

To increase the maximum continuous flow capability of a mobile water supply, any of the
following changes can be made:
(a) Increase the capacity of the mobile water supply
(b) Reduce the fill time
(c) Develop and provide additional fill points, thus reducing travel time
(d) Reduce the dump time.
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With rural fire response distances normally being very long, the number and size of mobile
water supply apparatus available to the department is of paramount importance. This information
will assist the department in calculating the probable mobile water supply volume that will be
available at various fire locations. Equally important in increasing the maximum continuous flow
capacity of a mobile water supply is to reduce the distance between the source and the building
or fire. This can be accomplished by increasing the number of water supplies and/or the drafting
points. (See Figure C-1.11.)

Figure C-1.11 One way to increase water-hauling capacity is to reduce the fill time of the mobile water supply.
Here is one type of quick coupling that can help to reduce the fill time.

C-1.12 Discharging the Mobile Water Supply.
During water-hauling operations, mobile water supply dump/fill rates directly affect the fire
flow capabilities established at the fire scene. Local needs usually determine mobile water
supply configuration and the water-hauling protocols adapted. A wide variety of off-loading and
filling systems are currently in use. Some departments prefer to pump off their water into
portable tanks, while others utilize a nursing type of operation. An increasing number of fire
departments are incorporating the use of large dump valves or jet-assisted dump arrangements.
To decide which system is best requires an evaluation of effectiveness, efficiency, and overall
compatibility with other segments of the water delivery.
During a comprehensive evaluation, many factors should be considered. Travel distances,
operating site location, and topography greatly affect water-hauling turnaround time periods.
Usually, the most significant time can be saved during the filling and discharge segments of the
shuttle operation. Normally, greater quantities of water are made available as filling/discharge
rates increase. Of course, increased quantities should be logistically supported by ample water
source locations and tanking vehicles.
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As with other segments of fireground operations, strategic preplanning is vital to water-hauling
evolutions. Preplanning and practice reduce unnecessary actions and minimize unsafe practices.
For example, a properly established dump site should eliminate or substantially reduce the need
to back vehicles (an act that not only requires precious time but causes 33 percent of all vehicle
accidents). The use of flexible discharge tubing or side dumps in conjunction with properly
set-up dump sites can often eliminate the necessity of backing.
Because two of the key periods for saving time during water-hauling operations center around
mobile water supply filling and discharge, many fire departments have incorporated the use of
large gravity dump valves or jet dump valve arrangements.
C-1.12.1 Mobile Water Supplies Equipped with Large Gravity Dumps. A number of rural
fire departments have increased the size of their gravity discharge dumps to reduce the time
necessary to empty other water-hauling mobile water supply apparatus. Gravity dumping with
discharge valves of 10 in. (25.4 cm), 12 in. (30.1 cm), or larger are often used. It should be
remembered that dump valve discharge rates will vary as the depth of the water in a given tank
decreases. Adequate air intakes and tank baffle cuts should be provided, or inefficiency and
possible tank damage can result. To check the efficiency of a dump system, actual weight tests
should be conducted to determine discharge rates.
C-1.12.2 Mobile Water Supplies Equipped with Jet-Assisted Dumps. Basically, a jet is a
pressurized water stream used to increase the velocity of a larger volume of water that is flowing
by gravity through a given size dump valve. The water jet principle used to expel water from
mobile water supply apparatus has also been effectively applied to several other devices that can
transfer water between portable dump tanks, fill mobile water supply apparatus from static water
sources, and reduce suction losses at draft. Water jets properly installed in the discharge piping
of a mobile water supply or fire apparatus can more than double their water-hauling efficiency.
Effective jet-assisted arrangements have exceeded a 1000-gpm (3785-L/min) discharge rate
when using 6-in. (15.2-cm) discharge piping and valve. Pumps supplying such jet arrangements
should be capable of delivering a minimum of 250 gpm (946 L/min) at 150 psig (1034 kPag).
However, some departments have obtained good results with pumps that deliver flows at less
than 150 psig (1034 kPag) where larger discharge openings are provided. The size and design of
the jet nozzle and the diameter and length of the dump valve piping directly affect unit
efficiency.
C-1.12.3 Traditional In-line Jet-Assist Arrangement. Figure C-1.12.3(a) illustrates how the
traditional jet is installed. A smooth-tipped jet nozzle is usually supplied by a pump capable of
delivering at least 250 gpm (946 L/min) at 150 psig (1034 kPag). Nozzle jets range in size from
3/ in. to 11/ in. (19 mm to 32 mm). The diameter of the tip will be determined by the capacity
4
4
of the pump being used and the diameter of the discharge piping and dump valve.
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Figure C-1.12.3(a) Traditional internal jet dump.

The installation of a jet dump requires answers to several important questions. In what location
will the dump prove to be most useful, the side or the back? Will the fixed piping need to be 11/2
in. (38 mm) in diameter or 2 in. (51 mm) in diameter? What is the preferable location for the jet,
in-line or at the rear of the tank? The answers to these and other questions should be resolved
before construction begins.
In the interest of site versatility, many departments are utilizing lightweight flexible discharge
tubes equipped with quick-lock or quarter-turn couplings. Such tubing arrangements allow rapid
discharge of water to either side of the vehicle and reduce the need for hazardous backing at the
dump site.
The rate of discharge will be governed by the size of the dump valve and piping, which can
range from 4 in. to 12 in. (10.2 cm to 30.1 cm). Normally, a 6-in. or 8-in. (15.2-cm or 20.3-cm)
diameter dump configuration permits adequate flow capacities where water jet systems are
employed. Again, it is stressed that adequate air exchange and water flow passages should be
provided for a jet-assisted dump arrangement to function properly. Tanks can collapse where air
exchange is restricted. Lack of adequate gravity water flow to the jet area will also adversely
affect the discharge efficiency of the water-hauling unit.
Although some authorities recommend that the nozzle of the in-line jet be up to 6 in. (15.2 cm)
from the center of the discharge opening, other effective designs have included placement of the
nozzle inside the discharge piping. Figure C-1.12.3(b) details how the traditional jet arrangement
can be externally added to an existing dump valve. A short length of 11/2-in. (38-mm) hose is
attached to the female coupling on the jet device. The length of the added dump piping can be
anywhere from 2 ft to 4 ft (0.6 m to 1.2 m), depending on whether or not a flexible tube is
utilized during the dump process.
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Figure C-1.12.3(b) Traditional external jet dump.

To properly operate, a jet should be able to produce between 50 psig and 150 psig (345 kPag
and 1034 kPag) pressure. Higher pressures normally increase operational effectiveness. The
diameter of the jet selected should be appropriate for the capacity and pressure capabilities of the
pump being utilized. Also important is the size of the piping and valves that make up the jet
dump system. External jets do have several advantages over internally fixed units, particularly in
terms of system maintenance. Disadvantages might include the need to provide for adequate air
exchange during water flow, more time for the initial setup to affix appliances, the restriction of
movement around the vehicle, and the general appearance of such extensions.
C-1.12.4 Peripheral Jet-Assist Arrangement. The peripheral application of jet-assist nozzles
has proved highly effective. This approach utilizes two or more jets installed in the sides of the
discharge piping just outside the quick dump valve. In addition to the reported discharge
advantages of peripheral jet streams, the externally fed system is easier to plumb and has fewer
maintenance problems. The jets, installed 25 to 30 degrees from the piping wall, contact more
surface area of the discharging water, thereby increasing water discharge efficiency. Because the
water is drawn through the dump valve, less turbulence is created, and the eddy effect often
present with traditional in-line jets is overcome. Nozzles made of welding reducer pipe fittings
work very effectively as jets. Flow rates of 2000 gpm (7570 L/min) have been obtained using a
300-gpm (1136-L/min) pump to supply two 3/4-in. (19-mm) nozzles in a 6-in. (15.2-cm) dump
valve configuration. Figures C-1.12.4(a) and C-1.12.4(b) represent a typical installation.
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Figure C-1.12.4(a) Peripheral jet-assist installation.
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Figure C-1.12.4(b) Peripheral jet-assist installation.

C-1.12.5 Other Jet-Assist Devices. Innovative fire organizations have put syphons and
jet-related devices to good use. Some syphons use only water level differential to transfer water
from one tank to another. Normally constructed of PVC pipe, such syphons are placed between
portable tanks to equalize water levels. Transfer is initiated by filling the U-shaped tubing with
water, placing the caps on the tubing until it is put in place, then removing the caps to allow
water flow. Such an arrangement, though useful, has often proved too slow for the type of
transfer operations required. A modification of the syphon transfer piping using a jet was
developed and has proved useful to many departments. Although 4-in. (10.2-cm) PVC and
aluminum piping have been used for such devices, 6-in. (15.2-cm) units usually are more
practical. Using a 1/2-in. (13-mm) jet nozzle supplied by a 11/2-in. (38-mm) hose makes possible
transfer flows of 500 gpm (1900 L/min). Some departments merely add the jet to a length of
suction. [See Figures C-1.12.5(a) and C-1.12.5(b).]
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Figure C-1.12.5(a) Jet-assisted transfer syphon.

Figure C-1.12.5(b) Modified hard suction jet syphon.

Syphons are commercially available that use the jet principle and are, in some cases, supplied
by 21/2-in. (64-mm) hose. These devices are used to remove water from basement areas or
increase water supply to fire department pumpers.
In-line jets have also been developed to reduce suction losses during drafting operations.
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In-line and peripheral jets supplied by 11/2-in., 13/4-in., or 21/2-in. (38-mm, 44-mm, or 64-mm)
hose lines can increase the output capacity of a centrifugal pump at draft up to 40 percent. The
jets are placed at the intake and at every 10 ft (3.1 m) of suction in use. [See Figure C-1.12.5(a).]
The design characteristics of strainers used during such application should permit adequate water
flow capacity. Some departments have developed a jet system for delivering water from a static
source to mobile water supply apparatus through 4-in. or 6-in. (10.2-cm or 15.2-cm) lightweight
pipe. This supply piping concept is used to fill mobile water supply apparatus through their
discharge gates or via top loading or large inlets capable of filling mobile water supply apparatus
at the rate of 1000 gpm (3785 L/min) or greater.
C-1.12.6 Testing Dump Valve Capacity. Departments using large gravity dump valves or
jet-assisted dump valve arrangements need to determine the flow rate at which they can dump
and fill each mobile water supply in use. Generally accepted procedures for determining flow
capacities have been suggested and should be accomplished as follows:*
(a) Weigh the mobile water supply without any water on board.
(b) Again weigh the mobile water supply when it has been completely filled with water.
(c) Using only gravity, off-load the mobile water supply for 1 minute.
(d) Reweigh the mobile water supply and determine the gal (L) off-loaded by gravity.
(e) Again refill the mobile water supply and weigh it.
(f) Off-load the mobile water supply for 1 minute using the jet arrangement.
(g) Reweigh the mobile water supply and determine the gal (L) off-loaded via the jet.
(h) Make a comparison of the gal (L) used by gravity and those depleted using the jet.
(i) Once again, fill the mobile water supply and weigh it.
(j) For 1 minute, off-load the mobile water supply by opening the gravity dump and pumping
through a 21/2-in. (64-mm) discharge.
(k) After weighing the mobile water supply, determine the number of gal (L) off-loaded by
pumping and dumping.
An effective jet-assisted dump arrangement should produce at least twice the volume that
would be expected when off-loading by gravity. A good jet arrangement will exceed the volume
experienced during the dumping and pumping test. Whether using large dumps or jet dump
arrangements, turnaround drop times and ease of operations should be the primary
considerations.
________
*General procedure referenced from Larry Davis, Rural Firefighting Operations Book II, Chapter 15, page 342,
IFSFI, Ashland, MA, 1986.

C-1.13 Portable Drop Tanks.
There are, generally, three types of drop tanks: (1) the self-supporting tank, (2) the fold-out
frame tank, and (3) a high-sided fold-out tank for helicopter bucket-lift mobile water supply
service. The self-supporting tank is built with the sides reinforced to support the water inside the
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tank. The fold-out frame-type tank is similar to a child’s wading pool — an open tank supported
by a steel frame — and is the most common in fire service use. Tanks are available with an inlet
and/or outlet built into the side of the tank. Capacities of drop tanks normally run from 1000 gal
to 2500 gal (3785 L to 9463 L) with 1500-gal to 2000-gal (5676-L to 7570-L) tanks as the more
popular. The addition of the drop tank for “stockpiling” water has yielded highly desirable
results. This stockpiling allows for the continuous operation of low-volume supplies and creates
a source from which a pumper can draft for supplying hose lines in a direct fire attack. [See
Figures C-1.13(a) and (b).]

Figure C-1.13(a) Portable drop tanks should be simple to set up. Note the portable tank compartment (door
open) on the mobile water supply. (Photo by Nahunta Volunteer Fire Department, NC)
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Figure C-1.13(b) Each mobile water supply should carry a portable tank that is 40 percent greater than the
capacity of the mobile water supply. Note the strainer that minimizes whirlpooling and allows departments to
draft to a depth of 1 in. to 2 in. (25 mm to 51 mm) in the portable tank.

C-1.14 Use of Portable Drop Tanks and Mobile Water Supply Vehicles.
The development of the portable drop tank or portable folding tank and the jet-assisted dump
or large gravity dump to assist the mobile water supply in quickly discharging its load of water
has enabled many rural fire departments to utilize isolated water supplies and, for the first time,
to obtain sufficient water for effective fire fighting. The following is a brief outline of how the
system is being employed by some departments.
When an alarm of fire is received, equipment is dispatched on a preplanned basis determined
by such factors as fire flow needs, hazards involved, water supply available, etc. (See Chapter 5.)
A minimum of one mobile water supply and one pumper respond to the fire, and the pumper
begins the fire attack with water from its booster tank. The first responding mobile water supply
can act as a nurse unit or can set up a portable drop tank and begin discharging its load of water
into the drop tank. With the use of a jet-type pump, discharging through a 5-in. or 6-in. (12.7-cm
or 15.2-cm) discharge pipe, or a large 12-in. (30.5-cm) quick dump valve, the water in the
mobile water supply can be transferred to the portable drop tank at a rate of approximately 1000
gpm (3785 L/min). A short piece of aluminum pipe with an “L” on one end gives the mobile
water supply the flexibility to discharge into the drop tank with the mobile water supply backed
up to the drop tank or with the drop tank located on either side of the mobile water supply. As
soon as the mobile water supply has emptied its load, it immediately heads to the water supply.
In the meantime, another fire department pumping unit has responded to the water supply,
connected to the water supply, and primed its pump. When the empty mobile water supply
arrives at the water supply, the pumper is ready to fill the mobile water supply. The refilled
mobile water supply returns to the fire site, discharges its water, and the cycle is repeated. It is
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suggested that it is more efficient to fill one mobile water supply at a time rather than to fill two
or more mobile water supply apparatus at a slower rate. Also, if all mobile water supply
apparatus in the department have the same capacity, they will not “stack up” at the source of
supply or the fire while waiting for a large mobile water supply to be filled at the source or to
discharge its water at the fire. Although preplanned, each step of this hauling operation is under
the direction of the WSO, and local conditions can dictate variations in this basic system.
As additional mobile water supply apparatus arrive at the fire site and dump their water, they
fall into the water-hauling cycle. It might be necessary for the WSO to open up additional water
supply points with additional pumpers. Portable pumps can sometimes be used in this operation
if the additional supply is not readily accessible; however, refill time can be greatly increased.
The WSO at the fire site needs to be in radio contact with the officer in charge of each water
supply or suction point. The WSO will also advise the drivers of which route to take to the fire
site. Wherever possible, an alternate route should be selected for returning vehicles so that
emergency vehicles will not be meeting on sharp turns or narrow country roads.
It is possible that local fire departments will be unable to accommodate the demands of the
initial alarm response to certain occupancies that require a large volume of water, based on the
study producing the water flow requirements. Automatic aid pumpers and mobile water supply
apparatus can be set up to run automatically on first alarm, thereby conserving valuable time and
delivering fire flows calculated in Chapter 5.
It is desirable that each mobile water supply carry a portable drop tank with a capacity at least
40 percent greater than the capacity of the mobile water supply.

Figure C-1.14 The aluminum irrigation discharge pipe, in the shape of an “L,” allows discharge from either
side or rear of the mobile water supply. Four hard suction hose lines are used to minimize any clogging of the
strainers.
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C-1.15 Chemical Additives and Water Supply.
C-1.15.1 General. Fire departments are using chemicals to increase their fire fighting capacity.
This is important to the rural fire fighter working with a limited water supply, because these
chemicals can provide more extinguishing capability per gallon (liter) of water. Since the
chemical additives will create an additional expense, it becomes very important to be aware of
the various capabilities and characteristics of chemical additives, as well as their advantages and
disadvantages, relative to the types of fires encountered by each fire department.
C-1.15.2 Foam. The need for fire fighting foams occurs on surfaces where the cooling effect of
water is needed and wherever a continuous foam blanket can provide the benefits of vapor
suppression, insulation, delayed wetting, or reflection. Foam products are commercially
available for Class A fuel fires and Class B fuel fires (commonly referred to as Class A foam and
Class B foam, respectively.)
Class A foam is designed for fighting fires involving wildland fuels, sawdust, cotton, paper,
rubber, and other Class A fuels. Class A foam is a mechanically generated aggregation of
bubbles having a lower density than water. The foam is made by introducing air into a mixture of
water and foam concentrate. The bubbles adhere to the Class A fuels and gradually release the
moisture they contain. The greater surface area-to-mass ratio of water in the foam of a bubble
enables foamed water to absorb heat more effectively than unfoamed water. Foam provides a
barrier of oxygen, necessary to sustain combustion. The reduced rate of water release results in
more efficient conversion of water to steam, providing enhanced cooling effects and, along with
surfactants contained in the solution, allows the water to penetrate the fuels and reach
deep-seated fire sites. Foam also provides a protective barrier for unburned, exposed fuels by
wetting and insulation. (See NFPA 298, Foam Chemicals for Wildland Fire Control.)
Class B foam is designed for fighting fires involving flammable or combustible liquids where
foam becomes the only permanent extinguishing agent used on fires of this type. Class B foam is
lighter than the aqueous solution from which it is formed and lighter than flammable liquids;
therefore, it floats on all flammable or combustible liquids, producing an air-excluding, cooling,
continuous layer of vapor-sealing, water-bearing material for purposes of halting or preventing
combustion. (See NFPA 11, Standard for Low Expansion Foam and Combined Agent Systems.)
The appropriate listings on the label should be consulted to determine proper application rates
and methods. If there are no listings for application rates and methods, do not assume any.
However, the word “foam” appears in the usage of wetting agent instructions as well as in the
use of water expansion system (WES) units.
C-1.15.3 Other Water Additives (Wetting Agents). A wetting agent is a chemical compound
that, when added to water in amounts indicated by the manufacturer, will materially reduce the
water’s surface tension, increase its penetrating and spreading abilities, and might also provide
emulsification and foaming characteristics. Decreased surface tension disrupts the forces holding
the film of water together, thereby allowing it to flow and spread uniformly over solid surfaces,
and to penetrate openings and recesses over which it would normally flow. Water treated in this
manner not only spreads and penetrates, but displays increased absorptive speed and superior
adhesion to solid surfaces. Therefore, leaks in plumbing and pump packing can occur that would
not have occurred if the additive had not been used. Visual inspection should be made during
wet water operations.
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Wet water should be applied directly to the surface of the combustible. These agents do not
increase the heat absorption capacity of water, but the greater spread and penetration of the wet
water increase the efficiency of the extinguishing properties of water, as more water surface is
available for heat absorption and run-off is decreased.
Wetting agents are broadly defined as being surfactants (surface acting agents). All wetting
agents are concentrated and are mixed with a liquid at varying percentages. The wetting agent
can be liquid or powder. The liquid into which it is mixed for fire fighting purposes is water.
However, the primary sales for some wetting agents are for use as a carrier for liquid fertilizers,
fungicides, insecticides, and herbicides. These wetting agents can be, and are, used for fire
fighting purposes. They don’t have additives that will protect tanks, pumps, valves, and
bushings, etc., and it is recommended that unused mixtures be drained out of the tank and a flush
of all parts be made with plain water. With all wetting agents, hard water usually does require a
greater amount of additive to produce the same results.
Wetting agents designed for fire department use will normally contain rust inhibitors to protect
the tank, pump, piping, and valves. Generally, the mixture will lose some of its rust-inhibiting
characteristics if left in the tank.
Wetting agents are available in both liquid and powder form. Both forms result in the same
extinguishment characteristics.
The use of wetting agents is as a soaking or penetrating agent for wildland fuels, sawdust,
cotton (bales, bedding, upholstery), rags, paper, etc. These agents are used very effectively on
smoldering or glowing combustibles. All of the commercially available products that fall into the
above category will satisfactorily suppress Class A fires.
Many of the wet water additive products have instructions that make note of the production of
a foam material through increasing the amount of the product.
No additional equipment is needed for the production of this foam. Caution should be
exercised, as well as actual on-site testing performed, in order to determine what the resultant
foam will display in terms of extinguishment and fire fighter safety.
Additionally, a few wet water additives produce a foam through the use of a foam gun
(generally a tube-type aerator and some nozzles). The instructions indicate this is generally a
Class A fire extinguishing agent. As above, local on-site testing should be performed to
determine the product’s capabilities.
There is available commercially a water additive that will suppress Class A and B fires. The
product accomplishes the extinguishment of Class B fires by altering the water properties in such
a manner that the increasing heat converts the water to a vapor, rather than steam, thereby
cooling the fire.
Appendix D Large Diameter Hose
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
D-1 Transporting Water Through Large Diameter Hose.
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D-1.1 General.
The advent of large diameter hose as an accepted tool of fire fighting has major significance in
the field of rural water supplies. This hose is viewed as an aboveground water main from a water
source to the fire scene, and its use is growing in the United States. Where delivery rates exceed
500 gpm (1893 L/min) and water is moved long distances, large diameter hose provide a most
efficient means of minimizing friction losses and developing the full potential of both water
supplies and pumping capacities. For practical purposes, NFPA defines large diameter hose as
that with an inside diameter of 31/2 in. (89 mm) or larger.
D-1.2 Characteristics.
Large diameter hose is available in either single- or double-jacketed construction, generally in
the following sizes: 31/2 in. (89 mm), 4 in. (10.2 cm), 41/2 in. (11.4 cm), 5 in. (12.7 cm), and 6
in. (15.2 cm). The lower friction loss characteristics of such hose increases the usable distance
between water source and fire. The department unable to use water sources more than 1000 ft
(304.8 m) from a potential fire site might find that 3000 ft (914 m) or more can become a
reasonable distance where using large diameter hose.
The basic reasons large diameter hose moves water more efficiently are its increased size, its
lower friction loss, and the relationship of these factors. They can be explained by studying the
carrying capacities and friction loss factors shown in Tables D-1.3(a) and D-1.3(b).
D-1.3 Carrying Capacity of Large Diameter Hose.
Tables D-1.3(a) and D-1.3(b) show, for example, that one 5-in. (12.7-cm) hose line delivers a
volume of water approximately equivalent to six 21/2-in. (64-mm) lines or four 3-in. (76-mm)
lines at a given pressure and distance. [To use Table D-1.3(a) to obtain these numbers, read
horizontally from the 5-in. (12.7-cm) hose column on the far left. Thus, the table shows one 5-in.
(12.7-cm) length of hose to have the carrying capacity of 6.2 lengths of 21/2-in. (64-mm) hose,
3.83 lengths of 3-in. (76-mm) hose, 2.56 lengths of 31/2-in. (89-mm) hose, etc.]
Table D-1.3(a) Relative Carrying Capacity of Fire Hose in Hose Lengths
21/2 in.
21/2 in.

1

3 in.

31/2 in.

41/2 in.

4 in.

5 in.

6 in.

0.617

0.413

0.29

0.213

0.161

0.1

3 in.

1.62

1

0.667

0.469

0.345

0.261

0.162

31/2 in.

2.42

1.5

1

0.704

0.515

0.391

0.243

4 in.

3.44

2.13

1.42

1

0.735

0.556

0.345

41/2 in.

4.69

2.90

1.94

1.36

1

0.758

0.469

5 in.

6.20

3.83

2.56

1.8

1.32

1

0.619

6 in.

10

6.19

4.12

2.9

2.13

1.61

1
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This table shows the relative carrying capacities of hose, 21/2 in. (65 mm) to 6 in. (152 mm) in diameter for
the same friction loss. The values in the table are based on the Hazen-Williams equation.
For SI units: 1 in. = 25.4 mm.

Table D-1.3(b) Approximate Friction Losses in Fire Hose (psig per 100 feet)
Internal diameter
of hose

21/2 in.

3 in.

31/2 in.

250

15

6

2

500

55

25

750
1000

4 in.

5 in.

6 in.

10

5

2

45

20

11

4

1.5

77

36

19

6

2.5

82

40

14

6

70

25

10

Flow in gpm:

1500
2000

For SI units: 1 in. = 25.4 mm; 1 gpm = 3.785 L/min; 1 psig = 0.0689 bar (g).

D-1.3.1 Selecting Large Hose. The size and the amount of hose to be carried by the fire
department should be selected to fit the needs of the area served and the financial resources of
the department. To assist in hose selection, Table D-1.3.1 can be helpful. The table is designed to
be used primarily in relaying water with pumps discharging at 150 psig (1034 kPag) and at 20
psig (138 kPag) residual pressure at the point receiving the flow.
Table D-1.3.1 Distance in Feet that a Given Size Hose Can Deliver a Quantity of Water
GPM Discharge at 150 psig Pump Pressure
Hose
Size

250

500

750

1000

1500

2000

Inches

gpm

gpm

gpm

gpm

gpm

gpm

866 ft

236 ft

3

2166 ft

520 ft

288 ft

168 ft

31/2

6500 ft

1300 ft

650 ft

361 ft

158 ft

4

2600 ft

1181 ft

684 ft

325 ft

185 ft

5

6500 ft

3250 ft

2166 ft

928 ft

520 ft

8666 ft

5200 ft

2166 ft

1300 ft

21/2

6
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Example: A 750-gpm fire flow is needed on a fire that is located 6500 ft from the water supply. A pumper
rated 750 gpm at 150 psig can relay 750 gpm at 20 psig discharge for a distance of only 650 ft if 31/2-in.
(89-mm) hose is used or 8666 ft if 6-in. (152-mm) hose is used. Therefore, the department should consider
using 6-in. (152-mm) hose to deliver its needed water requirements.
For SI units: 1 in. = 25.4 mm; 1 gpm = 3.785 L/min; 1 ft = 0.305 m;
1 psig = 0.0689 bar (g).

D-1.4 Load Capacity.
Another important item to consider is hose load capacity. Most large diameter hose is of a
lightweight design, which results in a coupled 100-ft (30.5-m) length of 5-in. (12.7-cm) hose
weighing approximately 105 lb (48 kg) little heavier than a length of 100 ft (30.5 m) of
conventionally constructed 21/2-in. (64-mm) hose, which can weigh approximately 100 lb (45
kg).
One engine company, laying large diameter hose instead of multiple smaller lines, is much
more efficient in its water-moving capacity. The use of the large diameter hose with one engine
speeds up the operation that would otherwise involve multiple smaller lines with additional
pumpers, personnel, and equipment to accomplish the same job.
D-1.5 Large Cities Using 5-in. (12.7-cm) Hose.
Use of large diameter hose is not limited to the rural fire service. Because of its increased
water-carrying capacity and efficiency, 40 percent of the 200 largest cities throughout the U.S.
now employ large hose, and it is one of the fastest growing items of technology in the fire
service. It has demonstrated further utility as, literally, a portable pipeline used to bridge the gap
in a water system when a main ruptures and is being repaired. It has further been used in some
drought-stricken areas to bring water to the scene of a fire from a distant lake or stream,
conserving municipal water supplies that would otherwise be used. Several communities have
installed as much as 2 miles (3.2 km) of 5-in. (12.7-cm) hose for this purpose. While the large
diameter hose is being laid, the initial fire attack is made from hydrants. Where the large hose
carrying the water from the lake is available at the fireground, the hydrants are shut down, and
supplies in the municipal water system are conserved.
D-1.6 Hose Reels.
A number of powered “reel trucks” with various hose load capacities are now in use.
Much of the lightweight large diameter hose now available is of a construction that permits
field cleaning and does not require drying. The use of the “reel truck” permits rapid reloading
using minimum personnel (2), and the unit is in service within minutes.
Double reels mounted in the hose bed of a reel truck can produce a carrying capacity of large
diameter hose of up to 6000 ft (1829 m). The large diameter hose then becomes over 1 mile (1.6
km) of aboveground water main.
Such reel trucks generally require special power-driven systems to rewind the hose. The size
of the reels is not conducive to fitting on most standard fire department pump bodies. Therefore,
trucks specially designed for this operation are generally used as hose reel vehicles.
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Figure D-1.6(a) Field cleaning large diameter hose.
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Figure D-1.6(b) Apparatus with reels for large diameter hose.
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Figure D-1.6(c) Many departments have installed large diameter hose with a flat lay in the hose bed.
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Figure D-1.6(d) Fire fighters quickly reload 5-in. (12.7 cm) hose as the apparatus straddles the hose. Note that
the hose is loaded over the bar between the stanchions.

D-1.7 Fittings.
Large diameter hose is available from many fire hose manufacturers with either standard
threaded couplings or quick-connect hermaphrodite-type fittings that eliminate the
“male-female” feature of couplings and, consequently, many adapters.
Special fittings (described below) have been developed to be used with large diameter hose.
D-1.7.1 Clappered Siamese with Indicator. (See Figure D-1.7.1.) This valve is added to the
supply line one length from the hydrant or pumper at draft and allows for the addition of a
second pumper without shutting down the flow of water. The indicator shows the position of the
single clapper.
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Figure D-1.7.1 Clappered siamese with indicator.

D-1.7.2 Line Relay Valve. (See Figure D-1.7.2.) Should relay pumping be required, a line relay
valve is inserted during the hose lay. This valve has a straight-through waterway so water
delivery can be started upon completion of the lay. The valve contains a gated outlet and a
clappered inlet. Upon arrival of the relay pumper, a line is attached from the gated outlet to the
suction of the pump, with a discharge line connected from the pump discharge into the clappered
inlet. The pump pressure closes the clapper, and the full flow is relayed to the fireground or
another relay pumper. In addition, this valve contains an automatic air bleeder and a pressure
dump valve set at 150 psig (1034 kPag). It is important to note that the relay pumper can be
added to or removed from the line without shutting down the flow of water to the fireground.
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Figure D-1.7.2 Line relay valve.

D-1.7.3 Hydrassist Valve. (See Figure D-1.7.3.) This versatile valve can be utilized on a
hydrant where water is available but pressure is limited. The valve is attached to the hydrant and
the normal lay of supply line is initiated. Where additional pressure is required, a pumper is
attached to the valve and begins boosting pressure to the fire scene without interrupting the flow
of water from hydrant to fire. In rural applications, this valve can be equipped to lay in a line
during hose lay and to allow a pumper to hook into the line and boost pressure without
interrupting flow to the fire scene.
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Figure D-1.7.3 Hydrassist valve.

D-1.7.4 Manifold Valve. (See Figure D-1.7.4.) This valve contains a 4-in. or 5-in. (10.2-cm or
12.7-cm) inlet and four 21/2-in. (64-mm) gated, threaded male or female outlets as well as a
gated 4-in. or 5-in. (10.2-cm or 12.7-cm) outlet. The manifold is available with relief valve
adjustable from 50 psig to 200 psig (345 kPag to 1379 kPag). A pressure gauge is optional. The
manifold is portable, allowing the fire department to establish its own portable hydrant.
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Figure D-1.7.4 Manifold valve.

D-1.7.5 Distributor Valve. (See Figure D-1.7.5.) This valve contains a 4-in. (10.2-cm) opening
and waterway with two 21/2-in. (64-mm) threaded male outlets. It is placed at the end of the
supply line at the fireground, allowing distribution of water to one or more attack pumpers. The
valve utilizes ball shutoffs plus an adjustable dump valve.
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Figure D-1.7.5 Distributor valve.

D-1.7.6 Incoming Gated Relief Valve. (See Figure D-1.7.6.) This valve is attached to the large
suction inlet of the pumper. The supply line is connected directly to the valve. It is equipped with
a fine-threaded, slow-acting gate valve, an automatic air bleeder, and an adjustable dump valve.
The gate valve allows connection to the supply line while utilizing the booster tank water. It is
also used to control the volume of water from the supply line to the pump. The dump valve helps
protect the pumper and supply line against sudden pressure surges and water hammer.

Figure D-1.7.6 Incoming gated relief valve.

D-1.7.7 Automatic Air Bleeder. (See Figure D-1.7.7.) Required at all points where a large
diameter hose is connected to an engine inlet or at any distribution point.
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Figure D-1.7.7 Automatic air bleeder.

D-1.8 Irrigation Piping.
D-1.8.1 General. Irrigation piping shares many of its characteristics of low friction loss and
capability of transferring large volumes of water with large diameter hose. Irrigation use is
increasing throughout the country, which has resulted in much lightweight aluminum pipe
becoming available to the fire service. It can be carried on vehicles or found on the fireground in
farming areas. The fire department should know which of its potential hazards can be served by
such a system.
The pipe can be coupled, but usually the couplings are not of a type that permits drafting. The
pipe has the advantage of being a relatively permanent installation for long duration fire fighting
and is not susceptible to the rupture problems of fire hose. Generally, it is an excellent tool for
major disaster situations but is less often used for conventional fire fighting evolutions,
especially since the introduction of large diameter fire hose.
Departments working in an area in which piped irrigation systems are used should be alert to
the adapters, etc., that might be needed to turn the conventional agricultural fittings into useful
fireground fittings. Adapters from the pipe coupling to fire department threads might be required
and can be easily fabricated in local machine shops. They are not offered by either pipe or fire
hose manufacturers. Minimum requirements are for one supply adapter; for instance, four
21/2-in. (64-mm) NH (American National Fire Hose connection screw thread) thread female
inlets × pipe section, and one discharge adapter; or, four 21/2-in. (64-mm) NH thread gated male
outlets × pipe section.
Additional fittings to provide discharge gates at 100-ft to 300-ft (30.5-m to 91.4-m) intervals
[1 or more 21/2-in. (64-mm) NH × pipe section] might be desirable. In areas where large
Copyright 1996 NFPA

diameter hose is available, adapters permitting its integration with the pipe are highly
recommended.
Appendix E Portable Pumps
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
E-1 Portable Pumps.
E-1.1 General.
Both diesel- and gasoline-driven portable pumps are available. The use of portable pumps is a
common method for moving water by the rural fire department. The rural fire fighter should not
be required to be a pump expert; however, the fire fighter should have the skill to place all
portable pumps used by the department in operation, obtain draft, and perform each procedure in
a minimal amount of time.
E-1.1.1 Evaluating Portable Pump Needs. In order to get the maximum benefit from portable
pumps, the officers of the rural fire department should carefully study the needs of the
department, taking into consideration the potential fire hazard, available water supplies, and the
capabilities of the department to use portable pumps. The accessibility and the reliability of
water supplies are determining factors in the need for and use of portable pumps. Many rural fire
departments have found that both a low pressure pump and a high pressure pump are required to
fill their needs.
Portable pump selection should fit the fire fighting system of which it is to be a component; if
direct hose streams are to be taken from a portable pump, the nozzles and hose size determine
the required pump discharge vs. pressure characteristics.
E-1.1.2 Portable Pumps. A portable pump in the fire service means a pump that can be carried
to a source by fire fighters, sometimes over difficult terrain. In general, two people should be
able to conveniently carry the pump. It should not weigh more than from 150 lb to 175 lb (68 kg
to 79 kg) and should have carrying handles, be so constructed as to be easily carried in a
compartment on the apparatus, and be capable of supplying at least two 11/2-in. (38-mm) hand
lines. Heavier pumps, perhaps trailer- or truck-mounted, or otherwise made mobile, are valuable
but used less commonly.
Although a number of rural fire departments have used portable-type pumps that are securely
mounted on their apparatus as the sole means of pumping, few fire departments consider this to
be a permanent arrangement and plan to buy a fire department pumper, in addition to the
portable pump(s), when finances permit.
E-1.2 Classification for Portable Pumps.
Portable pumps for the fire service are covered under NFPA 1921, Standard for Fire
Department Portable Pumping Units, which sets forth specifications to be followed when
obtaining portable pumps. This standard classifies portable pumps by capacity and operating
pressure.
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E-1.2.1 Rating of Portable Pumps.
(a) Small Volume — Relatively High Pressure. This pumping unit should be capable of
pumping 20 gpm (76 L/min) at 200 psig (1380 kPag) net pressure through a 1-in. (25-mm)
discharge outlet while taking suction through a 11/2-in. (38-mm) suction inlet. This class of
portable pumps is especially useful to fire departments for forest fire fighting, which frequently
requires long 3/4-in. to 11/2-in. (19-mm to 38-mm) hose lines and pumping uphill in rugged
terrain. Such an arrangement will provide good nozzle reach.
(b) Medium Volume — Medium Pressure. This pumping unit shall be capable of discharging
60 gpm (227 L/min) at 90 psig (621 kPag) net pressure and 125 gpm (473 L/min) at 60 psig (414
kPag) net pressure through a 11/2-in. (38-mm) discharge outlet while taking suction through a
21/2-in. (64-mm) suction inlet. This class of portable pump has limited utility for small structural
fires and can supply a 60-gpm (227-L/min) fog nozzle through 250 ft (76 m) of 13/4-in. (44-mm)
hose. It can be used to fill booster tanks or be used with 21/2-in. (64-mm) hose to move water a
long distance.
(c) Large Volume — Relatively Low Pressure. This pumping unit shall be capable of supplying
125 gpm (473 L/min) at 60 psig (414 kPag) net pressure and 300 gpm (1136 L/min) at 20 psig
(138 kPag) net pressure through a 21/2-in. (64-mm) discharge outlet while taking suction through
a 3-in. or 4-in. (76-mm or 102-mm) suction inlet. This class of portable pumping unit is
frequently used for tank filling where a pumper cannot get close to a source of water. It is also
suitable for draining cellars, manholes, and other areas where water has accumulated. It can be
used to supply two 11/2-in. or 13/4-in. (38-mm or 44-mm) hose lines of short length with 60-gpm
(227-L/min) fog nozzles. This can result in fire streams of reduced quality and quantity that
might not be suitable flows for interior fire fighting.
Among the common types of pumps used are:
E-1.2.2 Gear Pumps. Gear pumps (high pressure, low volume) are of positive displacement
type, with gears having very close tolerances between gears and case. They can only be used
safely in clear water. Dirty water will cause damage to gears and case. They are not very useful
for tank filling or relay work, as they are generally of low capacity in the lighter models.
They are very good for fire fighting where high pressures are desired. These pumps have a
shorter life span than the centrifugal type, and are easily packed on the back. They should never
be operated without water and should be equipped with a relief valve.
E-1.2.3 Piston Pumps. Piston pumps (high pressure, low volume) are operated by a piston,
sleeve, or cylinder with two check valves. They can be either single or double action with one or
more cylinders. They are positive displacement type and should be operated with clean water.
They are usually high-pressure pumps. Piston-type pumps are limited to small capacities and
weigh more than centrifugal or gear pumps. They are capable of very high lift and should be
equipped with a relief valve.
E-1.2.4 Low-Pressure Centrifugal Pumps. The low-pressure centrifugal portable pumps (high
volume) generally are rated at 200 gpm to 300 gpm (757 L/min to 1136 L/min) and are capable
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of discharge at pressures of 50 psig to 80 psig (345 kPag to 552 kPag). Usually these pumps will
not discharge rated capacities when operating with suction lift in excess of 5 ft (1.5 m).
Some of these pumps do not use running rings or seal rings. These types do not have close
tolerances, so they can be used in dirty water where some debris or abrasives are encountered.
These pumps require little maintenance.
Other types of portable pumps in this category do have water or seal rings, which will not hold
up as long when pumping water containing substantial amounts of abrasive materials.
At lower discharge pressures, this type of pump can deliver larger volumes, which at times
have been metered at from 400 gpm to 600 gpm (1514 L/min to 2272 L/min) with adequate size
hard suction hose at very low discharge pressures and high pump rpms. (Example: Relay from
portable pump into fire pump on apparatus or portable drop tank; or relay from water source to
drop tank where mobile water supply is filled for relay to fire site.)
Operation of these pumps depends on centrifugal force to move water, and they are very
effective for relay operations to pumper or for booster tank or mobile water supply filling. There
are no special operating problems to watch out for, and the pump will not heat up as rapidly as
others if run without water.
E-1.2.5 High-Pressure Centrifugal Pumps. High-pressure portable pumps (small volume)
generally have a small capacity, with an average of 30 gpm to 40 gpm (114 L/min to 151 L/min)
discharge and operating pressures in the 125 psig to 250 psig (862 kPag to 1724 kPag) range.
The impeller is usually geared twice as fast as the engine to get the pressure at single stage.
This type uses running rings or seal rings the same as larger fire pumpers and usually
incorporates closed volutes in the impeller.
E-1.2.6 Floating Pumps. Pressure- and volume-floating pumps are available. A more recent
development in portable pumps is the floating pump that primes and pumps automatically where
placed in water. This type of pump is constructed to set inside a float that resists breakage and
needs no maintenance. Some entire units weigh under 50 lb (23 kg), including fuel, and provide
from 60 to 90 minutes of operating time from the 5-qt (4.73-L) fuel tank.
The pump serves a need for a lightweight, easy-to-operate, portable fire pump that can be
placed in the water and does not need suction hose or strainers. However, such pumps tend to
pick up leaves and other trash that can block nozzles and strainers of a pump supplied by the
floating pump. (See Figure E-1.2.6.)

Figure E-1.2.6 Floating 500-gpm (1893 L/min) pump in swimming pool supplying the department pumper
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through large diameter hose.

E-1.2.7 High-Lift Pumps. The high-lift pump is a small, portable pump that uses water to drive
a water motor, which in turn drives an impeller and pumps water to high elevations into a fire
pumper for relay into hose lines for fire fighting.
The high-lift pump is designed to obtain a water supply from a river, lake, stream, swimming
pool, etc., where not accessible by a pumper or conventional portable pump for drafting
operations.
The water used to power the water motor of a high-lift pump is taken from the booster tank of
the pumper and discharged at high pressure through the fire pump into the hose to the high-lift
pump water motor. This, in turn, drives the water motor, which is connected to the high-lift
pump impeller, thus forcing volumes of water back into the intake side of the fire pump and on
into the fire fighting hose lines.
High-lift pumps can be hooked into hose lines and lowered or tossed into water sources at the
lower levels without fire fighting personnel having to go down to set the pump.
E-1.2.8 Dewatering-type Pumps. Dewatering pumps, also known as trash pumps, are pumps
specifically designed to handle muddy, sandy, or otherwise contaminated water. Some are built
to handle spherical solids up to 11/2 in. (38 mm) in diameter. These pumps could be used in the
fire service to pump water out of basements, tubs, or catchalls during salvage operations.
E-1.2.9 Diaphragm Pump. The diaphragm pump uses a piston-type action employing a
diaphragm that moves water with each stroke and is capable of handling trash-laden water
without damaging the pump.
E-1.3 Methods of Using Portable Pumps.
E-1.3.1 General. Some of the many problems of supplying water in rural areas can frequently be
overcome through the use of the proper portable pump. Many departments, through area prefire
planning, locate water sources where portable pumps are the only suitable means of using the
water supply for filling mobile water supply apparatus or for supplying fire fighting hose lines.
Departments should, when locating pumping sites for portable pumps, determine whether the
site is available year-round or whether it can be used only during certain times of the year.
Further determination should be made as to availability under weather conditions anticipated
and, if such conditions can make their use difficult, how to prepare the sites for all-weather
utilization.
Centrifugal pumps are usually preferred over other types because of their ability to handle dirt
and abrasives with less damage and because of their desirable volume-pressure ratio. Similarly,
4-cycle engines are considered more suitable for fire service use, although 2-cycle or the new
turbine-driven pumps can be used. However, 4-cycle engines should be used with the engine in a
level position or the engine will be damaged, whereas 2-cycle engines can be used with the
engine in any position (as long as fuel is available to the engine) without damage to the engine.
A wood pallet or other firm base can be useful under soft ground conditions.
E-1.3.2 Uses of Pumps. Portable pumps can be used in single or multiple combinations to
accomplish the following:
(a) Filling truck tanks where no fire pumper is available
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(b) Supplying fire fighting hose lines
(c) Relaying water from a source in a variety of combinations or hookups
(d) Dewatering operations
(e) Pump-and-roll operations.
E-1.3.3 Under conditions where a fire department pumper cannot get to a source of water and
there is considerable distance between the source and the fire (several miles), low-pressure
portable pumps of larger volume have proved to be very satisfactory where used to relay water to
a mobile water supply fleet that shuttles water to a portable drop tank at the fire. A fire
department pumper takes suction from the portable drop tank for discharge onto a fire. (See
C-1.13.)
A few of the ways in which a fire department can make use of portable pumps are:
E-1.3.4 Pumping Directly onto the Fire. The portable pump can be used to pump water into
hose lines directly onto a fire. It can be carried to nearby sources of water, e.g., a swimming
pool, out of reach of regular fire apparatus. Where these water sources are close to the fire, only
small amounts of hose are needed and can be quickly carried into position for rapid attack on the
fire.
An effective portable pump for this purpose would need to be of at least a medium-volume
type with enough discharge pressure to provide an effective fire fighting stream.
For an example of this type of operation, see Figure E-1.3.4.

Figure E-1.3.4 Pumping directly onto the fire.

E-1.3.5 Single Relay from Portable Pump to Pumpers. Under conditions where a standard fire
truck cannot get to a source of water, low-pressure portable pumps of larger volume have proved
to be very satisfactory where used to relay water to pumpers. This becomes feasible at a greater
distance from water, if large diameter hose is used. (See Figure E-1.3.5.)
A single portable pump often can supply enough water to keep a pumper supplied with good
fire streams. The portable pump can be at the water source and a line laid from the portable
pump to the pumper.
One of the big advantages of the portable pump is that it can be placed close to the water
supply for operation at minimum lift and minimum friction loss in the suction hose, provided
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adequate size suction hose is used. Regular pumpers can accept water from portable pumps and
increase water pressure for fire streams or use the water in a combination of fire streams and
booster tank filling.
A method commonly used is for a pumper to lay hose lines from the fire to the water supply
and start pumping from the booster tank into the hose line and onto the fire while the portable
pump is being placed and water supply and hose lines from the portable to the regular pumper
are being hooked up.

Figure E-1.3.5 Single relay from portable pump to pumper.

E-1.3.6 Use of Portable Pumps to Fill Mobile Water Supply Apparatus or Booster Tanks.
Many rural fire departments are overcoming problems of limited water supply by using mobile
water supply apparatus to relay water to pumpers working at a fire. Should the water supply be a
stream with a small flow, for instance 150 gpm (568 L/min), or inaccessible by fire apparatus,
the water can be obtained with a portable pump placed at the water supply. This pump supplies a
portable folding tank that is used to stockpile water, and mobile water supply apparatus are filled
from the portable folding tank for shuttle to the fire. At the fire, the mobile water supply
discharges its water into another portable folding tank that is used to stockpile water from which
the pumper(s) takes suction and discharges water onto the fire. (See C-1.13.) (See Figure
E-1.3.6.)
It is not prudent to put the discharge line from portable pumps into the tops of booster tanks or
mobile water supply apparatus unless no other way is possible or a special filling device is
provided. Placing lines into tops of mobile water supply apparatus or booster tanks is a slow way
of filling the tank and can be dangerous to those working on apparatus. Hooking the portable
pump discharge line directly into intake piping of large pumpers or mobile water supply
apparatus has proved to be the quickest and safest method of filling tanks.
Any of the portable pumps can be used for filling mobile water supply apparatus in place of a
pumper; however, the low-pressure, high-volume-type pumps do the job more quickly than
others. Where pumping into tanks, strainers should be used to prevent passage of trash and
debris. Floating strainers have proved to be very effective.
Where the water supply has the capacity, multiple portable pumps for filling mobile water
supply apparatus are suggested. A 200-gpm to 300-gpm (757-L/min to 1136-L/min) rate results
in a slow filling time; therefore, two or three portable pumps should be moved into the operation
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as mutual-aid mobile water supply apparatus arrive to achieve a 500-gpm (1893-L/min) filling
rate. Multiple portable pumps also act as a backup in case of engine failure.

Figure E-1.3.6 Portable pump filling portable folding tank.

E-1.3.7 Fire Fighting from Mobile Water Supply in Motion. Some departments have installed
pipes or hard suction lines from their mobile water supply apparatus to portable pumps on the
apparatus so they can pump from the tank into discharge lines while the mobile water supply is
in motion. The portable pump can be quickly disconnected and taken off the mobile water supply
for use in other locations. This use is particularly effective for grain, grass, and brush fires, as it
provides uniform pressures regardless of the gear the vehicle requires to negotiate the terrain.
Since rigging a hard suction line from a pump to the vehicle carrying that pump is frequently
awkward, it can be essential to carry a specially prepared length of hard suction hose for this
purpose or to otherwise prepare the vehicle or the pump in order to make the evolution rapid and
practical.
E-1.3.8 Summary of Portable Pump Evolutions. There are many factors to consider in
deciding what size and type of portable pump will best fill a fire department’s needs.
Consideration should be given to the capabilities of the pump and its uses.
Appendix F Automatic Sprinkler Protection
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
F-1 Automatic Sprinkler Protection.
F-1.1 Sprinkler Protection of Rural Buildings.
F-1.1.1 General. Farsighted rural fire departments are big boosters of automatic sprinkler
protection. With more sprinklered buildings being constructed in rural areas, many rural fire
departments are just beginning to understand the friend the fire service has in automatic sprinkler
protection. The sprinkler system provides the fire department with built-in hose line protection.
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The sprinkler heads and piping are in place and ready to put water (other extinguishing agents
can be used) on any fire. Also, the record of the sprinkler system is superior. NFPA records show
that 96 percent of all fires in sprinklered buildings are controlled or extinguished by the sprinkler
system, with a large percentage of these fires controlled by no more than two or three heads. In
the 3 to 4 percent with unsatisfactory performance, the following human failures have been
noted:
(a) Sprinkler system was shut off and not in service.
(b) Fire department shut off water to sprinkler heads before fire was completely extinguished.
(c) Fire department robbed sprinkler system of water supply.
(d) Fire department did not use fire department connection.
(e) Sprinkler system was not designed to protect existing contents or occupants.
F-2 Water Supply for Automatic Sprinkler System.
F-2.1 Sprinklered Building — Possible Water Source.
Sprinklered buildings are usually provided with a water supply such as an elevated tank,
ground-level suction tank, or pond equipped with a fire pump. In a number of cases, a
distribution system with hydrants is also provided.
Ground level tanks, as well as elevated tanks, can be used by the fire department to supply
water-hauling operations. Adequate provisions should be made by the fire department so as not
to deplete the tank supply without also making provisions for refilling the tank at the conclusion
of water-hauling operations.
When building and sprinkler plans are being reviewed, the fire department has an excellent
opportunity to make contact with the property owner for permission to use the water supply in
the elevated tank in water-hauling operations. In case a certain quantity of water needs to be
reserved for the sprinkler system, a riser, serving a hydrant available to the fire department,
should be installed that extends into the tank and allows the fire department to use the water
above the water reserved for the sprinkler system.
In some municipalities (as well as some states), certain types of occupancies are required by
law to install sprinkler systems. In a number of cases, very limited water supplies, such as
pressure tanks, have been provided as the sole water supply for these systems. Such properties
should not be considered as a water source for a water-hauling operation for a rural fire
department.
F-3 Supervision for Sprinkler System.
F-3.1
In rural areas where sprinklered properties are isolated with a good possibility that the outside
sprinkler alarm will not be heard in case of fire, it is desirable that automatic sprinkler systems
be fully supervised by either a competent guard on premises or by an alarm system with all
signals transmitted directly to a central station or a fire alarm center.
F-3.1.1 Where guard service is provided, it should meet the requirements of NFPA 601,
Standard on Guard Service in Fire Loss Prevention.
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F-3.1.2 It is desirable that the alarm system include supervision of sprinkler water flow, sprinkler
control valve tamper, building temperature, low air pressure on dry sprinkler systems, fire pump
operation, fire pump electric power, fire pump battery charger, temperature of water in tanks,
and level of water in tanks where any of these items exist.
F-3.1.3 The central station should meet the requirements of NFPA 72, National Fire Alarm
Code.
F-3.1.4 Fire alarm centers should meet the requirements of NFPA 1221, Standard for the
Installation, Maintenance, and Use of Public Fire Service Communication Systems (formerly
NFPA 73), and NFPA 72, National Fire Alarm Code.
F-3.1.5 In some situations, guard service or fire alarm centers referred to in F-3.1.1 and F-3.1.4
are not feasible due to unavailability, economic considerations, or both. It is, however, very
important that sprinkler alarms be supervised and signals transmitted rapidly to the fire
department. In some rural areas where public telephone lines are the primary means of alarm
transmittal, some sprinkler systems are “supervised” by using combinations of water flow
indicators, microswitches, and the like, with direct telephone lines or automatic phone dialers.
Typically, the signal or prerecorded alarm message is sent to a “fire phone” location, police
dispatch, or similar location where alarms are handled. In no case should automatic phone dialers
be allowed on the circuit used by the public to report emergency messages (fire, police, or
ambulance), as they can tie up the telephone line for long periods. Automatic telephone dialers
are not legal on public emergency telephone lines in many jurisdictions.
F-4 Fire Department and the Sprinkler System.
F-4.1
Water supplies for the automatic sprinkler system referred to in Section 5-7, which consist of
pumps and tank combinations feeding yard mains and a hydrant system, should be installed in
accordance with NFPA 20, Standard for the Installation of Centrifugal Fire Pumps; NFPA 22,
Standard for Water Tanks for Private Fire Protection; and NFPA 24, Standard for the
Installation of Private Fire Service Mains and Their Appurtenances.
F-4.1.1 In addition to NFPA 13, Standard for the Installation of Sprinkler Systems, the following
NFPA standards apply where applicable: NFPA 15, Standard for Water Spray Fixed Systems for
Fire Protection; NFPA 16, Standard on the Installation of Deluge Foam-Water Sprinkler and
Foam-Water Spray Systems; NFPA 231, Standard for General Storage; and NFPA 231C,
Standard for Rack Storage of Materials.
F-4.1.2 Use of Fire Department Connection. The standard operating procedures (SOP) of each
rural fire department should require one of the first-due pumpers to pump to the fire department
connection of the sprinkler system. In this way, water pressure and volume to the system can be
increased, making the sprinklers more effective. Also, the fire department connection ties into
the system beyond all valves that might be shut off; therefore, even with the valve controlling the
water supply to the sprinkler system shut off, sprinkler heads can always be supplied with water
through the fire department connection. After assessment by the officer in charge, the word to
charge the system might be warranted. The pressure available from the fire department pumper
will not burst the piping or heads of the sprinkler system, as all parts of the system are designed
and tested to withstand at least 200 psig (1380 kPag).
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F-4.1.3 Shutting Off Sprinkler System in Case of Fire. The sprinkler system should not be
shut down until the chief officer is convinced that the fire is extinguished or controlled and hand
lines are in place for overhauling operations. Even then, the fire department pumper should not
be disconnected from the fire department connection to the sprinkler system. Make sure that the
fire is out. Station a person at the control valve of the sprinkler system, ready to reopen the valve
in case of a flare-up during fire department mop-up operations.
Appendix G Secondary Water Supply
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
G-1 Secondary Water Supply.
G-1.1 General.
The water supply for fire fighting purposes, as specified in Chapter 5, is considered the
minimum water supply. It is assumed that water is available to the fire department from a single
water point, often using a mobile water supply shuttle or mobile water supply relay in
conjunction with a portable folding tank or dry hydrant, etc.
The authority having jurisdiction can determine that an additional, secondary water supply is
warranted. This determination might be made as a result of on-site survey of buildings by the fire
department having jurisdiction or by review of architectural plans of proposed construction and
planned development.
G-1.2 Determination of Secondary Water Supply.
The determination of need of a secondary water supply anticipates a large-scale fire situation.
Where such conditions exist, this would require a water supply delivery system consisting of
multiple water points. Generally this can best be achieved by a water system that includes
hydrants, a distribution system, storage, and a source of supply capable of delivering a minimum
flow of 250 gpm (946 L/min) at 20 psig (139 kPag) residual pressure for a 2-hour duration.
G-1.3 Procedure for Developing Secondary Water Requirement.
Construction and occupancy hazard classification Tables G-1.5.2(a), (b), (c), and (d) have been
developed from equation information derived from the formula in G-1.5.
The factors considered in developing the secondary water requirement for a building are as
follows:
(a) Type of Construction (Ci). Combustibility and fire resistance of the building itself greatly
influence the development and spread of a fire and, to a large extent, determine the amount of
water needed to control and extinguish a fire.
(b) Size of Building (Ai). The greater the story height and larger the undivided floor area,
without walls or other fire separation, the greater the potential for a large fire and the greater the
secondary water requirement.
(c) Occupancy (Oi). A fire in a building having highly combustible contents will require a
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higher rate of water application than a fire in a building with low-combustible contents.
Examples would be a wastepaper warehouse at one end of the scale, and a steel pipe warehouse
at the other, with many variations in between.
(d) Exposures (Xi) and Communications (Pi). In addition to the water needed on the fire in the
building under consideration, additional water might be needed to prevent the fire from
spreading to nearby buildings. The amount of this extra water will depend on such factors as the
distance between buildings and the type of construction and size of the exposed and
communicating buildings.
The method of determining secondary water requirement is not intended to provide details for
calculating an adequate amount of water for large, special fire protection problems, such as
lumberyards, petroleum storage, refineries, grain elevators, and large chemical plants. For
suggested protection, see appropriate NFPA standards.
For any building or structure protected by an automatic sprinkler system that fully meets the
requirements of NFPA 13, Standard for the Installation of Sprinkler Systems, the fire department
having jurisdiction can waive any requirement by this standard for additional water supply. (See
Appendix F.)
G-1.4 Calculation.
The calculation of a secondary water supply for a subject building in gallons per minute (gpm)
considers the construction (Ci), occupancy (Oi), exposure (Xi), and communication (Pi) factors
of each selected building or fire division and is done as outlined below:
G-1.5 Construction Factor (Ci):
NOTE: There follows a brief digest of the calculation of the secondary water requirement for a given facility.
An example of an actual calculation is included in G-1.6. That portion of the secondary water requirement
attributed to the type of construction and area of the selected building or fire division is determined by the
following formula:
Ci = 18F(Ai)0.5

Where:
F = Coefficient related to the class of construction:
F = 1.5 for wood frame construction
= 1.0 for ordinary construction
= 0.8 for noncombustible construction
= 0.6 for fire-resistive construction
Ai = Effective area.
The effective area is the total ft2 (m2) area of the largest floor in the building plus the
following percentage of the other floors:†
(a) Buildings of Construction Types II, III, IV, and V, 50 percent of all other floors.
(b) Buildings of Construction Type I.
i. If all vertical openings in the building have 11/2-hour or greater protection, 25 percent of
the area not exceeding the second and third largest floors.
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ii. In other buildings, 50 percent of the area not exceeding 8 additional floors.†
NOTE: Do not include basements and sub-basement areas that are vacant or are used for building
maintenance, or that are occupied by light-hazard or low-hazard occupancies. (See G-1.6.)
______
†If division walls are rated 1-hour or more with labeled Class B fire doors on openings, subdivide a floor. The
maximum area on any one floor used shall be the largest undivided area plus 50 percent of the second largest
undivided area on that floor.

G-1.5.1 Calculating Predominant Construction. In buildings of mixed construction types, the
predominant construction class shall be determined as follows:
NOTE: In applying the rules below, basement walls and the lowest floor level shall be disregarded.

(a) Fire Resistive: Any building with 662/3 percent or more of the total wall area and 662/3
percent or more of the total floor and roof area defined as construction type I.
(b) Noncombustible: Any building with 662/3 percent or more of the total wall area and 662/3
percent or more of the total floor and roof area defined as construction types II and IV, or
Any building not qualifying under (a) above, with 662/3 percent or more of the total wall area
and 662/3 percent or more of the total floor and roof area constructed in two or more of
construction types I, II, and IV, but with no single type in itself equaling 662/3 percent or more
of the total area.
(c) Ordinary: Any building not qualifying under (a) or (b) above, with 662/3 percent or more
of the total wall area of construction type III, or
Any building not qualifying under (a) or (b) above, with 662/3 percent or more of the total wall
area and 662/3 percent or more of the total floor and roof area constructed in two or more of
construction types I, II, III, and IV, but with no single type in itself equaling 662/3 percent or
more of the total area.
(d) Frame: Any building not qualifying under (a) through (c) above, or any building with over
331/3 percent of the total wall area of combustible construction, regardless of the type of
construction of the balance of the building, should be defined as construction type V.
The maximum value of (Ci) is limited by the following:
8000 gpm (30 280 L/min) for wood frame and ordinary construction;
6000 gpm (22 710 L/min) for noncombustible and fire-resistive construction;
6000 gpm (22 710 L/min) for a one-story building of any type of construction.
The minimum value of (Ci) is 250 gpm (945 L/min). The calculated value of (Ci) should be
rounded to the nearest 250 gpm (945 L/min).
G-1.5.2 Occupancy Factor (Oi).
The factors below reflect the influence of the occupancy in the selected building on the
secondary water requirement.
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Occupancy Hazard Classification
Number

Occupancy
Factor (Oi)

No. 7 Light Hazard

0.75

No. 6 Low Hazard

0.85

No. 5 Moderate Hazard

1.00

No. 4 High Hazard

1.15

No. 3 Severe Hazard

1.25

Representative lists of occupancies by classification of occupancy hazard are located in
Chapter 3.
NOTE: Tables G-1.5.2(a) through G-1.5.2(d) include the occupancy factors (Oi) applied for each type of
construction.

Table G-1.5.2(a) Wood Frame Construction and Occupancy Hazard Classification (F=1.5)
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Table G-1.5.2(b) Ordinary Construction and Occupancy Hazard Classification (F=1.0)
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Table G-1-5.2(c) Noncombustible Construction and Occupancy Hazard Classification
(F=0.8)

Copyright 1996 NFPA

Table G-1.5.2(d) Fire Resistive Construction and Occupancy Hazard Classification (F=0.6)
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G-1.5.3 Exposure (Xi) and Communication (Pi) Factors.
These factors reflect the influence of exposed and communicating buildings on the secondary
water requirement. A value of (Xi+Pi) should be developed for each side of the building:
NOTE: The following is a brief digest of the calculation of exposure and communication. An example of an
actual calculation is included in G-1.6.

Copyright 1996 NFPA

NOTE: The exposure factor should apply to only one side of the subject building. It is determined by the
following method.

(a) Factor for exposure (Xi):
The factor for (Xi) depends on the construction and the length-height value (length of wall in
feet times height in stories) of the exposed building and the distance between facing walls of the
subject building and the exposed building and should be selected from Table G-1.5.3(a).
NOTE: The following buildings shall not be charged as exposures:

•

Buildings fully protected by automatic sprinklers;

•

Buildings with a residential occupancy;

•

Buildings that are Type I construction;

•

Buildings with a blank masonry wall.

(b) Factor for communication (Pi):
The factor for (Pi) depends on the protection for the communicating party-wall openings and
the length and construction of communications between fire divisions and shall be selected from
Table G-1.5.3(b). Where more than one communication type exists in any one side wall, apply
only the largest factor (Pi) for that side. Where there is no communication on a side, (Pi) = 0.
(c) Calculation of secondary water supply (SWSi)
SWSi = (Ci)(Oi)(X + P)i
Where wood shingles as a roof covering are permitted by the authority having jurisdiction (on
the building being considered or on the exposed buildings), 500 gpm (1892 L/min) is added to
the secondary water requirements unless such shingles are listed Class C or better.
The secondary water requirement shall not exceed 12,000 gpm (45 420 L/min) nor be less than
250 gpm (945 L/min).
Table G-1.5.3(a) Factor for Exposure (Xi)
Construction of Facing Wall of Exposed Building Classes
2, 4, 5 & 6

Construction of
Facing Wall of

Distance (ft)
to the

Length - Height
of Facing Wall
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Unprotected

Semi-Protected
Openings
(wired glass
or outside

Subject Bldg.

of
Exposed Building

1, 3

Openings

open sprinklers)

Blank Wall

1-100

0.22

0.21

0.16

0

or Masonry

101-200

0.23

0.22

0.17

0

with Openings

201-300

0.24

0.23

0.18

0

301-400

0.25

0.24

0.19

0

Over 400

0.25

0.25

0.20

0

1-100

0.17

0.15

0.11

0

101-200

0.18

0.16

0.12

0

201-300

0.19

0.18

0.14

0

301-400

0.20

0.19

0.15

0

Over 400

0.20

0.19

0.15

0

1-100

0.12

0.10

0.07

0

101-200

0.13

0.11

0.08

0

201-300

0.14

0.13

0.10

0

301-400

0.15

0.14

0.11

0

Over 400

0.15

0.15

0.12

0

1-100

0.08

0.06

0.04

0

101-200

0.08

0.07

0.05

0

201-300

0.09

0.08

0.06

0

301-400

0.10

0.09

0.07

0

Over 400

0.10

0.10

0.08

0

Frame, Metal,

Exposed
Building
0-10

11-30

31-60

61-100

Blank
Masonry
Wall

Facing wall of the exposed building is higher than subject building:
Use the above table EXCEPT use only the length-height of facing wall of the exposed building ABOVE the height of the fac
wall of the subject building. Buildings five stories or over in height, consider as five stories.
When the height of the facing wall of the exposed building is the same or lower than the height of the facing wall of the subj
building, Xi = 0.

For SI units: 1 ft = 0.305 m.

Table G-1.5.3(b) Factor for Communications (Pi)
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Fire Resistive, Non-Combustible
or
Slow-Burning Communications
Open
Description
of
Protection
of
Passageway
Openings

Communications with
Combustible Construction

Enclosed

Open

Enclosed

Any
Length

10 ft
or
Less

11 ft
to
20 ft

21 ft
to
50 ft
*

10
ft
or
Less

11 ft
to
20 ft

21
ft
to
50 ft
*

10
ft
or
Less

11 ft
to
20 ft

21 ft
to
50 ft
*

Unprotected

0

**

0.30

0.20

0.30

0.20

0.10

**

**

0.30

Single Class A Fire
Door at One End of
Passageway

0

0.20

0.10

0

0.20

0.15

0

0.30

0.20

0.10

Single Class B Fire
Door at One End of
Passageway

0

0.30

0.20

0.10

0.25

0.20

0.10

0.35

0.25

0.15

Single Class A Fire
Door at Each End or
Double Class A Fire
Doors at One End of
Passageway

0

0

0

0

0

0

0

0

0

0

Single Class B Fire
Door at Each End or
Double Class B Fire
Doors at One End of
Passageway

0

0.10

0.05

0

0

0

0

0.15

0.10

0

* For over 50 ft, Pi = 0.
** For unprotected passageways of this length, consider the two buildings as a single fire division.
Note: When a party wall has communicating openings protected by a single automatic or self-closing Class
B fire door, it qualifies as a division wall for reduction of area.
Note: Where communications are protected by a recognized water curtain, the value of Pi is zero.
For SI units: 1 ft = 0.305 m.

The secondary water requirement shall be rounded off to the nearest 250 gpm (945 L/min) if
less than 2500 gpm (9462 L/min) and to the nearest 500 gpm (1892 L/min) if greater than 2500
gpm (9462 L/min).
G-1.6 Examples of Calculating Secondary (Design) Water Supply.
Example 1: A three-story ordinary-construction building, occupied as a moderate hazard with
unused basement, has a ground floor area of 7300 ft2. The effective area is
7300 + 0.5 (7300 + 7300) = 14,600 ft2
In Table G-1.5.2(b), the area of 14,600 ft2 is between 13,951 ft2 and 17,401 ft2, therefore,
under occupancy hazard classification 5, the construction factor (Ci) and occupancy factor (Oi) is
2250 gpm (8516.3 L/min). There is no exposure or communication. The calculation of the
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secondary water supply SWSi rounded to the nearest 250 gpm (945 L/min) is as follows:
SWSi = (Ci) (Oi) (X + P)i
SWSi = 2250 gpm (8516.3 L/min)
Example 2: A three-story wood-frame building, with a ground floor area of 7300 ft2,
communicates through unprotected openings with a five-story, ordinary-construction building
with a ground floor area of 9700 ft2. Both buildings are operated as moderate hazard. The
basements have light-hazard and low-hazard contents. The effective area for the building is:
7300 + 9700 + 0.5 [2(7300) + 4(9700)] = 43,700 ft2
The (Ci) (Oi) for the building is based upon the predominant construction class of the building.
In this case, more than 662/3 percent of the total floor and roof area is of ordinary construction.
The predominant construction class is ordinary construction. Therefore, under occupancy hazard
classification 5, the value for (Ci) (Oi) for an effective area of 43,700 ft2 = 3750 gpm (14 213
L/min).
Example 3: A one-story, ordinary-construction building, occupied as moderate hazard without
basement, has an area of 210,000 ft2. The effective total area is 210,000 ft2. Table G-1.5.2(b)
indicates a (Ci) (Oi) of 8000 gpm (30 280 L/min); however, this is a one-story building, and,
therefore, the value for (Ci) (Oi) = 6000 gpm (22 710 L/min).
Example 4: A two-story, wood-frame building, occupied as moderate hazard, has an area of
60,000 ft2 and communicates through unprotected openings to a one-story, noncombustible
building with an area of 45,000 ft2. The effective area is 45,000 + 60,000 + 1/2 (60,000) =
135,000 ft2.
The (Ci) (Oi) for the building is based on the predominant construction class of the building. In
this case, over more than 331/2 percent of the total wall area is of combustible construction.
Therefore, the predominant construction class is wood frame construction.
Therefore, under occupancy hazard classification 5, the value for (Ci) (Oi) for an effective area
of 135,000 ft2 = 8000 gpm (30 280 L/min).
Example 5: The subject building, a two-story building of 175 ft × 100 ft ( 53.3 m × 30.5 m) is
located 15 ft (4.6 m) east of an exposed building identical in construction and area. Both
buildings have unprotected openings. The length-height value of the exposed building is 2 × 175
ft = 350. From Table G-1.5.3(a), the exposure charge (Xi) is 0.19 or 19 percent.
Example 6: The subject building, a one-story wood frame building of 75 ft × 100 ft (22.9 m ×
30.5 m), communicates on the long side, through an enclosed frame passageway, 25 ft (7.6 m) in
length, to an ordinary-construction building. Both buildings have unprotected window openings.
The length-height value is 1 × 100 = 100. The exposure charge (Xi) for this side from Table
G-1.5.3(a) is 0.15. The communication charge (Pi) for this side from Table G-1.5.3(b) is 0.30.
The exposure and communication charge for this side (Xi) + (Pi) for the sum of 0.15 and 0.30 =
0.45.
G-2 Fire Hydrants.
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G-2.1 Hydrant Distribution.
Calculate the fire flow requirement for the building and occupant to be protected using the
above procedure. Hydrants should be so placed that the total allowance for hydrants within 1000
ft (304.8 m) of the building is at least equal to the fire flow calculated. Allow up to 1000 gpm
(3785 L/min) from each hydrant within 300 ft (91.4 m) of the building, 670 gpm (2536 L/min)
from each hydrant within 301 ft (91.7 m) to 600 ft (182.9 m) of the building, and 250 gpm (945
L/min) from hydrants within 601 ft to 1000 ft (183.2 m to 304.8 m) of the building.
G-2.2 Hydrant Design.
All fire hydrants should be three-way hydrants having two hose outlets and a pumper outlet.
When a hydrant has two or more hose outlets with no pumper outlet, the maximum allowance
shall be 75 percent of the hydrant allowed for the distance within 300 ft (91.4 m). Therefore, for
hydrants with two or more hose outlets and with no pumper outlet, allow up to 750 gpm (2835
L/min) for each such hydrant within 300 ft (91.4 m) of the building; however, allow 670 gpm
(2536 L/min) from such hydrants within 301 ft to 600 ft (91.7 m to 182.9 m) of the building and
250 gpm (945 L/min) from hydrants within 601 ft to 1000 ft (183.2 m to 304.8 m) of the
building.
Appendix H Referenced Publications
H-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
H-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P. O. Box 9101, Quincy, MA
02269-9101.
NFPA 11, Standard for Low Expansion Foam and Combined Agent Systems, 1988 edition.
NFPA 13, Standard for the Installation of Sprinkler Systems, 1991 edition.
NFPA 13D, Standard for the Installation of Sprinkler Systems in One- and Two-Family
Dwellings and Mobile Homes, 1991 edition.
NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection, 1990 edition.
NFPA 16, Standard on the Installation of Deluge Foam-Water Sprinkler and Foam-Water
Spray Systems, 1991 edition.
NFPA 20, Standard for the Installation of Centrifugal Fire Pumps, 1993 edition.
NFPA 22, Standard for Water Tanks for Private Fire Protection, 1993 edition.
NFPA 24, Standard for the Installation of Private Fire Service Mains and Their
Appurtenances, 1992 edition.
NFPA 72, National Fire Alarm Code, 1993 edition.
NFPA 231, Standard for General Storage, 1990 edition.
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NFPA 231C, Standard for Rack Storage of Materials, 1991 edition.
NFPA 298, Foam Chemicals for Wildland Fire Control, 1989 edition.
NFPA 601, Standard on Guard Service in Fire Loss Prevention, 1992 edition.
NFPA 1141, Standard for Fire Protection in Planned Building Groups, 1990 edition.
NFPA 1221, Standard for the Installation, Maintenance, and Use of Public Fire Service
Communication Systems, 1991 edition.
NFPA 1903, Standard for Mobile Water Supply Fire Apparatus, 1991 edition.
NFPA 1921, Standard for Fire Department Portable Pumping Units, 1993 edition.
H-1.2 Other Publications.
Guides to Planning and Installing Dry Fire Hydrants. A guidebook and a video entitled “A
Guide to Planning and Installing Dry Fire Hydrants” are available by writing to:
Wisconsin Department of Natural Resources
W8945 USH 8
Ladysmith, WI 54848-9567
Larry Davis, Rural Firefighting Operations Book II, Chapter 15, p. 342, IFFSI, Ashland, MA,
1986.
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Chapter 1 Introduction
1-1 Scope.
It is the intent of this document that “fire service organizations” be considered an all-inclusive
term used to describe those local, municipal, state, federal, military, industrial, and private
organizations with fire protection responsibilities and institutions that provide training for such
organizations. Fire service organizations utilizing this document for the establishment, upgrade,
or evaluation of their training records and report systems should be able to document clearly the
performance and ability of individual and group activities related to the following:
(a) Compliance with personnel performance standards;
(b) Documentation of career development training and education;
(c) Cooperation with other agencies with which the organization executes joint specialty
operations (e.g., emergency medical services);
(d) Training required by regulatory agencies (e.g., OSHA).
1-2* Purpose.
This document presents a systematic approach to providing essential information for managing
the training function of the fire service organization. Included are those types of records, reports,
and forms that can serve as basic information tools for effective training administration.
1-3 General.
1-3.1 The Need for Training Documentation.
Training records have an important function in the administration of a fire service
organization. As with any other community business, records and reports are an integral part of
business management. Fire training records and reports are often only part of the documentation
that is necessary to meet legal and statutory requirements. When properly compiled and
evaluated, these records enable management to make effective decisions for planning,
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programming, and budgeting operations. Computer programs are now available that provide the
ability to analyze and systematize training records and quickly compile reports that can aid in
justifying the resources that a fire chief expends on training activities.
1-3.2
Training records and reports should be utilized by the training officer and line officers for
analysis of the effectiveness of the training program in terms of time, staffing, and financing.
Training records and reports should be utilized to develop specific training objectives and to
evaluate compliance with, or deficiencies in, the training program. Compliance with mandated
training requirements should be documented. Training records and reports also are becoming
more important for use as evidence in public liability suits brought against the organization’s
fireground activities.
1-3.3 Function of Training Records and Reports.
The management of training functions should be performed in a closed-feedback loop. These
functions should not operate as an open-ended cycle. The cycle consists of the following:
(a) Planning;
(b) Organization;
(c) Implementation;
(d) Operation;
(e) Review;
(f) Feedback/alteration.
1-3.4*
In each phase of the cycle, information is needed for management to perform effectively. The
information is provided through various types of records, reports, and studies. Therefore, records
should be designed to fit into the overall training management cycle. In order to be most
effective, these records should contribute to the overall organization information cycle.
1-4 Definitions.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Fire Chief. The administrative head of the organization. The individual assigned the
responsibility for management and control of all matters and concerns pertaining to the fire
service organization.
Education. The process of imparting knowledge or skill through systematic instruction.
Feedback. Comments and opinions regarding the system to be reviewed for appropriate
changes or modifications.
Flow Chart. A diagram consisting of a set of symbols and connecting lines that shows a
step-by-step progression through a procedure or system.
Functions. One of a group of related actions contributing to the overall goals of the
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organization.
Management. The collective body of those who direct the operations of the organization.
Periodic. Occurring or recurring at regular intervals, as determined by the individual
organization (e.g., weekly, monthly, quarterly, semiannually, yearly).
Record. A permanent account of known or recorded facts that is utilized to recall or relate past
events or acts of an organization or the individuals therein.
Report. The act of providing an account of facts relating to past events, or the acts of an
organization or its individuals.
Seasonal Needs. The periodic operating contingencies of a particular geographic region that
are established to overcome a specific set of circumstances (e.g., crop harvest, rainy season).
Should. Indicates a recommendation or that which is advised but not required.
System. An organized or established procedure intended to form a network arranged to achieve
specific goals.
Training. Skills that have been demonstrated, practiced, and achieved.
Training Officer. The person designated by the fire chief with authority for overall
management and control of the organization’s training program.
Chapter 2 Elements of Training Documents
2-1 General.
2-1.1
Training documents, regardless of their intent or level of sophistication, should focus on
content, accuracy, and clarity. These documents should relay to the reader at least five specific
elements of information as follows:
Who -was the instructor?
-participated; was in attendance?
-is affected by the documents?
What -was the subject covered?
-equipment was utilized?
-operation was evaluated or affected?
-was the stated objective and was it met?
When -will the event take place; or
-did the event take place?
Where
-will the event take place; or
-did the event take place?
Why -is the event necessary; or
-did the event occur?
(See Appendix B for examples of training record forms.)
2-1.2
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Additional information or detail should be included to explain or clarify the document as
necessary.
Chapter 3 Types of Training Documents
3-1 Training Schedules.
3-1.1 The Need for Training Schedules.
All members of a fire department should receive standardized instruction and training. This
necessitates considerable planning; however, standardization can be improved through the
preparation of training schedules for use by department personnel.
3-1.2 Types of Training Schedules.
Training schedules should be prepared for all training ground and classroom sessions. It is
important that consideration be given to the availability of training to all personnel when
schedules are prepared. For example, training sessions might have to be scheduled on
consecutive days to accommodate career personnel or repeated on weekdays and on weekends
for volunteers. Scheduling training for industrial fire brigade members involves some additional
considerations. Such factors as the amount of time personnel are allowed to be away from their
work stations or the provision of replacement personnel to cover for fire brigade members who
are involved in critical plant operations are to be considered when preparing training schedules.
Typical training schedules are described in 3-1.2.1 and 3-1.2.2.
3-1.2.1* Periodic Training Schedule — Station Training. This schedule, which is prepared by
the training officer, designates specific subjects that are to be covered by company or station
officers in conducting their station training. The company officers use this schedule to set their
own in-station training schedule.
3-1.2.2* Periodic Training Schedule — Training Facility Activities. This schedule details
when companies are to report to the training facility for evolutions or classes. Days should also
be set aside for make-up sessions. Training activities conducted outside the training facility or by
outside agencies also are to be shown on this schedule.
3-1.3
Schedules should be prepared for all training, including the following:
(a) Recruit training;
(b) In-service training;
(c) Special training;
(d) Officer training;
(e) Advanced training.
3-2 Training Reports.
3-2.1
A training report should be complete and should follow a logical sequence. Obviously, no
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general outline can be applied to the arrangement of a report, since each report is to be
constructed according to its individual requirements. A report should clearly and concisely
present the essentials so that conclusions can be grasped with a minimum of effort and delay.
Furthermore, a report should provide sufficient discussion to ensure the correct interpretation of
the findings, which should indicate the nature of the analysis and the process of reasoning that
leads to those findings.
3-2.2
Each item of a report should serve a definite purpose. Each table and chart in a report should
be within the scope of the report. They should enhance the information stated or shown
elsewhere, and they should be accurate and free of the possibility of misunderstanding, within
reason.
3-2.3
The process of writing reports includes five steps that are generally used in identifying,
investigating, evaluating, and solving a problem. These five steps, which should be
accomplished before the report is written, are as follows:
(a) The purpose and scope of the report should be obtained.
(b) The method or procedure should be outlined.
(c) The essential facts should be collected.
(d) These facts should be analyzed and categorized.
(e) The correct conclusions should be arrived at and the proper recommendations should be
made.
3-2.4 Accuracy and Details.
Accuracy and clarity are essential in any report or form. If the reader or recipient detects
inaccuracy, then the veracity of the represented writer or division, as well as the value of the
report, is suspect. Details, without the inclusion of unnecessary information, are necessary to
show progress or accomplishment. Care should be exercised to ensure that the point or summary
is reached and that duplication of information in other forms or reports is not made.
3-2.5 Types of Training Reports.
The number and types of training reports that need to be prepared vary from department to
department. While there are differing needs among fire departments, certain reports are common
to most departments. Some typical training reports include the following:
(a) A complete inventory of apparatus and equipment assigned to the training division;
(b) Detailed plans for training improvements that include all equipment and facility needs and
cost figures;
(c) A detailed periodic report on and evaluation of the training of all probationary fire fighters;
(d) A monthly summary of all activities of the training division;
(e) An annual report of all activities of the training division. The annual report should describe
the accomplishments during the year, restate the goals and objectives of the training division,
and describe the projected plans for the upcoming year.
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3-2.6
There are times when a narrative report is necessary. Before writing a narrative report, the
writer should consider the audience for the report. The comprehensiveness of the report should
be determined by the recipients’ knowledge of the subject.
3-3 Training Records.
3-3.1
Training records are to be kept to document department training and can assist in determining
the program’s effectiveness. Information derived from such records can, for example, provide
the supporting data needed to justify additional training personnel and equipment.
3-3.2
Performance tests, examinations, and personnel evaluations can contribute to the development
of the training program if the results are analyzed, filed, and properly applied. Training records
should be kept current and should provide the status and progress of all personnel receiving
training. Frequent review of training records should provide a clear picture of the success or
failure of the training program.
3-3.3
Properly designed training records should be developed to meet the specific needs of each fire
department. Training records should be detailed enough to enable factual reporting while
remaining as simple as possible. The number of records should be kept at a minimum to avoid
confusion and duplication of effort.
3-3.4
Typical training records should include the following:
(a) A daily training record;
(b) A company record;
(c) An individual training record;
(d) Special and summary records.
3-4 Types of Training Records.
3-4.1 Departmental Training Record.
A report that serves as a permanent record showing all the training fire personnel receive.
These reports usually are completed on a yearly basis. Company officers usually make entries on
this form; however, training officers in small departments might take on this responsibility.
3-4.2 Individual Special Course Record.
Special schools or courses made available to fire fighters. Their attendance and certification
should be recorded.
3-4.3 Individual Training Record.
A record containing a chronological history of an individual’s progress from the time of entry
into the organization until separation.
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3-4.4 Progress Chart.
A record form that provides an accurate and complete picture of all class activities and work
accomplished by both the instructor and the students. The chart also shows, at a glance, how the
class or program is progressing with respect to calendar or time schedules.
3-4.5 Certification Training Record (Fire Fighter).
A worksheet that maintains a record of each fire fighter’s progress during the pursuit of
certification.
3-4.6 Educational Courses.
A documentation of courses taken outside the department, such as at institutions for higher
education.
3-4.7 Vocational Courses.
A documentation of courses, most of which are provided by state or regional programs in the
form of workshops or demonstrations outside the department.
3-4.8 Seminars and Other Training.
A documentation of all seminars, short courses, and other individual or group development
meetings attended. A certificate of achievement or certificate of completion obtained in this area
of training should be made a part of the individual’s training file.
3-4.9 Periodic Company Summary.
A report showing all other training conducted or attended by the company. The number of
hours spent by each individual on each subject should be recorded, and this report should be
submitted through proper channels to the officer in charge of training. Such reports should be
submitted monthly.
3-4.10 Chief Officers’ Periodic Training Summary.
A report showing all training conducted by fire companies within a division, battalion, or
district. This report serves as confirmation for chief officers that company officers are properly
conducting company training, and it can be submitted to the officer in charge of training for
inclusion in monthly and annual summaries.
3-4.11 Group Training Records and Evaluation.
Because most fireground operations are accomplished by more than one fire fighter, group
performance of basic evolutions is an important part of any training system. A means or method
of measuring the effectiveness of the organization’s evolutions and how well they prepare the
fire fighters to make an attack on a fire should be established. The group or company
performance standard evaluation report form should be designed to allow for quick and accurate
determination of the group’s ability to meet minimum basic requirements. The report also should
enable the individual group or company to check on the progress of its abilities in carrying out
standard evolutions and following established standard operating procedures, and it should
recommend areas in which additional training is needed.
3-5 State Certification Records.
3-5.1
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Since the establishment of the NFPA professional qualifications series of standards, a number
of states have developed and implemented state fire service training certification systems to
establish and recognize compliance with these minimum requirements for various fire service
professional levels.
3-5.2
Information and documentation that should serve as a foundation for submission to state
certification programs should include, as a minimum, the following:
(a) A single file that includes all training accomplished by the individual fire fighter during
his/her career;
(b) Dates, hours, locations, and instructors of all special courses or seminars attended;
(c) Monthly summaries of all departmental training.
These records should require the signatures of the instructor and the person instructed as a
valid record of an individual’s participation in the training.
3-5.3
The format used for state certification could be different than that utilized by an individual
department. This is likely to cause considerable problems with accurate record submission and
should be addressed on the state level by all parties concerned. Various state certification forms
are contained in Appendix B.
Chapter 4 Computerization of Reports and Records
4-1 General.
4-1.1
Data processing by computer is widely used by fire departments, and the full potential of
computer use in the fire service has yet to be realized. Many of those departments that, in the
past, utilized a computer only for dispatching and fire incident reporting have found the
advantages of applying the power and speed of the computer to other tasks. The use of relatively
inexpensive computer systems and fire training records software has expanded in fire department
applications. Programs also can be used for reports and records.
4-1.2
The computer has the potential for eliminating many, if not all, problems associated with a
manual recordkeeping system. Conditions such as personnel moving from station to station,
vacations, and sick time mean that systems are normally far from accurate and are usually most
difficult to use for meaningful comparison or summarization because of their bulk, inaccuracy,
or both.
4-1.3
Computerized information systems can provide a cost-effective method of processing
comprehensive data and generating reports in a form that is conducive to the decision-making
process. In addition, the computerization of training records often can be made very simple by
using state of the art user language programming, which does not necessitate the services of a
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highly trained programmer in the development of a computer-based system.
4-1.3.1 Software programs also are available from a variety of sources to accomplish the
recordkeeping requirements of the user with little or no modification. Before expending the time,
effort, and money needed to develop a program, these commercially available alternatives should
be evaluated.
4-1.3.2 Public domain software is available to the fire service from a variety of sources,
including the National Fire Academy.
4-1.4
Duplicate or backup records should be considered to protect data. These should be stored at a
site separate from the primary records. The use of a computer makes this duplication or backup
simple.
Chapter 5 Evaluating the Effectiveness of the Training Records System
5-1 General.
5-1.1
The evaluation of training records should be done at specified intervals by the local department
training officer or training committee. Each training record should be evaluated to determine the
following:
(a) Has the individual taken all the required training?
(b) If not, has the individual been scheduled for missed classes?
(c) Do performance deficiencies show up on the individual’s training record?
(d) If performance deficiencies exist, what kind of program is being developed to overcome
them?
(e) Have companies met all the required job performance standards established by the
department?
(f) If job performance standards have not been met, have the problems been identified and a
program developed to overcome them?
(g) Are there areas of training that are being overlooked completely?
(h) Is the cycle of training sufficient to maintain skill levels?
5-1.2
All training records and the recordkeeping system should be evaluated at least annually.
During the evaluation process, the following questions should be applied to each record:
(a) What is the purpose of the record?
(b) Who uses the information compiled?
(c) Is the record providing the necessary information?
(d) Do other records duplicate the material being compiled?
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(e)* How long should records be retained?
(f) Can training trends be determined from a compilation of the records?
(g) Is there a simpler and more efficient way of recording the information?
Chapter 6 Legal Aspects of Recordkeeping
6-1 Privacy of Personal Information.
6-1.1
Federal and state laws recognize the right of access to records maintained in the public
domain. However, some areas are exempted from access, and clear-cut guidelines should be
developed by the authority having jurisdiction to prevent the unnecessary and illegal disclosure
of information of a confidential nature.
6-1.2
Test questions, scoring keys, employee training and educational records, and other
examination data that are included in an individual’s training file usually cannot be disclosed
without a court order or without written permission of the employee.
6-1.3
The fire chief or training officer should verify with the local legal counsel the specific laws
regulating the jurisdiction in this regard and should ensure that adequate control measures are set
in place for the privacy of personal information.
6-1.4
Legal counsel also should be contacted concerning the length of time records or reports, or
both, need to be kept available. Some documents need to be maintained for only a year, others
for as long as an individual is with the organization, and still others need to be kept only for
specific lengths of time.
6-1.5
Most training records can be maintained in their entirety in a computerized form, thus greatly
reducing the amount of paper that needs to be stored. However, it is important to note that some
training records are to be maintained in their original hard-copy form. In various appeal
proceedings, OSHA has held that original records are required to be maintained for training
activities that are conducted specifically to comply with an OSHA-mandated training
requirement. Examples of this type of training are found in Title 29, Code of Federal
Regulations, 1910.120, “Hazardous Waste Operations and Emergency Response
(HAZWOPER)”; Title 29, Code of Federal Regulations, 1910.146, “Permit Required Confined
Spaces”; and Title 29, Code of Federal Regulations, 1910.147, “Control of Hazardous Energy.”
6-2 Recordkeeping and Liability.
6-2.1
A concern of the fire service is the threat of litigation. The maintenance of accurate and
complete training records in accordance with this document is one of the ways fire departments
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can limit their liability.
6-2.2
Accurate and complete training records also are required by a number of different laws and
standards. Federal and state regulations require specific amounts and types of training. NFPA
1403, Standard on Live Fire Training Evolutions in Structures, and NFPA 1500, Standard on
Fire Department Occupational Safety and Health Program, require the documentation of
specific training.
6-2.3
For agencies that conduct multijurisdictional training, it might be necessary to have a signed
warning notice for those individuals who participate in certain training activities.
Chapter 7 Referenced Publications
7-1
The following documents or portions thereof are referenced within this recommended practice
and should be considered part of the recommendations of this document. The edition indicated
for each reference is the current edition as of the date of the NFPA issuance of this document.
7-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1403, Standard on Live Fire Training Evolutions in Structures, 1992 edition.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
7-1.2 Other Publications.
7-1.2.1 U.S. Government Publications. U.S. Government Printing Office, Superintendent of
Documents, Washington, DC 20402.
Title 29, Code of Federal Regulations, Part 1910.120.
Title 29, Code of Federal Regulations, Part 1910.146.
Title 29, Code of Federal Regulations, Part 1910.147.
Appendix A Explanatory Material
This Appendix is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
A-1-2
It should be understood that recordkeeping is not an end in itself. Training reporting systems
are a process of providing management information for use in the decision-making process.
Records are the tools for administering the human resource development of the fire service
organization. The objective of the training process is to improve the performance of the
individual and the overall performance of the organization. Training programs established and
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implemented within the organization should be people-oriented and action-minded, and the
records and reporting system used in conjunction with the program should reflect these concepts.
A-1-3.4
No published manual or reference document can be applied as a nationally recognized system
that universally fits the needs of all branches of the fire service. Therefore, knowledge of a fire
service organization’s information system is fundamental to preparing any type of report form or
any system of reporting. Although the responsibility for information reporting is usually that of
the fire chief, the information contained in the report generally originates from the supervisors of
a company, unit, division, or bureau. Recordkeeping and reporting effectiveness is directly
related to the design, use, and application of an adequate information system. A clear analysis of
the information needs for the specific system is necessary. A good system of recordkeeping and
reporting necessitates as much research effort as any other system in the organization if it is to be
effective and meaningful.
A-1-4 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-3-1.2.1 A balance between manipulative skills training and classroom sessions should be
considered in the preparation of training schedules. Such training schedules should include all of
the topics necessary to satisfy job knowledge requirements and to maintain skills already
learned.
A-3-1.2.2 The scheduling of training also is influenced by the time of year, with regard to
weather conditions, seasonal needs, new equipment, and specific personnel needs.
A-5-1.2
(e) State laws might govern the length of time that records are to be maintained.
Appendix B Examples of Reports and Records
This Appendix is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
Figures B-1 through B-11 are examples of reports and records as recommended by this
document.
NOTE: The subjects and time frames shown can be changed to meet the training needs of a particular
department.
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Figure B-1 Individual training progress record.
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Figure B-2 Individual training summary record.
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Figure B-3 Individual daily training record by subject area and hours.
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Figure B-4 Individual monthly training record by subject area and hours.
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Figure B-5 Individual professional qualifications record.

Figure B-6 Comparative individual progress record.
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Figure B-7 Individual special courses record.
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Figure B-8 Periodic (weekly) schedule of training.
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Figure B-9 Periodic (quarterly) schedule of training.
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Figure B-10 Division of training drill report.
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Figure B-11 Group evaluation record.
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Chapter 1 Introduction
1-1 Scope.
This guide addresses the design and construction of facilities for fire training. It covers the
aspects that should be considered when planning such a facility. It should be understood that it is
impractical to list every item that might be included in a training center or every type of specialty
training facility that might be constructed. Therefore, the main components of a training center
necessary to accomplish general fire fighter training effectively, efficiently, and safely are
presented here.
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1-2 Purpose.
This document provides guidance for the planning of fire-fighting training facilities.
Regardless of whether a particular situation requires inclusion of all the items specified, they are
provided in order to provoke thought. This guide is intended to assist in the identification of
those elements that are of the greatest benefit(s) to those involved in planning such a facility.
1-3 General.
1-3.1
The construction of a fire fighter training facility, regardless of its size, involves planning,
design, and the expenditure of funds. In order to derive the maximum benefits from the resources
available, a comprehensive assessment of current and future needs should be made. This
assessment should consider the following:
(a) Current and future training needs
(b) Facilities currently available
(c) Organizations or department using the facility
(d) Viable alternatives to new construction
1-3.2
The resources available can constitute a major constraint to facility development and
construction. These resources include money, land, governmental support, and private support.
Questions concerning the availability of resources should be answered during the planning of a
facility.
Chapter 2 Cost-Effectiveness Analysis and Considerations
2-1 General.
Is a fire service training facility necessary? If the answer is yes, then the initial step is to
develop a statement on the broad purpose of the facility. An example follows.
"Everchanging technologies in fire suppression and fire prevention require that today's fire
fighter be knowledgeable and well trained. A proper environment for obtaining this knowledge
and training is equally important. This facility provides the physical requirements of a fire
training center and enhances the community's well-being through better fire protection and fire
prevention."
2-2 Alternative Facilities.
If a fire department requests a training facility, its existence needs to be justified. The use of
existing facilities at the state or regional level should be explored. If the department is located in
an industrial area, the fire training facilities of the local plants should be considered. It might be
possible to use their facilities, or they might be willing to contribute to some of the cost of
building a new facility.
2-3 New Facilities.
If a new facility is decided upon, certain factors need to be considered.
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2-3.1 Cost Considerations.
Who will assume the cost? Both initial and ongoing costs such as site acquisition, legal and
architectural fees, staffing, building costs, apparatus and equipment, maintenance, utilities (i.e.,
water, electricity, gas), and roadway systems need to be identified.
2-3.2 Cost-Effectiveness Analysis.
2-3.2.1 A cost-benefit analysis should be conducted to enable a community to determine whether
the investment is cost-effective and if it is feasible to contribute to long-range financial support.
This analysis should include those departments and agencies that will use the facility. State,
county, and regional training agencies might wish to sponsor their programs at the facility. For
example, local police share a need for driver training, physical fitness, and classroom space.
Combining the training facility with an in-service fire station can satisfy two needs and reduce
the total financial impact of separate facilities.
2-3.2.2 Modular construction can be considered as a cost-effective means of procuring the
necessary structures. This type of construction can be particularly advantageous for
administration or classroom facilities.
2-3.3 Advisory Groups.
If the community accepts the need for the facility, criteria then should be established to judge
how the need is to be fulfilled. It might be beneficial to organize a commission or advisory group
to interface between governing bodies and the fire training agency. The group should include
representatives of the agencies, organizations, and departments that will use the facility. Such a
group can weigh the importance of the following potential benefits:
(a) Reduced injuries and deaths of civilians and fire fighters
(b) Reduced number of fires and property damage
(c) Increased efficiency and morale of the fire-fighting force
(d) Improved training capability and improved public image of the fire department
Chapter 3 Components and Considerations
3-1 General.
This chapter lists general components that could be part of a training facility. There are other
components that might be unique to a particular area of industry and that are not included. For
the purpose of this guide, the buildings are discussed separately; however, combinations might
be necessary or advantageous. As long as the purpose of an individual component is not
compromised, each component can be located wherever it is conducive to effective training and
safety. The installation of all components is not necessary for an efficient training facility. The
following lists of components should be considered:
(a) Administration and Support Facilities
1. Offices
2. Conference areas
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3. Library
4. Photo laboratory/dark room
5. Printing/copying area
6. Graphics/audiovisual aid preparation area
7. Student housing, dormitories
8. Food service facilities/kitchen, cafeteria
9. Restroom and locker facilities
10. Apparatus maintenance and repair center
11. Equipment and supply facility
12. Storage space for various materials
13. Communications center
14. Data processing area
15. Medical area/infirmary
16. Records storage
(b) Indoor Instructional Facilities
1. Classrooms (clean and "dirty")
2. Auditorium
3. Physical fitness area
4. Pool for water rescue training
5. Technical rescue training areas
6. Special training laboratories
a. Simulators
b. Automatic sprinklers
c. Computers
d. Pumps
e. EMS and rescue
f. Fire alarm systems
g. Arson laboratory
7. Storage space for equipment and props
(c) Outside Facilities
1. Drill tower
2. Drafting pit
3. Burn building
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4. Motor vehicle driving range
5. Flammable liquids and gases/fuel distribution area
6. Hazardous materials area
7. Outside classroom areas
8. Helicopter landing site
9. Smoke building
10. Storage space for portable equipment, vehicles, and props
11. Bleachers for outdoor classes or observation of drill tower activities
12. Fire station
13. Outside rehabilitation areas
(d) Site/Exterior Facilities
1. Water distribution, sewer, and other utilities
2. Parking facilities (open and covered)
3. Site maintenance equipment and facilities
4. Environmental cleanup activities
3-2 Planning Considerations.
Because a training facility is a specialized facility, there are a number of specific features that
should be considered. Since a training facility will probably be expected to be used for 40 or 50
years, it is desirable to rely on the experience gained by others. The remaining chapters provide
some specific areas of guidance while the following general guidelines should be considered:
(a) Conflicts with the local area master plan and zoning criteria should be avoided.
(b) Possible joint use with other agencies should be investigated.
(c) Available grant funds should be explored.
(d) An environmental impact statement should be developed.
(e) Existing facilities should be visited for ideas and experience; new facilities might exhibit
state of the art features, while older facilities might identify operational/maintenance problems to
be avoided.
(f) Weather-related problems and the effects of seasonal use should be considered.
(g) That part of the facility, if any, to be used at night should be determined.
(h) Ample space should be provided between buildings/outdoor facilities to enable
simultaneous use.
(i) Ample, secured, storage space should be provided for each segment of the facility.
(j) Site landscaping that complements the training activities with minimum upkeep should be
selected.
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(k) Interior/exterior finishes that require a minimum of maintenance should be chosen.
(l) Heating and air conditioning equipment should be located where regular maintenance can
be performed easily, but the installation of individual units in classroom areas should be avoided.
(m) Separate locker and restroom facilities should be provided for male and female occupants,
and separate facilities should be provided for staff and students.
(n) The space needed for guests and visitors, staff, and future users should be identified.
(o) Slip-resistant surfaces should be specified for all stairs and well-traveled paths.
(p) Automatic sprinklers/smoke detectors should be specified for appropriate areas.
(q) Facilities should be provided for the storage of fuel used in training.
(r) Facilities should be provided for the refueling of apparatus.
(s) Communications should be provided between structures and training areas.
(t) Storage for apparatus, especially during cold weather, should be provided.
(u) Drinking water facilities should be provided at all drill sites, including those outdoors.
(v) Emergency shower and eye wash station(s) should be provided.
(w) Lighting should be provided in all areas of the structure to assist in locating personnel.
(x) An intercom system that can be used throughout the structure should be installed.
3-3 Usage Guidelines.
Rules should be developed regarding the use of the facility. The components of the facility
should be in use as much as possible. The needs of the prospective users should be fulfilled by
proper scheduling. User insurance coverage should be verified before any use is authorized.
Chapter 4 Considerations in Locating the Facility
4-1 General.
Certain factors that should be considered in determining the placement of the training facility
in the community include the site, water supply, environment, security, support services, and
access to utilities.
4-2 Site Considerations.
4-2.1
What land is available? Does the agency own land that could be considered for this purpose?
Are there abandoned properties available? The cost of the land should be within the of the
agency's budget. A sequential spending plan might allow for the purchase of the necessary land
one year and the construction of certain buildings thereafter. A sequential plan could enable the
community to realize its objective over an extended period of time rather than placing pressure
on current resources for immediate large expenditures. On the other hand, using a bond issue to
build at the current year's rate and paying off with future dollars could be more cost effective.
Financial consultation is recommended.
Copyright 1996 NFPA

4-2.2
There is always a possibility of a ledge formation or a high water table that poses hidden
problems; therefore, a geological expert should be consulted during the planning stages,
especially to determine whether borings are necessary to test subsoil consistency.
4-2.3
The area master plan, if one exists, should be taken into consideration. The site of the training
facility should be located away from the center of community life to minimize negative impact
on adjacent land use. Where the site has highly favorable features and a plan variance is
necessary, all pertinent facts should be gathered and a presentation should be made to the
planning board. If possible, the area master plan should be used to support the agency's
advantage position. The voting public should be informed of the advantages of the training
facility, and every effort should be made to develop public support.
4-2.4
The title to the property should be clear. Further expansion is often desirable, so the
surrounding land should be surveyed. A land use determination from the planning board for fire
training would be beneficial. This requires the municipality to check with the agency before
allowing other types of usage. If possible, the site should be marked prominently on land maps
and should be surrounded by a nonresidential area. A lawyer's guidance can be advantageous in
such cases.
4-2.5
Vehicle traffic patterns should be studied, and the most convenient route to the training
facility should be chosen. Heavy, noise-producing apparatus should be routed to avoid
residential areas. Travel time to the facility for users should be taken into consideration. On-duty
personnel who are receiving in-service training at the facility could be required to respond to
emergency incidents. The facility should be located so that it is accessible to appropriate
emergency response routes.
4-2.6
The size of the site should be ample for planned buildings, parking, and future expansion.
Adequate separation should be planned between buildings for safety, vehicular movement, and
instructional purposes. It is better to conserve on the size of structures than to overcrowd limited
land.
4-2.7
Site pavement should be such that the facility can be used in all kinds of weather. Any
pavement deteriorates, especially when subjected to hydrocarbons or hot exhausts. Concrete
pavement withstands training facility usage with minimum maintenance.
Landscaping and site layout should take into consideration local climatic conditions.
Consideration should be given to rain, snow, wind, heat, and other adverse elements that could
affect facility operations. Site layout can incorporate a roadway system that is typical of the
community. This can be helpful in the training of apparatus operators.
4-3 Water Supply.
4-3.1
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The maximum water supply required should be estimated so that an adequate system can be
installed to deliver the necessary volume and pressure of water for training activities, facility fire
protection systems, and domestic water needs. Water supply estimates should include the amount
of water used in attack lines, back-up lines, and drafting and pumping exercises, with an
additional 100 percent included as a safety factor. A loop or grid system with properly placed
valves can help to ensure an adequate water delivery. If possible, dead-end mains should be
avoided; if this is not possible, compensators (surge chambers) should be considered. Valves
should be placed to segregate sections of the water system to allow for repairs without complete
shutdown.
4-3.2
The type of hydrant(s) installed at the training center should be representative of types found
in the community. Where more than one community uses the training center and the hose threads
are not uniform, a variety of fittings with appropriate threads should be provided.
4-3.3
Even where there is a hydrant system, drafting can always be an additional source. During
times of water emergency, drafting might be necessary. Lakes or ponds, streams, man-made
containers, and dry hydrants are potential drafting sources. Consideration should be given to
supplying water from the water distribution system to maintain the water level in the drafting pit.
4-3.4
The on-site water supply needs should be determined and storage containers constructed if
necessary. Either elevated, surface, or underground storage can be used. Pumps also can be used
to move the water at the desired pressure.
4-3.5*
For durability, the water main should be constructed with bolted flanges or steel-rodded
joints. If severe turns have to be engineered into the piping, consideration should be given to
thrust blocks. Both of these features help overcome the effect of water hammer. To keep a steady
pressure in the water main, a compensator (surge chamber) should be installed (see Figure
4-3.5).
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Figure 4-3.5 Compensator.

4-3.6
Tank trucks or long relays could be used to provide water for training. However, this increases
the number of vehicles and personnel needed to accomplish basic evolutions, and it further
increases the vehicular accident potential and maintenance cost.
4-4 Security.
4-4.1
The training facility should be secure. (See Figure 4-4.1.) The site should be fenced and well
lighted, and, if necessary, a guard should be provided. Local police can make the training facility
a part of their rounds. Security could be augmented by alarm systems with connection to
appropriate monitoring stations. Buildings, elevator shafts, drafting pits, underground utility
covers, and all exterior valves and cabinets should be locked.
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Figure 4-4.1 Security fence.
(Courtesy of Omaha Fire Academy, Omaha, NE.)

4-4.2
An evacuation signaling system and an automatic fire detection and alarm system should be
installed throughout the facility in accordance with NFPA 72, National Fire Alarm Code. A
central station connection should be provided where a 24-hour guard is not posted at the
control/monitor center.
4-5 Environment.
4-5.1
Federal, state, and local environmental protection agencies should be consulted. The results of
these consultations can facilitate procurement of the necessary permits and licenses. These
consultations should address the problem of waste water (treatment and disposal) and pollution
(air, water, and noise). The facts gleaned from these agency contacts can be of use when the
architect is consulted.
4-5.2
When selecting a site for a training facility, there are environmental factors to consider. It is
important to ensure that the facility is environmentally safe. Factors that should be considered
from an environmental aspect are water, air, and the ground (soil).
4-5.2.1 There are governmental agencies that have a jurisdictional interest in the location,
design, and construction of a training facility. These include agencies at the federal level such as
the Army Corps of Engineers and the Environmental Protection Agency. Each state or
municipality, or both, also has regulatory agencies from which approval might be necessary prior
to the construction of a facility. Most of the regulatory agencies do not have the resources or the
staff to assist in planning a facility but will, in most cases, professionally review designs as
described in 4-5.2.2 through 4-5.2.6.
4-5.2.2 There should be an environmental review by professional engineers, geologists,
hydrologists, and environmental scientists. These professionals should develop an environmental
impact study to determine what effect, if any, the training facility will have on the environment.
4-5.2.3 There are certain water-related issues that should be considered when planning a training
facility. The first consideration should be the disposal of waste water from fire-fighting
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operations. This water varies in its degree of contamination, depending upon the evolutions that
are performed. If evolutions involve flammable or combustible hydrocarbons or other potentially
environmentally detrimental chemicals or compounds, provisions should be made for separating
the contaminants from the runoff. (Waste water treatment can be reduced by using propane or
natural gas in lieu of flammable liquid.) Separation of containments can be accomplished by oil
separators, ponding, and bacteriological breakdowns. Extreme care should be taken to prevent
affecting the groundwater with contaminated runoff. In addition, the facility should be designed
to take full advantage of runoff to replenish supplies for training. Proper consideration also
should be given to the amount of new pavement created so that excessive velocities and
quantities of runoff do not affect surrounding properties. Special care should be taken to prevent
damage to any wetlands in the area.
4-5.2.4 The second water-related issue to consider is the need for potable water for use by the
trainees, visitors, and staff. This water can come from wells or a municipal source. The third
issue is fire-fighting water, including water for automatic sprinklers for the facility buildings.
The use of fresh potable water for training purposes should be discouraged because of the large
volumes involved and the waste of a shrinking resource.
4-5.2.5 The prevalent wind direction and force should be considered when selecting the location
of a training facility and when selecting the location of buildings at the facility. Smoke generated
by the facility should not interfere with the surrounding area or buildings. The residue from
extinguishing agents and the products of combustion have been found at considerable distances
from training sites. A wind sock on the training ground can assist instructors in evaluating the
effect of wind on the areas surrounding the training facility. Light generated by fires, particularly
at night, should be considered where the facility is to be located near an airport. Noise is a factor
that should be considered. The existing terrain should be used advantageously to direct noise
away from populated areas.
4-5.2.6 Taking full advantage of the shape and contour of the land to develop runoff patterns and
establish locations for various buildings and props so that they do not interfere with the drainage
of the water during all seasons and weather conditions should be one of the goals of the designer
of the training facility. The type of soil at the facility location is important. The type of soil and
geology affect such factors as foundation types, bearing capacity, pavement life, and runoff both
above and below the surface, and it can indicate the presence of rock, which can be expensive to
remove.
4-6 Utilities.
4-6.1
The use of pumps, air compressors, simulators, and heat, ventilation, and air conditioning
(HVAC) units can greatly increase power requirements. An on-site total energy system might be
a practical alternative. Such systems consist of a mechanical package on site that provides utility
services (e.g., electrical, heat, air) for use in buildings. The largest portion of the electrical needs
are dictated by the number of buildings and their purposes.
4-6.2
The possible need for natural gas feed, computer, and telephone connections also should be
considered. The distance from these services could be a determining factor in locating the
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facility.
4-6.3
Electrical outlets should be installed in sufficient numbers to prevent the use of long extension
cords. The electrical outlets should be installed in accordance with NFPA 70, National Electrical
Code®.
4-7 Support Services.
Where housing and food services are to be provided, space should be planned for such
purposes. Food service might be provided by a private vendor. The transportation of staff and
trainees, housekeeping and laundry service, vending machine location, janitorial service, and
ground and facility maintenance might have to be considered.
Chapter 5 Design and Construction
5-1 General.
5-1.1
The training objectives of the agency in building a fire service training center should be put in
writing. Priorities should be set. A committee should be formed to assist in design features. A
committee chairperson should be selected for this committee. The chairperson should act as the
liaison between the department and the architect.
5-1.2
Design features for handicap access for staff and visitors should be considered.
5-1.3*
All buildings should be provided with fire hose standpipe systems. Heated buildings should be
provided with wet standpipe systems including 11/2-in. (38-mm) hose, hose reels, or hose racks.
5-2 Architects.
5-2.1
There are architects who specialize in fire service training facilities. The American Institute of
Architects (AIA) can be consulted for references. There are local AIA chapters in many cities. It
can be helpful to visit training facilities and meet their architects. (In Canada, provincial
architectural associations for assistance.)
5-2.2
Visiting training facilities that have been in operation for 5 to 10 years should be considered
in order to learn of any inherent construction or operational deficiencies. Training personnel at
the facility can be asked whether they are satisfied with the architect's work and how would they
improve the facility.
5-2.3
The architectural firm should be interviewed before making the final selection. The architect's
responsibilities are the design of the facility, the production of working drawings, the
development of facility specifications, the provision of bid documents, and, usually, the
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supervision of construction.
5-2.4
Steps should be taken to ensure that the architectural firm will abide by the agency's wishes
and provide for declared needs.
5-2.5
Contractors build according to approved specifications and blueprints drawn by the architect.
A client has little recourse in making revisions except through change orders. These orders
should be approved by the architect and could be very expensive. Therefore, changes made after
a contract is let should be avoided. Change orders might be necessary to reduce cost overruns.
The procedure for executing a change order should be specified in the original contract.
5-2.6
A pre-bid conference with the architect is necessary to establish the building requirements. An
agency representative should be present. A request-for-bids notice normally follows the pre-bid
conference. The work progress should be reviewed at such junctures as 25 percent, 50 percent,
75 percent, 90 percent, and 100 percent of the project's completion.
5-2.7
As-built drawings should be provided and retained after the project has been completed for
use during repairs, alterations, and future expansions.
5-3 Clerk of the Works-Owner's Project Manager.
5-3.1
A clerk of the works might be necessary, depending on the complexity of the project. The
clerk should be able to read blueprints and interpret specifications. The clerk's job is to be on the
project daily, checking progress, overseeing the work of the contractors, and ensuring
compliance with specifications.
5-3.2
A clerk of the works is usually compensated by the building agency. At times the architect
might provide on-site inspection services.
Chapter 6 Administration/Classroom Building
6-1 General.
6-1.1
This chapter addresses the many components that should be considered when a jurisdiction is
planning an administration/classroom building. [See Figure 6-1.1(a) through (c).]
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Figure 6-1.1(a) Administration building.
(Courtesy of Dover County Fire Academy, Dover County, NJ.)

Figure 6-1.1(b) Administration building.
(Courtesy of Toronto Fire Academy, Toronto, Canada.)

Figure 6-1.1(c) Administration building including director's office; boardroom; clerical area; instructor
offices; A/V storage area; four classrooms with capacity for 50 students in each room and one double
classroom with capacity for 200 students, for a total student capacity of 400; dining area; kitchen; and student
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lockers with restrooms.
(Courtesy of Mississippi Fire Academy, Jackson, MS.)

6-1.2
Certain components are needed only if the structure is to be used for administrative purposes;
others are pertinent only to a classroom building. However, if the purposes are to be combined,
all of the following items should be considered. Only those items needed for the individual
situation should be included to produce a viable administration/classroom building.
6-2 Offices.
Office space should be provided for the officer in charge, assistant administrator, instructors,
and clerical personnel. Additional office space requirements are dictated by agencies housed at
the facility. Properly designed open office space can add flexibility. Closet and storage space
should be included.
6-3 Conference Room.
A conference room can be desirable for staff meetings, for press conferences, and for the use
of the commissioner or the chief of the department. A built-in projection booth can increase the
versatility of the room.
6-4 Auditorium.
6-4.1
The auditorium can be used for classrooms, seminars, promotional ceremonies, and
community activities. Movable chairs can increase the utility of this component. A balcony also
can add to the seating capacity. Physical fitness classes could be held in the auditorium.
6-4.2
The floor and the wall coverings could be designed to withstand indoor basic training when
inclement weather precludes outside activities. A public address system should be installed.
Some of the features discussed in the classroom component should be installed in the auditorium.
6-5 Classrooms.
6-5.1
Classroom size is dictated by the number of students and the type of training to be conducted.
For example, hands-on training might require more space per student than training by lecture.
[See Figures 6-5.1(a) through (c).]
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Figure 6-5.1(a) One of four 50-student classrooms.
(Courtesy of Mississippi Fire Academy, Jackson, MS.)

Figure 6-5.1(b) Alberta Fire School classroom.
(Courtesy of Alberta Fire School, Edmonton, Alberta, Canada.)
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Figure 6-5.1(c) Mobile training classroom. The unit is provided with rear screen projection and will seat 50
students.
(Courtesy of Mississippi Fire Academy, Jackson, MS; photo by William Warren.)

6-5.2
Movable soundproof walls can be used to vary classroom size. (See Figure 6-5.2.) Adequate
aisle space is necessary for proper classroom function. Heavy-duty flooring should be installed
to withstand the movement of fire fighters with soiled gear.

Figure 6-5.2 Large double classroom with capacity for 200 students, or 100 per room with divider closed.
(Courtesy of Mississippi Fire Academy, Jackson, MS.)

6-5.3
The instructor should be able to control room climate and audiovisual equipment. Good
lighting is a must, and the use of both individual controls and rheostats should be considered to
vary the illumination. A podium light and separate chalkboard illumination can make a
presentation in a darkened room more effective. Electrical outlets in the floor and the walls
should be spaced to eliminate the use of extension cords.

Copyright 1996 NFPA

6-5.4
Classroom furniture should be durable. Writing surfaces for use by the instructors and
students should be provided. Folding tables that are 18 in. (450 mm) wide and stacking chairs
provide greater flexibility in room utilization. Experience has shown that wider tables occupy
space that can be better used.
6-5.5
To decrease classroom disturbance caused by noise, the following features should be
considered:
(a) Doors to the room should open and close quietly;
(b) Sanitary and refreshment facilities should be closed to the room; and
(c) Ceiling height should allow the hanging of wall screens or the placement of portable
screens for good viewing. The ceiling height should be a minimum of 10 ft (3 m) as dictated by
experience.
6-5.6
Air conditioning and heating units should not be installed in the classroom due to their noise.
6-5.7
There might be a need for a "dirty" room that students can enter with gear that has been
exposed to the fire environment.
6-5.8
An effective sound system should be installed in all classrooms and assembly areas.
6-6 Library.
6-6.1
The library is an essential part of the fire service training program. The library should contain
job-related periodicals and technical books. The fire department's regulations, procedures,
history, past and present orders, and local, state, and national standards should be included in the
library.
6-6.2
An index system should be maintained. The security of the library contents should be
considered. The librarian should motivate retirees or people interested in the fire department to
bequeath their fire department books to the library.
6-6.3
The services of a retired teacher can be secured on a voluntary basis. Most town libraries are
glad to assist in starting a library and to provide advice.
6-6.4
If the library is large enough, individual carrels could be provided to allow the student to
concentrate without interference. If there is a need, the library hours should include nights and
weekends. The library should be located near the parking lot to decrease user travel and prevent
classroom disturbance.
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6-7 Kitchen and Cafeteria.
6-7.1
Kitchens could have the following available for staff and trainees:
(a) Refrigerator
(b) Stove
(c) Tables and chairs
(d) Sink
(e) Vending machine(s)
(f) Coffee maker
(g) Microwave oven
(h) Dishwasher
Where the facility is large enough, a cafeteria service line could be installed. Food service
consultants might be necessary in order to design a cafeteria that services large numbers of
people efficiently. (See Figure 6-7.1.)

Figure 6-7.1 Dining area-seating capacity of approximately 85.
(Courtesy of Mississippi Fire Academy, Jackson, MS.)

6-7.2
Fire protection for cooking equipment should be provided according to standards. It might be
desirable to have a separate eating area or facility for the faculty. The dining area could also be
used as a classroom.
6-7.3
It might be more effective to use an outside vendor to provide meals. Vendors might provide
packaged meals that are prepared off site or at the facility.
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6-8 Audiovisual Area.
6-8.1
To allow the instructor to take advantage of various media, the following equipment should be
available:
(a) Chalkboard (liquid chalk is highly desirable)
(b) Felt board
(c) Hook and loop
(d) Magnetic board
Cameras and associated equipment can be major assets in bringing realism to the classroom,
and portable video cameras, recorders, and video-editing machines can be used efficiently. A
television monitor can also be useful.
6-8.2
Projectors fall into the following categories:
(a) 16-mm movie
(b) 35-mm slide with a dissolve unit
(c) Overhead projector
Cassette tape equipment, sound sync units, portable wall or ceiling screens, and rear projectors
can be beneficial adjuncts.
6-8.3
To make a professional presentation, an audio jack should be installed near any equipment use
station.
6-8.4
When using audiovisual equipment, the following recommendations should be considered:
(a) An extra electrical switch with a rheostat to control illumination should be provided.
(b) The rearview screen should be protected from breakage by covering it with chalkboards.
(c) Care should be taken to avoid writing on rearview screens.
(d) Permanent writing on white boards can be avoided by providing only water soluble
markers in the classrooms.
(e) The projector area should be located near a hallway so equipment can be moved easily.
(f) Adequate distance for front and rear projectors should be provided.
(g) Stepped-down ceilings should be avoided if they will interfere with projection or viewing.
(h) Heating, ventilation, and air conditioning (HVAC) should be provided in the projection
room to ensure a comfortable worker environment and to avoid thermal shock to expensive
electrical projector bulbs.
(i) Audiovisual equipment, lighting, and sound with remote controls should be provided.
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(j) Electrical receptacles should be installed in the floor to eliminate the use of extension cords.
6-9 Darkroom.
6-9.1
The department's photographic needs might include a darkroom facility. Sufficient space
should be allowed for the necessary equipment, for storage, and for future expansion. The
storage room also could be used as a projection booth; however, the applicable fire safety
regulations should be considered.
6-9.2
When taking the cost factor into account, it might be more economical to send material to
outside vendors for processing. Fewer personnel and less space will be needed. The disadvantage
of this option is the time required to send material outside and to receive the finished product. In
addition, it is necessary to establish a procedure to document every step of the photographic
process in order to maintain the chain of evidence of photos involved in legal matters.
6-10 Printing Room.
6-10.1
The facility should furnish provisions for the reproduction of printed materials. Space for a
copier, mimeograph machine, offset duplicator, collator, binding machine, transparency maker,
and computers should be available. This might necessitate special electrical services. This
equipment might also be noisy, so the location of the printing room should be considered
carefully.
6-10.2
Proper storage for flammables and an exhaust system should be considered during the design
stages. Space to store supplies and printed materials is essential.
6-11 Graphic Unit.
A room for the preparation of graphics and other aids should be considered and should be
located in a quiet area. In addition, space should be planned for instructor preparation of
audiovisual programs (e.g., slide, tape, video).
6-12 Simulator Facility.
If simulation in training is desired, space should be provided. Consideration should be given
to simulation methods such as flat board mock-ups, actual equipment, videotape, simple to
complex computer arrangements, and rear screen projection.
6-13 Locker and Shower Facilities.
See Figure 6-13.
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Figure 6-13 One of two student locker rooms with showers and restroom facilities.
(Courtesy of Mississippi Fire Academy, Jackson, MS.)

6-13.1
Locker and shower facilities are necessary. Separate areas should be provided for males and
females. This area should include a shower room(s), sinks with mirrors, and toilets. There should
be an emphasis on ventilation to reduce the water vapor accumulation from the showers.
6-13.2
Locker space is needed for instructors/staff, long-term students (e.g., recruits), short-term
students (1 to 3 days), personnel using the fitness room, and maintenance personnel. Separate
areas are recommended for personnel lockers and turnout gear storage. The instructors' showers
and lockers should be separate from the students' showers.
6-14 Cleanup/Drying Room.
A cleanup/drying room for turnout gear is a necessity where students leave their gear at the
facility or where turnout gear is maintained at the facility. This area should provide space for the
students and instructors to clean their gear with water from a hose or shower. This room should
be accessible from the outside and from the locker room. Gear should be stored in a
well-ventilated locker that can be locked. Special rust-resistant wire cage-type lockers might be
necessary.
6-15 Arson Lab.
It is recommended that the agency responsible for arson investigation be included in the
planning stage of the facility. The arson investigation force might want office space, room for
sophisticated equipment, or a room in which to store teaching materials. Meetings between the
arson force and the fire department planners are necessary to determine their needs.
6-16 Emergency Medical Room.
6-16.1
Safety should be the foremost consideration in facility design. Accidents and illnesses do
occur, however, and one or more properly designed first aid rooms should be provided. Space
should be provided so temporary care can be administered to victims suffering from burns, cuts,
cardiac distress, smoke inhalation, heat exhaustion, and other injuries or illnesses.
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6-16.2
A parking area for an ambulance should be provided during major training programs.
Transportation for multiple victims should be considered. Communications with a local hospital
might help provide resources for design as well as a personnel pool for staffing.
6-16.3
Physical examinations can be conducted in the emergency medical room.
6-17 Building Maintenance.
6-17.1
The material used as a finish for the facility should be attractive and easy to maintain; durable
material can cut down on replacement and refinishing costs. Custodial space is needed for deep
sinks, mops and wringers, and cabinets for the storage of cleaning materials and other
equipment.
6-17.2
Electrical outlets should be provided in the hallways for the use of buffers and vacuum
cleaners.
6-18 Observation/Control Tower.
6-18.1
Consideration should be given to the need for an observation/control tower in order to monitor
various training functions from one location. (See Figure 6-18.1.) This might include
communications systems, fire temperature sensors, remote annunciator panels, and remote
cameras. This should enable overall monitoring of activities and enhance operational safety.
Designers should be aware of space and utility needs for control equipment associated with
automated systems.
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Figure 6-18.1 Training area control tower. From the control tower, the safety officer can observe all field
training. The first floor area can be used as a first aid station.
(Courtesy of Mississippi Fire Academy, Jackson, MS.)

6-18.2
The observation/control towers work well where they are elevated and located adjacent to the
training tower. Some training centers have designed this feature as the second floor above the
administrative area and classroom.
6-18.3
Consideration should be given to adequate window space for full observation of the drill area,
including observations of units responding to the drill building from off site.
6-19 Sprinkler Laboratory.
The need for a laboratory from which sprinkler systems can be operated, demonstrated, and
inspected should be considered. An area where fires can be ignited to fuse sprinkler heads
connected to a water supply should be included.
6-20 Alarm System Laboratory.
Consideration should be given to an area where several different types of operable fire alarm
systems can be located.
6-21 Fire Extinguishing Systems.
Consideration should be given to providing an area that allows the installation of fire
extinguishing systems for demonstration purposes.
6-22 Miscellaneous.
6-22.1
Public telephones should be provided.
6-22.2
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A break area in which students can congregate between classes should be provided.
Chapter 7 Drill Tower
7-1 General.
See Figures 7-1(a) through (d).

Figure 7-1(a) Drill tower.
(Courtesy of University of Kansas, Lawrence, KS.)
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Figure 7-1(b) Drill tower.
(Courtesy of Toronto Fire Academy, Toronto, Canada.)
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Figure 7-1(c) Drill tower.
(Courtesy of New York Fire Department Academy, New York, NY.)
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Figure 7-1(d) Drill tower.
(Courtesy of Burlington County Fire Academy, Burlington County, NJ.)

7-1.1
The main purpose of the drill tower is to train fire fighters in the basic evolutions using pumper
and ladder equipment. Using this tower can instill confidence in the trainees and further their
ability to work at various heights in a skilled manner. Some law enforcement agencies ask
training centers for permission to use the tower to train in rappel or other skills. (See Figure
7-1.1.)

Figure 7-1.1 Fire department training facility used by 10 departments weekly for mutual aid training. Other
departments can use it by renting it at a reasonable price.
(Courtesy of Pleasanton Fire Department, Pleasanton, CA.)

7-1.2
While some training towers are designed for actual training fires, this is not a recommended
practice. It is expensive to build such large structures with sufficient fire resistance to withstand
intense heat. Soot and dirt resulting from such fires soon impair the tower for normal use. It is
preferable to use the tower for training evolutions and to conduct interior fires in a separate
building.
7-2 Height.
The height of the tower should be typical of the buildings found in the locale. However,
consideration should be given to future community development. A six-story tower is considered
optimum when evolutions involving the exterior of the tower are being considered.
7-3 Construction.
The materials used in the construction of the tower can be wood frame, reinforced concrete,
steel, or of other durable material. Both interior and exterior walls of the drill tower should be
structurally sound; this should provide for the safety of personnel in training and for
withstanding the force of master streams. (See Figure 7-3.)
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Figure 7-3 Ladder training tower.
(Courtesy of Dover Township Fire Academy, Ocean County, NJ.)

7-4 Dimensions.
7-4.1
The tower should be at least 20 ft × 20 ft (400 ft2 of floor area) [6 m × 6 m (36 m2)]. This
should accommodate interior stairwell openings and allow room for fire companies to maneuver
hoselines.
7-4.2
A square configuration might be easier to construct, but a rectangular design can allow for an
exterior enclosed stairway and a fire escape to provide two means of entrance or egress. The
rectangular design can provide more interior floor space for hose stretching practice. [See
Figures 7-4.2(a) and (b).]
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Figure 7-4.2(a) Square drill tower.

Figure 7-4.2(b) Rectangular drill tower.

7-5 Stairways.
7-5.1
Stairways in the drill tower might be either interior stairways or exterior stairways, or both.
Stairways should provide not only a means of access between floor levels but also should
simulate fireground conditions. A variety of types, widths, and situations should be realistically
represented. Stairways included in the tower should be located to maximize available interior
floor area. All stairway treads in the tower should be slip resistant; open grate treads can prevent
water accumulation. The size of all stair landings should be carefully planned to provide for
personnel and equipment that must be maneuvered around corners. Floor numbers should be
indicated on all landings.
7-5.2
In the case of outside stairways, railings should be of sufficient height and strength to ensure
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safety during training evolutions.
7-6 Exterior Openings.
7-6.1
All door and window openings should be fully framed and located to simulate situations
existing in the field. Where safety net operations at the tower are contemplated, all openings on
the side of the structure to be used for such operations should have heavy wooden sills installed
to accommodate rope and pompier ladder evolutions.
7-6.2
Where it is not possible for the tower to include various types of doors and windows, a
separate display mock-up including an example of each should be constructed. Those areas
located near ocean or river shipping facilities should take into consideration the doors or hatches
found on ships.
7-7 Fire Escapes.
Fire escape configurations can be placed on the building. Railings should be high enough to
safeguard a fire fighter who is operating a charged hoseline on the fire escape. The bottom of the
fire escape can terminate in a straight ladder or a counterbalanced ladder. The top of the fire
escape could end at the top floor or rise over the roof by means of a gooseneck ladder. Caged
vertical ladders might be desirable to install if they are representative of community
construction.
7-8* Sprinkler and Standpipe Connections.
The drill tower should include provisions for standpipe connections at all floor levels of the
facility. These connections not only provide the opportunity to develop the proper procedures for
connecting to and providing a water supply for the system but also can be utilized for simulated
fire attack by fire forces operating in a high-rise building. Siamese connections should be
installed and identified at ground level to accommodate auxiliary water supplies. Section valves
should be installed in systems at each floor, or selected locations, to enable the instructor to shut
down only sections, not entire systems, for training purposes.
7-9 Roof Openings.
Roof openings should be provided for the practice of ventilation procedures. Various size
openings on both flat and sloped roof surfaces should be designed into the structure so that
different situations and types of roof conditions can be simulated. (See Figure 7-9.) Normally,
these practice sessions are best conducted at lower levels of the building because of safety. In all
cases, safety railings should be considered for roof operations.
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Figure 7-9 Both flat and sloped roofs can be designed into a burn building.
(Courtesy of Nassau County Fire Training Academy, Old Bethpage, NY.)

7-10 Coping.
Where not covered by the roof, the topmost section of the walls should have a coping. Heavy
wood bolted into the structure is best for rope work and evolutions. Stone, concrete, or other
material might break away in pieces or abrade equipment and personnel.
7-11 Nets.
Consideration should be given to the provision of a temporary or permanent safety net on at
least one exterior side of the building, especially if rappelling is contemplated. [See Figures
7-11(a) and (b).] A safe distance should be provided between the ground and the net to allow for
movement upon impact.

Figure 7-11(a) Frame of the net.
(Courtesy of New York Fire Department Fire Academy, New York, NY.)
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Figure 7-11(b) Texture of net and catwalk around net.
(Courtesy of New York Fire Department Fire Academy, New York, NY.)

7-11.1
A temporary, removable net can allow full access to the tower.
7-11.2
Removal and proper storage can prolong the serviceability of the net.
7-11.3
Springs installed between the net and the perimeter frame can increase the life of the net by
lessening direct impact upon the net.
7-11.4
A ladder affixed to the tower for the mounting of the net should be considered.
7-11.5
For a permanent net, a catwalk around the perimeter frame with a ladder to the ground can
provide a standby area for the instructor and trainees.
7-12 Drains.
Each floor of the building should be equipped with floor drains or scuppers. In areas subject to
freezing temperatures, conventional floor drains might not be effective. Where scuppers are
used, the water discharge should be directed to areas that will not interfere with activities below
the openings. Regardless of the types of drains that are selected, their installation should ensure
the quick runoff of water. (See Figure 7-12.)
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Figure 7-12 Scuppers at work on a multiple dwelling.
(Courtesy of New York Fire Department Fire Academy, New York, NY.)

7-13 Special Training Features.
Special features can be included in the tower to accommodate local area needs. For example, a
36-in. (910-mm) diameter pipe could connect two floors for caisson and mine shaft rescue
simulation. An elevator could be installed to be used in the simulation of elevator emergencies
and for the movement of personnel and equipment.
Chapter 8 Burn Building
8-1 General.
See Figures 8-1(a) and (b).

Figure 8-1(a) Hot drill building. This building features two buildings in one-residential and commercial. The
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residential side is two stories with attic and six interior rooms, all masonry.
(Courtesy of Mississippi Fire Academy, Jackson, MS.)

Figure 8-1(b) Burn building with provisions for basement fires and roof ventilation.
(Courtesy of Alberta Fire School, Edmonton, Alberta, Canada.)

8-1.1
The purpose of the burn building is to train fire fighters safely in methods of interior fire
suppression. Every room should have an exterior exit or secondary means of egress. Burn areas
below grade are not recommended and should be avoided. In order to provide simulated training
for the suppression of basement or cellar fires, a raised open-grid walkway can be constructed
level with the second floor on the exterior of the building. (See Figure 8-1.1.) Fire fighters then
can simulate attacking below-grade fires while working on the second floor to the ground floor
and are not exposed to below-grade hazards.

Figure 8-1.1 Burn building with raised open-grid walkways level with the second floor.
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(Courtesy of New York Fire Department Fire Academy, New York, NY.)

8-1.2
The burn building could be designed to take into consideration fire spread, rescue, ventilation,
and special problems.
8-1.3*
When designing the facility, consideration should be given to the types of evolutions that will
be conducted at the site. It is much easier, and less costly, to incorporate the necessary safety
features into the design during the construction phase.
8-1.4
When designing interior fire-resistant coverings for burn buildings, consideration should be
given to the durability of the material and the ease of replacing damaged sections. Fire-resistant
materials are available in 4 ft × 8 ft × 1 ft (1.2 m × 2.4 m × .3 m) sheets and are rated at 1200°F
(649ºC). It might be advisable to place a metal edge trim on the panels and to mount them to
concrete walls with metal furring strips.
8-2 Fire Temperature.
8-2.1
Walls, floors, ceilings, and other permanent features should have strong resistance to heat
generated by fires. High temperature training fires can cause accelerated deterioration of the
structure and expose fire fighters in training to unnecessary risk.
8-2.2
In planning a burn building, the designer, the architect, and the user should consider the
problems created by fire temperatures. Where unprotected, concrete might spall and steel might
distort when exposed to fire temperatures. Even in burn buildings built with adequate protection,
fires should be limited to short durations. To provide high temperature protection to the burn
building the following materials can be utilized:
(a) Precast modules made from poured calcium aluminate concrete with lightweight aggregate
of high carbon content form a wall that has high strength and resistance to spalling.
(b) Gunning (the spraying of exposed surfaces with a cementitious concrete) provides a
self-adhering joint-free surface whose usefulness can be extended by patching.
(c) Refractory blocks set in refractory mortar can be used.
(d) Panels made from fire-resistant material can be attached to the structure. (Care should be
taken when choosing materials; some fire-resistant panels might crack or spall below the rated
maximum temperature when fire streams are used in the area.) In order to maximize the useful
life of a burn building built of conventional masonry, designs might employ liners in areas where
flames impinge on masonry surfaces. The design of these liners and mounting systems should
consider the durability of the material, ease of replacing damaged sections, thermal expansion
and contraction, and secure mounting. Burn rooms can be successfully lined with panels of mild
or weathering steel or with proprietary insulating panels. Panels are mounted to maintain an air
space between the masonry wall and the back of the panel. Mounting should allow for thermal
movement of the panel, while maintaining secure attachment, so personnel are not injured by
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falling panels or mounting hardware. The selection of panel material and thickness depends on
the nature, size, and duration of the fire.
(e) Panels made of metal can be inserted into tracks on the walls and ceilings. One corner of
each panel should be tack welded to keep it secure, but provision should be made for expansion
and contraction.
8-2.3
As an alternative to the high cost of fire-resistant materials, a fire in a heavy gauge metal
drum, with metal plates welded above to prevent flame impingement on the structure, can be
used as a smoke and heat simulation method. If used, the drum should be raised above the floor,
and the floor should be protected with a steel plate. Metal drums or burn containers with steel
wheels installed might be made mobile and the bottom lined with fire brick.
8-3 Instrumentation.
The purpose of the instrumentation is to keep the fire within safe parameters, observe the
effect of suppression agent application, and, with sophisticated equipment, observe and record
the products of combustion. Thermocouples and analyzing equipment can be used to attain the
first two objectives.
8-4 Built-in Safeguards.
8-4.1
One step in safeguarding staff and trainees is the proper design of the building. A ventilation
system capable of removing heat and smoke should be installed in the building.
8-4.2
Open sprinklers are not reliable in a burn room because of repeated heat exposure. Other
methods of applying water should be provided and coordinated with proper ventilation
procedures.
8-5 Cutouts.
8-5.1
In order to perform rescue and ventilation evolutions, parts of the building should be designed to
be destroyed and replaced. These expendable sections (cutouts or chopouts) can be located in
walls, ceilings, or roofs. (See Figure 8-5.1.)
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Figure 8-5.1 Pitched roof with chopout.
(Courtesy of Alexandria Fire Department, Alexandria, VA.)

8-5.2
The cutout openings should have a safety device installed to prevent personnel or tools from
falling through. Consideration should be given to the fact that the cutouts can catch on fire and
cost money to replace, and manpower is needed to reconstruct them.
8-6 Gas-Fired Burn Building.
The U.S. Navy has successfully used gas-fired burn buildings for several years. The
specifications for these sophisticated installations are in the public domain. Several vendors
manufacture and install these very safe and environmentally clean simulators.
8-6.1 Safety Considerations
. The use of flammable gases in a burn building requires constant care to ensure the safety of
the overall operation. Engineering expertise during design is essential, and the following safety
provisions should be provided:
(a) All installations should comply with NFPA 54, National Fuel Gas Code, and NFPA 58,
Standard for the Storage and Handling of Liquefied Petroleum Gases. System designers should
determine area hazard classification for equipment rooms, burn rooms, and other spaces in order
to assess electrical installation requirements.
(b) Igniters and pilots should be interlocked with fuel valves to prevent fuel from flowing
without an ignition source. Commercial flame safety control systems are available.
(c) Combustible gas detection is necessary to monitor the burn area. These sensors should be
interlocked with fuel delivery valves to shut down fuel flow and activate an external alarm when
the level exceeds 25 percent of the lower explosive level (LEL). Ventilation system design
should consider the potential accumulation of unburned gases above, below, or adjacent to the
fire area.
(d) Adequate air should be provided to ensure complete combustion of the gas. Depending on
the facility's configuration, mechanically assisted ventilation might be necessary. Where
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mechanical ventilation is provided, airflow switches, buttons, and wiring should be approved for
the temperature environment.
(e) Emergency stop buttons or valves should be placed adjacent to each burn room to provide
immediate shutdown in the event of an accident.
(f) A ventilation system capable of removing heat, smoke, and unburned gas should be
installed in the building. Consideration should be given to interlocking the ventilation with
emergency stop switches, temperature sensors, and gas monitors. A manual override should be
provided in the event that the interlocking device fails.
8-6.2 Synthetic Smoke.
Gas fires do not produce smoke than can obscure visibility. Synthetic smoke generators are
needed where reduced visibility is a desired component of the training program. The smoke
produced should not be toxic or flammable.
8-6.3 Training Mock-ups.
When selecting mock-ups, the types of fires to which the props are to be exposed should be
evaluated. Even with good design, mock-ups need periodic replacement.
8-7 Miscellaneous.
Door stops to hold doors open should not be mounted on the floor but on the wall behind the
doors to prevent hoselines from catching on them and causing damage to the hose and the door
stops.
Chapter 9 Smoke Building
9-1 General.
See Figure 9-1.
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Figure 9-1 Smoke building.
(Courtesy of University of Kansas, Lawrence, KS.)

9-1.1
The purpose of the smoke building is to acquaint the trainees with the skills and abilities
necessary for survival in smoke-laden atmospheres. (See Figure 9-1.1.)

Figure 9-1.1 Smoke building with exhaust fan at roof level.
(Courtesy of Burlington County Fire Academy, Burlington County, NJ.)

9-1.2
The building should be designed to allow for the constant surveillance of the trainees by the
instructor. This can be accomplished by accompanying the trainee, by observing the trainee
through windows, or by using closed circuit television (CCTV). CCTV can be used only where
the smoke concentration is light or nonexistent.
9-1.3
A maze can be built as an enhancement for SCBA training. (See Figure 9-1.3.) It should be
large enough to allow the trainees to crawl with their masks donned. This could be a simple 4-ft2
(0.37-m2) wooden tunnel.
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Figure 9-1.3 Maze-interior of smoke building.
(Courtesy of Burlington County Fire Academy, Burlington County, NJ.)

9-2 Flexibility.
The facility should have the ability to change the interior configuration so that various
situations can be created. The use of modules or segments that can be quickly changed provides
for maximum benefit at a minimum cost.
9-3 Safety.
9-3.1
The smoke building should have entry points and escape hatches at frequent intervals in case
of an emergency.
9-3.2
Any area of the maze that cannot be seen and reached by the instructor should have the walls
or top hinged so that any section can be opened. This allows trainees to be continually accessible
to the instructor.
9-3.3
Smoke rooms can have sensors built into the floor that indicate the location of the trainees at
all times.
9-3.4
Provisions should be made for the quick ventilation of the building. Consideration should be
given to stopping or redirecting quickly the smoke being introduced into that section of the
smoke building; this can be accomplished by the use of blowers or exhaust fans.
9-3.5
Communication capabilities between the instructor and trainees should be designed into the
system. These can provide safeguards as well as the ability to transmit instructions to the
Copyright 1996 NFPA

trainees.
9-4 Smoke.
Smoke used in the training facility should be nontoxic and of a known composition. Specially
designed mechanical equipment can be installed in the facility to produce nontoxic smoke for
training purposes.
Chapter 10 Combination Buildings
10-1 General.
See Figures 10-1(a) through (c).

Figure 10-1(a) Combination building.
(Courtesy of Omaha Fire Academy, Omaha, NE.)

Figure 10-1(b) Combination building-maximum use of minimum space with existing smoke stack for EPA

Copyright 1996 NFPA

considerations. This building provides for ventilation, smoke chamber, rappelling, laddering, live fire
training, sprinkler laboratory, gas and electric cutoff, and forcible entry.

Figure 10-1(c) Multipurpose drill building.
(Courtesy of St. Louis Fire Department, St. Louis, MO.)

10-1.1
In some training facilities, because of a lack of available space or funds, individual structures
for ladder evolutions, fires, or smoke training might not be built. In these instances, a
combination building that embraces all of the desirable functions in one structure might be
constructed. Consideration should be given to the detrimental effects that any single function can
have on the facility, equipment, or other functions.
10-1.2
Certain combinations of functions are, by their very nature, more compatible than others.
Consideration might be given to combining all functions, excluding actual fires; the fire function
usually results in faster than normal deterioration of the facility. If adequate protection from
water and smoke damage is provided, classroom facilities can be combined with the drill tower
and smoke function. Other combinations are possible, depending on which functions are required
or desired, including functions performed by other divisions of the department. Facility planners
have found that the limiting factors include available space and funding. [See Figures 10-1.2(a)
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and (b).]

Figure 10-1.2(a) Fire apparatus building, housing classroom. This building is approximately 100 ft (29.9 m)
long with five 15-ft (4.5-m) overhead doors, classroom, maintenance area, and apparatus storage area.
(Courtesy of Mississippi Fire Academy, Jackson, MS.)

Figure 10-1.2(b) Combination building, housing classrooms, mask service unit, garage, and kitchen.
(Courtesy of Burlington County Fire Academy, Burlington County, NJ.)

Chapter 11 Outside Activities
11-1 General.
Ample outside space should be provided for a variety of uses, including auto extraction,
ventilation, forcible entry, and salvage training problems. Specific layouts will be needed as
permanent installations for training in the areas discussed in this chapter. (See Figure 11-1.)
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Figure 11-1 Transportation problem-train in tunnel.
(Courtesy of New York Fire Department Academy, New York, NY.)

11-2 Flammable Liquids and Flammable Gases.
See Figures 11-2(a) through (c).

Figure 11-2(a) Flammable liquid burn area for fixed storage.
(Courtesy of Nassau County Fire Training Academy, Old Bethpage, NY.)
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Figure 11-2(b) Flammable liquid transportation incident.
(Courtesy of Nassau County Fire Training Academy, Old Bethpage, NY.)

Figure 11-2(c) Flammable liquid incident.
(Courtesy of Nassau County Fire Training Academy, Old Bethpage, NY.)

11-2.1
The flammable liquid burn area should be located as remote from the main building as
possible. Fencing should be provided for safety.
11-2.2
Pits can be constructed in various sizes and shapes. Obstructions can be built into these pits to
make extinguishment more difficult. Pit aprons should be made of concrete, crushed stone, or
iron ore slag. (See Figure 11-2.2.)
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Figure 11-2.2 District of Columbia Fire Department flammable liquid pond. Note the heavy stone
surrounding pond.
(Courtesy of District of Columbia Fire Department, Washington, DC.)

11-2.3
Other props might include aboveground tanks, overhead flanges, "Christmas trees," and
liquefied petroleum gas facilities. Careful consideration should be given to water supply, fuel
supply, fuel pumping capability, drainage, and environmental regulations. Close coordination
with environmental protection agencies is essential to ensure that the area is designed to
applicable standards. Management of liquid fuels can result in lower fuel consumption as well as
a lower volume of contaminated runoff. This can be accomplished by metering the quantity of
fuel available and by using devices that atomize or restrict fuel flow. [See Figures 11-2.3(a)
through (g).]
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Figure 11-2.3(a) Chemical complex fire training aid.
(Courtesy of Fire Protection Training, Texas A & M University.)

Figure 11-2.3(b) Rail car loading terminal.
(Courtesy of Fire Protection Training, Texas A & M University, College Station, TX.)
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Figure 11-2.3(c) Portable fire extinguisher training area. Training area is 75 ft × 85 ft (23 m × 26 m). Seven
training scenario areas are located on this pad.
(Courtesy of Mississippi Fire Academy, Jackson, MS.)

Figure 11-2.3(d) The three-level chemical complex and tank farm is used to simulate fire and leak situations
that could occur within a petrochemical process unit. Multiple fire objectives can be created and controlled
from the training field control tower. The "pressure vessels" are equipped with remotely operated relief
valves to simulate inadequate cooling and containment techniques.
(Courtesy of fire training facility, Texas Eastman Co., Longview, TX.)
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Figure 11-2.3(e) Hazardous material spill training aid.
(Courtesy of Fire Protection Training, Texas A & M University, College Station, TX.)

Figure 11-2.3(f) Flammable liquid-cooled electric transformer mock-up. Note the diking to contain runoff.

Figure 11-2.3(g) Vertical "floating roof" fuel storage tank fire training aid.
(Courtesy of Fire Protection Training, Texas A & M University, College Station, TX.)
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11-2.4
If flammable liquid or gas is fed to an area, the flow should be controlled by quick shutoff
valves. In case of an emergency, an instantaneous shutdown might be necessary.
11-3 Electrical.
Electrical safety could be taught by constructing various electrical wiring systems between
poles. (See Figure 11-3.) Some electrical problems that might be addressed are downed wires,
vaults, transformers, meters, and main disconnects. The local utility could be requested to
participate in the planning phase of this section of the training facility.

Figure 11-3 Electrical safety when using ladders.
(Courtesy of Dover County Fire Academy, Dover County, NJ.)

11-4 Drafting Pit.
See Figures 11-4(a) and (b).

Figure 11-4(a) For year-round testing, this pump testing area can be used in cold weather.
(Courtesy of Nassau County Fire Service Academy, Old Bethpage, NY.)
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Figure 11-4(b) This inside area is large enough for a quint and has a soundproof control room for observers.
(Courtesy of Nassau County Fire Service Academy, Old Bethpage, NY.)

11-4.1
A drafting pit can be desirable to facilitate the training of pump operators and to test pumper
apparatus. In general, a capacity of at least 5000 gal (19,000 L) of water is necessary, assuming
water will be recycled to the pit. Where the pit also serves as the sole supply of water for
training, much larger quantities will be needed. The size should be large enough to reduce or
minimize the heating of water.
11-4.2
Permanently installed wood chafing blocks can be used to lessen wear on the hose; tie-down
rings are also beneficial. It is desirable to have a hinged cover on the pit. Ample access openings
are needed, and collection hoods can be arranged to direct pumper discharge back into the pit.
(See Figure 11-4.2.) Baffles are needed in the pit to minimize turbulence.

Copyright 1996 NFPA

Figure 11-4.2 Collection hood.
(Courtesy of Omaha Fire Academy, Omaha, NE.)

11-4.3
Instrumentation should be placed in a protected location. It might be advantageous to locate
the instruments in an area removed from apparatus noise. In this case, an intercom system might
be needed between the instrumentation area and the pump operator. Where portable
instrumentation is used, special provisions should be made for the units.
11-5 Apparatus Driver Training Course.
11-5.1
The design features of driver training courses should challenge the abilities of the student
driver based on the customary or anticipated problems encountered in that particular jurisdiction
and by matching those challenges to practical situations. In addition, course components should
reflect national professional qualification standards for driver training certification.
11-5.2
Limited resources, high property values, and availability of sufficient property adjacent to the
proposed facility can impact the design features of the driver training course. Resource pooling
with other departments or agencies should be explored as a means to overcome these obstacles.
11-5.3
The specific design components should be agreed upon in advance and suitable time-sharing
agreements reached prior to any commitment of funds. Agreements between different parties
should be resolved at the very minimum through an appropriate "letter of understanding" or
preferably by means of a formal contract.
11-5.4
Incorporating driver training space within the drill field area of the training facility can be the
most practical solution to budgetary or property concerns, but this arrangement can necessitate
setting priorities and can result in a decrease in driver training activities.
11-5.5
The optimum arrangement is a combination of two separated yet interconnected areas, such as
an open drill field and a separate driver training area with roadways, hills or inclines, and lane
markers.
These areas should be interconnected so that movement from one to the other is accomplished
readily and without interference; however, they should be distinctly separated in some manner to
make entry from one area to the other a conscious effort, thus protecting the activities in progress
in each area at any given time. A burn building, for instance, serves as a good and practical
separation barrier.
11-5.6
Student, staff, and visitor parking areas should be segregated from any driver training areas
and should be posted or within some physical barrier or fence. Apparatus involved in driver
training exercises should not enter parking areas, and areas of training should be posted to avoid
accidental access by unauthorized vehicles.
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11-5.7
The components of any good driver training course should incorporate the following basic
driving maneuvers as a minimum:
(a) Serpentine
(b) Alley docking
(c) Opposite alley pull-in
(d) Diminishing clearance
(e) Straight-line driving
(f) Backing
In addition, a hill-incline ramp, with sufficient angle to test the student driver's ability to
"hold" apparatus or to demonstrate stopping on an incline, can be of immense value. For those
facilities with ample resources and space, a skid pad can be excellent for skid control and
braking exercises.
11-5.8
Whether safety cones are used to mark the course (this can accommodate variances in
apparatus size and flexibility in time-sharing with other agencies) or permanent obstacles are
erected, the course design should depend heavily on the following:
(a) Knowledge of the standard width of streets and intersections in the geographical location
(b) Specifications for highway and road construction in the area served with special emphasis
on weather and climate conditions
(c) Length, type, and specifications (turning ratio and wheel base) for new, old, and anticipated
apparatus
(d) Snow removal and grass-cutting maintenance
(e) Storm drainage of driving track and skid pad
(f) Weight and size of vehicles
Chapter 12 Mobile Training
12-1 General.
See Figure 12-1.
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Figure 12-1 SCBA training unit, Hanford Fire Department.
(Photo courtesy of Clegg Industries, Inc., Victoria, TX.)

12-1.1
Where the personnel to be trained are spread over a large geographical area, a mobile training
unit(s) might be an alternative to transporting the personnel to a permanent training center.
12-1.2
Mobile training units can be customized to address the specific needs of a training course or
the personnel to be trained.
12-1.3
Mobile training units can decentralize the training programs of a training center, thereby
supplementing the training conducted at the center.
12-1.4
Mobile training units can bring training to personnel who ordinarily would not or could not
travel to a training center.
12-1.5
Mobile training units can contribute to the ability to provide in-service training to personnel,
thereby keeping them near their duty station and available for emergency service.
12-1.6
Mobile training units can provide an opportunity to publicize a training program because of
their high visibility, mobility, and, usually, large surface areas that can graphically transmit a
message to the bystander.
Graphic designs and lettering can indicate to the general public that there is an active training
program and that their fire fighters are actively training. The message that is delivered could be a
fire safety message, using the vehicle as a rolling billboard.
12-2 Types of Units.
12-2.1
The types of units can be divided into two broad categories:
(a) Vehicles that serve as the training device themselves
(b) Vehicles that transport one or more training props or scenarios
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12-2.2
Vehicles that can serve as training devices include the following:
(a) Tankers that leak to simulate hazardous materials spills
(b) Specialized pumping and aerial training vehicles
(c) Portable training towers
(d) Vehicles containing a maze for self-contained breathing apparatus training
(e) Portable classrooms
(f) Public fire education trailers for the promotion of residential sprinklers, smoke detectors,
stop, drop, and roll, and escape planning
12-2.3
Vehicles that transport one or more training props or scenarios can range from a pickup truck,
van, or station wagon to a trailer or large truck. These vehicles are especially useful for
transporting smaller, more portable training devices and simulators. Devices might include the
following:
(a) Computer simulators
(b) Pump panel simulators
(c) Driver training equipment
(d) Rescue tools and equipment
(e) Hazardous materials handling equipment
(f) Live fire training (e.g., LPG, extinguishers)
12-3 Vehicle Design.
12-3.1
Vehicles should meet all federal and state motor vehicle requirements.
12-3.2
The safety of the operators and users of the vehicle should be a top priority during the design
of the vehicle.
12-3.2.1 Switches and knobs should be properly labeled as to their function and should be
designed or located so that they do not protrude and pose a bumping hazard.
12-3.2.2 Walkways, stairs, and ladders might need nonslip surface treatment. Areas where
students will be crawling should be smooth, without splinters, and have edges and corners that
are rounded.
12-3.2.3 Interior lighting should be appropriate for the type of training being conducted. It might
be necessary to provide a different lighting system to be used during emergencies or
maintenance.
12-3.2.4 Handrails and grab bars should be placed strategically to ensure that students can
maintain their stability. Rounded and smoothed edges can prevent the students from being
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snagged or scraped by these devices.
12-3.2.5 Reflectors are inexpensive and can help mark the outside of the vehicle to avoid
nighttime collisions. Reflectors and safety tape can be particularly helpful to delineate staircases,
handrails, and doorways.
12-3.2.6 Vehicles that will be used after dark might need outside flood lighting to illuminate the
area around the vehicle. This can be especially useful where the training exercise requires the
student to don personal protective gear prior to entering the vehicle.
12-3.2.7 The structural integrity of the vehicle should be checked carefully to ensure that it is
designed to perform the duties of a training vehicle. For example, a mobile home that was
designed to be a residence might be inappropriate as a training vehicle that has to accommodate
fifty 200-lb (91-kg) fire fighters crawling through it every 4 hours.
12-3.2.8 An operations manual should be developed to provide training for the operator, a list of
operating policies, a description of emergency procedures, and lesson plans for the training
programs to be conducted.
12-3.3
Special equipment, in addition to the actual training devices, should be included in the vehicle
design or outfitting.
12-3.3.1 A retractable canopy, such as those that are used on the side of a recreational vehicle,
can be an excellent way to keep those students who are waiting to enter the vehicle out of the
weather.
12-3.3.2 A public address system that can be heard both inside and outside of the vehicle can
provide an efficient method of making announcements during the training exercises.
12-3.3.3 An appropriate emergency medical supply kit is essential and should be provided.
12-3.3.4 Communications systems should allow the vehicle operator to be in contact at all times
with outside agencies such as dispatchers or training centers. Vehicles crossing jurisdictional
boundaries might find existing radio networks inadequate. The use of cellular telephones should
be considered in such cases.
12-3.3.5 An electrical generator might be required to power the auxiliary equipment in the
vehicle. The noise, exhaust fumes, and access for servicing of the generator should be considered
when selecting a location on the vehicle.
12-3.3.6 Any auxiliary fuels should be carried in appropriate safety containers and adequately
stored and secured.
12-4 Emergency Response Capability.
Certain training vehicles might be appropriate for use during emergency operations.
Emergency response capability should be determined during the design of the vehicle.
Emergency response might change the status of the vehicle with regard to federal and state motor
vehicle laws. It should be considered whether or not the condition and quality of the tools and
equipment on the vehicle are appropriate for emergency operations. This is especially important
with regard to durable items such as hazardous materials plugging and patch kits.
12-5 Problems to Be Identified.
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12-5.1
Mobile training devices can inherently pose a scheduling problem. The time needed to
transport a vehicle from one place to another should be considered. Set-up time can be a factor.
12-5.2
Regionalized use of the vehicle can assist in scheduling programs. Maintaining the location of
the vehicle in a given region for a specified time can cut over-the-road transportation time to a
minimum.
12-5.3
Where the unit is not self-contained, the location for the class might need to provide support
to the vehicle in the form of utilities, water, electricity, sewage, and breathing air supply.
12-5.4
During the design of the vehicle, a check should be made for laws that govern size limitations.
Particular attention should be paid to the size of the roads to be traveled and, especially, to low
bridges and overpasses.
12-5.5
A check should be made for laws that require special driver's licenses for the operators of the
vehicle.
12-6 Operating Costs.
In calculating operating costs for the vehicle, the following factors should be considered:
(a) Student wear and tear on the vehicle and equipment
(b) Over-the-road wear and tear
(c) Vehicle wear and tear caused by different operators
(d) Overnight accommodations for the operator and training staff
Chapter 13 Referenced Publications
13-1
The following documents or portions thereof are referenced within this guide and should be
considered as part of its recommendations. The edition indicated for each referenced document is
the current edition as of the date of the NFPA issuance of this guide. Some of these documents
might also be referenced in this guide for specific informational purposes and, therefore, are also
listed in Appendix B.
13-1.1
NFPA Publications. National Fire Protection Association, 1 Batterymarch Park, P.O. Box
9101, Quincy, MA 02269-9101.
NFPA 54, National Fuel Gas Code, 1996 edition.
NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum Gases, 1995 edition.
NFPA 70, National Electrical Code, 1996 edition.
Copyright 1996 NFPA

NFPA 72, National Fire Alarm Code 1996 edition.
Appendix A Explanatory Material
This appendix is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
A-4-3.5 For more information on this topic, see NFPA 24, Standard for the Installation of
Private Fire Service Mains and Their Appurtenances.
A-5-1.3 For more information, see NFPA 14, Standard for the Installation of Standpipe and
Hose Systems.
A-7-8 See NFPA 13, Standard for the Installation of Sprinkler Systems, and NFPA 14, Standard
for the Installation of Standpipe and Hose Systems, for information regarding the proper
installation of sprinkler and standpipe fire department connections.
A-8-1.3 See NFPA 1403, Standard on Live Fire Training Evolutions, for requirements relating
to the use of burn buildings for live fire training exercises.
Appendix B Referenced Publications
B-1 The following documents or portions thereof are referenced within this guide for
informational purposes only and are thus not considered part of its recommendations. The
edition indicated here for each reference is the current edition as of the date of the NFPA
issuance of this guide.
NFPA 13, Standard for the Installation of Sprinkler Systems, 1996 edition.
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1996 edition.
NFPA 24, Standard for the Installation of Private Fire Service Mains and Their
Appurtenances, 1995 edition.
NFPA 1403, Standard on Live Fire Training Evolutions, 1997 edition.
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1997 Edition
This edition of NFPA 1403, Standard on Live Fire Training Evolutions, was prepared by the
Technical Committee on Fire Service Training and acted on by the National Fire Protection
Association, Inc., at its Fall Meeting held November 18-20, 1996, in Nashville, TN. It was issued
by the Standards Council on January 17, 1997, with an effective date of February 7, 1997, and
supersedes all previous editions.
This edition of NFPA 1403 was approved as an American National Standard on February 7,
1997.
Origin and Development of NFPA 1403
The ongoing training of fire fighters is the cornerstone of good fire protection in today's world.
However, the benefits derived from live fire training can be negated by the injuries and deaths
suffered by fire fighters under unsafe and poorly supervised training conditions. Following a
tragic training accident in 1982, which resulted in the deaths of two fire fighters, the Committee
on Fire Service Training was urged to address the issue of live fire training evolutions in
structures. The committee proceeded to develop NFPA 1403 in order to provide recognized safe
practices for conducting such training evolutions. The document was well received following its
adoption and served as the basis for live fire training evolutions throughout the United States.
The document was updated by the committee in 1991.
In this new 1997 edition, the Committee on Fire Service Training has combined NFPA 1406,
Outside Live Fire Training Evolutions, and NFPA 1403, Live Fire Training Evolutions in
Structures, into one document.
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NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates that explanatory
material on the paragraph can be found in Appendix A.
Information on referenced publications can be found in Chapter 8 and Appendix D.

Chapter 1 Introduction
1-1 Scope.
This standard applies to the establishment of procedures for training of fire suppression
personnel engaged in fire-fighting operations under live fire conditions. It is a basic system that
can be adapted to local conditions to serve as a standard mechanism for live fire training.
Procedures for live fire training evolutions, such as those involving aircraft, marine structures or
vessels, or ground cover or wildland fires, are not covered in this standard.
1-2 Purpose.
This standard applies to the training of fire fighters under live fire conditions and focuses on
training for coordinated interior and exterior fire suppression operations while maintaining a
minimum exposure to risk for the participants. Live fire training evolutions conducted in
accordance with this standard shall be managed by means of a documented incident management
system in accordance with NFPA 1561, Standard on Fire Department Incident Management
System. The hierarchy of authority shall be made clear to all participants so that both expected
and unforeseen situations are managed with the most efficiency possible and so that reasonable
margins of safety are provided.
1-3* General.
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Interior live fire training in a training center burn building or in a suitable acquired building
awaiting demolition is an excellent means of training fire fighters. While this type of training
provides high levels of authenticity, it also carries with it most of the hazards of interior fire
fighting at an actual emergency. Interior live fire training evolutions shall be planned with great
care and supervised closely by instructional personnel. The information contained in this
standard is designed to ensure adequate levels of safety while allowing the local organization
some flexibility to utilize independent judgment based on local situations and the level of
training to be accomplished. Likewise, exterior live fire training is also a valuable training
experience, but, as with interior training, there is an inherent danger to the participants and, in
the case of flammable liquids and other hazardous materials, the potential for environmental
damage.
1-4 Definitions.
Unless expressly stated elsewhere, the following terms shall, for the purposes of this standard,
have the meanings indicated below.
Acquired Building. A structure acquired by the authority having jurisdiction from a property
owner for the purpose of conducting live fire training evolutions.
Acquired Prop. A piece of equipment such as an automobile that was not designed for burning
but is used for live fire evolutions.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Demonstration. The act of showing a skill.
Evolution. A set of prescribed actions that results in an effective fireground activity.
Instructor. An individual deemed qualified by the authority having jurisdiction to deliver fire
fighter training; who has the training and experience to supervise students during live fire
training evolutions; and is deemed at least equivalent to an Instructor I as defined in NFPA 1041,
Standard for Fire Service Instructor Professional Qualifications.
Instructor-in-Charge. An individual qualified as an instructor and designated by the authority
having jurisdiction to be in charge of the live fire training evolution.
Live Fire. Any unconfined open flame or device that can propagate fire to the building or other
combustible materials.
Participant. Any student, instructor, safety officer, visitor, or other person who is involved in
the live fire training evolution within the operations area.
Safety Officer. An individual qualified by the authority having jurisdiction to maintain a safe
working environment at all live fire training evolutions.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Student. Any person who is present at the live fire training evolution for the purpose of
receiving training.
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Training Center Burn Building. A structure specifically designed for conducting live fire
training evolutions on a repetitive basis. It does not include a structure that is used primarily for
training in the use of breathing apparatus where only smoke conditions are created, without a
live fire, and the trainee is not subjected to risk of the effects of fire other than the smoke
produced.
Chapter 2 Acquired Structures
2-1 Student Prerequisites.
2-1.1*
In order to ensure safe operations during a live fire training exercise involving acquired
structures, all participating students shall have achieved a minimum level of basic training.
2-1.2
Prior to being permitted to participate in live fire training evolutions, the student shall have
received training to meet the performance objectives for Fire Fighter I of the following sections
of NFPA 1001, Standard for Fire Fighter Professional Qualifications:
Section 3-3 Safety
Section 3-5 Fire Behavior
Section 3-6 Portable Extinguishers
Section 3-7 Personal Protective Equipment
Section 3-11 Ladders
Section 3-12 Fire Hose, Appliances and Streams
Section 3-16 Overhaul
Section 3-19 Water Supply
2-1.3*
Students participating in a live fire training evolution who have received the required
minimum basic training from other than the authority having jurisdiction shall not be permitted
to participate in any live fire training evolution without presenting prior written evidence of
having successfully completed the prescribed minimum training to the levels specified in 2-1.2.
2-2 Structures and Facilities.
2-2.1*
Strict safety practices shall be applied to all structures selected for live fire training evolutions.
These practices vary greatly in the degree of application where comparing burn building
structures to acquired structures. By nature, burn buildings have been designed specifically for
the purpose of repeated live fire training evolutions and include safeguards that become
unacceptably hazardous only through misuse or improper maintenance. Acquired structures, on
the other hand, were never designed or intended for burn applications and can lack even the
fundamental elements of fire resistance due to their disrepair.
2-2.2
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Any building that is considered for a structural fire training exercise shall be prepared properly
for the live fire training evolution. Preparation can include application for proper permits and
permissions relinquishing the acquired building after the live fire training evolution is
completed. The permits required for the exercise, including permits for air quality, water runoff,
water usage, burning, and traffic shall be researched thoroughly.
2-2.3*
Ownership of the acquired building shall be determined prior to acceptance by the authority
having jurisdiction. Evidence of clear title shall be required for all structures acquired for live
fire training evolutions.
2-2.4*
Written permission shall be secured from the owner of the structure in order for the fire
department to conduct live fire training evolutions within the acquired building. A clear
description of the anticipated condition of the acquired building at the completion of the
evolution(s) shall be put in writing and shall be acknowledged by the owner of the structure.
2-2.5*
Proof of insurance cancellation or a signed statement of nonexistence of insurance shall be
provided by the owner of the structure prior to acceptance of the acquired building by the
authority having jurisdiction.
2-2.6
All appropriate and required permits to conduct live fire training evolutions shall be obtained.
2-2.7
The permits specified in this chapter shall be provided to outside, contract, or other separate
training agencies by the authority having jurisdiction upon the request of those agencies.
2-2.8
In preparation for live fire training, an inspection of the structure shall be made to determine
that the floors, walls, stairs, and other structural components are capable of withstanding the
weight of contents, participants, and accumulated water.
2-2.9*
Removal or neutralization of all hazardous storage and conditions within the structure shall be
accomplished. Closed containers and highly combustible materials shall be removed. Oil tanks
and similar closed vessels that cannot easily be removed shall be vented sufficiently to eliminate
an explosion or overpressure rupture, and any hazardous or combustible atmosphere within the
tank or other vessel shall be rendered inert. Hazards potentially dangerous to participants, such
as floor openings, missing stair treads and rails, and other such hazards, shall be repaired or
made inaccessible.
2-2.10*
In order to secure optimum personal safety from unforeseen environmental hazards for all
participants, a careful examination of the building or structure shall be conducted to determine
that the following items have been addressed, if applicable to the specific evolution:
(a) Floors, railings, and stairs shall be made safe.
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(b) Special attention shall be given to potential chimney hazards.
(c) All walls and ceilings shall be intact or patched.
(d) Debris creating or contributing to unsafe conditions shall be removed.
(e) Low-density combustible fiberboard and unconventional interior finishes shall be removed.
(f) Extraordinary weight above the training area shall be removed, or the area below it shall be
rendered inaccessible.
(g) An adequate ventilation opening(s) shall be made in the roof.
(h) Utilities shall be disconnected.
(i) Consideration shall be given to potential hazards of toxic weeds, insect hives, and vermin.
(j) All forms of asbestos deemed hazardous to personnel shall be removed by an approved
asbestos removal contractor.
2-2.11
Roof ventilation openings that are normally closed but can be opened in the event of
emergency shall be permitted to be utilized. These can consist of precut panels or hinged covers.
2-2.12
Buildings that cannot be made safe as required by this chapter shall not be utilized for interior
live fire training evolutions.
2-2.13
Adjacent buildings or property that might become involved shall be protected properly or
removed.
2-2.14
Utility services adjacent to the live burn site shall be removed or protected.
2-2.15
Trees, brush, and surrounding vegetation that create a hazard to participants shall be removed.
Combustible materials, other than those intended for the live fire training evolution, shall be
removed or stored in a protected area to preclude accidental ignition.
2-2.16
Property adjacent to the training site that could be affected by the smoke from the live fire
training evolution, such as railroads, airports, or heliports; and nursing homes, hospitals, or other
similar facilities shall be identified, and the persons in charge shall be informed of the date and
time of the evolution.
2-2.17
Streets or highways in the vicinity of the training site shall be surveyed for potential effects
from live fire training evolutions. Appropriate safeguards shall be taken to eliminate any possible
hazard to motorists. Such safeguards can include street closings, traffic rerouting, signs, and
police traffic control.
2-2.18
Copyright 1996 NFPA

Pedestrian traffic in the vicinity of the training site shall be kept clear of the operations area of
the live burn. Fire lines shall be established for this purpose.
2-2.19
Awareness of weather conditions, wind velocity, and wind direction shall be maintained. In all
cases, a final check shall be made for possible changes in weather conditions immediately before
actual ignition.
2-2.20
The water supply for any individual live fire training evolution shall be assessed carefully
based on the extent of the evolutions to be performed. Consideration shall be given to the proper
control and extinguishment of the fire and the provision of necessary backup lines to protect
personnel.
2-2.21
The minimum water supply and delivery for live fire training evolutions shall meet the criteria
identified in NFPA 1231, Standard on Water Supplies for Suburban and Rural Fire Fighting.
2-2.22
A minimum reserve of additional water in the amount of 50 percent of the fire flow demand in
2-2.21 shall be available to handle exposure protection or unforeseen situations.
2-2.23*
Separate sources shall be utilized for the supply of attack lines and backup lines in order to
preclude the loss of both water supply sources at the same time.
Exception: A single source shall be sufficient at a training center facility where the water system
has been engineered to provide adequate volume for the evolutions conducted and a backup
power source or backup pumps, or both, are in place to ensure an uninterrupted supply in the
event of a power failure or malfunction.
2-2.24
Adequate areas for the staging, operating, and parking of fire apparatus that are used in the live
fire training evolution shall be designated.
2-2.25
An area for parking fire apparatus and vehicles that are not a part of the evolution shall be
designated so as not to interfere with fireground operations. Consideration shall be given to
locating this area in order to facilitate prompt response of apparatus in the event of an
emergency.
2-2.26
Where required or necessary, parking areas for police vehicles or for the press shall be
designated.
2-2.27
A parking area for an ambulance or an emergency medical services vehicle shall be
designated. Consideration shall be given to locating this area to facilitate prompt response in the
event of a personal injury to participants in the evolution.
2-2.28
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Consideration shall be given to the designation and layout of ingress/egress routes in order to
ensure their availability in the event of an emergency.
2-2.29
Prior to conducting actual live fire training evolutions, a preburn briefing session shall be
conducted for all participants. All facets of each evolution to be conducted shall be discussed,
and assignments shall be made for all crews participating in the training session. The location of
simulated victims shall not be required to be disclosed, provided that the possibility of victims is
discussed during the briefing.
2-2.30
A preburn plan shall be prepared and shall be utilized during the preburn briefing sessions. All
features of the training areas and structure shall be indicated on the plan.
2-2.31
Prior to conducting any live fire training, all participants shall have a knowledge of and
familiarity with the layout of the building in order to facilitate any necessary evacuation of the
building. Prior to conducting any live fire training in the structure, all participants in the
evolution shall be required to conduct a walk-through of the structure.
2-2.32
All spectators shall be restricted to an area outside the operations area perimeter established by
the safety officer.
2-2.33
Appropriate control measures such as ropes, signs, and fire line markings shall be posted to
indicate the perimeter of the operations area.
2-2.34
Visitors who are allowed to observe operations and who are allowed within the operations area
perimeter shall be escorted at all times and shall be equipped with and shall properly wear
complete protective clothing in accordance with 2-4.17 through 2-4.22.
2-2.35
All possible sources of ignition, other than those that are under the direct supervision of the
person responsible for the start of the training fire, shall be removed from the operations area.
2-3 Fuel Materials.
2-3.1
The fuels that are utilized in live fire training evolutions shall have known burning
characteristics that are as controllable as possible. Unidentified materials, such as debris found in
or around the structure that could burn in unanticipated ways, react violently, or create
environmental or health hazards, shall not be permitted to be used.
2-3.2*
Fuel materials shall be used only in the amounts necessary to create the desired fire size.
Pressure-treated wood, rubber, and plastic, and straw or hay treated with pesticides or harmful
chemicals shall not be permitted to be used. The fuel load shall be limited to avoid conditions
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that could cause an uncontrolled flashover or backdraft.
2-3.3
The use of flammable or combustible liquids, as defined in NFPA 30, Flammable and
Combustible Liquids Code, shall not be permitted for use in live fire training evolutions in
acquired structures.
2-3.4*
The instructor-in-charge shall assess the selected fire room environment for factors that can
affect the growth, development, and spread of fire.
2-3.5*
The instructor-in-charge, as a minimum, shall document fuel loading including furnishings;
wall and floor coverings and ceiling materials; type of construction of the structure including
type of roof and combustible void spaces; and dimensions of the room.
2-3.6*
The training exercise shall be stopped immediately when the instructor-in-charge determines
through ongoing assessment that the combustible nature of the environment represents a
potential hazard. The exercise shall continue only when the appropriate actions have been taken
to reduce the hazard.
2-4 Safety.
2-4.1
A safety officer shall be appointed for all live fire training evolutions.
2-4.2*
The safety officer shall have the authority, regardless of rank, to intervene and control any
aspect of the operations when, in his or her judgment, a potential or actual danger, accident, or
unsafe condition exists.
2-4.3
The responsibilities of the safety officer shall include, but shall not be limited to the following:
(a) The prevention of unsafe acts
(b) The elimination of unsafe conditions
2-4.4
The safety officer shall provide for the safety of all persons on the scene including students,
instructors, visitors, and spectators.
2-4.5
The safety officer shall not be assigned other duties that interfere with safety responsibilities.
2-4.6
Sufficient backup lines shall be provided to ensure adequate protection for personnel on
training attack lines.
2-4.7*
The instructor-in-charge of the live fire training evolutions shall determine, prior to each
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specific evolution, the number of training attack lines and backup lines that are necessary. Each
hoseline shall be capable of delivering a minimum of 95 gpm (360 Lpm). The
instructor-in-charge then shall:
(a) Assign one instructor to each functional crew, which shall not exceed five students
(b) Assign one instructor to each backup line
(c) Assign sufficient additional personnel to backup lines to provide mobility
(d) Assign one additional instructor for each additional functional assignment
2-4.8*
Additional safety personnel, as deemed necessary by the safety officer, shall be located
strategically within the structure to react to any unplanned or threatening situation or condition.
2-4.9
A method of fireground communications shall be established to enable coordination among the
incident commander, the interior and exterior sectors, the safety officer, and external requests for
assistance.
2-4.10*
A building evacuation plan shall be established and an evacuation signal shall be demonstrated
to all participants in an interior live fire training evolution.
2-4.11
Emergency medical services shall be available on site to handle injuries. Written reports shall
be filled out and submitted on all injuries and on all medical aid rendered.
2-4.12
A thorough search of the structure shall be conducted to ensure that no unauthorized persons,
animals, or objects are in the building immediately prior to ignition.
2-4.13
No person(s) shall play the role of a victim inside the building.
2-4.14
Only one fire at a time shall be permitted within an acquired structure.
2-4.15
Fires shall not be located in any designated exit paths.
2-4.16
The training session shall be curtailed, postponed, or canceled, as necessary, to reduce the risk
of injury or illness caused by extreme weather conditions.
2-4.17
Each participant shall be equipped with full protective clothing and self-contained breathing
apparatus (SCBA). All participants shall be inspected by the safety officer prior to entry into a
live fire training evolution to ensure that the protective clothing and SCBA are being worn
properly and are in serviceable condition.
2-4.18
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Protective coats, trousers, hoods, footwear, helmets, and gloves shall meet the requirements of
NFPA 1971, Standard on Protective Ensemble for Structural Fire Fighting.
2-4.19
Self-contained breathing apparatus (SCBA) shall meet the requirements of NFPA 1981,
Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters.
2-4.20*
Where station or work uniforms are worn by any participant, the station or work uniform shall
meet the requirements of NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters.
2-4.21
Personal alarm devices shall meet the requirements of NFPA 1982, Standard on Personal
Alert Safety Systems (PASS) for Fire Fighters.
2-4.22
All students, instructors, safety personnel, and other personnel shall wear properly all
protective clothing and equipment specified in this chapter whenever they are involved in any
evolution or fire suppression operation during the live fire training evolution.
2-4.23*
All students, instructors, safety personnel, and other personnel participating in any evolution or
operation of fire suppression during the live fire training evolution shall breathe from a SCBA
air supply whenever operating under one or more of the following conditions:
(a) In an atmosphere that is oxygen deficient or contaminated by products of combustion, or
both
(b) In an atmosphere that is suspected of being oxygen deficient or contaminated by products
of combustion, or both
(c) In any atmosphere that can become oxygen deficient or contaminated, or both
(d) Below ground level
2-4.24
One person shall be designated as the "ignition officer" to control the materials being burned.
The ignition officer shall not be a student.
2-4.25
The ignition officer shall wear full protective clothing, including self-contained breathing
apparatus (SCBA), as required in 2-4.17 through 2-4.22, when performing this function. A
charged hoseline shall accompany the ignition officer when igniting any fire.
2-4.26*
The decision to ignite the training fire shall be made by the instructor-in-charge in
coordination with the safety officer. The fire shall be ignited by the ignition officer in the
presence of and under the direct supervision of the safety officer.
2-5 Instructors.
2-5.1
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All instructors shall be deemed qualified to deliver fire fighter training by the authority having
jurisdiction.
2-5.2*
The participating student-to-instructor ratio shall not be greater than 5 to 1.
2-5.3
Other factors such as extreme temperatures, large groups, and classes of long duration shall be
taken into consideration, and additional instructors shall be designated as deemed necessary to
ensure proper levels of safety.
2-5.4
The instructor-in-charge shall be responsible for full compliance with this standard.
2-5.5
Prior to the ignition of any fire, instructors shall ensure that all protective clothing and
equipment specified in this chapter are being worn properly.
2-5.6
Instructors shall take a head count when entering and exiting the building during an actual
attack evolution conducted in accordance with this standard. Instructors shall monitor and
supervise all assigned students closely during the live fire training evolution.
2-5.7*
The instructor-in-charge shall consider the circumstances of each training session and make
suitable provisions for the rest and rehabilitation of members operating at the scene. These
considerations shall include medical evaluation and treatment, food and fluid replenishment, and
relief from climate conditions, in accordance with the circumstances of the training session.
Chapter 3 Gas-Fired Training Center Buildings
3-1 Student Prerequisites.
3-1.1*
In order to ensure safe operations during a live fire training exercise involving gas-fired
training center buildings, all participating students shall have achieved a minimum level of basic
training.
3-1.2
Prior to being permitted to participate in live fire training evolutions, the student shall have
received training to meet the performance objectives for Fire Fighter I of the following sections
of NFPA 1001, Standard for Fire Fighter Professional Qualifications:
Section 3-3 Safety
Section 3-5 Fire Behavior
Section 3-6 Portable Extinguishers
Section 3-7 Personal Protective Equipment
Section 3-11 Ladders
Copyright 1996 NFPA

Section 3-12 Fire Hose, Appliances and Streams
Section 3-16 Overhaul
Section 3-19 Water Supply
3-1.3*
Students participating in a live fire training evolution who have received the required
minimum basic training from other than the authority having jurisdiction shall not be permitted
to participate in any live fire training evolution without presenting prior written evidence of
having successfully completed the prescribed minimum training to the levels specified in 3-1.2.
3-2 Structures and Facilities.
3-2.1
Strict safety practices shall be applied to all structures selected for live fire training evolutions.
These practices vary greatly in the degree of application where comparing burn building
structures to acquired structures. By nature, burn buildings have been designed specifically for
the purpose of repeated live fire training evolutions and include safeguards that become
unacceptably hazardous only through misuse or improper maintenance.
3-2.2*
Training center burn buildings shall be inspected visually for damage prior to live fire training
evolutions. Damage shall be documented. The structural integrity of the building shall be
evaluated and documented periodically, but at least annually. Where the burn building damage is
severe enough to affect the safety of the students, training shall not be permitted.
3-2.3
All doors, windows and window shutters, roof scuttles and automatic ventilators, mechanical
equipment, lighting, manual or automatic sprinklers, and standpipes necessary for the live fire
training evolution shall be checked and operated, where appropriate, prior to any live fire
training evolution to ensure they operate correctly.
3-2.4*
All safety devices, such as thermometers, oxygen and toxic and combustible gas monitors,
evacuation alarms, and emergency shutdown switches, shall be checked prior to any live fire
training evolutions to ensure they operate correctly.
3-2.5*
For burn buildings that contain gas-fueled training systems, the instructors shall run the system
prior to exposing students to live flames in order to ensure the correct operation of devices such
as the gas valves, flame safeguard units, agent sensors, combustion fans, and ventilation fans.
3-2.6
Training center burn buildings shall be left in a safe condition upon completion of live fire
training evolutions. Debris hindering the access or egress of fire fighters shall be removed prior
to the beginning of the next training exercises.
3-2.7
Pedestrian traffic in the vicinity of the training site shall be kept clear of the operations area of
the live burn. Fire lines shall be established for this purpose.
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3-2.8
Awareness of weather conditions, wind velocity, and wind direction shall be maintained. In all
cases, a final check shall be made for possible changes in weather conditions immediately before
actual ignition.
3-2.9
The water supply for any individual live fire training evolution shall be assessed carefully
based on the extent of the evolutions to be performed. Consideration shall be given to the proper
control and extinguishment of the fire and the provision of necessary backup lines to protect
personnel.
3-2.10
The minimum water supply and delivery for the live fire training evolutions shall meet the
criteria identified in NFPA 1231, Standard on Water Supplies for Suburban and Rural Fire
Fighting.
3-2.11
A minimum reserve of additional water in the amount of 50 percent of the fire flow demand in
3-2.10 shall be available to handle exposure protection or unforeseen situations.
3-2.12*
Separate sources shall be utilized for the supply of attack lines and backup lines in order to
preclude the loss of both water supply sources at the same time.
Exception: A single source shall be sufficient at a training center facility where the water system
has been engineered to provide adequate volume for the evolutions conducted and a backup
power source or backup pumps, or both, are in place to ensure an uninterrupted supply in the
event of a power failure or malfunction.
3-2.13
Adequate areas for the staging, operating, and parking of fire apparatus that are used in the live
fire training evolution shall be designated.
3-2.14
An area for parking fire apparatus and vehicles that are not a part of the evolution shall be
designated so as not to interfere with fireground operations. Consideration shall be given to
locating this area to facilitate prompt response of apparatus in the event of an emergency.
3-2.15
Where required or necessary, parking areas for police vehicles or for the press shall be
designated.
3-2.16
A parking area for an ambulance or an emergency medical services vehicle shall be
designated. Consideration shall be given to locating this area to facilitate prompt response in the
event of a personal injury to participants in the evolution.
3-2.17
Consideration shall be given to the designation and layout of ingress/egress routes in order to
ensure their availability in the event of an emergency.
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3-2.18
Prior to conducting actual live fire training evolutions, a preburn briefing session shall be
conducted for all participants. All facets of each evolution to be conducted shall be discussed,
and assignments shall be made for all crews participating in the training session. The location of
simulated victims shall not be required to be disclosed, provided that the possibility of victims is
discussed during the preburn briefing.
3-2.19
A preburn plan shall be prepared and shall be utilized during the preburn briefing sessions. All
features of the training areas and structure shall be indicated on the plan.
3-2.20
Prior to conducting any live fire training, all participants shall have a knowledge of and
familiarity with the layout of the building in order to facilitate any necessary evacuation of the
building. Prior to conducting any live fire training in the structure, all participants in the
evolution shall be required to conduct a walk-through of the structure.
3-2.21
All spectators shall be restricted to an area outside the operations area perimeter established by
the safety officer.
3-2.22
Appropriate control measures such as ropes, signs, and fire line markings shall be posted to
indicate the perimeter of the operations area.
3-2.23
Visitors who are allowed to observe operations and who are allowed within the operations area
perimeter shall be escorted at all times and shall be equipped with and shall properly wear
complete protective clothing in accordance with 3-4.17 through 3-4.22.
3-2.24
All possible sources of ignition, other than those that are under the direct supervision of the
person responsible for the start of the training fire, shall be removed from the operations area.
3-2.25
There shall be ample room provided around all props such that there is space for all attack
lines as well as backup lines to operate freely.
3-3 Fuel Materials.
3-3.1
The fuels that are utilized in live fire training evolutions shall have known burning
characteristics that are as controllable as possible. Unidentified materials, such as debris found in
or around the structure that could burn in unanticipated ways, react violently, or create
environmental or health hazards, shall not be permitted to be used.
3-3.2*
The use of flammable gas, such as propane and natural gas, shall be permitted only in burn
buildings specifically designed for their use, as defined in NFPA 1402, Guide to Building Fire
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Service Training Centers. Liquefied versions of these gases shall not be permitted inside the
burn building.
3-3.3*
The instructor-in-charge shall assess the selected fire room environment for factors that can
affect the growth, development, and spread of fire.
3-3.4*
The training exercise shall be stopped immediately when the instructor-in-charge determines
through ongoing assessment that the combustible nature of the environment represents a
potential hazard. The exercise shall continue only when the appropriate actions have been taken
to reduce the hazard.
3-4 Safety.
3-4.1
A safety officer shall be appointed for all live fire training evolutions.
3-4.2*
The safety officer shall have the authority, regardless of rank, to intervene and control any
aspect of the operations when, in his or her judgment, a potential or actual danger, accident, or
unsafe condition exists.
3-4.3
The responsibilities of the safety officer shall include, but shall not be limited to the following:
(a) The prevention of unsafe acts
(b) The elimination of unsafe conditions
3-4.4
The safety officer shall provide for the safety of all persons on the scene including students,
instructors, visitors, and spectators.
3-4.5
The safety officer shall not be assigned other duties that interfere with safety responsibilities.
3-4.6
The safety officer shall be knowledgeable in the operation and location of safety features
available within the burn building, such as emergency shutoff switches, gas shutoff valves, and
evacuation alarms.
3-4.7
Sufficient backup lines shall be provided to ensure adequate protection for personnel on
training attack lines.
3-4.8*
The instructor-in-charge of the live fire training evolutions shall determine, prior to each
specific evolution, the number of training attack lines and backup lines that are necessary. Each
hoseline shall be capable of delivering a minimum of 95 gpm (360 Lpm). The
instructor-in-charge then shall assign the following:
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(a) One instructor to each functional crew, which shall not exceed five students
(b) One instructor to each backup line
(c) Sufficient additional personnel to backup lines to provide mobility
(d) One additional instructor for each additional functional assignment
3-4.9*
Additional safety personnel, as deemed necessary by the safety officer, shall be located
strategically within the structure to react to any unplanned or threatening situation or condition.
3-4.10
A method of fireground communications shall be established to enable coordination among the
incident commander, the interior and exterior sectors, the safety officer, and external requests for
assistance.
3-4.11*
A building evacuation plan shall be established and an evacuation signal shall be demonstrated
to all participants in an interior live fire training evolution.
3-4.12
Emergency medical services shall be available on site to handle injuries. Written reports shall
be filled out and submitted on all injuries and on all medical aid rendered.
3-4.13
A thorough search of the structure shall be conducted to ensure that no unauthorized persons,
animals, or objects are in the building immediately prior to ignition.
3-4.14
No person(s) shall play the role of a victim inside the building.
3-4.15
Fires shall not be located in any designated exit paths.
3-4.16
The training session shall be curtailed, postponed, or canceled, as necessary, to reduce the risk
of injury or illness caused by extreme weather conditions.
3-4.17
Each participant shall be equipped with full protective clothing and self-contained breathing
apparatus (SCBA). All participants shall be inspected by the safety officer prior to entry into a
live fire training evolution to ensure that the protective clothing and SCBA are being worn
properly and are in serviceable condition.
3-4.18
Protective coats, trousers, hoods, footwear, helmets, and gloves shall meet the requirements of
NFPA 1971, Standard on Protective Ensemble for Structural Fire Fighting.
3-4.19
Self-contained breathing apparatus (SCBA) shall meet the requirements of NFPA 1981,
Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters.
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3-4.20*
Where station or work uniforms are worn by any participant, the station or work uniform shall
meet the requirements of NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters.
3-4.21
Personal alarm devices shall meet the requirements of NFPA 1982, Standard on Personal
Alert Safety Systems (PASS) for Fire Fighters.
3-4.22
All students, instructors, safety personnel, and other personnel shall wear properly all
protective clothing and equipment specified in this chapter whenever they are involved in any
evolution or fire suppression operation during the live fire training evolution.
3-4.23*
All students, instructors, safety personnel, and other personnel participating in any evolution or
operation of fire suppression during the live fire training evolution shall breathe from a SCBA
air supply whenever operating under one or more of the following conditions:
(a) In an atmosphere that is oxygen deficient or contaminated by products of combustion, or
both
(b) In an atmosphere that is suspected of being oxygen deficient or contaminated by products
of combustion, or both
(c) In any atmosphere that can become oxygen deficient or contaminated, or both
(d) Below ground level
3-4.24*
The decision to ignite a training fire shall be made by the instructor-in-charge in coordination
with the safety officer. Fires shall not be ignited without an instructor visually confirming that
the flame area is clear of personnel.
3-4.25
Flammable gas fires shall not be ignited manually.
3-5 Instructors.
3-5.1
All instructors shall be deemed qualified to deliver fire fighter training by the authority having
jurisdiction.
3-5.2*
The participating student-to-instructor ratio shall not be greater than 5 to 1.
3-5.3
Other factors such as extreme temperatures, large groups, and classes of long duration shall be
taken into consideration, and additional instructors shall be designated as deemed necessary to
ensure proper levels of safety.
3-5.4

Copyright 1996 NFPA

The instructor-in-charge shall be responsible for full compliance with this standard.
3-5.5
Prior to the ignition of any fire, instructors shall ensure that all protective clothing and
equipment specified in this chapter are being worn properly.
3-5.6
Instructors shall take a head count when entering and exiting the building during an actual
attack evolution conducted in accordance with this standard. Instructors shall monitor and
supervise all assigned students closely during the live fire training evolution.
3-5.7*
The instructor-in-charge shall consider the circumstances of each training session and make
suitable provisions for the rest and rehabilitation of members operating at the scene. These
considerations shall include medical evaluation and treatment, food and fluid replenishment, and
relief from climate conditions, in accordance with the circumstances of the training session.
3-5.8
Instructors responsible for conducting live fire training evolutions with a gas-fueled training
system shall be trained properly in the complete operation of the system. The training of
instructors shall be performed by an individual authorized by the system manufacturer.
3-5.9
Where concurrent, multiple live fire training evolutions are being conducted in a specifically
designed burn building, the identity of the instructor-in-charge of the evolutions shall be clear to
all participants. It shall be this instructor's responsibility to coordinate overall burn building
fireground activities to ensure proper levels of safety.
Chapter 4 Non-Gas-Fired Training Center Buildings
4-1 Student Prerequisites.
4-1.1*
In order to ensure safe operations during a live fire training exercise involving non-gas-fired
training center buildings, all participating students shall have achieved a minimum level of basic
training.
4-1.2
Prior to being permitted to participate in live fire training evolutions, the student shall have
received training to meet the performance objectives for Fire Fighter I of the following sections
of NFPA 1001, Standard for Fire Fighter Professional Qualifications:
Section 3-3 Safety
Section 3-5 Fire Behavior
Section 3-6 Portable Extinguishers
Section 3-7 Personal Protective Equipment
Section 3-11 Ladders
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Section 3-12 Fire Hose, Appliances and Streams
Section 3-16 Overhaul
Section 3-19 Water Supply
4-1.3*
Students participating in a live fire training evolution who have received the required
minimum basic training from other than the authority having jurisdiction shall not be permitted
to participate in any live fire training evolution without presenting prior written evidence of
having successfully completed the prescribed minimum training to the levels specified in 4-1.2.
4-2 Structures and Facilities.
4-2.1
Strict safety practices shall be applied to all structures selected for live fire training evolutions.
These practices vary greatly in the degree of application where comparing burn building
structures to acquired structures. By nature, burn buildings have been designed specifically for
the purpose of repeated live fire training evolutions and include safeguards that become
unacceptably hazardous only through misuse or improper maintenance.
4-2.2*
Training center burn buildings shall be inspected visually for damage prior to live fire training
evolutions. Damage shall be documented. The structural integrity of the building shall be
evaluated and documented periodically, but at least annually. Where the burn building damage is
severe enough to affect the safety of the students, training shall not be permitted.
4-2.3
All doors, windows and window shutters, roof scuttles and automatic ventilators, mechanical
equipment, lighting, manual or automatic sprinklers, and standpipes necessary for the live fire
training evolution shall be checked and operated, where appropriate, prior to any live fire
training evolution to ensure they operate correctly.
4-2.4*
All safety devices, such as thermometers, oxygen and toxic and combustible gas monitors,
evacuation alarms, and emergency shutdown switches, shall be checked prior to any live fire
training evolutions to ensure they operate correctly.
4-2.5
Training center burn buildings shall be left in a safe condition upon completion of live fire
training evolutions. Debris hindering the access or egress of fire fighters shall be removed prior
to the beginning of the next training exercises.
4-2.6
In preparation for live fire training, an inspection of the structure shall be made to determine
that the floors, walls, stairs, and other structural components are capable of withstanding the
weight of contents, participants, and accumulated water.
4-2.7
Property adjacent to the training site that could be affected by the smoke from the live fire
training evolution, such as railroads, airports, or heliports; and nursing homes, hospitals, or other
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similar facilities shall be identified, and the persons in charge shall be informed of the date and
time of the evolution.
4-2.8
Streets or highways in the vicinity of the training site shall be surveyed for potential effects
from live fire training evolutions. Appropriate safeguards shall be taken to eliminate any possible
hazard to motorists. Such safeguards can include street closings, traffic rerouting, signs, and
police traffic control.
4-2.9
Pedestrian traffic in the vicinity of the training site shall be kept clear of the operations area of
the live burn. Fire lines shall be established for this purpose.
4-2.10
Awareness of weather conditions, wind velocity, and wind direction shall be maintained. In all
cases, a final check shall be made for possible changes in weather conditions immediately before
actual ignition.
4-2.11
The water supply for any individual live fire training evolution shall be assessed carefully
based on the extent of the evolutions to be performed. Consideration shall be given to the proper
control and extinguishment of the fire and the provision of necessary backup lines to protect
personnel.
4-2.12
The minimum water supply and delivery for live fire training evolutions shall meet the criteria
identified in NFPA 1231, Standard on Water Supplies for Suburban and Rural Fire Fighting.
4-2.13
A minimum reserve of additional water in the amount of 50 percent of the fire flow demand in
4-2.12 shall be available to handle exposure protection or unforeseen situations.
4-2.14*
Separate sources shall be utilized for the supply of attack lines and backup lines in order to
preclude the loss of both water supply sources at the same time.
Exception: A single source shall be sufficient at a training center facility where the water system
has been engineered to provide adequate volume for the evolutions conducted and a backup
power source or backup pumps, or both, are in place to ensure an uninterrupted supply in the
event of a power failure or malfunction.
4-2.15
Adequate areas for the staging, operating, and parking of fire apparatus that are used in the live
fire training evolution shall be designated.
4-2.16
An area for parking fire apparatus and vehicles that are not a part of the evolution shall be
designated so as not to interfere with fireground operations. Consideration shall be given to
locating this area in order to facilitate prompt response of apparatus in the event of an
emergency.
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4-2.17
Where required or necessary, parking areas for police vehicles or for the press shall be
designated.
4-2.18
A parking area for an ambulance or an emergency medical services vehicle shall be
designated. Consideration shall be given to locating this area to facilitate prompt response in the
event of a personal injury to participants in the evolution.
4-2.19
Consideration shall be given to the designation and layout of ingress/egress routes in order to
ensure their availability in the event of an emergency.
4-2.20
Prior to conducting actual live fire training evolutions, a preburn briefing session shall be
conducted for all participants. All facets of each evolution to be conducted shall be discussed,
and assignments shall be made for all crews participating in the training session. The location of
simulated victims shall not be required to be disclosed, provided that the possibility of victims is
discussed during the preburn briefing.
4-2.21
A preburn plan shall be prepared and shall be utilized during the preburn briefing sessions. All
features of the training areas and structure shall be indicated on the plan.
4-2.22
Prior to conducting any live fire training, all participants shall have a knowledge of and
familiarity with the layout of the building in order to facilitate any necessary evacuation of the
building. Prior to conducting any live fire training in the structure, all participants in the
evolution shall be required to conduct a walk-through of the structure.
4-2.23
All spectators shall be restricted to an area outside the operations area perimeter established by
the safety officer.
4-2.24
Appropriate control measures such as ropes, signs, and fire line markings shall be posted to
indicate the perimeter of the operations area.
4-2.25
Visitors who are allowed to observe operations and who are allowed within the operations area
perimeter shall be escorted at all times and shall be equipped with and shall properly wear
complete protective clothing in accordance with 4-4.17 through 4-4.22.
4-2.26
All possible sources of ignition, other than those that are under the direct supervision of the
person responsible for the start of the training fire, shall be removed from the operations area.
4-3 Fuel Materials.
4-3.1
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The fuels that are utilized in live fire training evolutions shall have known burning
characteristics that are as controllable as possible. Unidentified materials, such as debris found in
or around the structure that could burn in unanticipated ways, react violently, or create
environmental or health hazards, shall not be permitted to be used.
4-3.2*
Fuel materials shall be used only in the amounts necessary to create the desired fire size.
Pressure-treated wood, rubber, and plastic, and straw or hay treated with pesticides or harmful
chemicals shall not be permitted to be used. The fuel load shall be limited to avoid conditions
that could cause an uncontrolled flashover or backdraft.
4-3.3*
The use of flammable or combustible liquids, as defined in NFPA 30, Flammable and
Combustible Liquids Code, shall not be permitted for use in live fire training evolutions in
structures.
Exception: Limited quantities of combustible liquid with a flash point above 100ºF (38ºC) shall
be permitted to be used in a training center burn building that has been specifically engineered
to accommodate this fuel.
4-3.4*
The instructor-in-charge shall assess the selected fire room environment for factors that can
affect the growth, development, and spread of the fire.
4-3.5*
The instructor-in-charge, as a minimum, shall document fuel loading including furnishings;
wall and floor coverings, and ceiling materials; type of construction of the structure including
type of roof and combustible void spaces; and dimensions of room.
4-3.6*
The training exercise shall be stopped immediately when the instructor-in-charge determines
through ongoing assessment that the combustible nature of the environment represents a
potential hazard. The exercise shall continue only when the appropriate actions have been taken
to reduce the hazard.
4-4 Safety.
4-4.1
A safety officer shall be appointed for all live fire training evolutions.
4-4.2*
The safety officer shall have the authority, regardless of rank, to intervene and control any
aspect of the operations when, in his or her judgment, a potential or actual danger, accident, or
unsafe condition exists.
4-4.3
The responsibilities of the safety officer shall include, but shall not be limited to the following:
(a) The prevention of unsafe acts
(b) The elimination of unsafe conditions
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4-4.4
The safety officer shall provide for the safety of all persons on the scene including students,
instructors, visitors, and spectators.
4-4.5
The safety officer shall not be assigned other duties that interfere with safety responsibilities.
4-4.6
The safety officer shall be knowledgeable in the operation and location of safety features
available within the burn building, such as emergency shutoff switches, gas shutoff valves, and
evacuation alarms.
4-4.7
Sufficient backup lines shall be provided to ensure adequate protection for personnel on
training attack lines.
4-4.8*
The instructor-in-charge of the live fire training evolutions shall determine, prior to each
specific evolution, the number of training attack lines and backup lines that are necessary. Each
hose line shall be capable of delivering a minimum of 95 gpm (360 Lpm). The
instructor-in-charge then shall assign the following:
(a) One instructor to each functional crew, which shall not exceed five students
(b) One instructor to each backup line
(c) Sufficient additional personnel to backup lines to provide mobility
(d) One additional instructor for each additional functional assignment
4-4.9*
Additional safety personnel, as deemed necessary by the safety officer, shall be located
strategically within the structure to react to any unplanned or threatening situation or condition.
4-4.10
A method of fireground communications shall be established to enable coordination among the
incident commander, the interior and exterior sectors, the safety officer, and external requests for
assistance.
4-4.11*
A building evacuation plan shall be established and an evacuation signal shall be demonstrated
to all participants in an interior live fire training evolution.
4-4.12
Emergency medical services shall be available on site to handle injuries. Written reports shall
be filled out and submitted on all injuries and on all medical aid rendered.
4-4.13
A thorough search of the structure shall be conducted to ensure that no unauthorized persons,
animals, or objects are in the building immediately prior to ignition.
4-4.14
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No person(s) shall play the role of a victim inside the building.
4-4.15
Fires shall not be located in any designated exit paths.
4-4.16
The training session shall be curtailed, postponed, or canceled, as necessary, to reduce the risk
of injury or illness caused by extreme weather conditions.
4-4.17
Each participant shall be equipped with full protective clothing and self-contained breathing
apparatus (SCBA). All participants shall be inspected by the safety officer prior to entry into a
live fire training evolution to ensure that the protective clothing and SCBA are being worn
properly and are in serviceable condition.
4-4.18
Protective coats, trousers, hoods, footwear, helmets, and gloves shall meet the requirements of
NFPA 1971, Standard on Protective Ensemble for Structural Fire Fighting.
4-4.19
Self-contained breathing apparatus (SCBA) shall meet the requirements of NFPA 1981,
Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters.
4-4.20*
Where station or work uniforms are worn by any participant, the station or work uniform shall
meet the requirements of NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters.
4-4.21
Personal alarm devices shall meet the requirements of NFPA 1982, Standard on Personal
Alert Safety Systems (PASS) for Fire Fighters.
4-4.22
All students, instructors, safety personnel, and other personnel shall wear properly all
protective clothing and equipment specified in this chapter whenever they are involved in any
evolution or fire suppression operation during the live fire training evolution.
4-4.23*
All students, instructors, safety personnel, and other personnel participating in any evolution or
operation of fire suppression during the live fire training evolution shall breathe from a SCBA
air supply whenever operating under one or more of the following conditions:
(a) In an atmosphere that is oxygen deficient or contaminated by products of combustion, or
both
(b) In an atmosphere that is suspected of being oxygen deficient or contaminated by products
of combustion, or both
(c) In any atmosphere that can become oxygen deficient or contaminated, or both
(d) Below ground level
4-4.24
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One person shall be designated as the "ignition officer" to control the materials being burned.
The ignition officer shall not be a student.
4-4.25
The ignition officer shall wear full protective clothing, including self-contained breathing
apparatus (SCBA), as required in 4-4.17 through 4-4.22, when performing this function. A
charged hoseline shall accompany the ignition officer when igniting any fire.
4-4.26*
The decision to ignite the training fire shall be made by the instructor-in-charge in
coordination with the safety officer. The fire shall be ignited by the ignition officer in the
presence of and under the direct supervision of the safety officer.
4-5 Instructors.
4-5.1
All instructors shall be deemed qualified to deliver fire fighter training by the authority having
jurisdiction.
4-5.2*
The participating student-to-instructor ratio shall not be greater than 5 to 1.
4-5.3
Other factors such as extreme temperatures, large groups, and classes of long-duration shall be
taken into consideration, and additional instructors shall be designated as deemed necessary to
ensure proper levels of safety.
4-5.4
The instructor-in-charge shall be responsible for full compliance with this standard.
4-5.5
Prior to the ignition of any fire, instructors shall ensure that all protective clothing and
equipment specified in this chapter are being worn properly.
4-5.6
Instructors shall take a head count when entering and exiting the building during an actual
attack evolution conducted in accordance with this standard. Instructors shall monitor and
supervise all assigned students closely during the live fire training evolution.
4-5.7*
The instructor-in-charge shall consider the circumstances of each training session and make
suitable provisions for the rest and rehabilitation of members operating at the scene. These
considerations shall include medical evaluation and treatment, food and fluid replenishment, and
relief from climate conditions, in accordance with the circumstances of the training session.
4-5.8
Where concurrent, multiple live fire training evolutions are being conducted in a specifically
designed burn building, the identity of the instructor in charge of the evolutions shall be clear to
all participants. It shall be this instructor's responsibility to coordinate overall burn building
fireground activities to ensure proper levels of safety.
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Chapter 5 Exterior Props
5-1 Student Prerequisites.
5-1.1*
In order to ensure safe operations during a live fire training exercise involving exterior props,
all participating students shall have achieved a minimum level of basic training.
5-1.2
Prior to being permitted to participate in live fire training evolutions, the student shall have
received training to meet the performance objectives for Fire Fighter I of the following sections
of NFPA 1001, Standard for Fire Fighter Professional Qualifications:
Section 3-3 Safety
Section 3-5 Fire Behavior
Section 3-6 Portable Extinguishers
Section 3-7 Personal Protective Equipment
Section 3-11 Ladders
Section 3-12 Fire Hose, Appliances and Streams
Section 3-19 Water Supply
5-1.3*
Students participating in a live fire training evolution who have received the required
minimum basic training from other than the authority having jurisdiction shall not be permitted
to participate in any live fire training evolution without presenting prior written evidence of
having successfully completed the prescribed minimum training to the levels specified in 5-1.2.
5-2 Structures and Facilities.
5-2.1*
Strict safety practices shall be applied to all exterior props selected for live fire training
evolutions.
5-2.2
For outside training, care shall be taken to select areas that limit the hazards to both personal
safety and the environment. The training site shall be flat and open without obstructions that can
interfere with fire-fighting operations.
5-2.3
Where using live training fires outside, the ground cover shall be such that it does not
contribute to the fire. The ground cover shall be impervious and of such topography that the
runoff from live fire does not enter municipal, private, or public waters or other sensitive areas.
5-2.4
Exterior props shall be inspected visually for damage prior to live fire training evolutions.
Damage shall be documented. The structural integrity of the props shall be evaluated and
documented periodically, but at least annually.
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5-2.5
All safety devices, such as thermometers, oxygen and toxic and combustible gas monitors,
evacuation alarms, and emergency shutdown switches, shall be checked prior to any live fire
training evolutions to ensure they operate correctly.
5-2.6
Exterior props shall be left in a safe condition upon completion of live fire training evolutions.
Debris hindering the access of fire fighters shall be removed prior to the beginning of the next
training exercise.
5-2.7
All appropriate and required permits to conduct live fire training evolutions shall be obtained.
5-2.8
The permits specified in this chapter shall be provided to outside, contract, or other separate
training agencies by the authority having jurisdiction upon the request of those agencies.
5-2.9
Adjacent buildings or property that might become involved shall be protected properly or
removed.
5-2.10
Utility services adjacent to the live burn site shall be removed or protected.
5-2.11
Trees, brush, and surrounding vegetation that create a hazard to participants shall be removed.
Combustible materials, other than those intended for the live fire training evolution, shall be
removed or stored in a protected area to preclude accidental ignition.
5-2.12
Property adjacent to the training site that could be affected by the smoke from the live fire
training evolution, such as railroads, airports, or heliports; and nursing homes, hospitals, or other
similar facilities shall be identified, and the persons in charge shall be informed of the date and
time of the evolution.
5-2.13
Streets or highways in the vicinity of the training site shall be surveyed for potential effects
from live fire training evolutions. Appropriate safeguards shall be taken to eliminate any possible
hazard to motorists. Such safeguards can include street closings, traffic rerouting, signs, and
police traffic control.
5-2.14
Pedestrian traffic in the vicinity of the training site shall be kept clear of the operations area of
the live burn. Fire lines shall be established for this purpose.
5-2.15
Awareness of weather conditions, wind velocity, and wind direction shall be maintained. In all
cases, a final check shall be made for possible changes in weather conditions immediately before
actual ignition.
Copyright 1996 NFPA

5-2.16
The water supply for any individual live fire training evolution shall be assessed carefully
based on the extent of the evolution to be performed. Consideration shall be given to the proper
control and extinguishment of the fire and the provision of necessary backup lines to protect
personnel.
5-2.17
The minimum water supply and delivery for the live fire training evolutions shall meet the
criteria identified in NFPA 1231, Standard on Water Supplies for Suburban and Rural Fire
Fighting.
5-2.18
A minimum reserve of additional water in the amount of 50 percent of the fire flow demand in
5-2.17 shall be available to handle exposure protection or unforeseen situations.
5-2.19*
Separate sources shall be utilized for the supply of attack lines and backup lines in order to
preclude the loss of both water supply sources at the same time.
Exception: A single source shall be sufficient at a training center facility where the water system
has been engineered to provide adequate volume for the evolutions conducted and a backup
power source or backup pumps, or both, are in place to ensure an uninterrupted supply in the
event of a power failure or malfunction.
5-2.20
Adequate areas for the staging, operating, and parking of fire apparatus that are used in the live
fire training evolution shall be designated.
5-2.21
An area for parking fire apparatus and vehicles that are not a part of the evolution shall be
designated so as not to interfere with fireground operations. Consideration shall be given to
locating this area in order to facilitate prompt response of apparatus in the event of an
emergency.
5-2.22
Where required or necessary, parking areas for police vehicles or for the press shall be
designated.
5-2.23
A parking area for an ambulance or an emergency medical services vehicle shall be
designated. Consideration shall be given to locating this area to facilitate prompt response in the
event of a personal injury to participants in the evolution.
5-2.24
Consideration shall be given to the designation and layout of ingress/egress routes in order to
ensure their availability in the event of an emergency.
5-2.25
Prior to conducting actual live fire training evolutions, a preburn briefing session shall be
conducted for all participants. All facets of each evolution to be conducted shall be discussed,
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and assignments shall be made for all crews participating in the training session. The location of
simulated victims shall not be required to be disclosed, provided that the possibility of victims is
discussed in the preburn briefing.
5-2.26
A preburn plan shall be prepared and shall be utilized during the preburn briefing sessions. All
features of the training areas and structure shall be indicated on the plan.
5-2.27
Prior to conducting any live fire training, all participants shall have a knowledge of and
familiarity with the prop or props being used for the evolution.
5-2.28
All spectators shall be restricted to an area outside the operations area perimeter established by
the safety officer.
5-2.29
Appropriate control measures such as ropes, signs, and fire line markings shall be posted to
indicate the perimeter of the operations area.
5-2.30
Visitors who are allowed to observe operations and who are allowed within the operations area
perimeter shall be escorted at all times and shall be equipped with and shall properly wear
complete protective clothing in accordance with 5-4.15 through 5-4.20.
5-2.31
All possible sources of ignition, other than those that are under the direct supervision of the
person responsible for the start of the training fire, shall be removed from the operations area.
5-2.32
There shall be ample room provided around all props so that there is space for all attack lines
as well as backup lines to operate freely.
5-3 Fuel Materials.
5-3.1
The fuels that are utilized in live fire training evolutions shall have known burning
characteristics that are as controllable as possible. Unidentified materials, such as debris found in
or around the site that could burn in unanticipated ways, react violently, or create environmental
or health hazards, shall not be permitted to be used.
5-3.2*
Fuel materials shall be used only in the amounts necessary to create the desired fire size.
Pressure-treated wood, rubber, and plastic, and straw or hay treated with pesticides or harmful
chemicals shall not be permitted to be used.
5-3.3*
The instructor-in-charge shall assess the selected fire room environment for factors that can
affect the growth, development, and spread of the fire.
5-3.4*
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The training exercise shall be stopped immediately when the instructor-in-charge determines
through ongoing assessment that the combustible nature of the environment represents a
potential hazard. The exercise shall continue only when the appropriate actions have been taken
to reduce the hazard.
5-3.5
Props used for outside live fire training shall be designed specifically for the evolution to be
performed.
5-3.6*
All props that use pressure to move fuel to the fire shall be equipped with remote fuel shutoffs.
The remote fuel shutoff shall be within site of the prop, and the entire field of attack for the prop,
but shall be outside of the safety perimeter. During the entire time the prop is in use, the remote
shutoff shall be continuously attended by safety personnel trained in its operation.
5-3.7
Liquefied petroleum gas props shall be equipped with all safety features as described in NFPA
58, Standard for the Storage and Handling of Liquefied Petroleum Gases, and NFPA 59,
Standard for the Storage and Handling of Liquefied Petroleum Gases at Utility Gas Plants.
Where the evolution involves the failure of a safety feature, the failed part shall be located
downstream from the properly functioning safety feature.
5-3.8
Measures shall be taken where using flammable or combustible liquids to prevent runoff from
contaminating the surrounding area. There shall be oil separators for cleaning the runoff water.
5-3.9*
Vehicles used as props for live fire training shall have all fluid reservoirs, tanks, shock
absorbers, drive shafts, and other gas-filled closed containers removed, vented, or drained prior
to any ignition.
5-3.10
For flammable metal fires, there shall be a sufficient quantity of the proper extinguishing agent
available so that all attack crews have an adequate supply as well as a 150 percent reserve for the
use of the backup crews.
5-4 Safety.
5-4.1
A safety officer shall be appointed for all live fire training evolutions.
5-4.2*
The safety officer shall have the authority, regardless of rank, to intervene and control any
aspect of the operations when, in his or her judgment, a potential or actual danger, accident, or
unsafe condition exists.
5-4.3
The responsibilities of the safety officer shall include, but shall not be limited to the following:
(a) The prevention of unsafe acts
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(b) The elimination of unsafe conditions
5-4.4
The safety officer shall provide for the safety of all persons on the scene including students,
instructors, visitors, and spectators.
5-4.5
The safety officer shall not be assigned other duties that interfere with safety responsibilities.
5-4.6
Sufficient backup lines shall be provided to ensure adequate protection for personnel on
training attack lines.
5-4.7*
The instructor-in-charge of the live fire training evolutions shall determine, prior to each
specific evolution, the number of training attack lines and backup lines that are necessary. Each
hoseline shall be capable of delivering a minimum of 95 gpm (360 Lpm). The
instructor-in-charge then shall assign the following:
(a) One instructor to each functional crew, which shall not exceed five students
(b) One instructor to each backup line
(c) Sufficient additional personnel to backup lines to provide mobility
(d) One additional instructor for each additional functional assignment
(e) One safety person to each manually activated safety station
5-4.8*
Additional safety personnel, as deemed necessary by the safety officer, shall be located
strategically within the area to react to any unplanned or threatening situation or condition.
5-4.9
A method of fireground communications shall be established to enable coordination among the
incident commander, the interior and exterior sectors, the safety officer, and external requests for
assistance.
5-4.10
Emergency medical services shall be available on site to handle injuries. Written reports shall
be filled out and submitted on all injuries and on all medical aid rendered.
5-4.11
One person shall be designated to control the materials being burned and to ignite the training
fire in the presence of and under the direct supervision of a safety officer. This person shall not
be a student and shall wear full protective clothing including self-contained breathing apparatus
(SCBA) as required in 5-4.15 through 5-4.20 of this standard. The decision to ignite the training
fire shall be made by the instructor in charge, in coordination with the safety officer.
5-4.12
No person(s) shall play the role of a victim inside the building.
5-4.13
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Fires shall not be located in any designated exit paths.
5-4.14
The training session shall be curtailed, postponed, or canceled, as necessary, to reduce the risk
of injury or illness caused by extreme weather conditions.
5-4.15
Each participant shall be equipped with full protective clothing and self-contained breathing
apparatus (SCBA). All participants shall be inspected by the safety officer prior to entry into a
live fire training evolution to ensure that the protective clothing and SCBA are being worn
properly and are in serviceable condition.
5-4.16
Protective coats, trousers, hoods, footwear, helmets, and gloves shall meet the requirements of
NFPA 1971, Standard on Protective Ensemble for Structural Fire Fighting.
Exception: For outside fires, those persons who do not engage in or are not exposed to the
hazards of structural fire fighting shall be permitted to use helmets that meet federal OSHA
requirements.
5-4.17
Self-contained breathing apparatus (SCBA) shall meet the requirements of NFPA 1981,
Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters.
5-4.18*
Where station or work uniforms are worn by any participant, the station or work uniform shall
meet the requirements of NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters.
5-4.19
Personal alarm devices shall meet the requirements of NFPA 1982, Standard on Personal
Alert Safety Systems (PASS) for Fire Fighters.
5-4.20
All students, instructors, safety personnel, and other personnel shall wear properly all
protective clothing and equipment specified in this chapter whenever they are involved in any
evolution or fire suppression operation during the live fire training evolution.
5-4.21*
All students, instructors, safety personnel, and other personnel participating in any evolution or
operation of fire suppression during the live fire training evolution shall breathe from a SCBA
air supply whenever operating under one or more of the following conditions:
(a) In an atmosphere that is oxygen deficient or contaminated by products of combustion, or
both
(b) In an atmosphere that is suspected of being oxygen deficient or contaminated by products
of combustion, or both
(c) In any atmosphere that can become oxygen deficient or contaminated, or both
(d) Below ground level
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5-5 Instructors.
5-5.1
All instructors shall be deemed qualified to deliver fire fighter training by the authority having
jurisdiction.
5-5.2*
The participating student-to-instructor ratio shall not be greater than 5 to 1.
5-5.3
Other factors such as extreme temperatures, large groups, and classes of long duration shall be
taken into consideration, and additional instructors shall be designated as deemed necessary to
ensure proper levels of safety.
5-5.4
The instructor-in-charge shall be responsible for full compliance with this standard.
5-5.5
Prior to the ignition of any fire, instructors shall ensure that all protective clothing and
equipment specified in this chapter are being worn properly.
5-5.6
Instructors shall take a head count when entering and exiting the area during an actual attack
evolution conducted in accordance with this standard. Instructors shall monitor and supervise all
assigned students closely during the live fire training evolution.
5-5.7*
The instructor-in-charge shall consider the circumstances of each training session and make
suitable provisions for the rest and rehabilitation of members operating at the scene. These
considerations shall include medical evaluation and treatment, food and fluid replenishment, and
relief from climate conditions, in accordance with the circumstances of the training session.
5-5.8
Instructors responsible for conducting live fire training evolutions with a gas-fueled training
system shall be trained properly in the complete operation of the system. The training of
instructors shall be performed by an individual authorized by the system manufacturer.
Chapter 6 Exterior Class B Fires
6-1 Student Prerequisites.
6-1.1*
In order to ensure safe operations during a live fire training exercise involving exterior Class B
fires, all participating students shall have achieved a minimum level of basic training.
6-1.2
Prior to being permitted to participate in live fire training evolutions, the student shall have
received training to meet the performance objectives for Fire Fighter I of the following sections
of NFPA 1001, Standard for Fire Fighter Professional Qualifications:
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Section 3-3 Safety
Section 3-5 Fire Behavior
Section 3-6 Portable Extinguishers
Section 3-7 Personal Protective Equipment
Section 3-12 Fire Hose, Appliances and Streams
Section 3-19 Water Supply
6-1.3*
Students participating in a live fire training evolution who have received the required
minimum basic training from other than the authority having jurisdiction shall not be permitted
to participate in any live fire training evolution without presenting prior written evidence of
having successfully completed the prescribed minimum training to the levels specified in 6-1.2.
6-2 Facilities.
6-2.1*
Strict safety practices shall be applied to all props and areas selected for live fire training
evolutions.
6-2.2
For outside training, care shall be taken to select areas that limit the hazards to both personal
safety and the environment. The training site shall be flat and open without obstructions that can
interfere with fire-fighting operations.
6-2.3
Where using live training fires outside, the ground cover shall be such that it does not
contribute to the fire. The ground cover shall be impervious and of such topography that the
runoff from live fire does not enter municipal, private, or public waters or other sensitive areas.
6-2.4
The burn area shall be inspected visually for damage prior to live fire training evolutions.
Damage shall be documented.
6-2.5
All safety devices, such as thermometers, oxygen and toxic and combustible gas monitors,
evacuation alarms, and emergency shutdown switches, shall be checked prior to any live fire
training evolutions to ensure they operate correctly.
6-2.6
Props shall be left in a safe condition upon completion of live fire training evolutions. Debris
hindering the access of fire fighters shall be removed prior to the beginning of the next training
exercise.
6-2.7
All appropriate and required permits to conduct live fire training evolutions shall be obtained.
6-2.8
The permits specified in this chapter shall be provided to outside, contract, or other separate
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training agencies by the authority having jurisdiction upon the request of those agencies.
6-2.9
Adjacent buildings or property that might become involved shall be protected properly or
removed.
6-2.10
Utility services adjacent to the live burn site shall be removed or protected.
6-2.11
Trees, brush, and surrounding vegetation that create a hazard to participants shall be removed.
Combustible materials, other than those intended for the live fire training evolution, shall be
removed or stored in a protected area to preclude accidental ignition.
6-2.12
Property adjacent to the training site that could be affected by the smoke from the live fire
training evolution, such as railroads, airports, or heliports; and nursing homes, hospitals, or other
similar facilities shall be identified, and the persons in charge shall be informed of the date and
time of the evolution.
6-2.13
Streets or highways in the vicinity of the training site shall be surveyed for potential effects
from live fire training evolutions. Appropriate safeguards shall be taken to eliminate any possible
hazard to motorists. Such safeguards can include street closings, traffic rerouting, signs, and
police traffic control.
6-2.14
Pedestrian traffic in the vicinity of the training site shall be kept clear of the operations area of
the live burn. Fire lines shall be established for this purpose.
6-2.15
Awareness of weather conditions, wind velocity, and wind direction shall be maintained. In all
cases, a final check shall be made for possible changes in weather conditions immediately before
actual ignition.
6-2.16
The water supply for any individual live fire training evolution shall be assessed carefully
based on the extent of the evolution to be performed. Consideration shall be given to the proper
control and extinguishment of the fire and the provision of necessary backup lines to protect
personnel.
6-2.17
The minimum water supply and delivery for the live fire training evolutions shall meet the
criteria identified in NFPA 1231, Standard on Water Supplies for Suburban and Rural Fire
Fighting.
6-2.18
A minimum reserve of additional water in the amount of 50 percent of the fire flow demand in
6-2.17 shall be available to handle exposure protection or unforeseen situations.
6-2.19*
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Separate sources shall be utilized for the supply of attack lines and backup lines in order to
preclude the loss of both water supply sources at the same time.
Exception: A single source shall be sufficient at a training center facility where the water system
has been engineered to provide adequate volume for the evolutions conducted and a backup
power source or backup pumps, or both, are in place to ensure an uninterrupted supply in the
event of a power failure or malfunction.
6-2.20
Adequate areas for the staging, operating, and parking of fire apparatus that are used in the live
fire training evolution shall be designated.
6-2.21
An area for parking fire apparatus and vehicles that are not a part of the evolution shall be
designated so as not to interfere with fireground operations. Consideration shall be given to
locating this area in order to facilitate prompt response of apparatus in the event of an
emergency.
6-2.22
Where required or necessary, parking areas for police vehicles or for the press shall be
designated.
6-2.23
A parking area for an ambulance or an emergency medical services vehicle shall be
designated. Consideration shall be given to locating this area to facilitate prompt response in the
event of a personal injury to participants in the evolution.
6-2.24
Consideration shall be given to the designation and layout of ingress/egress routes in order to
ensure their availability in the event of an emergency.
6-2.25
Prior to conducting actual live fire training evolutions, a preburn briefing session shall be
conducted for all participants. All facets of each evolution to be conducted shall be discussed,
and assignments shall be made for all crews participating in the training session. The location of
simulated victims shall not be required to be disclosed, provided that the possibility of victims is
discussed in the preburn briefing.
6-2.26
A preburn plan shall be prepared and shall be utilized during the preburn briefing sessions. All
features of the training areas shall be indicated on the plan.
6-2.27
Prior to conducting any live fire training, all participants shall have a knowledge of and
familiarity with the prop or props being used for the evolution.
6-2.28
All spectators shall be restricted to an area outside the operations area perimeter established by
the safety officer.
6-2.29
Copyright 1996 NFPA

Appropriate control measures such as ropes, signs, and fire line markings shall be posted to
indicate the perimeter of the operations area.
6-2.30
Visitors who are allowed to observe operations and who are allowed within the operations area
perimeter shall be escorted at all times and shall be equipped with and shall properly wear
complete protective clothing in accordance with 6-4.15 through 6-4.20.
6-2.31
All possible sources of ignition, other than those that are under the direct supervision of the
person responsible for the start of the training fire, shall be removed from the operations area.
6-2.32
There shall be ample room provided around all props so that there is space for all attack lines
as well as backup lines to operate freely.
6-3 Fuel Materials.
6-3.1
The fuels that are utilized in live exterior Class B fire training evolutions shall have known
burning characteristics that are as controllable as possible. Unidentified materials found in or
around the structure that could burn in unanticipated ways, react violently, or create
environmental or health hazards, shall not be permitted to be used.
6-3.2*
Fuel materials shall be used only in the amounts necessary to create the desired fire size.
6-3.3*
The instructor-in-charge shall assess the selected fire environment for factors that can affect
the growth, development, and spread of the fire.
6-3.4*
The instructor-in-charge, as a minimum, shall document fuel loading.
6-3.5*
The training exercise shall be stopped immediately when the instructor-in-charge determines
through ongoing assessment that the combustible nature of the environment represents a
potential hazard. The exercise shall continue only when the appropriate actions have been taken
to reduce the hazard.
6-3.6
Props used for outside live fire training shall be designed specifically for the evolution to be
performed.
6-3.7*
All props that use pressure to move fuel to the fire shall be equipped with remote fuel shutoffs.
The remote fuel shutoff shall be within site of the prop, and the entire field of attack for the prop,
but shall be outside of the safety perimeter. During the entire time the prop is in use, the remote
shutoff shall be continuously attended by safety personnel trained in its operation.
6-3.8
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Liquefied petroleum gas props shall be equipped with all safety features as described in NFPA
58, Standard for the Storage and Handling of Liquefied Petroleum Gases, and NFPA 59,
Standard for the Storage and Handling of Liquefied Petroleum Gases at Utility Gas Plants.
Where the evolution involves the failure of a safety feature, the failed part shall be located
downstream from the properly functioning safety feature.
6-3.9
Measures shall be taken where using flammable or combustible liquids to prevent runoff from
contaminating the surrounding area. There shall be oil separators for cleaning the runoff water.
6-4 Safety.
6-4.1
A safety officer shall be appointed for all live fire training evolutions.
6-4.2*
The safety officer shall have the authority, regardless of rank, to intervene and control any
aspect of the operations when, in his or her judgment, a potential or actual danger, accident, or
unsafe condition exists.
6-4.3
The responsibilities of the safety officer shall include, but shall not be limited to the following:
(a) The prevention of unsafe acts
(b) The elimination of unsafe conditions
6-4.4
The safety officer shall provide for the safety of all persons on the scene including students,
instructors, visitors, and spectators.
6-4.5
The safety officer shall not be assigned other duties that interfere with safety responsibilities.
6-4.6
The safety officer shall be knowledgeable in the operation and location of safety features
available, such as emergency shutoff switches, gas shutoff valves, and evacuation alarms.
6-4.7
Sufficient backup lines shall be provided to ensure adequate protection for personnel on
training attack lines.
6-4.8*
The instructor-in-charge of the live fire training evolutions shall determine, prior to each
specific evolution, the number of training attack lines and backup lines that are necessary. Each
hoseline shall be capable of delivering a minimum of 95 gpm (360 Lpm). The
instructor-in-charge then shall assign the following:
(a) One instructor to each functional crew, which shall not exceed five students
(b) One instructor to each backup line
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(c) Sufficient additional personnel to backup lines to provide mobility
(d) One additional instructor for each additional functional assignment
(e) One safety person to each manually activated safety station
6-4.9
A method of fireground communications shall be established to enable coordination among the
incident commander, the interior and exterior sectors, the safety officer, and external requests for
assistance.
6-4.10
Emergency medical services shall be available on site to handle injuries. Written reports shall
be filled out and submitted on all injuries and on all medical aid rendered.
6-4.11
One person shall be designated to control the materials being burned and to ignite the training
fire in the presence of and under the direct supervision of a safety officer. This person shall not
be a student and shall wear full protective clothing including self-contained breathing apparatus
(SCBA) as required in 6-4.15 through 6-4.20 of this standard. The decision to ignite the training
fire shall be made by the instructor in charge, in coordination with the safety officer.
6-4.12
No person(s) shall play the role of a victim inside the building.
6-4.13
Fires shall not be located in any designated exit paths.
6-4.14
The training session shall be curtailed, postponed, or canceled, as necessary, to reduce the risk
of injury or illness caused by extreme weather conditions.
6-4.15
Each participant shall be equipped with full protective clothing and self-contained breathing
apparatus (SCBA). All participants shall be inspected by the safety officer prior to entry into a
live fire training evolution to ensure that the protective clothing and SCBA are being worn
properly and are in serviceable condition.
6-4.16*
Protective coats, trousers, hoods, footwear, helmets, and gloves shall meet the requirements of
NFPA 1971, Standard on Protective Ensemble for Structural Fire Fighting.
Exception: For outside fires, those persons who do not engage in or are not exposed to the
hazards of structural fire fighting shall be permitted to use helmets that meet federal OSHA
requirements.
6-4.17
Self-contained breathing apparatus (SCBA) shall meet the requirements of NFPA 1981,
Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters.
6-4.18*
Where station or work uniforms are worn by any participant, the station or work uniform shall
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meet the requirements of NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters.
6-4.19
Personal alarm devices shall meet the requirements of NFPA 1982, Standard on Personal
Alert Safety Systems (PASS) for Fire Fighters.
6-4.20
All students, instructors, safety personnel, and other personnel shall wear properly all
protective clothing and equipment specified in this chapter whenever they are involved in any
evolution or fire suppression operation during the live fire training evolution.
6-4.21*
All students, instructors, safety personnel, and other personnel participating in any evolution or
operation of fire suppression during the live fire training evolution shall breathe from a SCBA
air supply whenever operating under one or more of the following conditions:
(a) In an atmosphere that is oxygen deficient or contaminated by products of combustion, or
both
(b) In an atmosphere that is suspected of being oxygen deficient or contaminated by products
of combustion, or both
(c) In any atmosphere that can become oxygen deficient or contaminated, or both
(d) Below ground level
6-5 Instructors.
6-5.1
All instructors shall be deemed qualified to deliver fire fighter training by the authority having
jurisdiction.
6-5.2*
The participating student-to-instructor ratio shall not be greater than 5 to 1.
6-5.3
Other factors such as extreme temperatures, large groups, and classes of long duration shall be
taken into consideration, and additional instructors shall be designated as deemed necessary to
ensure proper levels of safety.
6-5.4
The instructor-in-charge shall be responsible for full compliance with this standard.
6-5.5
Prior to the ignition of any fire, instructors shall ensure that all protective clothing and
equipment specified in this chapter are being worn properly.
6-5.6*
The instructor-in-charge shall consider the circumstances of each training session and make
suitable provisions for the rest and rehabilitation of members operating at the scene. These
considerations shall include medical evaluation and treatment, food and fluid replenishment, and
relief from climate conditions, in accordance with the circumstances of the training session.
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6-5.7
Instructors responsible for conducting live fire training evolutions with a gas-fueled training
system shall be trained properly in the complete operation of the system. The training of
instructors shall be performed by an individual authorized by the system manufacturer.
Chapter 7 Reports and Records
7-1 General.
7-1.1
The following records and reports shall be maintained on all live fire training evolutions in
accordance with the requirements of this standard:
(a) An accounting of the activities conducted
(b) A listing of instructors present and their assignments
(c) A listing of all other participants
(d) Documentation of unusual conditions encountered
(e) Any injuries incurred and treatment rendered
(f) Any changes or deterioration of the structure
(g) Documentation of the condition of the premises and adjacent area at the conclusion of the
training exercise
7-1.2*
For acquired buildings, records pertaining to the structure shall be completed.
7-1.3
Upon completion of the training session, an acquired building shall be formally turned over to
the control of the property owner. A standard form indicating the transfer of authority for the
building shall be completed.
7-1.4
A post-training critique session, complete with documentation, shall be conducted to evaluate
student performance and to reinforce the training that was covered.
Chapter 8 Referenced Publications
8-1
The following documents or portions thereof are referenced within this standard as mandatory
requirements and shall be considered part of the requirements of this standard. The edition
indicated for each referenced mandatory document is the current edition as of the date of the
NFPA issuance of this standard. Some of these mandatory documents might also be referenced
in this standard for specific informational purposes and, therefore, are also listed in Appendix D.
8-1.1 NFPA Publications.
Copyright 1996 NFPA

National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 30, Flammable and Combustible Liquids Code, 1996 edition.
NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum Gases, 1995 edition.
NFPA 59, Standard for the Storage and Handling of Liquefied Petroleum Gases at Utility Gas
Plants, 1995 edition.
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition.
NFPA 1041, Standard for Fire Service Instructor Professional Qualifications, 1996 edition.
NFPA 1231, Standard on Water Supplies for Suburban and Rural Fire Fighting, 1993 edition.
NFPA 1402, Guide to Building Fire Service Training Centers, 1997 edition.
NFPA 1561, Standard on Fire Department Incident Management System, 1995 edition.
NFPA 1971, Standard on Protective Ensemble for Structural Fire Fighting, 1997 edition.
NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters, 1994 edition.
NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters,
1992 edition.
NFPA 1982, Standard on Personal Alert Safety Systems (PASS) for Fire Fighters, 1993
edition.
Appendix A Explanatory Material
This appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-3 Drills conducted to familiarize fire fighters with the proper use of self-contained breathing
apparatus in a smoke environment should not be conducted under live fire conditions.
A-1-4 Authority Having Jurisdiction. The phrase "authority having jurisdiction" is used in
NFPA documents in a broad manner, since jurisdictions and approval agencies vary, as do their
responsibilities. Where public safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or individual such as a fire chief; fire marshal;
chief of a fire prevention bureau, labor department, or health department; building official;
electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the
authority having jurisdiction. In many circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at government installations, the
commanding officer or departmental official may be the authority having jurisdiction.
A-2-1.1 The actual structural fire attack evolution is normally conducted for one of the two
following purposes:
(a) As the final phase of basic training
(b) As an ongoing means of maintaining and improving acquired skills
In both instances, the live fire training evolution is a means by which a fire fighter can
collectively display many combinations of earlier acquired skills and develop an appreciation of
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the necessary safety aspects of structural fire fighting.
A-2-1.3 The type of written documentation required can vary, depending upon the instructor's
familiarity with the student participants' level of training from outside agencies. All student
participants from outside agencies should be allowed to participate only as official
representatives of an established organization. Prior documentation should be required in order
to facilitate planning of the training session.
A-2-2.1 Where training facility burn buildings are available, they should be used instead of
acquired structures.
A-2-2.3 Information pertaining to building ownership should be reviewed by the legal counsel of
the authority having jurisdiction prior to accepting the structure.
A-2-2.4 Information regarding the written permission of the building owner should be reviewed
by the legal counsel of the authority having jurisdiction prior to accepting the structure.
A-2-2.5 Information regarding cancellation of insurance by the building owner should be
reviewed by the legal counsel of the authority having jurisdiction prior to accepting the structure.
A-2-2.9 Care should be exercised in the neutralization of hazards posed by closed tanks and
vessels. The vessel or its contents can pose a hazard that should be eliminated. Appropriate
references should be consulted or assistance should be obtained based on the specific
circumstances encountered. The area within the tank should be filled with dry sand as a preferred
means of rendering the internal atmosphere inert. Under no circumstances should water or other
liquids be utilized as a means of inerting a tank or other closed vessel.
A-2-2.10 Low-density combustible fiberboard has been implicated as a major factor in the
following rapidly spreading fires that resulted in fatalities:
(a) Our Lady of the Angels School (Chicago, IL, 1958)
(b) Hartford Hospital (Hartford, CT, 1961)
(c) Opemiska Social Club (Chapais, Quebec, 1980)
(d) Boulder Fire Department training fire (Boulder, CO, 1982)
Unconventional interior finishes include burlap, carpeting, and artificial turf.
The collapse of overhead structural members can result from the combined effect of the weight
of both live and dead overhead loads as well as the loss of structural integrity caused by fire.
Linoleum is a potential fuel source, particularly after being preheated by repeated fire exposure
and thus can contribute to an unanticipated increase in fire intensity.
A-2-2.23 Reliability should be considered when determining what constitutes valid separate
sources. The intent of this paragraph is to prevent the simultaneous loss of both attack lines and
backup lines in the event of a pump or water supply failure. Where a public water supply system
is used, two pumpers on two different hydrants should be used. Two pumpers drafting from the
same pond or river also are appropriate, provided the source contains sufficient usable water.
Where tankers or folding tanks, or both, are used, two separate pumpers should be used to supply
the attack and backup lines.
A-2-3.2 Acceptable Class A materials include pine excelsior, wooden pallets, straw, hay, and
other ordinary combustibles. An excessive fuel load can contribute to conditions that create
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unusually dangerous fire behavior. This can jeopardize structural stability, egress, and the safety
of participants.
A-2-3.4 The instructor-in-charge is concerned with the safety of participants and the assessment
of conditions that can lead to rapid, uncontrolled burning, commonly referred to as "flashover."
Flashover can trap, injure, and kill fire fighters. Conditions known to be variables affecting the
attainment of flashover are as follows:
(a) The heat release characteristics of materials used as primary fuels
(b) The preheating of combustibles
(c) The combustibility of wall and ceiling materials
(d) The room geometry (e.g., ceiling height, openings to rooms)
In addition, the arrangement of the initial materials to be ignited, particularly the proximity to
walls and ceilings, and the ventilation openings are important factors to be considered when
assessing the potential fire growth.
A-2-3.5 Plotting the expected avenues of firespread and the time factors for expected buildup of
the fire provides an extra degree of safety for the participants of the exercise. Voids can result in
sudden and unexpected vertical spread of the fire and trap participants by cutting off exit routes,
or can result in unexpected weakening of the structural members, leading to collapse. To
compensate for this potential hazard, the instructor-in-charge should prescribe primary and
secondary exit paths for participants in the exercises.
A-2-3.6 Incidents of injuries and deaths during live fire training exercises indicate that fire
growth dynamics were not considered or were inaccurately assessed prior to the beginning of the
exercises. Fire growth is typically linear until the flame height reaches the ceiling; thereafter,
rapid acceleration can be expected. It might be necessary to remove combustible wall and ceiling
materials, reduce the amount of furnishings, or take other similar measures to reduce rapid fire
growth. Careful consideration should be given to the presence of combustible void spaces, and
steps should be taken to ensure that the fire is not able to gain unexpected growth in such areas.
A-2-4.2 Severe weather presents the potential for health and safety hazards to all persons
attending and participating in an exercise. Extreme heat can cause heat exhaustion or heat stroke,
and extreme cold can cause frostbite, hypothermia, or slippery surfaces. An impending severe
storm can bring lightning or high winds. Such situations warrant the careful consideration of
limiting activity, waiting for a storm to pass, or postponing the exercise.
A-2-4.7 A minimum flow rate of 95 gpm (360 Lpm) is necessary in order to provide adequate
quantities of water to cover the planned evolution plus a reserve for unanticipated emergencies.
The appropriate quantity and exact flow rates that are needed for fire control and extinguishment
should be calculated in advance, and certain factors such as equipment, manpower, fire area, and
topography should be taken into consideration. Knowledge of the hoseline sizes, types of
nozzles, type of fire stream to be utilized, and principles of fire attack and deployment aid in
determining the exact flow rates that are necessary.
A-2-4.8 The additional safety personnel can be necessary to watch for signs of fire in voids,
concealed spaces, and exit paths, or combinations thereof, at acquired structures. Where fire is
discovered in any of these areas, the operation should cease as a training exercise and should be
treated as a working structure fire.
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A-2-4.10 Participants involved in the live fire training evolutions should be instructed to report
to a predetermined location for a roll call if evacuation of the building is signaled. Instructors
should immediately report any personnel not accounted for to the instructor-in-charge. Examples
of an evacuation signal that could be used include a whistle, apparatus air horn, or high-low
electronic siren.
A-2-4.20 Clothing worn under protective clothing can degrade and cause injury to the wearer,
even without damaging the protective clothing. All wearers of protective clothing should be
aware of the dangers of clothing made from certain all-synthetic materials that can melt and
adhere to and burn the wearer even while wearing protective clothing that meets NFPA
standards. Any clothing, such as shirts, pants, underwear, and sweatshirts, worn under protective
clothing should meet the requirements of NFPA 1975, Standard on Station/Work Uniforms for
Fire Fighters, whenever possible, or clothing should be selected, at a minimum, for the fabric's
ability to resist ignition. Fire retardant fabrics and all-natural fibers should be considered.
A-2-4.23 No person should be allowed to breathe smoke, toxic vapors or fumes, products of
combustion, or other contaminated atmospheres or be exposed to an oxygen-deficient
atmosphere.
A-2-4.26 The gas-fueled training systems that are available can provide the instructors with the
ability to ignite the fires from a remote control room. Igniting a fire in this manner can present a
safety risk to unsuspecting personnel within the burn building. It is important for the instructor
located in the control room to keep in constant communication with the instructor present within
the burn building. This communication is critical when initiating a fire and throughout the
training exercise.
A-2-5.2 It is important that the participating student-to-instructor ratio be monitored so it does
not exceed the span of control necessary to provide proper supervision of trainees.
A-2-5.7 The two most serious heat-related illnesses are heat exhaustion and heat stroke.
According to the NIOSH document, Occupational Exposure to Hot Environments, Revised
Criteria, symptoms of heat exhaustion include fatigue, nausea, headache, dizziness, pallor,
weakness, and thirst. Factors that predispose a person to heat exhaustion include sustained
exertion in the heat, failure to replace the water lost in sweat, and lack of acclimatization. Heat
exhaustion responds readily to prompt treatments such as moving to a cooler environment,
resting in a recumbent position, and taking fluids by mouth.
Heat stroke is the more serious of the heat-related illnesses and is considered a medical
emergency. Symptoms of heat stroke include hot, red, dry skin, a rectal temperature of 104ºF
(40ºC) or above, confusion, possible convulsions or loss of consciousness, or any combination of
these symptoms. Factors that predispose a person to heat stroke include sustained exertion in the
heat by unacclimatized workers, lack of physical fitness, obesity, recent alcohol intake,
dehydration, individual susceptibility, and chronic cardiovascular disease. Heat stroke should be
treated immediately. Treatments to reduce body temperature rapidly include immersing in
chilled water, rinsing with alcohol, wrapping in a wet sheet, or fanning with cool, dry air, or any
combination of these treatments. A physician's care is necessary to treat possible secondary
disorders such as shock or kidney failure. While heat exhaustion cases greatly outnumber heat
stroke cases, every case of heat exhaustion should be treated as having the potential to develop
into heat stroke.
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Acclimatization is a physiological adaptation to heat stress that occurs over a short period of
time. After acclimatization has occurred, the body sweats more while losing less salt and can
maintain a lower core temperature and lower cardiovascular demands. A person becomes
acclimatized to a certain work intensity and temperature with repeated exposures to that work
load and temperature. Formal acclimatization procedures might not be necessary for all fire
fighters; however, training drills should be held outdoors regularly so that seasonal
acclimatization can occur. For additional protection against heat stress, fire fighters might want
to perform their regular aerobic training activities outdoors, especially during the spring and
summer.
The metabolic demands of fire fighting range from 60 percent to 100 percent of maximum
aerobic capacity. Tasks such as stair climbing, roof venting, and rescue operations, when
performed in full gear, have an energy cost of 85 percent to 100 percent of maximum capacity
and lead to near maximum heart rates.
It is clear from these estimates that a high level of cardiovascular fitness is an advantage in
performing fire-fighting tasks. The higher level of fitness allows a longer work period and
provides a greater reserve in case of an unexpected increase in work demands or in extreme
environmental conditions.
There are fire incidents during which even the fittest, most acclimatized fire fighter is exposed
to significant heat stress. For this reason, many fire departments have adopted formal procedures
for on-scene rehabilitation and have incorporated them into their manuals for standard operating
procedures. The general goals of rehabilitation are as follows:
(a) To provide physical and mental rest, allowing the fire fighter to recuperate from demands
of emergency operations and adverse environmental conditions
(b) To revitalize fire fighters by providing fluid replacement and food as needed
(c) To provide medical monitoring, including treatment of injuries, to determine if and when
fire fighters are able to return to action
NOTE: This material was excerpted from the NIOSH Health Hazard Evaluation Report, HETA 90-395-2121,
International Association of Fire Fighters (IAFF), Sedgwick County, KS, June 1991.

A-3-1.1 See A-2-1.1.
A-3-1.3 See A-2-1.3.
A-3-2.2 There should be ongoing concern for the progressive damage to burn buildings
associated with fire intensity during live fire training evolutions. Excessive fire intensity can
result in accelerated destruction of the training center burn building and can increase the risk to
personnel to an unacceptable level.
A-3-2.4 Some training center burn buildings might utilize propane-fueled fires in lieu of Class
A-fueled fires and still create a realistic fire training experience. Propane-fueled fires produce
less smoke and other by-products than ordinary Class A combustibles and, therefore, create less
of a negative environmental impact. Such fires also negate the need to clean up large amounts of
burned materials at the end of the exercise, since no such materials are used. Such buildings
might incorporate emergency shutdown switches and other electronic devices to monitor burn
evolutions, which should provide an increased level of safety for fire fighters.
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A-3-2.5 Some training center burn buildings utilize gas-fueled fires in lieu of Class A-fueled
fires. Gas-fueled fires produce less smoke and other by-products than ordinary Class A
combustibles and, therefore, create less of a negative environmental impact. Such fires also
negate the need to clean up large amounts of burned materials at the end of the exercise, since no
such materials are used. Such buildings incorporate emergency shutdown switches, ventilation
systems, and other electronic devices to monitor burn evolutions, which should provide an
increased level of safety for fire fighters.
A-3-2.12 See A-2-2.23.
A-3-3.2 Propane and liquefied natural gas remain in the liquid state only when they are stored
and distributed under pressure. When either of these gases is released, the difference in the
storage and atmospheric pressures can cause the liquid to convert quickly to a gas. During this
conversion, liquid propane, for example, can expand 272.7 times its volume. With such a high
expansion rate, a leaking liquid propane pipe has the potential to cause the space to reach an
explosive level.
A-3-3.3 See A-2-3.4.
A-3-3.4 See A-2-3.6.
A-3-4.2 See A-2-4.2.
A-3-4.8 See A-2-4.7.
A-3-4.9 See A-2-4.8.
A-3-4.11 See A-2-4.10.
A-3-4.20 See A-2-4.20.
A-3-4.23 See A-2-4.23.
A-3-4.24 See A-2-4.26.
A-3-5.2 See A-2-5.2.
A-3-5.7 See A-2-5.7.
A-4-1.1 See A-2-1.1.
A-4-1.3 See A-2-1.3.
A-4-2.2 See A-3-2.2.
A-4-2.4 See A-3-2.4.
A-4-2.14 See A-2-2.23.
A-4-3.2 See A-2-3.2.
A-4-3.3 Where combustible liquids are used in a training center burn building, safety precautions
should include, but should not be limited to, the following:
(a) The fuel is contained in a noncombustible container.
(b) A qualified person verifies that the rate of heat release does not result in unsafe conditions
for the students, instructors, or structure.
(c) A system is in place to prevent overflow of the container when fire-fighting water is
applied.
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(d) A system is in place to prevent splashing of the fuel.
(e) A method is in place to control unburned vapors.
A-4-3.4 See A-2-3.4.
A-4-3.5 See A-2-3.5.
A-4-3.6 See A-2-3.6.
A-4-4.2 See A-2-4.2.
A-4-4.8 See A-2-4.7.
A-4-4.9 See A-2-4.8.
A-4-4.11 See A-2-4.10.
A-4-4.20 See A-2-4.20.
A-4-4.23 See A-2-4.23.
A-4-4.26 See A-2-4.26.
A-4-5.2 See A-2-5.2.
A-4-5.7 See A-2-5.7.
A-5-1.1 See A-2-1.1.
A-5-1.3 See A-2-1.3.
A-5-2.1 These practices vary greatly, depending on the evolutions performed and the location
where performed. Props that are specifically designed for live fire training represent different
challenges than props that are acquired for training. Acquired props were never designed to
withstand repeated burning and might present unexpected reactions when exposed to fire.
A-5-2.19 See A-2-2.23.
A-5-3.2 A fire should not be larger than is necessary for the evolution. It should be understood
that it is not necessary to have large fires to teach many of the basic evolutions and tactics.
Where the objective of the training session is to train in the use of master streams or multiple
attack lines, larger fires might be necessary. The key element is to maintain a fire that is
controllable using the available resources.
A-5-3.3 See A-2-3.4.
A-5-3.4 See A-2-3.6.
A-5-3.6 The safety person at the remote shutoff should have the authority to shut off the fuel
supply to the prop when, in the safety person's judgment, the prop has malfunctioned, the fire has
gone dangerously out of control, or the extinguishment team is in jeopardy.
A-5-3.9 The list of the items to be removed prior to a vehicle burn evolution should consist of,
but should not be limited to, bumper compression cylinders, shock absorbers, fuel tanks, drive
shafts, battery, and brake shoes (asbestos). The oil pan, transmission, and differential drain plugs
should be removed, and the fluids should be drained and disposed of properly.
A-5-4.2 See A-2-4.2.
A-5-4.7 See A-2-4.7.
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A-5-4.8 See A-2-4.8.
A-5-4.18 See A-2-4.20.
A-5-4.21 See A-2-4.23.
A-5-5.2 See A-2-5.2.
A-5-5.7 See A-2-5.7.
A-6-1.1 See A-2-1.1.
A-6-1.3 See A-2-1.3.
A-6-2.1 See A-5-2.1.
A-6-2.19 See A-2-2.23.
A-6-3.2 See A-5-3.2.
A-6-3.3 See A-2-3.4.
A-6-3.4 See A-2-3.5.
A-6-3.5 See A-2-3.6.
A-6-3.7 See A-5-3.6.
A-6-4.2 See A-2-4.2.
A-6-4.8 See A-2-4.7.
A-6-4.16 Protective trousers might be susceptible to wicking where used with flammable and
combustible liquids. Precautions should be taken to prevent protective trouser contact with
flammable or combustible liquids.
Leather boots might be susceptible to degradation when contact is made with flammable or
combustible liquids. Precautions should be taken to prevent leather boots from coming in contact
with flammable or combustible liquids.
A-6-4.18 See A-2-4.20.
A-6-4.21 See A-2-4.23.
A-6-5.2 See A-2-5.2.
A-6-5.6 See A-2-5.7.
A-7-1.2 Figure A-7-1.2(a) shows a sample release form that can be used with acquired buildings.
The exact form should be approved locally. Figure A-7-1.2(b) shows a standard notice of
cancellation or nonrenewal of insurance.
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Figure A-7-1.2(a) Sample release (exact form should be approved by local officials).
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Figure A-7-1.2(b) Notice of cancellation or nonrenewal.

Appendix B Live Fire Evolution Sample Checklist
This appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
B-1 Permits, Documents, Notifications, Insurance
1. Written documentation received from owner:
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Permission to burn structure
Proof of clear title
Certificate of insurance cancellation
Acknowledgment of post-burn property condition
2. Local burn permit received
3. Permission obtained to utilize fire hydrants
4. Notification made to appropriate dispatch office of date, time, and location of burn
5. Notification made to all affected police agencies:
Received authority to block off roads
Received assistance in traffic control
6. Notification made to owners and users of adjacent property of date, time, and location
of burn
7. Liability insurance obtained covering damage to other property
8. Written evidence of prerequisite training obtained from participating students from
outside agencies
B-2 Preburn Planning
1. Preburn plans made, showing the following:
Site plan drawing, including all exposures
Building plan, including overall dimensions
Floor plan detailing all rooms, hallways, and exterior openings
Location of command post
Position of all apparatus
Position of all hoses, including backup lines
Location of emergency escape routes
Location of emergency evacuation assembly area
Location of ingress and egress routes for emergency vehicles
2. Available water supply determined
3. Required fire flow determined for the burn building and exposure buildings
4. Required reserve flow determined (50 percent of fire flow)
5. Apparatus pumps obtained that meet or exceed the required fire flow for the building
and exposures
6. Separate water sources established for attack and backup hoselines
7. Periodic weather reports obtained
8. Parking areas designated and marked:
Apparatus staging
Ambulances
Police vehicles
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Press vehicles
Private vehicles
9. Operations area established and perimeter marked
10. Communications frequencies established, equipment obtained
B-3 Building Preparation
1. Building inspected to determine structural integrity
2. All utilities disconnected (acquired buildings only)
3. Highly combustible interior wall and ceiling coverings removed
4. All holes in walls and ceilings patched
5. Materials of exceptional weight removed from above training area (or area sealed from
activity)
6. Ventilation openings of adequate size precut for each separate roof area
7. Windows checked and operated, openings closed
8. Doors checked and operated, opened or closed, as needed
9. Building components checked and operated:
Roof scuttles
Automatic ventilators
Mechanical equipment
Lighting equipment
Manual or automatic sprinklers
Standpipes
10. Stairways made safe with railings in place
11. Chimney checked for stability
12. Fuel tanks and closed vessels removed or adequately vented
13. Unnecessary inside and outside debris removed
14. Porches and outside steps made safe
15. Cisterns, wells, cesspools, and other ground openings fenced or filled
16. Hazards from toxic weeds, hives, and vermin eliminated
17. Hazardous trees, brush, and surrounding vegetation removed
18. Exposures such as buildings, trees, and utilities removed or protected
19. All extraordinary exterior and interior hazards remedied
20. Fire "sets" prepared:
Class A materials only
No flammable or combustible liquids
No contaminated materials
B-4 Preburn Procedures
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1. All participants briefed:
Building layout
Crew and instructor assignments
Safety rules
Building evacuation procedure
Evacuation signal (demonstrate)
2. All hoselines checked:
Sufficient size for the area of fire involvement
Charged and test flowed
Supervised by qualified instructors
Adequate number of personnel
3. Necessary tools and equipment positioned
4. Participants checked:
Approved full protective clothing
Self-contained breathing apparatus
Adequate SCBA air volume
All equipment properly donned
B-5 Post-Burn Procedures
1. All personnel accounted for
2. Remaining fires overhauled, as needed
3. Building inspected for stability and hazards where more training is to follow (see B-3,
"Building Preparation")
4. Training critique conducted
5. Records and reports prepared, as required:
Account of activities conducted
List of instructors and assignments
List of other participants
Documentation of unusual conditions or events
Documentation of injuries incurred and treatment rendered
Documentation of changes or deterioration of training center burn building
Acquired building release
Student training records
Certificates of completion
6. Building and property released to owner, release document signed
Appendix C Responsibilities of Personnel
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This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
C-1 Instructor-in-Charge
1. Plan and coordinate all training activities
2. Monitor activities to ensure safe practices
3. Inspect building integrity prior to each fire
4. Assign instructors:
Attack hoselines
Backup hoselines
Functional assignments
Teaching assignments
5. Brief instructors on responsibilities:
Accounting for assigned students
Assessing student performance
Clothing and equipment inspection
Monitoring safety
Achieving tactical and training objectives
6. Assign coordinating personnel, as needed:
Emergency medical services
Communications
Water supply
Apparatus staging
Equipment staging
Breathing apparatus
Personnel welfare
Public relations
7. Ensure adherence to this standard by all persons within the training area
C-2 Safety Officer
1. Prevent unsafe acts
2. Eliminate unsafe conditions
3. Intervene and terminate unsafe acts
4. Supervise additional safety personnel, as needed
5. Coordinate lighting of fires with instructor-in-charge
6. Ensure compliance of participants' personal equipment with applicable standards:
Protective clothing
SCBA
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Personal alarm devices, where used
7. Ensure that all participants are accounted for, both before and after each evolution
C-3 Instructor
1. Monitor and supervise assigned students (no more than five per instructor)
2. Inspect students' protective clothing and equipment
3. Account for assigned students, both before and after evolutions
C-4 Student
1. Acquire prerequisite training
2. Become familiar with building layout
3. Wear approved full protective clothing
4. Wear approved self-contained breathing apparatus
5. Obey all instructions and safety rules
6. Provide documentation of prerequisite training, where from an outside agency
Appendix D Referenced Publications
D-1 The following documents or portions thereof are referenced within this standard for
informational purposes only and are thus not considered part of the requirements of this standard
unless also listed in Chapter 8. The edition indicated here for each reference is the current edition
as of the date of the NFPA issuance of this standard.
D-1.1 NFPA Publication. National Fire Protection Association, 1 Batterymarch Park, P.O. Box
9101, Quincy, MA 02269-9101.
NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters, 1994 edition.
D-1.2 Other Publications.
D-1.2.1 NIOSH Publications. NIOSH, 944 Chestnut Ridge Road, Morgantown, WV 26505.
HETA 90-395-2121, NIOSH Health Hazard Evaluation Report, 1990.
Occupational Exposure to Hot Environments, Revised Criteria, 1986.
D-1.2.2 Additional Reference.
International Association of Fire Fighters (IAFF), Sedgwick County, KS.
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Chapter 1 Introduction
1-1 Scope.
This standard contains minimum requirements for a fire service respiratory protection
program. These requirements are applicable to organizations providing fire suppression, fire
training, rescue and respiratory protection equipment training, and other emergency services
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including public, military, and private fire departments and fire brigades.
1-2* Purpose.
The purpose of this standard is to specify the minimum requirements of a respiratory
protection program for an emergency response organization. These include safety procedures for
those involved in fire suppression, rescue, and related activities in a toxic or contaminated
environment.
1-2.1
Many of the performance objectives of this standard can be achieved in a variety of ways. The
achievement of these objectives is intended to help prevent accidents, injuries, and exposure to
harmful environments. They also can help to develop an awareness of the critical importance of
a respiratory protection program to the health and welfare of personnel who work in hazardous
atmospheres.
1-2.2
Nothing herein is intended to restrict any authority having jurisdiction from exceeding these
minimum requirements.
1-3* Philosophy.
The use of self-contained breathing apparatus (SCBA) by fire fighters is always assumed to be
in an atmosphere immediately dangerous to life or health (IDLH) because there is no way to
predetermine those hazardous conditions, concentrations of toxic materials, or percentages of
oxygen in air that exist in a fire environment, during overhaul (salvage) operations, or under
other emergency conditions involving spills or releases of chemicals or other toxic materials.
Thus, SCBA shall be required at all times during any fire-fighting or overhaul operations inside,
and frequently outside, a structure.
1-4 Definitions.
Unless expressly stated elsewhere, the following terms shall, for the purposes of this standard,
be defined as follows:
ANSI. American National Standards Institute.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Closed-Circuit SCBA. A recirculation-type SCBA in which the exhaled gas is rebreathed by
the wearer after the carbon dioxide has been removed from the exhalation and after the oxygen
content within the system has been restored from sources such as compressed breathing gas,
chemical oxygen, and liquid oxygen.
Compressed Breathing Gas. A mixture of oxygen or air stored in a compressed state and
supplied to the user in gaseous form. Compressed breathing gas shall meet at least the
requirements of the specification for Type I, Grade D breathing air, and liquid air shall meet at
least the requirements for Type II, Grade B breathing air as described in CGA G7.1, Commodity
Specification for Air.
Confined Space. A space that is large enough and so configured that a person can bodily enter
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and perform assigned work; has limited or restricted means for entry or exit (e.g., tanks, vessels,
silos, storage bins, hoppers, vaults, pits); and is not designed for continuous occupancy by
humans.
Contaminant. A harmful, irritating, or nuisance material that is foreign to the normal
atmosphere.
Controlled Breathing. The ability to maintain a breathing rate that is near normal for the
activities being performed while wearing a SCBA.
Corrective Lens. A lens designed to fit the specifications of the wearer’s individual corrective
prescription.
Exhalation Valve. A device that allows exhaled air to leave a facepiece and prevents outside
air from entering through the valve.
Eyepiece. A gastight, transparent window(s) or lens(es) in a full facepiece through which the
wearer can see.
Facepiece. The component of a respirator that covers the wearer’s nose, mouth, and eyes. It is
designed to make a gastight or particle-tight fit with the face and includes the headbands,
exhalation valves, and other necessary components required to connect it to a respirable gas
source.
Fire Apparatus. A fire department emergency vehicle used for fire suppression, rescue, or
other specialized functions.
Fire Department. An organization providing rescue, fire suppression, and related services. For
the purposes of this standard, the term “fire department” shall include any public, private, or
military organization engaging in this type of activity.
Fire Service. Service groups (career or volunteer) that are organized and trained for the
prevention and control of loss of life and property from any fire or disaster.
Gas. An aeriform fluid that is in the gaseous state at ordinary temperature and pressure.
Hazardous Atmosphere. Any atmosphere that is oxygen deficient or that contains a toxic or
disease-producing contaminant. A hazardous atmosphere might or might not be immediately
dangerous to life and health.
Head Harness. A device for holding the facepiece securely in place on the wearer’s head.
Immediately Dangerous to Life or Health (IDLH). Posing an immediate hazard to life or
producing immediate irreversible effects on health that can be debilitating.
Inhalation Valve. A device that allows respirable air or oxygen to enter the facepiece and
prevents exhaled air or oxygen from leaving the facepiece through the intake opening.
Irrespirable. Unfit for breathing.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
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appropriate standards or performance in a specified manner.
Lens. See Eyepiece.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
Maintenance. Any work, program, or system for keeping the authority having jurisdiction’s
respiratory devices in a usable condition.
Member. A person involved in performing the duties and responsibilities of a fire department
under the auspices of the organization. For the purposes of this standard, a fire department
member can be a full-time or part-time employee, can be a paid or unpaid volunteer, can occupy
any position or rank within the fire department, and might or might not engage in emergency
operations.
MSHA. Mine Safety and Health Administration of the U.S. Department of Labor.
Negative-Pressure Apparatus. An open-circuit or closed-circuit apparatus in which the
pressure inside the facepiece, in relation to the immediate environment, is positive during
exhalation and negative during inhalation.
NIOSH. National Institute for Occupational Safety and Health of the U.S. Department of
Health and Human Services.
NIOSH/MSHA Approved. Tested and certified jointly by the National Institute for
Occupational Safety and Health (NIOSH) of the U.S. Department of Health and Human Services
and the Mine Safety and Health Administration (MSHA) of the U.S. Department of Labor, in
accordance with the requirements of Title 30, Code of Federal Regulations, Part 11, Subpart H.
Approval by the Bureau of Mines of the U.S. Department of Interior shall not fall under the
definition of Approved. For the approval to remain in effect, the SCBA shall be used and
maintained in the approved condition.
Open-Circuit SCBA. A SCBA in which exhalation is vented to the atmosphere and not
rebreathed. There are two types of open-circuit SCBA:
(a) Demand Type (Negative Pressure). A SCBA in which the pressure inside the facepiece, in
relation to the immediate environment, is negative during any part of the inhalation or exhalation
cycle when tested in accordance with Title 30, Code of Federal Regulations, Part 11, Subpart H,
by NIOSH and using NIOSH test equipment.
(b) Pressure Demand Type (Positive Pressure). A SCBA in which the pressure inside the
facepiece, in relation to the immediate environment, is positive during both inhalation and
exhalation when tested in accordance with Title 30, Code of Federal Regulations, Part 11,
Subpart H, by NIOSH and using NIOSH test equipment.
OSHA. Occupational Safety and Health Administration, U.S. Department of Labor.
Overhaul. The final stages of fire control, following suppression of the main body of fire,
during which smoke conditions and visibility gradually improve and pockets of fire are sought
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out to complete extinguishment, the search for victims continues, and salvage operations can be
carried out. In situations other than fire, this is the cleanup stage following the elimination of the
emergency phase of the incident.
Oxygen-Deficient Atmosphere. Oxygen concentrations less than 19.5 percent.
Point of No Return. The point at which the remaining operation time of breathing apparatus
equals the time necessary to return safely to a nonhazardous atmosphere.
Positive-Pressure Apparatus. An open-circuit or closed-circuit apparatus in which the pressure
inside the facepiece, in relation to the immediate environment, is positive during both inhalation
and exhalation.
Pressure-Demand Apparatus. See Positive-Pressure Apparatus.
Qualitative SCBA Fitting Test. A fit test during which a person wearing a SCBA is exposed to
an irritant smoke, an odorous vapor, or other suitable test agent. If the SCBA wearer is unable to
detect penetration of the test agent into the facepiece, the wearer has achieved a satisfactory fit.
Quantitative SCBA Fitting Test. A fit test during which a person wears a SCBA in a test
atmosphere that contains a test agent in the form of an aerosol, a vapor, or a gas. Instrumentation
that samples the test atmosphere and the air inside the facepiece of the SCBA is used to measure
quantitatively the penetration of the test agent into the facepiece.
Respiratory Hazard. Any exposure to products of combustion, superheated atmospheres, toxic
gases, vapors, or dust, or potentially explosive or oxygen-deficient atmospheres, or any condition
that creates a hazard to the respiratory system.
Respiratory Protection Equipment (RPE). Devices that are designed to protect the respiratory
system against exposure to gases, vapors, or particulates. Examples are filter respirators,
chemical cartridge or canister respirators, air-line respirators, powered air-purifying respirators,
and self-contained breathing apparatus.
Respiratory Protection Program. A systematic and comprehensive program of training in the
use and maintenance of respiratory protection devices and related equipment.
Sanitization. The removal of dirt and the inhibiting of the action of agents that cause infection
or disease.
SCBA. See Self-Contained Breathing Apparatus.
Self-Contained Breathing Apparatus (SCBA). A respirator worn by the user that supplies a
respirable atmosphere, that is either carried in or generated by the apparatus, and that is
independent of the ambient environment.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Smoke. The products of incomplete combustion or organic substances in the form of solid and
liquid particles and gaseous products in air.
Speaking Diaphragm. A device integral with the facepiece that is designed to improve direct
voice communication.
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Standard Operating Procedures. Written instructions that document and define the manner in
which activities shall be conducted.
1-5 Coordinated Administrative Policies.
1-5.1
The authority having jurisdiction shall adopt and maintain a respiratory protection program
that meets the requirements of Section 5-3 of NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program.
1-5.2*
The authority having jurisdiction shall establish and enforce written standard operating
procedures for the use of respiratory protection equipment. Utilization policies shall include the
following:
(a) When respiratory protection equipment is to be used;
(b) When to exit due to reduced air supply;
(c) Procedures for insuring proper facepiece fit;
(d) The cleaning of respiratory protection equipment components.
1-5.3
The authority having jurisdiction shall provide respiratory protection equipment for each
member at the scene of an incident who might be exposed to respiratory hazards.
1-5.4
The authority having jurisdiction shall conduct an ongoing respiratory protection training
program that meets the requirements of this standard.
1-5.5
The respiratory protection training program shall be conducted according to written standard
operating procedures.
1-5.6*
The authority having jurisdiction shall establish written training policies for a respiratory
protection program. Training policies shall include, but shall not be limited to:
(a) Identification of the various types of respiratory protection equipment.
(b) Responsibilities of members to obtain and maintain proper facepiece fit.
(c) Responsibilities of members for proper cleaning and maintenance.
(d)* Identification of the factors that affect the duration of the air supply.
(e)* Determination of the point of no return for each member.
(f) Responsibilities of members for using respiratory protection equipment in a hazardous
atmosphere.
1-5.7
The authority having jurisdiction shall establish written standard operating procedures for
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inspection, maintenance, repair, and testing of respiratory protection equipment in accordance
with NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, and
the manufacturer’s recommendations.
1-5.8
The SCBA shall be cleaned and sanitized after each use in accordance with the standard
operating procedures of the authority having jurisdiction.
Exception: Where impracticable under tactical conditions.
1-5.9
All SCBA shall be inspected, maintained, and tested in accordance with the standard operating
procedures of the authority having jurisdiction.
Chapter 2 Provisions of SCBA
2-1 Inventory and Allocation of SCBA.
2-1.1*
Sufficient SCBA shall be available at the incident to provide one unit for each member who
might be exposed to respiratory hazards.
2-1.2*
Sufficient reserve SCBA shall be provided to maintain the required number in service when
maintenance or repairs are being conducted.
2-1.3
An adequate reserve air supply shall be provided by use of reserve cylinders or by an on-scene
refill capability, or both.
2-1.4
Where carried on apparatus, SCBA shall be secured in brackets or carrying cases and shall be
stored in a manner that protects the regulator openings and facepiece from contamination by road
dirt, dust, or weather conditions.
2-1.5
All SCBA shall be stored in a ready-for-use condition and shall be protected from damage or
exposure to rough handling, excessive heat or cold, moisture, or other elements.
2-2 NIOSH/MSHA Certification.
2-2.1*
SCBA of the open-circuit design shall be positive-pressure apparatus and shall meet the
requirements of NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus for
Fire Fighters. Closed-circuit-type SCBA shall be approved by NIOSH/MSHA with a minimum
service duration of 30 minutes and shall operate in the positive-pressure mode only. The use of
rescue or “buddy” breathing devices shall be prohibited.
2-2.2
The authority having jurisdiction shall maintain a complete inventory record of all SCBA.
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Each SCBA and cylinder shall be identified individually by serial number or inventory number.
2-2.3*
An individual record of each SCBA regulator and harness assembly shall be maintained. This
record shall include the inventory or serial number, date of purchase, date of manufacture, date
placed in service, location, maintenance and repairs, replacement parts, upgrading, and test
performance.
2-2.4*
A record shall be maintained for each SCBA cylinder. This record shall include the inventory
or serial number, date of purchase, date of manufacture, date placed in service, location,
hydrostatic test pressure and dates, and inspection and repairs. Hydrostatic test dates shall appear
on each cylinder according to the manufacturer’s instructions and applicable government
agencies.
2-2.5
A record shall be maintained for each SCBA facepiece. This record shall include the inventory
or serial number, date of purchase, location, maintenance and repairs, replacement parts,
upgrading, and test performance.
2-3 Acceptance Testing Program.
2-3.1
Respiratory protection equipment shall be selected according to the hazards to which a
member might be exposed and to the operations expected to be performed.
2-3.2*
Prior to being placed in service, all SCBA that are acquired shall be inspected and tested by
factory certified personnel. Documentation of testing shall be provided to the fire department and
included with the records specified in 2-2.3. Testing shall include the following:
(a) All major components shall be inspected for compatibility, completeness of assembly, and
signs of damage.
(b) All components shall be tested for proper function and performance. Testing shall include
manipulation of all adjustable components such as slides, buckles, control valves, and levers.
Furthermore, the facepiece, regulator mechanism, alarm, and cylinder valve shall be tested on the
manufacturer’s test equipment for compliance with specifications.
Chapter 3 Emergency Scene Use
3-1 Criteria for Use.
3-1.1
The authority having jurisdiction shall require the use of respiratory protection by all members
who might be exposed to respiratory hazards in the performance of their duties.
3-1.2*
Respiratory protection shall be used by all members who are exposed to respiratory hazards or
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who might be exposed to such hazards without warning. Members who are operating in areas
that might be subject to these hazards where there is sufficient warning to don respiratory
protection equipment shall have respiratory protection equipment readily available for use.
3-1.3*
Respiratory protection equipment shall be used by all members operating in confined spaces,
below ground level, or where the possibility of a contaminated or oxygen-deficient atmosphere
exists until, or unless, it can be established by monitoring and continuous sampling that the
atmosphere is not contaminated or oxygen deficient.
3-1.4
Where used, respiratory protection equipment shall be worn according to the manufacturer’s
requirements.
3-1.5*
Members shall be monitored for indications of fatigue or other factors that can result in unsafe
conditions.
3-1.6
Members using a SCBA shall operate in teams of two or more who shall be able to
communicate with each other through visual, audible, physical, safety guide rope, electronic, or
other means to coordinate their activities and who shall be in close proximity to each other to
provide assistance in case of an emergency.
3-1.7*
Where members are involved in operations that require the use of a SCBA or other respiratory
protective equipment, at least one member shall be assigned to remain outside the area where
respiratory protection is required. This member shall be responsible for maintaining a constant
awareness of the number and identity of members using a SCBA, their location and function, and
their time of entry. Members with a SCBA shall be available for rescue.
3-1.8
Unapproved devices, or approved devices that have been modified in a manner that voids their
approval, shall not be used.
Chapter 4 SCBA Training
4-1 Recruit Training Program.
4-1.1*
All training related to the use, maintenance, and care of respiratory protection equipment shall
be provided by instructors meeting the objectives of Instructor I of NFPA 1041, Standard for
Fire Service Instructor Professional Qualifications, or instructors that have been trained and
certified by a SCBA manufacturer or authorized distributor.
4-1.2*
Records of all respiratory protection training shall be maintained, including training of
personnel involved in maintenance of such equipment.
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4-1.3*
Minimum performance standards shall be established by the authority having jurisdiction for
donning respiratory protection equipment.
4-2 Annual Member Certification.
4-2.1
Prior to initial training, members shall be examined and certified by a physician as being
medically and physically fit in accordance with Chapter 2 of NFPA 1001, Standard for Fire
Fighter Professional Qualifications.
4-2.2*
If the physician certifying members for respiratory protection equipment use is other than the
fire department physician, the examination report shall be subject to the approval of the fire
department physician.
4-2.3
All members who might be required to use respiratory protection equipment shall be medically
certified by a physician on an annual basis in accordance with 8-1.3 of NFPA 1500, Standard on
Fire Department Occupational Safety and Health Program.
4-2.4*
The facepiece seal capability of SCBA for each member qualified to use a SCBA shall be
verified by qualitative fit testing on an annual basis and any time that new types of SCBA are
issued. Each new member shall be tested before being permitted to use a SCBA in a hazardous
atmosphere. Only members with a properly fitting facepiece shall be permitted by the fire
department to function in a hazardous atmosphere with a SCBA.
4-2.4.1* Qualitative Tests. Members shall not be assigned fire-fighting duties requiring the use
of a SCBA unless it has been demonstrated through the fitting test methods of 4-2.4 that they can
achieve a satisfactory facepiece-to-face seal with each type of facepiece they might be required
to wear. These tests shall be made at least annually. Furthermore, each member shall pass the
negative-pressure test each time a negative-pressure SCBA is donned for entry into a hazardous
atmosphere.
4-2.4.2* SCBA Facepiece Fitting Test Records. Records of SCBA fitting tests shall include at
least the following information:
(a) Name of the member tested;
(b) Type of fitting test performed;
(c) Specific make and model of facepieces tested;
(d) Results of the tests:
1. Satisfactory
2. Unsatisfactory.
For departments that perform quantitative fitting tests, the protection factor produced shall be
at least 1000 for negative-pressure SCBA (facepiece leakage shall be 0.1 percent penetration or
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less).
4-2.5
Beards or facial hair that interferes with the facepiece seal shall be prohibited for members
required to use respiratory protection equipment. If eyeglasses are worn, the member shall use
frames that do not pass through the seal area of the facepiece.
4-2.6*
Members required to wear respiratory protection equipment in conjunction with specialized
protection equipment (e.g., proximity suits or totally encapsulated suits) shall be evaluated for
physical and emotional stresses associated with these specialized applications.
4-2.7
The authority having jurisdiction shall be responsible for establishing a program that provides
members with training in the proper and safe use and the limitations of respiratory protection
equipment and related equipment; in the policies and procedures related to the authority having
jurisdiction’s respiratory protection program; and in those areas outlined by this standard.
The program also shall provide a means of evaluating member performance in the use of
respiratory protection equipment and member knowledge of the respiratory equipment used.
Respiratory protection training shall be conducted as an ongoing training program.
4-2.8
All members who are permitted to use a SCBA shall, at least annually, successfully
demonstrate their ability to meet the performance standards set by the authority having
jurisdiction.
4-2.9
All members shall meet the training and performance requirements of this standard prior to the
actual emergency operations during which they might be expected to wear respiratory protection
equipment.
4-3 SCBA Safety.
4-3.1
The authority having jurisdiction shall provide members with the most current information
available concerning the safe operation of their respiratory protection equipment.
4-3.2
Standard operating procedures shall be written concerning the safe operation of respiratory
protection equipment during training and while in use on the emergency scene.
4-3.3
The SCBA training program shall provide members with training in the safe operation of a
SCBA, the uses and limitations of SCBA equipment, and the individual limitations of members
who might be required to use a SCBA.
4-3.4
Members shall demonstrate proper knowledge of safety procedures and practices through an
evaluation process that is established by the authority having jurisdiction.
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4-3.5
Instruction on the common reasons for the breakdown of safety procedures or equipment that
might cause injuries shall include the following subjects:
(a) Abuse and misuse of equipment;
(b) Physiological and psychological factors (see Appendix E);
(c) Unapproved equipment;
(d) Buddy breathing (see Appendix F);
(e) Information supplied to agencies that collect accident information, where available.
4-4 Ability to Act Properly in Emergencies.
4-4.1*
The authority having jurisdiction shall provide a means for evaluating its members in the use
and operation of a SCBA under simulated emergency incidents.
4-4.2
Periodic evaluations shall be held to determine the proficiency level of members while using a
SCBA under simulated emergency incident conditions. These simulated emergency incident
conditions shall be as realistic as possible while maintaining a safe level of protection for the
wearer.
4-4.3
Members shall demonstrate proper ability to operate under simulated emergency incident
conditions.
4-5 Requirements for the Progression of Training.
Recruit training shall include the identification of SCBA components, terminology, and
equipment specifications through the following:
(a) Operation of SCBA and related equipment;
(b) Inspection and maintenance of equipment;
(c) Donning methods employed by the authority having jurisdiction;
(d) Performance of related emergency scene activities, such as advancing hose lines, climbing
ladders, crawling through windows and confined spaces, and performing rescues, while wearing
a SCBA;
(e) Comprehension of organizational policies and procedures concerning safety, emergency
operations, use, inspection, and maintenance;
(f) Performance of activities under simulated emergency conditions;
(g) Compliance with all performance standards of the authority having jurisdiction.
4-6 Evaluation of SCBA Training.
All members who might be required to wear a SCBA shall be evaluated periodically on their
knowledge of SCBA equipment operation, safety, organizational policies and procedures, and
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facepiece seal. This evaluation shall occur at least annually.
4-7* Required Training.
This section sets forth, in a sequential format, a logical progression towards achieving training
goals, first by requiring minimum policies to be established by the authority having jurisdiction;
next by requiring a theoretical understanding of SCBA; and finally by developing practical
skills.
4-8 Recognizing Hazards that Could Be Encountered.
4-8.1
The authority having jurisdiction’s training program shall evaluate the ability of personnel to:
(a) Identify hazardous environments that might require the use of respiratory protection.
(b) Identify the primary gases produced by combustion.
(c) Identify the primary characteristics of gases that might be present or generated by processes
other than combustion.
(d)* Identify any toxic gases that might be unique to the particular authority having
jurisdiction resulting from manufacturing or industrial processes.
(e) Identify the shipping labels of hazardous materials.
4-8.2*
Fire department members shall be trained to handle problems related to the following that can
be encountered during the use of a SCBA:
(a) Low temperatures;
(b) High temperatures;
(c) Rapid temperature changes;
(d) Communications;
(e) Confined spaces;
(f) Vision;
(g) Facepiece-to-face sealing problems;
(h) Absorption through or irritation of the skin;
(i) Effects of ionizing radiation on the skin and the entire body;
(j) Punctured or ruptured eardrums;
(k) Use near water;
(l) Overhaul.
4-9 Understanding the Components of a SCBA.
The authority having jurisdiction’s training program shall evaluate the ability of members to:
(a) Identify the components of facepieces, regulators, harnesses, and cylinders used by the
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authority having jurisdiction.
(b) Demonstrate the operation of the SCBA used by the authority having jurisdiction.
(c) Describe the operation of the SCBA used by the authority having jurisdiction.
(d)* Describe the potential incompatibility of different makes and models of SCBA.
4-10 Understanding the Safety Features and Limitations of a SCBA.
The training program of the authority having jurisdiction shall evaluate the ability of members
to:
(a)* Describe the operational principles of warning devices required on a SCBA.
(b) Identify the limitations of the SCBA used by the authority having jurisdiction.
(c)* Describe the limitations of the SCBA’s ability to protect the body from absorption of
toxins through the skin.
(d) Describe the procedures to be utilized if unintentionally submerged in water while wearing
a SCBA.
(e) Demonstrate the possible means of communications when wearing a SCBA.
4-11 Donning and Doffing SCBA.
The training program of the authority having jurisdiction shall evaluate the ability of members
to:
(a) Demonstrate the proper techniques for donning and doffing all types of SCBA used by the
authority having jurisdiction while wearing the full protective clothing used by the authority
having jurisdiction.
(b) Demonstrate that a proper face-to-facepiece seal has been achieved.
4-12 Practical Application in SCBA Training.
4-12.1
The authority having jurisdiction’s training program shall evaluate the ability of members to:
(a) Demonstrate knowledge of the components of respiratory protection.
(b)* Demonstrate the use of all types of SCBA utilized by the authority having jurisdiction
under conditions of obscured visibility.
(c) Demonstrate the emergency operations that are required when a SCBA fails.
(d)* Demonstrate emergency techniques using a SCBA to assist other members, conserve air,
and show restrictions in use of bypass valves.
(e) Demonstrate the use of a SCBA in limited or confined spaces.
4-12.2*
Training shall be conducted under simulated stressful circumstances to promote immediate
response to emergency operations.
4-12.3
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Annual SCBA training shall be provided to each member required to use breathing apparatus.
This training shall include reevaluation of the individual for the required facepiece seal.
4-13 Training in the Maintenance and Testing of a SCBA.
The authority having jurisdiction’s training program shall evaluate the ability of members to:
(a) Demonstrate the proper procedure for conducting routine and post-incident inspections of a
SCBA.
(b) Demonstrate a thorough examination and test of the SCBA.
(c)* Demonstrate the proper procedure for reporting a defective SCBA.
4-14* Training in the Storage of SCBA and Reserve SCBA Cylinders.
The authority having jurisdiction’s training program shall evaluate the ability of members to
demonstrate the proper storage of SCBA. This shall include, but shall not be limited to:
(a) SCBA mounted on apparatus.
(b) SCBA in carrying cases.
(c)* Individually issued facepieces.
(d)* Reserve air cylinders.
Chapter 5 SCBA In-service Inspection
5-1 Daily/Weekly Service Checks.
5-1.1
Inspection, maintenance, and repair records shall be maintained as required by Section 2-2.
5-1.2*
Where fire apparatus is in daily use, routine inspections of all respiratory protection equipment
and reserve cylinders on the apparatus shall be conducted at least daily. If fire apparatus is not in
daily use, routine inspections shall be conducted at least weekly. All inspections shall be in
accordance with the requirements of the manufacturer of the specific respiratory protection
equipment.
5-1.3*
Monthly inspection of respiratory protection equipment shall be conducted and shall include a
check of the entire unit for deteriorated components, airtightness of cylinders and valves, gauge
comparison, reducing valve and bypass valve operation, and a check of the regulator, exhalation
valve, and low-air alarm. The SCBA shall be cleaned and returned to service.
5-1.4*
Inspection of respiratory protection equipment shall be conducted by the user before and after
each use.
Chapter 6 SCBA Maintenance
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6-1 User Maintenance.
6-1.1*
All maintenance and repairs on a SCBA shall be conducted in accordance with manufacturer’s
instructions by qualified personnel.
6-1.2*
Annual inspection and servicing of a SCBA shall be conducted by qualified personnel and
whenever an operational problem is reported.
6-1.3
Annual inspection and servicing shall include at least the following procedures and the
manufacturer’s recommendations:
(a) Disassembling of the SCBA into major components;
(b) Flow testing of the regulator;
(c) Disassembling and cleaning of the regulator;
(d) Replacement of worn parts, or those recommended by the manufacturer, in the regulator
assemblies;
(e) Disassembling of the low-air alarm, and cleaning and replacement of components as
necessary;
(f) Cleaning and replacement of components of the facepiece and harness assembly, and
replacement of components as needed or scheduled;
(g) Reassembling of the entire SCBA and testing for proper operation of all components;
(h) Proper recording of all performed maintenance on the forms provided and return of the
SCBA to service.
6-1.4* Cleaning and Sanitizing Requirements.
6-1.4.1 The authority having jurisdiction shall adopt a cleaning and sanitizing procedure. Each
member shall be trained in this procedure.
6-1.4.2 Fire fighters, or other designated and trained personnel, shall clean and sanitize each
SCBA after each use upon their return to the fire station. The entire device shall be cleaned, and
the facepiece and breathing tube shall be sanitized.
6-2* Preventative Maintenance Program.
6-2.1
A preventative maintenance program shall be established by the authority having jurisdiction
for all SCBA used in the organization.
6-2.2
The established SCBA preventative maintenance program shall be conducted in order to
prevent SCBA malfunction and failures of equipment during use.
6-2.3
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The SCBA maintenance program shall be conducted by qualified fire department members or
by another organization using qualified personnel. Qualified personnel shall be trained and
certified by the manufacturer or by an authorized distributor.
6-2.4
Organizations without an internal SCBA maintenance program shall be permitted to contract
with an outside organization to provide SCBA preventative maintenance services.
Chapter 7 Breathing Air Program
7-1 Air Quality Control.
7-1.1*
Air for SCBA taken from the regular production of a compressor and storage system shall
meet the testing and quality requirements of CGA G7.1 Commodity Specification for Air, with a
minimum air quality of Grade D and a maximum dew point of –50°F(–45°C) or 10°F (5°C)
lower than the coldest temperature expected in the area.
7-1.2*
Where the fire department purchases compressed breathing air in a vendor supplied cylinder,
the fire department shall require the vendor to provide certification and documentation that the
breathing air has been tested and that it meets the requirements of 7-1.1. The vendor shall
provide documentation to demonstrate that the laboratory is accredited by the American
Industrial Hygiene Association, the American Association for Laboratory Accreditation, or the
National Voluntary Laboratory Accreditation Program.
Where the fire department makes its own breathing air or transfers purchased breathing air
from vendor cylinders into other storage cylinders, the air quality from compressors, cascade
system cylinders, storage receivers, and other such breathing air manufacturing or storage
equipment used for filling SCBA cylinders shall be tested at least every 3 months by a laboratory
accredited by the American Industrial Hygiene Association, the American Association for
Laboratory Accreditation, or the National Voluntary Laboratory Accreditation Program to certify
that the breathing air meets the requirements of 7-1.1. Laboratories shall be required to notify the
fire department immediately of air not meeting the requirements of 7-1.1.
7-1.3
Records shall be maintained for each air quality test. If the required air quality is not being
achieved, the use of the system shall be discontinued until repairs are made and the air quality is
verified by testing.
7-1.4*
Any air cylinders that contain air that is suspected of not meeting air quality standards shall be
emptied and purged.
7-2 Recharging Air Cylinders.
7-2.1
The air cylinders of all SCBA shall be maintained at not less than 90 percent of the rated
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pressure stamped on the cylinder. Cylinders filled to less than 90 percent of their rated pressure
shall be segregated from full cylinders until they are refilled.
7-2.2
SCBA cylinders shall be refilled only with approved breathing quality air, as specified in
Section 7-1.
7-2.3
Written policies shall be established to ensure that air is obtained only from a source that meets
the requirements of Section 7-1. Refilling shall be conducted by qualified personnel using proper
equipment and procedures.
7-2.4
Air cylinders shall be filled only by personnel who have been trained on the proper procedures
and equipment.
7-2.5
The proper operating procedures and safety precautions shall be posted in a conspicuous
location at the fill station.
7-2.6*
Personnel assigned to operate fill station equipment shall visually inspect all cylinders before
filling. Cylinders that do not meet the manufacturer’s requirements due to defects or damage, or
that have not met hydrostatic test requirements, shall be left unfilled and removed from service.
7-2.7*
All air cylinders shall be refilled in accordance with the manufacturer’s instructions.
7-2.8
Where a breathing air compressor system, mobile or fixed, is used, it shall be located in an
area where the air is free from contamination.
7-2.9*
The authority having jurisdiction shall have the ability to support emergency scene operations
of extended duration by providing a reserve supply of air for a SCBA.
7-2.10
Mobile breathing air compressor systems shall be equipped with monitoring equipment to
detect carbon monoxide contamination and an automatic shutdown device that activates when
the level of carbon monoxide exceeds the limits of Grade D air (20 ppm).
7-2.11
All breathing air compressors shall have the air quality tested as required by 7-1.2.
7-2.12
Equipment used to produce compressed air for SCBA shall be inspected and maintained in
accordance with the manufacturer’s instructions.
7-2.13*
All filters and other components of air purification systems shall be inspected and replaced in
accordance with the manufacturer’s instructions.
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7-2.14
A record shall be maintained for each air compressor, fill station, cascade cylinder, purification
system, and related equipment used to produce and store air for SCBA. The record shall indicate
the date of purchase, location, inspection, maintenance, and testing of the device.
Chapter 8 Program Evaluation
8-1 Annual Review.
8-1.1
The authority having jurisdiction shall review the organization’s respiratory protection
program annually for the purpose of determining the need to upgrade or change various aspects
of the program.
8-1.2
An annual review of the respiratory protection program policies and procedures shall be
conducted to ensure they are being followed and to make necessary adjustments for the effective
operation of the program.
8-1.3
Problem areas involving members, equipment, inspection, maintenance, and repair schedules
or resources shall be addressed on a timely basis.
8-1.4
The levels of responsibility for the SCBA program shall be established and maintained to
ensure that proper assignments are made and that all members of the program know exactly
which duties they are to perform.
8-1.5
Any failures encountered in the respiratory protection program dealing with members,
training, or equipment shall be analyzed, and appropriate corrective action shall be taken to
preclude the recurrence of an additional failure of a similar or related nature.
Chapter 9 Referenced Publications
9-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
9-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition.
NFPA 1041, Standard for Fire Service Instructor Professional Qualifications, 1992 edition.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
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edition.
NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters,
1992 edition.
9-1.2 Other Publications.
9-1.2.1 CGA Publication. Compressed Gas Association, 1235 Jefferson Davis Highway,
Arlington, VA 22202.
CGA G7.1, Commodity Specification for Air, 1989.
9-1.2.2 U.S. Government Publication. U.S. Government Printing Office, Superintendent of
Documents, Washington, DC 20402.
Title 30, Code of Federal Regulations, Part 11, Subpart H.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-2
Organizations that train with or use respiratory protection equipment need to recognize their
responsibility for the safety and welfare of personnel. A part of this responsibility is the
development and implementation of a comprehensive respiratory protection program. This
standard can also assist an organization with the development of a respiratory protection
program that meets the requirements of OSHA Title 29, Code of Federal Regulations, 1910.134;
Title 29, Code of Federal Regulations, 1910.156; and NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program.
A-1-3
It also should be noted that, unlike industrial users of respiratory protective devices who
consider respirators as a secondary defense against breathing hazards and engineering controls as
the primary means, the fire service depends on SCBA as the first and only means of respiratory
protection.
A-1-4 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-4 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
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primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-1-4 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The authority having jurisdiction should utilize the system employed by the listing organization
to identify a listed product.
A-1-5.2
Paragraph 5-3.2 of NFPA 1500, Standard on Fire Department Occupational Safety and Health
Program, provides specific information on when a SCBA is to be used.
A-1-5.6
One role of any training program is to generate acceptance of operational evolutions for
coordination and skill. The use of proper procedures and the dispelling of false notions
concerning the use and application of respiratory protection equipment are equally important.
The state of the art in today’s fire-fighting environment demands a commitment by each
authority having jurisdiction to ensure maximum acceptance in the use of respiratory protection
equipment.
A-1-5.6
(d) Members should be instructed in the variables that affect the duration of available air
supply. Such factors as physical conditioning, physical exertion, and emotional stability all
influence the duration of the air supply.
A-1-5.6
(e) Members should be thoroughly familiar with the “point of no return” theory to prevent
entrance into hazardous areas that are located beyond safe margins. The time necessary for entry,
work, and exit from a hostile environment should be considered for each member, since it varies
among individuals. The factors that help determine the point of no return are:
(a) Entry point;
(b) Physical condition;
(c) Size of the individual;
(d) Work being performed;
(e) Environment where the work is being performed;
(f) Amount of air available when entering the environment;
(g) Other stresses (people trapped, difficult access, outside temperatures);
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(h) Type of protective clothing used; and
(i) Training.
Even though these factors can change dramatically at the emergency scene, it is important that
each member be provided an opportunity to help determine his or her individual point of no
return.
To help determine their points of no return, members need to be subjected to a variety of
activities where they are allowed to consume their entire air supply. Where determining point of
no return, it is important that the process be cumulative, beginning with the basic skills and
progressing to more difficult, stressful tasks utilizing SCBA.
Determining an individual’s point of no return is important for members. Although the
following activities can be used to measure air consumption, they can only approximate the point
of no return. The following help determine the consumption demands of air for an individual:
(a) Maze work;
(b) An obstacle course that includes fire-fighting tasks;
(c) Smoke-building work; and
(d) Combined activities.
It is important to determine two points of air consumption relevant to the point of no return:
the point from the start of the operation until the warning alarm operates, and the time it takes to
consume the remainder of the air available. These two points can help determine the individual’s
point of no return.
A-2-1.1
The additional SCBA can be provided on each apparatus or by providing a vehicle with extra
SCBA.
A-2-1.2
At least one additional reserve SCBA should be available at the scene of an incident for each
10 SCBA in use to provide for emergency replacement if a failure occurs.
A-2-2.1
The use of long duration SCBA should be restricted to operations in tunnels and underground
structures, on ships, and in other situations where the need for this capability is demonstrated.
Several manufacturers of SCBA currently market “buddy” or rescue breathing devices as a
component of their SCBA. The use of such a device voids the NIOSH certification of the SCBA
and cannot be recommended at this time.
The National Institute for Occupational Safety and Health (NIOSH) has issued three bulletins
concerning emergency escape breathing support systems. They are reprinted here for
informational purposes.
July 24, 1984
Letter to Interested Persons
Subject: Approval of Self-contained Breathing Apparatus Equipped with Emergency Escape
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Breathing Support System
In accordance with the requirements of Title 30, Code of Federal Regulations, Part 11, (30 CFR
11), the Mine Safety and Health Administration (MSHA) and the National Institute for
Occupational Safety and Health (NIOSH) presently test and approve open-circuit self-contained
breathing apparatus. These apparatus are used regularly by the fire service for respiratory
protection during fire fighting and other associated rescue activities. Although the apparatus is
designed principally for use by and protection of a single individual at one time, it has been
recognized that the apparatus is being used to protect two persons simultaneously, either by
sharing of the facepiece, or by adaptation of the apparatus to accept a second facepiece. The
latter practice is permitted under the OSHA Fire Brigades Standard (29 CFR 1910.156).
MSHA and NIOSH have been asked by several interested persons to develop new performance
requirements which would be applied to combination self-contained breathing apparatus and
emergency escape breathing support systems (EEBSS). These requirements would be in addition
to the present requirements of Part 11. These new requirements would be distributed to respirator
manufacturers as prescribed in Section 11.63(c) of Part 11. This procedure, which has been used
before by MSHA and NIOSH, would permit such manufacturers to apply for approval of
combination self-contained breathing apparatus and EEBSS which meet the new performance
requirements pursuant to MSHA and NIOSH authority within 30 CFR 11.63(c) in addition to the
present applicable requirements of Part 11. MSHA and NIOSH would issue approvals which
indicated that the device had also passed special test requirements in addition to the requirements
of 30 CFR 11, Subpart H, following successful conclusion of testing and quality control review.
MSHA and NIOSH are requesting that you consider the potential approval of combination
self-contained breathing apparatus and EEBSS and that you provide NIOSH with your
comments on the practicability, safety, and need for such a device, recommendations you may
have for performance criteria for such devices, and suggestions which MSHA and NIOSH might
apply to limitations on and conditions for safe use of such devices.
Signed:
John B. Moran, Director
Division of Safety Research
November 6, 1984
Notice to All Respirator Manufacturers with MSHA/NIOSH-Approved Respirators
Until NIOSH establishes a formal position based upon our review of the information submitted
pursuant to the NIOSH memorandum to Concerned Individuals dated July 24, 1984, titled
“Emergency Escape Breathing Support System,” the following policy remains in effect:
The use of any component connected, interfaced, or assembled in combination with
MSHA/NIOSH certified self-contained breathing apparatus (SCBA) for use as an emergency
escape support breathing system or “buddy breather” to allow more than one individual access to
the apparatus’ life support system(s), either directly or indirectly, automatically voids the
applicable certification during its use. Such invalidation continues in effect until the SCBA is
returned to the certified status through required maintenance, test checkout, and reassembly as
prescribed by the manufacturer’s instruction manual and any other applicable user company
policy/rules, legislative directives, or enforceable regulations applicable to user health and
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safety.
Respirator manufacturers must not state in advertising or instructional literature that use of such
components is approved by MSHA/NIOSH.
Signed:
John B. Moran, Director
Division of Safety Research
July 23, 1985
Letter to Interested Persons
Subject: Self-contained Breathing Apparatus Equipped with Emergency Escape Breathing
Support System
On July 24, 1984, the National Institute for Occupational Safety and Health sent a letter to
interested persons, requesting that they consider the potential approval of combination
self-contained breathing apparatus (SCBA) and emergency escape breathing support systems
(EEBSS). Also, it was requested that they provide NIOSH with comments on the practicability,
safety, and need for recommendations for performance criteria for, limitation on, and conditions
for safe use of such devices.
NIOSH has received several written replies to and verbal comments on the subject. It appears,
from our evaluation of those replies and comments, that there is, at present, insufficient
information on which to base certification of safe and practicable combination SCBA and
EEBSS. In addition, there is concern over the legal and moral considerations of use of such
devices, which NIOSH is unable to address at this time.
NIOSH understands that Lawrence Livermore National Laboratory (LLNL) is proposing to
study the design and use of combination SCBA and EEBSS. NIOSH proposed to work with
LLNL and with fire service and other organizations in an effort to resolve the present concerns
and needs.
At present, NIOSH will take no action on certification of combination SCBA and EEBSS.
Signed:
John B. Moran, Director
Division of Safety Research
A-2-2.3
A record or label should be maintained with each SCBA regulator and harness assembly
noting the date of the most recent maintenance and testing and identifying the individual
performing these functions. It is desirable to indicate the next due date for maintenance of the
assembly. As an alternative, this information can be kept in a data file that is readily accessible
according to the identification number or label.
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Figure A-2-2.3 Sample maintenance and test record form.

A-2-2.4
A record or label should be maintained with each SCBA cylinder noting the most recent date
of maintenance and testing. It might be desirable to maintain a separate record of the
maintenance and testing of cylinder valves. The cylinder manufacturer should be consulted for
the recommended method of marking the hydrostatic test date on the cylinder.
A-2-3.2
The inspection and testing of new SCBA are normally performed at the factory. Where used
SCBA are acquired, it is necessary for the fire department to ensure that the equipment is
inspected and tested prior to being placed in service.
A-3-1.2
This paragraph requires respiratory protection equipment to be used by all personnel who are
actually or potentially exposed to any respiratory hazards. These include overhaul situations,
unless it can be determined that the area has been adequately ventilated to eliminate respiratory
hazards.
A-3-1.3
One of the contaminants that can be readily measured is carbon monoxide. Respiratory
protection equipment should not be removed where tests reveal a concentration greater than 50
ppm of carbon monoxide or where other toxic contaminants are known or suspected to be
present.
A-3-1.5
The additional weight of the SCBA could reduce work performance, increasing fatigue factors
and the susceptibility to injury. The SCBA also changes the center of gravity of the individual,
making loss of balance a possibility. These factors are reduced through training and
familiarization with the SCBA and where members participate in regular physical fitness
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programs. The application of the SCBA in evolutions involving complete encapsulation, such as
with chemical suits, proximity suits, and other hazardous materials protective clothing, warrants
special consideration, as these suits are designed specifically to create an artificially protected
environment exclusive of outside contaminants. Operating in an environment that is immediately
dangerous to life and health presents a significant danger if the SCBA malfunctions. Strict
monitoring of members and the establishment of safety margins for operation and backup
systems for rescue should be provided and reinforced during training.
A-3-1.7
During the initial stages of emergency scene operations, the member(s) assigned to remain
outside and to maintain an awareness of the members working inside with SCBA could also be
responsible for functions such as operating pumps, preparing equipment, or commanding
operations. The essential requirement, however, is to have at least one member outside to
maintain accountability and to direct help, if needed. As operations progress, this responsibility
should shift to individuals assigned to this specific function according to standard operating
procedures. The members required to be available for rescue could also be assigned to other
functions at the scene of the incident. These members are to be equipped with SCBA and
suitable rescue equipment and are to be available for reassignment to assist members in trouble.
The requirement for additional personnel who are to be available for rescue could be satisfied by
additional companies or members who are responding to the scene and who will arrive within the
safe operating time of initial entry teams.
A-4-1.1
This paragraph does not prohibit the use of manufacturers’ representatives to provide training
related to their products.
A-4-1.2
A method of maintaining the information deemed appropriate by the authority having
jurisdiction concerning respiratory protection training should be developed. This might vary
from entries in the station log to specialized individual, company, or departmental records. (See
NFPA 1401, Recommended Practice for Fire Service Training Reports and Records.)
A-4-1.3
The minimum level of performance recommended by this standard is for a member wearing
full protective clothing to be capable of donning respiratory protection equipment and to be fully
operational within 60 seconds. This timed performance should begin with the member standing
in full protective clothing with the respiratory protection equipment placed on the ground and
should stop when the member is properly attired in full protective clothing and is properly
wearing fully operational respiratory protection equipment. The respiratory protection equipment
cylinder valve should be in the closed position before starting the performance. It is understood
that members normally do not don SCBA by first picking it up off the ground; however, this
procedure is used in this document to set a performance standard. It is recommended that
additional performance standards be established by each authority having jurisdiction based
upon the manner in which it stores or carries its SCBA. For example, if SCBA are carried on
apparatus in cases, a performance standard should be established for the removal and donning of
the SCBA from the cases.
A-4-2.2
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The attending physician should consult NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program, for guidance. Members also should be evaluated for
claustrophobic tendencies prior to acceptance into a respiratory protection equipment training
program. Members displaying claustrophobic tendencies should be evaluated to determine their
ability to work under conditions requiring respiratory protection equipment. Members deemed
unable to work in conditions requiring respiratory protection equipment should be prohibited
from participating in such activities.
A-4-2.4
In those instances where members cannot meet the facepiece seal requirement with equipment
currently used by the authority having jurisdiction, individually fitted facepieces should be
provided.
Because of the importance of a proper facepiece fit, facepiece fit testing for applicants should
be conducted prior to accepting them as members of the organization.
The effectiveness of the facepiece seal of any negative-pressure SCBA is to be determined by
a negative-pressure fitting test followed by a qualitative irritant fume or odor fitting test. These
tests are to be performed at least annually and whenever a member’s facial characteristics
change. The negative-pressure test also is to be performed and passed each time the facepiece is
donned for use in a hazardous atmosphere.
An irritant fume or odor test is to be used to test the seal of positive-pressure SCBA.
Positive-pressure SCBA are designed to produce an outward leakage of air if a facepiece-to-face
leak is present, thus reducing the inward leakage of contaminated air from outside the facepiece.
The larger the leak, the more air is lost, depleting the compressed air cylinder’s supply in a
shorter time. If a large leak exists, the wearer might actually overcome the positive pressure in
the facepiece by breathing deeply and pulling in outside contaminated air.
A-4-2.4.1 SCBA negative-pressure fitting tests are to be performed by closing off the inlet
opening of the breathing tube with the palm of the hand, inhaling gently, and holding the breath
for 10 seconds, so that the facepiece collapses slightly. If the facepiece remains slightly
collapsed and no minor leakage of air is detected, the tightness of the facepiece is probably
satisfactory.
One of the following materials is to be used in qualitative irritant fume or odor fitting tests:
(a) A stannic tetrachloride or titanium tetrachloride ventilation smoke tube;
(b) An isoamyl acetate (banana oil) vapor;
(c) Other innocuous agents easily detectable by irritation or odor.
The test is to be conducted using an operating SCBA and not just a facepiece and breathing
hose disconnected from the rest of the system. A recommended procedure for performing
qualitative fitting tests is provided in Appendix D.
During qualitative testing, the SCBA wearer is to carry out a series of exercises that simulate
work movements. Each exercise is to last for at least 1 minute. The following series of exercises
is to be performed when a SCBA facepiece is being tested:
(a) Normal breathing;
(b) Deep breathing;
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(c) Turning head from side to side;
(d) Nodding head up and down;
(e) Talking; and
(f) Frowning.
A-4-2.4.2 A protection factor of at least 10,000 is recommended for positive-pressure SCBA.
The quantitative test can be used to determine which facepieces fit an individual well and thus
aids in selecting the facepiece that best conserves the amount of air in the cylinder.
If a satisfactory fit cannot be achieved for an individual with one make of facepiece, another
make of the device should be bought for that member, or a negative-pressure unit should be
converted to a positive-pressure SCBA.
WARNING: If a facepiece from one manufacturer is used on a unit from another manufacturer, the
NIOSH/MSHA approval will be voided.

A-4-2.6
Significant increases in blood pressure and respiratory rates, unusual signs of fatigue, and
claustrophobic tendencies are factors that might disqualify members from performing these
activities.
A-4-4.1
Although all aspects of the physical and emotional stresses an emergency scene creates cannot
be fully duplicated during training exercises, many of these aspects can be simulated.
The more stresses that are duplicated, the more beneficial the training. Furthermore, the
student’s performance can be evaluated more accurately. These simulations should take into
consideration varying situations during which the student might be required to wear a SCBA,
such as where using a fully encapsulating suit.
A-4-7
The first level of instruction normally takes place in a classroom setting, allowing the students
to become thoroughly familiar with the SCBA by actual “hands-on” training. This allows the
instructor to use various testing and evaluation methods to determine a student’s level of
comprehension. Manipulative skills are best learned and retained by using the actual SCBA as
soon as possible after the classroom instruction.
The second level of SCBA training should allow the student to operate the equipment while
performing various fireground tasks, so the student becomes familiar with the unit and becomes
confident with its use. This training should take place in a setting that can be safely controlled by
the instructor and should be pertinent to the tasks being performed. The use of a SCBA training
maze is one alternative application for this level of training and builds confidence in the student.
The third level of training should allow the student to operate with the SCBA under simulated
emergency conditions. Up to this point, the student should have demonstrated his or her ability
to identify, operate, and use the SCBA in performing various manipulative fireground tasks.
When the student has successfully demonstrated the ability to perform fireground tasks, he or she
is ready to perform these same tasks under simulated emergency conditions. The student should
be allowed to demonstrate his or her ability to perform under emergency conditions by operating
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under various simulated emergency conditions during this level of training. Such training can
include conducting tasks while wearing hazardous material suits and other job-related tasks
required by the authority having jurisdiction. The facility or area for conducting this type of
training should allow the instructor to maintain student safety and provide for the proper
evaluation of the student’s performance.
A-4-8.1
(d) Management representatives from various companies in the response district, as well as
information from prefire planning visits, are helpful in identifying features unique to the
jurisdiction.
A-4-8.2 Special Problems.
(a) Low Temperatures. The major problems in the use of full facepieces at low temperatures
are poor visibility and freezing of exhalation valves. All full facepieces are designed so that the
incoming fresh air sweeps over the inside of the lens to reduce fogging. Antifogging compounds
may be permitted to be used to coat the inside of some lenses to prevent fogging in temperatures
as low as 32°F (0°C). Below 32°F (0°C), a nosecup usually is needed to inhibit fogging of the
lens. Full facepieces are available with nosecups that direct the warm, moist, exhaled air through
the exhalation valve without contacting the lens.
At very low temperatures, the exhalation valve can collect moisture and freeze in the open
position, allowing the wearer to breathe contaminated air, or in the closed position, preventing
normal exhalation. Where SCBA are used in low temperatures, they should be used according to
the manufacturer’s instructions and under the conditions for which they are approved by
NIOSH/MSHA.
High-pressure connections on SCBA can leak because of metal contraction at low
temperatures. These connections should be tightened enough to prevent leakage but not so tight
that they break when the temperature returns to normal. In temperatures below 32°F (0°C),
moisture contained in breathing air can condense in the breathing circuits and freeze, rendering
the device inoperable. If water spraying from the discharging fire lines comes in contact with the
regulator housing or valve assemblies, it can freeze, forming an ice coating that can render the
device inoperable. This is especially true if the ice coating covers the atmospheric pressure ports
on the regulator, thereby preventing its proper operation.
Other problems that could occur in SCBA exposed to below-freezing temperatures for any
length of time (e.g., SCBA in storage), depending on the make and model, are as follows:
1. The emptying of the air cylinder due to leakage at cylinder and valve connections;
2. The shattering of the facepiece lens if bumped or dropped;
3. The rigidity and inflexibility of rubber parts (e.g., the breathing tube or facepiece), affecting
facepiece fit and head movement;
4. Any leaks around all connections;
5. The difficulty in operating control valves (e.g., main, bypass, and cylinder);
6. The failure of the low-pressure alarm to operate.
All members should be trained to be aware of these problems and should know how to correct
them.
(b) High Temperatures. A member in areas of high ambient or radiant temperature is under
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stress. Although the SCBA, together with a helmet and protective clothing, affords some
protection against the heated atmosphere, members should know their own limitations as well as
the limitations of the protective clothing and equipment. Members should be trained to recognize
the warning signs of extremely high temperatures that might not be obvious while they are
breathing somewhat cooler air from the SCBA. Additional information on the use of SCBA in
high temperatures is found in NFPA FSP-29B, Breathing Apparatus for the Fire Service, A Fire
Officer’s Guide, and “Operation of Self-Contained Breathing Apparatus Exposed to High Air
Temperatures” in The Official Publication of the International Association of Fire Chiefs.
(c) Rapid Temperature Changes. Problems arise where SCBA are subjected to rapid changes
in temperatures on the fireground. This is particularly true where a single-lens facepiece is used.
The large lens on some makes is subject to distortions caused by rapid temperature changes or by
high air temperatures alone, causing leakage around the lens mounting or the facepiece-to-face
seal, or both. Such a situation is more likely to occur in areas where extremely cold climatic
conditions are encountered but can also occur even during warm weather when the devices are
taken into the extremely high temperatures encountered on the fireground. All members should
be trained to know these limitations and corrective procedures in the event such conditions
occur.
(d) Communications. Voice communication while wearing a respirator is necessary to
perform specific tasks in fire-fighting operations. Although a respirator facepiece distorts the
voice to some extent, the respirator’s exhalation valve usually provides a pathway for some
speech transmission over short distances in relatively quiet areas. However, a mechanical speech
transmission device called a “speaking diaphragm” is an integral part of the facepiece in some
respirators. The speaking diaphragm usually consists of a resonant cavity and a diaphragm that
transmits the sound. The diaphragm also acts as a barrier to the ambient atmosphere and thus
should be handled carefully to prevent a puncture that would allow leakage of an air contaminant
into the facepiece.
Various methods of electronically transmitting and amplifying speech through the respirator
are available. These methods use a microphone connected to a speaker, telephone, or radio
transmitter. Usually, the microphone is mounted inside the facepiece, while the amplifier, power
pack, and speaker or transmitter are attached to the exterior of the facepiece, carried on the body,
or remotely located. Where an electronic device for transmitting speech is used, connecting
cables from microphones can pass through the facepiece. Such devices should be used only if the
SCBA is MSHA/NIOSH approved, with the transmission equipment installed. If the cables are
removed for any reason, they should be replaced and resealed, or the resultant hole in the
facepiece should be sealed completely. Before the cables are removed, the manufacturer should
be consulted to confirm that the equipment retains its MSHA/NIOSH approval with a resealed
hole in the facepiece. The connecting cables, and the location at which they pass through the
facepiece, should have gastight seals and should be installed according to the SCBA
manufacturer’s instructions. A microphone mounted against the SCBA wearer’s throat or a
microphone speaker worn in the SCBA wearer’s ear or helmet does not necessitate penetration
of the facepiece by a cable; therefore, its use does not void the MSHA/NIOSH approval status of
the SCBA.
NOTE: Where a walkie-talkie radio transmitter is used, speech transmission is often distorted when the
walkie-talkie microphone is held near the exhalation valve. Holding the microphone firmly against the
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facepiece lens usually allows a clearer transmission without the voice distortion created by the operation of the
exhalation valve. An even clearer transmission is possible for walkie-talkies in a leather case if the perforated
leather over the microphone is cut out and a thin layer of foam rubber is cemented around the edge of the hole
in the leather. The hole over the microphone then can be held securely against the facepiece lens for clearer
voice transmission.

(e) Confined Spaces. All confined spaces should be considered to be immediately dangerous
to life or health (IDLH) unless proven otherwise. No member should be permitted to enter a
confined space for fire-fighting operations, including emergency rescue operations, without
wearing a SCBA. Confined spaces include, but are not limited to, wells, cisterns, holds of ships,
tunnels, subway tunnels, basements, subbasements, pits, windowless buildings, and other such
spaces where oxygen deficiency or hazardous airborne materials, or both, can be present. Users
of SCBA entering such spaces should work in teams of two or more and should maintain some
form of contact with a person wearing a SCBA who is located in a safe atmosphere and who, in
an emergency, is capable of performing the necessary rescue operations. Such contact can be
maintained by voice communication, visual communication, lifeline communication, radio
communication, or other acceptable means of communication. The same requirement should
apply to members entering and operating in any hazardous area at the scene of a fire, including
smoke-filled rooms or areas of a building. (See ANSI Z117.1, Safety Requirements for Confined
Spaces, for additional information.)
(f) Vision. Corrective lenses, if required, should be fitted in the facepiece in a way that
provides proper vision and should be worn in a manner that does not interfere with the seal of the
facepiece. Temple bars of corrective spectacles that pass between the sealing surface of the full
facepiece and the wearer’s face can prevent a proper seal of the facepiece to the face. Therefore,
spectacles with these types of temple bars should not be used. If a member must wear corrective
lenses while wearing SCBA, the lenses should be mounted in the mask with prescription lens
mounting devices available from all SCBA manufacturers. The wearing of contact lenses by
members who are required to wear a SCBA should not be permitted, because one or both lenses
could pop out from the pressure of the facepiece at the side of the eye and dust could be blown
upward by the incoming air and forced between the lens and the pupil of the eye.
(g) Facepiece-to-Face Sealing Problems. Facial hair that interferes with the facepiece-to-face
seal or the operation of the exhalation valve on the full facepiece of the SCBA should not be
permitted. Such facial hair can include beards, sideburns, mustaches, long hair, or bangs that
pass between the sealing surface of the facepiece of the SCBA and the face of the wearer. Head
coverings, spectacle temple bars, or any other protuberance that passes between the sealing
surface of the facepiece and the face should not be permitted.
(h) Absorption through or Irritation of the Skin. Some airborne contaminants are extremely
irritating to the skin (e.g., ammonia and hydrochloric acid), while others are capable of being
absorbed through the skin and into the bloodstream with serious, possibly fatal, results.
Hydrogen cyanide and many of the organic phosphate pesticides, such as thiophosphate
insecticide and tetraethyl pyrophosphate (TEPP), can penetrate unbroken skin. The SCBA does
not afford complete protection against these contaminants. If such materials are encountered or
suspected, an effective full-body covering suit of impermeable materials should be worn with the
SCBA, as specified in NFPA 49, Hazardous Chemicals Data.
(i) Effects of Ionizing Radiation on the Skin and the Entire Body. The SCBA does not
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protect the skin or the entire body against ionizing radiation from airborne concentrations of
certain radioactive materials. All users of SCBA in such contaminated atmospheres should be
made aware of the fact that special protection is necessary in addition to the SCBA.
(j) Punctured or Ruptured Eardrums. Since contaminated air can penetrate through a
punctured eardrum into the respiratory tract, the examining physician should determine the
restrictions for a member with this condition.
(k) Use Near Water. Although SCBA should never be used for underwater operations,
occasionally a member might fall into water when operating near the water or on a fireboat. In
departments where such a possibility exists, SCBA training should include an explanation of
what happens to the equipment when submerged in water.
(l) Overhaul. This phase of fire-fighting operations has historically been responsible for many
member injuries and deaths.
A-4-9
(d) It should be noted that the components of SCBA made by different manufacturers are not
interchangeable and, in addition, different models of SCBA from the same manufacturer might
not be compatible with each other.
A-4-10
(a) A personal alert safety system (PASS) device is required by Section 5-7 of NFPA 1500,
Standard on Fire Department Occupational Safety and Health Program. Although the PASS
device is not a component of the SCBA, it should be considered as an integral safety companion
device and, therefore, included in any training session involving SCBA.
A-4-10
(c) A sealed facepiece does not prevent infiltration of toxins through exposed skin.
A-4-12.1
(b) Smoke produced from “live fire” is prohibited in SCBA training sessions. The authority
having jurisdiction might decide to use a substitute for smoke that has the same effect in
demonstrating the value of SCBA. Several accidents have occurred when smoke bombs, or other
smoke generating devices that produce a toxic atmosphere, have been used for training exercises.
Where training exercises are intended to simulate emergency conditions, smoke generating
devices that do not create a hazard are required.
A-4-12.1
(d) The intent of this objective, required by NFPA 1001, Standard for Fire Fighter
Professional Qualifications, is to ensure that members are familiar with procedures for assisting
other members as well as those for their own personal protection in emergency situations. The
committee is opposed to any procedure that breaks the facepiece seal of any operable SCBA
while in use.
A-4-12.2
The intent is to simulate stressful conditions without endangering the physical well-being of
the individual.
A-4-13
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(c) This should include procedures for placing defective SCBA out of service, removal from
apparatus, and documentation of defective equipment. Repairs should be accomplished only by
trained personnel equipped with specified tools and test instruments needed to adjust and repair
SCBA. These repair personnel should be factory certified by the manufacturer of the equipment
utilized where such training is made available.
A-4-14
Members should describe the procedure for returning an unused and exhausted SCBA to its
proper location immediately upon removal from service. SCBA should not be placed in locations
such as on the ground or in areas of debris that can cause damage to the unit.
A-4-14
(c) Extreme caution should be employed, especially in high pressure systems, to avoid eye
injury from trapped particles of debris that can be loosened during the activation of SCBA.
A-4-14
(d) Members should be instructed in the inherent dangers associated with the improper storage,
handling, and transportation of reserve air cylinders. This instruction should emphasize the use
of properly designed storage for reserve cylinders, both at the station and on the apparatus.
Protection of stem valves from damage or breaking is especially important. Cylinders should
never be transported in an unrestrained condition.
A-5-1.2
Routine inspections for open-circuit SCBA should include at least the following operational
checks:
(a) The cylinder pressure gauge reading should be checked. The reading should meet or exceed
the authority having jurisdiction’s policy for change of cylinder (90 percent or greater of fully
charged cylinder pressure).
(b) The cylinder valve should be turned on and checked for leaks; the low-air alarm operation
should be verified audibly.
(c) The high-pressure line should be checked for leaks or damage.
(d) The harness and facepiece should be checked for wear, and all straps should be checked for
proper adjustment and damage.
(e) The SCBA should be donned.
(f) The facepiece should be donned and the facepiece-to-face seal should be checked for
leakage.
(g) The exhalation valve should be checked for proper operation.
(h) The SCBA should be placed in service and checked for normal SCBA operation.
(i) The bypass valve should be opened slightly to ensure operation and then closed.
(j) The cylinder valve should be shut, and breathing should take place until the low-air alarm
initiates and operates correctly.
(k) The SCBA valves should be returned to normal positions.
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(l) The SCBA should be doffed.
(m) The harness straps and facepiece webbing should be returned to their don positions.
(n) The facepiece and other associated equipment should be cleaned and sanitized, as needed.
(o) The SCBA should be returned to the appropriate case or rack, ready for use.
Routine inspections for closed-circuit SCBA should include at least the following operational
checks:
(a) The cylinder pressure of the oxygen should be checked.
(b) A check for damage to the SCBA due to mechanical damage, heat, or abuse should be
made.
(c) The cylinder should be opened, leaks listened for, and function of the low-air alarm
verified.
(d) The SCBA should be donned.
(e) The facepiece should be donned and the facepiece-to-face seal checked to verify that hoses
are connected.
(f) The operation of the bypass valve should be checked.
(g) The oxygen cylinder valve should be shut off, and breathing should take place until the
low-air alarm initiates and operates correctly.
A-5-1.3
See A Fire Service Guide to the Selection, Use, Care, and Maintenance of Self-Contained
Breathing Apparatus, published by NFPA, for further details of the monthly check.
A-5-1.4
Before-use inspections for open-circuit SCBA should include the following checks:
(a) The cylinder pressure should be checked to verify that it is at 90 percent or greater of full
cylinder pressure.
(b) The low-air alarm should be checked to verify that it sounds when the cylinder valve is
opened.
(c) A correct facepiece-to-face seal should be verified.
(d) The exhalation valve function should be checked.
(e) The bypass valve function should be checked.
(f) The normal operation of the SCBA should be checked.
After-use inspections for open-circuit SCBA should include the following:
(a) Replacing the air cylinder with a fully charged cylinder;
(b) Checking for defective or damaged components;
(c) Thorough cleaning of all SCBA components and sanitizing of the facepiece;
(d) Checking the SCBA for functional operation.
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Closed-circuit SCBA should be checked before and after use in accordance with the
manufacturer’s recommendations.
A-6-1.1
Daily and weekly checks and inspections can be conducted by any members who have
completed the performance objectives of Chapter 4.
Maintenance and repair of a SCBA is more technical and should be performed only by persons
who have been specially trained for this work.
A-6-1.2
Preventative maintenance at this first level is a function of recognizing potential maintenance
problems such as airflow restrictions, loose or broken components, or strange noises emanating
from regulators. Administratively, the authority having jurisdiction should reinforce the attitude
that the recognition of maintenance problems is to result in corrective action that returns a
properly operating SCBA to the user in a reasonable amount of time. The second level of
maintenance may be permitted to be accomplished in a variety of ways. This level involves the
removal and replacement of defective or damaged parts of the facepiece, harness, and regulator.
The second or intermediate level of maintenance requires completion of training provided by the
SCBA manufacturer, simple tools, and a complement of spare parts. It is important to note that
the type and degree of maintenance that can or should be accomplished by an individual
organization varies widely depending on the specific manufacturer. The manufacturer should be
contacted directly to ascertain individual maintenance policies. Advanced-level training allows
personnel to disassemble, rebuild, assemble, and accurately test all portions of the SCBA. This
level requires more training and test equipment, making it impractical for every authority having
jurisdiction to provide this level of service using only its own personnel. Where large numbers of
SCBA are in use, it might be reasonable to provide this level of service. Most authorities having
jurisdiction make use of regional service centers provided by, or certified by, manufacturers for
advanced-level maintenance.
A-6-1.4
The manufacturer’s instructions for procedures and the cleaner or sanitizer to be used should
be followed. Where no manufacturer’s instructions are provided, the following procedure is
recommended:
(a) The facepiece and breathing tube should be separated from the rest of the device.
(b) The facepiece and breathing tube should be washed in the cleaner/sanitizer solution. A
hand brush (not wire), lint-free cloth, or sponge should be used to facilitate the removal of dirt.
(c) The facepiece and breathing tube should be rinsed completely in clean, warm water.
(d) The facepiece and breathing tube should be air-dried thoroughly in a clean area. The
breathing hose should be stretched sufficiently to drain water trapped in corrugations.
(e) Other parts should be cleaned as recommended by the manufacturer.
(f) All parts should be inspected as prescribed.
(g) The device should be reassembled, tested, and stowed on a fire apparatus, on a storage
rack, or in a container in the ready position.
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Cleaner and sanitizer solutions are available that clean effectively and also contain an
antibacterial agent. Alternatively, rubber parts can be washed in a liquid detergent solution and
then immersed in one of the following:
(a) A hypochloride solution (50 ppm of chlorine) for 2 minutes;
(b) An aqueous iodine solution (50 ppm of iodine) for 2 minutes;
(c) A quaternary ammonium solution (200 ppm of quaternary ammonium compounds in water
of less than 500 ppm total hardness) for 2 minutes.
To prevent dermatitis and damage to parts, immersion times should be followed and all parts
of the SCBA should be rinsed thoroughly of all sanitizers.
Strong cleaning and sanitizing agents that can damage parts should not be used. Vigorous
mechanical agitation should not be used.
Alcohol should not be used as a germicide on the rubber parts of a SCBA.
NOTE: Rubber for facepieces has largely been replaced by silicon-based compounds. Alcohol can be used on
these materials.

To avoid damaging rubber and plastic parts, the temperature of the cleaner, the sanitizer, and
the rinsing solution should not exceed the manufacturer’s specifications. Where no specifications
are provided, the temperature of each should be at least 49°C (120°F) but should not exceed
61°C (142°F).
Spare facepieces and breathing tubes should be available for use in the event a second alarm
sounds while the original facepieces and tubes are being cleaned or are drying.
If a SCBA has been used by a member who has been exposed to toxic chemicals or radioactive
materials, additional special decontamination steps are necessary in order to clean it. In these
cases, contaminated SCBA should be segregated from all other equipment. Special instructions
for proper handling and decontamination should be obtained from knowledgeable personnel and
followed.
A-6-2
Replacement or repairs should be carried out in accordance with the manufacturer’s
instructions. Repairs should be made only by trained personnel equipped with the tools and test
instruments needed to adjust and repair SCBA, as specified by the manufacturer. Exact
replacement parts purchased from the manufacturer of the specific breathing apparatus should be
used, and an inventory of expendable spare parts should be kept on hand. Personnel performing
the repair should be certified by the SCBA manufacturer. Instrumentation for valve, regulator,
and alarm adjustment and repair should be approved by the SCBA manufacturer, or the valves,
regulators, and alarms should be returned to the manufacturer’s service facility. Flow tests
should be performed in accordance with the manufacturer’s instructions.
When necessary, a SCBA should be rebuilt by its manufacturer or by a person trained and
certified by the manufacturer. Frequency of rebuilding should be in accordance with the
manufacturer’s recommendations. If no manufacturer’s recommendations are provided,
rebuilding should be conducted at least every 5 years. Rebuilding should include the complete
dismantling of the SCBA and replacement of all regulator parts that could wear. Breathing-gas
cylinders should be tested as prescribed in the applicable “Shipping Container Specification
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Regulations” of the U.S. Department of Transportation contained in Title 49, Code of Federal
Regulations, Part 178.
A-7-1.1
Organizations should consider requiring an air quality higher than Grade D for SCBA, since,
over time, even with quarterly testing, the effectiveness of the filtering system deteriorates.
A-7-1.2
Addresses and phone numbers for the specified accreditation organizations are provided
below. They can be contacted for a list of laboratories that have been accredited by their
organizations.
American Industrial Hygiene Association
345 White Pond Drive
P.O. Box 8390
Akron, OH 44320
(216) 873-2442
American Association for Laboratory Accreditation
656 Quince Orchard Road, #304
Gaithersburg, MD 20878
(301) 670-1377
National Voluntary Laboratory Accreditation Program
Building 4311, Room A124
Gaithersburg, MD 20899
(301) 975-4016
A-7-1.4
Instructions for purging should be obtained from the cylinder manufacturer.
A-7-2.6
See Tables A-7-2-6(a) and A-7-2.6(b).
Table A-7-2.6(a) Luxfer FRP Cylinders—Allowable Defect with Field Repair1
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Table A-7-2.6(b) Structural Composites Industries FRP Cylinders—Allowable Defect with
Field Repair

A-7-2.7
During refilling operations, protection should be provided from fragmentation of SCBA
cylinders.
A-7-2.9
Where individual organizations are unable to provide their own mobile air supply, such a
supply may be permitted to be provided by a mutual aid association, mobile cascade compressor
vehicle, or a vehicle that carries a large number of spare cylinders.
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Figure A-7-2.9 Spare cylinder trailer.

A-7-2.13
Filtration monitoring devices can be installed to warn of dirty or clogged filters.
Appendix B Respirator Types and Limitations
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
B-1 Limitations of Respirators.
B-1.1 Self-Contained Breathing Apparatus.
Provides respiratory protection under conditions of oxygen deficiency or in concentrations of
toxic gases immediately dangerous to life or health. The period over which the device provides
protection is limited by the amount of air in the apparatus. This type of respirator offers no
protection against skin irritation or against skin absorption of materials.
B-1.2 Air-Line Respirator.
Provides respiratory protection in atmospheres not immediately dangerous to life or health
from which the wearer can escape unharmed without the aid of the respirator. It is necessary that
sufficient oxygen be present at all times to support life. Half-mask respirators of this type
provide no protection to the eyes.
B-1.3 Combination Self-contained and Air-line Respirator.
Provides respiratory protection under conditions of oxygen deficiency or concentrations of
toxic gases immediately dangerous to life or health. By means of a small air cylinder, the wearer
is able to escape the dangerous atmosphere in case the primary air supply is interrupted. If used
for entry into atmospheres dangerous to life or health, the air line needs to be connected on entry.
This type of respirator offers no protection against skin irritation or against skin absorption of
materials.
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B-1.4 Chemical Cartridge Respirator.
Provides respiratory protection against light concentrations of certain acid gases, ammonia,
and organic vapors by utilizing various chemical filters to purify the inhaled air. It is necessary
that sufficient oxygen be present at all times to support life. Half-mask respirators of this type
provide no protection to the eyes.
B-1.5 Mechanical Filter Respirator.
Provides respiratory protection against airborne particulate matter, including dusts, mists,
metal fumes, and smoke. This type of respirator offers no protection against gases, vapors, or
oxygen deficiency. Half-mask respirators of this type provide no protection to the eyes.
B-1.6 Unusual Hazards.
Unusual factors can add new dimensions to a hazardous situation and should be considered
where using respirators. Some airborne contaminants are extremely irritating to the skin while
others are capable of being absorbed through the skin and into the bloodstream with serious,
possibly fatal, results. A facepiece or hood respirator does not provide complete protection
against such contaminants.
B-2 Respirator Selection Guide.
Tables B-2(a) and (b) provide respirator selection guides according to type and hazard.
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Table B-2(a) Respirator Selection Guide

Table B-2(b) Respirator Selection Guide According to Hazard
Hazard
Oxygen Deficiency

Respirator
A. Self-contained breathing apparatus
B. Combination air-line respirator with
auxiliary self-contained air supply or an airstorage receiver with alarm

Gas and Vapor Contaminants
Immediately dangerous to life or health

A. Self-contained breathing apparatus
B. Self-rescue respirator (for escape only)
C. Combination air-line respirator with
auxiliary self-contained air supply or an airstorage receiver with alarm

Not immediately dangerous to life or health

A. Air-line respirator
B. Air-purifying, half-mask or full facepiece respirator
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with chemical cartridge
Particulate Contaminants
Immediately dangerous to life or health

A. Self-contained breathing apparatus
B. Self-rescue respirator (for escape only)
C. Combination air-line respirator with auxiliary
selfcontained air supply or an air-storage receiver
with alarm

Not immediately dangerous to life or health

A. Air-purifying, full facepiece respirator with
appropriate filter
B. Air-purifying, half-mask respirator with filter pad
or cartridge
C. Air-line respirator
D. Air-line abrasive-blasting respirator
E. Powered air-purifying respirator

Combination Gas, Vapor, and
Particulate Contaminants
Immediately dangerous to life or health

A. Self-contained breathing apparatus
B. Self-rescue respirator (for escape only)
C. Combination air-line respirator with auxiliary
selfcontained air supply or an air-storage receiver
with alarm

Not immediately dangerous to life or health

A. Air-line respirator
B. Air-purifying, half-mask or full facepiece respirator
with chemical cartridge and appropriate filter

Appendix C Oxygen Deficiency — Immediately Dangerous to Life or Health
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
An atmosphere that causes an oxygen-partial pressure of 100 mm of mercury or less in the
freshly inspired air saturated with water vapor in the upper portion of the lungs is classified as an
oxygen-deficient atmosphere and is immediately dangerous to life or health. The rationale for
this classification is that an oxygen-partial pressure of 100 mm of mercury in the freshly inspired
air saturated with water vapor in the upper portion of the lungs corresponds to an oxygen-partial
pressure of 60 mm of mercury in the alveoli of the lungs when a carbon dioxide-partial pressure
of 40 mm of mercury is present in the alveoli of the lungs, and, at these alveolar conditions, the
hemoglobin of the alveolar blood is 90 percent saturated with oxygen. When the oxygen content
of the hemoglobin of the alveolar blood drops below 90-percent saturation, oxygen deficiency
symptoms become noticeable. Further details concerning oxygen deficiency are found in NIOSH
76-187, A Guide to Industrial Respiratory Protection, pages 16-18; Patty’s Industrial Hygiene
and Toxicology, pages 148-49; Physiology of Respiration; and A10 of the appendix of ANSI
Z88.2, Respiratory Protection.
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Appendix D Recommended Procedures for Carrying Out Qualitative Respirator Fitting
Tests
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
D-1 Irritant Smoke Test.
The irritant smoke is produced by air flowing through a commercially available stannic
tetrachloride or titanium tetrachloride smoke tube normally used to check the performance of
ventilation systems. Ventilation should be provided in the test room to prevent contamination of
the room with smoke. If the respirator wearer detects penetration of smoke into the respirator
during the test, the wearer should be permitted to readjust the seal of the SCBA. The test
operator operates the smoke tube to direct smoke over the SCBA while the wearer is inhaling,
keeping the smoke tube about 1 ft (305 mm) from the facepiece, and watches the reactions of the
wearer. If the wearer does not detect penetration of smoke into the facepiece, the test operator
moves the smoke tube closer to the facepiece and observes the reactions of the wearer. If the
smoke tube has moved to within 6 in. (153 mm) of the facepiece and the wearer still has not
detected penetration of smoke, the smoke is to be directed at potential sources of leakage (e.g.,
beneath the chin and around the cheeks, temples, and forehead) in the seal of the facepiece. If the
wearer still does not detect penetration of smoke, the wearer should perform a series of exercises
such as deep breathing, turning the head from side to side, nodding the head up and down,
frowning, and talking while smoke is directed at the respirator. If the wearer is unable to detect
penetration of smoke, a satisfactory fit has been achieved.
D-2 Odorous Vapor Test.
A material commonly used in the odorous vapor test is isoamyl acetate. The simplest means of
carrying out the test is to saturate a piece of fabric or sponge or fill a stencil brush with liquid
isoamyl acetate and then move the fabric, sponge, or stencil brush around the facepiece of a
respirator while worn. The fabric, sponge, or stencil brush should be passed close to the potential
sources of leakage in the seal of the facepiece while the wearer is inhaling and performing the
recommended exercises. If the wearer detects the odor of isoamyl acetate vapor during the test,
the wearer should be permitted to readjust the seal of the facepiece. If the wearer is unable to
detect the odor of isoamyl acetate vapor when inhaling, a satisfactory fit has been achieved.
A major drawback of a test using isoamyl acetate vapor as the test agent is that the ability to
detect odor varies widely among people. Most people can detect by odor a concentration of
isoamyl acetate vapor in air as low as 0.1 ppm by volume. After a person has been exposed to the
odor for a long period of time, olfactory fatigue can cause a failure to detect the odor of a low
concentration of isoamyl acetate vapor in air. Several hours before a facepiece fitting test is
performed, all those who are to undergo the test should first be tested to determine their ability to
detect the odor of isoamyl acetate vapor in air. It also should be noted that those being tested
have been known to indicate that they do not detect the odor when they actually do, or vice
versa.
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Appendix E Physiological and Psychological Limitations for SCBA Users
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
Paragraph 4-2.3 requires that a physician is to determine if a person should or should not wear
a SCBA. Among the conditions the physician should consider are the following:
(a) Emphysema;
(b) Chronic obstructive pulmonary disease;
(c) Bronchial asthma;
(d) X-ray evidence of pneumoconiosis;
(e) Evidence of reduced pulmonary function;
(f) Coronary artery disease;
(g) Severe or progressive hypertension;
(h) Epilepsy, grand mal or petit mal;
(i) Anemia, pernicious;
(j) Diabetes, insipidous or melitus;
(k) Breathing difficulty when wearing a SCBA;
(l) Claustrophobia or anxiety when wearing a SCBA;
(m) Abnormal EKG results from resting or stress tests;
(n) Punctured or ruptured eardrums.
Appendix F Buddy Breathing
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
Until and unless NIOSH/MSHA approves an auxiliary device for buddy breathing, the practice
of buddy breathing is not endorsed in any way. The practice of passing the SCBA facepiece back
and forth between two users is considered unsafe because highly toxic air contaminants can enter
the facepiece during the exchange of the facepiece. Furthermore, the training necessary to buddy
breathe would have to be intense and practiced continually to an extent that would be impractical
for the rare times it might be used. This is particularly true for positive-pressure SCBA. An
untrained victim could jeopardize the life of a trained member if buddy breathing were
attempted. It is recommended that a victim be carried to breathable air and resuscitation started.
This can be done in about the same amount of time that it takes to set up a buddy-breathing
operation. If the victim is pinned down and cannot be freed by the rescuer, the rescuer should
seek assistance rather than remain and also become a victim.
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However, it is also recognized that a member does not abandon a victim or a fellow member if
at all possible. There have been assertions that buddy breathing has saved a life, but there have
also been incidents where two people, rather than one, have died when it was attempted.
Circumstances can arise where one member does not hear a low-air pressure alarm and remains
in an IDLH atmosphere until the air is depleted. Again, buddy breathing could be especially
dangerous, since, by the time it is necessary, the second member is probably almost out of air
and the use of buddy breathing could result in two victims instead of one.
Therefore, it is recommended that at least one member of each team of paired members carry
an approved 5-minute escape SCBA. This device can be used for rescuing a victim who is not a
member or a fellow member whose air is depleted, or it can be given to a pinned-down person
while additional help is obtained.
Appendix G Referenced Publications
G-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
G-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA FSP-29B, Breathing Apparatus for the Fire Service, A Fire Officer’s Guide, 1975.
NFPA 49, Hazardous Chemicals Data, 1994 edition.
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition.
NFPA 1401, Recommended Practice for Fire Service Training Reports and Records, 1996
edition.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
A Fire Service Guide to the Selection, Use, Care, and Maintenance of Self-Contained
Breathing Apparatus.
G-1.2 Other Publications.
G-1.2.1 ANSI Publications. American National Standards Institute, 1430 Broadway, New York,
NY 10018.
ANSI Z88.2, Respiratory Protection, 1992.
ANSI Z88.6, Physical Qualifications for Respirator Use, 1984.
ANSI Z117.1, Safety Requirements for Confined Spaces, 1989.
G-1.2.2 NIOSH Publication.
NIOSH 76, A Guide to Industrial Respiratory Protection, pp. 16-18, 1987.
Copyright 1996 NFPA

G-1.2.3 U.S. Government Publications. U.S. Government Printing Office, Superintendent of
Documents, Washington, DC 20402.
Title 29, Code of Federal Regulations, Part 1910.134.
Title 29, Code of Federal Regulations, Part 1910.156.
Title 30, Code of Federal Regulations, Part 11.
Title 30, Code of Federal Regulations, Part 11, Subpart H.
Title 30, Code of Federal Regulations, Part 11.63(c).
Title 49, Code of Federal Regulations, Part 178.
G-1.2.4 Clayton, G. D. and Clayton, F. E., eds., Patty’s Industrial Hygiene and Toxicology, 3rd
revised edition, Vol. 1, pp. 148-49, New York: Interscience Publishers, 1978.
G-1.2.5 Conroe, J. H., Physiology of Respiration, Chicago: Year Book Medical Publishers,
1965.
G-1.2.6 Harder, Charles A., Held, Bruce J., and Cardenas, Gail J., “Operation of Self-Contained
Breathing Apparatus Exposed to High Air Temperatures,” The Official Publication of the
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NFPA 1405
Guide for
Land-Based Fire Fighters Who Respond
to Marine Vessel Fires
1996 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates a reference to
explanatory information contained in Appendix A.
Information on referenced publications can be found in Chapter 16 and Appendices C and D.

Chapter 1 Introduction
1-1 Scope.
1-1.1
This guide identifies the elements of a comprehensive marine fire-fighting response program
including, but not limited to, vessel familiarization, training considerations, pre-fire planning,
and special hazards that enable land-based fire fighters to extinguish vessel fires safely and
efficiently. In general, the practices recommended in this publication apply to vessels that call at
United States ports or that are signatory to the Safety of Life at Sea (SOLAS) agreement.
1-1.2
This document does not consider offshore terminals or vessels on the high sea.
1-2 General Information.
1-2.1
The tactics and strategies utilized to attack a fire aboard a vessel are in many ways similar to
those used routinely in attacking structure fires. However, there are many aspects of marine fire
fighting that warrant special attention because of the unique environment encountered aboard a
vessel. Ships often are compared to high-rise buildings. This is not an altogether inappropriate
comparison. However, the ventilation of a vessel fire can be more difficult to achieve and the
spread of a fire more difficult to check. The fire fighter’s natural response when confronted with
a structure fire is to act immediately. This is because most structure fires exhibit similar
characteristics that have been encountered before and thus provide a source of knowledge and
experience from which to draw. However, a major fire aboard a ship seldom occurs, and very
few fire fighters have experienced such a fire. Therefore, fires aboard ship should be approached
in a quick but safe and prudent manner. Fire fighters have come to realize that, when
approaching hazardous material incidents, it is preferable to proceed slowly rather than to react
too quickly, thus increasing risks and jeopardizing success. This is also true when fighting vessel
fires.
1-2.2
Unlike structure fires, hazardous material incidents, and many other fireground operations for
which there is extensive written material available for fire service personnel to study, there is
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relatively little information available to land-based fire fighters concerning the management of a
fire aboard a vessel. The absence of this type of information often leads fire fighters to apply
strategies and tactics associated with structure fires to fires aboard vessels. Although these
strategies and tactics are similar, it is important to recognize that there are distinct differences in
the two types of fires.
1-2.3
To address this major void in knowledge and understanding of vessel fire-fighting procedures,
the NFPA, at the request of, and in cooperation with, the United States Coast Guard (USCG) and
with the assistance of the fire service and maritime communities, has undertaken the task of
developing this guide for use by local fire-fighting organizations that could be confronted with a
fire aboard a vessel.
1-2.4
Because there is extensive written material available concerning structure fires, hazardous
material incidents, and other fireground operations, the discussion of those aspects of vessel
fire-fighting procedures that are similar is limited. Those aspects that are different are
emphasized and highlighted throughout this document.
1-3 Definitions.
Accommodation Spaces. Spaces designed for living purposes for occupants of a vessel.
Admiralty Law/Maritime Law. A court exercising jurisdiction over maritime cases.
After (Aft). The direction toward the stern of the vessel.
Anchorage. An area identified for safe anchoring. (See Section 2-6.)
Athwartship. Side to side, at right angles to the fore and aft centerline of a ship.
Ballast. A weight, liquid or solid, added to a ship to ensure stability.
Ballast Tank. A watertight compartment to hold liquid ballast.
Barge. A long, large vessel, usually flat-bottomed, self-propelled or towed or pushed by
another vessel, used for transporting materials.
Beam. The breadth (i.e., width) of a ship at its widest point.
Berth. 1. The mooring of a boat alongside a bulkhead, pier, or between piles. 2. A sleeping
space.
Berthing Area. 1. A bed or bunk space on a ship. 2. A space at a wharf for docking a ship.
Bilge. The lowest inner part of a ship’s hull.
Bitts. A pair of heavy metal posts fastened on a deck to which mooring lines are secured.
Boom. 1. A long pole extending upward at an angle from the mast of a derrick to support or
guide objects lifted or suspended. 2. A floating barrier used to confine materials upon the surface
of the water (e.g., oil).
Bow. The front end of a boat or vessel.
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Break Bulk Terminal. A terminal where commodities packaged in bags, drums, cartons, and
crates are commonly, but not always, palletized and loaded and unloaded.
Bulkhead. 1. One of the upright, vertical partitions dividing a ship into compartments and
serving to retard the spread of leakage or fire. 2. A fixed pier or wall back-filled to be continuous
with the land.
Bulk Terminal. A terminal where unpackaged commodities carried in the holds and tanks of
cargo vessels and tankers and generally transferred by such means as conveyors, clamshells, and
pipelines are handled.
Buoyancy. 1. The tendency or capacity to remain afloat in a liquid. 2. The upward force of a
fluid upon a floating object.
Car Terminal. A terminal where automobiles are the commodity handled.
Centerline. A line that runs from the bow to the stern of the vessel and is equidistant from the
port and starboard sides of the vessel; also known as the “lubber’s line.”
Chief Mate. The deck officer immediately responsible to the vessel’s master. (Also see Mate).
Coaming. The raised framework around deck or bulkhead openings to prevent entry of water.
Cofferdam. A void between the compartments or tanks of a ship for purposes of isolation.
Companionway. An interior stair-ladder used to travel from deck to deck, usually enclosed.
Container Terminal. A terminal that is designed to handle containers that are carried by truck
or rail car where transported over land.
COTP. United States Coast Guard Captain of the Port. The Captain of the Port has broad
powers over all vessels in the area.
Damage Control Locker/Emergency Gear Locker. A locker used for the storage of emergency
equipment.
Deck. A platform (floor) extending horizontally from one side of a ship to the other.
Dewatering. The process of removing water from a vessel.
Double Bottom. A void or tank space between the outer hull of the vessel and the floor of the
vessel.
Draft. The depth of a vessel’s keel below the waterline.
Drafting. The act of acquiring water for fire pumps from a static water supply by creating a
negative pressure on the vacuum side of the fire pump.
Dry Bulk Terminal. A terminal equipped to handle dry goods that are stored in tanks and holds
on the vessel.
Dunnage. Loose packing material (usually wood) protecting a ship’s cargo from damage or
movement during transport.
Escape Trunk. A vertical trunk fitted with a ladder to allow trapped personnel to escape if
trapped.
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Fantail. The stern overhang of a ship.
Fire Control Plan. A set of general arrangement plans that illustrate, for each deck, the fire
control stations, fire-resisting bulkheads, and fire-retarding bulkheads, together with particulars
of the fire detecting, manual alarm, and fire extinguishing systems, fire doors, means of access to
different compartments, and ventilating systems, including locations of dampers and fan
controls. The plans are to be stored in a prominently marked weathertight enclosure outside the
deckhouse for the assistance of shoreside fire-fighting personnel.
Fire Station. A location for the fire-fighting water supply outlet, hose, and equipment onboard
ship.
Fire Warp. Wire rope or other fireproof materials of sufficient strength to tow the vessel in the
event of fire. Fire warp should be hung from the forward and after ends of the vessel at a position
that allows easy retrieval by a vessel for towing; the other end of the fire warp is attached
securely to the vessel.
Force Majeure. See Section 15-4.
Forecastle (fo’c’s’le). The section of the upper deck of a ship located at the bow, forward of
the foremast. A superstructure at the bow of a ship where maintenance shops, rope lockers, and
paint lockers are located.
Forward (Fore). The direction toward the bow of the vessel.
Frame. The structural members of a vessel that attach perpendicularly to the keel to form the
ribs of the vessel.
Freeboard. The vertical distance between the waterline and the main deck.
Gangway. The opening through the bulwarks (sides) of a ship or a ship’s rail to which an
accommodation ladder used for normal boarding of the ship is attached.
Gunwale. The upper edge of a side of a vessel or boat designed to prevent items from being
washed overboard.
Heeling. 1. Tipping to one side. 2. Causing a ship to list.
Hogging. Straining of the ship that tends to make the bow and stern lower than the middle
portion.
House. A superstructure above the main deck.
International Shore Connection. A universal connection to the vessel’s firemain to which a
shoreside fire-fighting water supply can be connected. This allows use of the vessel’s fire
stations and associated hoses. This connection is required on all vessels over 500 gross tons (454
m tons) subject to SOLAS, and on U.S.-inspected vessels over 1000 gross tons (907 m tons).
(See Section 2-13.)
Jacob’s Ladder. A rope or chain ladder with rigid rungs.
Keel. The principal structural member of a ship, running fore and aft on the centerline,
extending from bow to stern, forming the backbone of the vessel to which the frames are
attached.
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Ladder. All staircases, often nearly vertical, onboard vessels.
List. An inclination to one side; a tilt.
Main Deck. The uppermost continuous deck of a ship that runs from bow to stern.
Master. The captain of a merchant ship.
Mate. A deck officer on a merchant ship ranking below the master.
Mooring. 1. Equipment, such as anchors, chains, or lines, for holding fast a vessel. 2. The act
of securing a vessel. 3. A location at which a vessel can be moored. 4. Any location where a boat
is wet-stored or berthed. Locally, it might be used to differentiate between permanently anchored
moorings and slips.
Overhead. The vessel equivalent of a ceiling.
Passageway. A corridor or hallway.
Platforms. 1. Any flat-topped vessel, such as a barge, capable of providing a working area for
personnel or vehicles. 2. A partial deck in the machinery space.
Port Side. The left-hand side of a ship when facing forward.
Riser. A pipe leading from the firemain to the fire station (hydrants) on upper deck levels.
Roll-on/Roll-off (ro/ro). A form of cargo-handling utilizing a vessel designed to load or unload
cargo that rolls, such as automobiles or tractor trailer units.
Sagging. Straining of the ship that tends to make the middle portion lower than the bow and
stern.
Sail Area. The area of the ship that is above the waterline and that is subject to the effects of
wind, particularly a crosswind on the broad side of a ship.
Scupper. An opening in the side of a vessel through which rain, sea, or fire-fighting water is
discharged.
Shaft Alley. A narrow, watertight compartment through which the propeller shaft passes from
the aft engine room bulkhead to the propeller.
Shaftway. A tunnel or alleyway through which the drive shaft or rudder shaft passes.
Should. Indicates a recommendation or that which is advised but not required.
SOLAS. The International Convention for the Safety of Life at Sea, 1974.
Starboard Side. The right-hand side of a ship as one faces forward.
Stern. The after end of boat or vessel.
Stevedore. A person employed for the loading and unloading of ships, sometimes called a
longshoreman.
Superstructure. An enclosed structure above the main deck that extends from one side of the
vessel to the other.
Tank Top. The lowest deck, top plate of the bottom tanks.
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Tides. The periodic variation in the surface depth of the oceans, and of bays, gulfs, inlets, and
tidal regions of rivers, caused by the gravitational pull of the sun and moon.
Towboat. A powerful, small vessel designed for pushing larger vessels.
Tug. A powerful, small vessel designed for towing larger vessels.
Tween Decks. Cargo decks between the main deck and the lower hold.
Ullage Hole. An opening in a tank hatch that allows measuring of liquid cargo.
USCG. United States Coast Guard.
Vertical Zone. The area of a vessel between adjacent bulkheads.
Watertight Bulkhead. A bulkhead (wall) strengthened and sealed to form a barrier against
flooding in the event that the area on one side fills with liquid.
Watertight Door. A door that is designed to keep water out.
Watertight Transverse Bulkhead. A bulkhead through which there are no openings and that
extends from the tank top up to the main deck, built to control flooding.
Winches. A stationary, motor-driven hoisting machine having a drum around which a rope or
chain winds as the load is lifted.
Chapter 2 Marine Environment
2-1 Introduction.
This chapter describes the elements of the physical marine environment that can be
encountered by those involved in managing a fire aboard a vessel. An understanding of these
elements is necessary to plan for the changing conditions that occur during a vessel fire. Local
sources of expertise that are available to provide specific information on the marine environment
should be identified during the planning stages.
2-2 Tides and Currents.
Tides and currents are critical to the fire officer, since they produce vertical and horizontal
movement of the vessel; equipment, such as hoses and ladders, that is attached to the vessel, as
well as “drafting” operations from docks and piers, can be adversely affected.
Tides are the daily changes in the depth of the water. Depending upon location, this change
can vary from unnoticeable to more than 30 ft (9.2 m). Changes in the tide should be considered
when mooring or anchoring a vessel and during fire suppression activity. The vessel can become
grounded, which, in turn, can cause listing or capsizing.
Currents can result from tide changes and river flow. Tidal currents change direction at
predictable intervals. River flow increases or decreases the tidal current. The river flow rate
usually increases during spring runoff and decreases during summer and fall droughts.
Currents affect the movements of vessels and boats. They put additional strain on the mooring
system of a vessel and can even compromise a weakened system. When currents hit obstructions
in the water, such as piers, they often change direction and form whirlpools and eddies. Fireboats
and rescue boats maneuvering around piers can find it very difficult to maintain their position in
Copyright 1996 NFPA

these swirling waters. People who fall overboard into strong currents can be pulled under piers,
barges, or vessels by these currents and can become trapped underneath them.
The coast guard, the vessel crew, and others who work in the port can estimate tides and tidal
currents from Tide Tables and Current Tables produced by the National Oceanic and
Atmospheric Administration. For local conditions around piers and in channels, docking pilots
and channel pilots should be consulted.
2-3 Weather.
Observing and reporting the actual weather conditions at the site of an incident is of critical
importance to planning and executing an effective response. Observations of the on-scene
weather conditions should be reported to the command post at regular intervals. Changes in
on-scene weather conditions also are to be reported as soon as they are recognized.
A variety of weather forecasting information sources might be available to the incident
commander for planning and modifying fire-fighting strategies. Local National Weather Service
(NWS) offices might be able to provide weather forecasts that are specific to the location and
nature of the incident. Continuous weather forecasts are broadcast by the National Oceanic and
Atmospheric Administration (NOAA) on VHF-FM channels. The USCG has maritime weather
observations and forecasts available for use by the incident commander. Local airport FAA
offices might make aviation weather observations and forecasts available.
Weather conditions over water are often different from the weather experienced over land.
Rapid changes of the weather occur frequently in coastal areas and can take incident responders
by surprise. Weather observations and forecasts for offshore conditions can become less accurate
as the distance from shore increases.
The wind speed and temperature over water can be expected to be different from conditions
observed over land. Temperatures over water can be a few degrees warmer during the winter but
cooler during the summer. A breeze can be blowing along the coast even when it is calm inland
because of this temperature difference. Winds can be stronger along the coast or in harbors
where there are few obstructions.
2-4 Vessel Traffic.
The amount and type of vessel traffic vary from port to port, within a port, and along
waterways. Vessels, such as fishing vessels, sailboats, pleasure boats, naval vessels, and
deep-draft vessels, all present different traffic problems. The Coast Guard Captain of the Port has
the authority and resources to control vessel traffic in the harbor. (See Chapter 12 for further
information.)
2-5 Channels and Navigation.
Nautical charts are maps of a harbor that indicate the channels used by vessels to enter and
leave a port. They also provide the projected depth of the channels and the buoys and beacons
that mark the channel.
Vessel movements are governed by the Rules of the Road (Navigation Regulations) and harbor
regulations where applicable. Many larger vessels are under the guidance of a local professional
pilot(s) who has extensive knowledge of local conditions.
2-6 Designated Fire-Fighting Anchorage and Piers.
The USCG determines the locations of fire-fighting anchorages in the port and along
Copyright 1996 NFPA

waterways. The USCG also enforces the anchorage regulations. Moving a burning vessel to an
anchorage often reduces exposure problems but could increase access and pollution problems.
Even if a sufficient number of vessels or platforms can be obtained to gain access to the vessel,
fighting a fire from a platform while exposed to the weather and currents is much more difficult
than fighting a fire from a pier. An anchorage can be an excellent temporary location for the
vessel while fire-fighting resources are being coordinated and a more advantageous location is
sought.
Designated piers and anchorages should be, and usually are, provided in the “U.S. Coast Guard
Firefighting Contingency Plan” for the area. (See Chapter 12.)
2-7 Bottom Conditions.
Bottom conditions should be evaluated when a vessel is anchored or moored. An anchor might
fail to hold on a rocky bottom while it could hold too well on a muddy bottom, making it
difficult to pull up. The nautical chart of the area identifies the bottom conditions (e.g., mud,
sand, rock, wrecks). When a vessel is moored to a pier and in danger of settling to the bottom
due to an excess of fire-fighting water, the slope of the bottom determines how the vessel comes
to rest. At some piers, the bottom is sloped steeply toward a deeper channel. A vessel settling on
this bottom can slide out toward the channel or capsize.
2-8 Marine Terminal Types.
Marine terminals vary in characteristics such as type, size, age, construction, and
cargo-handling and fire-fighting equipment. The different types of marine terminals are as
follows:
(a) Liquid Bulk Terminal. Transfers liquids such as oils, chemicals, and liquefied gases from
tank vessels, through a fixed pipeline, and to large onshore storage tanks;
(b) Dry Bulk Terminal. Transfers items such as cement, grain, coal, salt, and fertilizer in bulk
quantities, usually using bucket cranes and conveyor belts; storage is in piles on the ground or in
large warehouses;
(c) Container Terminal. Transfers containers [8.5 ft to 9.5 ft high × 8 ft wide × 20 ft to 40 ft
long (2.6 m to 2.9 m high × 2.4 m wide × 6.1 m to 12.2 m long)] from vessels to ground storage,
chassis, or rail cars using specialized movable cranes;
(d) Break Bulk Terminal. Transfers non-bulk cargo, such as raw rubber, lumber, bags of cocoa
and coffee beans, steel coils, and heavy machinery, to large transit sheds and warehouses using
the ship’s equipment or cranes; this method is very labor intensive;
(e) Motor Vehicle Terminal. Transfers vehicles that are driven from large car carriers to large
storage parking lots on the terminal;
(f) Roll-on/Roll-off Terminal. Transfers freight containers on transportation means such as
chassis, trailers, and motor vehicles that are driven on or off the vessel using special piers or
vessel ramps, or both;
(g) Rail Terminal. Transfers railcars that are driven on or off the vessel on tracks located on
the vessel and terminal and connecting the vessel and terminal;
(h) Ferry/Passenger Terminal. Transfers passengers, their vehicles, their baggage, and other
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belongings; the operations at a large cruise ship terminal are similar to those at an airport.
2-9* Piers and Wharves.
Piers and wharves are constructed from materials that vary from concrete pilings and surfacing
to wooden pilings with wooden or concrete decking. Ideally, vessel fires should be fought from
concrete piers or wharves. The construction of buildings on piers and wharves also varies
considerably.
2-10* Shipyards and Dry Docks.
Because of the nature of the work [e.g., welding, burning (cutting), grinding], many vessel
fires have occurred in shipyards and dry docks. These areas are typically crowded with people
and machinery. Ship systems, including fire-fighting systems, can be inoperable due to repair.
Access to the pier or dry dock is difficult. A vessel in a dry dock might stand 100 ft (30.5 m) out
of the water with only one gangway leading into the ship from the top of the dry dock. Openings
might be cut in the vessel, which contribute to the spread of smoke and fire.
2-11 Moorings.
Vessels are moored to piers and wharves using wire or rope lines. Efforts should be made to
protect mooring lines so that they do not burn through or break, setting the vessel adrift. On
deck, mooring lines usually are handled on large power winches. Without power to these
winches, mooring a vessel becomes very difficult. During vessel incidents, operation should be
clear of any monitor mooring lines. If the vessel stability changes, mooring lines can be strained
to the point of parting or separation, causing a hazard for emergency personnel.
2-12 Cranes.
Vessels often have their own cargo-handling gear (cranes and booms), which could be useful
during a fire. At terminals, cargo-handling cranes come in various shapes, sizes, and capacities.
They range from large container and derrick cranes to small mobile cranes. Marine construction
companies usually operate cranes on barges that can be towed throughout the port. They can be
useful if ship or terminal cranes have been damaged or cannot be used.
2-13* Shoreside Fixed Fire-Fighting Equipment.
Some piers and wharves are equipped with fixed firemain and potable water systems. The
connections to these systems need to be examined to ensure that fire-fighting equipment can be
connected to them. There is a way to connect a shore firemain system to a vessel firemain system
by connecting two “international shore connections” (see Figure 2-13). The ship’s international
shore connection connects to the ship’s firemain and provides a standard international flange,
while the shore international shore connection connects to the shore firemain and provides
another standard international flange. These flanges can be bolted together to connect the two
systems. The ship’s international shore connection is required on all commercial vessels;
however, there is no requirement to have a shore international shore connection. Therefore, each
responding fire department should have its own international shore connection to adapt to the
fire department thread. The international shore connection is only tested to 150 psi (1034 kPa).
Care should be taken to avoid overpressurizing this device or the ship’s firemain system.
Therefore, it is strongly recommended that the ship’s flange be connected directly to the vessel’s
firemain, if possible, and not to the vessel’s fire hose.
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Figure 2-13 Ship international shore fire connection.

2-14 Shore Connections.
Vessels sometimes take on potable water and fuel and sometimes are connected to shoreside
electricity, sanitary water and sewer, bilge water, telephone, and other services while at a pier.
These connections might need to be disconnected during fire-fighting efforts. (See Figure 2-14.)
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Figure 2-14 International shore connection.

Chapter 3 Vessel Familiarization
3-1 Ship Construction.
Modern ships are constructed mainly of steel plates that are welded together, including the
decks and vertical framing. The interior bulkheads can be made of steel or other materials,
provided that they meet the fire-resistive requirements of the bulkhead.
Aluminum and other alloys sometimes are used in noncritical areas. Structural aluminum
normally is found only above the main deck. The heat of a shipboard fire causes aluminum
structures to sag or melt much more quickly than steel structures.
Composite materials, metal, or cored laminated panels are often used for bulkheads in
accommodation and berthing areas.
Bulkheads can be rated in a manner similar to partitions in buildings.
Table 3-1 Bulkhead Rating1
Classification

Rating

A-60

1 hour

B-30

30 minutes
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C

No rating

1 See Title 46, Code of Federal Regulations, 72.05 - 72.10, for additional
information.

3-1.1 Ship Structure.
Ships are framed in a manner similar to buildings. The outer shell or plating and the decks
provide the main frame of the ship. The main girder of the vessel is called the keel. [See Figures
3-1.1(a) and (b).]
Frames, similar to human ribs, provide the internal structure to support the decks and outer
shell. Frames are numbered sequentially but vary as to point of reference. Numbering begins
from the bow, stern, or amidships. The compartments also are numbered. The starboard side
compartments are odd-numbered, and the port side compartments are even-numbered.
Decks on military ships decks usually are numbered. Decks on merchant vessels are named or
numbered.
Military ship decks above the main deck are numbered as “01,” “02,” “03,” etc. The higher the
number, the higher the deck in the superstructure. Decks below the main deck are numbered as
“lst deck,” “2nd deck,” “3rd deck,” etc. The larger the number, the lower the deck within the
hull.
Merchant vessel decks are named or numbered, or both. Names vary from vessel to vessel and
even within the same vessel. It is important for fire fighters to refer to the vessel’s general
arrangement plan to determine the correct deck name or number for a specific vessel. [See
Figure 3-1.1(b).]
Ships are divided into zones by fire-resistive bulkheads and decks. The location of bulkheads
and decks can be determined by referring to the ship’s fire control plan.
The doors separating the vertical zones are to have the same rating as the bulkhead.
Below the main deck, the doors can be remote controlled or manually operated watertight
doors, or they can be standard fire doors.

Copyright 1996 NFPA

Figure 3-1.1(a) Pre-1949 convention compartment identification system.
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Figure 3-1.1(b) Post-1949 convention compartment identification system.

3-1.2 Construction.
During construction, U.S. flag vessels are rigidly inspected by the Coast Guard. Penetrations
are sealed or protected by dampers at vertical zones.
Between the vertical zones, penetrations in bulkheads, framing, and decking may be permitted.
These penetrations can cause hidden spaces to be created.
Other concealed spaces can be created due to cofferdams, shaftways, double bottoms and
intakes, or discharges.
As ships age, the integrity of the vertical zones tends to diminish.
3-2 Interior Arrangements.
The sizes of a ship’s interior spaces, ladders, companionways, and passageways are much
smaller than those found in a building. It is difficult for two people to walk abreast in some
passageways.
The cabins or berths usually are smaller than those found in a hotel.
Stairs are called “companionways” or “ladders.” They often are steep and narrow, as well as
open at the back.
The machinery spaces on a ship can be very large, since they commonly contain the equipment
used to produce the ship’s electrical and propulsive power.
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Each self-propelled vessel is to have at least two electric-generating sets. Additionally, an
emergency source of power (battery or generator, or both) is to be provided.
On most U.S. flag vessels, lighting for engine rooms, boiler rooms, and auxiliary machinery
spaces is supplied by two or more electrical feeders.
Because of the oils and fuels used in the machinery spaces, everything in the space should be
considered to have a coating of oil upon it and, therefore, could be slippery, especially when wet.
Much of the decking in the machinery spaces is open-webbed grating to reduce the chance of
slipping. If the fire is underneath the open-webbed or expanded metal decking (grating), the
flames and heat pass through and can cause injury and early structural failure.
Because of the critical nature of these spaces, they usually are protected by manually activated
extinguishing systems.
All the separate compartments in the main machinery spaces require at least two exits. One of
these exits is usually an escape scuttle to the deck above.
Cargo storage areas (holds) are large spaces in which cargo is carried. These spaces usually
have hatch covers at the main deck level through which cargo is handled. There also might be
covers on the decks below. If the ship is in port, these covers could be open, posing considerable
risk to people on deck, particularly in a smoke-filled environment. Generally, these spaces are
required to be equipped with manually operated suppression systems. Holds can have
mezzanines called “’tween decks” to increase storage capacity.
Tanks are holds designed to contain liquids. The tanks are emptied by the use of pumps that
are aboard ship.
Ships are equipped with fire pumps that supply firemains, which are similar to standpipes in
buildings. At least one of these pumps is to have an alternate or emergency source of power.
Self-propelled vessels and some barges are equipped with fire pumps that supply firemains
that are similar to standpipes in buildings. Where two or more fire pumps are required, the
pumps are to be arranged with separate sea connections and sources of power so that a fire in any
one space cannot put all of the fire pumps out of operation.
3-3 Types of Ships.
There are many types of ships that utilize the ports in the United States, but they can be
classified into several main types. The vessels that are flagged/registered as American vessels
comply with a slightly different set of rules than do vessels that are flagged by foreign countries.
Those countries other than the U.S. participating in the Safety of Life at Sea (SOLAS)
convention should comply with the SOLAS standards. Some vessel categories to which SOLAS
does not apply include cargo vessels under 500 gross tons (454 m tons) (most offshore supply
vessels) and vessels not propelled by mechanical means (barges and sail training ships). The
major types of vessels are as follows:
(a) Dry Bulk Carriers. Dry bulk carriers typically carry goods such as grain, coal, iron ore, and
scrap steel in large cargo holds [see Figure 3-3(a)]. The hazards associated with fires on these
types of vessels can be compared to the hazards of grain silos, such as spontaneous combustion,
dust explosions, and expansion of product due to the addition of water, with the added problem
of instability. Additional care is to be taken because of the large deck openings into the holds.
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Figure 3-3(a) Dry bulk carrier.

(b) Break Bulk Carriers. Break bulk carriers are ships that carry dry cargo in smaller parcels
such as crates, bags, or barrels [see Figure 3-3(b)]. Break bulk carriers also can contain dunnage
(usually wood) used to support and separate cargo. Break bulk carriers can carry hazardous
materials in their holds.
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Figure 3-3(b) Break bulk carrier.

(c) Ro/Ro (Roll-on/Roll-off) Ships. Ro/Ro (roll-on/roll-off) ships are ships that carry
automobiles and other vehicles. They are designed specially to carry as many vehicles as
possible. These vessels can have low overheads, many decks, and sometimes straight, flat sides.
(d) Container Ships. Container ships are specialized carriers that carry break bulk goods in
steel or aluminum containers [see Figure 3-3(d)]. Large container ships carry as many as 4000
20-ft (6.1-m) containers in holds and above deck.
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Figure 3-3(d) Container carrier.

(e) Liquid Bulk Carriers. Liquid bulk carriers are called “tankers” and are capable of carrying
tremendous quantities of liquids in specially designed holds called “tanks” [see Figure 3-3(d)].
Tankers are sized according to volume, the smallest being called a “handy size tanker” and the
largest being called an “ultra-large crude carrier” (ULCC). The fire officer should become
familiar with the sizes and types of tankers that call at the port. Some tankers carry different
liquids in different tanks. Some carry 40 or more different liquids and are known as “drugstores.”
A tanker also has the ability to pump off its own cargo during the off-loading process. Because
of the pumps, there often is a great deal of piping on the main deck of the tanker. Care should be
taken to preserve the integrity of the piping.
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Figure 3-3(e) Liquid bulk carrier.

(f) Passenger Vessels. Passenger vessels can carry several thousand people. Although the
passenger spaces are similar to those in a hotel, there are several differences that should be
noted. The corridors (passageways) are considerably more narrow than those in a hotel. The
rooms also are smaller. The areas to which people can be evacuated on a ship are limited.
(g) Ferries. Ferries usually are a combination of automobile carriers and passenger vessels that
traverse smaller bodies of water, such as harbors, lakes, and rivers. Ferries usually resemble
floating parking garages with large, undivided spaces.
(h) Barges. Barges can carry any material that is carried by a larger ship. Barges often are used
where deep-draft vessels cannot travel. Many barges can be tied together to form a “tow,” which
resembles a raft floating on the water.
(i) Multipurpose Ships. Multipurpose ships are designed to carry a variety of cargoes at the
same time. Special systems are available to transport break bulk, refrigerated (frozen), and liquid
cargoes. [See Figure 3-3(i)].
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Figure 3-3(i) Multipurpose ship.

(j) Lighter-on-Board Ships. Lighter-on-board ships carry smaller barge-like craft called
“lighters,” which ferry cargo from a ship anchored in deep water to shallow water ports. The
lighters usually are loaded aboard the ship through openings in the stern or are lifted aboard by
large ship-mounted cranes.
3-4 Ship Personnel.
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3-4.1 Captain.
The captain, or master, of the ship is ultimately responsible for all that happens to and upon the
ship. The captain has ultimate control over the safety of the vessel. However, the safety of the
port is the responsibility of the United States Coast Guard Captain of the Port.
Liaison with the captain is to be established as a priority item at the outset of any incident.
Courtesy and cooperation with the captain greatly enhance any operations aboard the ship. The
captain will provide information on the sequence of events and the actions taken prior to the fire
department’s arrival. The captain also should know which systems aboard ship are available and
can be used.

Figure 3-4.1 Command organizational structure.

3-4.2 Deck Department.
The deck department consists of one or more mates and other sailors. In port, the mates often
are responsible for the cargo functions of the ship, including on-loading and off-loading.
The chain of command flows from the captain to the chief mate (see Figure 3-4.1). The chief
mate is responsible for stowage of the cargo and the maintenance of the ship’s stability. The
chief mate can have several assistant mates who assist in the performance of assigned duties.
3-4.3* Engineering Department.
The engineering department on a ship is responsible for the ship’s propulsion and steering, as
well as all of the ship’s mechanical and electrical systems.
The engineering department is led by a chief engineer who can have several assistants who
assist in maintaining the ship’s systems.
3-4.4 Steward Department.
A large steward department is found on ships that carry passengers. This department is similar
in function to the staff at a hotel. It is responsible for passenger comfort.
Typically, the department is led by a chief steward, who is responsible for a large staff. This
department is the source of most knowledge regarding passenger accommodations.
3-4.5
A ships’ crew can be made up of people of various nationalities. As a result, there could be
serious communication problems because of language barriers. The level of fire-fighting
expertise and willingness to get involved in incident mitigation can vary from vessel to vessel.
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3-5 Shipboard Fixed Systems.
3-5.1 Introduction.
Ships, unlike barges, have built-in fixed fire systems to extinguish shipboard fires. Experience
has encouraged ship designers to improve these systems to a high degree of efficiency. Crews
generally are trained to use these systems. However, the number of trained crew members aboard
a ship during a fire emergency and the initial damage done by a fire to the equipment or access to
the fire system can render the condition of the system suspect. The system might or might not be
operating properly. It might or might not have been used properly by the ship’s crew and could
be partially or fully expended.
3-5.2 Common Problems and Concerns.
3-5.2.1 Maintenance. While a marine environment demands the best of maintenance programs,
continuous changes in operating personnel can result in ship systems that are not as well
maintained as those that are based on land.
3-5.2.2 Hardware Compatibility. With the exception of U.S. ships, components of shipboard
systems are supplied by companies throughout the world in many configurations. Fittings and
thread types and sizes are examples of equipment that could prevent a land-based fire fighter
from connecting to a shipboard system.
3-5.3 Firemain Systems.
The primary intent in the design and construction of a firemain system is to provide the crew
with protection for its ship. Therefore, such systems are designed for use by nontrained fire
fighters. The design intent is similar to that of Class II standpipe systems as defined in NFPA 14,
Standard for the Installation of Standpipe and Hose Systems.
3-5.3.1 Firemains. Firemains are configured either as loops or as “dead-end” (riser) mains. The
loop obviously is preferred, because a break on the firemain between the pump and the fire can
be valved off and water can be pumped to the fire from an alternate route.
3-5.3.2 Branch Lines. Branch lines run from the firemain to the fire station. The pipe diameter
is usually 11/2 in. to 21/2 in. (38 mm to 64 mm) or the equivalent.
3-5.3.3 Fire Stations. Fire stations usually consist of a hydrant with the required hose and
nozzles. Stations should be located so all portions of a ship can be reached by streams from two
separate fire stations.
3-5.3.4 Fire Pumps. Fire pumps aboard ships vary greatly in capacity, but they usually are
designed to provide much less water than their land-based counterparts. For this reason,
augmenting or bypassing the ship’s fire pump should not be done without careful consideration.
Overpressurization can cause rupture of the piping or result in the operation of the relief valve.
Relief valves might be set as low as 125 psi (862 kPa). Some relief valves dump water into the
engine room compartment, causing flooding.
3-5.3.5 International Shore Connection. The international shore connection is a device that has
the ship’s coupling on one end and an adjustable flange on the other end. Shoreside fire
departments need to provide the opposite connector, which consists of an adjustable flange on
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one end and the fire department’s coupling on the other.
3-5.4 Water Sprinkler Systems.
Sprinkler systems are not widely used aboard U.S. vessels due to the construction methods
employed. The most common use of sprinkler systems by U.S. vessels is for the protection of
living quarters, ammunition lockers, public spaces and adjacent passageways, or vehicular decks
on roll-on/roll-off vessels and ferries. Their primary function is to protect the vessel’s structure
and limit firespread while providing escape routes.
3-5.4.1 Components. Sprinkler system components are similar to those of the land-based
systems of the country that constructs the vessel. Exceptions relate primarily to the system’s
connection to the water supply. The source of water for all shipboard water systems is through
the sea suction (strainer), which is to be kept free of debris in order to remain effective.
3-5.4.2 System Types. Sprinkler systems are usually of the automatic (wet pipe) or manual
(deluge type without detection) type. If the system is charged (wet pipe), a pressure tank
maintains the necessary pressure. Piping and tanks are filled with fresh water. Dry-pipe systems
are common if the system is subject to freezing.
3-5.4.3 Stability. One of the greatest concerns for all water systems is the effects of the usage of
water on the vessel’s stability. The amount of time the system has been in operation and the
system’s flow rate should be obtained immediately upon the arrival of the fire department. The
ship’s fire plan should be consulted for the location of the system or the zone control valves, or
both.
3-5.5 Spray Systems (Exposure Protection).
Spray systems are similar to manual sprinkler systems, except that heads or spray nozzles are
installed so that their streams are directed at the area to be protected/cooled.
3-5.6 Foam Systems.
Foam systems usually are designed to protect only engine rooms or cargo storage areas, or
both. The duration of foam discharge is limited, and water usually continues to flow after the
foam concentrate supply is exhausted. The ship’s fire plan should be consulted for information
regarding these factors.
3-5.6.1* Foam Proportioning. Ship systems use various methods of mixing water, foam
concentrate, and air to produce foam. The ship’s fire plan should be consulted to determine
whether the system can be resupplied with foam concentrate or pressure can be augmented.
3-5.6.2 Low-Expansion Foam Systems. Low-expansion foam systems provide vapor
suppression with foam blankets that are applied directly to flammable liquids. To be effective,
coverage needs to be complete. The quantity of foam needed is calculated according to the total
surface area of the area to be protected. These systems are installed in engine rooms as well as
cargo areas.
3-5.6.3 High-Expansion Foam Systems. High-expansion foam systems provide vapor
suppression by completely filling the volume of the space protected. These systems are installed
in enclosed spaces such as engine rooms. Flooding a compartment with high-expansion foam
results in reduced visibility for fire fighters.
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3-5.7* Carbon Dioxide (CO2) Systems.
Carbon dioxide systems are designed to protect enclosed spaces or portions thereof. They are
used to protect cargo spaces, pump rooms, generator rooms, and engine rooms. Some smaller
systems are used to protect areas such as paint lockers, galley ranges, and duct systems.
3-5.7.1 Life Hazard. Although CO2 is a mildly toxic gas, it is extremely hazardous to humans
when present in concentrations sufficient to extinguish shipboard fires (upwards of 30 percent by
volume in many cases). Also, visibility usually is obscured during discharge of CO2. For these
reasons, entry into spaces where CO2 has been discharged never should be attempted without
SCBA.
3-5.7.2 Predischarge Warning. Due to the life hazard posed by CO2, a predischarge warning
alarm is to be installed in all spaces protected by CO2 systems. Following evacuation, all doors,
hatches, ventilation, and other openings are to be closed or covered and all machinery is to be
shut down. The ship’s fire plan should be consulted for instructions on these procedures.
3-5.7.3 System Operation. If the system has not been discharged prior to the arrival of the fire
department, the fire plan should be consulted and procedures for discharging agent should be
followed carefully. Assistance from the crew should be obtained where available. If the system
has not been discharged and personnel are to work in the space, provisions should be made to
ensure that the system cannot be inadvertently discharged. In addition to a predischarge warning,
discharge delays normally are required for spaces used by personnel to allow for escape. CO2
systems, like other shipboard fixed fire protection systems, are difficult to support or augment
from outside sources. It is critical that no agent be wasted. Once the involved space has been
properly prepared and the system discharged, the on-scene personnel should not enter the space
prematurely. Qualified personnel with appropriate testing equipment should be used to test
involved areas to ensure the fire is out before opening the fire scene to outside oxygen sources.
Cargo fires can take many days to extinguish with CO2.
3-5.7.4 System Types.
3-5.7.4.1 Total Flooding. Total flooding systems are designed to protect entire spaces such as
engine rooms and cargo holds (larger, manually activated-type systems) or equipment storage
areas (smaller, automatically activated-type systems).
3-5.7.4.2 Local Application. Local application systems are designed to apply CO2 directly to
the hazard that is being protected (pumps, motors, electrical equipment).
3-5.7.5 System Storage.
3-5.7.5.1 Low Pressure Systems. Low pressure systems are seldom used aboard ship. The
advantage of the reduction in the storage space needed is offset by the difficulties of servicing
the system. These systems can be found on foreign vessels and ro/ro vessels.
3-5.7.5.2 High Pressure Systems. High pressure systems can contain a large number of
cylinders (often in excess of 100). They can be located in a designated storage area. Prior to the
system’s actuation, all cylinder fittings should be checked for tightness, as they might have been
connected improperly following servicing. Excessive leaks in system piping can result in the
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storage room atmosphere becoming unsafe. Precautions should be taken to protect the personnel
in this area.
3-5.7.6 Delayed Discharge. If all cylinders are not needed on initial discharge, they can be
discharged at appropriate intervals to maintain proper concentration levels. Engine rooms might
need all available CO2, while cargo spaces might need a partial discharge.
3-5.8 Halon Systems.
Marine halon systems are used primarily to protect the same types of hazards for which
land-based halon is used (e.g., electronics equipment, high value records, machinery spaces,
pump rooms). These systems usually are smaller in size and generally use the same design
criteria found in NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems.
“Pre-engineered” systems are smaller systems that protect areas such as unattended engine
spaces on small craft.
3-5.9 Dry Chemical Systems.
Dry chemical systems usually are designed to protect galley ranges and duct systems. On
liquefied gas carriers, fixed dry chemical systems are installed to protect cargo deck areas and
loading station manifolds.
3-5.10 Twinned Agent Systems.
Twinned agent systems are used on some ships to protect helidecks or other areas where
flammable liquids might be handled. They contain potassium bicarbonate-type dry chemical for
knockdown and aqueous film-forming foam (AFFF) for vapor coverage.
3-5.11 Steam Systems.
Steam for smothering fires usually is generated by main or auxiliary boilers. To be effective,
the steam pressure needs to be 100 psi (690 kPa) or greater. The output of the steam-generating
equipment should be 1 lb (0.45 kg) of steam per hour for each 12 ft3 (0.03 m3) of volume
protected. These systems are not common in the marine industry today but can be found on older
vessels. Under no circumstances should steam systems be used on nitrates, sulfates, or
explosives. The steam extinguishing systems should be operated only by the ship’s crew.
3-6 Ship’s Operating Systems.
3-6.1 Introduction.
Because a ship is a self-contained unit, its operation is dependent upon and comprised of
various internal systems and sources or power. These sources provide power for functions such
as movement, electricity, HVAC, water/sewage, and cargo-handling capability.
Paragraphs 3-6.2 through 3-6.8 provide the land-based fire fighter with a general
understanding of these systems.
3-6.2 Generators.
Vessels are equipped with their own electrical generating systems. Electrical power is supplied
throughout the ship by various distribution systems. Generators usually are driven by steam
turbines or diesel engines. Most ships also have a self-starting emergency generator that supplies
vital equipment and emergency lighting; most small vessels [less than 500 gross tons (454 m
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tons)] and barges have a manually connected emergency power source or none at all. While in
port, the vessel might draw its electrical power from shore.
3-6.3 Ventilation.
Most ships are a maze of enclosed metal spaces that need to be provided with air exchanges on
a regular basis. Exchanges usually are accomplished by mechanical systems that can be similar
to those in structures.
Usually, the initial procedure during a ship fire is to shut down all ventilation systems during
the containment phases of fire fighting.
3-6.4 Fuel Systems.
Fuel oil systems aboard ships include tanks, piping, pumps, and associated equipment. The
associated equipment is used for heating, straining, centrifuging, measuring, and burning fuel oil.
The fuel oil transfer system can be used by the ship’s personnel to effect vessel stability and trim
by transferring fuel from tank to tank.
3-6.5 Communications Systems.
Large ships are dependent on communications for their efficient operation. Systems can
include electric and electronic telephones and voice-powered telephones. Voice tubes are
sometimes provided between a ship’s wheel house and engine room for use in an emergency.
Portable radios commonly are used by the ship’s personnel throughout the vessel.
3-6.6 Cargo Handling.
The main purpose of a merchant ship is to transport cargoes safely and quickly from one place
to another. Types of cargoes vary and necessitate different types of ship and shore loading and
discharging mechanisms. Some types of cargo-handling gear include winches and booms,
derricks, cranes, floating cranes, roll-on/roll-off ramps, shoreside gantries, and pumping systems.
Trained personnel are needed to handle ship cargoes.
3-6.7 Mooring and Anchoring Systems.
Vessels are secured to docks with various configurations of mooring lines and wires. These
mooring systems need to be monitored because of changes in the tide and current. Broken
moorings can set the vessel adrift, resulting in personnel becoming stranded on the burning
vessel and separated from their shoreside supply lines.
Anchors are connected to vessels by heavy chain or cable, which is manipulated through a
device known as a “wildcat/windlass.” Anchoring is a specialized evolution of seamanship and
necessitates proper training to be performed safely and successfully.
3-6.8 Inert Gas Systems.
The design and purpose of the inert gas system is to exclude oxygen or air from the void tank
spaces of liquid bulk carriers. These gases usually are manufactured onboard the ship. The inert
gas can present a hazard to fire fighters.
Chapter 4 Vessel Stability
4-1 Introduction.
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In combating a fire aboard a vessel, attention should be given to the volume of water used for
extinguishment and its effect on the stability of the vessel. Water applied to a vessel fire can
jeopardize the stability of the vessel and the safety of the personnel onboard. The application of
water should be monitored carefully and removed in a timely and efficient manner. It is
recommended that the incident commander have a basic understanding of this chapter. However,
the incident commander is urged to consult the vessel’s master, engineer, and other experts to
determine how much water can be used safely. How and when water is added or removed from
the vessel is critical.
4-2 Vessel Stability and Equilibrium.
4-2.1 General.
Stability is the tendency of a floating vessel to return to an upright position when inclined from
the vertical by an external force. If the vessel returns to or remains at rest after being acted upon,
it is either in stable or neutral equilibrium. If it continues to move unchecked in reaction to the
external force, it is in unstable equilibrium. An unstable vessel, therefore, is one that, after being
inclined, if it does not find a point of stable or neutral stability, continues to incline until it
capsizes. Throughout an incident, it is desirable to maintain vessel stability and to minimize list.
4-2.2 Initial Stability.
The ability of the vessel initially to resist heeling from the upright position is determined by its
initial stability. The vessel’s initial stability characteristics hold true only for relatively small
angles of inclination. At larger angles, defined as those over 10 degrees, the ability of the vessel
to resist inclining movements is determined by its overall stability characteristics.
4-3 Typical Vessel Conditions.
This chapter generally addresses stability with respect to vessels that are floating, that have
hulls that are intact, and that are moored or in protected waters. Usually, these conditions exist
during the beginning stages of an incident. Stability and weight distribution considerations are
relatively simple in these situations.
If, for instance, an explosion has ruptured the hull or the vessel has run aground, the situation
will become more complex. These more complex situations can occur singly or in combination
and include vessels that are:
(a) Aground;
(b) Damaged (holed) with free communication to the sea;
(c) Under way with extensive free surface;
(d) In dry dock, graving dock, or synchrolift, or a similar situation.
Unquestionably, expert advice should be obtained any time the stability of the vessel is in
doubt. A complete list of consulting resources, including those for vessel stability, should be
compiled and maintained. The vessel’s crew, who should be most familiar with the vessel’s
stability situation, might not always be available or able to provide an adequate assessment of the
situation. (See Section 4-10.)
4-4 Center of Gravity.
Copyright 1996 NFPA

The center of gravity of an intact vessel is the location of the point where the sum of all the
weights in the vessel is equal to zero with respect to any axis through this point. The vertical
downward force of gravity acts through this point. Knowledge of the center of gravity and its
relationship with the vessel’s center of buoyancy and righting arm are key factors when
determining and controlling vessel stability.
The concept of center of gravity is essentially the same for a vessel or other mobile equipment,
such as an aerial ladder. In essence, the weight of the particular piece of equipment is considered
to be concentrated at that point. As an aerial ladder is raised, the unit’s center of gravity rises and
is counteracted by the inherent weight of the vehicle and its supporting outriggers. Similarly, a
vessel’s center of gravity also rises as weight is placed higher in the vessel. It differs from an
aerial ladder in that it is unable to provide external support mechanisms (i.e., outriggers) due to
the water around it.
Vessels, therefore, suffer a loss of stability as water utilized in fire fighting accumulates above
the original center of gravity. This is particularly significant with regard to vessels with large
superstructures, such as passenger ships and car carriers. The higher the weight, the more
detrimental the effect. If this vulnerability is not properly understood and controlled, the
consequences can impact all fire-fighting efforts severely. It is an integral part of overall
strategy.
4-4.1 Free Surface Effect.
Free surface, for the purpose of fire fighting, is defined as the tendency of liquid within a
compartment to remain level as the vessel is transversely inclined or heeled, provided the
compartment is:
(a) Intact;
(b) Partially filled; and
(c) Allows the liquid to move unimpeded from side to side.
The free surface effect of loose water anywhere in the vessel impairs stability by raising the
center of gravity in an apparent or virtual sense.
4-4.2 Free Surface Critical Factors.
If the vessel is listing or develops a list, the liquid flows to the low side of the compartment
and results in an athwartship shifting of weight. This movement causes the apparent height of the
center of gravity to rise, impairing stability. The critical factors of free surface are the surface
area of the liquid and the breadth of the compartment. The length of the compartment is much
less a factor than its width. For fire-fighting stability considerations, a liquid’s free surface effect
is not related to either the liquid’s depth or its location within the vessel. Whether the liquid is
high or low, on or off centerline, or forward or aft, the reduction in stability due to free surface is
the same. However, it is critical that the effect on the overall stability of the vessel be kept under
consideration. A weight added high in the ship not only raises the center of gravity due to free
surface but also raises it due to the height above the keel.
4-4.3 Free Surface Reduction.
Pocketing is the effect of liquid contacting the top of the compartment or exposing the bottom
of the compartment. It reduces the breadth of the free surface area and therefore has a beneficial
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effect on stability. Similarly, solid fixed objects projecting through the surface (surface
permeability) impede the liquid’s movement and are of some benefit. Since the positive effects
of pocketing and surface permeability are difficult to determine, they should be considered to be
an extra margin of safety in free surface assessments.
4-4.4 Combined Effects.
The strongest threat to vessel stability from water-induced fire-fighting efforts is encountered
when the water is:
(a) Confined high in the vessel; and
(b) Free to travel significant distances across the beam.
The consequences of these combined effects can be devastating. Unfortunately, they
sometimes trigger other serious problems. Once the vessel begins to heel, this domino effect can
quickly compound an already aggravated situation.
4-5 Center of Buoyancy.
If the water that is displaced by the vessel were considered as a single homogeneous unit, the
center of the displaced volume of water would be considered the location of the vessel’s center
of buoyancy. This is the geometric center of the underwater form of the vessel. The vertical
upward force of buoyancy acts through this point.
4-6 Righting Arm.
The perpendicular distance between the force of gravity (through the center of gravity) and the
force of buoyancy (through the center of buoyancy) is called the “righting arm” or “righting
lever.” It generally is calculated at 10-degree intervals of list for several different load conditions
of the vessel.
4-7 Metacentric Height.
The true measure of a vessel’s initial stability is called the “metacentric height” or “GM” of
the vessel (see Figure 4-7). It is simply a geometric relationship between the center of gravity
(G), the center of buoyancy (B), and the vessel’s righting arm (GZ) for a given angle of
inclination. After listing, Bl is the new center of buoyancy.
If M is above G, GM is positive. If M is below G, GM is negative. A positive GM indicates the
vessel will tend to float upright and will offer resistance to an applied outside force. A negative
GM indicates that the vessel is initially unstable and will cease to float upright when even the
smallest outside force is applied. An initially unstable vessel might list only at a given angle and
come to rest in a state of stable equilibrium. If the negative GM is great enough, the vessel will
not come to rest before capsizing.
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Figure 4-7 Center of buoyancy.

This relationship between the vessel’s stability and GM is only accurate at small angles of heel
(below 10 degrees). As list increases, the overall stability of the vessel is the determining
criteria. This is interpreted through the stability curves that are normally found in the vessel’s
Trim and Stability Booklet, generally obtained from the captain. During cargo loading and
unloading, accurate values of the ship’s stability are rarely maintained.
4-8 Stability Curves.
4-8.1
The ship’s officers should identify the curve that most closely represents the ship’s current
condition of loading. If no curve is considered applicable, the curve showing the minimum
stability condition should be determined. If no curves exist, the incident commander should
depend upon the ship’s officers, USCG, and others for guidance. The graphic curves depicting
the vessel’s calculated righting arms at incremental angles of heel are called the vessel’s
“stability curves.” These curves reveal the overall stability characteristics of the vessel. They are
extremely important, since they quickly reveal the maximum righting arms for the vessel at
different conditions of loading (different values of GM). The maximum righting arm and, more
importantly, the angle of inclination at which it occurs, is the primary indicator of danger where
the stability of the vessel is in serious doubt. A fictitious example of a partially loaded vessel
with +2 ft (+0.61 m) GM is depicted in the stability curve shown in Figure 4-8.1.
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Figure 4-8.1 Stability curve.

It should be noted that the maximum righting arm attained in this condition is at an
approximate inclination angle of 36 degrees. Generally, this maximum angle indicates the point
at which the edge of the weather deck becomes submerged. At this point, stability drops off
rapidly. A vessel suffering a permanent list would be in imminent danger of capsizing long
before this angle was reached.
4-8.2 Critical Angle of List.
The critical angle of list is the point at which it can be assumed that critical events will occur.
It is not a point that remains constant in all cases. In some vessels, it could be as much as 1/2 of
the maximum righting arm. In another case, it could be substantially less than this value. The
critical angle depends on the conditions that exist on a vessel at the time of a fire. It can be
determined only by qualified personnel as a result of stability calculations combined with
professional judgment.
4-9 Vessel Stability Concerns.
The most important concern regarding vessel stability is the control of the vessel’s list. The
inability to maintain the vessel at a reasonable degree of transverse levelness (side to side) will
seriously impact all fire-fighting operations.
4-9.1 Fire-Fighting Factors Affecting Stability.
The introduction of large amounts of water into the vessel as a result of fire-fighting operations
is likely the most critical factor affecting vessel list. Other factors include:
(a) Intentional flooding of compartments.
(b) Movement of personnel and equipment through watertight doors.
4-9.2 Stability Factors Affecting Fire Fighting.
As a vessel’s list increases, so do the concerns related to fire-fighting activities. As the vessel
heels, poor footing on slippery decks can slow or stop fire attack teams. It can be difficult to
apply and maintain a foam blanket. Other concerns include:
(a) Increased chance of flammable liquid spills.
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(b) Possible closure problems with automatic fire doors.
(c) Strain and possible failure of mooring lines.
(d) Restriction and loss of vessel access/egress.
(e) Damage or injury from shifting of loose objects.
(f) Problems with fixed dewatering drains and suctions.
(g) Loss of vessel machinery due to excessive sustained list.
4-9.3 Vessel Factors Affecting Initial Stability.
In 4-2.2, the stability of the vessel is described as its ability to resist heeling from the upright
position at small angles of inclination. This ability, which is a function of the vessel’s GM, can
diminish rapidly as the incident progresses and depends on current vessel conditions such as:
(a) The free surface status of all liquids aboard.
(b) Whether or not the hull is intact.
(c) The flatness of the hull bottom if it has run aground.
(d) Whether the double bottoms are empty or full.
(e) The integrity of watertight boundaries if flooded.
4-9.4 Internal Factors Affecting Overall Stability.
As the vessel destabilizes and list increases to larger angles of inclination, other factors can
aggravate the vessel’s worsening condition. These include:
(a) Shifting of loose objects or bulk dry cargo such as grain or coal.
(b) Flooding from unsecured hull openings such as portholes.
(c) Movement of items such as unsecured cargo, machinery, or stores.
4-9.5 Factors Affecting Underway Operations.
The self-propelled movement of a destablized vessel within a confined waterway can be
hampered by operational difficulties. If the vessel is suffering a large list, trimmed by the bow, or
drawing a draft that is too tight for the available water, operational concerns should include the
following:
(a) The steering system might function improperly.
(b) The vessel machinery might not function at large lists.
(c) Maneuvering control might be lost due to the vessel’s proximity to the bottom.
(d) The free surface area might cause the vessel to flop from side to side.
4-9.6 External Factors Affecting Overall Stability.
Planning for the impact of external factors might help to minimize their negative effects.
Concurrently, planning for the positive effects might help to maximize some benefits. External
factors include:
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(a) Adjacent structures, such as piers and wharves.
(b) Mooring lines, if the vessel is listing away from the structure.
(c) Vessel contact with the bottom due to tide changes.
(d) Contour of the bottom beneath the vessel if contact occurs.
(e) Composition beneath the vessel, such as mud or rock.
(f) Accumulations of snow or ice on high areas.
(g) State of the surrounding sea.
(h) Action of passing vessels (e.g., wake, suction effect).
(i) Unusually intense high winds, if in a significant sailing area.
4-10 Basic Stability Information and Resources.
4-10.1 Stability Resources.
An incident commander who possesses a basic understanding of stability concepts and
concerns should be able to draw upon the available information resources prior to and during an
incident. For purposes of this chapter, information resources are divided into consulting
personnel and consulting documents. Stability equipment resources are discussed in Section
4-11.
4-10.1.1 Consulting Personnel. Prior to an incident, a regional inventory of stability advisers
should be compiled. These individuals or agencies vary depending on locale, except for the
identification of the COTP. The COTP offers assistance to all ports within his or her respective
zones throughout the United States. The COTP or the COTP designee normally is available
during a large-scale incident to provide stability advice. The COTP also can help access and
coordinate various federal resources and agencies if the ultimate scope of the situation
necessitates additional expertise or equipment, or both. Stability advice also can be obtained
from marine-related personnel including:
(a) Vessel officers (master, chief mate, and chief engineer).
(b) Vessel operators/owner representatives, such as the port captain.
(c) Pilots or docking masters.
(d) Harbormasters or port authority representatives.
(e) Salvage masters.
(f) Officers from other vessels.
(g) Marine consultants.
(h) Naval architects.
(i) Maritime academies.
(j) Marine fire-fighting schools.
(k) The National Cargo Bureau.
Copyright 1996 NFPA

4-10.1.2 Consulting Documents. It is prudent for response organizations to maintain vessel
information. This should include information on vessels that visit a port regularly or
occasionally, since it could be difficult to gather information during an incident. The preferred
approach is to be familiar with the vessel’s onboard documentation prior to an event. General
information and copies of vessel documents might be available from the owner or operator if
information is needed during an incident. In an emergency, however, some firms might be able
to send information via facsimile. Documentation and other information that might be helpful
with stability considerations include:
(a) Vessel Trim and Stability Booklet or similar document;
(b) Vessel immersion factor in tons per inch (tpi);
(c) Vessel general arrangement plan;
(d) Vessel capacity plan;
(e) Vessel fire control plan;
(f) Vessel docking plan;
(g) Vessel cargo plan;
(h) Slide rule used to calculate trim and stress factors;
(i) Computer or loadmaster used for stability calculations.
4-10.2 Primary Stability Information.
Basic stability data should be gathered during the initial stages of an incident. The methods or
sources utilized to obtain the data often affect accuracy. Information should always be verified.
4-10.2.1 Vessel Drafts. Most large vessels have draft marks that appear as vertical scales on
both sides of the hull at the bow and the stern. They usually are incremented in either feet or
meters with the base of the number being the increment (zero) line. Large ships and barges also
have draft marks midship on both sides. For example, on American ships, the numbers are 6 in.
(152 mm) high with 6-in. (152-mm) spaces between them. The base of each number indicates an
even 1 ft (0.3 m) of draft; if the water covers half of a number, the ship’s draft is equal to that
number of feet plus 3 in. (76 mm) (see Figure 4-10.2.1). All drafts should be visually read as
soon as possible in order to establish a baseline for future reference. For various reasons,
automatic draft gauges for obtaining draft readings remotely should be considered inaccurate. If
possible, automatic readings should be avoided as the primary source of draft information. Such
readouts should be considered to be a double check of visual hull observations.
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Figure 4-10.2.1 Draft marks.

4-10.2.2 Vessel List. The angle of transverse inclination normally is obtained while aboard by
reading the vessel’s inclinometer. Most vessels have an inclinometer in the wheelhouse on the
bridge deck. Some vessels, particularly large ones, have additional inclinometers at other
locations, including the engine room control flat, cargo control room, master’s office, chief
mate’s office, chief engineer’s office, or at a prominent centerline location on the main deck. As
in the case of draft readings, a baseline reading should be established as soon as possible for
monitoring purposes.
4-10.2.3 Vessel Status. Tank and cargo status should be determined. As mentioned previously, if
cargo operations were in progress, the vessel could be considerably more vulnerable to stability
problems. This is especially true of bulk carriers and even truer of liquid bulk carriers due to the
free surface effect. The location and status of any flooded compartments within the vessel also
should be ascertained at this point.
4-10.2.4 Available Depth of Water. The minimum depth of water at the shallowest location
beneath the vessel should be determined. The vessel’s current deep draft should be subtracted
from the water depth to obtain the vertical distance between the vessel and the bottom. Tidal
changes also should be incorporated if applicable.
4-10.2.5 Type of Bottom Material. If the vessel contacts the bottom, the nature of the bottom
can be a very critical factor. For example, the difference between a mud or rock bottom is
extremely significant. This condition should be determined as soon as possible and accuracy
should be ensured.
4-10.2.6 Waterflow. The amounts of water being put onboard the vessel and the amount
anticipated for the hours to come should be calculated. It might be convenient to determine rates
in tons per hour, instead of gallons per minute, since stability calculations probably will be
worked in tons. (See 4-11.1 and 4-11.2.)
4-10.3 Secondary Stability Information.
If the stability situation is in doubt, the initial assessment outlined in 4-10.2 should be followed
immediately by a secondary information flow.
4-10.3.1 Hull Openings. All direct hull openings, such as portholes or cargo loading doors, that
could allow water to pour aboard in the event a serious list occurs should be assessed.
Copyright 1996 NFPA

4-10.3.2 Dewatering Capacity. The vessel’s fixed de- watering capacity and power supply
potentials should be determined. It probably is beneficial to convert all rates to tons per hour.
(See 4-11.1 and 4-11.2.)
4-10.3.3 Watertight Potentials. Watertight areas and capabilities of the vessel with regard to
flooding resistance should be determined. Special attention should be given to watertight doors
and closing mechanisms.
4-10.3.4 Mooring Potentials. The possible dangers to personnel in the event mooring lines fail
as a result of severe strain from the vessel listing away from the pier or wharf should be
assessed. The alternatives that are available with the mooring system should be determined and
the consequences should be understood.
4-10.4 Vessel Aground.
If the vessel is aground or is in danger of contacting the bottom, other information is needed
and could include the following:
(a) Slope of ground beneath vessel;
(b) Shape of vessel’s hull bottom;
(c) Proximity of passing deep-draft traffic;
(d) State of sea forecasts;
(e) Hull stress considerations.
4-11 Dewatering.
4-11.1 Water Weight.
Aboard most large vessels, weight is measured in long tons [2240 lb (2034 m tons)]. A gallon
of salt water weighs about 81/2 lb (3.8 kg), while fresh water weighs slightly less. This is
equivalent to approximately 264 gal (999 L) per long ton. It should be noted that these figures
apply to U.S. gallons. Imperial gallons (1.1 U.S. gal) are used aboard British, Canadian, or other
vessels and should be adjusted accordingly.
4-11.2 Waterflow.
A 21/2-in. (64-mm) attack line delivering 250 gpm (9461 lpm) adds approximately 64 tons (58
m tons) of weight to the vessel each hour. A 11/2-in. (38-mm) line can deliver that quantity, or
approximately 25 tons (22.7 m tons) per hour.
4-11.3 Vessel Fixed Pumps.
Vessels usually have bilge pump capability for most machinery spaces and large compartments
that are situated in the lower parts of the vessel. Some of these spaces can include the following:
(a) Cargo holds;
(b) Main engine room;
(c) Boiler room;
(d) Shaft alley area;
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(e) Cargo pump rooms;
(f) Forward machinery space;
(g) Thruster rooms.
4-11.3.1 Fixed Pump Suctions. Vessel bilge pumps usually are attached to fixed piping and,
therefore, have no flexibility regarding movement and positioning of the pumps’ suctions.
However, these pumps often have the flexibility to “cross over” and draw from a varied number
of fixed suctions. As a result, the fixed system is limited to pumping only water that settles into
the lower areas of the vessel and is susceptible to clogging. The capacity of fixed pumps needs to
be determined, since they might hold less than 500 gpm (18931 lpm). Water that accumulates in
upper spaces needs to be removed by some alternate means.
4-11.3.2 Fixed Pump Power. Some older steam vessels have steam reciprocating bilge pumps,
but most have electric bilge pumps that are powered by the vessel’s generators. If the vessel’s
main generators fail, the pumps probably will be useless. Emergency generators often are not
able to supply sufficient power to operate both fire and bilge pumps simultaneously. If electrical
power has been secured in the vicinity of fire-fighting operations (due to shock hazards), the
vessel’s pumps might not be available for use.
4-11.4 Vessel Portable Pumps.
Although some vessels have a few small portable diaphragm pumps that run on compressed
air, most vessels provide limited portable pump capability.
4-11.5 Vessel Drainage System.
Drains located onboard most vessels are designed to gravity-drain most spaces that are above
the vessel’s normal waterline through the hull into the sea.
Spaces that are at or below the waterline often are drained into the vessel’s bilges. Whether
they drain overboard or into the bilge, these drains (called “scuppers”) are generally small in
diameter, making them vulnerable to blockage by debris that would almost certainly be present
throughout fire-fighting efforts.
4-11.6 Swimming Pools.
If the involved ship has swimming pools, water should be removed from pools, beginning with
the highest pool.
4-11.7 Toilet.
If there is a sanitary drain available at the floor level, the fixture (toilet, shower, or bidet)
should be removed to allow the water to flow into the holding tanks, which are well below the
waterline. The resultant shift of weight lowers the center of gravity.
4-11.8 Portable Pumps Brought Onboard.
Arrangements for vessel dewatering should be made without delay. Moving portable pumps
onboard necessitates hoisting equipment and numerous personnel to assist with positioning.
Dewatering considerations should be automatic and should be addressed without delay if the fire
is not quickly suppressed. Sources of portable pumps include:
(a) The COTP.
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(b) Industrial pump suppliers.
(c) Salvage companies.
(d) U.S. Navy installations.
(e) USCG strike teams.
(f) Pollution cleanup contractors.
4-11.9 Portable Pump Types.
Pumps are powered by a variety of methods, including electricity, air, gasoline, and water. Of
all pumps, the water eductor or ejector pump is probably one of the most efficient devices to
position within the vessel. It works on the principle of a venturi and has no moving parts. These
units are extremely lightweight and need minimum supervision once they are operational.
However, hoses on the discharge site need to remain clear, or water can back up into the space
being dewatered.
4-11.10 Cutting of Holes.
In areas of the superstructure where the metal is relatively thin, it might be preferable to cut
holes to allow water to run out. Cutting holes in vessels can be extremely dangerous. Holes never
should be cut without thoroughly reviewing the consequences and obtaining permission from the
appropriate authority; generally, this authority is the ship’s master. Exothermic torches can
outperform oxyacetylene torches in fire and flooding conditions.
4-12 Stability Analysis and Monitoring.
4-12.1 Critical Angle of List.
Once the vessel status is determined as part of the primary information (see 4-10.2), the
vessel’s GM should be computed for its current condition. The GM should be used in
conjunction with the vessel’s Trim and Stability Booklet to determine the critical angle of list for
the vessel’s current condition. (See Section 4-8.)
4-12.2 Vessel Drafts.
Drafts should be monitored at least every 1/2 hour. If the vessel is listing, the drafts on the low
side of the vessel will be greater than those on the high side. For this reason, it is prudent to use
the average of the two sides. Also, the midship draft should be exactly halfway between the
forward and after drafts. If the draft is more than 6 in. (152 mm) off of this halfway point, this
could be an indication that the hull is being subjected to severe stress due to hogging and
sagging. The vessel’s drafts should be monitored and recorded for at least 4 hours after
discontinuing waterflow into the vessel to ensure there is no change in vessel stability.
4-12.3 Tons per Inch Immersion.
The Trim and Stability Booklet for a large vessel generally includes a hydrostatic table that
describes the vessel’s tons per inch (tpi) immersion factors for various drafts. These figures
represent the weight, in tons, necessary to sink the vessel 1 in. (25 mm). Since this refers to the
vessel’s mean sinkage, each inch of sinkage directly corresponds with each inch of draft at the
midship draft marks. This fact should be used to visually confirm the calculated weight of water
being placed aboard the vessel.
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4-12.4 Vessel Listing at Pier.
Generally, it is preferable to have the vessel list away from the pier or wharf so that list can be
monitored as it progresses. This might require slacking the mooring lines and adjusting vessel
access ramps. The alternative, to allow the vessel to lean against the structure, would not only
interfere with the list monitoring but could also lead to damage to both the vessel and the
adjacent structure. The vessel’s draft probably will increase on the side of the list. This fact,
combined with the generally deeper water away from the shore-based structure, also suggests a
list away from the pier as more appropriate and safer than a list toward the pier.
4-12.5 Increase of Draft Due to List.
Due to the relative flatness of most vessel bottoms, the draft increases as the vessel lists. An
approximate value of the increase is equal to 1/2 the vessel’s breadth times the sine of the angle
of list. The formula is as follows:
Increase in draft = beam/2 × sine angle of list
Example:
Vessel with 92-ft (28-m) beam listing at angle of 8 degrees
92/2 × sine 8 degrees =
46 × 0.1392 = 6.4-ft (2-m) increase in draft.
4-13 Stability Tactics
4-13.1 Vessel List.
Generally, the prime stability concern of an incident commander is to minimize the vessel’s
list. Control of the list can be accomplished through a variety of tactics and depends on the
cause(s) of the list and the particular circumstances involved.
4-13.2 Causes of List.
The two basic causes of vessel list are:
(a) A negative GM; or
(b) An off-center position of the vessel’s center of gravity.
The list can be the result of either one of the causes or both causes in combination. If negative
GM is the cause, any transfers of weight within the vessel should be very carefully considered
before being performed. It is possible that a transverse shifting of weight to correct list due to
negative GM could result in a worse situation.
4-13.3 List Correction.
If the list is due solely to the accumulation of water through fire-fighting efforts, then the
preferred tactic for corrective action is to remove the water. Corrective measures are more
complex for other causes of list, such as progressive flooding or large weight shifts. The
following outlines a sequence of general actions to limit and improve an impaired stability
situation and its associated list:
(a) Determination and establishment of flooding boundaries;
(b) Removal of water from partially flooded areas (removal from free surface areas first);
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(c) Jettison of topside weight.
(d) Complete removal of water from solidly flooded areas;
(e) Transfer of weight as appropriate (usually liquids);
(f) Addition of weight as appropriate (counterflooding).
(See Section 4-4.)
4-13.3.1 Establish Flooding Boundaries. Boundaries should be established to enclose the area
subject to flooding. Vertical as well as lateral perimeters should be planned. Action should be
swift and efficient.
4-13.3.2 Free Surface Reduction. There are two basic ways to reduce free surface:
(a) The flooded compartment is filled completely; or
(b) The flooded compartment is emptied completely.
Filling might be a faster, more convenient approach but increases the vessel’s weight and draft,
and possibly increases the list. Emptying the compartment is far more desirable.
4-13.3.3 Weight Removal. Removal of liquid and solid weights from higher locations onboard
should lower the center of gravity, improve stability, and help improve the list.
4-13.3.4 Weight Transfer. Transfer of weight is normally accomplished with liquids, since the
movement of large numbers of solid objects can be impractical. Methods of transfer can include
pumping and gravitating. Weight transfer is not recommended if free surface is the cause of or a
significant factor in the list.
4-13.3.5 Weight Addition. Similar to transfer, liquid weight addition usually is the most
practical. This usually is accomplished through counterflooding the compartment(s) with
seawater. Counterflooding should never be used if free surface is the cause of the list.
Counterflooding should always start with the lowest spaces available, such as double bottoms or
low water tanks. The inherent problems of free surface effect, and the additional weight, make
counterflooding or counterballasting a last resort.
4-13.4 Scuttling or Beaching.
If it becomes apparent that the vessel is going to be lost due to capsizing or because of a fire
too extensive to control, the only alternative might be to sink (scuttle) the vessel. This decision is
made by the COTP in conjunction with involved parties. Under these two circumstances, it
might be necessary to sink the vessel at the pier by overall flooding. If time allows, it is
preferable to have the vessel towed to a suitable beaching ground. It then can be sunk awash
without damage to the hull from a rocky bottom and without creating an obstruction to normal
shipping.
Chapter 5 Organizational Resources
5-1 Vessel Owners and Operators.
There are many different combinations of vessel owners and operators. Owners and operators
range from individuals to small companies to large shipping lines. There can be many owners or
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only one. Some owners are involved with the daily operation of the vessel; others are far
removed from such activities. Some owners are also the operators, but this usually is not the
case. Sometimes vessels are chartered or leased many times over, further complicating the
situation. Most of the time, the owner or operator does not own the cargo, and there can be many
different cargo owners. It can become very difficult to determine who owns or operates the
vessel, who represents these individuals, and who has the authority to make decisions concerning
the protection and safety of the vessel.
The master of the vessel usually represents the owner or operator but sometimes does not have
the authority to make all decisions. Because most owners and operators do not have
offices/agents in all of the vessel’s ports of call, many large organizations send owner or operator
representatives to a fire scene. This representative, sometimes called the “port engineer” or “port
captain,” usually has some technical training, experience in the particular trade of the vessel, and
the authority to make decisions and spend money.
Besides decision-making and technical expertise, the owner or operator usually can provide
funding. It is the owner or operator, and eventually the owner or operator’s insurance companies,
who usually bear much of the cost of the fire-fighting operation, such as for fire-fighting agents,
tugs, pilots, cranes, barges, divers, and pollution cleanup.
5-2 Marine Terminal Owner or Operator.
The owner of the marine terminal is sometimes also the operator of the terminal. However,
often the operator leases the property and equipment from the owner (the city, port authority, or
private corporation), and the owner is removed from the daily operation. In either case,
determining who owns or operates a marine terminal is usually not as much of a problem as it is
in the case of a vessel because the terminal owner/operator office usually is located at the
terminal.
Marine terminal owners and operators often can supply many resources to the fire-fighting
operation. They can provide security by keeping unwanted visitors off the terminal during a fire,
and they can provide communications by using fixed and portable systems on the terminal. They
can supply cargo-handling equipment (e.g., forklifts, trucks, and cranes) that often are needed to
move and protect threatened cargo. The owner or operator also can provide a location for a
command post, fire-fighting hoses and water, and sometimes foam, dry chemical, and a
fire-fighting brigade. The fire-fighting equipment available on the terminal usually can be found
in the “Coast Guard Fire Fighting Contingency Plan.”
5-3 Terminal Fire Brigades.
Some large marine terminals, such as bulk oil terminals, and some large shipyards maintain
private fire brigades on their properties. These brigades are trained specifically to fight the type
of fires that could occur on the property they protect. They can be a great source of specific
information concerning the cargoes and hazards on their particular property. They also can be
the source of additional fire equipment and extinguishing agents, such as foam and dry chemical.
5-4 Shipping Agents.
Shipping agents are the port’s commercial representatives of the vessel owner or operator. The
agent schedules pilots, small repairs, and vendors; notifies federal agents of the vessel arrival;
makes arrangements for berths, line handlers, fuel, water, and electricity; and ensures that all the
needs of the vessel and crew are met while in port.
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Some vessel operators, such as large shipping lines, act as their own shipping agents; but
shipping agents are not vessel owners or operators. Shipping agents always know the identity of
the owners and operators. They are in direct contact with the person or persons who control the
operation and movement of the vessel and, therefore, often can obtain permission decisions from
the appropriate person.
5-5 Pilots.
Most major ports in the United States have docking pilots and channel pilots. Docking pilots
normally moor and unmoor large vessels with the assistance of tugs. They sometimes work for,
or are associated with, a tug company and navigate the vessel to or from a pre- arranged location
just off the dock and in the channel. The channel pilots navigate large vessels from and to the sea
buoy at the offshore end of the channel, usually without the assistance of tugs.
Pilots usually have very reliable information concerning the arrival and departure of vessels in
the port. They also have a great deal of knowledge and experience with respect to local weather
and currents. Large vessels normally are moved within the port by pilots.
5-6 Port Authorities.
Port authorities are federal, provincial, state, regional, or local government agencies, or a
combination thereof, that manage the operations of the ports under their jurisdiction. They often
own or operate terminals in the port and, therefore, can provide many of the same resources as
do other terminal owners and operators. Because of their legal authority over the port, they play
a large role in the overall planning and coordination of vessel fire protection.
5-7 Tug, Towing, and Barge Companies.
Tug, towing, and barge companies can provide services that are vital during a vessel fire.
Some operate tugs that have the horsepower and equipment to move large vessels within the
port. These tugs could be needed to move a burning vessel to a safer or more accessible area of
the port. They also could be needed to tow a burning vessel from offshore to a safe harbor, or the
reverse. Some operate deck and tank barges, which might be needed as a platform from which to
fight a fire or transfer fuel from a burning vessel. Some of these companies provide all these
services.
Another service some of these companies provide is fire-fighting support. Many, but not all,
tugs are equipped with fire pumps or monitors, or both, to provide a waterstream from the
waterside. The type of equipment that a company operates and its fire-fighting capability usually
are found in the “USCG Fire Fighting Contingency Plan.”
5-8 Fire-Fighting Agent Supplies.
Beyond the usual and well-known commercial suppliers, military installations and other
marine terminals often can be the source of fire-fighting agents, especially foam and CO2.
Shipyards, ship chandlers, airports, and petrochemical facilities also might be able to supply
some fire-fighting agents.
5-9 Cargo Handlers.
In many areas, longshoremen load or unload much of the cargo entering or leaving the port on
vessels. An exception is bulk liquid cargo, which usually is loaded or unloaded by the vessel’s
crew and marine terminal personnel. Some longshoremen work for a stevedoring company,
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while some work for the marine terminal. If containers or cargoes need to be off-loaded,
appropriate arrangements need to be made.
5-10 Marine Construction Companies.
Marine construction companies can provide expertise in the construction of such structures as
piers, wharves, bridges, and marinas. They usually operate cranes on barges that can be towed
throughout the port to provide lifting capability from the waterside. They could be used to clear
damaged or undamaged structures and to construct temporary piers, wharves, or bridges. They
usually are sources of underwater welding.
5-11* Marine Chemist.
As a result of normal construction and design, vessels usually contain many enclosed, poorly
ventilated spaces. The atmospheres in these spaces often are tested by a marine chemist to
protect the people entering them. They test these atmospheres for the content of oxygen and
harmful, explosive, and flammable vapors.
This information is very valuable during a vessel fire when deciding which vessel compartments
need to be protected. It also is necessary during overhaul at regular intervals to protect the people
working in the enclosed space. The vessel’s crew also might have some limited gas detection
equipment and ability.
5-12 Marine Surveyors.
Marine surveyors usually are private consultants who survey damaged vessels and recommend
needed repairs. They have technical expertise and local knowledge in vessel construction and
repair. There are some large marine surveying companies, but most surveyors are independent
and self-employed. They are hired by vessel owners and operators to ensure that the vessel gets
the proper, most economical repair.
5-13 Marine Salvage Companies/Salvors.
These companies salvage severely damaged or sunken vessels. They usually own or operate
very sophisticated equipment, such as floating cranes, inflatable lifting bags, deep- diving
equipment, and underwater welding and cutting equipment. If a vessel is sinking and needs to be
kept afloat, or has sunk and needs to be raised, these companies have the expertise and
equipment to accomplish the job. The U.S. Navy Supervisor of Salvage (who can be contacted
through the COTP) also has this type of expertise and equipment.
5-14 Law Enforcement Agencies.
Various government agencies have law enforcement duties in the port area. The Federal
Bureau of Investigation investigates crimes that occur on U.S. vessels or involve U.S. citizens.
The U.S. Marshals of the Department of Justice are empowered to detain or seize vessels and
crews. All cargo imported into the United States is inspected and cleared for entry by U.S.
Customs. The Immigration and Naturalization Service examines crew lists and allows foreign
crew members to enter the United States. The U.S. Coast Guard enforces many of the maritime
laws of the United States. (See Chapter 12 for more information.)
Some state and local governments also maintain specialized maritime law enforcement
agencies. The existence and type of marine, environmental, and conservation police or agencies
vary within each port and each state. These agencies usually share jurisdiction with their federal
counterparts.
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5-15 U.S. Army Corps of Engineers.
The U.S. Army Corps of Engineers oversees the dredging of all navigable waters of the United
States and operates a few dredges located throughout the country. These dredges can be used for
emergency dredging to gain access to an area or to free a grounded vessel. The Corps also
operates smaller boats that clear flotsam (debris) from channels. These boats can be used to clear
floating combustible material from areas threatened by fire.
5-16 Military Installations.
Military installations usually are good sources of fire-fighting agents and personnel. Fire
stations on these installations usually are well equipped and can often provide compressed air to
refill air bottles, foam, pumps, tankers, and fire fighters. In addition, naval bases usually have
tugs equipped with fire monitors. Lists of the equipment available at these installations usually
are found in the “USCG Fire Fighting Contingency Plan.”
5-17 Divers.
In most major ports, there are diving companies that specialize in commercial marine work.
They inspect and do minor repairs to structures such as vessels, docks, and bridges. They usually
are equipped to perform functions such as underwater welding, cleaning, sawing, and drilling.
Divers might be needed to make emergency investigations or repairs. In some areas, public
agencies provide divers.
5-18 Launch Services.
Launch services provide transportation for passengers and equipment from a pier to vessels at
anchor or in the channel. They are used to transport crews, federal agents, spare parts, and food
to vessels without a berth. Their boats usually are highly maneuverable and relatively fast. They
can be used during a vessel fire to provide additional transportation to the burning vessel.
5-19 Ship Chandler.
Most vessel operational needs can be purchased through a ship chandler/marine supplier. If the
chandler doesn’t stock a certain item, he or she knows where it can be purchased. A chandler
usually can supply fire-fighting agents and equipment and spare parts for fire-fighting equipment
and machinery found on vessels.
5-20 Foreign Consulates and Language Schools.
Most vessels entering U.S. ports carry foreign crews that speak many different languages. If
the vessel’s English-speaking senior officers are injured and translators are needed, foreign
consulates and language schools in the area are good sources of translators. A list of translators
usually can be found in the “USCG Fire Fighting Contingency Plan.”
5-21 Other Organizational Resources.
The following is a list of other organizations that can assist or provide resources during a
vessel fire:
(a) Federal and state fire agencies;
(b) State/county fire marshal;
(c) Emergency management agencies/civil defense;
Copyright 1996 NFPA

(d) Bridge and tunnel authorities;
(e) Red Cross/relief organizations;
(f) Utility service companies;
(g) News media representatives;
(h) Self-contained breathing apparatus (SCBA) refilling sources;
(i) Hospital supply companies;
(j) Fast food restaurants;
(k) Welding companies;
(l) Oil and hazardous materials cleanup companies;
(m) Private fire-fighting services;
(n) Aircraft reconnaissance sources;
(o) Railroads.
Chapter 6 Special Resource Considerations
6-1 Introduction.
The unique nature of shipboard fire-fighting points to the need to consider the use of methods
and resources beyond those normally employed on the fireground. A good preplan identifies not
only target hazards but also special personnel and resources available to provide assistance.
Because most responders involved are likely to be unfamiliar with shipboard fire incidents, it is
essential to smooth emergency management that realistic drills be held to train responders and
assess operations before a real emergency occurs. A pre-fire plan should include a checklist that
is specific to the area. Some of the special resources that might be included on the list are
described in Sections 6-2 and 6-30.
6-2 Support Vessels.
With the exception of dry-dock fires, most ships will be accessible by water. In some cases,
water is the only means of access. A vessel at anchor might need to be moved, or a burning
vessel might need to be stopped from drifting. Vessels providing towing assistance might be able
to provide fire-fighting streams. These can be helpful in extinguishing the fire but could
endanger the stability of the vessel that is on fire.
6-2.1 Fireboats.
A fireboat is a vessel designed for fire fighting and is staffed by trained fire fighters. For the
safety of vessel personnel, vessels should be able to function safely and adequately in their
anticipated operating environment. Fireboats are made in many sizes and designs. Design
features such as noncombustible construction, spray protection, and an onboard air supply should
be considered for the protection of the fire-fighting personnel. Fireboats serve three basic
functions:
(a) Rescue. Fireboats provide rescue of personnel and transportation of fire crews and
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equipment from incidents that are inaccessible from shore. A fireboat often is the primary escape
route for fire crews.
(b) Platforms. Fireboats provide a fire-fighting platform for delivery of agent through monitors
or through hoselines from the fireboat to the fire crew onboard the vessel. A fireboat can
function as a mobile command, as staging, and as a pumping base.
(c) Water Supply. Fireboats provide water supply for shoreside operations. Remote pumping
can be as simple as hooking up to a dockside manifold or hose lay, or it could involve anchoring
in deeper water off a beach and sending supply lines ashore via a boat drag. Some fire
departments equip fireboats with large-diameter hose so as to have a secondary water supply in
case the underground mains are broken in an earthquake, explosion, or pier collapse or in case of
insufficient shoreside capacity.
6-2.2 Auxiliary Vessels.
Many commercial vessels can be pressed into service in an emergency, either by preplanned
agreement or as vessels of opportunity.
6-2.2.1 Tug Boats. Tug boats come in many sizes and configurations. A list of those that are
available and their capabilities should be developed.
6-2.2.2 Barges. Barges can provide large, flat, stable working areas that are mobile. They have
the potential to store debris and contaminated product and runoff. They have been used as
platforms from which land-based fire engines can draft and pump.
6-2.2.3 Offshore Supply Boats. Offshore supply boats carry heavy equipment and supplies and
often have cargo-handling equipment.
6-2.2.4 Pollution Response Vessels. Pollution response vessels carry booms and skimmers for
oil containment and cleanup. These vessels and their equipment are rarely fire resistant.
6-2.2.5 Crewboats and Launches. Crewboats and launches can carry personnel and limited
supplies.
6-2.3 Military Vessels.
Military assistance is available from a number of sources, including regular, reserve, National
Guard, and auxiliary units.
6-2.3.1 USCG. USCG vessels have limited fire-fighting capabilities. Many vessels, both small
and large, are equipped with monitors/nozzles. They have water rescue equipment and some
fire-fighting training. The USCG Captain of the Port has broad powers over all vessels in the
area. USCG helicopters can be used for transportation, reconnaissance, and rescue.
6-2.3.2 Navy. The navy also can assist on the sea and in the air. Local commanders and the
COTP usually can be found in the “USCG Fire Fighting Contingency Plan.”
6-2.3.3 Army Corps of Engineers. The Army Corps of Engineers is responsible for dredging
and channel maintenance, and often they can provide assistance.
6-3 Special Equipment Resources.
Shipboard fires necessitate special types of equipment and quantities that exceed normal
needs.
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6-3.1 Pumps and Dewatering Equipment.
There are many marine pumps/eductors capable of dewatering vessels. It might be necessary to
work pumps in tandem, sending smaller ones into tight quarters and relaying through larger ones
on deck. Specialized pumps/eductors and dewatering eductors usually can be found in the
“USCG Fire Fighting Contingency Plan.”
6-3.2 Patching, Salvage, and Shoring Equipment.
Patching, salvage, and shoring equipment are needed to control leaks and seal breeches.
6-3.3 Fire-Fighting Equipment.
The fire department should bring its own hose and appliances, as there is no way to guarantee
the condition of a ship’s equipment or its compatibility with fire department equipment. The fire
department should depend on its own water supply for attack operations.
Fog applicators that come in 4-ft, 10-ft, and 12-ft (1.2-m, 3.1-m, and 3.7-m) extensions fit on
“navy all-purpose” nozzles. They basically consist of an open sprinkler head at the end of a
curved pipe. They allow penetration of small openings such as open port holes. Piercing
applicators can be used to penetrate certain materials and shipping containers.
Heat and flame detectors (thermal imagers) are valuable in smoky, confined spaces on ships.
Monitoring equipment for temperatures, gases, oxygen, and hazardous materials might be
needed in some situations.
Special communications equipment might be needed for interior use. In some cases, the
vessel’s communications systems supplement portable radios. On-scene support equipment
includes lighting, ventilation, air supply, recording equipment (video/audio), office supplies and
copiers, food, shelter, transportation, and sundry supplies, such as fuel and batteries for extended
operations.
Special cargo-handling equipment might be necessary for manipulating cargo and bringing
supplies aboard. If available on the ship or at the dock, such use of this equipment should be
coordinated through the stevedore.
Chapter 7 Planning
7-1 Introduction.
Experience has shown that in incidents where shoreside fire fighters fight a vessel fire, one of
the most valuable assets on the ship is the fire control plan. Most of the information an incident
commander needs to fight a fire on a ship, such as general layout and dimensions, fire-fighting
systems, and other systems that have a direct impact on fire fighting, is included in the fire
control plan. Its primary purpose is to assist shoreside fire-fighting personnel. It is ideal for fire
fighters to use as a guide when taking tours of ships, since it contains the location of most the
items they will be looking for, and it also allows them to become familiar with fire control plans.
7-2 Contents of Plan.
The fire control plan is a set of general arrangement plans for each deck of the ship that also
contains information that is useful to land-based fire fighters. The plans are written in the official
language of the flag state with translation in English or French. The plans can be in the form of a
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rolled set of drawings or a booklet that includes such drawings.
(a) The plans are required by SOLAS to indicate the following, when installed:
1. Fire control stations (continuously staffed spaces where controls and alarm panels for fire
detection and suppression systems are located);
2. Means of access/escape from different compartments;
3. Fire-resistant bulkheads and their fire rating (e.g., Class A and Class B);
4. Hose stations, which should include the arrangement of the firemain system with the
locations of fire pumps and their controls and the location of isolation valves in the system;
5. Location and extinguishing agent of portable and semiportable fire extinguishers;
6. Fixed carbon dioxide and halon systems, locations of releases, and location of closing
appliances for exterior ventilation openings;
7. Automatic sprinkler systems and location of controls;
8. Foam system showing the monitors and controls;
9. Fire detection systems showing location of indicator panels and spaces protected;
10. Alarm systems (carbon dioxide, halon, automatic sprinkler, fire detection, watertight
doors, general);
11. Ventilation systems, including dampers and fan controls.
(b) In addition, the following items should be clearly marked:
1. Fire door locations and their rating (e.g, Class A or Class B);
2. Location of international shore connection.
7-3 Location of Plan.
The fire control plan is required to be permanently stowed in a prominently marked
weathertight enclosure outside the deckhouse. Investigations have shown that, in the past, even
when shoreside fire fighters were aware that the fire control plan existed, they had trouble
finding it. In response to this problem, the International Maritime Organization (IMO) published
specific guidance on locating and marking the fire control plan enclosure.
The enclosure should be red and the contents of the enclosure should be indicated by a red ship
silhouette on a white background. The dimensions of the location sign should not be less than
11.7 in. × 15.7 in. (297 mm × 400 mm). [See Figure 7-3(a).]
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Figure 7-3(a) Fire plan location sign.

If the enclosure is not adjacent to the gangway, there should be guide signs to help shoreside
fire-fighting personnel find the enclosure containing the fire control plans. The guide sign should
be the location sign shown in Figure 7-3(a), with the addition of a red arrow [see Figures 7-3(b)
and (c)] indicating the direction in which the fire control plan enclosure can be found.

Figure 7-3(b) Guide sign.
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Figure 7-3(c) Guide sign.

7-4 Requirements.
Fire control plans are required by both SOLAS, Chapter II-2, Regulation 20, and Title 46,
Code of Federal Regulations, 78.45-1(a)(1) and 97.36-1(a). Therefore, all new and existing U.S.
flag and foreign flag ships entering U.S. ports should carry a fire control plan.
7-5 Pre-fire Planning.
Shipboard fires are among the most difficult of all fires to extinguish. They have the capability
to tax the resources of entire regions. Realistic and effective pre-fire planning is crucial to deal
successfully with such emergencies. Without pre-fire planning and drills, the wide variety of
resources and specialists needed at a shipboard fire can rapidly turn a command post into chaos.
Incident commanders who are unfamiliar with the maritime industry need to know how to
acquire and to utilize special help before an incident occurs. Pre-fire planning puts problems into
perspective by defining the larger picture at a time when it can be studied at leisure.
General pre-fire plans focus on areas and environments. They set a hierarchy of goals in the
mitigation process and provide a general sense of direction. All responders need to understand
their roles and responsibilities and the scope of their authority.
A general pre-fire plan considers factors such as human and environmental protection, scope
of authority of responders, preferred locations for operations, and major hazards to the port and
its inhabitants.
Specific pre-fire plans focus on target hazards and provide a guide to the ship’s systems and
facilities. They consider characteristics of vessels and terminals and help identify aids and
hazards, as well as strategy and tactics. They can be tailored to individual ships or general
classes of vessels.
Response plans should be part of standard dispatch procedure and should provide for
notification of affected parties.
7-6 Purpose of Pre-fire Plan.
In addition to its use during fire operations, a pre-fire plan is useful as a training aid. By using
the pre-fire plan during training, fire personnel can remain familiar with the ship’s vital systems
even though they might not have the opportunity to board the vessel for frequent familiarization
tours.
7-7 Format.
The pre-fire plan is intended to be made available for the review and use of each first alarm
responding unit. In addition, a copy should be provided to the masters of ships that visit the port
regularly. The plan can be divided into several major sections, with each section divided into
specific areas pertaining to the main topic. Illustrations can be utilized to emphasize an important
point or to clarify the text.
7-7.1 Section I, General Information.
The first part of this section provides the name of the vessel, general use, name of the owner,
operator, or representatives, number of crew members, number of passengers/cadets carried, and
any other pertinent information, such as languages spoken by the officers.
The second part of this section describes the physical properties of the vessel such as length,
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breadth, depth, freeboard, overall height above water (empty and loaded), draft, propulsion, fuel
used, and fuel capacity.
The third part provides telephone numbers to call in case of an emergency, (e.g., ship’s agent,
insurance company). The staffing practices of the vessel also are noted (e.g., how many crew
members are aboard during the day and at night).
7-7.2 Section II, Construction.
The first part of Section II contains a drawing, not necessarily to scale, showing the general
location and names of the decks, holds, compartments, and machinery spaces. This drawing is
intended to be a quick and simple guide to the vessel’s general arrangement. It can be obtained
from the “Vessel Fire Control Plan.”
Part two of Section II provides the specific name and location of each deck. The general types
of compartments on each deck also are indicated. This part also indicates compartment
identification (either by name or number). The frame numbering system is explained as well, and
all locations are specified by frame number.
The third area covered under Section II includes the cargo hold numbering system, indicates
the type of hatches used, outlines the means of access to the cargo holds, and specifies the
capacity of each hold. The locations of machinery spaces and other compartments are given, and
the means of access are described.
7-7.3 Section III, Location Lists.
The normal storage area for specific information is included in the first part of Section III. This
information includes the stability plans, cargo manifest, dangerous cargo manifest, ship’s
blueprints, safety plans, and similar data that is helpful in an emergency.
The second part of this section lists all spaces in the ship having escape trunks, such as the
shaft alley, holds, and machinery spaces.
The locations of the instruments and controls are included under part three of Section III. The
operating instructions are not provided here, but are addressed in a later section.
The last part of Section III provides the exact location of every compartment on the vessel in
alphabetical order. It indicates the frame number, deck location, and whether the compartment is
on the port or starboard side of the centerline. In addition, primary access to the space is
provided.
7-7.4 Section IV, Systems Information.
Communications systems are included in the first part of Section IV. This section describes the
vessel’s intercommunications systems and provides instructions for the operation of each. The
location of all stations within the system is identified and noted.
The second part of Section IV discusses the electrical systems within the vessel. The method
for generating electricity is stated, as well as the type of current generated and the voltage. The
emergency power unit is described, including the system that it powers. Some primary control
switches are indicated and their function is explained (e.g., main ventilation switches). The
voltage and maximum current-carrying capability of shore power connections, if any, are
identified.
The vessel’s fire protection systems are summarized in the third part of Section IV, and the
area the system protects is indicated. No specific operating information on the systems is
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provided in this part. This part of Section IV is intended as a quick reference to determine the
types of systems available on the vessel (e.g., watertight doors, fire doors, fire walls, CO2
systems, foam systems).
In the fourth part of Section IV, the fire protection systems are discussed in detail. Directions
are given for the operation of each system. For example, the CO2 system is explained in detail. A
drawing of the system is included and instructions are given for the operation of the system.
Independent systems also are noted and explained. All instructions are keyed to photographs of
the systems controls.
The general alarm system is discussed and the areas protected by the system are provided in
the fifth part of Section IV.
The sixth part of Section IV contains information on the watertight doors. They are explained
in detail and, if remote controls can be used, these also are discussed. Controls are explained and
instructions usually are accompanied by an illustration.
The ventilation systems are discussed in the seventh part of Section IV. All emergency
controls are noted and locations indicated. Natural ventilation to the holds and some
compartments is discussed. Illustrations are used to show key features or controls of the system.
The eighth part of Section IV discusses emergency control for the fuel system. Remote
emergency control locations are indicated and instructions are given for their operation. If
manual controls are used for a backup system, their location is indicated and an explanation is
given for their operation.
7-7.5 Section V, Tactics.
General information items are discussed in the first part of Section V. The location of the
master keys for the various compartments is provided. If no master keys are available, vessel
personnel with keys for gaining access to the compartments are indicated. If safety plans or fire
plans are posted on the vessel, their location is given. The emergency gear/damage control locker
is identified, and hazardous cargo stowage is located (as well as the hazardous cargo manifest).
The second part of Section V discusses items to be given special consideration. The
international shore connection is identified and its location indicated. Instructions for
supplementing the CO2 system from a shoreside supply are provided. In addition, special safety
precautions are recommended.
Fire exposures are identified in third part of Section V. Exposures include flammable liquid
tanks, flammable gas tanks, explosives, open stairways, nonprotected laundry chutes, or any
substance or material aboard the vessel that would help to spread or accelerate a fire.
In the fourth part of Section V, the length of fire hose and its accompanying nozzle at each
onboard fire station are noted, as well as the minimum length of hose needed to reach a given
area. The location of appropriate adapters and fire department international shore connections
are clearly marked and accessible for shore hookup. The maximum operating pressure of the
firemain system should be identified during pre-fire planning.
The last part of Section V is the “Action Check-Off List.” This list assists personnel in making
certain nothing is overlooked. The list provides a check for the following categories of
information:
(a) Nature of emergency;
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(b) Life hazard;
(c) Data acquisition, which includes obtaining information that is available aboard the vessel
(such as a pre-fire plan, ship plans, dangerous cargo manifest, cargo manifest);
(d) Locating the fire or emergency;
(e) Checking the exposures;
(f) Access to the fire or emergency;
(g) Vessel systems/equipment that can be utilized;
(h) Stability/dewatering;
(i) Ventilation.
7-7.6 Section VI, General Arrangement.
Section VI includes plans that have general measurements and show the arrangement of decks,
compartments, and holds. Each deck usually is on a separate page. Smaller decks, such as the
bridge deck and boat deck, might be grouped together on one page.
7-8* Conducting Pre-fire Surveys.
In order to conduct a pre-fire survey properly, the surveyor needs the right equipment. The
following items have been found to be helpful:
(a) Clipboard, pencils, note pads;
(b) Pre-fire survey guide;
(c) Ship arrangement plans;
(d) Audio, video, and photographic equipment;
(e) Sample pre-fire plan (if available);
(f) Tape measure.
The survey should be conducted with the master or the master’s designee. The individual
conducting the survey should contact the master of the vessel for an introduction and explain the
purpose for boarding. Then, utilizing the survey guide, the surveyor should complete as many of
the survey items as possible from a review of the vessel’s general specifications, or from
information obtained from the master, before beginning any tour of the ship. A sample survey
guide is found in Appendix A.
7-8.1 Upper Decks.
Proceeding downward, the surveyor should tour the upper decks, documenting the following:
(a) Deck arrangement;
(b) Compartmentation, vertical fire zones, and ratings;
(c) Access to emergency egress to other spaces (machinery);
(d) Special controls for systems;
(e) General use of area;
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(f) Special features;
(g) Safety hazards.
7-8.2 Engine Room and Machinery Spaces.
The surveyor should proceed to the engine room and machinery spaces, noting the following:
(a) Access (regular and emergency);
(b) Type of machinery encountered;
(c) Type of fire protection systems;
(d) Location of controls;
(e) Fire pump controls;
(f) Ventilation shutdowns;
(g) Emergency shutdown;
(h) Watertight doors;
(i) Location of flammable liquid tanks;
(j) Shaft alley escape trunk;
(k) Safety hazards.
7-8.3 Cargo Spaces.
The cargo spaces then should be surveyed. On some vessels, it might not be possible to enter
all the cargo spaces due to hazards or because they are full. However, where possible, they
should be entered and the following information recorded:
(a) Access (regular and emergency);
(b) Type of fire protection systems;
(c) Deck and hold arrangement;
(d) Special use areas (cargo tanks, reefer boxes);
(e) Storage practices (locking off spaces, verifying status of controls for systems);
(f) Safety hazards;
(g) Types of hatch covers and their controls.
7-8.4 Bow and Stern Areas.
The bow and stern areas of the ship then should be surveyed. Since these are areas where
machinery and combustible storage often are found, the surveyor should note the following:
(a) Access to spaces;
(b) Types of fire protection systems;
(c) Hazardous storage;
(d) Machinery in use;
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(e) Flammable liquid tanks;
(f) Housekeeping;
(g) Safety hazards.
7-8.5 Weather Decks.
The survey should conclude on the weather decks, including the forecastle, the poop deck or
fantail, and the main deck. Items to be checked are as follows:
(a) Access to holds and other interior areas of the vessel;
(b) Deck houses and their contents;
(c) Winch controls (operating procedures should be determined);
(d) Hazardous cargo storage;
(e) Connections to the firemain;
(f) Deck fitting, piping, and obstructions;
(g) Types of fire protection systems;
(h) Safety hazards;
(i) Fire control plan location;
(j) International shore connection.
7-8.6 Photographs.
Photographs are an essential component of the pre-fire survey. They should be taken, if
allowed. Much of the data contained in the survey is of a technical nature and can be clarified if
appropriate photographs or drawings with superimposed identification are used. In general,
anything that would increase understanding of the survey should be photographed. This might
include photographs of the following:
(a) Systems controls;
(b) Systems components;
(c) Instruments;
(d) Arrangement features;
(e) General ship views.
Chapter 8 Training
8-1 Introduction.
Once the pre-fire plan has been completed, a fire department can establish drills and training
sessions onboard the vessel. The pre-fire plan indicates the location and identity of important
aspects of the vessel that shoreside fire fighters need to know in an emergency situation.
Tours and drills are to be scheduled through the appropriate authorities to minimize
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interference with the vessel and terminal operations. The appropriate size for a touring group
should be determined prior to boarding the vessel. Generally, it is difficult to tour a vessel
effectively with large groups. For this reason, several tours might need to be scheduled in order
to familiarize as many personnel as possible.
8-2 Training Exercises.
The function of a training exercise is to ensure that the plans and procedures can be
implemented.
Because most land-based fire fighters fight shipboard fires infrequently, the value of a marine
fire-fighting exercise is immeasurable. The exercises that have been conducted by fire
departments throughout the United States have proved to be of significant benefit when response
to a shipboard fire is necessary.
Arrangements should be made with the terminal management and the ship’s owner/operator
for the purpose of conducting a full dress rehearsal of an incident. This includes search and
rescue, deployment of water curtains, master streams, and attack lines, and deployment of fire
department ladders for boarding a ship at locations other than the gangway.
Before an operation of this size can be conducted, extensive planning is necessary. The COTP
and ship’s master should be involved with all fire company officers who are to be a party to the
operations. Mutual aid personnel should be included. On-site visits and discussions to familiarize
the participants with the intended operation should be conducted.
Coordination for drills/exercises is essential. Agencies involved in the drills might be unable to
suspend work during the exercise.
The ship and terminal personnel cannot stop work during on-site visits. There are days or
nights when work is not in progress. This is particularly true at liquid bulk transfer facilities.
Often, especially on a Sunday or while waiting for a favorable tide, a ship is berthed and is not
transferring product. This is the time to conduct a drill.
Often a local towboat and tankbarge company provides the towboat and barge with their crews
for a full-scale drill. Close cooperation among the COTP, towboat company, and marine terminal
is important.
If the drill evolutions are properly planned and conducted, the fire chief will have the support
and cooperation of the port community.
It cannot be overemphasized that the fire chief is to include the COTP in all planning and field
evolutions. The COTP has broad powers and is held in high esteem in the port community.
Cooperation can almost be guaranteed if the COTP supports the training exercise.
In order to conduct an exercise, a plan of operation is needed. A plan is legitimate only when it
has been realistically exercised. Some of the characteristics of a functional plan are specified in
8-2.1 through 8-2.11.
8-2.1 Coordination.
Any plan should be written and reviewed with the input of the participating agencies. Only
with this cooperative effort can a training exercise using this plan be truly beneficial. The
coordination for a full-scale shipboard fire-fighting drill can take weeks or months after a draft
of the plan is written.
8-2.2 Validation.
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A plan is to be tested by real or simulated situations that assist the planner in determining the
functional validity of the plan. Shipboard fire-fighting training exercises should consist of
multiple, small, previously validated elements that are then coordinated to form a large-scale
drill.
8-2.3 Updating.
The plan should be reviewed at least annually or as changes occur. Training exercises should
be conducted on a routine basis and especially after major alterations in the plan.
8-2.4 Authoritative Recognition.
Before a plan is finalized, it should be submitted to individuals or agencies with recognized
experience in tasks included in the plan. These authorities should observe large-scale training
exercises and provide independent comment or critical analyses of the drill, plan, and training
exercise.
8-2.5 Qualitative Analysis.
The quality of the plan is a function of its ability to accomplish the mission for which it was
designed and the perception of all users with respect to its “user friendliness.” A plan that is
difficult to understand and to implement will not be used and, therefore, has no value. If the
training exercise does not accomplish the tasks for which it was designed, the plan should be
reevaluated.
8-2.6 Critique.
After every exercise of the plan or a drill that incorporates the plan, formal and informal
critiques should be held. It is neither sufficient nor beneficial to test or critique the plan in small
sections and assume that a large-scale exercise works if all components have not been tested
simultaneously. The plan should be exercised in its entirety, and the critique should include all
facets of the exercise and plan.
8-2.7 Incorporation.
After each exercise, drill, or test of the plan, the lessons learned should be incorporated into
the revised plan.
8-2.8 Debriefing.
After each actual emergency, a debriefing should occur at which accurate notes are taken. The
lessons learned then should be incorporated into the plan. Debriefings should include discussions
of the following areas:
(a) Tactical. Actual strategic, tactical, and task accomplishments should be compared to the
goals set forth in the plan, and inconsistencies between the plan and tactical objectives should be
the primary focus of tactical debriefings. All participants, from the chief to the driver, should be
debriefed.
(b) Critical Incident Stress (CIS). The focus of critical incident stress (CIS) debriefings is the
mitigation of the effects of an incident and their by-products. It is useful to revise the plan in an
attempt to reduce stress on the fire/rescue personnel, if possible.
8-2.9 Video Review.
It is extremely useful to have these records for review and analysis.
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8-2.10 Audio Review.
It is extremely useful to have these records for review and analysis.
8-2.11 Log Review.
It is essential to have these records to document changes in the plan.
8-3 Advanced Fire Fighting — Marine Training.
Training of land-based fire fighters in the unique aspects of combating vessel fires should
include:
(a) Vessel types;
(b) Vessel construction pertaining to fire fighting;
(c) Stability and dewatering;
(d) Strategy;
(e) Command;
(f) Suppression and ventilation;
(g) Available resources for assistance.
There are several established schools that provide training in vessel fire fighting for ship
crews.
Every port community should develop a comprehensive program and implement a system of
support for marine fire training. This program also could provide for specialized equipment for
marine fire fighting.
Each jurisdiction should have the ability, knowledge, and resources to utilize and to obtain this
specialized training within its region.
Some of the resources that should be utilized to develop this program include fire chiefs’
associations, port authorities, the USCG, federal, provincial, and state governments, the
insurance industry, and maritime academies and associations.
Local training programs can include table top exercises, review of past ship fires, and
simulation exercises. Training exercises should address water supply problems, particularly
drafting, access ladder use, air supply problems, and personnel rescue problems.
The types of simulations that can be exercised for marine fire fighters are as follows:
1. Engine room
Fuel line break and fire
Electrical fire
Victim extrication, lower level
2.

Pump room

Broken pump seals and fire
Electric pump motor fire
Victim extrication, lower level

3.

Dry cargo areas

Tank top fire or rupture, or both
Bottom hold cargo fire, access to
tween deck cargo fire and access
to upper deck or shelter deck fire
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Weather or main deck fire Person
in the hold extrication
4.

Tank ship hold

Interior tank fire
Weather deck fire
Product pipe system on deck
Rupture or fire, or both
Product cascade hose
Connection and valve rupture
or fire, or both
Person in the tank extrication

5.

Accommodation spaces

Personnel berthing quarters fire
Galley fire
Laundry room fire
Mess room fire
Electrical fire
Cooking gas fire
Ventilation system fire
Multiple victim
extrication from various spaces

8-4 Personnel Safety.
Marine fire fighting requires the use of full protective clothing and equipment as required in
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, Chapter 5.
Marine fire fighting presents the hazard of personnel falling into the water. Provision should be
made for locating and rescuing such victims immediately. The use of personal flotation devices
is encouraged, but not at the expense of wearing full protective clothing and a self-contained
breathing apparatus (SCBA). Provisions should be made for adequate access and egress for
emergency personnel by means of additional gangways, ladders, or other devices. Where
conditions allow, provisions should be made for the possibility of water rescue.
In some areas, hypothermia is a concern; therefore, minimization of the time spent in the water
awaiting rescue is critical.
Ice or snow is a hazard on the decks of pier facilities and onboard ships.
Ship ladders can be very steep with narrow steps. Personnel should face the ladder at all times.
Hot steel surfaces and structural members can be harmful to personnel and equipment.
The use of a Jacob’s ladder for boarding vessels can be hazardous. Alternate means should be
used if possible. Prior familiarization with the use of these ladders is essential.
A ship has its own utilities. Lighting and power systems usually are completely independent
from any shore connection. There is little if any light available below deck when the main or
emergency electrical system is not functioning. Fire departments should provide portable
lighting systems with generators. If the incident could involve flammable vapors, the portable
electrical equipment should be intrinsically safe. Portable battery units also should be suitable
for use in hazardous locations (i.e., intrinsically safe).
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Special consideration should be given to maintaining adequate air supplies. The 30-minute
SCBA for standard fire fighting has frequently proven insufficient in vessel fire fighting.
It is recommended that an evacuation procedure and signal be established in case of the need
to abandon ship. Care should be taken to ensure the safe and systematic withdrawal of all
personnel.
Vessels have large, deep, undivided spaces and areas, such as cargo holds and engine rooms,
with many fixed obstructions, such as machinery. Fire personnel should move about the vessel
with extreme caution.
Prior to entering vessel spaces, fire personnel should review diagrams for the specific area and
consult with the vessel’s crew.
Chapter 9 Communications
9-1 Introduction.
In any fire suppression, rescue, or hazardous material operation, effective, disciplined, and
established communications procedures are necessary for safe mitigation of the incident. These
procedures are even more stringent for a shipboard fire, since the uniqueness of the environment
(ship construction and size and the possible involvement of numerous personnel and various
agencies) necessitates that the incident commander be provided with adequate and reliable
communications systems and procedures.
It should not be presumed that because a fire department’s radio procedures and systems meet
its routine needs that they automatically meet its needs during a shipboard fire. However, as with
any major incident/disaster, a department’s operations should be an extension, by degree, of its
day-to-day operations.
This chapter identifies various communications considerations, practices, procedures, and
systems. Where applied in conjunction with Chapter 7 and Chapter 11, this information assists
personnel involved in combating a fire aboard ship to establish effective communications.
9-2 Pre-fire Planning.
Pre-fire planning for shipboard fireground communications is a significant issue because of the
many unique aspects of a shipboard fire.
The following questions regarding shipboard fireground communications should be given
careful consideration when pre-fire planning for a fire aboard ship:
(a) Has the possibility of fire-fighting units from various departments/agencies operating at the
same incident been taken into account?
(b) Is there a common radio frequency(ies) on which to communicate?
(c) Are there established and recognized radio procedures and call signs that can be utilized by
all agencies involved?
(d) Which existing shipboard communications systems can be utilized by fire suppression
personnel to supplement radio communications?
(e) Have drills been conducted to identify the effectiveness/limitation of all types of
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communications systems that can be utilized?
9-3 National Mutual Aid Frequencies.
One source of frequencies that should be given careful consideration is reserved by the Federal
Communications Commission (FCC) for use by the fire service for mutual aid purposes. Such
use is to be primarily for base-mobile operations. These frequencies are licensed as intersystem
radio frequencies and are 154.265, 154.280, and 154.295 MHz in the VHF spectrum.
The FCC also has authorized five 800-MHz frequencies for use in mutual aid operations as
follows:
(a) I-CALL 821.0125 (mobile input) 866.0125 (mobile out);
(b) I-TAC 1 821.5125 (mobile input) 866.5125 (mobile out);
(c) I-TAC 2 822.0125 (mobile input) 867.0125 (mobile out);
(d) I-TAC 3 822.5125 (mobile input) 867.5125 (mobile out);
(e) I-TAC 4 823.0125 (mobile input) 868.0125 (mobile out).
9-4 Terminology.
It is important that the radio terminology used is similar to terminology that is used on a daily
basis. Fire fighters should be familiar with the nautical terminology used onboard ships to
communicate effectively with marine personnel. Effective fireground radio communications
should:
(a) Identify who is calling whom.
(b) Obtain acknowledgment before continuing, keeping messages short and to the point.
(c) Use ship terms only when they enhance clarity.
9-5 Procedures.
The pre-fire planning process should include adoption of procedures that, when employed,
serve to manage radio traffic effectively. Those who need to communicate via radio are to do so
in a manner that does not have an overall negative effect on the operation. This should include:
(a) Development of a radio resource list that includes an inventory of how many portable
radios are available at a given incident; and
(b) The frequencies, channels (simplex, low output, tactical, FMARS), and scanning capability
with which the radios are equipped.
This inventory allows for consideration of how the available radios, given their operational
features, can best be utilized. Reallocation of radios might be desirable in order to make the
proper equipment available to those who most need it.
An example is a unit (company) leader assigned to a suppression operation; he/she might need
tactical channel capability but might not need scanning capability. Conversely, sector
commanders might need scanning capability but not a tactical channel. The incident commander
might need to communicate with sector commanders, as well as with other involved agencies. If
such factors are considered in advance, it will greatly facilitate efficient fireground operations.
9-6 Fixed Communications Systems for Ships.
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All large ships are equipped with internal telephone systems. These systems can be very
effective. The ship’s master can identify the type of onboard telephone system and how it can be
utilized during a fire.
Most larger ships also utilize low output portable radios to allow the ship’s crew to
communicate with key personnel. These radios can be an important asset.
Marine radio frequencies are an ideal means by which to communicate from ship to ship
during a marine fire-fighting operation. A typical use of these frequencies would be for an
incident commander to give direction to or receive reports from tugboats, pilot boats, or coast
guard boats. The use of these frequencies should be coordinated with the COTP.
9-7 Communications Logistics.
The three principal communications logistical needs that should be considered are extra
portable radio batteries, battery rechargers, and additional portable radios.
(a) Portable Radio Batteries and Battery Recharging. Given the long duration that can be
expected in a shipboard fire incident and the considerable radio traffic that occurs, portable radio
batteries need provision for replacement and recharging. Pre-fire planning should include the
availability of extra batteries and a means to recharge batteries on the scene.
(b) Additional Portable Radios. The need for portable radios by other involved agencies (e.g.,
the Coast Guard, tugboats) might necessitate loaning such agencies a fire department portable
radio to achieve effective communications. Considering the large size of many ships, there could
be a deployment of personnel that is larger than expected who are totally dependent on portable
radio communications. This increased deployment could exceed the number of portable radios
available. Plans should include the acquisition of extra portable radios from elsewhere in a
department’s organization (e.g., fire prevention, training, personnel, administration).
9-8 Communications Inhibitors.
The very nature of a ship’s construction, which is mostly steel, creates an immediate negative
impact on good, clear communications. During ship’s tours, radio tests between portable radios
and mobile radios should be conducted to identify any limitations.
Whenever operating on the decks or in the holds that are below the waterline, communications
to or from a ship will most likely be impossible to achieve. Radio communications below deck
might be improved if transmissions are made near portholes; or if radios are used “in relay” to
transfer messages.
9-9 Miscellaneous Considerations.
During the changing environment of a major shipboard fire, one of the simplest steps that can
be taken to minimize radio communications traffic is to use means other than radio whenever
possible. For example, a person can be assigned to deliver messages.
Mobile communications units should be assigned where available. Cellular telephones, both
mobile and portable, can be utilized as part of an effective communications plan.
Computers can be used to store a complete pre-plan, including all aspects of communications
capability and availability data. They can be used in conjunction with the CHEMTREC “HIT”
program and other HAZMAT data bases.
Because portable radios are susceptible to humidity and water damage, provisions should be
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made to dry, replace, and repair radios at the scene.
Chapter 10 Strategy and Tactics
10-1 Introduction.
Vessel fire-fighting strategy necessitates that the incident commander choose between an
offensive or defensive strategy. The danger to fire-fighting personnel and exposures needs to be
weighed against the dangers to the vessel and cargo.
10-2 Offensive Strategy.
Where resources are adequate and the vessel’s environment is tenable, an offensive strategy
might be appropriate. The incident commander can choose from a number of strategies, ranging
from an aggressive handline attack to remote agent application or smothering.
Strategy is goal oriented. The incident commander should develop a list of desired outcomes.
Tactics should be continually evaluated against the desired outcomes. The ability to achieve
tactical objectives serves as a guide to the feasibility of the strategic goals.
10-3 Defensive Strategy.
Where resources are insufficient for extinguishment or the danger to personnel, environment,
or exposures outweighs other considerations, a defensive strategy might be appropriate. The
incident commander’s options are containment and exposure protection or removal of the vessel
to an appropriate location.
10-4 General Tactics.
There are many different types of fires that can occur aboard vessels. As with any fire incident,
initial fire department actions should address rescue of endangered persons, protection of
exposures, confinement, and prevention of firespread. Other tactics and strategies, and their
order of precedence, vary depending on the type of fire situation and location on the vessel. As is
the case in some structure fires, incorrectly ventilating a vessel space can cause a backdraft
explosion. Any use of ventilation as mentioned in Sections 10-5 through 10-16 and throughout
this document should be carefully considered before its application as a strategy. Usually it is
essential that ventilation not be established until a coordinated attack can be made.
10-4.1 Watertight Doors.
Watertight doors can be found throughout a large ship. The operation of the doors should be
noted during the pre-fire planning process, as they are vital to the containment of fire, smoke,
and water. Due to their very purpose, watertight doors are subject to pressure from water or hot
gases. Watertight doors should be opened with extreme caution.
10-4.1.1 Nonquick-Acting Watertight Doors. Nonquick-acting watertight doors are manual
and are held in place by slip hinges and, usually, six locking dogs. Because the door could have
pressure behind it, it is advisable to open the dogs on the hinged side of the door first. The slip
hinges allow the pressure to be released without the door being uncontrollably blown open. The
unhinged side can be unlocked when it is safe to do so.
10-4.1.2 Quick-Acting Watertight Doors. Quick-acting watertight doors are manual and are
locked with the rotation of a single lever or wheel. The lever or wheel passes through two stages
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as it is rotated. The first stage partially opens the door to release pressure while keeping the door
secured to the door jambs. It cannot blow open in this stage. After the pressure has dissipated,
the lever or wheel should be rotated further to open the door.
10-4.1.3 Power-Driven Watertight Doors. Power-driven watertight doors are doors that are
operated by means of electric motors. Each door usually can be operated by an electric switch or
a hand crank. Operating stations usually are both nearby and remote from the door. Remote
electric control stations might be provided with an automatic closing mode that automatically
recloses the door on release of the local switch.
10-5 Forward Compartments.
The compartments in the bow contain machinery, storage, flammable and combustible liquids,
and seawater ballast tanks.
Rescue of personnel in these compartments is very difficult due to the vertical access and
vertical ladders that service each deck. It might be necessary to establish a “manhole”/confined
space rescue operation on each deck above the victim.
Electrical power to these compartments can be disconnected within the compartments or from
the motor control center (MCC) in the electrical room or machinery space. Control of the
electrical distribution system should be accomplished by the ship’s crew.
Some ships are provided with fixed extinguishing systems for these compartments. It should
be determined if the fire department can support or supplement the fixed systems.
Fire fighting in these compartments could be limited to smothering the fire by sealing off the
compartment or applying water through cellar or revolving nozzles.
10-6 Aft Compartments.
The aft compartments are located in the stern of the vessel. Each level or deck presents
problems of access. In some cases, there is only one point of access to these compartments. The
decks below the main deck compartments might have two points of access. These compartments
generally are larger than the forward compartments.
The compartments contain machinery, storage, combustible liquids, and seawater ballast tanks.
The aft compartments are essential to the operation of the ship because they contain the steering
system for the vessel.
Rescue on levels below the main deck can sometimes be accomplished by the use of
companionways and ladders. Access to the lowest levels can necessitate a vertical descent.
Electrical power to these compartments can be disconnected within the compartments or from
the motor control center (MCC) in the electrical room or machinery space. Control of the
electrical distribution system should be accomplished by the ship’s crew.
Because there might be two points of access to the upper decks, it might be possible to make a
direct attack on fire in these compartments. Ventilation also might be possible. Where a direct
attack is not possible, the use of cellar or distributor nozzles or the sealing of the compartments
might be necessary.
10-7 Pump Room Fires.
Pump room fires usually are the result of a mechanical failure (e.g., ruptured pipe, pump
failure, ruptured stuffing tube seals).
Copyright 1996 NFPA

The following steps should be considered when extinguishing a pump room fire:
(a) The source of fuel to the pump room should be shut off.
(b) Portable extinguishers, 11/2-in. (38-mm) hoselines, and foam should be used.
(c) The ship’s fixed fire-fighting system for the pump room should be activated.
CAUTION: The fire fighter is to know how to activate the system or is to seek
assistance from the ship’s engineering officer.
(d) Extinguishing a pump room fire by smothering (securing all ventilation and closing the
pump room doors) necessitates the use of extreme precautions. Smothering might extinguish the
fire, but the possibility of a reflash or explosion is a real danger. It can take several hours or days
for the pump room to cool down sufficiently to prevent a reflash when the room is opened.
(e) In many instances, a ship’s crew automatically activates the ship’s pump room fire
protection system when there is a pump room fire. The fire might be extinguished or contained
when the shoreside fire fighters arrive. Fire fighters are to take appropriate precautions, such as
those specified in 10-6(a) through (d), when approaching a pump room fire under these
conditions.
10-8 Tanker Deck Fires.
Deck fires are a common type of incident aboard tank vessels. They generally result from the
spillage of product on deck from a leaking or burst pipe. Often the spill is contained on deck due
to the common practice of plugging the scuppers. This results in product pooling in low areas
until there is enough to flow overboard.
The first consideration in dealing with these fires is to shut off the flow of product feeding the
fire. This can necessitate stopping the ship’s cargo pumps or having the shoreside terminal cease
loading operations. Care should be taken not to arbitrarily close valves without a thorough
understanding of the effects of such actions, as this can produce a water hammer effect with even
worse consequences. Product flowing into navigable waters causes environmental pollution as
well as spreading the fire. Oil booms or absorbent pads generally are not fire resistive.
Most spill fires contained on deck can be treated as a static flammable liquid spill fire. They
should be extinguished with foam or dry chemical.
As part of the initial size-up, the incident commander should evaluate the vessel’s fixed
systems. Many tankers have deck foam monitors, which can be pre-aimed or remotely
controlled. If the crew has previously activated them, it might not be possible to replenish the
system during the incident. The incident commander needs to evaluate the on-scene resources
and foam supply in relation to the size of the incident.
If fire spreads into waters alongside the vessel, escape and supply routes could be cut off. The
fire could burn the mooring lines, causing the vessel to drift, possibly with fire crews still
aboard. The use of hose streams to sweep away or emulsify product on the surface should be
considered.
10-9 Tank Fires.
During the size-up of a tank fire, the incident commander should consider several factors that
are critical to a successful operation:
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(a) The status of the tanks involved is to be determined. The type of product in the tank and its
burning time are important. The level of the tank at the time of ignition and its accessibility
should be determined. Obstructions are an influence on the type of attack.
(b) The status of the ship’s fire protection systems and its foam system should be determined.
The foam system might or might not serve the area involved in fire. The ship’s crew might have
charged the foam system prior to the arrival of the fire department. If so, it is necessary to verify
how much foam concentrate remains. The ship’s plan might indicate whether or not the ship’s
foam concentrate supply can be augmented from shoreside supplies. Lastly, the ship’s crew can
be very helpful in operating the system.
(c) The operational condition of the ship’s firemain system should be considered.
10-9.1 Fire Attack with Foam.
Where using foam as an extinguishing agent, it is imperative to postpone the application of the
foam until sufficient quantities are available to effect complete extinguishment.
The required rate of application needs to be calculated. NFPA 11, Standard for
Low-Expansion Foam, should be used to determine the application rate. The shipboard fixed
system may be permitted to be included in the calculations, provided the system is reliable and
charged. Pumping capacity calculations should include foam flow needs plus flow necessary to
operate cooling streams. Cooling streams include lines used to protect personnel and to cool
exposures and hot surfaces.
(a) If possible, the ship should be turned so that foam can be applied from the upwind
direction.
(b) Hoseline access to tank fires can be gained through ullage holes, vent lines, ruptures, and
manholes.
(c) The ignition of adjacent tanks is to be prevented.
(d) During the attack, the following should be observed:
1. Water from cooling lines should be kept away from foam.
2. The attack should begin only after sufficient resources are in place to sustain the attack.
(e) When the fire has been extinguished:
1. The heated surface should be cooled without disturbing the foam blanket.
2. The foam blanket should be maintained until ignition sources are removed.
3. The tanks should be inerted, if possible. Carbon dioxide can produce static electricity;
therefore, it should not be used.
10-9.2 Fire Attack with Water.
If water is the only available extinguishing agent, the following should be considered:
(a) All areas involved are to be accessible to water fog streams.
(b) Water vapor suppression is possible only when water is applied continuously. Personnel
should be kept away from the extinguished area because reflash or rekindle is a distinct
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possibility.
(c) Larger volumes of water are needed; as a result, larger dewatering capability might be
needed.
10-10 Engine Room Fires.
The main engine room provides propulsion power, electrical power, and steam to the entire
ship. Since this is the power center of the ship, an engine room fire renders all but emergency
systems ineffective. Emergency systems might not operate due to fire damage, disrepair, or due
to their being set in manual mode.
Some engine spaces are separated by watertight bulkheads. If proper closures are made,
systems located in the noninvolved spaces might remain operational.
Ships generally are provided with emergency power to supply critical systems, such as
emergency lighting.
A main engine room fire usually is an oil fire, either at a flange or in the bilge, or it could be an
electrical fire.
An electrical fire in the main engine room should be handled as an electrical room fire.
The following is a list of some of the equipment that is found in an engine room: propulsion
boilers; auxiliary boilers; steam turbines; diesel engines; pumps, generators; electric motors;
hydraulic motors; electrical distribution centers; electronic control consoles; pressure vessels;
evaporators; heat exchangers; and sewage treatment plants.
10-10.1 Personnel Rescue.
Due to varied arrangements and the equipment found in main engine room spaces, search and
rescue operations are extremely difficult and hazardous.
Assistance from the ship’s crew might be necessary to safely overcome hazards such as high
pressure steam leaks, electrical shock, rotating equipment, and difficult access.
10-10.2 Confinement.
To prevent the spread of fire and smoke to other areas of the ship, all closures and ventilation
to the affected area should be shut off initially. The effectiveness of closure procedures should be
verified and any open or damaged dampers identified.
Making proper closures also is necessary to prevent the flow of water from one compartment
to another, thus affecting the stability of the ship.
All main engine room systems should be shut down from their remote emergency shutdown
stations. This usually does not include the emergency lighting, as it is powered from a different
area of the ship.
The six fire boundaries (fore, aft, port, starboard, above, and below) should be established and
cooled.
The dewatering needs and availability of the necessary equipment to accomplish immediate
dewatering procedures should be determined.
10-10.3* Attack.
The secondary fire boundaries for staging of personnel and equipment should be identified and
established.
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The status of the ship’s fixed systems (CO2, halon, foam) should be identified and evaluated.
If the ship’s fixed systems are available and operational, they should be used as soon as
evacuation and closure of the space is completed. Entry into a space where fixed CO2 or halon
has been released should be delayed to allow the agent to perform its function.
Entry into the engine room should be made through an access at the lowest point possible
while wearing full protective equipment.
Before entry is made, it should be determined that adequate fire-fighting equipment, personnel,
and agents are available not only to extinguish the fire but to protect the fire fighters. This
becomes especially important where considering tight spaces and a possibly complex escape
route.
Fire-fighting equipment that might be available aboard the ship and be of assistance to the fire
fighter includes: CO2, halon, foam, and dry chemical portable extinguishers; CO2 and dry
chemical hose reel extinguishers; foam applicators; fog applicators; piercing applicators; fire
hose; and nozzles.
The preferred agent for fighting a main engine room fire is foam. The amount of foam
necessary and the amount available need to be determined. In addition, the compatibility of the
available foam and foam-generating equipment need to be verified.
Before making entries through power-actuated watertight doors, it should be determined that
they are in the manual mode and cannot automatically close on release of the actuating device.
Entry into all machinery spaces should be made with extreme caution, as deck plates and
gratings are routinely removed for equipment maintenance, creating trip and fall hazards.
Where entry into the involved space can be made at or below the fire deck, ventilation can be
established through the uptakes or natural vents to the outside atmosphere. This reduces heat and
improves visibility, but care should be taken, as this also introduces fresh air to the fire.
Where entry into the involved space has to be made from above the fire deck, ventilation is to
remain secured until extinguishment and cooling are complete. Ventilating before
extinguishment pulls the flames up to the fire fighters as they attempt to descend into the space.
Areas of an engine room where fire is most likely to occur are the bilge, diesel engine, boiler
front, boiler casing, fuel strainer, centrifuge, and stack areas.
A fire in the stack area of a ship can be further complicated by soot deposits. If soot is aerated,
it could ignite quickly. When mixed with water, it forms sulfuric acid.
10-10.4 Overhaul/Salvage.
When fire is declared extinguished, a “reflash watch” should be established until all cooling
and overhaul functions are complete.
A blanket of foam should be maintained in the bilge until it is cooled and pumped out.
Oil leaks should be repaired and oily surfaces cleaned to eliminate the fire hazard.
Throughout the fire-fighting and overhaul/salvage operations, water conservation procedures
and dewatering operations should be maintained.
10-11 Electrical Room Fires.
Electrical power is generated aboard the ship and is supplied throughout the ship by wires
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running through cableways/wireways. Starting at the main generator board, these cableways
interconnect electrical distribution centers that supply electrical power to the equipment in that
sector.
Some areas in which electrical fires can occur are winch control centers; motor controllers;
motors; generator boards; generators; distribution boards; galley equipment; lighting panels;
pump control centers; computers; automation control centers; wireways; transformers;
propulsion motors; and propulsion control consoles.
A ship in port might be hooked up to shore power. The ship might not be generating its own
electrical power. The source of electrical power should be verified with the ship’s crew.
10-11.1 Personnel Rescue.
Due to the varied arrangements and the equipment found aboard ships, search and rescue
operations are extremely difficult and hazardous.
Assistance from the ship’s crew might be necessary to safely overcome hazards, such as
electrical shock, rotating equipment, and difficult access. Special rigging also might be necessary
to effect the safe removal of a casualty.
10-11.2 Confinement.
To prevent the spread of fire and smoke to other areas of the ship, all closures and ventilation
to the affected area should be shut off initially. The effectiveness of closure procedures should be
verified and any open or damaged dampers identified.
Power to the involved equipment should be disconnected to reduce the intensity of the fire and
possible shock hazard. The ship’s crew should be consulted as to location and method of
deenergizing circuits, as there might be alternate power supplies and live wires that traverse the
space.
All six primary fire boundaries (fore, aft, port, starboard, above, and below) should be
identified, established, and cooled as necessary. If cooling of the bulkheads is necessary,
dewatering procedures should be established.
10-11.3 Attack.
The secondary fire boundaries for staging of personnel and equipment should be identified and
established.
The status of the ship’s fixed systems (CO2, halon) should be identified and evaluated.
Propulsion motors might have fixed systems that discharge into the motor housing.
If there is an operational fixed system for the space involved, it should be used as soon as
evacuation and closure have been completed. Entry into a space where fixed CO2 or halon has
been released should be delayed to allow the agent to perform its function.
Entry into the involved space should be made while wearing full protective clothing.
Transformers aboard the ship can contain oil. If the integrity of the transformer is breached,
the fire can become a combination electrical and oil fire. The transformer oil could contain a
carcinogen and release highly toxic fumes.
Before entry is made, it should be determined that adequate fire-fighting equipment, personnel,
and agents are available not only to extinguish the fire but to protect the fire fighters. This
becomes especially important where considering tight spaces and a possibly complex escape
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route.
Fire-fighting equipment that might be available aboard the ship and be of assistance to the fire
fighter includes: CO2, halon, and dry chemical hose reel extinguishers; CO2 and dry chemical
semiportable extinguishers; fire hoses; and nozzles.
When fire fighters are ready to make entry into the involved space, ventilation should be
established to the outside atmosphere to reduce heat and improve visibility. Smoke ejectors or
box fans might be needed.
10-11.4 Overhaul/Salvage.
When a fire is declared extinguished, a “reflash watch” should be established until all cooling
and overhaul functions are completed.
Appropriate action should be taken to prevent further damage to adjacent electrical equipment.
Special care should be taken where dealing with wireways. They can be difficult to access, and
they can spread fire easily from one compartment to another.
10-12 Chemical Tanker Fires.
Chemical tankers are vessels that carry flammable and toxic chemicals in tanks on and below
decks. They usually carry a variety of different chemicals. Multiproduct tankers are commonly
referred to as “drug stores.”
Even if the tanks are segregated by cofferdams, tanks can leak during an incident and result in
the mixing of the chemicals, creating an unknown reaction or hazard. By identifying the
chemicals that are onboard, a proper strategy can be executed. The chemicals can be violently or
mildly reactive with water.
While attacking a fire on a chemical tanker, the following should be considered:
(a) The cargo transfer operations should be stopped and pumps should be shut off.
(b) If needed, some cargo can be heated or cooled in the tank by onboard heating or
refrigeration systems.
(c) Due to the possibility of electrical shock and the presence of explosive vapors, the power to
the area should be secured, and it should be ensured that there is no source of ignition within or
added to the area (e.g., static discharge from CO2 extinguishing systems).
(d) To maximize tank integrity, adjacent tanks and piping on deck and in the area should be
cooled to prevent explosion and vapor ignition; cargo piping on deck usually is empty but can
contain vapors from the most recent cargo.
(e) The use of fixed systems, such as inert gas, should be considered.
(f) Preparation should be made for downwind evacuation due to plume development.
Since fires involving chemicals can be extremely hot, personnel protection by use of water
streams is a viable tactic. Rescue of personnel and movement of hose teams can be hampered by
the presence of fixed piping on the decks of vessels. Due to the high volatility and inhalation risk
of chemical vapors, adequate personnel protection procedures and equipment should be utilized.
It is important to maintain awareness that heat, water, and mixing of chemicals can produce
dangerous products; personnel protection is vital.
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10-13 Fires in Holds.
The holds of a vessel are large areas below the main deck in which cargo is stored for
transport. Although holds are most often associated with cargo vessels (bulk and break bulk
carriers), many vessels contain holds.
To protect the cargo holds, hatches should cover the hold at the main deck and the tween deck
openings. Hatches usually are removed by mechanical means. When the hatches are closed,
cargo can be lashed to them. Surrounding the hold is a hatch combing that prevents deck runoff
from entering the hold and helps prevent personnel on deck from falling into the hold. There are
no combings around the tween deck openings. Access to a hold can be accomplished through
large openings in the side of the vessel. Scuttles and ladders, which are closed when the vessel is
under way, provide access to the hole.
While attacking a fire in the hold, the following should be considered:
(a) The items that are burning should be determined;
(b) Fixed fire-fighting systems should be determined for that hold;
(c) An attack should be planned (e.g., attack from side opening vs. attack from the hatch);
(d) The side opening should be closed if attacking from the hatch;
(e) Smothering the fire by closing the hatch and, if possible, adding inert gas should be
considered;
(f) Exposures and adjoining holds should be continually monitored and protected;
(g) Distributor nozzles and fog nozzles can be placed into the hold (it should be noted that
excessive cargo damage or stability problems, or both, could result);
(h) Deck operations can be dangerous because of open hatches and cargo-handling equipment;
(i) The freeboard of the vessel might have to be cooled;
(j) Removal of some cargo should be considered; and
(k) Fire in a hold can be difficult to attack because of the large area involved, difficult means
of accessing, and poor visibility.
10-14 Machinery Room Fires.
10-14.1 Fire-Fighting Systems in Machinery Spaces.
(a) Water. Firemain, standpipe.
(b) CO2. Hose reels are used to extinguish electrical fires in large switchboards. Some of these
hose reels have nozzles that are locked in the open position, which allows flooding of the area.
(c) Installed CO2 Systems. Installed CO2 systems are found in these spaces, but the space
should be secured (watertight doors and ventilation) for successful operation.
(d) AFFF or Other Types of Foam. One example of fixed foam systems found onboard ship is
a bilge sprinkling type. It is designed to allow the extinguishment of Class B fires in ship bilges.
This system is sometimes found in conjunction with halon.
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(e) Halon. Fixed flooding systems.
10-14.2 Mechanical Systems Found in Machinery Spaces.
(a) Hydraulic systems;
(b) Air compressors;
(c) Fuel transfer, service and stripping pumps, centrifugal purifiers, and fuel heaters;
(d) Fuel systems, storage and service tanks;
(e) Lube oil tanks;
(f) Steam systems;
(g) High pressure, low pressure, and bleed air systems;
(h) Air-conditioning systems;
(i) Sewage treatment holding tanks;
(j) Electrical.
10-14.3 Common Causes of Fire in Machinery Spaces.
(a) Oil spray (these fires often occur during maintenance of flanges and valves);
(b) Major oil leak;
(c) Electrical systems;
(d) Improper storage of combustible materials.
10-14.4 Personnel Rescue.
Due to varied arrangements and the equipment found in main engine room spaces, search and
rescue operations are extremely difficult and hazardous.
Assistance from the ship’s crew might be necessary to safely overcome hazards such as high
pressure steam leaks, electrical shock, rotating equipment, and difficult access.
10-14.5 Fire Confinement.
10-14.6 Electrical Power.
Complete electrical power isolation is difficult due to the number of cables within the affected
space. All electrical equipment should be secured prior to entry into the affected area. This can
be accomplished at the ship’s emergency switchboard, load center, or distribution panel.
The mechanical systems, tanks, and machinery that can contribute to the fire should be
isolated.
The boundaries should be cooled. The surrounding areas (e.g., hot spots, discoloration of paint,
combustible and flammable materials) should be checked.
Working with the ship’s master, ventilation should be established.
In unaffected machinery spaces, positive ventilation (supply on high, exhaust off) should be
established. This is intended to prevent smoke from entering unaffected spaces.
The extension of fire in the overhead generally is faster onboard ship. Therefore, entry into
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machinery spaces should be made at the lowest point possible (e.g., escape trunk, shaft alleys).
Entry into affected areas usually necessitates the use of foam. Once in the space, the primary
purpose of entry is to extinguish the fire, to ensure that fire sources are secured (fuel oil, lube oil
systems), and to cool spaces. ALL flammable liquids should be covered with foam. Fuel oil and
lube oil tanks should be cooled. Care should be taken that water from the cooling lines does not
destroy the foam blanket.
10-14.7 Dewatering.
While fire-fighting procedures are in progress, efforts should be made to establish dewatering
in operations. The ship’s systems should be used.
The use of a barge into which fire-fighting waste water can be discharged should be
considered.
10-14.8 Points to Consider when Combating Machinery Space Fires.
(a) Low Pressure Air. Some of the shipboard’s low pressure air line joints might be assembled
with soft solder and can separate in a major fire. This results in a blowtorch effect that can
enhance the fire.
(b) Cables. Because of the large number of cables that transit a compartment aboard ship, there
is a very good possibility that the fire fighters also will have to combat a cableway fire.
(c) Steam. Because of the inability to ventilate, the temperatures in the space can be extremely
high. If the attack team does encounter this situation, it is recommended that the handlines be
used at the absolute minimum volume. Large volumes of water, especially from fog nozzles,
result in high production of steam.
(d) Thermal Imager. If available, this piece of equipment could prove to be extremely valuable
while dealing with any shipboard fire.
(e) Sheared Metal/Metal Turnings. These can result in a Class D fire. This possibility should
be kept in mind.
10-15 Accommodation and Berthing Space Fires.
10-15.1 Rescue.
In areas where people live or sleep, the primary concern is the location and rescue of victims.
Vessel passenger areas closely resemble a prefabricated housing layout. Some of the similarities
are compactness, built-in furnishings, thin walls, low ceilings, narrow hallways, and small doors.
10-15.2 Electrical Power.
The electrical power to accommodation spaces needs to be shut off prior to fire-fighting
efforts. It should be noted that the removable overhead ceilings contain cableways that might
provide power to adjacent spaces. Therefore, the power to the spaces on all six sides of the
involved area might need to be shut off. Emergency power is usually of the same voltage on a
separate circuit feeding the same fixtures.
10-15.3 Ventilation.
It is difficult to ventilate heated fire gases from living quarters below decks without using a
combination of horizontal and vertical ventilation. These spaces are not airtight on merchant
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vessels. However, they might be airtight on military vessels. It is essential that ventilation not be
established until a coordinated attack can be made. These spaces retain high heat because of their
insulation and, therefore, should be ventilated if fire fighters are to be protected from heat
injuries.
10-15.4 Direct Attack.
In the early stages of the fire, a quick attack by the ship’s crew or land-based fire fighters has
proven effective. However, if the fire has been allowed a significant pre-burn time, a sustained
effort probably is necessary.
10-15.5 Indirect Attack.
Because of the high synthetic fireloading of these spaces, the flashover potential of passenger
cabins is normally higher than that of the average house. For this reason, fire fighters should use
extreme caution where entering these closed spaces. The use of piercing nozzles should be
considered.
10-15.6 Overhaul.
The possibility of fire extension in concealed spaces surrounding passenger cabins is usually
very high. A thorough overhaul is essential and should include penetration of the bulkheads.
10-16* Gas Tanker Fires.
Gas tankers referred to in this section are vessels that are specifically designed to transport
flammable gas in bulk liquid form at very low temperature. Nonflammable and essentially
nonflammable liquefied gases transported in bulk, such as anhydrous ammonia [ignition
temperature –1204°F (–131°C)], can be controlled by methods similar to those used for
unignited releases. The two most common liquefied flammable gases are liquefied natural gas
(LNG) and liquefied petroleum gas (LPG). LNG is mostly methane, liquefies at –260°F
(–162°C), and is reduced in volume 600 times during the gas-to-liquid change. LPG is primarily
propane or butane, liquefies at –44°F (–42°C) and is reduced in volume 270 times when
liquefied.
Although many of the physical characteristics of LNG and LPG differ substantially,
fire-fighting strategies and tactics are similar. Both gases are nontoxic but are asphyxiates. They
are often similarly stored aboard vessels in large, insulated, spherical containers (usually five
spheres per vessel). The spheres or tanks usually are individually isolated within the hull by a
secondary barrier designed to contain low volume leakage from the tank temporarily or by a
primary barrier.
These enclosed spaces, like others that exist aboard the vessel, could provide an environment
that could promote explosion or fire hazards, or both, from either gas. If escaping into open air,
however, both gases are subject to fire, but, generally, only LPG is subject to explosion. An open
air LPG explosion usually necessitates a large liquid-phase release and also depends upon such
environmental factors as wind conditions, humidity, terrain, and ignition sources.
Ships that carry LNG or LPG usually have water spray systems throughout critical cargo areas
on deck. Although the water spray normally is not used to extinguish the fire directly, it can
prove effective in:
(a) Dissipating unignited flammable vapors;
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(b) Protecting metal surfaces subject to brittleness and fracture from cryogenic liquids;
(c) Confining a fire to a limited area;
(d) Protecting exposures from radiant heat.
Most ships also are fitted with sufficient dry chemical units to extinguish a cargo fire onboard.
Such units include large fixed systems with fixed monitors, smaller skid-type stations, and
semiportable wheeled tanks. Generally, crew members are specifically trained to combat
liquefied flammable gas fires.
United States ports that regularly handle these gases in bulk are controlled by the “USCG
Captain of the Port LNG/LPG Vessel Management Plan” and the “LNG/LPG Emergency
Contingency Plan.” These plans usually separate gas vessel incidents into two separate
categories: those incidents that occur while the vessel is in transit to the facility and those that
occur while the vessel is moored at the facility. Generally, regardless of the nature of the
emergency, the plans require that the response always be the same and that the worst situation be
anticipated. Various factors, including resource response time and high hazard potential, dictate
this approach. The following general guidelines apply to most liquefied flammable gas vessel
fires, whether they occur on ships or barges:
(a) All personnel should remain upwind of the release.
(b) High velocity fog should be used on the vapor of unignited releases. This assists in the
dispersion of gas vapors. This also can be employed to direct vapors away from an ignition
source or toward a more windy area.
CAUTION: High velocity fog should never be applied to the liquid. This merely
accelerates the formation of vapor.
(c) In the event of ignition, water should be used to cool down surrounding tanks, piping,
equipment, and structures. It also should be used to cool down the tank involved in the fire.
Water spray should be used to protect personnel involved in shutting down the source or
protecting exposures.
(d) Normally, gas fires should not be extinguished unless the source can be shut off. A
controlled burn generally is preferable to an uncontrolled, unignited leak. Factors for
consideration include failure of structural metal from extreme cold (unignited) or extreme heat
(ignited).
(e) If it is necessary and practical to move the vessel away from the facility, a delay of at least
30 minutes should be expected, depending on the type of hose connection(s) to the shoreside
facility.
Chapter 11 The Incident Command System
11-1 Introduction.
As the complexity of the incident increases, additional positions within the incident command
system (ICS) need to be activated. The incident commander determines which positions are to be
activated. These can include planning, logistics, safety officer, and information officer.
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The ICS provides a method for different agencies, organizations, and individuals to work
together toward a common goal in an organized, productive, efficient, and effective manner. The
ICS consists of procedures for controlling personnel, facilities, equipment, and communications
during all phases of an incident. The ICS is designed to evolve from the time an incident begins,
through initial attack and stabilization, to long-term control, and, finally, to the resolution of the
incident.
The incident command system is adaptable to any vessel incident, whether it is a fire, an
explosion, a hazardous material, or other type of incident. It can be utilized for a small fire
aboard a vessel involving a single agency such as the local fire department, or it also can be used
on a large, complex incident involving a vessel(s) or a terminal, or both.
The structure of an ICS can be established and rapidly expanded, depending on the changing
conditions of the incident. The person in charge of the incident could be a company officer, who
might be the first on the scene, or it could be the chief of the fire department, depending on the
magnitude of the situation.
Solving any problem, especially one as complex as a major vessel emergency, is easier if
broken down into parts. Under an ICS, the incident organizational structure develops in a
modular fashion, based on the size of the incident. The incident’s staff builds from the top down,
and additional sections or functions are added as the incident demands. One person usually can
manage small incidents, whereas larger operations necessitate independent management of the
various command responsibilities.
The ICS allows response agencies to operate within a common, consistent, and preestablished
organizational structure and with standard operating procedures. Predesignated standard names
and terminology are used for organizational elements. English, rather than complicated codes is
used for radio communications. Incident communications are planned, controlled, and managed
using several functional radio networks.
The ICS provides for the rapid activation, utilization, and control of resources.
11-2 Size-up.
Any incident begins with the notification that an emergency exists. This sets in motion the
beginning of the ICS.
A predetermined amount of emergency equipment and personnel are dispatched to the incident
scene. Responding fire officials immediately begin an analysis process called “size-up.” This
involves gathering facts, data, and information on events that have occurred or are occurring,
forecasting future events, and developing a plan of action. This size-up process continues
throughout the incident and is subject to constant revision.
Enroute to the incident scene, fire officers assess their familiarity with the location and the
vessel that could be involved, scene conditions, time of day, their personnel situation, and
possible resources available. They might consult the fire plans of the vessel and the terminal
facility or a preestablished response plan for vessel incidents.
Upon arrival, the first fire official observes the scene and provides input on conditions, such as
type of incident, vessel type, vessel name, and incident location. Based on these observations,
the call for more assistance in the form of additional alarms or specialized resources might be
needed. It can save time if this is preestablished.
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Some special size-up considerations should include:
(a) The location, status, and condition of the vessel;
(b) Collection of the ship’s documents and plans;
(c) Location of pre-fire plans;
(d) Identification of special equipment needed;
(e) The level of fire-fighting experience of the crew;
(f) Vessel construction;
(g) Location of master, mates, engineer, crew/personnel;
(h) Status of fuel and ballast tanks;
(i) Flooding and stability problems.
11-3 Staging.
Staging areas should be predetermined for every marine terminal during the pre-fire planning
process. The incident commander should designate a staging officer who should establish the
staging area, maintain a log, and maintain communication with the incident commander.
11-4 Command Post.
The first arriving fire officer assumes command of the incident and names the command,
usually after the name of the vessel, terminal, or location of the incident. This officer establishes
a command post (CP) and announces its location.
The command post location should be accessible but safe to prevent its relocation later in the
incident. It should be upwind and have an overall view of the incident, if possible. It should be
large enough to accommodate all key personnel who are to be involved in the command
function. Communications equipment and sanitary facilities are recommended. A nearby
terminal or office building is appropriate. The command post is the location from which all
incident operations are directed. There is to be only one command post.
The incident commander has the responsibility for overall management of the incident. This
includes staff functions such as the provision of information, safety, and liaison to support the
command function. The incident commander prepares incident objectives that, in turn, serve as
the foundation of subsequent action planning. The incident commander approves the final action
plan and all requests for ending and releasing primary resources.
Command keeps track of orders issued, orders in progress, and orders completed. If the vessel
has an onboard command post, a representative from the fire department shoreside command
post should be sent onboard.
11-5 Operations.
The operations section supervises the actual control of the emergency. Operations implements
the action plan. The operations section can set up in the vessel, in the terminal, or adjacent to the
command post.
(a) The coast guard or harbor patrol, or both, establish and enforce a waterside safety zone.
(b) Fire personnel should obtain the following information concerning the vessel’s cargo and
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fire load:
1. A general cargo management and stowage plan;
2. The advisability of off-loading or transferring cargo;
3. A “Dangerous Cargo Manifest,” which can be obtained on or near the bridge or terminal
office; hazards should be determined, and necessary actions taken.
(c) The fire situation and exact location should be determined. Methods include heat scanners
(infrared), temperature sensors, observation of red hot or warped plates, and determination of the
areas served by smoking vents.
(d) The compartment or deck involved should be determined. The life hazard and steps
necessary to minimize or neutralize it should be determined.
(e) The crew should account for the following:
1. Personnel on board
2. Crew list
3. Crew condition/location
4. Passenger list
5. Passenger condition/location
6. Others.
(f) Evacuation needs should be determined.
(g) The following exposures should be evaluated:
1. Shoreside
2. Waterside
3. Other parts/areas of involved vessel
4. Other vessels
5. Port facilities, piers, structures
6. Cargo
7. Vehicles
8. People
9. Environmental/pollution
10. Other exposures.
(h) The ship’s systems status and condition should be determined.
(i) Access and egress problems on the shore and the watersides of the vessel should be
evaluated.
(j) The water supply should be evaluated for the following:
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1. Drafting sites
2. Fireboats and apparatus
3. Floating platforms.
(k) Water supply hoselines should be layed from shore to vessel.
(l) Aerial apparatus should be used as standpipes.
(m) The Coast Guard Captain of the Port should be notified to obtain assistance.
Due to the numerous aspects of a vessel fire that need special consideration by the incident
commander, it is recommended that a checklist be developed to assist the incident commander in
managing the incident. A sample vessel fire checklist is provided in Appendix B.
Where managing a shipboard fire under an ICS, a number of key individuals should be
included:
(a) The vessel’s master or master’s representative should provide particulars of the vessel and
its cargo and condition of loading.
(b) The Coast Guard Captain of the Port has authority over marine disasters and is primarily
concerned with safety and the effects of emergencies on navigable waters.
(c) Port and terminal representatives can help identify exposures to port facilities as well as
provide equipment and crews for assistance.
(d) Passenger vessel pursers and shoreside company officials can assist in accounting for
passengers before they leave the scene. An area to which passengers are to report should be
designated immediately. Comparisons of this passenger information with that of passengers
taken to hospitals can reduce unnecessary entries for search and rescue.
A naval architect/salvage expert can provide continuous monitoring of the vessel’s condition,
since fire and extinguishment operations can rapidly render a vessel unstable and unsafe.
A certified marine chemist helps to monitor gas concentrations and interior fire area conditions
and could help in smothering operations.
A communications officer is needed to coordinate groups who do not share frequencies or
systems. There also might be a need to have access to translators for foreign crews.
11-6 Logistics.
The logistics section should be developed and expanded to provide, maintain, and move
personnel, equipment, and supplies (e.g., equipment maintenance, fuel, food and refreshments,
communications, sanitation) to areas where they are needed during the incident. The initial
staging area might be designated as a base where the primary support or logistical activities are
to be performed.
A logistics officer is needed for large incidents, which pose substantial or long-duration supply
problems.
A staging area or equipment resource pool used to stockpile air cylinders, hose, and appliances
can be established on the vessel or adjacent to the vessel on the dock for personnel and
equipment ready to be assigned to the incident as other personnel are rotated out. It is critical
that, once the fire attack has begun, it should continue uninterrupted until the tactical objectives
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are achieved. If extinguishment operations are interrupted temporarily to mobilize fresh
personnel, they could overtake gains previously made.
Hose attack teams in self-contained breathing apparatus (SCBA) under high heat and difficult
access conditions aboard vessels are effective for approximately 15 minutes. Because of this
time constraint, a minimum of three teams of personnel should be dedicated for each fire attack
hoseline: one operating the hoseline, one ready to relieve the attack team, and a third team
changing its air cylinders and preparing to be operational again. Each attack team should have a
minimum of two 11/2-in. (38-mm) or 13/4-in. (44.5-mm) hoselines. This allows one for fire
attack and one for personnel heat protection (wide fog).
Shipboard fire fighting demands long travel distances through the vessel’s passageways and
from deck to deck before reaching the actual fire. These pathways can be charged with heat and
smoke. Fire fighters might need to utilize SCBA while walking through the vessel. The logistics
section should consider the amount of air that can be consumed while traveling to and from the
fire. Forward staging areas for stockpiling air cylinders should be established at locations that do
not exceed 20 minutes of travel time between such locations. Wherever possible, forward staging
areas should be free of smoke and contamination to facilitate the safe changing of cylinders.
Logistics should develop a system to mechanically transfer equipment and supplies (e.g., hose,
appliances, air cylinders, foam) from the dock to the vessel using the vessel cargo-handling gear,
winches or cranes, and transfer lines from the dock. Logistics is responsible for maintaining the
incident radio communications systems. A minimum of three radio networks should be utilized.
A command network for the incident commander, command staff (safety liaison, information),
general staff (operations, logistics, and planning) and branch, divisions, and group supervisors
should be established. A tactical network for operations and the various divisions and groups
communicating with each other also is needed. Lastly, a support network should be provided for
logistics to utilize in order to control the supply of resources and other nontactical functions.
There also might be a marine channel for control of waterside activities involving the Coast
Guard and fireboats and an air operations channel for helicopter activities.
A rehabilitation area should be established close to the incident, but in a safe area, so that fire
crews can be rotated out for rest and refreshments. Relief agencies often can assist in this effort.
This area, along with the staging and base, should provide personnel with some protection from
the weather. Logistics might assign specific officers to manage key areas, such as water supply,
foam, air, and cylinders.
11-7 Manageable Units.
Operations should divide the incident into manageable units that can be designated as
“divisions,” “groups,” “branches,” or “sectors.”
Divisions are used to split the incident into manageable geographic areas and are assigned
personnel, equipment, and a supervisor to perform activities needed in that area. For example,
each involved deck could be a division with two to three fire companies performing all needed
activities in that area under the direction of a division supervisor. Areas would be designated
“main deck division,” “second deck division,” etc. The incident could be divided by fire
boundaries such as “forward division,” “aft division,” and “deck division.”
Operations also can divide the incident functionally into units called “groups.” Tactical
objectives or tasks can be assigned to several fire companies under the direction of a group
Copyright 1996 NFPA

supervisor. Some examples include rescue, evacuation, triage, ventilation, dewatering, salvage,
and exposure protection.
If the number of divisions and groups exceeds the officers’ span-of-control, branches can be
utilized to further organizationally divide the incident into manageable areas. Divisions and
groups can be assigned to various branch commanders. Examples include a vessel branch for all
activities aboard the vessel, a dock branch for all tactical activities on the dock, and a marine
branch for the waterside activities.
11-8 Planning.
A planning section should be established near the command post to collect, evaluate, and
disseminate tactical information on the incident. This is where the ship’s blueprints, plans, and
pre-fire surveys are used by technical specialists who prepare primary and secondary action
plans. This section also maintains accurate records and documentation on resources and the
chronological progression of the incident.
11-9 Emergency Medical System.
An emergency medical system needs to be established if there are victims. Fire personnel can
provide immediate first aid and removal from dangerous areas. An organization under the ICS
should be established to conduct triage and transportation of the injured. This can be handled and
staffed by fire, EMS, and public health officials, or a combination of these.
11-10 Miscellaneous.
Once the rescue of injured or endangered persons has been addressed, the ICS protects
exposures and sets up fire boundaries to contain the fire. This involves utilizing personnel and
equipment to:
(a) Position water streams on all sides of the fire to cool the hull, bulkheads, overheads, and
decks.
(b) Secure all ventilation system ducts, fans, and dampers to the fire area.
(c) Isolate, secure, and stop all fuel flow to machinery located in the fire area or threatened by
the spread of fire. However, some exceptions can exist, such as emergency generators and
emergency diesel fire pumps.
(d) Close all vertical and horizontal openings, such as watertight doors, fire doors, ports, and
hatches to the fire area.
(e) Move all combustibles away from bulkheads and decks adjacent to the fire area.
The nearest complete bulkhead on the deck of the fire should be identified as the primary fire
boundary. A secondary boundary should be identified in case the fire situation escalates and
compels suppression forces to retreat.
(f) Control and secure electrical power to the fire area.
(g) Identify and continually investigate all concealed spaces and avenues of firespread through
fire boundaries.
(h) Make frequent inspections of all sides of the fire to ensure primary fire boundaries are
holding.
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(i) Make arrangements for portable mechanical ventilation and portable lights, if necessary.
(j) Monitor vessel stability early in the incident.
(k) Determine the critical list and note the inclinometer reading on the bridge; calculate the
amount of water going in and coming out of the vessel.
(l) Begin salvage operations, if necessary.
Chapter 12 Role of the U.S. Coast Guard
12-1 Legal Responsibility of U.S. Coast Guard.
In discussing fires aboard vessels, one of the questions most often asked is “what is the Coast
Guard’s fire-fighting responsibility?” It is beneficial for all agencies to know and understand this
responsibility in order to provide a greater understanding of the type of Coast Guard support
available and the circumstances under which it can be obtained. The following is the Coast
Guard’s marine fire fighting legal responsibility and enforcement policy, as stated in the U.S.
Coast Guard Marine Safety Manual, Volume VI, Chapter 8:
“AUTHORITY. Among the provisions of the Ports and Waterways Safety Act of 1972
(PWSA) (33 U.S.C. 1221 et seq.) is an acknowledgment that increased supervision of port
operations is necessary to prevent damage to structures in, on, or adjacent to the navigable
waters of the U.S., and to reduce the possibility of vessel or cargo loss, or damage to life,
property, and the marine environment. This statute, along with the traditional functions and
powers of the Coast Guard to render aid and save property [14 U.S.C. 88(b)], is the basis of
Coast Guard fire-fighting activities. 42 U.S.C. 1856-1856d provides that an agency charged with
providing fire protection for any property of the United States may enter into reciprocal
agreements with state and local fire-fighting organizations to provide for mutual aid. This statute
further provides that emergency assistance may be rendered in the absence of a reciprocal
agreement, when it is determined by the head of that agency to be in the best interest of the
United States.”
“POLICY. The Coast Guard has traditionally provided fire-fighting equipment and training to
protect its vessels and property. Captains of the Port (COTP’s) are also called upon to provide
assistance at major fires on board other vessels and waterfront facilities. [NOTE: COTP’s are
Coast Guard Officers, authorized by Congress [14 U.S.C. 634(a)] to be designated by the
Commandant of the Coast Guard, to facilitate execution of Coast Guard duties prescribed by
law.] Although the Coast Guard clearly has an interest in fighting fires involving vessels or
waterfront facilities, local authorities are principally responsible for maintaining necessary
fire-fighting capabilities in U.S. ports and harbors. The Coast Guard renders assistance as
available, based on the level of training and adequacy of equipment (i.e., Coast Guard personnel
and equipment). The Commandant intends to maintain this traditional ‘assistance as available’
posture without conveying the impression that the Coast Guard is prepared to relieve local fire
departments of their responsibilities. Paramount in preparing for vessel or waterfront fires is the
need to integrate Coast Guard planning and training efforts with those of other responsible
agencies, particularly local fire departments and port authorities. COTP’s shall work closely with
municipal fire departments, vessel and facility owners and operators, mutual aid groups, and
other interested organizations. The COTP shall develop a fire-fighting contingency plan which
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addresses fire-fighting in each port within the COTP zone. This plan should be organized in a
format similar to the federal local pollution plan as required by the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP) (40 CFR 300.43).”
12-2 Available Resources.
The Coast Guard’s “assistance as available” policy is in keeping with long-standing policies of
the Coast Guard and should not be construed as providing less assistance than in the past. The
Coast Guard is an important resource available to fire-fighting organizations because of its
fire-fighting contingency plans that are developed for each port and their maritime authority
within each port area. The contingency plans are vital to the effective coordination of
fire-fighting efforts on vessels in port. In this regard, the Coast Guard is, in fact, providing
greater assistance than in the past. These contingency plans are discussed in more detail later.
12-3 Personnel.
Coast Guard personnel who can be helpful to local fire-fighting agencies are:
(a) Marine inspectors.
(b) National strike teams.
(c) Coast Guard reserve fire and safety technicians (FS).
(d) Marine fire-fighting coordinators.
(e) The COTP or COTP representative.
Marine inspectors are assigned to the inspection department of a marine safety office (MSO)
who are familiar with construction, equipment, and operating procedures for various types of
vessels.
The National Strike Force is composed of the Pacific Area Strike Team and the Atlantic Area
Strike Team (which includes the Gulf of Mexico). These teams have expertise in oil and
hazardous substance removal and in vessel damage control.
The FS is a Coast Guard reservist who is a specialist fully qualified in the fields of marine fire
protection, prevention, and fire suppression; hazardous material storage and transfer; and
pollution incident monitoring, supervision, and investigation.
The marine firefighting coordinator, usually a Coast Guard FS, provides the COTP with
expertise and advice during a fire-fighting situation. This individual, due to the requirements of
this Coast Guard Reserve rating, is usually a local civilian fire fighter.
The COTP is the Coast Guard officer responsible for administering and enforcing the Port
Safety and Security Program, Marine Environmental Response Program, and Waterways
Management Program within the boundaries of a specific COTP zone. The COTP has the
authority (based on the Ports and Waterways Safety Act, 33 USC 1221) to order a vessel to
operate or anchor in a specific manner, in the interest of safety, due to a temporary hazardous
circumstance or the condition of the vessel itself.
12-4 Equipment and Supplies.
The Coast Guard does not stock large quantities of fire-fighting supplies at either its offices or
onboard its vessels. It relies upon local agencies and vendors for this support. Coast Guard
vessels that have fire-fighting support capability that might be available to fire response agencies
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are variously sized utility boats with outboard motors, the 32-ft ports and waterways boat
(PWB), the 41-ft patrol boat (UTB), and the 44-ft motor life boat (MLB).
12-5 Equipment Limitations.
Coast Guard boats operate within the inland and coastal waters. Cutters (larger than boats)
operate on the coastal waters and high seas. Their fire-fighting capabilities generally are more
substantial, but, due to their operational commitments, they cannot always be made available. If
they are available, their fire-fighting systems are designed for combating fires onboard and are
limited.
12-6 Training.
The Coast Guard training available to local fire-fighting agencies is limited and varies from
zone to zone. Within each zone, the COTP is encouraged to conduct training in marine fire
fighting for Coast Guard and other personnel. The marine firefighting coordinator usually is
responsible for this program, which might involve exercising of the Marine Firefighting
Contingency Plan. Due to resource limitations, formal training is generally limited to Coast
Guard personnel. The Coast Guard does not approve marine fire-fighting courses for the
land-based fire fighter. There are, however, Coast Guard-approved marine fire-fighting courses
for the merchant mariner. These courses can be made available to land-based fire fighters so that
they become familiar with marine fire fighting.
12-7 Contingency Plan.
The Coast Guard has the role and responsibility for developing the fire-fighting contingency
plans for the ports in the geographical area for which the COTP is responsible. This process
usually begins with the COTP organizing a task group comprised of all interested and involved
members of the port community. The Coast Guard then provides the coordination and direction
for the development of the contingency plan. The task group usually sets the parameters that it
intends the plan to cover but is guided by the basics as outlined by the Coast Guard. Some of the
best plans are those that have allowed task group members to exercise imagination and
thoroughness. The following is the sample outline for a contingency plan found in the U.S. Coast
Guard Marine Safety Manual, Vol. 6, Chapter 8:
Letter of Promulgation
Record of Amendments
Table of Contents
List of Effective Pages
Introduction
Authority
Purpose and Objective
Scope
Abbreviations
Definitions
Policy and Responsibility
Federal Policy
Related State Policy
Multinational Policy
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COTP Responsibility
Nonfederal Responsibility
Planning and Response Considerations
Transportation Patterns
Waterfront Facilities
Historical Considerations
Hydrological and Climatic Considerations
Local Geography
Highly Vulnerable Areas
Local Response Resources
Political Considerations
Response Organization
Predesignation of Responsibilities for Various Scenarios
Organization Charts
Operational Response Actions
Command, Control, and Communications
Coordination Instructions
Delegations of Authority
Notifications
Coordination with Special Forces
Termination of Response Activities
Resolution of Disputes
Procedures for Reviewing, Updating, and Exercising
Responsibility
Exercises
Annexes
Distribution
Response Personnel Assignments
Geographical Boundaries
Notifications and Communications
Public Information
Documentation
Funding
Response Techniques and Policies
Arrangements for Volunteer Groups
Interagency Support
Geographical/Action Directory
Response/Assistance Directory
Because of the interdependency of personnel involved in a contingency plan, these plans need
the signatures of the appropriate authority from each agency. A thorough contingency plan is a
major undertaking that takes time and effort to produce. The plan needs to be tested to confirm
that it works. A plan should be tested often enough for those currently involved in its execution
to be familiar with their roles and responsibilities.
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12-8 Fire Fighters and the Vessel Master.
The relationship between local fire fighters and the master of a vessel is critical for the
successful extinguishment of a vessel fire. It is the Coast Guard’s policy that the presence of
local fire fighters does not relieve the master of command or transfer the master’s responsibility
for overall safety on the vessel. However, the master should not countermand any orders given
by the local fire fighters in the performance of fire-fighting activities unless the action taken or
planned clearly endangers the safety of the vessel or crew.
12-9 Fire Fighters and the Coast Guard.
The Coast Guard COTP is responsible for the safety and security of the port; the COTP is
interested in any incident that could endanger the port. The COTP’s role at a vessel fire is not to
direct the fire-fighting efforts but to ensure that efforts do not threaten port safety and security.
Due to authority based in law, the COTP directs the movement of a vessel. This authority can be
very helpful to the fire fighter in fire-fighting efforts.
12-10 Marine Safety Office.
Most Coast Guard captains of the port are located within a field organization called the marine
safety office (MSO). The commanding officer of the MSO is the COTP and the officer in charge
of marine inspections (OCMI). The chief of the Port Operations Department at the MSO is the
local Coast Guard liaison for port fire-fighting efforts and contingency planning.
12-11 Jurisdiction.
The fire-fighting activities of the Coast Guard are based in the Ports and Waterways Safety
Act of 1972. This authorizes the Coast Guard to prevent damage to structures in, on, or adjacent
to the navigable waters of the U.S. The navigable waters of the U.S. are defined in 33 CFR
2.05-25 as:
(a) The territorial seas of the U.S. (see below);
(b) The internal waters of the U.S. that are subject to tidal influence; and
(c) The internal waters of the U.S. not subject to tidal influence that:
1. Are or have been used for interstate or foreign commerce; or
2. Are capable of use for interstate or foreign commerce, pending improvement.
The territorial seas are those waters within the belt, 3 nautical miles wide, that is adjacent to
the U.S. coast and seaward of the territorial sea baseline (depicted on most charts).
The USCG’s authority on the Great Lakes ends at the Canadian border.
Chapter 13 Problems Associated with Marine Fire Fighting
13-1 Press and Media Relations.
As with any incident command system (ICS), the fire officer involved with a marine fire or
emergency should designate a press relations officer. However, in the case of marine fires, there
is a strong international interest. Astute marine fire incident commanders arrange for their own
interpreter in order to reduce the possibility of translation errors.
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13-2 Hazardous Materials.
Hazardous materials officers preparing plans for maritime incidents should be aware of the
locations of the cargo stowage plans for the vessels that enter their port. They also should be
aware that there are many different hazardous material container marking systems used
throughout the world. They should become familiar with the system(s) that is expected to impact
them during a marine incident in their response area. The following documents should be
referenced:
Safety of Life at Sea, 1974, Chapter VII (SOLAS, 1974);
International Maritime Dangerous Goods (IMDG) Code;
Title 49, Code of Federal Regulations, Parts 100-177;
“International Conference on Marine Pollution,” 1973, Annex II, Appendices I through IV,
Resolutions 12, 13, 14, and 15.
Though hazardous materials are required by law to be marked, placarded, or documented, they
are not always identified properly. This should be kept in mind when reviewing cargo.
13-3 Pollution Considerations.
The risk of water pollution in marine fires usually is significant. Fire officers should consult
Coast Guard representatives to ensure that fire-fighting actions do not unnecessarily aggravate
the problem.
13-4 Language Barriers.
Most of the vessels sailing to and from U.S. ports are foreign flag ships. In many cases, the
crew might not speak English. Fire-fighting plans for marine areas should have lists of
interpreters who are available at all times to assist with communications.
13-5 Vessel Movement.
The movement of any vessel that is on fire should be undertaken with great caution. It should
not be assumed that the vessel can move safely under its own power. Tugs should be present to
assist the vessel, even if the ship’s engines are functional. If necessary, a pilot should direct the
vessel’s movement. Regardless of the risk to shore facilities, vessels should not be cast free to
drift with the current. Any fire vessel movement should be coordinated between the ship’s
master, COTP, port authority, pilot, and incident commander.
Chapter 14 Post-Incident Activities
14-1 Vessel Disposition.
14-1.1 Fire Extinguished.
Once the fire is extinguished, the chief fire officer involved in a marine incident might be
asked to certify that the danger has passed. A complete overhaul of a vessel can take many hours
or even days. Incident commanders are cautioned to avoid a hasty decision when certifying that a
fire has been extinguished.
14-1.2 Safe Entry.
Frequently, after the fire is extinguished, fire officers involved in marine fires are asked if the
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fire area is safe for entry by nonfire fighters, civilians, or crew. The marine industry has had
numerous fatalities resulting from entry into toxic or oxygen-deficient atmospheres after a fire.
As a result, the industry has developed certifications for marine chemists, who are recognized
and accepted by courts as competent to test and certify that spaces are safe for human entry. Fire
officers are strongly advised to leave safe entry decisions to marine chemists.
14-1.3 Vessel/Scene Control.
If the master or crew, or both, remain on the vessel, they remain in control of the vessel. The
chief fire officer involved in a marine fire or incident might believe that a vessel presents a
continued hazard but has no authority to act. These reservations should be voiced to the master
in front of documented witnesses, and, if mitigating action is not taken, such reservations should
be referred to the COTP for appropriate action.
14-2 Fire Watch.
It is a common practice in marine fire fighting to post fire watches on vessels that have
experienced fires. This usually is done during and after the overhaul. Normally, fire watches are
positioned on the fire deck as well as on the decks above and below. Fire watches are rotated in
shifts and can be maintained for 48 hours or longer. Additionally, the ship’s hoselines are laid
out (and charged), ready for use in case the overhaul effort proves to be insufficient.
Chapter 15 Legal Issues
15-1 Admiralty Law.
15-1.1 Court Authority.
Questions of admiralty law are not within the province of local courts. State courts can
adjudicate admiralty matters if the Congress has not and if the body of water or shoreline falls
entirely within that state. Under Article I, Section 8, and Article III, Section 2, of the
Constitution, Congress is given the power to legislate admiralty and maritime matters and the
federal courts are given the judicial power. The U.S. Congress has vested admiralty jurisdiction
exclusively in the federal district courts (Amer. Juris. 2d., 1962).
15-1.2 Repercussions.
Many fires on ships result in a high monetary loss and sometimes a loss of life. As a result,
court actions are brought in admiralty court to address the interests of those who have suffered a
loss. In many cases, fire departments, both volunteer and career, as well as mutual aid
departments have been the defendants in these cases. An understanding of the dangers inherent
in marine fire fighting should include an understanding of the consequences of the failure to
provide a standard of training, planning, response, and action equivalent to that which a
department provides on the land-based portions of its response area.
15-2 Legislation.
The following are examples of legislation that are applicable to marine incidents:
York-Antwerp Rules (1864). Provides for uniform international procedures in adjusting
liability;
Harter Act (1893). Concerned with U.S. domestic water common carrier liability;
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Hague Rules (1924). Concerned with international water common carrier liability;
Carriage of Goods by Sea Act (COGSA) (1936). U.S. law that was written as a result of the
Hague Rules and concerned with the international water common carrier liability in U.S. courts;
Oil Pollution Act (1961). Revision of the 1924 act that prohibits the discharge of oil or its
by-products in the navigable waters of the U.S. or within 50 mi (85 km) of the coastline;
Ports and Waterways Safety Act, 33 CFR 10; 33 USC 1221. (See Section 12-10.)
15-3 Jurisdiction.
The admiralty court jurisdiction can be determined by two important considerations: the wrong
is to have occurred on navigable waters and the wrong is to have occurred on a vessel in those
navigable waters. A “vessel” is any structure that has the characteristic of mobility rather than
being fixed (Amer. Juris., 1962).
15-4 Force Majeure.
Force majeure is a concept of International Customary Law that provides that a vessel in
distress may be permitted to enter a port and can claim “as a right an entire immunity” from local
jurisdiction (Jessup, 1927). It should be noted that admiralty courts have upheld this concept as
long as the distress was real and valid. Some foreign admiralty laws hold that force majeure
makes exceptions of all rules.
15-5 Negligence.
Most cases reaching court accuse some form of neglect. In other forms of law, the doctrine of
contributory negligence is used. However, in admiralty court, “the doctrine of comparative
negligence prevails.” The Rule of Divided Damages is a specialty in admiralty law (Amer. Juris.,
1962). Normally, “gross negligence” or “willful misconduct” results in an award of damages
(Gilmore, 1975).
15-6 Salvage.
In admiralty law, salvage is the award of compensation to a salvor for services rendered to a
vessel in distress. These services normally substantially improve the distressed vessel’s
condition. Where considering an award of salvage, admiralty courts look at the status of the
salvor (amateur or professional) and whether the aid was requested or self-initiated (Mankabady,
1978).
15-7 Salvors.
Under admiralty law, anyone who renders assistance to a vessel in distress on navigable waters
may be permitted to be called a salvor. A salvor is not always entitled to an award of salvage
(Sohn, 1984).
15-8 Duty to Act.
A true salvor’s acts are voluntary; therefore, a person or persons under a duty to render
assistance may not be permitted to be awarded claim for salvage in admiralty court (Gilmore,
1975).
15-9 Salvage and Fire Fighters.
“Municipal or other public employees, such as firemen, are not entitled to an award for saving
property if they were merely performing their regular duties.” (Fireman’s Charitable Assn. vs.
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Ross, 60F. 456; 5th. Cir. 1893)
15-10 Port Authority Documents.
15-10.1 Port Regulations.
Many U.S. ports have regulations that govern the activities of foreign vessels in their port. It is
usually understood that vessels wishing to enter these ports are to conform to these regulations.
Fire officers should ensure that their marine fire-fighting plan does not contradict these
regulations. It is extremely advantageous if the port regulations support or reiterate the command
activities outlined in the plan and delineate the authority of the incident commander.
15-10.2 Port Tariffs.
Some port tariffs also put forth regulations to be followed by visiting vessels. They can be
employed in the same manner as port regulations. Also, port tariffs provide a source of income
for port authorities. This source of income can be used to offset the high cost of providing
marine fire protection to vessels using the port.
15-10.3 Contracts for Fire Protection.
Some ports contract with local fire departments for fire protection services. These contractual
arrangements take many forms and can stipulate actions or prohibitions for the fire department.
Chief fire officers should ensure that these contracts do not contradict existing laws, regulations,
rules, or customary practices in admiralty law. Contradictions have been known to result in
confusion for the fire departments involved (Burns, 1984).
15-10.4 Memoranda of Understanding (MOU).
MOU should be used between agencies whose responsibilities are not otherwise defined in
regulation or law. Mutual aid agreements can fall into this category. These documents should
define the expected actions of the agencies involved and stipulate the desired level of response to
marine fires.
15-10.5 Lloyd’s Open Form (LOF).
This is a standard form document used in the shipping industry to cover salvage agreements
between vessels and salvors. It is approved and published by The Committee of Lloyd’s. A
primary consideration of LOF is the concept of “No cure — no pay.” This salvage agreement
stipulates arbitration, appeals, maritime liens, cargo disposition, interest rates, liability, and
remuneration (LOF, 1980).
15-10.6 Legal Support.
It is recommended that a chief fire officer concerned with the preparation of or reaction to
plans related to maritime fire and emergency response have the plans reviewed by an attorney
who is familiar with, and preferably admitted to the practice of, admiralty law. Ports usually
retain attorneys that can provide these services.
15-10.7 Fire Cause Investigation.
Fire officers concerned with a cause and origin investigation on a vessel (especially foreign
flag vessels) should be prepared to place their personnel or federal officers on fire watch if they
intend to maintain scene control to preserve a chain of custody. If the master or crew rejects an
investigation, nonfederal fire officers should consult federal authorities (USCG COTP) for
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direction. Local fire officers should not assume they have the same control of a post-fire scene
that they have on land. The U.S. Marshal, insurance carrier, or flag country might wish to
assume control of any or all investigations.
15-11 Insurance.
Marine insurance was established about 800 years ago, long before fire or life insurance.
Modern underwriting insurance had its origins centered around the coffeehouse of Edward Lloyd
in London in the middle 1700s. It wasn’t until the 18th century that marine insurance was written
in America. Generally, insurance allows the price of commodities and services to be less
expensive because it allows the shipowner or shipper to spread the burden of losses to a larger
group of people, the underwriters.
15-12 Relationship of Fire Chief with Ship Master.
Many COTP Marine Firefighting Contingency Plans contain the text of 15-12.1 and 15-12.2 or
similar text.
15-12.1 “Fire Department.
Within the limits of the fire department’s jurisdiction it will respond to all notifications of fire
as manpower, equipment, and training allows. This includes marine facilities located within its
boundaries and vessels moored alongside those facilities. Further, it may involve fighting a
vessel fire occurring in portions of the harbor within their jurisdiction.” (COTP Contingency
Plan, Jacksonville, FL, 1985)
15-12.2 “Master.
This plan does not intend to relieve the Master of his command nor restrict his authority
concerning normal shipboard operations. However, it must be recognized that the local Fire
Chief normally has more experience in the art of fire fighting. In addition, the Chief has the
responsibility for the safety of his men and equipment, and to the community, to contain and
extinguish any fires. The success of the operation is contingent on one person being in overall
charge of the fire fighting aspects. In the case of shipboard fires, the local Fire Chief will be the
person in charge of the fire fighting operation. The Master plays a very important role in lending
his experience and assisting the Fire Chief, which will greatly enhance the successful operation.
The presence of the Fire Chief in no way relieves the Master of command of his vessel.
However, the Master shall not countermand any orders made by the Fire Chief in the
performance of fire fighting activities. The Master, officers, and crew of the vessel shall assist in
the fire fighting operation. The Master shall be the liaison between the Fire Chief and his crew.
He shall furnish, if possible, the Fire Chief with any and all information requested and should
provide members of his crew to act as guides. The Master is at all times in charge of and shall
control the actions of his crew. In the absence of the Master, the senior deck officer present will
act for the Master.” (COTP Contingency Plan, Jacksonville, FL, 1985)
Chapter 16 Referenced Publications
16-1
The following documents or portions thereof are referenced within this guide and should be
considered part of the recommendations of this document. The edition indicated for each
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reference is the current edition as of the date of the NFPA issuance of this document.
16-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 11, Standard for Low-Expansion Foam, 1994 edition.
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems, 1992 edition.
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1996 edition.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
Appendix A Explanatory Material
This Appendix is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
A-2-9
See NFPA 307, Standard for the Construction and Fire Protection of Marine Terminals, Piers,
and Wharves, for the requirements for the construction of piers and wharves.
A-2-10
See NFPA 312, Standard for Fire Protection of Vessels During Construction, Repair, and
Lay-Up.
A-2-13
See ASTM F 1121, Standard Specification for International Shore Connections for Marine
Fire Applications, for specific technical information for the international shore connection.
A-3-4.3
The engineering and deck departments should have knowledge of the ship’s extinguishing
systems. This knowledge should include the type and location of the extinguishing agents and
the location and operation of the activation systems.
When in port, some ships are staffed by night mates or night engineers who might not be
familiar with the vessel because they were hired specifically to perform night watch services.
A-3-5.6.1 For further information on foam systems, see NFPA 11, Standard for Low-Expansion
Foam.
A-3-5.7
See NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, for further information.
A-5-11
See NFPA 306, Standard for the Control of Gas Hazards on Vessels, for further information.
A-7-8 PRE-FIRE SURVEY GUIDE (EXAMPLE).
Pre-fire Survey Guide
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A-10-10.3
See NFPA 11, Standard for Low-Expansion Foam, for further information on using foam to
attack fires.
A-10-16
See NFPA 306, Standard for the Control of Gas Hazards on Vessels, for further information.
Appendix B Sample Vessel Fire Checklist
This Appendix is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
The following information should be included in a vessel fire checklist. It is not intended to be
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all inclusive. Fire department personnel are encouraged to develop a checklist in a usable format
that meets the needs of the department.
B-1 Incident Notification.
Type of vessel incident
Location
Time of day
Weather/wind/tide conditions
Any other alarm information
Resources included in initial response
Start of incident size-up process
B-2

En-Route to Incident.
Additional incident indicators (e.g., smoke showing, explosions)
Communications/radio informational updates
Coast Guard and law enforcement response/information
Consultation of pre-fire survey plans (e.g., terminal,
vessel) and any applicable disaster plans (Coast Guard,
multiagency, available resources, mass casualty)

B-3

On the Scene.
Initial report on conditions (to be periodically updated during incident)
Incident location and scene conditions
Vessel type and name
Type and extent of emergency
Rescue situation
Exposures
Assumption of command and establishment of incident command system
Identification of initial command post location
Request of additional assistance
Additional alarms
Activation of preestablished response modes
Specialized resources and equipment (e.g., fireboats, hazmat team, air units)
Other organizations, agencies, and individuals
Establishment of staging/base area, identification of location, assignment of
staging responsibility
Performance of immediate/obvious rescue of endangered persons
Isolation of area
Determination of operational area and establishment of incident perimeter (be
liberal)
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Shoreside: Law enforcement (traffic and crowd control, initial evacuation,
perimeter security)
Waterside: Coast Guard/harbor police (vessel traffic control, waterside rescue,
waterside condition reports)
Coast Guard and law enforcement officials to command post
Performance of initial actions to prevent incident from enlarging
Protection/cooling of exposures
Movement of endangered vessels, cargo, vehicles, etc.
Securement/isolation of cargo operations to vessel (e.g., liquid cargo/fuel transfer
hoses)
Investigation of situation and gathering of additional information
Type of incident (e.g., fire, explosion, hazardous material release, collision)
B-4

Vessel Construction.
Procurement of ship’s fire plan and other applicable plans
Location of and accounting for ship’s crew
Consultation with master, mates, engineering officers
Size, dimensions, decks, interior arrangement
Age, condition, faults, weaknesses
Compartmentation, fire/watertight separations/zones
Vertical and horizontal openings and channels
Exterior access and points of entry
Access from dock (gangway, ramps, aerial ladders, cargo-loading equipment)
Condition of fuel, liquid cargo, and ballast tanks
Flooding and stability problems

B-5

Collection of Cargo Information.
Procurement of dangerous cargo manifest, general cargo manifest, stowage plan (on or
near bridge or terminal office, or both)
Determination of susceptibility of cargo to heat and water
Determination of need for cargo salvage operations (off-load or relocate vessel)
Determination of any hazardous materials onboard or involved (name, ID
number, quantity, location, hazards)

B-6

Determination of Fire Situation.
Location (red hot metal, peeling paint, smoke, temperature readings, heat scanners)
Interview of crew (determination of what happened, where, when, why, what has
been done prior to fire department arrival, and the results)
Type and size of area involved and extent of involvement (decks, holds, spaces,
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zones, frames)
Danger of extension of, or direction of, firespread, or both
Fire load, type and amount of materials involved
Effect fire has had and projection of its continued effect
Life hazard
Crew (number, nationality, language barriers, location, condition)
Shoreside workers and spectators (number, location, condition)
Flooding or stability problems, or both
B-7

Exposures (Shoreside and Waterside).
Exposure type (vessels, facilities, cargo, vehicles)
Exposure access, arrangement, distance, combustibility
Pier, wharf, dock construction, configuration, condition, and combustibility
Determination of obstructions to operations, limitations on apparatus movement
and use
Gathering of more detailed information on weather, tide, current, wind
(direction, speed), temperature, precipitation, inversion, and fog and their
anticipated changes and effects on incident

B-8

Water Supply.
Hydrants (location, main size, capacity flow)
Supplemental water sources (water tanks, portable pumps, drafting sites,
fireboats and apparatus)
Vessel firemain system (condition, control valves)
International shore connections
Fire pump(s)
Fire stations (locations, hose, type of couplings, associated equipment)
Consideration given to laying lines from shore to vessel, using aerial apparatus
as standpipes

B-9

Determining Status and Condition of, and Gaining
Control of, Other Vessel Systems.
Consultation with engineering officers
Dewatering systems, ballast, cargo, and bilge pumps
Generators (main, auxiliary, emergency)
Ventilation systems, dampers, controls
Communications systems (radios, telephones, voice tubes, public address)
Fire protection systems, type (carbon dioxide, halon,
foam, sprinklers), areas covered, control valve locations,
method of operation
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Inert gas systems
Smoke and fire detection systems
Vessel propulsion systems (operational and capable of moving vessel)
Remotely controlled watertight doors and fire doors
Cargo-handling gear
B-10

Identification of Incident Strategies, Objectives, Tactics, and Tasks.
Development of plan(s) to achieve strategies, objectives, tactics, and tasks
Mobilization of resources to accomplish strategies, objectives, tactics, and tasks
(on scene, responding, available in reserve, response time to incident)
Coast Guard resources
Captain of the port or representative
Pacific/Atlantic area strike teams
Helicopter overflights
Local Coast Guard group (vessels for waterside operations and floating command
post)
Vessel traffic service
Marine investigators and inspectors
Fireboats (municipal, military, private)
SCBA filling equipment and cylinders
Other law enforcement agencies (e.g., Coast Guard,
customs, immigration, military, fish and game,
highway patrol)
Emergency medical services (hospitals, ambulances, medical, field triage teams,
and equipment)
Telephone and utility companies
Port authority
Coroner/medical examiner
Military organizations
Navy Superintendent of Salvage
Oil spill response teams
Damage control and fire-fighting teams
Dewatering equipment, foam concentrates, and other supplies
Helicopters and surface craft
Demolition and ordinance experts
Army Corps of Engineers
Hazardous material cleanup cooperatives, contractors, vacuum trucks, and other
containment equipment
Fire-fighting foam concentrate (bulk suppliers, refinery and airport foam
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apparatus, and other specialized foam equipment)
Bulk carbon dioxide
Stevedores and specialized cargo-handling equipment
Cranes, tractors, forklifts
Lighting equipment and generators
Interpreters
Communications equipment (portable radios, communications vehicles/trailers,
field phones, messengers)
Dewatering equipment (pumps, eductors, booms)
Rehabilitation area (food, sleeping facilities, wash and sanitary facilities)
Marine salvage companies
Ship service companies
Shipyard and dry-dock companies
Welders
Divers
Marine chemists
Marine surveyors
Pilots
Representatives
Vessel owner, agent
Terminal operator
Insurance
News media, photographers
Public works
Establishment of interagency communications (loaner radios, communications
officer)
Establishment of other incident command system functions
Operations
Safety
Information
Liaison
Logistics
Planning
Division of incident into manageable units, assignment of responsibility for those
units, and identification of unit objectives (divisions, groups, branches)
Identification of and establishment of primary and secondary fire boundaries on
all six sides of fire
Hoselines, cooling decks, and bulkheads
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Movement of combustibles away from fire boundaries
Establishment of secure ventilation and openings to fire area
Establishment of secure utilities and fuel to fire area
Investigation for concealed spaces and avenues of firespread through boundaries
Frequent inspections of all sides of fire
Installation of floating booms around incident to contain debris and oil pollution
Monitoring of vessel stability throughout incident
Notation of changes in indicators such as draft marks, inclinometers
Awareness of large accumulations of water above ship’s waterline
Establishment of secure openings in hull to prevent water entering vessel if a list
occurs
Procurement of technical assistance to determine stability situation and
recommendation of corrective actions
Start of adequate dewatering operations
B-11

Fire Confinement and Control.
Mobilization and positioning of sufficient personnel and
hoselines/appliances/extinguishing agents to control and extinguish fire
Coordination of ventilation of fire area with fire attack
Provision of sufficient rotation of personnel to maintain a continuous
extinguishing effort
Awareness of pressure buildup in secured spaces and maintenance of escape
routes
Start of necessary salvage operations
Where necessary, establishment of fire watch and start of overhaul/fire cause
Investigation operations
Continual reevaluation of incident operations and plans, with changes made as
necessary
Documentation and recording of events as they occur with corresponding times
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Appendix D Symbols for Use on Fire Control Plans
NOTE: The colors of the symbols appear beneath the title.

This Appendix is not a part of the recommendations of this NFPA document but is included for
informational purposes only.
The following symbols have been adopted by SOLAS as a standard for the preparation of fire
control plans. Readers are cautioned that many existing vessels have fire control plans that use
different symbols. Reference should be made to the legend on the fire control plan to determine
the meaning of the symbols used in the preparation of that particular plan.
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Figure D-1 Symbols for use on fire control plans.

Copyright 1996 NFPA

Copyright 1996 NFPA

Figure D-1 (continued)

Appendix E Referenced Publications
E-1
The following documents or portions thereof are referenced within this guide for informational
purposes only and thus are not considered part of the recommendations of this document. The
edition indicated for each reference is the current edition as of the date of the NFPA issuance of
this document.
E-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 11, Standard for Low-Expansion Foam, 1994 edition.
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, 1993 edition.
NFPA 306, Standard for the Control of Gas Hazards on Vessels, 1993 edition.
NFPA 307, Standard for the Construction and Fire Protection of Marine Terminals, Piers,
and Wharves, 1995 edition.
NFPA 312, Standard for Fire Protection of Vessels During Construction, Repair, and Lay-Up,
1995 edition.
E-1.2 Other Publications.
E-1.2.1 ASTM Publication. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM F 1121, Standard Specification for International Shore Connections for Marine Fire
Applications, 1987.
E-1.2.2 U.S. Government Publication. U.S. Government Printing Office, Mail Stop SSOP,
Washington, DC 20402.
Title 46, Code of Federal Regulations, 72.05 - 72.10, 78.45(a)(1), and 97.36 1(a).
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NFPA 1410
Standard on
Training for Initial Fire Attack
1995 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 7.

Chapter 1 Administration
1-1 Scope.
1-1.1*
This standard contains minimum requirements for the evaluation of prior training in initial fire
flow delivery procedures by fire department personnel engaged in structural fire fighting
operations.
1-1.2
This standard specifies basic evolutions that can be adapted to local conditions and serves as a
standard mechanism for the evaluation of minimum acceptable performance for hose line and
water supply activities during training for initial fire attack.
1-2 Purpose.
1-2.1*
This document is a training standard designed to provide fire departments with an objective
method of measuring performance for initial fire flow delivery procedures using available
personnel and equipment.
1-2.2
Nothing herein is intended to restrict any jurisdiction from exceeding these minimum
requirements.
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1-3 Definitions.
Attack Line. A hose line used primarily to apply water directly onto a fire and operated by a
sufficient number of personnel so that it can be maneuvered effectively and safely.
Back-up Line. An additional hose line used to reinforce and protect personnel in the event the
initial attack proves inadequate.
Company. The basic fire-fighting organizational unit staffed by various grades of fire fighters
under the supervision of an officer and assigned to one or more specific pieces of apparatus.
Effective Operation. The accomplishment or ability to accomplish the intended task.
Effective Stream. A fire stream that has achieved and sustained the proper flow.
Engine. A fire department pumper having a rated capacity of 750 gpm (2840 Lpm) or more.
Engine Company. A group of fire fighters who work as a unit and are equipped with one or
more pumping engines having rated capacities of 750 gpm (2840 Lpm) or more.
Evolution. A set of prescribed actions that result in an effective fire ground activity.
GPM. Gallons per minute (U.S.).
Initial Attack Line. The first hose stream placed in service by a company at the scene of a fire
in order to protect lives or to prevent further extension of fire while additional lines are being
laid and placed in position.
Large Diameter Hose. A hose 3.5 in. (8.9 cm) or larger designed to move large volumes of
water to supply master stream appliances, portable hydrants, manifolds, standpipe and sprinkler
systems, and fire department pumpers from hydrants and in relay.
Leader Line. A hose line supplying one or more smaller lines, as in a wyed line (also called a
supply line).
Line. One or more lengths of connected fire hose.
LPM. Liters per minute.
Preconnected Line. A discharge hose line already attached to an engine outlet.
PSI. Pounds per square inch.
Residual Pressure. The pressure remaining in a system while fluid is flowing.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Supply Line. One or more lengths of connected fire hose used to provide water to wyed lines
or to the intake of a pump.
1-4 Units.
In this standard, values for measurement are followed by an equivalent in parentheses, but only
the first stated value shall be regarded as the requirement. Equivalent values in parentheses shall
not be considered as the requirement, as these values might be approximate.
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Chapter 2 Methods of Evaluation
2-1 Standard Evolutions.
2-1.1*
The evolutions specified in this standard shall be used to measure the initial attack capability
of a department’s first responding unit(s) and personnel.
2-1.2
The evolutions used shall be those the department normally uses in its regular engine company
operations.
2-1.3
The hose layouts and hydrant connections used shall provide the flow necessary to adequately
supply the requirements of each evolution, and proper hose connections shall be made between
the hydrant(s) or other water source(s) and the engine(s) and inlets.
2-2 Hose Loads and Layouts.
2-2.1
Hose shall be loaded in the manner utilized by the department, and hose lays and carries used
during the evolutions shall be those normally used by the department.
2-2.2
The initial attack lines shall be preconnected to an engine outlet, supplied through a wye from
another line, or connected to an engine outlet at the scene.
2-2.3*
Direct hydrant streams shall not be used unless the desired flow is available at the hydrant with
a residual pressure of 100 psi (690 kPa) or greater.
2-2.4
Depending on the size of hose lines to be used and the quantity of water to be delivered, the
proper number of personnel shall be assigned to ensure the safety of all personnel involved and
shall be in compliance with 6-4.1 of NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program. A minimum of two fire fighters shall be used on each hose line to
keep interior attack lines under control.
Chapter 3 Logistics
3-1 Facilities.
3-1.1
Evolutions shall be conducted in an area of sufficient size where supply hose can be laid to or
from the water source and attack lines laid from an engine or wye.
3-1.2
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Where evolutions are not conducted at the fire department training facility or in another
controlled area, non-fire department vehicular and pedestrian traffic shall be excluded from the
area or shall be under the control of authorized traffic control persons.
3-2 Equipment and Personnel.
3-2.1
All personnel involved in evolutions shall wear proper protective clothing and equipment for
their respective functions. All personnel participating in extending or operating handlines,
extending support lines, or who are involved in other operational functions of the evolutions
shall wear full protective clothing, equipment, and self-contained breathing apparatus as
specified in Sections 5-2 and 5-3 of NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program.
3-2.2
All drivers/operators of fire department vehicles participating in evolutions shall comply with
the requirements of Section 4-2 of NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program.
3-2.3
All personnel riding on fire department vehicles participating in evolutions shall comply with
the applicable requirements of Section 4-3 of NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program.
3-2.4*
The number of units and personnel normally assigned to respond on an initial alarm shall
report to the training officer at the assigned area. In volunteer or call departments, the number of
personnel utilized shall be limited to the average staffing that normally responds.
3-2.5
Apparatus to be deployed shall consist of not more than those of the companies that are
normally assigned to respond on the initial alarm. Where companies are equipped with two
pieces of apparatus, they shall operate in the normal manner, using both pieces.
3-2.6
Nozzles used shall be of the type provided on the apparatus.
3-3 Water Supply.
3-3.1
The water supply shall consist of a water source capable of supplying the required flow needed
for the operation.
3-3.2
The water supply shall require one or more hydrants, a drafting location, or a tanker shuttle.
Chapter 4 Required Performance for Handlines
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4-1 General.
4-1.1*
The required performance for handlines shall consist of obtaining a water supply through one
or two supply lines, placing one initial attack line into operation, and providing immediate
back-up with another line.
4-1.2
Handline evolutions shall be performed by the first unit(s) to arrive staffed with the average
number of personnel that ordinarily respond.
4-1.3*
For evolutions involving two or more companies, there shall be a 30-sec delay between the
arrival of each company.
4-2 Required Flow.
4-2.1
The total flow of the required streams shall be a minimum of 300 gpm (1140 Lpm).
4-2.2
The initial attack line shall provide a minimum flow of 100 gpm (380 Lpm) from the nozzle.
4-2.3
The required flow from the back-up line shall be a minimum of 200 gpm (760 Lpm).
4-2.4*
The training officer shall determine that effective pressure and flows are provided at each
nozzle. Where solid stream nozzles are used, the nozzle pressure shall be at least 50 psi (345
kPa). Where combination nozzles are used, the nozzle pressure shall be at least 100 psi (690
kPa). Pressures shall be within a range of ±10 percent.
4-3 Hose Evolutions.
4-3.1
The supply line(s) shall be laid by an engine for a distance of 300 ft (92 m) to or from the
hydrant or water source. Where large diameter hose is used, a single line shall be permitted.
4-3.2*
The initial attack line and back-up line shall be advanced by hand for a minimum distance of
150 ft (46 m) before streams are activated.
4-3.3*
Where an apparatus water tank supply is used to supply the initial attack line, the back-up line
shall not be charged until an adequate water supply is established.
4-4 Method of Evaluation.
4-4.1
When the order is given to begin evolution, one or more supply lines, one initial attack line,
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and one back-up line shall be advanced and placed in operation, using the required pressures and
flows within the recommended time period.
4-4.2
The evaluation shall be based on the following considerations:
(a) The ability to place one or two supply lines, one initial attack line, and one back-up line
into service without delay; and
(b) The ability to deliver a minimum of 300 gpm (1135 Lpm) through two handlines to
produce effective streams.
4-4.3
Once streams are placed into service, the flows shall continue until the evaluation is complete.
4-4.4*
Failure to supply an engine adequately shall be considered a serious deficiency in operations.
4-4.5*
Failure to maintain water pressure in any line until all lines are properly operating shall be
considered an unacceptable interruption of the attack. Interruptions of less than 10 sec shall not
be counted.
4-4.6
The evolution shall not be concluded until the evaluating officer is satisfied that an effective
stream has been obtained at each nozzle.
4-5* Evaluation.
Performance shall be evaluated as follows:
Satisfactory

Unsatisfactory

(a) Was a minimum of 300 gpm (1135 Lpm)
delivered?

____________

____________

(b)

____________

____________

(c) Were effective streams in service within the
recommended time?

____________

____________

(d) Were the hose layouts from the water source
adequate to supply engines?

____________

____________

(e) Were streams operated without major
interruption?

____________

____________

Were nozzle pressures and flows correct?

Chapter 5 Required Performance for Master Streams
5-1 General.
5-1.1*
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The required performance for master streams shall consist of laying one or more supply lines
and placing a master stream appliance in operation.
5-1.2
Master stream evolutions shall be performed by the first unit(s) to arrive staffed with the
average number of personnel that ordinarily respond.
5-1.3*
For evolutions involving two or more companies, there shall be a 30-sec delay between the
arrival of each company.
5-2 Required Flow.
5-2.1
The total flow of the required master stream shall be a minimum of 500 gpm (1890 Lpm).
5-2.2*
The training officer shall determine that effective pressures and flows are provided at the
master stream appliance nozzle. Where solid stream nozzles are used, the nozzle pressure shall
be at least 50 psi (345 kPa). Where combination nozzles are used, the nozzle pressure shall be at
least 100 psi (690 kPa). Pressures shall be within a range of ±10 percent.
5-3 Hose Evolutions.
5-3.1
Where engine supply lines are laid from a hydrant or water source to supply an
engine-mounted master stream appliance, two engine supply lines shall be laid by the engine for
a distance of 300 ft (92 m). Where large diameter hose is used, a single engine supply line shall
be permitted.
5-3.2
Where master stream supply lines are laid from a demounted, portable master stream appliance
to an engine at a hydrant or water source, two master stream supply lines shall be laid by the
engine for a distance of 300 ft (92 m). Where large-diameter hose is used, a single master stream
supply line shall be permitted.
5-4 Method of Evaluation.
5-4.1
When the order is given to begin the evolution, one or more supply lines shall be laid to supply
the engine(s), and, if required by the evolution, one or more supply lines shall be laid to supply
the master stream appliance. The master stream appliance shall be placed into effective
operation, with the stream at the required pressures and flows within the recommended time
period.
5-4.2
The evaluation shall be based on the following considerations:
(a) The ability to supply the master stream appliance without delay; and
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(b) The ability to deliver at least 500 gpm (1890 Lpm) and produce an effective master stream.
5-4.3
Once streams are placed into service, the flows shall continue until the evaluation is complete.
5-4.4*
Failure to supply an engine adequately shall be considered a serious deficiency in operations.
5-4.5*
Failure to maintain water pressure in any line until all lines are properly operating shall be
considered an unacceptable interruption of the attack. Interruptions of less than 10 sec shall not
be counted.
5-4.6
The evolution shall not be concluded until the evaluating officer is satisfied that an effective
stream has been obtained.
5-5* Evaluation.
Performance shall be evaluated as follows:
Satisfactory

Unsatisfactory

(a) Was a minimum of 500 gpm (1890 Lpm)
delivered?

____________

____________

(b)

____________

____________

(c) Was an effective stream in service within the
recommended time?

____________

____________

(d) Were the hose layouts adequate to supply the
nozzles?

____________

____________

Was stream operated without major interruption? ____________

____________

(e)

Were nozzle pressures and flows correct?

Chapter 6 Required Performance for Automatic Sprinkler System Support
6-1 General.
6-1.1*
The required performance for automatic sprinkler system support shall consist of providing
two supply lines to an automatic sprinkler connection.
6-1.2
Automatic sprinkler system support evolutions shall be performed by the first unit(s) to arrive
staffed with the average number of personnel that ordinarily respond.
6-1.3*
For evolutions employing two or more companies, there shall be a 30-sec delay between the
arrival of each company.
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6-2 Required Flow.
6-2.1
The total flow of the required lines to the sprinkler connection shall be 500 gpm (1890 Lpm).
6-2.2*
The training officer shall determine that effective pressures and flows are provided to the
sprinkler connections. A minimum of 150 psi (1035 kPa) pump discharge pressure shall be used
to supply the sprinkler system. Pressures shall be within a range of ±10 percent.
6-3 Hose Evolutions.
6-3.1
The supply lines shall be laid by an engine for a distance of 300 ft (92 m) to or from the
hydrant or water source, and for a distance of 100 ft (30.5 m) from an engine to the sprinkler
connection.
6-3.2
Apparatus water tanks shall not be used as a water supply for these evolutions.
6-4 Method of Evaluation.
6-4.1
When the order is given to begin the evolution, a water supply shall be established for the
engine(s) and two supply lines laid to the sprinkler connection.
6-4.2
The evaluation shall be based on the ability to deliver a minimum of 500 gpm (1890 Lpm)
through two supply lines to the sprinkler connections.
6-4.3
The flows shall continue until the evaluation is complete.
6-4.4*
Failure to supply an engine adequately shall be considered a serious deficiency in operations.
6-4.5*
Failure to maintain water pressure in any line until all lines are properly operating shall be
considered an unacceptable interruption. Interruptions of less than 10 sec shall not be counted.
6-4.6
The evolution shall not be concluded until the evaluating officer is satisfied that the proper
flows have been provided.
6-5* Evaluation.
Performance shall be evaluated as follows:
Satisfactory
(a)

Was a minimum of 500 gpm (1890 Lpm)
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Unsatisfactory

delivered?

____________

____________

(b)

____________

____________

(c) Were flows obtained within the recommended ____________
time?
____________

____________
____________

(d) Were the hose layouts from the water source
adequate?

____________

____________

(e) Were flows obtained without major
interruption?

____________

____________

Was the pump discharge pressure correct?

Chapter 7 Referenced Publication
7-1
The following document, or portions thereof, is referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for the reference is
the current edition as of the date of the NFPA issuance of this document.
7-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P. O. Box 1901, Quincy, MA
02269-1901.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1.1
It is recognized that most successful fire-fighting efforts involve a coordinated engine, ladder,
and rescue company operation; however, this standard addresses only the basic engine company
operations of laying supply lines, advancing attack and back-up lines, supplying special devices,
and operating engines. When performing these evolutions for the purpose of training,
departments should use the number of personnel normally assigned to perform engine company
operations at the scene of a fire.
A-1-2.1
Three aspects of initial fire attack are covered in this standard:
(a) Handlines, 11/2 in. (38 mm) to 21/2 in. (65 mm);
(b) Master stream appliances, portable and apparatus-mounted; and
(c) Automatic sprinkler system support.
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Individual fire-fighting evolutions involving the placement and connection of hose lines and
the operation of hose streams and apparatus are the essentials of good fire department
procedures. This standard provides the fire chief and other department officers a method of
measuring the effectiveness of these evolutions based on their normal first alarm engine
company response.
With the exception of very small communities and isolated rural areas, standard engine
response to structural fires on the initial alarm is generally a minimum of two engine companies.
There are several reasons for this practice. First, one engine company ordinarily cannot be
expected to both operate the proper streams promptly for fast attack and also provide the
necessary back-up stream(s), and experience frequently has shown that small streams often prove
inadequate. Second, fires commonly necessitate prompt application of hose streams from at least
two positions. Third, there is always the possibility that an accident or mechanical failure will
delay the arrival of one company.
A-2-1.1
With the exception of those evolutions that use aerial trucks, only the number of personnel that
normally respond on the initial alarm who are assigned to perform engine company operations
should perform the evolutions required by this standard. For evolutions involving aerial trucks,
personnel normally assigned to perform ladder operations on alarms should also be included.
A-2-2.3
The purpose of these evolutions is to test the fire department’s ability to place fire suppression
streams with correct flows and nozzle pressures into service promptly. Direct streams from
hydrants, unless they are high-pressure hydrants, usually do not provide the proper flows and
nozzle pressures. Where this practice is used, serious delays often are encountered before
effective streams are in service. Therefore, this practice is not considered valid by this standard.
A-3-2.4
The limitation of emergency scene operations to those that can be safely conducted by the
number of personnel on the scene is intended to reduce the risk of fire fighter death or injury due
to understaffing. While members can be assigned and can arrive at the scene of an incident in
many different ways, it is strongly recommended that interior fire-fighting operations not be
conducted without an adequate number of qualified fire fighters operating in companies under
the supervision of company officers available on the scene.
It is recommended that a minimum acceptable fire company staffing level consist of four
members responding on or arriving with each engine or aerial ladder company responding to any
type of fire. Companies responding in high fire-risk areas should have a minimum acceptable
staffing of six fire fighters on ladder companies and five fire fighters on engine companies.
These recommendations are based on experience from actual fires and in-depth fire simulations
wherein fire company effectiveness was critically and objectively evaluated. These studies
indicate significant reductions in performance and safety when crews have fewer members than
recommended. Overall, five-member crews were found to provide a more coordinated approach
for search and rescue and fire suppression tasks. (See NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program, A-6-4.1.)
A-4-1.1
The following are illustrations of some handline evolutions that can be used:
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Figure No. 1 Forward lay using one engine and one supply line. Recommended maximum time: 3 min

Figure No. 2 Reverse lay from first engine with second engine. Recommended maximum time: 4 min

Figure No. 3 Forward lays using two engines. Recommended maximum time: 3.5 min

Figure No. 4 Reverse lay with one engine using a wye. Recommended maximum time: 4 min
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Figure No. 5 Drafting operation using two engines. Recommended maximum time: 6 min

Figure No. 6 Portable water supply tank using one engine and water supply apparatus. Recommended
maximum time: 5 min

A-4-1.3
The delay in placing the second and additional companies into service recognizes the fact that,
in many cases, the companies do not arrive simultaneously. This can be due to such factors as
volunteer response and traffic conditions. The delay also provides the evaluator with a greater
opportunity to check the operations of the second and any additional companies. This is only a
suggested procedure for the purposes of the test. The evaluator can increase the time interval to
simulate conditions where responding companies are located at greater distances from one
another.
A-4-2.4
Pressure and flow can be determined either by Pitot gauge measurement, piezometer gauge
readings, flow meter readings, or by pump discharge gauge readings based on known pressure
requirements for the particular nozzles. Spray nozzles can be estimated based on their rated
delivery if the proper pump pressure is provided.
A-4-3.2
This is done to demonstrate the ability to advance the hose lines to necessary positions of
operation. The evaluator should designate the positions where streams will be operated.
A-4-3.3
Establishing an adequate water supply is a primary consideration of the pump operator, and
charging the back-up line without an adequate water supply can jeopardize the safety of the
initial attack crew. There might be times when the back-up line has to be charged from the
booster tank; however, in these instances, the pump operator should be acutely aware of the flow
rates of the lines in service and the capacity of the booster tank. In those cases where units have
booster tanks of 1000 gal (3785 L) or more, or where multiple units are available to provide
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additional water, charging the back-up line from a booster tank might be permitted.
A-4-4.4
Failure to make adequate connections to utilize the available water supply promptly is one of
the most serious errors made during an initial attack on a fire. Placing streams into service
quickly when they lack adequate volume and pressure cannot be considered as furnishing a
standard initial fire attack. The most common cause of failure is dependence on a single 21/2-in.
(65-mm) supply line to provide the necessary flow.
A-4-4.5
Up to 10 sec of interruption may be permitted to manage situations such as transfer from tank
to water supply or shifting of lines from hydrants to pumps. Failure to obtain water from a
hydrant before the booster tank is empty, or the inability to maintain flow when transferring from
tank to hydrant supply, is unacceptable.
A-4-5
The evaluation should be useful to the training officer in determining areas where additional
training is needed to provide a standard initial fire attack capability. It should not be considered
surprising if the first test of these evolutions produces performance that is not fully satisfactory.
Teamwork between companies for effective initial attack develops with practice.
A-5-1.1
The following are illustrations of some master stream evolutions that can be used:

Figure No. 7 Reverse lay from portable monitor nozzle using one engine. Recommended maximum time: 5
min

Figure No. 8 Forward lay with one engine and using engine monitor. Recommended maximum time: 3 min
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Figure No. 9 Reverse lay from elevated master stream using one engine. Recommended maximum time: 4 min

Figure No. 10 Reverse lay from elevated master stream using one engine and supplying one handline.
Recommended maximum time: 5.5 min

Figure No. 11 Forward lay using one engine to supply an elevated master stream with two lines.
Recommended maximum time: 5 min

A-5-1.3
The delay in placing the second and additional companies into service recognizes the fact that,
in many cases, the companies do not arrive simultaneously. This can be due to such factors as
volunteer response and traffic conditions. The delay also provides the evaluator with a greater
opportunity to check the operations of the second and any additional companies. This is only a
suggested procedure for the purposes of the test. The evaluator can increase the time interval to
simulate conditions where responding companies are located at greater distances from one
another.
A-5-2.2
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Pressure and flow can be determined either by Pitot gauge measurement, piezometer gauge
readings, flow meter readings, or by pump discharge gauge readings based on known pressure
requirements for the particular nozzles. Spray nozzles can be estimated based on their rated
delivery if the proper pump pressure is provided.
A-5-4.4
Failure to make adequate connections to utilize the available water supply promptly is one of
the most serious errors made during an initial attack on a fire. Placing streams into service
quickly when they lack adequate volume and pressure cannot be considered as furnishing a
standard initial fire attack. The most common cause of failure is dependence on a single 21/2-in.
(65-mm) supply line to provide the necessary flow. At least two 21/2-in. (65-mm) supply lines or
one large supply hose would be necessary to carry the needed flows at the necessary pressures.
A-5-4.5
Up to 10 sec of interruption may be permitted to manage situations such as transfer from tank
to water supply or shifting of lines from hydrants to pumps. Failure to obtain water from a
hydrant before the booster tank is empty, or the inability to maintain flow when transferring from
tank to hydrant supply, is unacceptable.
A-5-5
The evaluation should be useful to the training officer in determining areas where additional
training is needed in aerial ladder set-up or the company’s ability to provide a high-volume,
limited duration offensive attack (blitz attack). It should not be considered surprising if the first
test of these evolutions produces performance that is not fully satisfactory. Teamwork between
companies for an effective blitz attack develops with practice.
A-6-1.1
The following are illustrations of some automatic sprinkler system support evolutions that can
be used:

Figure No. 12 Forward lay to the sprinkler connection using two supply lines. Recommended maximum time:
3.5 min
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Figure No. 13 Reverse lay from the sprinkler connection using two supply lines. Recommended maximum
time: 3.5 min

Figure No. 14 Forward lay to the sprinkler connection using large-diameter hose. Recommended maximum
time: 3.5 min

A-6-1.3
The delay in placing the second and additional companies into service recognizes the fact that,
in many cases, the companies do not arrive simultaneously. This can be due to such factors as
volunteer response and traffic conditions. The delay also provides the evaluator with a greater
opportunity to check the operations of the second and any additional companies. This is only a
suggested procedure for the purposes of the test. The evaluator can increase the time interval to
simulate conditions where responding companies are located at greater distances from one
another.
A-6-2.2
Pressure and flow can be determined either by Pitot gauge measurement, piezometer gauge
readings, flow meter readings, or by pump discharge gauge readings.
A-6-4.4
Failure to make adequate connections to utilize the available water supply promptly is one of
the most serious errors made when supplying an automatic sprinkler system. The most common
cause of failure is dependence on a single 21/2-in. (65-mm) supply line to provide the necessary
flow. At least two 21/2-in. (65-mm) supply lines or one large-diameter hose line would be
necessary to carry the needed flows at the necessary pressures.
A-6-4.5
Up to 10 sec of interruption may be permitted to manage situations such as transfer from tank
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to water supply or shifting of lines from hydrants to pumps. Failure to obtain water from a
hydrant before the booster tank is empty, or the inability to maintain flow when transferring from
tank to hydrant supply, is unacceptable.
A-6-5
The evaluation should be useful to the training officer in determining areas where additional
training is needed to provide water supply to an automatic sprinkler system. It should not be
considered surprising if the first test of these evolutions produces performance that is not fully
satisfactory. Teamwork between companies for effective initial attack develops with practice.
Appendix B Evaluation Guide Sheets and Instructions
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
B-1
The following guide sheets are provided to assist training personnel when using the evolutions
illustrated in Appendix A.
All personnel involved in the evolutions are to be properly clothed in the appropriate safety
gear or fire-fighting protective clothing and equipment as specified in 3-2.1.
The total number of personnel used for each evolution should not exceed the number of
persons that normally respond on the initial alarm in accordance with 4-1.2, 5-1.2, and 6-1.2.
Some evolutions use one engine company, and the number of personnel used should be limited
to a single engine complement, unless more than one unit responds as part of that engine
company on the initial alarm. All personnel over the number that normally staff the first engine
company should be delayed 30 sec before entering the evolutions.

Evolution No. 1 Forward lay using one engine and one supply line.

This evolution uses one engine company, one supply line, and two handlines. If the number of
personnel used to perform this evolution exceeds the normal single-engine company staffing, the
additional personnel should be delayed 30 sec before becoming involved in the evolution.
1. Stage engine company and assigned personnel away from the hydrant. When personnel are
ready, give signal for engine to proceed to hydrant.
2. START TIME WHEN ENGINE STOPS AT THE HYDRANT. (Do not allow additional
personnel to start for 30 sec.)
3. Steps of operation:
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(a) Lay one supply line from the hydrant a distance of 300 ft (90 m).
(b) Advance one attack line from the engine a distance of 150 ft (45 m).
(c) Advance one back-up line from the engine a distance of 150 ft (45 m).
(d) Operate all lines at proper pressures and flows.
4. STOP TIME WHEN ALL LINES ARE SUPPLIED PROPERLY. (Record time in item 6
below.)
5. Equipment and personnel used in test:
(a) Size of supply line used? ______________
(b) Size of attack line used? ______________
(c) Size of back-up line used?

______________

(d) Number of persons used? ________________
6. Total time of evolution? ______________

Evolution No. 2 Reverse lay from first engine with second engine; connecting second engine to hydrant is
optional.

This evolution uses two engines, one supply line, and two handlines. A 30-sec delay should be
used to start the second engine company and all personnel over the normal staffing of the first
engine company.
1. Stage engines and assigned personnel away from the simulated fire area. When personnel are
ready, give signal for first engine company to proceed to the fire area.
2. START TIME WHEN FIRST ENGINE STOPS AT THE FIRE AREA. (Do not allow second
engine and additional personnel to start for 30 sec.)
3. Steps of operation:
(a) At the fire area, remove and advance one attack line and one back-up line a minimum
distance of 150 ft (45 m) from the first engine.
(b) After a 30-sec delay, give signal for second engine to proceed to location of first engine.
(c) When second engine is stopped at first engine, supply hose is removed from second engine,
and second engine proceeds to hydrant location.
(d) Supply hose is connected to first engine and either supply hose or second engine is
connected to hydrant.
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(e) Operate all lines at proper pressures and flows.
4. STOP TIME WHEN ALL LINES ARE SUPPLIED PROPERLY. (Record time in item 6
below.)
5. Equipment and personnel used in test:
(a) Size of supply line used? ________________
(b) Size of attack line used? ________________
(c) Size of back-up line used?

________________

(d) Number of persons used? __________________
6. Total time of evolution? ________________

Evolution No. 3 Forward lays using two engines.

This evolution uses two engines, two hydrants, two supply lines, and two handlines. A 30-sec
delay should be used to start the second engine company and all personnel over the normal
staffing of the first engine company.
1. Stage engine companies and assigned personnel away from the hydrants. When personnel are
ready, give signal for first engine company to proceed to hydrant.
2. START TIME WHEN ENGINE STOPS AT THE HYDRANT. (Do not allow additional
personnel to start for 30 sec.)
3. Steps of operation:
(a) First engine lays one supply line from the hydrant a distance of 300 ft (90 m).
(b) One attack line is advanced from the first engine a distance of 150 ft (45 m).
(c) Second engine lays one supply line from the hydrant a distance of 300 ft (90 m).
(d) One back-up line is advanced from the second engine a distance of 150 ft (45 m).
(e) Operate all lines at proper pressures and flows.
4. STOP TIME WHEN ALL LINES ARE SUPPLIED PROPERLY. (Record time in item 6
below.)
5. Equipment and personnel used in test:
(a) Size of supply line used? __________________
(b) Size of attack line used? __________________
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(c) Size of back-up line used?

__________________

(d) Number of persons used?
__________________
6. Total time of evolution? __________________

Evolution No. 4 Reverse lay with one engine using a wye.

This evolution uses one engine company, one supply line, and two handlines operated from a
wye. If the number of personnel used to perform this evolution exceeds the staffing for a normal
single-engine company, the additional personnel should be delayed 30 sec before becoming
involved in the evolution.
1. Stage engine company and assigned personnel away from the simulated fire area. When
personnel are ready, give signal for engine to proceed to the fire area.
2. START TIME WHEN ENGINE STOPS AT THE FIRE AREA. (Do not allow additional
personnel to start for 30 sec.)
3. Steps of operation:
(a) At the fire area, remove two attack lines, wye, and leader line from the engine.
(b) Lay leader line to hydrant a distance of 300 ft (90 m) and connect engine to hydrant.
(c) At the fire area, connect attack line and back-up line to wye and advance 150 ft (45 m).
(d) Operate all lines at proper pressures and flows.
4. STOP TIME WHEN ALL LINES ARE SUPPLIED PROPERLY. (Record time in item 6
below.)
5. Equipment and personnel used in test:
(a) Size of supply line used? __________________
(b) Size of attack line used? __________________
(c) Size of back-up line used?

____________________

(d) Number of persons used? ______________________
6. Total time of evolution? __________________
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Evolution No. 5 Drafting operations using two engines.

This evolution uses two engines, one supply line, and two handlines. A 30-sec delay should be
used to start the second engine and all personnel over the normal staffing of the first engine.
1. Stage engines and assigned personnel away from the simulated fire area. When personnel are
ready, give signal for engine to proceed to the fire area.
2. START TIME WHEN ENGINE STOPS AT THE FIRE AREA. (Do not allow additional
personnel to start for 30 sec.)
3. Steps of operation:
(a) At the fire area, remove and advance one attack line and one back-up line a minimum
distance of 150 ft (45 m) from the first engine.
(b) After a 30-sec delay, give signal for second engine to proceed to location of first engine.
(c) When second engine is stopped at first engine, supply hose is removed from second engine,
and second engine proceeds to water source and sets up for drafting operations.
(d) Operate all lines at proper pressures and flows.
4. STOP TIME WHEN ALL LINES ARE SUPPLIED PROPERLY. (Record time in item 6
below.)
5. Equipment and personnel used in test:
(a) Size of supply line used? __________________
(b) Size of attack line used? __________________
(c) Size of back-up line used?

____________________

(d) Number of persons used? ______________________
6. Total time of evolution? __________________
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Evolution No. 6 Portable water supply tank using one engine and water supply apparatus.

This evolution uses one engine operating from a water supply tank, two handlines, and water
supply apparatus. If the number of personnel used to perform this evolution exceeds the staffing
for a normal single-engine company and a water supply apparatus, the additional personnel
should be delayed 30 sec before becoming involved in the evolution.
1. Stage engine company, water supply apparatus, and assigned personnel away from the
simulated fire area. When personnel are ready, give signal for engine to proceed to fire area.
2. START TIME WHEN ENGINE STOPS AT THE FIRE AREA. (Do not allow additional
personnel to start for 30 sec.)
3. Steps of operation:
(a) At the fire area, remove and advance one attack line and one back-up line a minimum
distance of 150 ft (45 m) from the engine.
(b) After a 30-sec delay, locate water supply tank at fire area, fill tank, and establish water
supply to engine.
(c) Maintain water supply through continuous tanker operations.
(d) Operate all lines at proper pressures and flows.
4. STOP TIME WHEN ALL LINES ARE SUPPLIED PROPERLY. (Record time in item 6
below.)
5. Equipment and personnel used in test:
(a) Size of supply line used? __________________
(b) Size of attack line used? __________________
(c) Size of back-up line used?

____________________

(d) Number of persons used?
____________________
6. Total time of evolution? __________________

Evolution No. 7 Reverse lay from portable master stream appliance using one engine.

This evolution uses one engine, one portable master stream appliance, and two supply lines. If
the number of personnel used to perform this evolution exceeds the normal single-engine
staffing, the additional personnel should be delayed 30 sec before becoming involved in the
evolution.
1. Stage engine company and assigned personnel away from the simulated fire area. When
personnel are ready, give signal for engine to proceed to fire area.
2. START TIME WHEN ENGINE STOPS AT THE FIRE AREA. (Do not allow additional
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personnel to start for 30 sec.)
3. Steps of operation:
(a) At the fire area, remove two supply lines from engine, locate the monitor device, and
connect supply lines to the demounted, portable master stream appliance.
(b) Lay two supply lines a distance of 300 ft (90 m) and connect engine to the hydrant.
(c) Supply the master stream appliance at proper pressures and flows.
4. STOP TIME WHEN THE MASTER STREAM APPLIANCE IS SUPPLIED PROPERLY.
(Record time in item 6 below.)
5. Equipment and personnel used in test:
(a) Size of supply lines used?

________________

(b) Size of nozzle used? __________________
(c) Amount of water flowed?

____________________

(d) Number of persons used? ______________________
6. Total time of evolution? ____________________

Evolution No. 8 Forward lay with one engine and using an engine-mounted master stream appliance.

This evolution uses one engine, an engine-mounted master stream appliance, and two supply
lines. If the number of personnel used to perform this evolution exceeds the normal single-engine
staffing, the additional personnel should be delayed 30 sec before becoming involved in the
evolution.
1. Stage engine company and assigned personnel away from the hydrant. When personnel are
ready, give signal for engine to proceed to the hydrant.
2. START TIME WHEN ENGINE STOPS AT THE HYDRANT. (Do not allow additional
personnel to start for 30 sec.)
3. Steps of operation:
(a) Lay two supply lines from the hydrant a distance of 300 ft (90 m).
(b) Place engine-mounted master stream appliance in operation and operate at proper pressures
and flows.
4. STOP TIME WHEN THE MASTER STREAM APPLIANCE IS SUPPLIED PROPERLY.
(Record time in item 6 below.)
5. Equipment and personnel used in test:
(a) Size of supply lines used?

________________
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(b) Size of nozzle used?

________________

(c) Amount of water flowed?

____________________

(d) Number of persons used?
____________________
6. Total time of evolution? ____________________

Evolution No. 9 Reverse lay from apparatus equipped with an elevated master stream appliance using one
engine.

This evolution uses one aerial truck with an elevated master stream appliance, one engine, and
two supply lines. The number of personnel used to perform this evolution should not exceed the
normal engine and ladder company staffing.
1. Stage all apparatus and assigned personnel away from the simulated fire area. When personnel
are ready, give signal for engine to proceed to the fire area.
2. START TIME WHEN FIRST VEHICLE STOPS AT THE FIRE AREA. (Do not allow
additional personnel to start for 30 sec.)
3. Steps of operation:
(a) Position apparatus and prepare elevated master stream for service.
(b) Lay two supply lines a distance of 300 ft (90 m) and connect engine to the hydrant.
(c) Connect supply lines to elevated master stream appliance intake and operate the master
stream at proper pressures and flows.
4. STOP TIME WHEN THE ELEVATED MASTER STREAM APPLIANCE IS SUPPLIED
PROPERLY. (Record time in item 6 below.)
5. Equipment and personnel used in test:
(a) Size of supply lines used?
(b) Size of nozzle used?

________________

________________

(c) Amount of water flowed?

____________________

(d) Number of persons used? ______________________
6. Total time of evolution? ____________________
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Evolution No. 10 Reverse lay from apparatus equipped with elevated master stream device using one engine
and supplying one handline.

This evolution uses one apparatus equipped with an elevated master stream device, one engine
company, one large-diameter supply line, and one handline. The number of personnel used to
perform this evolution should not exceed the normal engine and ladder company staffing.
1. Stage all apparatus and assigned personnel away from the simulated fire area. When personnel
are ready, give signal for engine to proceed to the fire area.
2. START TIME WHEN FIRST VEHICLE STOPS AT THE FIRE AREA. (Do not allow
additional personnel to start for 30 sec.)
3. Steps of operation:
(a) Position apparatus and prepare elevated master stream for service.
(b) Remove large-diameter supply line and one handline from engine. Engine lays lines a
distance of 300 ft (90 m) and connects to the hydrant.
(c) Operate master stream and handline at proper pressures and flows.
4. STOP TIME WHEN THE ELEVATED MASTER STREAM APPLIANCE AND
HANDLINE ARE SUPPLIED PROPERLY. (Record time in item 6 below.)
5. Equipment and personnel used in test:
(a) Size of supply line used? __________________
(b) Size of master stream nozzle used?

____________________

(c) Size of handline used? __________________
(d) Amount of water flowed?

____________________

(e) Number of persons used? ______________________
6. Total time of evolution? __________________
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Evolution No. 11 Forward lay using one engine to supply an apparatus equipped with an elevated master
stream appliance with two lines.

This evolution uses one apparatus equipped with an elevated master stream appliance, one
engine, and four supply lines (two supply lines between the hydrant and the engine, and two
supply lines between the engine and the elevated master stream appliance intake.) The number of
personnel used to perform this evolution should not exceed the normal engine and ladder
company staffing.
1. Stage all apparatus and assigned personnel away from the hydrant. When personnel are ready,
give signal for the apparatus equipped with the elevated master stream appliance to proceed to
simulated fire area and for the engine to proceed to the hydrant.
2. START TIME WHEN ENGINE STOPS AT THE HYDRANT. (Do not allow additional
personnel to start for 30 sec.)
3. Steps of operation:
(a) Lay two supply lines from the hydrant a distance of 300 ft (90 m).
(b) Position apparatus and prepare elevated master stream appliance for service.
(c) Lay two 100-ft (30-m) supply lines from the engine to the elevated master stream appliance
intake.
(d) Place elevated master stream in operation and operate at proper pressures and flows.
4. STOP TIME WHEN ELEVATED MASTER STREAM IS SUPPLIED PROPERLY. (Record
time in item 6 below.)
5. Equipment and personnel used in test:
(a) Size of supply lines used?
(b) Size of nozzle used?

________________

__________________

(c) Amount of water flowed?

____________________

(d) Number of persons used? ______________________
6. Total time of evolution? __________________
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Evolution No. 12 Forward lay to the sprinkler connection using two supply lines.

This evolution uses a simulated sprinkler connection, one engine, and four supply lines (two
supply lines between the hydrant and engine, and two supply lines between the engine and
sprinkler connection). If the number of personnel used to perform this evolution exceeds the
normal single-engine staffing, the additional personnel should be delayed 30 sec before
becoming involved in the evolution.
1. Stage the engine company and assigned personnel away from the hydrant. When personnel are
ready, give signal for the engine to proceed to the hydrant.
2. START TIME WHEN ENGINE STOPS AT THE HYDRANT. (Do not allow additional
personnel to start for 30 sec.)
3. Steps of operation:
(a) Lay two supply lines from the hydrant a distance of 300 ft (90 m).
(b) Lay two 100-ft (30-m) supply lines from the engine to the sprinkler connection.
(c) Operate at proper pressures and flows.
4. STOP TIME WHEN ALL LINES ARE SUPPLIED PROPERLY. (Record time in item 6
below.)
5. Equipment and personnel used in test:
(a) Size of supply lines used between engine and hydrant? ________________________
(b) Size of supply lines used between engine and sprinkler?
(c) Amount of water flowed?

____________________

(d) Number of persons used? ______________________
6. Total time of evolution? __________________
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________________________

Evolution No. 13 Reverse lay from the sprinkler connection using two supply lines.

This evolution uses a simulated sprinkler connection, one engine company, and two supply
lines. If the number of personnel used to perform this evolution exceeds the normal single-engine
staffing, the additional personnel should be delayed 30 sec before becoming involved in the
evolution.
1. Stage the engine company and assigned personnel away from the sprinkler connection. When
personnel are ready, give signal for engine to proceed to the sprinkler connection.
2. START TIME WHEN ENGINE STOPS AT THE SPRINKLER CONNECTION. (Do not
allow additional personnel to start for 30 sec.)
3. Steps of operation:
(a) Lay two supply lines a distance of 300 ft (90 m) from the sprinkler connection to the
hydrant and connect engine to the hydrant.
(b) Connect supply lines to the sprinkler connection.
(c) Operate at proper pressures and flows.
4. STOP TIME WHEN ALL LINES ARE SUPPLIED PROPERLY. (Record time in item 6
below.)
5. Equipment and personnel used in test:
(a) Size of supply lines used?

__________________

(b) Amount of water flowed?

________________

(c) Number of persons used? ____________________
6. Total time of evolution? __________________

Evolution No. 14 Forward lay to the sprinkler connection using large-diameter hose.
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This evolution uses a simulated sprinkler connection, one engine company, and three supply
lines (one large-diameter supply line between the hydrant and engine, and two supply lines
between the engine and sprinkler connection). If the number of personnel used to perform this
evolution exceeds the normal single-engine staffing, the additional personnel should be delayed
30 sec before becoming involved in the evolution.
1. Stage the engine company and assigned personnel away from the hydrant. When personnel are
ready, give signal for the engine to proceed to the hydrant.
2. START TIME WHEN ENGINE STOPS AT THE HYDRANT. (Do not allow additional
personnel to start for 30 sec.)
3. Steps of operation:
(a) Lay one large-diameter supply line from the hydrant a distance of 300 ft (90 m).
(b) Lay two supply lines a distance of 100 ft (30 m) from the engine to the sprinkler
connection.
(c) Operate at proper pressures and flows.
4. STOP TIME WHEN ALL LINES ARE SUPPLIED PROPERLY. (Record time in item 6
below.)
5. Equipment and personnel used in test:
(a) Size of supply line used between hydrant and engine?

______________________

(b) Size of supply lines used between engine and sprinkler connection?
(c) Amount of water flowed?

______________

__________________

(d) Number of persons used? ______________________
6. Total time of evolution? __________________
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Chapter 1 Administration
1-1 Scope.
1-1.1
This document is a recommended practice for the effective evaluation of the fire protection
and operating features of a warehouse occupancy and the development of a pre-incident plan for
response to fires and like emergencies. The pre-incident plan should be used by responding
personnel to manage fire emergencies and other related incidents in these facilities with available
resources.
A pre-incident plan should not be confused with other types of fire inspections, which are
primarily concerned with code compliance. While pre-incident planning can involve the
evaluation of the adequacy of fire protection systems, building construction, and operating
procedures, utilizing appropriate codes and standards, the primary purpose of a pre-incident plan
is to help ensure that responding personnel can effectively manage emergency incidents with the
available resources.
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1-1.2
Unlike fire prevention or fire safety inspections, pre-incident planning assumes an incident
will occur. It makes no special effort to prevent a fire or eliminate a hazard, but rather to prepare
for an incident, regardless of likelihood.
While this document is intended to be used for warehouse occupancies, the philosophies and
principles of pre-incident planning set forth in this document can be applied to other
occupancies. Where applied to other occupancies, special considerations must be given to their
unique features.
1-2 General.
1-2.1
A pre-incident plan is one of the most valuable tools available for aiding the fire department
and warehouse owners/operators in effectively controlling an emergency incident. Devastating
fires in a number of warehouse and distribution centers have resulted in a disturbing number of
multimillion-dollar losses. In a significant number of these cases, these buildings were equipped
with automatic sprinkler systems and other built-in systems, yet the fires were beyond control
when the local fire department arrived. (See Appendix B.)
The NFPA publishes an annual survey of the large loss fires in the United States. A large loss
is considered to be a fire loss greater than $5 million. The storage occupancy fires averaged to be
22 percent of the large loss fires each year and 11 percent of the property damage. These storage
fires occur on an average of 10 per year, with $15,243,000 property damage per fire. A compiled
chart of these losses in storage occupancies is provided in Table 1-2.1(a). Figure 1-2.1 shows the
number of large loss storage fires and the total direct property loss for each year from 1985 to
1990.
A study of storage occupancy fires (excluding garages) for the years 1984 through 1989 was
completed by NFPA in March 1991. Table 1-2.1(b) highlights the primary causes and the effects
of these fires.
Table 1-2.1(a) Large Loss Storage Fires ($U.S. Unadjusted)
1985

1986

1987

1988

1989

1990

(>$5M)

(>$5M)

(>$5M)

(>$5M)

(>$5M)

(>$5M)

Storage Occupancies
No. of Fires

8

10

14

14

9

6

226,720,000

81,285,000

208,270,000

215,498,000

87,051,000

111,000,000

30

27

48

55

53

59

Property Damage

668,100,000

322,900,000

999,253,000

1,108,469,000

1,423,875,000

831,515,000

% No. in Storage

26.7%

37.0%

29.2%

25.5%

17.0%

10.0%

% $ in Storage

33.9%

25.2%

20.8%

19.4%

6.1%

13.3%

Property Damage
All Occupancies
No. of Fires
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Figure 1-2.1 Large loss storage fires (1985 - 1990).

Table 1-2.1(b) Storage Fire Causes*
Number of
Fires

Percent of
Fires

Property
Damage ($
Million)

Percent
Property Damage

Incendiary or suspicious

8,100

24.5%

191.2

37.0%

Open flame, embers,
or torches

5,600

17.0%

56.8

11.0%

3,600

10.9%

31.9

6.2%

Other equipment

3,400

10.3%

69.1

13.4%

Electrical distribution

3,200

9.7%

61.7

12.0%

Natural causes

2,500

7.6%

35.4

6.9%

Heating equipment

2,000

6.1%

33.8

6.5%

Child playing

1,800

5.5%

9.0

1.7%

Smoking materials

1,100

3.3%

8.1

1.6%

Other heat source

700

2.1%

8.3

1.6%

Appliances, tools, or air
conditioning

700

2.1%

9.9

1.9%

CAUSE

Exposure to other hostile fire
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Cooking equipment
Totals

300

0.9%

1.1

33,000

100.0%

516.3

0.2%
100.0%

*NFPA study completed March 1991. Represents annual averages over a 6-year period from 1984
through 1989.

1-2.2
Pre-incident planning is a total concept based on the following elements: awareness of the
problem, management commitment, education, prevention, protection, and emergency
organization. A well-developed pre-incident plan involves information gathering; analysis and
dissemination; the “what if approach”; and review, drill, and evaluation.
1-2.3
The overall success of warehouse emergency operations is determined long before the incident
occurs. The success of the operation is determined during the development of a warehouse
pre-incident plan. In new facilities, the development of the pre-incident plan should begin before
construction and actual occupancy.
1-2.4
Before the pre-incident planning process begins, all parties involved should understand the
basic information that should be developed for inclusion in the final plan. There are many factors
that affect a facility’s situation under emergency conditions that should be addressed. These
include construction, occupancy, fire protection systems, capabilities of public or industrial fire
department, water supply, and exposure factors.
1-2.5
The pre-incident plan should be a cooperative effort among building owner or occupant;
facility emergency team; public emergency services, including fire, law enforcement, and
emergency medical services; insurance personnel; and others who will be responding to an
incident. Other agencies might also be able to provide valuable input during the development of
the pre-incident plan. Such agencies can include security forces, plant engineering staff, public
utilities, environmental agencies, emergency management agencies, and the facility’s
architect/engineer and contractors.
1-2.6
Automatic sprinkler systems play a vital role in providing adequate overall fire protection for
many warehouse occupancies, particularly the larger, high-value buildings. It is crucial that such
systems be designed, installed, tested, and maintained in accordance with the appropriate
standards. If these systems fail to control the fire, it is quite possible that it will be impossible to
prevent a major loss, even with a large commitment of manual fire fighting forces.
1-2.7
An incident management system is a necessary part of the successful resolution of a warehouse
emergency.
1-2.8
Once the basic information has been gathered, the development of the actual pre-incident plan
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can begin. The plan, of course, should be developed and maintained in conjunction with the
facility owner/occupant, so that all participants are aware of their respective responsibilities
during an incident.
1-3 Definitions.
1-3.1
The following terms, for the purposes of this recommended practice, have the meanings given
in this section, if not otherwise modified in another section of this recommended practice.
1-3.2
Words used in the present tense include the future. Words used in the masculine gender
include the feminine and neuter. The singular number includes plural and the plural, singular.
1-3.3
Where terms are not defined in this section, they have their ordinary accepted meanings or
such as the context may imply.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or departmental official
may be the “authority having jurisdiction.”

Bonded Warehouse. A facility for storing controlled materials, such as alcohol and tobacco
products. Generally has high levels of security, including very limited access. An entire building
or portions of a building can be so designated.
Code. A document containing only mandatory provisions using the word “shall” to indicate
requirements and in a form generally suitable for adoption into law. Explanatory material can be
included only in the form of “fine print” notes, in footnotes, or in an appendix.
Controlled Atmosphere (CA) Warehouse. A facility for storing speciality products, such as
fruits. Generally includes sealed rooms for storage, with the rooms being controlled with regard
to temperature and air content, the most common being an atmosphere containing a high
percentage of a gas such as nitrogen.
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Emergency Action Plan. The designated actions employers and employees should take to
ensure employee safety from fire and other emergencies.
Fire Barrier. A continuous membrane, either vertical or horizontal, such as a wall or floor
assembly, that is designed and constructed with a specified fire-resistance rating to limit the
spread of fire and that will also restrict the movement of smoke. Such barriers should have
protected openings.
HVAC. Heating, ventilation, and air conditioning systems and their related components.
Key Box. See “Lock Box.”
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Lifts. Mechanically or electrically operated platforms used to work at various heights within a
building.
Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The “authority having
jurisdiction” should utilize the system employed by the listing organization to identify a listed product.

Lock Box. A locked container often used to store building entry keys, plans, and related data.
Keys to open these containers are assigned only to selected individuals, such as representatives
of the local fire department or police department.
Material Safety Data Sheet (MSDS). These sheets contain a variety of physical properties,
precautions, and emergency actions for specific chemicals or substances.
Occupant Load. The total number of persons that should occupy a building or portion thereof
at any one time.
Pre-Incident Plan. A written document resulting from the gathering of general and detailed
information/data to be used by public emergency response agencies and private industry for
determining the response to reasonably anticipated emergency incidents at a specific facility.
Recommended Practice. A document similar in content and structure to a code or standard, but
containing only nonmandatory provisions using the word “should” to indicate recommendations
in the body of the text.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Standard. A document containing only mandatory provisions using the word “shall” to indicate
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requirements. Explanatory material can be included only in the form of “fine print” notes, in
footnotes, or in an appendix.
Warehouse. Any building, structure, or portion thereof that is utilized primarily for the storage
and handling of goods, merchandise, or products, whether designated as a warehouse,
storehouse, distribution center or any other name. Such buildings can be used for
general-purpose storage, flammable/combustible liquids, cold storage, or other specialized
goods, merchandise, or products.
Chapter 2 Pre-Incident Planning Process
2-1 Preparing to Plan.
2-1.1
Once a warehouse has been selected for pre-incident planning, the owner/operator of the
facility should be contacted. The needs and benefits of pre-incident planning might have to be
explained in detail to the owner/operator. The fire department should explain the nature of the
information required, as the owner/operator might have to arrange to have certain specialized
employees available when the visit is made. (See Figure 2-1.1.)

Figure 2-1.1 Development and use of a pre-incident plan.

2-1.2
To develop a pre-incident plan, fire service personnel should regularly visit the property to
become thoroughly familiar with its layout, contents, construction, and fire protection features. It
should be stressed that these visits are not inspections for code violations. The information from
these visits is used in pre-incident planning sessions.
2-2 Components.
2-2.1
Various elements constitute a warehouse protection system. Any change in one component can
produce a change of some magnitude in others. Typical components are physical site, operating
features, personnel, and protection (security, fire, etc.) features.
2-2.2
Physical site considerations are those elements that are relatively static. Examples include
building construction, building location, site access, and utilities and drainage.
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2-2.3
Operating features are those components of the facility and its occupancy that are relatively
dynamic. Examples include commodity classes, storage arrangements, quantity of storage,
combustibility, material-handling practices, and shipping and receiving schedules and practices.
2-2.4
Personnel features include the number of occupants, their activities, work schedules, and
familiarity and training with regard to the building operations and fire protection features and
practices.
2-2.5
Protection features are those elements that act upon some fire signature (detection) to notify
(warn), control, or suppress a fire. They can be active or passive.
2-2.5.1 Active protection features include protective signaling systems, automatic sprinkler
systems, water spray systems, smoke management systems, and special extinguishing systems.
Also included are manual fire suppression features such as fire extinguishers, small hose
stations, and standpipes.
2-2.5.2 Passive protection features include compartmentation, separation, and enclosure devices
such as fire walls and fire doors.
2-3 Before the Incident.
2-3.1
Emergency response programs are planned; emergencies are not. The best time to learn about
the components and their relationships to the protection system (e.g., physical site, operating
features, personnel, and fire protection features) is before the incident. Deciding what to include
in a pre-incident plan, how to execute it, and what to do with the information should occur
before the incident. The following activities are involved. (See Figure 2-3.1.)
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Figure 2-3.1 Steps in plan development, use, and maintenance.

2-3.2 Collect Data.
Pre-incident plan data includes quantitative and qualitative information about the occupancy
fire problem (e.g., physical site, operating features, personnel, and fire protection features).
These data should be collected through consultation with others (fire protection engineer,
sprinkler contractor, the building architect/engineer, water authority, insurance authority, etc.),
and surveys of the site. (See Chapter 7.)
2-3.3 Organize Data.
Deciding what information is needed and how it is to be used influences how it should be
recorded. Most organizations will find a printed form useful for data collection and data
retrieval. (See Chapter 7.) The proliferation of lightweight, high-speed personal computers,
cellular telephones, facsimile machines, and other advanced information technology can support
other techniques or applications.
2-3.4 Prepare Plan.
Once data is collected, decisions are made about what data to keep, how it should be stored,
retrieved, and used, and how it should be presented. The method of presentation should consider
the incident management system used. Many jurisdictions keep certain parts of the pre-incident
plan in the dispatch center for reference. Others with more advanced capabilities send
pre-incident plans or specific data from a plan to responding companies via mobile data
terminals, computer modem, or facsimile machines. Other departments keep copies of the
pre-incident plan in the individual fire stations or apparatus itself.
2-3.5 Review Data.
Testing and practicing the pre-incident plan will provide an opportunity to fine-tune the data
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and to revise and update the plan. (See Chapter 9.)
2-4 During the Incident.
2-4.1
The pre-incident plan should become the foundation for operations during an emergency
situation and provide important data that will assist the incident commander in developing
appropriate strategy and tactics for managing the incident.
2-4.2
The pre-incident plan should help responders identify access routes, fire department
connections, special hazards, and other important information.
2-4.3
Prior to arrival at the incident scene, a variety of factors will compete for the incident
commander’s attention. Advance information (intelligence) contained in the pre-incident plan
should suggest, even predict, the most probable incident scenario. Upon arrival, interaction with
owner/occupant personnel is important to determine current protection system conditions.
2-4.4
A pre-incident plan should assist the incident commander in developing tactical options by
providing information about what special operations, tools, features, etc., will be required to
perform fire fighting and related emergency operations. New information might dictate a revised
strategy, including adjustments to responses and tactics. Throughout the incident, consulting the
pre-incident plan will keep the incident commander informed about factors that might affect the
success of any given strategic or tactical adjustment.
2-4.5
Constant interaction with the pre-incident plan using current facts can produce a new situation
awareness. This renewed perspective provides the incident commander with the opportunity to
revise strategic goals and make adjustments to the tactical operations well in advance of the
development of adverse conditions.
2-5 After the Incident.
Every incident represents a potential learning experience. Assumptions, predictions, and
accuracy of the pre-incident plan should be evaluated in light of the experience gained. This
should include review of the management of the incident and the actions of both responders and
warehouse personnel during the incident.
Chapter 3 Physical Elements and Site Considerations
3-1 General.
Physical elements and site considerations are classified into three groups: (1) construction, (2)
building services (including utilities), and (3) external conditions.
These elements are relatively static. They are considered to be unaffected by outside influences
and, therefore, unchanging during the pre-incident planning process.
3-2 Construction.
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3-2.1*
The size of the building, both vertical and horizontal, can have a drastic effect on the decision
process that takes place during an emergency. The large amount of square footage generally
includes a large fire-loading. A common comparison of warehouse buildings can be made with
high-rise structures. Ceiling temperatures can be deceiving due to the height of the structure.
Other external factors that influence the severity and behavior of the fire are external factors
such as strong winds and temperature extremes. It is therefore of utmost importance that building
size, including the overall height, number of stories, and square footage, be determined.
3-2.1.1 The number of stories might not represent the height of the building. There are cases
where the number of stories do not include “half-stories” used for utilities that are found at
varying levels throughout a facility. Additionally, there are cases where the first few stories of a
building are higher than a standard floor-to-ceiling distance, and, thus, the number of stories
could be skewed by estimating height based on the number of stories.
3-2.2 Structural Conditions.
3-2.2.1 The pre-incident plan should include information regarding construction materials for
exterior walls, such as metal panel, masonry, and wood frame that might affect:
(a) Concern for providing protection to exposures.
(b) Potential loss of structural integrity.
(c) Ability to access building interior, either through openings or by breaching a wall.
3-2.2.2* The pre-incident plan should include information regarding the roof construction, such
as:
(a) Roof support (wood joist, steel joist, beam and girder, etc.), including the length of the
support spans.
(b) Roof member (wood deck, metal deck, concrete, etc.).
(c) Roof cover, since combustibility and the buildup thickness can be factors affecting fire
fighting evolutions.
(d) Roof shape or configuration (peaked, flat, dome, sawtooth, etc.).
3-2.2.3 The pre-incident plan should include information regarding floor construction, such as:
(a) Floor support (wood joist, steel joist, beam and girder, etc.), including long lengths of span
and the level of protection afforded to the floor support.
(b) Floor members (wood deck, metal deck, concrete, etc.).
(c) Capability for drainage (runoff), such as trenches, drains, scuppers, slopes, etc., needs to be
noted, especially where flammable and combustible liquids are stored.
3-2.3 Segregation (Isolation or Control).
Large undivided areas create potential challenges beyond suppression capabilities.
3-2.3.1 Vertical openings can exist in the form of open stairways, conveyor openings, utility
shafts, elevator shafts, etc., and can affect the travel behavior of fire, heat, and smoke.
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3-2.3.2* Barriers to horizontal smoke and heat movement can exist in the form of fire walls,
smoke barriers, etc. Attention should be given to the protection provided for horizontal openings,
the type of protection, and its reliability. This protection can benefit emergency forces during an
incident.
3-3 Building Services.
Experience has shown that equipment involved in the building services many times causes or
contributes to an incident. Information concerning this equipment, where included in the
pre-incident plan, can reduce the ramifications of the incident.
3-3.1 Heat/Air Conditioning.
HVAC systems can contribute to the spread of smoke and fire gas throughout a facility. The
ability to activate or disengage this equipment might be needed.
Some HVAC systems are designed for smoke removal. The plan should note if electric power
for smoke removal fans is from dedicated circuits, as well as the location of the controls.
The plan should include the location of automatic and manual controls for this equipment and
the names of knowledgeable personnel who can operate it.
3-3.2 Utilities.
The type of fuel, storage location, and quantities should be noted on the plan, along with
locations of the emergency shutoffs.
3-3.2.1 Electric Power. The location of the entrance for electric power and whether the power
enters from overhead or underground should be noted. Also, the location of the nearest
disconnecting means within the facility as well as the nearest one outside the facility should be
noted.
3-3.2.2 Transformers. The location of transformers and the combustibility and environmental
concerns of any transformer fluids should be indicated.
3-3.2.3 Emergency Power. The location of emergency generators should be noted as well as
what equipment is powered when normal power is lost. If the generator requires any manual
action, it should be noted and given a priority by the emergency forces. The reliability of the
generator is a function of the routine maintenance and testing conducted on it, and so it should be
noted whether or not such service is provided.
If the generator also supplies emergency power to an electric fire pump, special note should be
made.
3-3.2.4 Domestic Water. In an effort to provide quick shutoff during an emergency incident,
special attention should be given to the critical equipment that requires water.
3-3.2.5 Compressed Air. The location of compressors should be noted as well as the equipment
that depends on them. The location of the nearest disconnecting means within the facility as well
as the nearest one located outside should be noted.
3-3.2.6 Steam. The location of steam supplies should be noted as well as the equipment that
depends on them. The location of the nearest shutoff means for the steam supply for the facility
should be noted.
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3-4 External Conditions.
3-4.1 Access.
Conditions that would hamper the response of emergency forces should be noted. These might
include bridges with width or weight restrictions; narrow rights-of-way; roads subject to
flooding, drifting snow, washout, or other blockages; and low overhead clearances, railroad
grade crossings, and drawbridges.
3-4.2 Security.
Most warehouse occupancies have some form of security measure that can restrict access to
the facility. Additional security measures should be taken for “bonded” warehouses. Data
regarding the security measures employed should be included in the pre-incident plan.
3-4.2.1 The height and construction of fences should be noted. Location and security (lock
boxes, alarms, unusual locking devices, etc.) of access points need to be identified. Some fences
are electrically charged or contain restricting measures, such as barbed wire or razor wire.
3-4.2.2 The use and number of guard dogs should be noted. Areas and the time during which the
dogs protect or patrol need to be known. Obtain a contact for the person responsible for the dogs.
3-4.2.3 Data regarding a security service should be obtained. Such information should include:
(a) How many are on duty at various times?
(b) To whom do they report?
(c) Who supervises their actions.
(d) Are they armed?
(e) Do they make routine rounds?
(f) Do they have access to all portions of the facility?
(g) Where is their normal location?
3-4.3
The particulars of an exposure determine its severity and, thus, its need to be considered in the
planning process. There should be greater concern for the more severe exposure. Exposures can
include both structural and nonstructural elements, such as buildings, fuel storage tanks, standing
or tidal waters, vegetation, wooded areas, yard storage, low-flying aircraft, proximity to traffic
patterns, potential civil commotion, and neighborhood conditions. Size, distance, construction,
occupancy, and protection are features of an exposure that will determine its severity.
3-4.4* Fire Protection Water Runoff.
Sprinkler operation or manual fire fighting operations can produce large quantities of
contaminated water, which can be harmful to wastewater treatment plants or surface streams
served by storm sewers. Data should be gathered on the location of water drainage collectors and
where they lead so that appropriate authorities can be notified if necessary.
Chapter 4 Operating Features
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4-1 General.
Several operating features should be recorded when developing the pre-incident plan. Some of
the information gathered on operating features might be of a sensitive or proprietary nature.
Appropriate arrangements should be made to protect the confidentiality of this information.
4-2 Limited Access.
In addition to building construction barriers, operating features can hinder access to the
warehouse. Stock stored in the aisles, internal control barriers such as wire cages in bonded
warehouses or aerosol storage, or trucks parked at the loading dock can contribute to this
problem. Storage racks hundreds of feet long without cross aisles can reduce access to the
interior of the building and dictate the use of exterior doors only at the rack ends in an interior
fire attack.
4-3 Specialized Stock-Handling Equipment.
While forklift trucks remain the most common means of moving stock, some high-capacity
warehouses use specialized equipment such as computerized stackers. In high-rack warehouses,
storage height can reach 80 ft to 100 ft (24.4 m to 30.5 m) or more, and the custom stackers
provide the only practical means of gaining quick access to the racks for suppression or rescue.
Floor elevation differences between the high-rack and service area typically hinder personnel
access and prevent the use of forklifts in this area. Electric power is required to drive the
stackers, including the computer controller. The plan should include methods to minimize
damage to this equipment and to identify warehouse personnel who could assist in operation
during an incident.
4-4 Controlled Environments.
The presence of large freezers and controlled atmosphere or temperature-controlled areas
should be noted. Special care might be needed before entering these areas.
4-5* Commodity Combustibility and Hazard.
Some commodities require extensive manual fire fighting operations. All interior operations
should be conducted with full knowledge that the stored commodity might not be stable and that
fire fighters are at risk to collapsing commodity storage.
Storage of high-hazard items, such as plastics, toxic materials, aerosols, or
flammable/combustible liquids, can pose a severe threat even in a fully sprinklered warehouse.
Does the nature of items stored remain constant, or are new commodities frequently introduced
into the warehouse? If the commodity changes, existing protection might no longer be
adequate. Recording the commodity class on the plan allows subsequent identification of
changes.
Certain commodities contribute to air or water pollution at the time of an emergency. The
pre-incident plan should make note of any special problems in this regard.
4-6* Storage Configuration.
Stock can be stored in bulk or palletized piles, or in racks or shelves. Storage configuration
should be recorded. Fire behavior of a given material can vary with such factors as storage
height, shelving, presence or absence of vertical flue and aisle spaces, and pile stability. The
early collapse of commodities should be considered and anticipated at all times within a
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warehouse.
Seasonal variations occur. For example, storage height of toys is at a maximum prior to the
holiday season. Variations also occur with time of day or day of the week, as shipments arrive or
depart and are stored “temporarily” in access aisles.
If storage configuration changes, existing protection might no longer be adequate. Refer
to Appendix A for examples of fires where storage configuration contributed significantly to the
size of the loss.
4-7 Fueling Facilities.
Fueling stations and fuel storage areas should be identified in the plan. Electrical battery
charging stations provide a personnel hazard due to corrosive materials as well as to the
off-gassing of hydrogen during charging operations. LP-Gas cylinders for forklifts introduce a
BLEVE hazard.
4-8 Outside Storage.
Outside storage is often an integral part of warehouse operations, and sometimes includes such
hazardous commodities as idle pallets and cylinders of flammable gases. Toxic and flammable
liquids are often segregated from a main building and located in the open or in separate small
structures that are usually unprotected. Outside storage can reduce accessibility or create a fire
exposure hazard to the facility.
Chapter 5 Facility Personnel
5-1 General.
Numerous types of warehouse facilities are found throughout industry. Warehouse operations
are a basic part of business activity and contain anything that businesses manufacture, distribute,
or sell. Operations in one area of a warehouse are different from operations in other areas. Office
areas and shipping operations pose different risks than high-rack storage. Personnel assignments
are also different, and some areas of a building can have high people density operations.
Evacuation problems might exist because personnel with disabilities might have assignments in
remote work stations.
5-2 Life Safety Considerations.
5-2.1
Depending on the type of operation, varying numbers of people will be employed. Populations
range from a few employees at a fully automated facility to several hundred or more at a more
labor-intensive operation. Prior to the departure of delivery vehicles, drivers also significantly
add to the population in the facility. Whatever the population, life safety considerations should
be addressed in order to allow responding emergency service personnel to assist in the
immediate and safe evacuation of a warehouse in the event of an emergency.
5-2.2 Hours of Operation.
While most activity typically takes place during the day, major activity can occur at other
times. Hours of operation should be known.
5-2.3 Occupant Load.
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The number of personnel present at a warehouse can vary depending on the time of day and
year. Some activities such as office work take place during a single shift. However, a few people
can be present in remote areas at any time. Local management should have records available that
detail the operating schedule and the number of employees expected to be present.
5-2.4 Location of Personnel.
Various sections of the warehouse should be identified as to the type of operation performed
and the number of personnel assigned to the area. Sections such as the office, shipping/receiving,
and maintenance have varying numbers of personnel.
5-2.5 Emergency Action Plan.
The facility should have its own internal emergency plan, which, at a minimum, should include
provisions for notifying the fire department, evacuating the premise, and shutting down
processes in a safe manner.
Data from the facility emergency action plan should be integrated into the pre-incident plan.
(See Appendix C.)
5-2.6 Special Needs.
Special needs might be required for evacuation of personnel due to disability or the physical
location of the employee. Locations of employees with disabilities or those who operate
equipment such as overhead cranes should be identified in the pre-incident planning process and
noted in the plan. Equipment such as stair chairs, stretchers, lifts, or portable platforms that assist
in the evacuation should be identified and readily accessible at all times. The need for specially
skilled operators should be noted.
5-2.6.1 Alternate means of rescue/evacuation might already exist for special operations such as
those involved with overhead cranes. These means should be identified and reviewed by
emergency service personnel.
5-3 Warehouse Emergency Organization.
5-3.1
The level of emergency response capabilities and how these capabilities are utilized or
interfaced with responding emergency personnel should be noted in the pre-incident plan.
Local procedures might specify total evacuation without any effort to control an emergency
incident or might specify an active employee response. The authority having jurisdiction or site
management might require the establishment of an emergency response organization of facility
employees to specifically control fires, chemical spills, and related emergencies or to facilitate
evacuation or deliver emergency medical services.
5-3.2 Organizational Structure.
An organizational structure and emergency contact list should be obtained from facility
management. The emergency contact list should be updated at least annually. At a minimum, this
should include the process (name or location) to be followed to initiate contact during an
emergency.
5-3.3 Assignment of Nonfire Fighting Duties.
A current list of assigned personnel should be available, and it should specify responsibilities
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such as shutting off electricity and other related utilities and controlling the HVAC systems.
5-3.4 Special Equipment Operation.
Special equipment such as automatic rack retrieval systems and overhead cranes pose unique
emergency challenges. Emergency operating procedures and personnel for this equipment should
be documented and readily available.
5-3.5 Hazardous Materials Coordinator.
Most warehouse facilities have some individual responsible for maintaining material safety
data sheets (MSDS) and inventories for hazardous materials. Contacting this person(s) for
on-scene assistance should be given priority at any emergency. Locations of MSDS sheets and
related data should be indicated in the pre-incident plan.
Chapter 6 Fire Protection Features
6-1 Fire Protection Devices and Systems.
6-1.1 Automatic Sprinkler Systems.
6-1.1.1 Common Causes of Sprinkler System Failure. An important part of pre-incident
planning is to anticipate potential sources of sprinkler system failure and to take action to correct
any known or suspected problem areas. A fire protection engineer might need to be consulted to
identify design adequacy.
6-1.1.1.1 Design Deficiency. This can happen when the water supply available is not adequate to
control a fire. The water supply itself might be inadequate, or the sprinkler system might be
improperly designed for the facility and the commodities stored inside. Each automatic sprinkler
system is designed for a specific occupancy. The original system design might not have been
adequate, or a change to a more hazardous commodity or storage array might have rendered a
protection system inadequate. Even seemingly minor changes within a warehouse can
compromise existing sprinkler protection.
6-1.1.1.2* Impairment to the Sprinkler System Before a Fire. This generally occurs where a
sprinkler system is actually shut off during new construction or building renovations, or where
an obstruction such as a rock works its way into sprinkler piping and blocks the flow of water.
6-1.1.1.3* Impairment to the System During a Fire. The system is impaired when any
sprinkler control valve is shut prematurely during a fire. This obviously turns off the water to
sprinklers. Well-meaning facility employees or members of the fire department might shut the
valve in order to reduce smoke or to control water damage; however, this action only prevents
sprinklers from gaining control of a fire in its critical development stage. Even if the valve is
turned on again later, the fire might have grown beyond the point where sprinklers can control it.
6-1.1.2* Sprinkler System Components Unique to Warehouses.
6-1.1.2.1 Rack Storage Sprinkler. This system is used to supplement ceiling sprinklers where
rack storage configuration such as height, width, or the use of solid shelves would make control
by ceiling sprinklers alone nearly impossible.
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6-1.1.2.2 Large-Drop Sprinkler. Delivers more water to the seat of the fire because of larger
water droplet size. This head delivers a minimum of 56 gpm (212 L/min) at 25 psi (172 kPa). It
is significantly more effective in protecting high-challenge storage occupancies than a standard
sprinkler. It uses a 0.64-in. (16.25-mm) orifice, as compared to a standard 1/2-in. (12.7-mm) or
17/ -in. (17.8-mm) head.
32
6-1.1.2.3 Early Suppression Fast Response (ESFR) Sprinkler. ESFR is a new concept in
warehouse sprinkler design, which is based on suppression of the fire, not just control. The
ESFR sprinkler features a more sensitive fusible element to make the sprinkler respond more
quickly than standard sprinklers, and a larger orifice to deliver a minimum flow of 100 gpm (380
L/min) at 50 psi (345 kPa) per head. It uses a 0.70-in. (17.8-mm) orifice.
6-1.1.3 Sprinkler Control Valves. Sprinkler control valves are used to turn the water supply to
sprinklers on and off. All valves should remain fully open for maximum sprinkler effectiveness.
One shut valve can leave a section of a facility completely without automatic sprinkler
protection. During plan development, fire service personnel should determine the location of all
sprinkler control valves at a facility. Responding personnel should manually try each valve to
make sure it is in the open position during the incident.
6-1.1.4 Hydraulically Designed Systems. Most systems installed today are hydraulically
designed systems. Hydraulically designed systems should have a placard posted on the riser
indicating the specific design characteristics of the system. A piping system where branch lines
form a connecting grid or where cross mains or feed mains form a loop are always hydraulically
designed, even though a hydraulic placard is not provided at the riser. Sprinkler contractors use a
computer to custom-design the exact protection configuration to meet the facility’s needs. This
has become the preferred system for two reasons: (1) it generally requires smaller diameter pipes
and allows optimization of pipe sizes and fittings, which saves on costs, and (2) the gridded or
looped-type design of the system brings water in from several directions, which reduces friction
loss.
6-1.1.4.1 Sprinkler systems that are hydraulically designed are not always adequate or might not
remain adequate for the following reasons:
(a) Contractors might install a system that uses every available psi of water pressure available
without allowing for any margin of error.
(b) The water supply can deteriorate after the sprinkler installation is completed, resulting in
an inadequate supply to meet the custom design.
(c) The warehouse commodity can change to one needing a stronger sprinkler design than that
which was provided.
(d) The storage configuration can change to one needing a stronger sprinkler design than that
which was provided.
A deterioration in the water supply might provide an inadequate supply to meet the intended
custom design.
6-1.1.5 Fire Department Connections. The location of the fire department (siamese)
connections should be determined. The connections should be identified as to whether they feed
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entire buildings, individual sprinkler systems, or standpipes. Threads should be physically
checked for compatibility with the fire department thread.
6-1.1.6 Water Supply. Automatic sprinkler systems for warehouse occupancies generally are
designed to supply flow rates from between 1500 gpm and 3000 gpm (6000 L/min and 12000
L/min) and to contemplate confining a fire from 2000 ft2 to 5000 ft2 (610 m2 to 1525 m2) in area
within the building. The actual pressure needed is a function of the sprinkler system design for
each individual warehouse.
A sprinkler system’s water supply should be capable of meeting not only the sprinkler
demand, but also the demand for hose streams. There is a vital need to evaluate the water supply
and to determine if it is adequate for the sprinkler system design, storage, configuration, and the
warehouse occupancy class.
6-1.1.6.1 Public Water Supply. The most common source of water for the automatic sprinkler
system is a public water supply. In some cases, a booster pump is connected to the public supply
to boost the system’s pressure to the necessary level.
6-1.1.6.2 Static Suction Source. A static source would usually require a fire pump to provide
the necessary water volume and pressure to the system. Tanks, wells, reservoirs, and rivers are
examples of these suction sources.
6-1.1.6.3 Pumps. Where either booster or fire pumps are provided, it is important to note their
size, pressure settings, starting arrangement, and power and fuel supply.
6-1.2 Special Extinguishing Systems.
A special extinguishing system uses some agent other than water for automatic fire
suppression. Except for flammable liquid storage, these systems are not often used to protect the
warehouse itself, but they still can be found within warehouse facilities. In most cases, they are
considered supplementary to automatic sprinkler systems. These systems include carbon dioxide,
dry chemical, foam, and halogenated extinguishing systems.
6-1.3 Alarm Systems.
Alarm systems are used to monitor the actuation of both detection (smoke and heat) systems
and automatic extinguishing systems. Alarms for automatic sprinkler systems are usually
activated by water flow.
6-1.3.1 The presence of an alarm system should not eliminate the need for a followup telephone
call from the facility confirming the nature and exact location of the alarm.
6-1.4 Portable Fire Extinguishers.
Portable fire extinguishers are provided for immediate use on fires in their incipient stage.
Extinguishers of the proper size and rating for the expected fire should be distributed throughout
the warehouse. Facility employees should be properly trained to use extinguishers. (See NFPA
10, Standard for Portable Fire Extinguishers.)
6-1.5 Standpipes and Hose Stations.
The pre-incident plan should note if available standpipe systems are of the wet or dry type, and
the size of the hose discharge outlet. Small hose stations can be provided and supplied from the
sprinkler system. The pre-incident plan should note if these stations will be impaired if the
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sprinkler system is shut off.
6-1.6 Hydrants.
The location of all hydrants should be determined as part of pre-incident planning, including
wall hydrants, private hydrants, and pump test headers.
6-1.7 Outside Hose and Monitor Nozzles.
Hose houses and monitor nozzles may be provided in areas that are inaccessible to vehicles or
at concentrated local hazards, such as yard storage. Their location should be noted on the
pre-incident plan.
6-1.8 Compatibility.
Warehouse emergency equipment and fire brigade tactics should be reviewed to ensure that
the equipment and procedures of the facility emergency organization and that of the responding
local municipal emergency organization are compatible. Hose coupling threads and radio
frequencies are two areas in particular that should be given priority.
6-1.9 Smoke and Heat Venting.
Smoke control is important in warehouse occupancies due to the large amounts of
commodities stored within. In a large area, smoke tends to lose its buoyancy sooner than it
would in a more tightly confined space. This occurs because smoke cools the farther it travels
from its source. In all spaces, activated sprinklers also cool any smoke in the immediate area of
discharge.
Proper venting of smoke and hot gases minimizes property damage and increases fire fighter
effectiveness and safety. The plan should note how venting can be accomplished and the location
of any manual or automatic controls.
Venting should be accomplished by means of automatic or manual roof vents, powered smoke
removal systems, or available building features such as windows, ridge vents, or overhead doors.
Automatic venting details should be noted in the pre-incident plan, as this could affect fire
behavior.
6-2 Impairment Procedures.
Procedures should be established for the facility personnel to notify the fire department when
sprinkler systems, fire pumps, special extinguishing systems, or alarm systems are taken out of
service, regardless of the duration. If alarms are out of service, a temporary notification
procedure should be instituted. When the fire department is notified of an impairment, the
pre-incident plan should be appropriately noted and contingency plans considered.
6-3 Maintenance and Reliability.
Pre-incident planning should include verifying that all fire protection features, including
automatic sprinkler systems, fire pumps, special extinguishing systems, and alarm systems, are
being adequately maintained.
Chapter 7 Data Gathering and Data Presentation for Incidents
7-1 General.
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Fire protection personnel should visit warehouse facilities to gather pertinent data for
pre-incident planning. Data should be organized in a usable format. All data collected might not
be used for the first responder company, but should be used by the incident commander.
7-2* Data Gathering.
7-2.1
The data gathering process begins with exterior conditions of the property and proceeds
through the interior conditions and protection features. The information gathered on this form
will be used to complete the pre-incident form. (See Section 7-3.)
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Figure 7-2.1(a) Typical data gathering form — sprinklered building, OK system.
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Figure 7-2.1(a) continued.
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Figure 7-2.1(b) Typical data gathering form — deficient sprinkler system.

Copyright 1996 NFPA

Copyright 1996 NFPA

Figure 7-2.1(b) continued.
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Figure 7-2.1(c) Typical data gathering form — non-sprinklered building.
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Figure 7-2.1(c) continued.

7-2.2 Location.
(a) Name of company and address.
(b) Phone contacts and owner.
(c) Access to site — streets, doors, docks, lock box.
(d) Location, forcible entry notes.
7-2.3 Occupancy.
A layperson’s definition of the occupant’s primary business and additional details of how
storage is arranged (e.g., racks, palletized or on floor in solid cube, including height of storage)
should be provided.
7-2.4 Construction.
Building dimensions should be given. The width in feet is the side facing the street. The length
in feet is the side perpendicular to the front street. If unequal heights are present, state lowest and
highest height. Building construction details should be given for roofs, stating support structure
and roof covering.
7-2.5
Fire spread cutoffs for both vertical and horizontal directions should be reported. Venting
should also be included. (See NFPA 220, Standard on Types of Building Construction.)
All fire wall, fire barrier, and cutoff area details should be obtained. Fire door locations and
type (e.g., rolling, sliding, or swinging) details should be obtained.
Additional details such as curb drains and any other miscellaneous protection details should
also be listed.
7-2.6 Utilities.
All utility entry points and shutoff details should be obtained.
7-2.7 Critical Exposure.
All external exposures should be shown if they can be affected by the warehouse incident.
7-2.8 Protection.
Sprinkler protection details, which include the riser location, control valve(s) location, and fire
department connection location(s), should all be reported. The sprinkler system design
requirements, which include the gal per minute required at a specific pressure should also be
recorded. This figure includes the ceiling demand, rack sprinklers (if any), and hose stream
allowance. If this demand is exceeded by fire department operations, the excess flow above this
demand should be made up from outside sources. (See 6-1.1.6.)
Details of pump size, pump driver type, tank size, and pond size should also be obtained.
Duration of on-site water supplies should be shown and based on the maximum fire flow
demand.
The fire alarm system annunciator type and location should be shown.
The fire department should plan to connect hose lines to the sprinkler system fire department
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connection. However, the water source chosen to supply the system should be carefully selected
so that the primary water supply for the sprinkler system will not be reduced.
The appropriate pressure for supplying the fire department connection should be indicated.
Normally 100 psi (690 kPa) should be supplied at the connection. Adjustment in pressure should
be made for a high-rise building. Care should be taken to avoid excessively high pressures, since
too high a pressure can compromise the planned sprinkler performance.
7-2.9 Special Conditions.
Items such as aboveground fuel tanks or any other on-site exposures should be recorded.
7-3 Data Presentation.
7-3.1
A pre-incident planning form should be developed that is available to all fire companies
responding to an incident at the affected warehouse. Completed one-page sample forms are
shown in Figures 7-3.1(a), 7-3.1(b) and 7-3.1(c). The information on these forms comes from
Figures 7-2.1(a), 7-2.1(b), and 7-2.1(c).
A pre-incident plan should include a suggested standard operating procedure of fireground
operations and should include, but not be limited to, the items covered in this section.
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Figure 7-3.1(a) Response quick-reference sheet.
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Figure 7-3.1(b) Response quick-reference sheet.
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Figure 7-3.1(c) Response quick-reference sheet.

7-3.2 Standard Response.
Show the standard response on the first alarm only so the incident commander knows the
initial strength.
7-3.3 Life Safety.
The evacuation routes, gathering point, and the contact person for employee accountability.
7-3.4 External Exposures Off Site.
Show the distances to adjacent buildings not located on the affected site.
7-3.5 On-Site.
This should show any buildings or exposures on the site. Maximum fire flows required if the
sprinkler system is inoperative should be shown. Without an effective sprinkler system,
substantial quantities of water will be needed.
7-3.6 Off-Site Water Supply.
Maximum available off-site fire flow that can be used without affecting automatic sprinklers
should be shown.
7-3.7 Apparatus Locations.
The assignment for the first and second engine companies due to arrive should be indicated.
One of these units should be assigned to connect to both inlets of the fire department
connections.
7-3.8 Special Resources.
An incident can involve the need for special resources. These should be indicated. Refer to
Figures 7-2.1(a), 7-2.1(b), and 7-2.1(c).
Chapter 8 Emergency Operations in Warehouse Occupancies
8-1 General.
8-1.1
An important component of a fire department emergency response plan is the inclusion of a
system that conducts, collects, and distributes pre-incident plans of warehouse occupancies to
initial response companies. The pre-incident plan system should be so designed to allow the fire
officer to access the plan and review it while enroute. For this procedure to be successful, the
pre-incident plan information should be presented so as to be easily deciphered and understood
under the emergency response conditions that would be expected to be encountered within a
responding emergency vehicle’s passenger compartment, such as space, driving conditions,
traffic conditions, weather, time of day, and lighting conditions.
8-1.2
Since fire is one of the most frequently occurring conditions necessitating an emergency
response, and responses involving fire situations are familiar to most of those using this
recommended practice, the following paragraphs are presented largely with a fire response in
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mind. Emergency operations also should be developed to handle other types of emergencies at
warehouses.
8-2 Enroute to the Scene.
8-2.1 Dispatch Information.
The initial responding officer (i.e., first-in fire company) should use and evaluate information
received from the dispatch center along with information obtained from the pre-incident plan to
form a mental picture of the anticipated conditions that might be encountered upon arrival.
Dispatch information generally will take the form of a telephoned report of an incident in which
various conditions have been reported by the caller, or in the form of an automatically
transmitted alarm that only transmits an electronic signal to the dispatch center.
8-2.2
A conflict in additional information can necessitate a re-evaluation of all information available
to this point while still enroute to the incident.
8-2.3
In the case of the telephoned alarm, the information might be detailed enough to cause the first
arriving officer or the incident commander to decide to request additional resources. Automatic
alarms might not reveal detailed information other than that a device has been activated. In the
case of an automatic alarm, the pre-incident plan will then become the primary information
resource available to the fire officer to allow for the development of a mental size-up of
anticipated conditions upon arrival. In either case, initial operations should be based on the best
information available.
8-3 Initial Operations — Initial Response Assignments.
8-3.1
Generally, fire departments have a standard response plan to an initial alarm. The pre-incident
plan for a warehouse should be evaluated to see if additional resources need to be assigned to the
initial response. If so, the fire department should consider establishment of an automatic mutual
response agreement.
8-3.2
Size-up is a systematic process consisting of the rapid, yet deliberate, consideration of all
available factors and leads to the development of a rational action plan. This information should
be transmitted to all initial response companies in the form of a condition and action report,
which should consist of a brief description of the building, the conditions found, and the actions
being taken.
8-3.3
The incident management system should be placed in operation as soon as possible upon the
arrival of the first emergency units.
8-3.4
Prior to the arrival of the fire department, the warehouse operator should have implemented
the warehouse portion of the emergency action plan. Upon arrival, the incident commander
should establish contact with the warehouse operator to determine actions that have taken place
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and current conditions.
8-4 Sprinklered Properties.
8-4.1 Immediate Automatic Sprinkler System Support.
Proper support of the automatic sprinkler system is the most effective form of fire control and
extinguishment available to fire suppression forces.
Unnecessary delays in supporting the automatic sprinkler system can contribute to early
structural collapse and loss of the building and its contents.
8-4.2
For all buildings protected with an automatic sprinkler system, two tasks in particular should
be undertaken by the first responding units.
(a) Verify that the accessible control valves for the sprinkler system are in the fully open
position.
(b) Pressurize the sprinkler system through the fire department connection with adequate
volume and pressure as determined in the pre-incident plan.
8-4.3 Status of Sprinkler System Operation.
8-4.3.1 Typical Indications of Sprinklers Operating — Satisfactory Results.
(a) Outside alarm device operating (if provided).
(b) Steady flow pressure/rpm for pumper supplying the sprinkler system.
(c) Water on floor in vicinity of fire.
(d) Color of smoke gray to white, no increase in amount of dark smoke.
NOTE: Even when sprinklers are operating effectively, visibility is likely to be very limited. Under no
circumstances should the water supply to sprinklers be shut off to improve visibility until the fire is confirmed
to be extinguished.

(e) No observed deflection of building walls or roof.
8-4.3.2 Typical Indications of the Sprinkler System Not Operating.
(a) No signal from outside alarm device (if provided).
(b) No water being discharged from sprinkler heads.
(c) No water entering sprinkler system from pumper pressurizing the fire department
connection.
(d) Increasing volume of dark smoke.
(e) Fire getting worse.
(f) Apparent movement of parts of building walls/roof.
8-4.3.3 Typical Indications of Sprinklers Operating But Not Controlling Fire.
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(a) Outside alarm device operating (if provided).
(b) Water being discharged from sprinklers in the fire area but:
1. Increase in the amount of dark smoke.
2. Fire getting worse.
3. Pressure/rpm on pumper supplying the fire department connection, indicating increasing
flow.
4. Indications of possible movement of building walls/roof.
Chapter 9 Testing and Maintaining the Pre-Incident Plan
9-1 General.
An effective pre-incident plan for a warehouse occupancy requires consideration of all likely
possibilities and incident scenarios. During the planning process, it can be difficult to recognize
various problems or requirements that might be encountered during an emergency incident.
Therefore, periodic testing and maintenance of the plan is necessary.
9-2 Testing.
9-2.1
A test of the plan under favorable conditions prior to an emergency requiring the use of the
plan is recommended. Often there can be problems in the plan that might not be evident until the
plan is “tried-out.” This test of the plan might provide the necessary data to effect a needed
change.
9-2.2
Testing can be conducted by various methods, such as a computer model, a blackboard
exercise, a tabletop model, during training exercises, or a full-scale drill.
9-2.3
A test of the pre-incident plan should consider three questions.
(a) What is to be accomplished?
(b) How will it be accomplished?
(c) What resources are required?
9-2.4
During any testing, it is important to consider all of the variables that might be encountered
during an actual emergency. Plans for a test should rely on research, development, and
experience, rather than perception or assumption. Unusual conditions should also be considered,
such as how to identify and handle a bonafide emergency that might occur during a test.
9-2.5
Plans should involve those units, such as mutual aid companies, that might be expected to
assist during an actual emergency.
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9-2.6
For tests involving the facility itself, it is necessary to involve the management of the facility
in the planning of the test. Therefore, it might be necessary to convince management of the need
for the test. Presentation of a videotape of an earlier major fire in a warehouse occupancy might
be needed.
9-2.7
Plan the test with as much detail as used in the development of the pre-incident plan.
Distribute copies of the plan to all assisting parties, including the facility itself.
9-2.8
Pre-incident plan testing should be coordinated both internally and externally.
9-2.8.1 Internal coordination is necessary to ensure that the owner and occupant are aware of
their individual roles in the test and that all available resources are most efficiently utilized. Each
level of management within the facility should ensure that the staff and employees are aware of
their individual roles and responsibilities during the test, stressing the flexibility of such roles
and responsibilities.
9-2.8.2 Since no facility or fire department is completely self-sufficient, external coordination is
also essential if the pre-incident plan is to be effective. Such external coordination should
involve public relations personnel, the news media, police, medical services, dispatch center, and
other units as appropriate.
9-2.9
The various participants in the test need to be clearly identified as to their respective duties and
responsibilities. The use of color-coded arm bands, head gear, overvests, or some other form of
visible identification is recommended.
9-2.10
During the test, appropriate security measures should be established. It should be recognized
that most warehouse occupancies contain valuable merchandise and that the operator of the
facility also maintains information about operations and employees that should remain secure.
9-2.11
The communication system for a test should include an “emergency signal” to identify an
actual emergency during the test or exercise. This signal would be used if an emergency situation
occurs, such as an injury to a test participant.
9-2.12
A visitor or observer identification system should be established. This system should
distinguish between actual test participants and spectators. In addition, procedures need to be
established to control the movement and location of spectators.
9-2.13
An on-the-scene test will involve a large number of personnel, apparatus, and other forms of
vehicular traffic. Plans should be included to handle the additional traffic that is not normally
present at the facility or during an actual incident. Many warehouse occupancies have incoming
and outgoing shipments on an almost 24-hour basis.
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9-2.14
The most valuable portion of a test is the post-test analysis, which can result in subsequent
modifications of the plan to correct deficiencies and to increase efficiency where the plan is
implemented during an actual emergency.
9-2.15
The analysis should fully discuss what happened and why it happened. Information obtained
through the analysis should be used to correct any flaws in procedures and to determine where
additional training might be needed. This data might also assist in planning a future test of the
pre-incident plan.
9-3 Plan Maintenance.
9-3.1
Most warehouses present an ever-changing environment. Some can change almost daily. Due
to the flexible nature of warehouse occupancies, it is necessary to periodically review the data
used to develop the pre-incident plan. This step can result in the need to revise the plan to reflect
changing conditions.
9-3.2
Pre-incident planning should be continuous and flexible, not occasional and rigid.
9-3.3
Maintenance of the pre-incident plan is as critical as the development of the original plan.
Responsibility for this phase should be determined at the time of initiation of the planning
process. The ideal procedure will provide for a review of each plan on at least an annual basis.
9-3.4
For the warehouse occupancy, a constant review of the facility is necessary due to the constant
changes taking place.
9-3.5
Warehouse management should be trained to identify the factors that are significant in the
sprinkler system performance and report these changes to the fire department.
9-3.6
Factors that have the tendency to affect sprinkler system performance include seasonal
fluctuations, economic changes, storage arrangements, and commodity types.
9-3.7
Maintenance of pre-incident plans should become a part of in-service training.
9-3.8
No plan should be considered permanent. As conditions change, so the plan will have to
change to offset the impact of the new data. There are many reasons, including new
construction/expansion; changes in water supply; changes in available hydrants; change in
occupancy, especially to a more hazardous one; changes in response routes/traffic patterns; a
drill or dry run that exposes problems; or an actual incident proving a need for a change.
9-3.9
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During initial planning, provide for scheduling future periodic visits to each planned facility to
update the information gathered during the initial planning process. When conducting periodic
inspections, the plan should be revised.
9-3.10
A system should be established that will provide data regarding changes to the physical site,
personnel, operating features, and protection features. Sources of data for monitoring a plan
include:
(a) Property or deed transfers.
(b) Issuance of occupancy permits.
(c) Information from utilities, such as water, electric, gas, or sewer authorities.
(d) Police and security officials.
(e) Changes in telephone numbers.
(f) Issuance of building permits.
(g) Inquiries from architects, engineers, or other consultants.
(h) Observations of economic or social change.
(i) Observations by fire department personnel during training exercises.
(j) Notices from highway department of street closing.
(k) Protection equipment impairment notices.
(l) Submission of data to regulatory authorities.
(m) Actual incidents.
(n) Loss experience in similar occupancies.
(o) Fire department inspectors.
9-3.10.1 Where conditions indicate that a change in a pre-incident plan is warranted, the plan
should immediately be brought up-to-date.
9-3.11
A proper procedure for revising a pre-incident plan is as follows:
(a) A fire officer or warehouse manager recommends that a change should be made.
(b) A special meeting of the planning group is called to hear the report or recommendation.
(c) The reasons are considered and a proposal for the change is made.
(d) The proposal is approved or is not approved.
(e) New pre-incident plans, maps, and necessary supplements are made and distributed.
(f) Units and individuals affected by the plan are educated concerning the change.
Chapter 10 Referenced Publications
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10-1
The following documents or portions thereof are referenced within this recommended practice
and should be considered part of the recommendations of this document. The edition indicated
for each reference is the current edition as of the date of the NFPA issuance of this document.
10-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 10, Standard for Portable Fire Extinguishers, 1990 edition.
NFPA 220, Standard on Types of Building Construction, 1992 edition.
Appendix A Explanatory Material
This Appendix is not a part of the recommendations of this NFPA document, but is included for
information purposes only.
A-3-2.1 Size.
1978 Bensonville, IL
Department Store Warehouse
This 200,000-ft2 fully sprinklered central warehouse of a department store chain was destroyed
by a fire of suspicious origin. More than 100 fire fighters attempted to control the blaze, but the
warehouse was a total loss with damages of $30 million. (Other factors: emergency operations.)
A-3-2.2.2 Roof Collapse.
December 16, 1991 Hammond, IN
General Warehouse
A late evening fire destroyed a nearly century-old warehouse containing cornstarch. One fire
fighter perished when the roof collapsed during fireground operations. The fire fighter was
operating a forklift in the building to move stock out of the way of interior attack operations. The
fire fighter’s body was not found until after several days of overhaul of the ruins. Damage was
estimated at several million dollars. (Other factors: protection inadequacy, emergency
operations.)
A-3-2.3.2 Fire Barriers.
February 21, 1985 Elizabeth, NJ
Mitsui Partners
2
This sprinklered warehouse had 530,000 ft of storage subdivided for five separate companies.
Fire barriers between areas were not freestanding, parapetted walls. New York Bronze used
almost 114,000 ft2 in the storage and distribution of aerosol cans filled with various
petroleum-based products. The aerosol cans were stored in racks. The fire, believed to be
accidental, started in an unattached part of the building. An alarm system notified the central
station, which alerted the fire department. While still en route, the department reported seeing
flames through the roof. The loss from the fire was estimated at $150 million. (Other factors:
hazardous commodity, collapse.)
May 27, 1987 Dayton, OH
Sherwin Williams
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This was a warehouse specifically designed for storage of paints and related flammable
liquids. The main storage area was about 180,000 ft2. A fire wall subdivided the warehouse into
two separate areas. Protection was provided by an automatic sprinkler system and a fire pump
capable of delivering 2,500 gpm.
A relatively small 8 to 10 gal of flammable liquid, out of an estimated 1.5 million gal of paints,
resins, and solvents stored in the warehouse, were accidentally spilled while some of the storage
was being moved by a lift truck. A spark from the lift truck ignited the liquid. Portable
extinguishers and hose stations were available for employee first-aid fire attack while the fire
department was en route. Water flow detection systems were in place to sound an alert, and this
system worked as planned. The automatic sprinkler system began operating before the fire
department arrived.
The warehouse managers had developed and enforced a program to prepare employees for
emergency response. But this fire spread faster than expected. The clothes of one of the
employees began to burn, diverting attention from the extinguishing effort. Problems grew with
the fire. Neither use of the portable extinguisher nor operation of the sprinkler system stopped
the fire before it spread to other storage. Employees began to evacuate, but some of the nearby 1
million 16-oz and 220,000 6-oz aerosol containers had already begun to explode and fall outside
amid the evacuating employees.
The fire department pumpers arrived 6 minutes after dispatchers sounded the alarm, and the
fire fighters began their preparations for an offensive attack. When the first pumper arrived, the
fire fighters encountered huge clouds of thick, black smoke. Worse, flames already extended
through the roof several hundred feet into the air. Fire fighters heard explosion-like sounds
inside the warehouse, and exploding aerosol cans were flying from the building. The intense heat
from the fire and the danger of rocketing aerosol cans prevented fire fighters from approaching
the building to hook up to the sprinkler system siamese pumper connection. In the meantime,
although the building fire pump maintained adequate pressure, the sprinkler system did not
appear to have any effect on the fire.
The fire spread throughout the approximately 180,000 ft2 within 28 minutes of ignition. This
rate was roughly equivalent to fire spreading completely over the area of a football field in less
than 6 minutes. Although the fire department was trained for an aggressive attack wherever
possible, in this case it was forced into a defensive operation to protect exposures. This decision
was dictated by fire spread that had developed before the fire department even arrived. The loss $49 million — included damage to the building itself, all of the contents, and the cost of
removing the useless debris. (Other factors: hazardous commodity, collapse, emergency
organization.)
A-3-4.4
November 1, 1986 Basil, Switzerland

Sandoz Chemical
Warehouse
The fire took only 5 hours to extinguish but burned the warehouse to the ground and resulted
in many costly and disastrous consequences. The warehouse contained 1,351 metric tons of
agricultural chemical products. The fire resulted in the release of a massive cloud of toxic gas
into the air and the release of poisonous chemicals into the Rhine river. Thirty tons of deadly
agricultural chemicals (herbicides, insecticides, etc.), including 300 kg of mercury, washed into
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the Rhine river when the water used to extinguish the fire mixed with the chemicals and
overflowed. This resulted in the death of hundreds of thousands of fish as far as 240 miles
downstream, massive loss of aquatic life, and also precipitated claims in Germany, Holland, and
France where water supplies were affected.
The fire, which had no fatalities, is believed to have caused hundreds of millions of dollars
worth of damage at the plant. Sandoz has received around $62 million in damage claims. It has
paid $19 million in compensation, and set up a $6 million ecology fund. Removing the
contaminated soil resulting from the disastrous fire alone could reach an estimated $31 million.
This particular fire is a unique example of how containing a fire and explosion can be worse for
the environment than the fire and explosion themselves.
The fire was believed to be caused when pigment (Prussian blue, a dye that has a tendency to
smolder imperceptibly for a period of time before bursting into flames) used as a color marker in
agrochemicals started to smolder. The pigment might have been ignited during shrink wrapping
(heat-seal) of plastic-packed agchems and pallets. The fire broke out 12 hours after the pallets
were heat-sealed.
A-4-5 Hazardous Commodity.
1975
General-Purpose Warehouse
About one hundred 55-gal drums of Class IB and IC liquids were stored palletized, three
drums high, in a corner of a general-purpose warehouse, together with ordinary combustible
commodities up to 11 ft high in racks. The roof was Class II steel deck, 15 ft high. Sprinklers
were on an ordinary hazard system, 160°F (71.1°C) heads.
Employees discovered a large fire in progress in the drum storage area. Shortly after the public
fire department arrived, drums started to rupture, creating large fireballs. One drum failed at the
bottom and rocketed through the roof, landing 750 ft from the building. The roof partially
collapsed, and one sprinkler system was then shut off. Most of the building and contents were
severely damaged. The fire probably started in an open waste pail near the drum storage. Total
loss was about $3.3 million. (Other factors: protection inadequacy, emergency operations.)
May 12, 1977 Paris, France
Supermarket Warehouse
The building was about 183,000 ft2 in area, one story high, and contained multiple racks for
pallets with adequate aisles. Sprinklers were under the roof and in a criss-cross pattern at three
levels inside the racks. In addition to foodstuffs, storage included wines and liqueurs, oils,
cosmetics, aerosols, and some rubber tires. Palletized storage was up to 30 ft high, and the goods
were covered with plastic sheets. Fire spread rapidly, helped by a pile of empty cartons, and
smoke was abundant. Burning flammable liquids flowed along the floor, and numerous
explosions were heard, probably from aerosol cans. Sprinklers kept most of the steel structure of
the roof and racks from collapsing but could not stop the fire. Apparently the system was not
suitable for this occupancy. (Other factors: protection inadequacy.)
1979 Edison, NJ
Grocery Warehouse
This sprinklered distribution center contained 290,000 ft2 of rack storage for supermarket,
health, and beauty aids, including many aerosol cans. The center supplied more than 100 stores.
Employees discovered a small fire that spread rapidly through cardboard boxes containing
aerosol cans. Exploding aerosol cans prevented employees from attempting early
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extinguishment. The sprinkler system was overcome, and an exterior wall collapsed soon after
the fire department arrived. Estimated loss was $50 million. More than 200 workers lost their
jobs because of the fire. (Other factors: size, collapse.)
June 1982 Falls Township, PA
K-Mart Warehouse
At the time of this incident, it was called “the most costly single building fire in U.S. history.”
The 5-year-old sprinklered warehouse with 1.2 million ft2 of storage supplied 375 K-Mart stores
from Maine to Virginia. Grading had been started for an additional 923,000 ft2 of storage.
The fire began when some aerosol cans (among more than 1 million in the warehouse) fell,
burst, and were ignited by a lift truck spark. An employee discovered the fire immediately after
ignition and attempted to use a portable extinguisher. It was not effective, nor was the operating
sprinkler system. Within 3 minutes of the arrival of the fire department, flames were reported to
be coming through the roof. Exploding aerosol cans, some trailing flames, rocketed through the
roof and doorways protected by deluge curtains. Complete extinguishment took seven days. The
loss of the building and contents exceeded $100 million. (Other factors: size, hazardous
commodity, fire walls, collapse, emergency operations, protection inadequacy.)
Open-Top Containers
1981
Textile Warehouse
Open-top containers in racks interfered with sprinkler water penetration, resulting in
uncontrolled fire. Synthetic fiber socks were stored in cardboard “tote boxes” in racks 16 ft high.
There were eight levels of boxes supported on metal angles in each rack. A fire starting in or
near the racks destroyed a 390-ft × 530-ft portion of this plant. Water from ceiling sprinklers
collecting in boxes on the top levels apparently prevented adequate sprinkler water penetration
down through the racks to control the fire.
In-rack sprinklers were provided when the plant was rebuilt.Property damage was $14 million.
(Other factors: protection inadequacy.)
A-4-6 Storage.
Solid Shelves
1978
Clothing Warehouse
Inadequate sprinkler protection was unable to control a fire involving aisle storage and
solid-shelved racks. Clothing and shoes were stored in single-row racks 22 ft to 26 ft high. Idle
pallets up to 12 ft high were stored in 6-ft wide aisles between racks. Solid shelves were present
in the lower two tiers to form picking bins. Needed in-rack sprinklers were not provided. A fire
starting in this area overtaxed the ceiling sprinkler system. Roof collapse occurred within 20
minutes of fire discovery. Approximately 200,000 ft2 of this building was destroyed. Property
damage was $21 million. (Other factors: protection adequacy, hazardous commodity, early roof
collapse.)
1979
Furniture Warehouse
Lack of in-rack sprinklers for racks with solid shelves resulted in extensive fire damage.
Furniture was stored on cantilevered racks up to 15 ft high. Racks were 8 ft wide with 56-ft2
solid plywood shelves. Needed in-rack sprinklers were not provided. A fire starting in the rack
storage quickly overtaxed ceiling sprinklers, with initial roof collapse occurring within 20
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minutes of fire discovery. Approximately half of the 202-ft × 405-ft building’s roof collapsed
and storage burned. Roof collapse ahead of the fire hindered further fire spread by preventing
flames from reaching uninvolved areas. Property damage was $3.4 million. (Other factors: roof
collapse.)
September 3, 1988 FL
General Warehouse
The building was approximately 36,000 ft2 in area, one story high, and contained general
merchandise. Storage consisted mostly of 18-ft high racks without solid shelving. Palletized
storage, four drums high, of about two hundred 55-gal drums of flammable adhesives and
solvents were also stored there. Sprinklers were provided at the ceiling on a gridded layout, but
there were no in-rack sprinklers. The sprinkler system operated after multiple fires were set in
the building, but was unable to control the fire. The flammable liquids storage contributed to the
total damage caused by the fire. Damage totaled over $10 million. (Other factors: clearance,
operation length.)
August 3, 1990 NY
Audio Systems Warehouse
A fire of undetermined origin occurred after hours in the storage area of a firm manufacturing
high-quality audio speakers. The fire destroyed one entire storage rack, which had solid shelves
with no in-rack sprinklers beneath the shelves. Over 75 ceiling sprinklers had to be replaced after
the fire. Damage totaled nearly $700,000.
Aisle Storage
1977 Cologne, Germany
Auto Parts Warehouse
This sprinklered building provided over 1 million ft2 of storage for automobile spare parts. The
metal, glass, plastic, and textile parts were packed in wood, cardboard, paper, and plastic
containers. Lubricants and motor oils were also stored in cans that were packaged in cardboard
cartons.
The fire, believed to have been started by careless smoking, spread through rack storage,
overtaxing the sprinkler system. Then, collapsing roof sections destroyed sprinkler piping. A
report on the fire noted the increased combustible load in the building since the sprinkler system
had been designed, noting, “The question, therefore, arises as to whether this system, installed in
the 1960s, was still adequate to cope with the changed risk situation in the fire outbreak area.”
Loss of several buildings in the warehouse depot pushed damage estimates over $100 million.
(Other factors: size, smoking.)
Sprinkler Clearance
October 8, 1987 Garland, TX
Service Merchandise
The building was 200,000 ft2 in area, 240 ft × 840 ft, and supplied general merchandise to 50
stores. Second-shift employees smelled smoke, but no origin was immediately found. More than
30 minutes later, an employee discovered a fire involving cartoned stock on pallets. Portable
extinguishers were not helpful in controlling the fire. The sprinkler system operated, but was
ineffective.
The fire department arrived within 4 minutes of the alarm and initiated an interior attack. The
first-in fire officer investigated while approximately 400 ft of hose lines were laid. Before this
could be completed, smoke banked down to the floor, and the building’s power failed. As the
first attack line was placed in operation, a partial roof collapse occurred, less than 6 minutes after
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the fire department’s arrival. Falling debris trapped two fire fighters. Fortunately they were able
to free themselves and exit the building. All interior fire fighting operations ceased, and a
defensive strategy was adopted. The fire department response escalated to a fourth alarm, and the
last unit remained on the scene for four days. The building was a total loss of $30 million. (Other
factors: hose line length, collapse.)
September 1985 TX
General Storage
2
The building was approximately 160,000 ft in area, one story high, and was used to store
cardboard-boxed styrofoam cups up to 12 ft high on pallets. A plastic tarp had been placed over
the boxes while workers were cutting the built-up metal roof to install skylights. Sparks ignited
the tarp. Sprinklers operated but failed to control the fire. Eventually, over 1000 heads opened.
The system reportedly was well designed, installed, and maintained; however, the storage
apparently demanded higher water density. Property damage totaled approximately $1.7 million.
(Other factors: protection inadequacy.)
A-6-1.1.1.2 Impairment to Water Supply.
July 1965 Cambridge, MA
Department Store Warehouse
On July 15, 1965, a warehouse in Cambridge, MA, owned by the Jordan Marsh Company, was
destroyed by fire. The warehouse was a four-story building of fire-resistive construction and was
used for the storage and distribution of stock to various department stores in the Boston area.
The night before the fire, a water leak was discovered in a 24-in. water main in front of the
warehouse. A city crew was dispatched to repair the leak. To isolate the leak, they had to shut off
the water service to the area. As a result of this shutdown, the only water mains left to supply the
buildings in the area were the old mains that were only capable of low flows.
On the day of the fire, warehouse personnel noticed that the pressure on the sprinkler system
gauges was greatly reduced. Shortly after 3:00 p.m., an employee discovered a fire on the fifth
floor of the building. The cause of the fire is unknown. The fire was reported to the fire
department by telephone at about the same time a passerby on the street noticed smoke coming
from the building and pulled a fire alarm box.
Employees attempted to extinguish the fire with fire extinguishers, but they were driven back
by smoke and heat. Sprinklers in the area had fused, but because of the broken water main, the
water pressure was so low that there was no discharge from the heads on the top floor.
The fire department responded to the alarm with six pieces of apparatus and, upon arrival,
ordered a second alarm to be dispatched. Four minutes after arrival, a third alarm was requested.
The impaired water main created a great deal of confusion for the fire companies. Hydrants that
were in service had little volume. Some of the apparatus was moved to a nearby canal where
water could be drafted. During the entire course of the fire, the fire department failed to connect
to the sprinkler connection and boost the water pressure in the sprinkler systems.
The building burned for several hours and was a total loss. Property damage was estimated at
$1,250,000. The indirect losses from the fire were not estimated. (Other factors: emergency
operations.)
A-6-1.1.1.3 Impairment During a Fire.
August 1969 Boston, MA

Grocery Warehouse
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On August 5, 1969, fire leveled a 460,000 ft2 warehouse in Boston, MA. The building, owned
by the Stop & Shop supermarket chain, was the principal supply center for stores in the New
England area. The loss was over $15 million.
The building was built in 1959. It was 800 ft long and 575 ft wide. It was one story high with a
25-ft-high roof. The building had masonry walls and a poured gypsum roof supported on
unprotected steel trusses. The building was a single fire area.
Wet-pipe sprinkler systems were provided throughout the building on an ordinary hazard pipe
schedule with 120 ft2 per head spacing. The water supply for the sprinkler systems was from a
10-in. yard main, which was fed from an 8-in. public water main and a 1000-gpm electric fire
pump taking suction from a 250,000-gal reservoir. Sprinkler water flow alarms were transmitted
directly to the public fire department, and security guards made unrecorded rounds throughout
the facility. However, at the time of the fire, the fire alarm system had been inoperative for about
four months.
Stock was stored to about 20 ft in height with minimal aisles. Such an arrangement promoted
good traffic flow in the warehouse, but limited access in the event of an emergency. In addition
to the normal grocery stocks, the warehouse also contained a variety of flammable and
combustible liquids in aerosol cans. This storage was mixed in with the ordinary storage for ease
of handling.
At about 10:00 p.m., an employee discovered smoke in the warehouse. Instead of turning in an
alarm, he went to the site of the smoke to investigate. By the time he arrived, sprinklers in the
area had already fused and were operating. On hearing the sprinkler alarm ringing, a supervisor
pulled the fire alarm system, but then, realizing it was inoperative, he went to a telephone to call
the fire department. Unfortunately, the phone was dead.
A security guard was instructed to drive to the nearest fire station and turn in the alarm. At
10:26 p.m., the alarm was turned in at the fire station. On arrival, fire fighters were directed to
the area of the building where employees were attempting to operate a hose stream into the area
in which the fire was located. A small fire involving some paper products had been controlled by
the sprinklers, and fire fighters used a hose stream to overhaul the debris and effect final
extinguishment.
At 10:50 p.m., the district chief in charge at the fire signaled that the fire was out. He then
ordered that the sprinklers be shut down. Because the fire fighters were not familiar with the
building, they did not know which valves to close to isolate the operating sprinklers. As a result,
four valves covering 25 percent of the building were closed down. Fire fighters remained on the
scene while cleanup operations commenced.
At about 11:20 p.m., an employee reported another fire in the center of the building. The
district chief and several fire fighters went to investigate. Encountering heavy smoke and heat,
the chief ordered the building evacuated. Fire fighters dove out of the building just ahead of a
massive wall of flames and smoke.
The maintenance foreman sent a man to open the sprinkler valves that had been closed, but he
did not identify them. On the way to open the valves, the maintenance man checked on the fire
pump, found that it was not running, and started it. Using matches to read the valves in the dark,
he found all of the closed valves and opened them. By the time he was finished there were
flames coming through the roof of the building. There were also aerosol cans rocketing around
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the building.
The fire department tried to use the private hydrants, which were fed from the plant
underground, but found the pressure too low. A check of the fire pump found it running slowly,
apparently operating on a single phase. Fire fighters could not locate the sprinkler connection
and, thus, could not supplement the water supply to the sprinkler systems. Within an hour, the
roof had collapsed, and the building was a total loss.
The exact cause of the fire was not determined. It was found that the insulation board used on
the underside of the roof deck burned readily. One theory advanced was that the insulation
board, ignited by the first fire, smoldered for some time before breaking into open flaming. It
was also suspected that the fire might have been set. (Other factors: improvements, physical size,
storage commodity, protection familiarity.)
A-6-1.1.2 Protection Inadequacy.
1971
Distribution Warehouse
A sprinklered 67,000 ft2, one-story, noncombustible warehouse for automotive equipment and
supplies was destroyed by fire from an undetermined cause. Storage consisted of various metal,
plastic, and rubber parts in cardboard cartons, plus flammable and combustible liquids in
containers ranging from 1-pint aerosol cans to 55-gal metal drums. Method of storage was
mostly on wood pallets on open metal racks, double row, with three and four tiers, to a total
storage height of 15 ft to 17 ft. A considerable portion of the racks was used for storage of
flammable and combustible liquids in 5-gal and 55-gal metal containers on wood pallets, four
tiers high. Both flammable and nonflammable aerosols in pint cans in cartons were palletized
and stored in portions of the racks. Ceiling sprinkler design was wet pipe, extra-hazard schedule,
using a 17/32 orifice, 165°F (73.9°C) heads, and supplied from a fairly strong city water supply
(52 psi static, 38 psi residual, with 1,580 gpm flowing). A review of the hydraulics indicates the
system was capable of supplying a density of 0.20 gpm/ft2 for the most remote 2,000-ft2 area.
Despite immediate fire department response to a central station water flow alarm and use of a
fire department siamese connection, the fire spread beyond the capability of the sprinkler system
and the system was soon overtaxed, resulting in early roof collapse and the breakage of sprinkler
piping, thus requiring closing of the main control valve. Numerous “fireball” explosions of
aerosol cans and ruptures of 55-gal drums were reported, several affecting manual fire fighting
operations, requiring about 5 hours for control. (Other factors: hazardous commodity, emergency
operations.)
October 1972 Luxembourg
Textile Warehouse
About 99,000 ft2 in area, 33 ft high, the building contained yarn in boxes and on aluminum
reels, all polypropylene shrink-wrapped, partly on wood pallets, partly in racks. Sprinklers were
at the roof and at half-height in the rack storage. Sprinklers operated but were quickly
overpowered, apparently because of insufficient in-rack sprinkler coverage.
July 11, 1988 Richmond, CA
Safeway Stores
This dry goods grocery warehouse consisted of 500,000 ft2 and was of ordinary construction
with one story, 30 ft high. Fire protection consisted of 13 sprinkler risers supplied by public
water and a fire pump with a 250,000-gal tank. Roof vents and 21 draft curtain areas of about
20,000 ft2 were provided. Storage involved palletized and rack storage of various nonperishable
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grocery products. Storage was to within inches of the roof deck, and no in-rack sprinklers were
installed.
A fire of undetermined origin was discovered by an employee shortly before 10:00 p.m. The
storage in the origin area consisted of the rack storage of paper products. Employees attempted
to fight the fire but were driven out after the sprinkler system operated. The public fire
department was notified at 10:02 p.m. and initiated an interior attack upon arrival. The sprinkler
systems were overtaxed, and additional alarms were dispatched. An exterior attack with master
streams was not fully effective, as on-site water supplies were inadequate for the large fire flow.
Additional water supplies, from large city mains, were established, and a defensive strategy was
implemented.
The fire was confined to this building, one of 11 in the complex. The fire was brought under
control at 3:30 a.m., with final extinguishment eight days later. The damages totaled $80 million,
$37 million to contents and $43 million to the building.
May 3, 1991 Madison, WI
Cold Storage Warehouse
This cold storage complex consisted of five buildings with a total area of 224,000 ft2. The
building of origin, building #1, had an area of approximately 62,000 ft2 and with one story, 55 ft
high. The storage racks consisted of double and multiple racks with up to 50-ft high storage.
Computer-controlled equipment placed and moved stock of cheese, butter, cranberries, and other
food products in the modern high-rack storage facility. Four of the five buildings were
sprinklered by two wet-pipe and two dry- pipe systems. The system in building #1 was designed
for a density of 0.15 gpm/ft2 over the most remote 2600 ft2 area using 286°F (141°C) sprinklers.
There were no in-rack sprinklers in the racks, no column sprinklers, and the ceiling sprinkler
protection was inadequate for the occupancy.
A forklift driver heard the sound like “a torch being lit” and noticed a fire involving a
battery-powered forklift. As employees discharged portable extinguishers, the public fire
department was notified. The first-due engine company reported heavy smoke and fire
conditions from the station, just one block away. An interior attack was initiated as the fire
department connection to the sprinkler system was supplemented. Hazardous material concerns
included the building’s ammonia refrigeration system, several acids, and various other
chemicals.
The interior sector officer reported that sprinklers were operating, and that visible fire had
been “knocked down.” Roof-level personnel reported intensifying conditions and interior
operations were moved backed to the dock area of the building. The roof of the warehouse
collapsed within the first hour of fire department operations. The fire extended to building #2, a
nonsprinklered high-piled storage warehouse, within 41/2 hours of the initial dispatch. Extensive
mutual aid was requested to maintain coverage for the city, as a majority of the department was
committed to the fire. The fire was declared under control almost two days later and final
extinguishment completed two additional days later. Damage to the building and contents totaled
over $75 million. Extensive cleanup of the melted residue from fire department equipment and
the surrounding area cost several million dollars. (Other factors: hazardous materials, roof
collapse, size, emergency operations.)
December 17, 1991 GA
Packaging Materials Warehouse
2
A 50,000-ft warehouse was used for the storage of packaged goods, including plastic
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dinnerware and cups. The building had no automatic sprinkler protection. It did have a partial
smoke detection system connected to an alarm service. The alarm system activated, but proved
ineffective in summoning the fire department before the fire was well beyond control. Damage
was estimated at over $1.5 million.
Success Stories
Effective pre-incident planning will assist an incident commander in successfully mitigating an
emergency. Success can be defined as good personnel safety, limited property damage, or
reduced environmental impact. The following case studies describe incidents where pre-incident
planning assisted in the successful management of the incident.
Adequate Sprinkler Protection
1978 NY
AT&T Warehouse
The warehouse was over 500,000 ft2 in area. The 27-ft high storage racks contained pallets of
rubber cable products. Sprinkler protection consisted of ceiling and in-rack heads supplied by the
public water system and a 2,500-gpm fire pump with a 300,000-gal suction tank.
An arson fire activated three ceiling and three in-rack sprinklers during the nonoperating hours
of the facility. The sprinkler water flow alarms activated at the guard station, and the guard
alerted the fire department. Fire department operations were limited to salvage and overhaul.
Damage was limited to three pallet loads of product, about $20,000.
Good Plant Emergency Organization (PEO)
February 1981 KS
AT&T Warehouse
2
The warehouse was over 500,000 ft in area. The 27-ft high storage racks contained pallets of
electronic components and packaging materials. Sprinkler protection consisted of ceiling and
in-rack heads supplied by two 2,000-gpm fire pumps with two separate 300,000-gal suction
tanks.
A maintenance employee was repairing a lift truck in the warehouse and heard a “crackling”
sound. He investigated, saw fire and smoke, and saw an in-rack sprinkler in operation. A 11/2-in.
hose line from a nearby hose station was used to attack the incipient fire. As outlined in the
facility’s emergency action plan (EAP), a fire evacuation alarm was sounded, a sprinkler water
flow alarm was activated at the guard station, a back-up phone call was placed to the guard
station, the plant emergency organization (PEO) responded, and the public fire department was
notified.
The PEO personnel connected a large hose line to a yard hydrant and stretched the line inside
the warehouse. This 21/2-in. line supplied two 11/2-in. back-up hose lines. These operations were
completed within 10 minutes of the discovery of the fire and before the fire department’s arrival.
The fire had been controlled and fire department operations were limited to salvage and
overhaul. Damage was limited to several pallets loads of product that totaled approximately
$10,000.
Good Pre-Incident Planning
May 26, 1991 Enfield, CT
Paper Products Warehouse
The warehouse was 408 ft × 388 ft × 75 ft high and of light, noncombustible construction. The
storage racks supported the roof of the warehouse and contained 11 tiers of gift and greeting card
products. Ceiling sprinklers and eight levels of in-rack sprinklers were provided.
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During an overnight shift, employees working on an automatic stacker crane in the warehouse
heard a loud noise and saw sparks at the ceiling. Power was lost to the warehouse and the
remainder of the facility. The fire department and PEO were alerted as a fire developed at the top
of the rack. PEO members met and directed the fire department to the fire area.
The fire department connected to a yard hydrant and advanced two 13/4-in. hose lines into the
warehouse. Fire fighters used the ladder on the stack crane to access the fire, which was 75 ft
above the floor. The fire was extinguished in less than 30 minutes and prior to operation of
automatic sprinklers.
Fire and water damage was limited to three pallet loads of stock. The operation of the
warehouse was partially interrupted for three days while repairs were made to the electrical
system. Total damage from this fire was less than $10,000.
A-7-2 Data Gathering.
(See Appendix E.)
Appendix B Before the Fire: Fire Prevention Strategies for Storage Occupancies
This Appendix is not a part of the recommendations of this NFPA document, but is included for
information purposes only.
NOTE: The following is a special report prepared in 1988 by NFPA and the insurance industry to address the
issue of large loss fires in warehouse occupancies. It is being included as part of NFPA 1420 for informational
purposes.

Devastating fires in a number of warehouses and distribution centers have resulted in a
disturbing number of multimillion-dollar losses. In a significant number of cases, the warehouses
were equipped with automatic sprinkler systems and other built-in fire protection systems, yet
fast-spreading fires overpowered these systems and were beyond control when local fire
departments arrived. This has been especially disturbing to those who are familiar with the
exemplary record of successful sprinkler operation.
The problem can be traced to lack of hazard awareness and human behavior that have
compromised the protection offered by sprinkler systems and other safeguards. Although built-in
protection might have been specifically designed for a certain storage environment, passing
years often result in a storage environment more hazardous than originally planned. This can be
due to an increased height of storage as well as a change in the type of arrangement of materials
stored.
Improved risk management can begin with more awareness of storage-related hazards and with
better communication among the groups most concerned with fires and fire losses: warehouse
owner/operators, local fire departments, insurance carriers, and organizations such as the
National Fire Protection Association. Each group has a vital interest in improving the record, and
cooperation is more effective than individual efforts.
This Fire Was Not Supposed to Happen.
It was a warehouse specifically designed for storage of paints and related flammable liquids.
The main storage area was about 180,000 ft2, or the size of five football fields. A fire wall
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subdivided the warehouse into two separate areas.
Protection was provided by an automatic sprinkler system and a fire pump capable of
delivering 2500 gpm.
Yet one night in May, 1987, a fire destroyed the entire warehouse. The loss - $49 million —
included damage to the building itself, all of its contents, and the cost of removing useless
debris.
It Was Not Supposed to Happen.
Like many catastrophes, this one started as a relatively small incident when only 8 gal to 10
gal of flammable liquid—out of an estimated 1.5 million gal of paints, resins, and solvents stored
in the warehouse—were accidentally spilled while some of the storage was being moved by a lift
truck.
The spilled liquid spread out in a puddle about 12 ft in diameter and spread under other
storage.
One unlikely event was followed by another. A spark from the lift truck ignited the liquid.
Portable extinguishers and hose stations were available for employee first-aid fire attack while
the fire department was en route. Water flow detection systems were in place to sound an alert,
and these systems worked as planned. The automatic sprinkler system began operating before the
fire department arrived.
The warehouse managers had developed and enforced a program to prepare employees for
emergency response. But this fire spread faster than expected. The clothes of one of the
employees began to burn, diverting attention from the extinguishment effort. Problems grew
with the fire; neither use of the portable extinguisher nor operation of the sprinkler system
stopped the fire before it spread to other storage.
Employees began to evacuate, but already some of the nearby 1 million 16-oz and 220,000
6-oz aerosol containers began to explode and fall outside amid the evacuating employees.
It Was Not Supposed to Happen.
This account of the fire is a summary of a more detailed NFPA fire investigation report. This
summary is not intended to be taken out of context. For the full report, see NFPA’s Fire Journal,
March/April 1988.
The fire department pumpers arrived 6 minutes after dispatchers sounded the alarm, and the
fire fighters began their preparations for an offensive attack.
When the first pumper arrived, the fire fighters encountered huge clouds of thick, black smoke.
Worse, flames already extended through the roof several hundred feet into the air. Fire fighters
heard explosion-like sounds inside the warehouse, and exploding aerosol cans were flying from
the building.
The building’s fire pump was operating. One fire department task was to connect to the
sprinkler system siamese to augment water flowing through the open sprinkler heads.
The intense heat from the fire and the danger of rocketing aerosol cans prevented fire fighters
from approaching the building to hook up to the sprinkler system siamese pumper connection. In
the meantime, although the building fire pump maintained adequate pressure, the sprinkler
system did not appear to have any effect on the fire.
But This Time It Did Happen.
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The fire spread throughout the approximately 180,000 ft2 within 28 minutes of ignition. This
rate was roughly equivalent to fire spreading completely over the area of a football field in less
than 6 minutes.
Although the fire department was trained for an aggressive attack wherever possible, in this
case it was forced into a defensive operation to protect exposures. This decision was dictated by
fire spread that had developed before the fire department even arrived.
This fire occurred in the Sherwin-Williams Automotive Paint Distribution Center in Dayton,
OH. However, this was not the first large and seemingly well-protected warehouse to be
destroyed by fire.
The Warehouse Fire Record.
In the last 10 years, a disturbing number of notable fires in modern warehouses have resulted
in similar catastrophes. Including the Sherwin-Williams warehouse, the total loss from seven
fires in 1988 dollars is in excess of $750 million.
Because of the size and value of each of these facilities, they should have fit the definition of a
highly protected risk (HPR). However, at the time of their destruction, the warehouses did not
qualify as HPR properties, because the sprinkler protection was, in fact, no longer capable of
controlling the initial fire. The consequences were inevitable.
Highly Protected Risk (HPR)
An HPR occupancy is one that has a loss-prevention-responsive management and the
following performance specifications, as they relate to storage occupancies:
(a) The occupancy is protected by automatic sprinklers with adequate water supply.
(b) The sprinkler system is capable of controlling a fire incident without human intervention.
(c) The sprinkler system alarms are supervised to give early notification to the fire department.
(d) The early detection and alarm system provides the responding fire department with a
greater opportunity to extinguish the fire.
Supermarkets General
Edison, NJ, 1979: This sprinklered distribution center contained 290,000 ft2 of rack storage for
supermarket health and beauty aids, including many aerosol cans. The center supplied more than
100 stores.
Employees discovered a small fire, which spread rapidly through cardboard boxes containing
aerosol cans. Exploding aerosol cans prevented employees from attempting early
extinguishment.
The sprinkler system was overcome, and an exterior wall collapsed soon after the fire
department arrived. Estimated loss totaled $50 million. More than 200 workers lost their jobs
because of the fire.
Montgomery Ward
Bensonville, IL, 1978: This 200,000 ft2 fully sprinklered central warehouse of a department
store chain was destroyed by a fire of suspicious origin. More than 100 fire fighters attempted to
control the blaze, but the warehouse was a total loss, with damages of $30 million.
Ford Motor Company
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Cologne, West Germany, 1977: This sprinklered building provided over 1,000,000 ft2 of
storage for automobile spare parts. The metal, glass, plastic, and textile parts were packed in
wood, cardboard, paper, and plastic containers. Lubricants and motor oils were also stored in
cans that were packaged in cardboard cartons.
The fire, believed to have been started from careless smoking, spread through rack storage,
overtaxing the sprinkler system. Then, collapsing roof sections destroyed sprinkler piping.
A report on the fire noted the increased combustible load in the building since the sprinkler
system had been designed, noting, “The question, therefore, arises as to whether this system,
installed in the 1960s, was still adequate to cope with the changed risk situation in the fire
outbreak area.”
Loss of several buildings in the warehouse depot pushed damage estimates over $100 million.
K-Mart Distribution Center
Falls Township, PA, 1981: At the time of this incident it was called “the most costly single
building fire in U.S. history.” The 5-year-old sprinklered warehouse with 1,200,000 ft2 of
storage, supplied 375 K-Mart stores from Maine to Virginia. Grading had been started for an
additional 923,000 ft2 of storage.
The fire began when some aerosol cans (among more than 1 million in the warehouse) fell,
burst, and were ignited by a lift truck spark. An employee discovered the fire immediately after
ignition and attempted to use a portable extinguisher. It was not effective, nor was the operating
sprinkler system.
Within three minutes of the arrival of the fire department, flames were reported to be coming
through the roof. Exploding aerosol cans, some trailing flames, rocketed through the roof and
doorways protected by deluge curtains. Complete extinguishment took seven days. The loss of
the building and contents exceed $100 million.
Factory Mutual Research Looks at Storage Occupancies.
Storage is one area that has always posed a great challenge to fire protection. In no other area
does an occupancy present such a wide range of hazards, particularly as facilities grow larger
and contain an increasing variety of products. Events of the past have demonstrated that even the
most ordinary storage can require new protection guidelines if storage “contents” or “materials”
change.
Rack Storage
Additional test programs have dealt with the constantly changing general storage practices of
modern industry. Not only have scale and scope been increased, but physical configurations have
changed also. As rack storage methods developed, Factory Mutual Research became involved in
one of its largest projects ever: the Rack Storage Test Program.
This project was one of the most extensive test programs in fire protection history, made
possible by the cooperation of insurers, fire protection specialists, manufacturers of
material-handling and storage equipment, warehouse users, and other concerned parties. The test
program was particularly complex because of the numerous variables involved in the problem:
storage height, type of combustible, aisle width, spacing of storage, barriers within racks,
sprinkler temperature rating, sprinkler spacing, water pressure, and others. When the tests were
completed, the data were analyzed and curves prepared to connect all of the variables. As a
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result, alternative fire protection engineering solutions for a given set of industrial circumstances
became available for the first time.
⎯Factory Mutual Record, July/August 1982
MTM Partners (Mitsui)
Elizabeth, NJ, 1985: This sprinklered warehouse had 530,000 ft2 of storage subdivided for five
separate companies. New York Bronze used almost 114,000 ft2 in the storage and distribution of
aerosol cans filled with various petroleum-based products. The aerosol cans were stored in racks.
The fire, believed to be accidental, started in an unattended part of the building. An alarm
system notified the central station, which alerted the fire department. While still en route, the
department reported seeing flames through the roof.
The loss from the fire is estimated at $150 million.
Service Merchandise
Garland, TX, 1987: This 200,000-ft2 sprinklered warehouse supplied 50 Service Merchandise
stores.
During a second shift, employees smelled smoke, but no fire was immediately found. More
than 30 minutes later, an employee found flames reaching up cartoned stock on pallets. Portable
extinguishers were not helpful in containing the fire, nor was the operating sprinkler system,
which seemed to be blocked by high storage.
Fire fighters arrived within 4 minutes of the alarm and attempted an interior attack. The first-in
captain investigated and found a fire he thought could be contained by the sprinklers until hose
lines were laid.
Before this could be done, however, smoke banked down to the floor, and the lights went out.
Falling debris trapped two fire fighters. Fortunately, they were able to free themselves and leave
the building.
All interior fire fighting efforts ceased. The building was a total loss of $30 million.
Warehouse Fires: Common Factors.
A look at these and other fires in storage and distribution facilities reveals certain similar
characteristics that are worth noting.
(a) The warehouse occupancy changed over time, until the existing sprinkler protection could
not control the fire. (See “When is a sprinklered warehouse not a protected warehouse?”)
(b) Forklift trucks have often been involved in the initial ignition scenarios. This is not a
condemnation of lift trucks but a reminder that ignition sources are commonly introduced into
even the cleanest storage areas.
(c) Even in the early stages, fire development is usually beyond the manual control capabilities
of plant emergency response teams.
(d) Fire spread is often beyond public fire department suppression capability by the time of
arrival, even with sprinkler activation, immediate alarm, and timely response.
(e) Fire fighting inside a very large facility covering acres under one roof is extremely difficult
and dangerous. (See “Fire fighter safety: The day Frank Cheatham almost died.”)
(f) Substandard “fire walls” have not stopped a fire once it has gotten beyond the initial area of
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involvement.
(g) Many warehouse operators do not separate flammable liquids and aerosol container storage
from general merchandise storage, even though this is a recommendation of NFPA and the
insurance agency.
(h) Traditional metal product and paper packaging materials have been replaced with
packaging materials that are more hazardous, including plastics.
(i) In many warehouses, operators and employees are not generally aware of the fire hazard of
the commodities they are handling.
The fires described here were included because they represent the potential for total loss of any
large warehouse, but it would be wrong to assume that major fires, however costly, occur only
occasionally. Consider that in 1985, there were 159 large-loss warehouse fires, each with losses
of at least $1 million.
When is a sprinklered warehouse not a protected warehouse?
The definition of a highly protected risk begins with the assertion that a warehouse has a
sprinkler system and that the sprinkler system will deliver enough water to control an expected
fire without human intervention. An “expected” fire is defined by the amount and quantity of
storage.
If change occurs in the occupancy, the sprinkler system might not be able to control the fire.
Examples of these changes are:
(a) Storage commodity changes.
(b) Flammable liquids are introduced.
(c) Storage quantity increases.
(d) Storage height increases.
(e) Storage arrangement changes.
(f) Temporary storage in aisles.
(g) Use of solid rack shelves.
If the storage situation changes to the point where the sprinklers can no longer perform their
control function, the warehouse should be viewed as an unsprinklered warehouse, with all the
consequences that implies.
How widespread is the problem?
The loss statistics of three prominent HPR insurers—Factory Mutual, Industrial Risk Insurers,
and Kemper—appropriately quantify the warehouse fire problem. Keep in mind that their data
reflect only reported losses and are an abbreviated description of the total problem.
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Figure B-1
Storage fire losses greater than $500,000.
Number

167

Number Fire Losses

1.2%

Business Interruption

$50,140,000

Total

$469,120,000

% of Total $ Fire Losses

31.6%
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In storage facilities, on average: one fire every 22 hours, one loss greater than $500,000 every 11 days.
Figure B-2

Today’s warehouses.
Our society is made up of such voracious consumers of so many products that it should be no
surprise that warehouses have grown bigger and more sophisticated in order to handle the huge
distribution demands of this consumption. Large warehouses are clearly more profitable.
It should be no surprise that the risk of fire to these warehouses has grown as well.
This is not a newly discovered trend. The Sentinel, published by Industrial Risk Insurers, noted
in 1968, “Without question, bigness (in warehouses) has many advantages... However, we will
be in grave trouble if we fail to recognize or fatalistically accept one inevitable fact. Bigger
industry means bigger potential fire, explosion, and windstorm damage... In designing complete
protection, even the best of fire extinguishing control ’hardware’ is not enough by itself. Remote
as the possibility of failure may be, the consequences are too great a risk for plant management
or perhaps even the insurers to assume.”
Warehouses contain the possibility of a nightmare for three important reasons: content,
quantity, and arrangement.
(a) The content of our warehouses—as in our homes—is made up of an increasing amount of
higher-hazard materials such as plastics, flammable liquids and gases, and chemicals. Traditional
packing materials, even for noncombustible products, are often being replaced with plastics.
(b) A large quantity of combustibles provides the fuel for a major fire.
(c) The arrangement of storage into higher and deeper piles with narrower aisles inherently
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limits access and movement of hose lines in a warehouse, as it simultaneously blocks the
extinguishing discharge of the sprinkler heads.
As warehouse storage practices have evolved, so has the technology of sprinkler protection.
The basic formula remains the same: put the water on the fire. However, computers have made
considerable refinement in the name of efficiency possible.
If computer efficiency is applied to design a sprinkler system that only meets a minimum
standard, however, almost any change in conditions could leave the system inadequate for the
new conditions.
Modern technology has provided the fire protection community with many new tools to assist
in fire protection, but the human factor has not changed very much. Unfortunately, the computer
cannot predict future human behavior.
The public is bombarded by thousands of messages every day from coworkers, family,
advertisers, and news outlets. The accumulated noise is worse than trying to think next to a jet
engine. An individual copes with all this activity by ranking some messages and by tuning out
the rest. Unfortunately, sometimes the important lessons of past fires can also be missed or tuned
out by warehouse employees and managers.
At the same time we need to recognize that a fire officer—after noting that a warehouse
sprinkler system exists and assuming that the overall risk is under reasonable fixed
protection—could fail to inspect a warehouse closely enough to discover excess storage in a far
aisle.
It is helpful to remember that human behavior is more closely tied to fire safety than
technology and hardware.
Warehouses: Getting Bigger
“Warehouses the size of several football fields may deliver economies of scale in the handling,
storage, and distribution of various kinds of products and commodities. However, these
uncommonly large properties need more than commonly accepted fire protection hardware and
systems. If bigness is better, and indeed more profitable, then bigness needs to be better
protected.”
From The Sentinel, a publication of IRI
Facility:
Larger than:
K mart
33 football fields
Ford Motor Company
28 football fields
MTM Partners
15 football fields
Supermarkets General
8 football fields
Montgomery Ward
6 football fields
Service Merchandise
6 football fields
Sherwin-Williams
5 football fields
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Factors in judging risk.
Psychologists have studied fear and the way people assess risk in their lives. One Washington
D.C. researcher became interested in attitudes toward risk when he noticed that a fear of flying is
much more common than a fear of riding in an automobile—although automobiles are the
leading cause of accidental death for every age group between 1 and 40 (roughly 50,000 deaths
per year on average), while perhaps 100 die on average in commercial aviation. The fear didn’t
match the actual risk.
Applying this to the problem of warehouse fires, this question could be asked: Why do
warehouse managers sometimes fail to take normal fire precautions?
The Washington researcher explained that such apathy was rooted in three psychological
perceptions—however irrational they might be—that govern risk assessment.
(a) Whether the individuals think they control the risk. Temporary aisle storage or extra-high
racks might be allowed without fear in a warehouse, because the managers believe it will be or
could be removed promptly. The same persons might fear flying because total control rests with
someone else.
(b) Whether the hazard shows up as “one major event.” Statistically, most warehouse fires are
caught while still small and easily controlled—on the order of a trash can fire. Many are never
reported. Although experience documents how quickly a small fire can become very large, the
perception is that future small fires will be controlled similarly. Flying accidents, on the other
hand, usually happen as a major event.
(c) Whether the risk is familiar or unfamiliar. Familiar dangers are harder to fear over a long
time, while “unfamiliar risks are almost impossible not to fear,” according to the research. Thus,
a warehouse manager surrounded by familiar storage has a tendency to ignore possible dangers
because they are so familiar. The unfamiliar workings of a distant nuclear power plant, however,
might cause considerable fear.
This suggests that it is not sufficient to merely present the facts of a fire hazard. A sincere
effort must also be made for improved communications on a personal level among
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representatives from the fire department, the warehouse company, and the insurance carrier.
The hazards: Not only in the big warehouses.
The dangers addressed by the report are not limited to the largest warehouse complexes. The
same fire protection risks of improper storage and overtaxed sprinkler systems can be found
wherever storage is encountered, including:
(a) Storage areas within a manufacturing plant. The rapid-spread nature of storage fires can
send a crippling fire into the heart of a manufacturing process.
(b) Shipping and receiving areas of any business.
(c) General storage facilities renting space to individuals. The high number of occupants
increases the risk of unsafe practices.
(d) Storage areas adjacent to consumer retail sales areas.
(e) Outside storage areas adjacent to openings that could allow fire spread into the building.
Fire fighter safety: The day Frank Cheatham almost died.
Acting Captain Frank Cheatham was responding with Phoenix Fire Department’s Engine 22 to
a fire in a 77,400-ft2 single-story carpet warehouse. Even before he reached the building, he
could see the smoke and radioed, “Obvious working fire, give me a second alarm.”
Cheatham’s crew began an interior attack with a hose line through heavy “cool” smoke with
zero visibility. The building’s automatic sprinkler was operating and showering the crew,
although no fire could be seen or felt.
The sprinkler system proved inadequate to extinguish the intentionally set fire. Heat from the
fire spread out and triggered 246 of the total 253 sprinkler heads in that part of the warehouse.
Fire fighting crews began working on the fire from all sides. Sixteen minutes after arrival on
the scene, Cheatham reported from inside, “Interior to Command. We’ve gained access where
the fire was and ... I think we’ve got the fire under control.” Their hose line could be pulled no
farther, so Cheatham and another fire fighter left it and continued probing the smoke to
determine the extent of the fire spread.
Fire fighters ventilating at the roof discovered heavy smoke. Cheatham’s messages from the
interior indicated that he, too, was in heavy smoke as he said, “We need ventilation on the north
side of the building, ASAP.”
Beyond their hose line in the smoke-filled warehouse, Cheatham and the other fire fighter
realized they were lost and in trouble. The low-air warning bell on Cheatham’s breathing
apparatus began to ring. Soon completely out of air, Cheatham fell down next to a roll-up door
and sent the other fire fighter for help. He disconnected his air hose and placed it inside his coat
in an attempt to filter some of the smoke. Although his radio had been wet by the sprinkler
discharge, his distress message went out, and an emergency signal sounded over all radios on the
scene.
The second fire fighter also ran out of air but stumbled, exhausted and disoriented, through a
door to the outside 7 minutes after the emergency signal. Rescuers immediately went inside to
search for Cheatham and found him when they heard a gasping sound. He was removed from the
building. A quick examination found a weak pulse and no respiration. More quick action helped
Cheatham to resume breathing.
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Losses from the fire were in excess of $1,250,000.
Mistaken assumptions related to warehouse fires.
(a) Warehouse managers believe a sprinklered storage area is automatically safe from
catastrophic fires.
Sprinkler systems do indeed have a well-deserved reputation for successful operation and
control of many fires that would otherwise have destroyed the building of origin. But an
automatic sprinkler cannot be expected to overcome the effects of a fire in a commodity more
hazardous than it was designed for, or improper storage and handling practices. For example,
ignition of an accidentally spilled flammable liquid might very well overtax the sprinkler
protection.
(b) When an occupancy hazard changes, the fire department routinely becomes aware of it.
This would help any fire department maintain a higher state of training and readiness if it were
true, but, in fact, the fire department is seldom informed about storage hazard changes that could
very much affect the particular tactics and strategy used if a fire is reported in a warehouse. In
fact, unless warehouse managers are diligent in supervising commodity changes and storage
arrangements, they might not be aware the hazard has increased.
(c) When a warehouse storage hazard increases, recommendation by the insurance carrier to
upgrade the built-in fire protection systems are routinely approved by the warehouse
management.
Budgeting money is rarely a simple matter in a business, and upgrading fire protection can be
a time-consuming process. This is especially true if those who appropriate the money do not
fully understand the costly lessons of these notable fires.
(d) When the insurance carrier is aware of a recently increased storage hazard and wants to
keep the fire department informed and prepared, it is simple to place a call to the fire department
directly.
Corporate management conducts its business with an insurance carrier on a confidential basis.
This confidentiality is in effect even when the carrier might otherwise wish to share information
related to fire safety with a fire department. The insurance inspector must have the permission of
warehouse management to discuss the details of a warehouse’s fire protection with anyone.
(e) Because of the high value of many storage occupancies, the fire department will make
frequent inspections to determine any hazard change.
Fire departments operate under budgetary constraints, as do commercial operations. The result
is that a fire department might not have the personnel or the time to inspect all occupancies as
frequently as desired.
(f) Because of the high value of many storage occupancies, warehouse managers are more
concerned than anyone about fire protection.
In fact, warehouse management can be distracted by a business level that is unusually high or
low. If business is especially good, higher amounts of commodities than usual might be in the
warehouse, and extra energies are used in trying to cope with the press of business. If business is
not good, there might be extra temptation to cut corners in a number of areas, including fire
protection.
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(g) Fire department officers believe that any fire in a sprinklered warehouse will be held under
control until they can begin their suppression attack.
[See (a) above.] Again, sprinklers are not a panacea to be depended on, given all the other
problems of improper storage that can be introduced into a warehouse. It is perhaps
understandable that fire fighting personnel who benefit so much from sprinkler systems might
expect to rely on them and miss other warning signs of an over-challenged system.
(h) It is acceptable for warehouse managers to bring in additional storage—even beyond that
anticipated by the sprinkler design—if the additional storage is temporary.
Many accidents of all types occur when someone incorrectly assesses the risk. Allowing
“temporary” storage might seem like a reasonable risk, but if the manager makes a poor decision,
everything could be lost. Also, temporary storage has a tendency to become accepted and
ignored, causing an overloaded sprinkler system in the event of fire.
(i) Warehouse employees trained and equipped in first-aid fire suppression—combined with
the sprinkler system—will be able to hold any fire until the fire department arrives.
Trained employees usually have not seen the speed with which some fires spread, such as
those involving aerosol cans and flammable liquids. Even the most realistic training cannot
recreate all likely fire-spread scenarios. In the real “heat” of battle, first-aid fire fighting
equipment and training is often outdistanced as soon as the fire begins to spread.
(j) On arrival, the fire department’s primary responsibility will be to protect the warehouse
building and contents.
The fire department might have responded quickly to the warehouse because the contents were
in danger, but on arrival there is an established priority of activities that should be understood.
The first concern of the fire fighters is determining the need and then performing any rescues of
warehouse personnel. The next concern is protecting exposures. The final concern is to ensure
the safety of the fire fighters themselves. Although they understand that theirs is a dangerous
activity, fire fighters cannot be expected to go beyond a reasonable level of risk in protecting
property.
Higher levels of protection are indicated where:
(a) The storage facility is critical to operations or contains unusually high values.
(b) There is a combination of such adverse conditions as excessive clearance from stock to
sprinklers, roof construction (such as peaked and sawtooth roofs) that will produce uneven or
erratic migration of hot gases, dry-pipe sprinkler protection, and reliance on a public fire
department that might be remote from the location or otherwise be delayed in responding.
(c) There is unusually high loss potential resulting from:
1. High value of commodities per cubic foot.
2. High susceptibility to smoke, heat, or water damage.
3. Limited possibility of salvage recovery.
(d) There is a possibility of change in occupancy to include higher commodities.
Working together to eliminate the myths.
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The best way to avoid allowing major warehouse facilities to become unacceptable fire risks is
to open up better lines of communication among those who are most involved with the problem.
Working alone, each participant is unlikely to ensure the best possible fire protection.
(a) The local fire department is unlikely to have enough personnel or the time to be aware of
every change in every warehouse that might affect fire prevention or suppression activity.
(b) Warehouse managers cannot be expected to maintain expert knowledge of the history of
warehouse fire losses as well as the application of modern fire protection technology.
(c) Insurance carriers provide warehouses with insurance coverage and identify fire-related
problems, but they cannot be the enforcers of safe practices; nor can they communicate detail
changes to fire departments without permission.
One way to begin improving the situation is to create opportunities to establish rapport among
the leadership of the fire department, the warehouse management, and the insurance carriers.
Meetings held on premises separate from the warehouse and the fire department, and attended
by representatives from all segments, can serve to increase the appreciation of all participants for
the concerns and problems of others. Local chamber of commerce meetings might provide the
right environment for an open discussion of roles and responsibilities. A social dinner might also
be useful in establishing the personal relationships that encourage dialogue.
When a sense of mutual trust develops, it might be time to organize special meetings among
insurance carriers, warehouse owner/operators, and the fire department to discuss common
concerns more specifically. The creation of a local task force made up of these representatives
will more formally establish the goals and benefits of cooperation and mutual trust.
Key to success: Fire departments.
(a) Prepare pre-incident plans for all warehouses.
Perhaps the most important tool a fire department can have is a pre-incident plan that is
tailored to the conditions at each warehouse. The more information available, the easier it is to
make correct decisions during planning and during any fire suppression.
Course material, Preparing for Incident Command, developed at the National Fire Academy in
Emmitsburg, Maryland, emphasizes three points regarding pre-incident plans:
1. The ability of an incident commander to function effectively at an emergency incident is
affected by prior knowledge of conditions that might be encountered.
2. This pre-incident information has a definite impact on decisions that are made and actions
that are taken during an emergency.
3. In addition to making the job of incident commander easier, pre-incident information
fosters additional safety considerations.
(b) In order to create a pre-incident plan, fire department officers need to have knowledge of
these details, among others:
1. The building’s construction. Is the interior compartmented? Will the roof’s material add
substantially to the fire load or create an exposure problem? Is the roof safe for operations?, etc.
2. The type of materials stored.
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3. Water supply sources.
4. Realistic capability of built-in protection.
5. Environmental concerns. Fire suppression attempts at the Sherwin-Williams fire were
affected by the knowledge that water runoff from fire fighting would contaminate the city water
supply.
6. Number, location, and emergency training of warehouse personnel.
7. Exposure risks to nearby people and property.
8. Organizational communication. Will someone from the warehouse be assigned to meet
the arriving fire apparatus during an emergency to communicate important information?
9. Education. Where will fire personnel get special technical information that will help them
handle the situation at this particular warehouse?
10. Plant layout. A detailed map is essential in planning fire suppression activities and
developing fire prevention and fire suppression strategies.
11. Interagency information. The potential for using support assistance from other agencies
exists at most fire incidents.
(c) During the inspections, do not assume that the sprinkler system was designed to control the
current hazard.
The built-in fire protection systems should be evaluated with the total current storage
configuration in mind. Is the design and the water supply still adequate? Are in-rack sprinklers
needed to supplement the ceiling sprinklers?
(d) Consider warehouse owner/operators as allies rather than enforcement targets.
As has been demonstrated, some warehouse fires are out of control before fire department
arrival. The best chance for success is through prevention, and prevention is dependent upon the
awareness and willing participation of the owner/operator.
(e) Understand that the fire chief’s responsibility now extends well beyond fire suppression
and fire prevention.
Chief Glenn Alexander, writing in Fire Chief magazine, after his involvement with the
Sherwin-Williams warehouse fire, says, “New federal legislation now requires fire departments
to be notified of local industry contingency plans and material safety data sheets are to be filed
with the local fire department. Suddenly fire chiefs are scrambling to understand a new
accountability. Fire chiefs are also under the gun to exercise new responsibility should an event
occur in which successful conclusion revolves around the newly acquired information. Those
new mandates are a liability, and more importantly, a newly emerging activity.”
For fire departments: Evaluating the warehouse fire.
The fire service needs the ability to correctly assess the fire-related hazard in a warehouse.
This can be achieved in several ways, including:
(a) Using properly trained staff, fire departments should inspect and assess the fire potential.
(b) The relevant information could be supplied by the warehouse managers themselves. They
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should understand the technical details of the building, its fire protection systems, and the
commodities being stored.
(c) If the warehouse managers lack particular types of information, they could provide reports
from insurance carriers or other consultants retained to evaluate conditions. Insurance carriers
can participate in joint meetings with the fire service and warehouse manager to ensure an
effective exchange of information.
Keys to success: Warehouse owner/operators.
(a) Success stories of corporations that seem especially prepared to protect the enormous
investments they have in their storage facilities show similarities in three areas of corporate
management.
1. Awareness of the storage fire problem. An attitude of open communication should exist
within the corporation, and the information should flow freely through the internal channels.
2. Commitment to loss prevention. An executive-level fire protection engineer is an
important person who can evaluate and advise with regard to the technical issues of loss
prevention, while remaining aware of realistic financial resources. Also, consulting fire
protection engineering firms are available to assist a corporation.
3. Commitment of financial resources. Properly considered fire protection initially costs
more than incomplete fire protection. The success stories usually are associated with
corporations that consistently commit money to properly considered fire protection.
(b) Success stories of individual warehouses that seem especially prepared to avoid major fire
losses show similar characteristics in the attitude of local operating managers.
1. Awareness of the storage fire problem. When operating managers are aware that changing
commodities and storage configurations can negate the ability of the sprinkler systems to control
a fire in their warehouses, they are more likely to keep the fire department as well as corporate
management fully informed of current conditions.
2. Attention to insurance carrier recommendations.
3. Preparation of pre-incident information and planning.
(c) Study the fire loss record.
The availability of relevant warehouse case histories will allow busy corporate executives to
quickly become more aware of possible failures and the desired success stories. The effect of
various management procedures evident in these failures and successes can be studied and
compared, leading to more prudent choices in fire protection.
For whatever reason, withholding the details of a warehouse’s fire protection features, even
from the fire department, can be counterproductive. It is far more useful to consider the local fire
department and the insurer as allies.
(d) Build in complete protection with the future as well as the present in mind.
No business manager would design plumbing, HVAC, or electrical systems to be only
marginally acceptable. Too often, fire protection systems, which are not used every day, are not
given the same consideration and are subject to marginal or minimum design criteria.
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(e) Anticipate the effects of change.
One of the biggest hazards is change itself. A corporate executive might be satisfied that a
warehouse is built with fire protection in mind. However, if it is a dynamic facility, as will be the
case in a dynamic company, then change will be a fact of life, and changes could introduce
dangerous practices.
But hazardous change is usually a slow, creeping process, and corporate executives are rarely
informed of the changes.
(f) Consider the local fire department as an ally.
Owner/operators can heed the words of Factory Mutual’s Record in a 1984 article: “Working
with your local fire department to prefire plan your facility can ultimately make the difference in
the fire’s destructiveness.
“Prefire planning is a partnership between your local fire department and your company.
Through prefire planning inspections, a fire department gathers information on your building’s
layout, occupancy, protection systems and shutoffs. Should a fire ever occur at your facility, the
department then knows how to fight the fire quickly, efficiently and safely with the least amount
of dollar loss to your company.”
(g) Learn more about fire protection factors.
Among the topics with which the owner/operators can become more familiar are the fire
protection implications of:
1. Storage configurations. How does a change in storage quantity or arrangement affect the
fire risk?
2. Commodity classes. What types of storage present the greatest hazards, and how can the
danger be controlled?
3. Fire areas. How does the size of each open area of storage affect possible fire spread?
4. Fire walls. When is a fire wall inadequate for separating a fire area? What effect do the
openings have?
5. Building construction. What construction features contribute to early collapse when a fire
starts?
6. Material handling. What kind of practices are often associated with fire ignitions in
warehouses?
7. Manual fire fighting. Is the training adequate and realistic, and what is the limitation of
first-aid fire fighting?
8. Environmental impact. Will water runoff threaten to contaminate a public water supply,
forcing the fire department to withhold water and let the fire burn itself out?
9. Pre-incident information. Has all possible information been shared with those who also
want to avoid total destruction of a warehouse?
(h) Learn more about fire prevention.
Control of ignition sources can be more important than fire suppression. Other items to check
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are housekeeping, maintenance of electrical systems and lift trucks, and supervision of valves
and pumps.
(i) Support codes and standards through research.
Promote and actively participate in national research projects to investigate improved fire
protection technology that can be incorporated into codes and standards to help solve the
warehouse fire problem.
Keys to success: Insurance industry.
(a) Share the available technical information.
Insurance carriers can serve as an important technical resource. They have a vast wealth of
knowledge and experience that can be useful to the local fire department as well as warehouse
management.
The experience comes from long exposure to the lessons from warehouse fire protection
success stories as well as failures.
The knowledge comes from exposure to the details of a particular warehouse, coupled with the
technical expertise to evaluate the condition of the warehouse.
(b) Work to educate the warehouse owners and managers about the benefits of mutual trust and
sharing information with the local fire department.
Confidentiality remains an issue, however, and the insurance carrier cannot share information
without permission from the owner/operator. However, the insurance carrier can work to educate
the owner/operator about the benefits of open communication. Then the insurance carrier can
provide useful information to help the owner/operators in their communications with the fire
department. Also, insurance carriers have the ability to conduct specialized warehousing storage
seminars.
(c) Continue to support research on warehouse fire protection.
The insurance industry has been a leader in state-of-the-art fire research testing programs
dating back to the 1950s. This research is a valuable resource to the fire service and warehouse
owner/operators. Many of the test programs are a joint effort with the corporations that
manufacture or warehouse the commodity being examined.
(d) Continue to provide leadership in codes and standards development addressing warehouse
and other fire problems.
The insurance industry has had active involvement with the National Fire Protection
Association since its formation in 1896. Insurance industry representatives bring to the various
code and standard committees a balance of knowledge and a broad exposure to loss experience.
The codes and standards guide the warehouse owner/operator both in preventing losses and in
protection of facilities, as well as provide support to the fire service in mitigating the fire
emergency.
For more information.
Organizations
National Fire Protection Association
1 Batterymarch Park, P.O. Box 9101
Quincy, MA 02269-9101
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National Fire Protection Research Foundation
1 Batterymarch Park, P.O. Box 9101
Quincy, MA 02269-9101
Industrial Risk Insurers
85 Woodland Street
Hartford, CT 06102
Factory Mutual Research Corp.
1151 Boston-Providence Turnpike
Norwood, MA 02062
Kemper Group
Long Grove, IL 60049
Publications
Fire Protection Handbook
National Fire Protection Association
NFPA Journal
National Fire Protection Association
The Sentinel
Industrial Risk Insurers
Record
Factory Mutual Research Corp.
Report
Kemper Group
Task Force Representatives.
National Fire Protection Association
Anthony R. O’Neill
Vice President,
Operations
Lee Irving
Executive Assistant
Joseph M. Redden
Assistant Vice President,
External Affairs
Robert J. Vondrasek
Assistant Vice President,
Engineering
Martin Henry
Director,
Public Fire Protection Division
HPR Insurance Industry
James Lambert
Vice President—Loss Prevention
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Industrial Risk Insurers
Hartford, CT
Stanley J. Couvillon
Assistant Vice President
Industrial Risk Insurers
Hartford, CT
George M. Hidzick
HPR Engineering Officer
Kemper Group
Long Grove, IL
Frederick L. Deacon
Vice President
Kemper Group
Long Grove, IL
Paul M. Fitzgerald
Vice President and Chief Operating Officer
Factory Mutual Research Corp.
Norwood, MA
Warehouse Owner/Operators
Donald Crowley
Manager, Loss Prevention
Digital Equipment Corp.
Acton, MA
Hugo W. Plaag
Director of Risk Management
Giant Food Inc.
Washington, DC
John T. Quinn
Manager, Property Insurance and Loss Prevention
Rohm & Haas Co.
Philadelphia, PA
David C. Tabar, CSP
Corporate Director of Safety
Sherwin-Williams Co.
Cleveland, OH
Fire Departments
Louis T. Galante
Fire Commissioner
Chicago Fire Department
Edward J. Prendergast, P.E.
Fire Prevention Engineer
Chicago Fire Department
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Donald Manning
Fire Chief
Los Angeles City Fire Department
Craig G. Drummon
Fire Marshal
Los Angeles City Fire Department
Glenn E. Alexander
Director and Chief
Dayton Fire Department, OH
Edward P. Plaugher
Deputy Fire Chief
Fire Prevention Division
Fairfax County Fire and Rescue Department, VA
Jack K. McElfish
Fire Chief
Wallingford Fire Department, CT
How this report began:
Soon after the word went out in late May, 1987, about yet another multi-million-dollar fire loss
in a sprinklered warehouse—this time an automobile paint warehouse in Ohio—concerned
leaders of the HPR (highly protected risk) insurance industry became more determined than ever
to do something about the growing fire loss record in warehouses.
Early reports indicated that the fire department did not attack the fire from the inside with its
massive hose streams. Why? First, the building was already lost to the rapidly spreading blaze
before the fire department arrived, in spite of automatic alarm and quick response systems. Also,
the warehouse property was built on top of the regional aquifer, which produces 20 percent of
the water supply for 400,000 customers. Run-off from the burning petroleum-based storage
could cause widespread contamination.
Through the auspices of the National Fire Protection Association, representatives from the fire
services and the insurance industry agreed that a forum was needed to discuss this problem and
develop possible new approaches through cooperative efforts to reduce the probability of similar
fires. The first meeting took place at NFPA headquarters on July 16, 1987. Another meeting
followed on September 24, 1987, to include representation of warehouse owner/operators. The
special ad hoc task force decided to publish a “white paper” that would serve to increase the
awareness of a wider group of interested persons.
Appendix C Sample Company Emergency Procedures
(courtesy of Xerox Corporation, Webster Research Center)

This Appendix is not a part of the recommendations of this NFPA document, but is included for
information purposes only.
Overview and Policy
Evacuation drills are conducted to determine if the occupants respond correctly to emergency
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situations. Drill activities require notification of certain people and organizations so that those
people or organizations can take action to avoid or reduce disruption of normal work activities.
Webster Research Center (WRC) Evacuation Drill Policy
All drills within WRC are planned events coordinated with the appropriate facilities and
emergency response personnel. Drills can be unannounced to the occupants, provided there has
been recent training in the procedure. Notification of the occupants prior to the drill is the
decision of the laboratory or operations manager. A drill is never unannounced to the potential
responders.
Purpose
The purpose of this document is to establish procedures for conducting drills and ensuring that
all the required notifications are made prior to the drill.
Scope
All WRC facilities at the Webster campus. The East Rochester Model Shop is not included as
part of this drill procedure since the potential responders are from outside agencies.
Objective
To ensure that:
(a) All personnel in WRC and adjacent non-WRC operations know the procedures to follow in
drills.
(b) All potential responders are notified when a drill is being planned.
(c) The responders’ input is incorporated into the execution of the drill.
Drills are initiated, planned, and coordinated by the facilities manager and safety
administrator. The facilities manager and safety administrator ensure that the WRC evacuation
drill procedure and policy is followed. All employees are required to respond in the appropriate
manner during a drill.
Procedures
I. Evacuation drill procedure—all personnel
A. When the evacuation alarm sounds or a message is broadcast to leave the facility:
1. Leave by the nearest exit. Do not use elevators.
2. Do not remain at any building entrance or dock area. Proceed immediately to a
prearranged area, and assemble with your group or section. Assembly areas are to be located at
least 100 ft from the building to allow access to emergency personnel and vehicles.
3. Conduct a personnel tally to determine if everyone has evacuated the building.
4. Remain upwind of any possible emission by looking at the wind sock or following the
direction of the incident commander.
5. Do not re-enter the facility until given permission by the fire marshal, security, or
designee.
6. Your input is necessary to determine if the alarms were heard, etc. Complete the
questionnaire given to you and return in a timely manner. A sample questionnaire is shown in
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Attachment 1.
II. Planning the drill—facility and safety administrators
A. Drills should be conducted yearly for each facility. A drill requires the coordination of
several organizations to ensure success. Planning should begin approximately 6 weeks prior to
the scheduled date. The following responsible individuals or organizations should be notified in
advanced of a planned drill:
Fire marshal
Head of security
WRC facilities and operations staff
Laboratory managers
Non-WRC facilities and operations staff in areas adjacent to affected area
Chief technician of emergency medical services (ambulance)
Operations safety
Safety manager of adjacent non-WRC operations
Medical department
Photographic services
Attachment 2 contains a list of personnel currently holding these positions. It is important to
notify laboratory managers, etc., so that crucial operations or experiments will not be disrupted
on the day of the drill.
B. If a drill has not been conducted on a regular basis, employees should be informed of the
drill procedure and the location of the emergency exits. A procedure should be sent to each
employee, if possible, by mail or through Ethernet. A sample is listed in Attachment 3.
C. Provisions should be made within each laboratory or organization to assist handicapped
personnel. Hearing-impaired people may not hear the alarm; visually impaired personnel may
need assistance leaving the building, and those with physical impairments may need transport
assistance. Three coworkers are to be designated as assistants to each physically impaired
worker.
D. Unannounced drills for the occupants are permissible with the approval of the facilities,
laboratory, and operations managers. Managers are included in the preparation and should know
when the drill will take place.
III. Execution of the drill. The following timetable is used as a basic guideline for the drill
planning and execution:
Six weeks prior: Supply phone or written notification to the personnel on the list that it is your
intention to have an evacuation drill for Bldg. ______ on ______ (Month/Date/Year) at
______ AM/PM. Request their input or comments ahead of time. A meeting may be
necessary if hazardous materials or compressed gases are present at the designated drill
site.
Four weeks prior: Distribute copies of the evacuation procedure to managers to cascade to their
employees. Send written notification to Attachment 2 personnel about the drill,
including anticipated date and time.
Two days prior: Phone personnel on list to confirm date. Finalize plans with the Fire Marshal
and Facilities as to the exact timetable the drill will follow.
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Drill day: Fire Marshal arrives to pull the alarm. Inform Security immediately before any alarm
is pulled that a drill is commencing. After the alarm is pulled, observe the time taken for
the occupants leave the building. Conduct a sweep with the Fire Marshal and designated
safety monitors to determine if anyone remained inside. Occupants may re-enter with
the approval of the Fire Marshal or Safety. Pass out survey forms to all participants.
One week post: Tally survey forms, and act on the information provided. Necessary corrections
might include work orders to fix alarms that did not sound or PA speakers that could not
be heard.
Attachment 1 Fire Drill Questionnaire
Building __________
Name (Optional): _______________________________________________
1. My location in the facility when the alarm sounded:
_______________________________________________________________
2. The alarm was heard:
____ loudly and clearly
____ clearly, but not loudly
____ barely
____ not at all
3. Did you have any obstacles, problems, or delays in leaving the building? ___ Yes ___ No
4. If you answered “Yes” to No. 3, please describe:
_____________________________________________________________________________
_____________________________________________________________________________
___________________________________
5. List your suggestions on how to improve the next drill.
Fold this form in half, staple, and return to Mary Debiane, 128-55E.
Attachment 2 Call List for Pre-Drill Notification
Organization
Facilities

Operations/Lab Managers

Name, Extension,
or Means of Contact

Position
WRC Facilities Manager

Robert Lechmere (MGR)

82414

Roy River (114)

84277

Ed Hibber (128)

84158

John Realy (201)

89763

Non-WRC Facilities

Bldg. 201

Manager

John Dilkens

87457

Jim Hiddins

84480

WRC Lab Managers

Listed on current organization chart

Non-WRC Operations

Bldg. 201
Jeff Foster (Area Mgr.)
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87540

Rose Dooley (Ops. Mgr.)

88629

John McCamat (Ops. Mgr.)

89079

Fire Protection

Fire Marshall

Page through security or
Rick Blume

83545

Security

Head of Security

Diane File

82124

Medical

Webster Site Medical Services

Eileen Stander

89258

Chief Tech of

Detaro Tomaso

Emergency Services

Page through Security

82122

Operations Safety

Wiley Lockness

89988

or Dave Garp

85135

Dave Garp

85135

Mary Debiane

81255

Environmental Health and Safety

Supplies Safety - if drill
is conducted for Bldg.
201 and Bldg. 114
Administrator WRC Safety

Photographic Services
81885

Manager of Photographic Services
(if documentation of the drill is
desired)

Attachment 3 Sample Drill Instructions Fire Drill/Evacuation Instructions
There will be an (un)/announced fire drill in bldg. ____ in ____ (name month). When the alarm
sounds, everyone is to leave the area immediately through the nearest emergency exit.
The following items may help you prepare for the drill:
1. Learn the location of the emergency exit nearest you.
2. Remove any obstructions to the emergency exits and aisles leading to them.
3. Designate an escort for visually, hearing, or physically impaired people in your group.
Practice an evacuation with the escort/partner team.
4. Visitors to the building must also participate in the drill.
5. Assemble in a location designated by your manager. This area must be at least 100 feet from
the building and away from doors, docks, and roads.
6. There will be a questionnaire distributed following the drill. Please complete it and return it
to:
Mary Debiane, 128-55E
WRC Safety, X81255
Your cooperation is requested to make this drill a success.
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Appendix D Suggested Reading
This Appendix is not a part of the recommendations of this NFPA document, but is included for
information purposes only.
D-1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 13, Standard for the Installation of Sprinkler Systems, 1991 edition.
NFPA 13E, Recommendations for Fire Department Operations in Properties Protected by
Sprinkler and Standpipe Systems, 1989 edition.
NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 1993 edition.
NFPA 30, Flammable and Combustible Liquids Code, 1993 edition.
NFPA 30B, Code for the Manufacture and Storage of Aerosol Products, 1990 edition.
NFPA 170, Standard for Firesafety Symbols, 1991 edition.
NFPA 231, Standard for General Storage, 1990 edition.
NFPA 231C, Standard for Rack Storage of Materials, 1991 edition.
NFPA 231D, Standard for Storage of Rubber Tires, 1989 edition.
NFPA 231E, Recommended Practice for the Storage of Baled Cotton, 1989 edition.
NFPA 231F, Standard for the Storage of Roll Paper, 1987 edition.
Before the Fire - Fire Prevention Strategies for Storage Occupancies, 1988.
Industrial Fire Hazards Handbook, 3rd edition, 1990.
Fire Protection Handbook, 17th edition, 1991.
D-2 Other Publications.
“Selections from the U.S. Fire Problem Overview Report Through 1989 - Leading Causes and
Other Patterns and Trends: Storage Facilities Excluding Dwelling Garages,” Mar. 1991.
“Large Loss Fires in the United States During 1990,” Fire Journal, Nov./Dec. 1991.
“Large Loss Fires in the United States During 1989,” Fire Journal, Nov./Dec. 1990.
“Large Loss Fires in the United States During 1988,” Fire Journal, Nov./Dec. 1989.
“Large Loss Fires in the United States During 1987,” Fire Journal, Nov./Dec. 1988.
“Sherwin Williams Warehouse Fire,” Fire Journal, Mar./Apr. 1988.
“Large Loss Fires in the United States During 1986,” Fire Journal, Nov./Dec. 1987.
“Large Loss Fires in the United States During 1985,” Fire Journal, Nov./Dec. 1986.
Factory Mutual Loss Prevention Data Sheet # 7-29, “Flammable Liquids in Drums and Small
Containers,” 1989.
Factory Mutual Loss Prevention Data Sheet # 7-29S, “Storage of Aerosol Products,” 1983.
Factory Mutual Loss Prevention Data Sheet # 8-3, “Tire Storage,” 1977.
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Factory Mutual Loss Prevention Data Sheet # 8-9, “Plastics Storage,” 1981.
Factory Mutual Loss Prevention Data Sheet # 8-21, “Roll Paper Storage,” 1981.
Factory Mutual Loss Prevention Data Sheet # 8-25, “Indoor General Storage,” 1981.
Factory Mutual Loss Prevention Data Sheet # 8-33, “Rack Storage of Materials,” 1984.
Fire Engineering, “Central Storage Warehouse Fire; Madison Wisconsin”; Edwin Ruckriegel;
Dec., 1991.
Firehouse, “On the Job - Garland, Texas,” John R. Billingham, May 1988.
ISFSI “Industrial Fire Control Concepts,” 1988.
ISFSI “Pre-Emergency Planning,” Bill Jenaway.
IFSTA, “Emergency Operations in High Rack Storage,” 1981.
Appendix E Blank Forms
This Appendix is not a part of the recommendations of this NFPA document, but is included for
information purposes only.
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Figure E-1 Pre-Incident Data Gathering Form.

Figure E-1 (cont.)

Copyright 1996 NFPA

Figure E-2 Pre-Incident Plan for Warehouses.
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1997 Edition
This edition of NFPA 1451, Standard for a Fire Service Vehicle Operations Training
Program, was prepared by the Technical Committee on Fire Service Training and acted on by
the National Fire Protection Association, Inc., at its Fall Meeting held November 18-20, 1996, in
Nashville, TN. It was issued by the Standards Council on January 17, 1997, with an effective
date of February 7, 1997, and supersedes all previous editions.
This edition of NFPA 1451 was approved as an American National Standard on February 7,
1997.
Origin and Development of NFPA 1451
In response to a request by the National Transportation Safety Board (NTSB) in 1991, the
Technical Committee on Fire Service Training started work on a new standard for a training
program for fire service vehicle operations. The NTSB specifically requested NFPA to "...
emphasize that the safe arrival of the apparatus at the scene of the emergency is the first
priority."
The committee also wanted to produce an NFPA standard to meet the intent of NFPA 1500,
4-2.1, "Fire department vehicles shall be operated only by members who have successfully
completed an approved driver training program ...." The NFPA Journal in its article, "1995 Fire
Fighter Fatalities," reported that "...23.9 percent of those who died last year, died in motor
vehicle accidents."
The committee's intent was to create a document outlining a training program that produces
drivers who are able to prevent vehicle accidents.
Technical Committee on Fire Service Training
John W. Hoglund, Chair
University of Maryland, MD [E]
William E. Peterson, Vice Chair
Plano Fire Dept., TX [E]
Rep. Fire Marshals Association of North America
Roger W. Bassett, R. W. Bassett & Assoc., IL [SE]
Edward W. Bent, Sacramento, CA [SE]
Michael L. Calhoun, North Carolina Dept. of Insurance, NC [E]
Ronald L. Callahan, Indianapolis Fire Dept., IN [SE]
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Gene P. Carlson, Oklahoma State University, OK [M]
Rep. Int'l Fire Service Training Assn.
W. Rolland Connelly, Burlington, NJ [SE]
Jack L. Cottet, Utica Nat'l Insurance Co., NY [I]
Nicholas J. Cricenti, SFC Engineering Partnership, NH [SE]
Robert F. Debrody, Symtron Systems, NJ [M]
Vincent K. Elmore, Palm Beach Fire Dept., FL [E]
David C. Grupp, Kemper Nat'l Insurance Cos., IL [I]
P. Gerald Haag, Syntex (USA) Inc., CA [SE]
T. Randy Hess, Glatfelter Insurance Group (VFIS), PA [I]
James G. Kellam, Virginia Beach Fire Dept., VA [U]
Rep. The Alliance for Fire and Emergency Mgmt.
Robert A. Lincoln, Nassau County Fire Service Academy, NY [U]
John B. Lockwood, Bowie, MD [SE]
John M. Loverin, Lawrence Livermore Nat'l Laboratory, CA [RT]
George E. Luther, Connecticut State Fire Admin., CT [E]
Charles L. Page, Texas A & M University System, TX [U]
Thomas C. Quillin, Tallahassee Fire Dept., FL [U]
James B. Straseske, Illinois Fire Service Inst., IL [U]
Phil Welch, Gaston College, NC [U]
James E. Wilson, Boardman Fire Dept., OH [E]
Alternates
Robert F. Burger, Emergency Response Mgmt. Systems, NM [SE]
(Alt. to E. W. Bent)
Carl Goodson, Fire Protection Publications, OK [M]
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(Alt. to G. P. Carlson)
Kent W. Koelz, Palm Beach Fire/Rescue, FL [E]
(Alt. to V. K. Elmore)
Todd W. Thompson, Glatfelter Insurance Group (VFIS), PA [I]
(Alt. to T. R. Hess)
Steven J. Williamson, Symtron Systems, NJ [M]
(Alt. to R. F. Debrody)
L. Charles Smeby, Jr., NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred. A key to classifications is
found at the front of the book.
NOTE: Membership on a committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on all fire
service training techniques, operations, and procedures to develop maximum efficiency and proper
utilization of available personnel. Such activities may include training guides for fire prevention,
fire suppression, and other missions for which the fire service has responsibility.

NFPA 1451
Standard for a
Fire Service Vehicle Operations Training Program
1997 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates that explanatory
material on the paragraph can be found in Appendix A.
Information on referenced publications can be found in Chapter 9 and Appendix B.

Chapter 1 Introduction
1-1 Scope.
1-1.1
This standard contains the minimum requirements for a fire service vehicle operations training
program.
1-1.2
This standard outlines the development of a written training program including the
organizational procedures for training, vehicle maintenance, and identifying equipment
deficiencies and for design, financing, and other areas. The knowledge and skills required of
safety, training, maintenance, and administrative officers charged with developing and
implementing the operations training program are also outlined within this standard.
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1-1.3
These requirements shall apply to organizations providing fire suppression, fire and rescue
training, and other emergency services, including public and private fire departments and
emergency medical services.
1-1.4
This document shall not apply to aircraft or watercraft.
1-2 Purpose.
1-2.1
The purpose of this standard shall be to specify the minimum requirements for a fire service
vehicle operations training program, including safety procedures for those members that drive or
occupy fire service vehicles.
1-2.2*
The achievement of the objectives of this performance standard is intended to help prevent
accidents, injuries, and fatalities involving fire service vehicles. Compliance with this standard
can also help to reduce the cost of replacement, repairs, and out-of-service time of vehicles.
1-2.3
Nothing herein is intended to restrict any jurisdiction from exceeding any of the minimum
requirements of this standard.
1-3 Definitions.
Aerial Apparatus. A fire apparatus with a permanently mounted, power-operated elevating
device, including aerial ladders, aerial ladder platforms, telescoping aerial platforms, articulating
aerial platforms, as well as elevating water delivery systems.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Fire Apparatus. A fire department emergency vehicle used for rescue, fire suppression, or
other specialized function.
Fire Apparatus Driver/Operator. A fire department member who is authorized by the authority
having jurisdiction to drive, operate, or both drive and operate fire department vehicles.
Fire Department. An organization providing rescue, fire suppression, and related activities.
The term "fire department" shall include any public, governmental, private, or industrial
organization engaging in such activities.
Fire Service Vehicle. Any vehicle operated by a fire department.
Hazard. The potential for harm or damage to people, property, or the environment. Hazards
include the characteristics of facilities, equipment systems, property, hardware, or other objects
and the actions and inactions of people who create such hazards.
Instructor. An individual deemed qualified by the authority having jurisdiction to deliver
Copyright 1996 NFPA

training in the operation of fire apparatus used in that jurisdiction.
Member. A person involved in performing the duties and responsibilities of a fire department
under the auspices of that organization. A fire department member can be a full-time or part-time
employee or a paid or unpaid volunteer, can occupy any position or rank within the fire
department, and might or might not engage in emergency operations.
Member Assistance Program. A generic term used to describe the various methods used in the
fire department for the control of alcohol and other substance abuse, stress, and personal
problems that adversely affect member performance.
Qualified Person. A person who by possession of a recognized degree, certificate, professional
standing, or skill, and who by knowledge, training, and experience, has demonstrated the ability
to deal with problems associated with the subject matter, the work, or the project.
Risk. A measure of the probability and severity of adverse effects. These adverse effects result
from exposure to a hazard.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Chapter 2 General Rules and Administrative Considerations
2-1 General.
2-1.1
This standard shall apply to any fire service vehicle used by any member of the fire
department.
2-1.2
All fire service vehicles shall meet the minimum safety standards outlined in NFPA 11C,
Standard for Mobile Foam Apparatus, NFPA 414, Standard for Aircraft Rescue and Fire
Fighting Vehicles, and NFPA 1901, Standard for Automotive Fire Apparatus, for fire apparatus;
U.S. General Service Administration KKK-A-1822-D, "Star of Life Ambulance Specifications,"
for ambulance specifications; and DOT regulations as applicable on the date of construction.
2-1.3
It is the intent of this standard to meet all requirements of NFPA 1500, Standard on Fire
Department Occupational Safety and Health Program, regarding the training and education of
fire department drivers and the operation of fire department vehicles.
2-1.4
It is the intent of this standard to meet all of the applicable requirements of NFPA 1002,
Standard for Fire Department Vehicle Driver/Operator Professional Qualifications, and NFPA
1003, Standard for Airport Fire Fighter Professional Qualifications, regarding the training and
education of fire apparatus drivers/operators.
2-1.5*
The fire department apparatus driver/operator shall be subject to periodic medical evaluations,
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as required by NFPA 1500, Standard on Fire Department Occupational Safety and Health
Program, to determine whether the driver/operator is medically fit to perform the duties of an
operator of fire department vehicles.
2-1.6
The fire department shall institute a program of post-accident drug and alcohol testing for the
drivers of vehicles involved in accidents.
2-2 Operations Training Program.
2-2.1*
The fire department shall adopt an official written risk management plan dealing with fire
service vehicles.
2-2.2
The fire service vehicle risk management plan shall cover administration, facilities, training,
vehicle operations, protective clothing and equipment, operations at emergency incidents,
operations at nonemergency incidents, and other related activities.
2-2.3*
The risk management plan shall include at least the following components:
(a) Risk Identification. Potential problems
(b) Risk Evaluation. Likelihood of the occurrence of a given problem and severity of its
consequences
(c) Risk Control Techniques. Solutions for the elimination or mitigation of potential problems
and the implementation of the best solution
(d)* Risk Management Monitoring. Evaluation of the effectiveness of risk control techniques.
2-2.4
The fire department shall incorporate the provisions of this standard into the vehicle operations
training program.
2-2.5
The fire department shall evaluate the effectiveness of its vehicle operations training program
at least once every 3 years. An audit report of the findings shall be submitted to the fire chief and
to the members of the occupational safety and health committee.
2-2.6*
The operations training program shall address all types of fire service vehicles from a broad
perspective, including risk determination, design, training, maintenance, and recordkeeping.
2-3 Coordinated Administrative Policies.
2-3.1
The fire department shall establish and enforce rules, regulations, and standard operating
procedures to reach the objectives of this standard.
2-3.2*
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The fire department shall establish written policies for variations from standard operations.
2-3.3
The fire department shall establish written standard operating procedures for safely driving,
riding within, and operating fire department vehicles during an emergency response.
Such procedures for emergency response shall emphasize the safe arrival of fire department
vehicles and occupants at the emergency scene as the first priority.
2-3.4
The fire department shall establish written standard operating procedures for safely driving and
operating fire department vehicles during a nonemergency response.
2-3.5
Fire department members shall be trained to operate specific vehicles or classes of vehicles
before being authorized to drive or operate such vehicles. Members shall not be expected to or
permitted to drive or operate any vehicles for which they have not received training. Fire
department members shall be reauthorized annually for all vehicles they are expected to operate.
2-3.6*
The authority having jurisdiction shall ensure that all vehicle drivers/operators possess a valid
and appropriate vehicle operator's license as required by the particular state.
Chapter 3 Training and Education
3-1 General.
3-1.1
The fire department shall establish and maintain a driver training and education program with
the goal of preventing vehicular accidents, deaths, and injuries to members, employees, and the
public.
3-1.2
The fire department shall provide, to all fire department members, driver training and
education that are commensurate with the duties and functions members are expected to perform
in order to ensure that they are able to perform their assigned duties in a manner that does not
pose a hazard to themselves, other members, or the general public.
3-1.3
Members shall be provided with driver training and education appropriate for their duties and
responsibilities before being permitted to operate fire department vehicles or apparatus.
3-2 Training Frequency.
3-2.1
Driver training shall be provided for all members as often as necessary to meet the applicable
requirements of this chapter, but not less than twice each year.
3-2.2
Whenever changes in procedures or technology are introduced in the work environment,
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appropriate training and education shall be provided for all affected members.
3-2.3
Whenever new or unfamiliar vehicles are placed into service, appropriate training and
education shall be provided for all affected members. The training shall identify vehicle
limitations, manufacturers' operating recommendations, and any differences between new
vehicles and vehicles previously operated by the affected members.
3-3 Basic Training and Education Requirements.
3-3.1*
All fire department members shall be trained in, and shall exercise the applicable principles of,
defensive driving techniques under both emergency and nonemergency conditions.
3-3.2*
All fire department members who drive fire service vehicles shall meet the objectives
specified in Chapter 2 of NFPA 1002, Standard for Fire Department Vehicle Driver/Operator
Professional Qualifications.
3-3.3*
Fire apparatus driver/operators shall meet the requirements of the appropriate sections of
NFPA 1002, Standard for Fire Department Vehicle Driver/Operator Professional
Qualifications, Chapters 3 through 7, and NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program, Section 4-2, prior to being assigned as a fire apparatus
driver/operator.
3-3.4*
Fire apparatus driver/operators shall be familiar with the requirements of the 1992 Federal
Commercial Motor Vehicle Act, and its relevance to state requirements for obtaining a
commercial driver's license (CDL) and the requirements of the authority having jurisdiction.
3-3.5*
Fire department apparatus drivers/operators shall be trained to perform the routine tests,
inspections, and servicing functions specified in Section 8-2.
3-3.6
Following nonemergency procedures, fire department members who are authorized to respond
or proceed to the scene of emergencies for the purpose of official business shall be required to
complete a training class deemed appropriate by the authority having jurisdiction. This class
shall, at a minimum, state the department's procedures, limits, and applicable local, state, and
federal regulations regarding nonemergency response to incidents.
3-3.7*
The fire department driver training program shall include information on the potential hazards
of off-road driving and shall develop written standard operating procedures listing conditions
that justify driving on other than paved or hard surface roads.
3-3.8
Fire departments shall train operators for inclement weather driving conditions and the proper
handling of apparatus, particularly where auxiliary braking devices are to be used.
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3-3.9
Where applicable, the fire department driver training program shall include information on the
potential hazards of retarders, such as engines, transmissions, driveline retarders, and ABS
brakes, and shall develop written standard operating procedures pertaining to the use of such
devices.
3-3.10*
The training program shall include a review and critique of fire service vehicle accident
scenarios, both local and national, to serve as an objective learning experience.
3-4 Instructor Qualifications.
3-4.1*
The authority having jurisdiction shall be responsible for ensuring that only qualified persons
are assigned as instructors in the driver training program.
3-4.2*
Fire department training instructors shall, at a minimum, meet the qualifications for Instructor
I as specified in NFPA 1041, Standard for Fire Service Instructor Professional Qualifications.
3-4.3
Any driving instructor who loses their driver's license shall be reevaluated on their ability to
continue driver training classes successfully.
3-5 Training Program Safety.
3-5.1
The fire department safety officer shall monitor the driver training program to ensure the
enforcement of safe practices.
3-5.2
The fire department safety officer or designee shall review all driver training activities,
including the lesson plan and field training area, prior to the exercise.
3-5.3
The fire department safety officer or designee shall monitor the use of all safety equipment
during training exercises.
3-5.4
The fire department safety officer or designee shall notify the lead instructor of any situations
that could be unsafe.
3-5.5
The fire department safety officer or designee shall have the authority to stop operations
immediately where an event or condition poses an imminent threat of accident or injury.
3-5.6
All field exercises shall be conducted under the supervision of a qualified driving instructor
meeting the requirements set forth in Section 3-4.
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3-5.7*
The field exercise training area shall be designed for the maximum safety of all participating
personnel, apparatus, and bystanders.
3-5.7.1 Safety procedures shall be established to address the following:
(a) The segregation of apparatus on the training course during multiple vehicle use
(b) Safe backing practices and standard hand signals
(c) The proper control of personnel and apparatus in the driver training area
(d) The proper number of supervisory personnel present during training and testing activities
(e) Pre-trip safety inspections prior to moving vehicles
3-5.7.2 Vehicles not participating in the training session shall be restricted from the training area.
3-5.7.3 All field exercises shall be conducted in an area that is secure. Only those personnel
involved in the exercise shall be permitted in the field exercise area. All other participants and
observers shall be restricted to a designated safe area.
3-6* Training Records.
Individual driver training records that indicate dates, subjects covered, satisfactory completion,
and any certificates achieved shall be maintained.
Chapter 4 Laws and Liabilities
4-1 General.
4-1.1*
Fire department vehicle drivers/operators shall have a thorough knowledge of applicable
federal, state, provincial, and local regulations governing the operation of fire service vehicles.
4-1.2*
Fire department vehicle drivers/operators shall become familiar with all applicable DOT
regulations.
4-1.3*
While certain state, provincial, and local laws governing the response of emergency vehicles
shall be permitted to be waived, the fire department shall maintain a written policy informing all
fire department vehicle drivers/operators of the permitted limits.
4-1.4
Members who are under the influence of alcohol or drugs shall not drive or operate fire
department vehicles under any circumstances.
4-2 Financial Protection.
4-2.1*
The authority having jurisdiction shall have in place sufficient financial protection to ensure
against potential losses from accidents that can occur during training or actual operations, or
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both.
4-2.2
All fire service vehicle drivers/operators shall be informed in writing of the conditions and
limitations of their personal and civil liability and to what degree the authority having
jurisdiction extends protection for personal liability for accidents involving fire service vehicles.
4-3 Member Assistance Program.
A member assistance program shall be available to render assistance and treatment to all fire
department vehicle drivers/operators as required in NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program.
Chapter 5 Emergency Response
5-1 General.
5-1.1*
The authority having jurisdiction shall have written policies governing speed and the
limitations to be observed during inclement weather and various road and traffic conditions. At
no time should driving regulations be less restrictive than state motor vehicle laws.
5-1.2*
Drivers/operators of fire department vehicles shall bring the vehicle to a complete stop and
shall not proceed until it is confirmed that it is safe to do so for any of the following situations:
(a) Any "stop" signal (i.e., sign, light, or traffic officer)
(b) Blind intersections
(c) Intersections where all lanes of traffic cannot be seen by the operator
(d) Where encountering a stopped school bus with flashing warning lights
5-1.3*
Responding emergency vehicles shall stop at all unguarded railroad crossings to ensure that a
safe crossing can be made. The driver shall obey all railroad crossing signals even when
responding to emergencies. Fire apparatus shall not be driven around railroad crossing gates.
5-1.4*
The driver/operator shall maintain an operating space in front of the vehicle that is at least
equal to the minimum travel distance necessary to stop the vehicle without contacting another
object. Fire department vehicles and apparatus following each other in queue shall maintain an
adequate distance to avoid rear-end collisions.
5-1.5*
Overtaking and passing other vehicles during emergency response shall be accomplished with
extreme caution.
5-1.6
While enroute to move-ups or to fill an empty station, apparatus shall be operated in a
nonemergency mode, and the driver/operator shall obey all traffic laws.
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5-2 Emergency Response Routes.
5-2.1*
The authority having jurisdiction shall establish emergency response routes to minimize travel
times, optimize response safety, and minimize the chances of emergency vehicles meeting at
traffic intersections.
5-2.2
When a responding unit is forced to deviate from a prescribed emergency response route, the
operator shall communicate this information so other responding vehicles are aware of the
operator's new location and intended route of travel.
Chapter 6 Accident and Injury Prevention
6-1 General.
6-1.1
Unsafe conditions shall be corrected immediately by the identifying personnel or shall be
reported immediately to personnel with the capability and responsibility of correcting or
assessing the condition. The department shall have in place a procedure for implementing the
corrective action. Documentation shall be established to record the following:
(a) The date and time that the risk is discovered
(b) A brief description of the risk found
(c) Any action taken at the time the risk was discovered
(d) The date and time that the corrective action was taken
Copies of all risk-related correspondence and documentation shall be forwarded to the
department's safety officer.
6-1.2*
Whenever possible, fire service vehicles shall not be operated in reverse.
6-1.3
The fire department shall develop written standard operating procedures requiring
drivers/operators to discontinue the use of manual brake limiting valves, frequently labeled
"wet/dry road switch," and requiring that the valve/switch remain in the "dry road" position,
where provided on fire department vehicles.
6-1.4
Where members are operating at an emergency incident that places them in potential conflict
with motor vehicle traffic, they shall wear personal protective equipment as outlined in NFPA
1500, Standard on Fire Department Occupational Safety and Health Program, 6-4.7.
6-1.4.1 Fire department apparatus shall be utilized as a shield from oncoming traffic wherever
possible.
6-1.4.2 Where acting as a shield, fire department apparatus warning lights shall remain on, and
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fluorescent and retroreflective warning devices such as traffic cones, illuminated warning
devices such as highway flares, or other appropriate warning devices shall be used to warn
oncoming traffic of the emergency operations and the hazards to members operating at the
incident.
6-1.5*
Helmets and eye protection shall be provided for the use of members riding in cabs or tiller
seats that are not enclosed on at least three sides and at the top.
6-1.6
Hose loading procedures shall be specified in written standard operating procedures that
include at least these safety conditions. All members involved in the hose loading procedures
shall have been trained in these procedures. Hose loading operations shall be permitted to be
performed on moving fire apparatus only where all of the following conditions are met:
(a) There shall be a member, other than those members loading hose, assigned as a safety
observer. The safety observer shall have an unobstructed view of the hose loading operation and
shall be in visual and voice contact with the apparatus driver/operator.
(b) Non-fire department vehicular traffic shall be excluded from the area or shall be under the
control of authorized traffic control persons.
(c) The fire apparatus shall be driven only in a forward direction at a speed of 5 mph (8 kph) or
less.
(d) No member shall be allowed to stand on the tailstep, sidesteps, running boards, or any
other location on the apparatus while the apparatus is in motion.
(e) Members shall be permitted to be in the hose bed but shall not be permitted to stand while
the apparatus is in motion.
(f) Prior to the beginning of each hose loading operation, the situation shall be evaluated to
ensure compliance with all provisions of the standard operating procedure. Where compliance
with the standard operating procedure is not possible, or where there is any question as to the
safety of the operation for the specific situation, the hose shall not be loaded onto the moving fire
apparatus.
6-1.7*
Hearing protection shall be utilized wherever noise levels exceed those specified in NFPA
1500, Standard on Fire Department Occupational Safety and Health Program.
6-2 Fire Service Vehicle Drivers/Operators' Responsibility.
6-2.1
Fire service vehicles shall be operated only by members who have successfully completed an
approved driver training program or by student drivers who are under the direct supervision of a
qualified driver.
6-2.2*
Drivers/operators of fire service vehicles shall be directly responsible for the safe and prudent
operation of the vehicle under all conditions. Where the driver/operator is under the direct
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supervision of an officer, that officer shall assume responsibility for the actions of the
driver/operator.
6-2.3
During nonemergency travel, drivers/operators of fire service vehicles shall obey all traffic
control signals and signs and all the laws and rules of the road in the jurisdiction for the
operation of motor vehicles.
6-2.4*
During nonemergency travel, emergency warning lights shall not be used.
6-2.5*
All fire service vehicle drivers/operators shall adhere to fire department rules, regulations,
orders, and standard operating procedures appropriate to the authority having jurisdiction, even
where operating in a jurisdiction other than their own.
6-2.6
Drivers/operators shall not move fire department vehicles until all persons on the vehicle are
seated and secured with seat belts in approved riding positions, other than as specifically allowed
in 6-3.3.
6-3 Responsibility of Persons Riding in or on Fire Service Vehicles.
6-3.1*
All persons riding in or on fire department vehicles or apparatus shall be seated in approved
riding positions and shall be secured to the vehicle by seat belts whenever the vehicle is in
motion. Riding on tail steps, sidesteps, running boards, or in any other exposed position shall be
specifically prohibited. Standing while the vehicle is in motion shall be specifically prohibited.
6-3.2*
The number of members riding on a piece of apparatus shall be limited by the number of seats
and seat belts that are provided in approved locations.
6-3.3*
Members actively performing necessary emergency medical care while the vehicle is in
motion shall be secured to the vehicle by a seat belt, or by a safety harness designed for occupant
restraint, to the extent consistent with the efficient provision of such emergency medical care.
All other persons in the vehicle shall be seated and belted in approved riding positions while the
vehicle is in motion.
6-3.4
Members riding in fire department vehicles shall remain seated and secured until the vehicle
comes to a complete stop.
6-3.5
While in motion, the donning or doffing of equipment and personal protective clothing that
requires removal of any safety restraining belt or other device shall be prohibited.
Chapter 7 Accidents and Accident Review
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7-1 General.
7-1.1
The authority having jurisdiction shall be responsible for developing and implementing an
accident investigation procedure.
7-1.2*
All accidents, injuries, fatalities, and violations of rules, regulations, laws, and orders
involving fire service vehicles shall be investigated, the root causes shall be determined, and full
documentation shall be provided.
7-1.3
The authority having jurisdiction shall take whatever appropriate corrective action is
necessary to avoid repetitive occurrences of incidents identified in 7-1.2.
7-1.4*
The training program shall include a review and critique of accident scenarios, both local and
national, to serve as an objective learning experience.
7-2 Accident and Injury Reports and Records.
7-2.1
The authority having jurisdiction shall establish a data collection system and shall maintain
permanent records of all on-duty accidents and injuries involving fire service vehicles in
accordance with NFPA 1500, Standard on Fire Department Occupational Safety and Health
Program. The safety officer shall manage the collection and analysis of this information as
specified in NFPA 1521, Standard for Fire Department Safety Officer.
7-2.2*
The data collection system also shall maintain individual employee records of all on-duty
accidents and injuries involving motor vehicles, service vehicles, and fire apparatus. Such
records shall include, but shall not be limited to:
(a) On-duty motor vehicle accident history
(b) Preventable vs. nonpreventable accidents
(c) Remedial training recommended/received as a result of previous accidents
(d) Safety/accident review committee recommendations
(e) All investigative/review committee reports of accidents
(f) Transcripts of state driver's license records
7-2.3
Reports shall be issued to the fire chief on a recurring basis to summarize the status,
disposition, and subsequent corrective actions relative to on-duty accidents and injuries
involving fire department owned or leased vehicles, fire apparatus or heavy equipment, and
personal vehicles that are used to transport members.
7-2.4
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Records shall be maintained on all accident and injury prevention recommendations made and
actions taken to correct unsafe conditions or practices involving the usage or operation of fire
department vehicles or apparatus as specified in NFPA 1521, Standard for Fire Department
Safety Officer.
Chapter 8 Vehicle and Apparatus Care
8-1 Fire Department and Aircraft Rescue/Fire-Fighting Vehicles and Apparatus.
8-1.1
The fire department shall consider the safety and health of vehicle occupants as primary
concerns in the specification, design, construction, acquisition, operation, maintenance,
inspection, and repair of all fire department vehicles.
8-1.2
All new fire apparatus shall be specified and ordered in accordance with the appropriate fire
apparatus standards specified in Section 2-1.
8-1.3
Where tools, equipment, or SCBA are stored within enclosed seating areas of fire department
vehicles, such items shall be secured by either a positive mechanical means that holds the item in
its stowed position or in a compartment with a positive latching door. The means of holding the
item in place or the compartment shall be designed to minimize injury, during travel, to persons
in the enclosed area of the vehicle resulting from loose equipment that moves in the event of an
accident, a rapid deceleration, or a rapid acceleration.
8-2 Inspection, Maintenance, and Repair of Vehicles.
8-2.1*
A member assigned by the authority having jurisdiction shall be responsible for the readiness
of the vehicle prior to operating the vehicle.
8-2.2*
To identify and correct unsafe conditions, fire service apparatus shall be inspected at least
weekly and within 24 hours after being used in emergency response. If repairs are required, the
apparatus shall be placed out of service until repairs are completed. The apparatus shall be
reinspected prior to being placed in emergency service.
8-2.3*
A preventive maintenance program shall be established, and records shall be maintained as
specified in Section 8-3. Maintenance, inspections, and repairs shall be performed by qualified
persons in accordance with the manufacturer's instructions. Operating and maintenance
instructions and manuals shall be provided and maintained for those performing routine tests,
inspections, and servicing functions.
8-2.4*
The authority having jurisdiction shall establish a procedure to remove unsafe vehicles from
service. This procedure shall include a list of defects considered unsafe by the authority having
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jurisdiction and the individual with the responsibility and authority to remove a unit from
service. Any fire service vehicle found to be unsafe shall be taken out of service until repaired.
8-2.5
All aerial devices shall be inspected and service tested in accordance with the applicable
requirements of NFPA 1914, Standard for Testing Fire Department Aerial Devices.
8-3 Vehicle Records.
A complete inspection, maintenance, and repair record of every vehicle used by the authority
having jurisdiction shall be maintained by a responsible person or persons. This record shall
include the date and description of all maintenance, repairs, and state, provincial, or local
inspections performed on the vehicle.
Chapter 9 Referenced Publications
9-1
The following documents or portions thereof are referenced within this standard as mandatory
requirements and shall be considered part of the requirements of this standard. The edition
indicated for each referenced mandatory document is the current edition as of the date of the
NFPA issuance of this standard. Some of these mandatory documents might also be referenced
in this standard for specific informational purposes and, therefore, are also listed in Appendix B.
9-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 11C, Standard for Mobile Foam Apparatus, 1995 edition.
NFPA 414, Standard for Aircraft Rescue and Fire Fighting Vehicles, 1995 edition.
NFPA 1002, Standard for Fire Department Vehicle Driver/Operator Professional
Qualifications, 1993 edition.
NFPA 1003, Standard for Airport Fire Fighter Professional Qualifications, 1994 edition.
NFPA 1041, Standard for Fire Service Instructor Professional Qualifications, 1996 edition.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1521, Standard for Fire Department Safety Officer, 1992 edition.
NFPA 1901, Standard for Automotive Fire Apparatus, 1996 edition.
NFPA 1914, Standard for Testing Fire Department Aerial Devices, 1991 edition.
9-1.2 Other Publications.
U.S. Government Publications.
U.S. Government Printing Office, Superintendent of Documents, Washington, DC 20402.
U.S. General Service Administration, KKK-A- 1822-D, "Star of Life Ambulance
Specifications," November 1994.
Title 49, Code of Federal Regulations, Part 383, 1992 Federal Commercial Motor Vehicle Act,
Federal Highway Administration, Commercial Driver's License Standards: Requirements and
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Penalties, revised June 22, 1990.
Appendix A Explanatory Material
This appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-2.2 Compliance can also reduce insurance premiums and civil liability and can enhance
public relations.
A-1-3 Approved. The National Fire Protection Association does not approve, inspect, or certify
any installations, procedures, equipment, or materials; nor does it approve or evaluate testing
laboratories. In determining the acceptability of installations, procedures, equipment, or
materials, the authority having jurisdiction may base acceptance on compliance with NFPA or
other appropriate standards. In the absence of such standards, said authority may require
evidence of proper installation, procedure, or use. The authority having jurisdiction may also
refer to the listings or labeling practices of an organization that is concerned with product
evaluations and is thus in a position to determine compliance with appropriate standards for the
current production of listed items.
A-1-3 Authority Having Jurisdiction. The phrase "authority having jurisdiction" is used in
NFPA documents in a broad manner, since jurisdictions and approval agencies vary, as do their
responsibilities. Where public safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or individual such as a fire chief; fire marshal;
chief of a fire prevention bureau, labor department, or health department; building official;
electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the
authority having jurisdiction. In many circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at government installations, the
commanding officer or departmental official may be the authority having jurisdiction.
A-2-1.5 Although the frequency of the medical evaluation is not specified, it is recommended
that the medical evaluation be made at least annually.
A-2-2.1 Section 2-2 of NFPA 1500, Standard on Fire Department Occupational Safety and
Health Program, requires that the fire department adopt an official written risk management plan
that addresses all fire department policies and procedures, including those pertaining to vehicle
operations.
A-2-2.3 Essentially, a risk management plan serves as documentation that risks have been
identified and evaluated and that a reasonable control plan has been implemented and followed.
The following are some factors to consider for each step of the process:
(a) Risk Identification. For every aspect of the operation of the fire department, a list of
potential problems should be compiled. The following are examples of sources of information
that can be useful in this process:
1. A list of risks to which the members are or can be exposed
2. Records of previous accidents, illnesses, and injuries, both locally and nationally
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3. Information from sources such as facility and apparatus surveys and inspections
(b) Risk Evaluation. Each item specified in the risk identification process should be evaluated
using the following two questions. These can help to set priorities in the control plan.
1. What is the potential frequency of occurrence?
2. What is the potential severity and expense of its occurrence?
Some sources of information that can be useful include the following:
a. Safety audits and inspection reports
b. Prior accident, illness, and injury statistics
c. Application of national data to the local circumstances
d. Professional judgment in evaluating risks unique to the jurisdiction
(c) Risk Control Techniques. Once risks are identified and evaluated, a control for each should
be implemented and documented. The two primary methods of controlling risk, in order of
preference, are as follows:
1. Wherever possible, the risk or the activity that presents the risk should be totally
eliminated or avoided. For example, if falling on the ice is the risk, members should not be
permitted outside when icy conditions are present.
2. Where it is not possible or practical to avoid or eliminate the risk, steps should be taken
to control it. For the example in A-2-2.3(c)1, some methods of control would include sand or salt
procedures and the use of proper footwear.
Other methods of control to consider are the following:
a. Safety program development, adoption, and enforcement
b. Standard operating procedures development, dissemination, and enforcement
c. Training
d. Inspections
(d) Risk Management Monitoring and Follow-Up. As with any program, it is important to
evaluate whether the plan is working. Periodic evaluations should be made and, if the program
elements are not working satisfactorily, modifications should be made.
A-2-2.3(d) For further information on this topic, see NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program, 2-2.3.
A-2-2.6 Departments with unique vehicles such as, but not limited to, the following should
ensure that all risks are reviewed:
(a) Amphibious
(b) Bulldozers
(c) Buses

(d) Cranes

(e) Graders

(f) Mobile water supply apparatus

(g) Off-road vehicles

(h) Tractors

(i) Tractor trailers

(j) Rescues

(k) Staff and command

(l) Utility vehicles
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A-2-3.2 These variations include, but are not limited to, responding in congested areas, driving
in adverse weather conditions, natural disasters, civil unrest or disorders, and other appropriate
conditions.
A-2-3.6 It is recommended that all fire departments encourage all vehicle drivers/operators to
obtain the appropriate CDL operator's license as required by the federal government for
commercial vehicle drivers.
A-3-3.1 Defensive driving means doing all that can be done to prevent an accident from
occurring. The defensive driver adjusts his or her driving to fit the weather conditions and the
actions of other drivers and pedestrians. Where a dangerous situation is identified, the defensive
driver takes preventive action. The defensive driver does not assume that the accident will be
prevented by another driver.
Driver trainees should think about what can happen when approaching a potentially dangerous
situation. For example, where children are playing by the side of the road, the defensive driver
should be prepared if a child runs into the street. A ball rolling onto the roadway is often
followed by a child.
It is important to see and be seen. Driver trainees should avoid driving in the blind spots of
other vehicles and should scan the sides and rear of the vehicle continually to prevent tunnel
vision.
The keys to defensive driving include the following:
(a) Aiming high in steering
(b) Getting the big picture
(c) Maintaining eye movement
(d) Leaving an "out"
(e) Making sure others see you
A-3-3.2 It is the committee's intent that this standard be applied to all fire service vehicles.
Drivers of vehicles not specifically addressed in Chapters 3 through 7 of NFPA 1002, Standard
for Fire Department Vehicle Driver/Operator Professional Qualifications (e.g., staff or
command vehicles, rescue or utility vehicles, buses) are expected to meet the requirements of
Chapter 2. Agencies operating unique or special vehicles (e.g., tractors, bulldozers, cranes,
graders) should develop job performance requirements and training programs for those vehicles.
A-3-3.3 It is not the committee's intent to restrict training opportunities for fire department
vehicle trainees under the provisions of this paragraph. It is, however, the committee's intent that
all driver/operators who have been approved by the authority having jurisdiction comply with
this requirement.
A-3-3.4 In 1986, the United States Congress passed the Commercial Motor Vehicle Safety Act.
This act requires that states adopt uniform minimum licensing and testing standards for drivers
of commercial vehicles. Although waivers have been granted for the operation of some
emergency vehicles equipped with audible and visual signals while operated by a member of a
volunteer or paid fire or rescue organization, the committee feels that those members should be
knowledgeable of their state requirements.
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A-3-3.5 Hazards associated with preventive maintenance procedures should be included in
training sessions. Some examples of these hazards include hydrogen gas explosions and sulfuric
acid burns from improperly testing or "jumping" batteries; flammability and toxicity of fumes
associated with fuels; and scalding from improperly opening radiators.
A-3-3.7 Drivers who could be required to drive or operate emergency response vehicles under
off-road driving conditions should be familiar with the dangers unique to these conditions.
A-3-3.10 A common training method used in the fire service is a critique of fire suppression
activities. Whenever a vehicular accident occurs, the incident should be investigated thoroughly
and critiqued to ensure that preventive measures are used in the future. Accident reports should
be used as training tools, and care should be taken not to embarrass those involved in the
accident.
A-3-4.1 While requirements and regulations can vary by jurisdiction, the following should be
considered when selecting an instructor:
(a) Possession of a valid license for the type and class of vehicle
(b) Approval of the official with overall responsibility for the authority having jurisdiction's
training program
(c) Prior demonstration of the ability to operate the type and class of vehicle properly and
safely
(d) Selection of a professional instructor employed by a private sector driver training program
(e) Law enforcement personnel
A-3-4.2 A particular training class or session can be conducted by an individual who has special
expertise or abilities in the subject area, whether or not the instructor is a member of the fire
department or a qualified fire service instructor.
A-3-5.7 Field testing should be conducted in an isolated area away from public vehicular or
pedestrian traffic.
The serpentine exercise can be used as practice for or in the evaluation of a driver's ability to
steer the apparatus in close clearances without stopping. The exercise should be conducted with
the apparatus moving first backward and then forward. The course or path of travel for this
exercise can be established by placing a minimum of three markers in a line, each spaced
between 30 ft and 38 ft (9 m and 12 m). The spacing of the markers should be based on the
wheel base of the vehicle used. Adequate space should be provided on each side of the markers
so the apparatus can move freely. The driver should drive the apparatus along the left side of the
markers in a straight line and stop just beyond the last marker. The driver then should back the
apparatus between the markers by passing to the left of marker No. 1, to the right of marker No.
2, and to the left of marker No. 3. At this point, the driver should stop the vehicle and then drive
forward between the markers by passing to the right of marker No. 3, to the left of marker No. 2,
and to the right of marker No. 1.
NOTE: For large vehicles, such as ARFF apparatus, this course might need to be modified.

A-3-6 See NFPA 1401, Recommended Practice for Fire Service Training Reports and Records,
for further information and guidance.
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A-4-1.1 Most motor vehicle laws and regulations are governed by the appropriate state or
province; however, there might be certain local ordinances regarding the operation of motor
vehicles with which the fire department driver should be familiar. Weight and height restrictions
on certain highways, local parking plazas, bridges, and overpasses should be observed.
A-4-1.2 In addition to state and local regulations on most vehicles, the U.S. Department of
Transportation establishes specifications and operating requirements by weight and application
for buses, trucks, and trailers.
A-4-1.3 These waivers pertain to restrictions such as responding and returning speed limits,
driving in adverse weather conditions, direction signs, and traffic signals.
A-4-2.1 The fire department should have, as a minimum, the following insurance protection:
(a) Worker's compensation/employer's liability coverage meeting the state's legal requirements
(b) Automobile liability coverage on all owned, nonowned, or hired vehicles covering both
injury and property damage
(c) Commercial liability coverage for both bodily injury and property damage caused by, or
arising out of, the department's operations
Such protection can be either through the purchase of traditional commercial insurance, a
self-funded program, or a combination of both.
A-5-1.1 Each jurisdiction or fire department could have its own rules governing the speed of
emergency vehicles when responding to emergencies. Some jurisdictions permit emergency
vehicles to exceed posted speed limits, while others limit emergency vehicles to the posted speed
limit. All drivers should have a thorough knowledge of the rules governing speed for emergency
vehicles in their own jurisdictions and the jurisdictions of their mutual aid partners.
A-5-1.2 Accidents at intersections can contribute to both civilian and fire department personnel
deaths and injuries while fire department vehicles are responding to or returning from an
emergency incident. Coming to a complete stop where there are any intersection hazards and
proceeding only when the driver can do so safely can reduce accidents and risk of injury or
death. It is recommended that intersection control devices be installed that allow emergency
vehicles to control traffic lights at intersections.
A-5-1.3 It is recommended that where railroad crossings are unguarded or where visibility is
limited for any reason, including geography or weather, the fire apparatus should come to a
complete stop before entering the crossing and should not proceed to cross until a crew member
on foot outside the vehicle has signaled that it is safe to cross.
Where the vehicle driver is responding alone or where, due to patient care, the crew member is
unable to assist, the vehicle driver should idle the engine; turn off all radios, fans, wipers, and
other noise-producing equipment in the cab; lower the windows; and listen for a train's horn
before entering a grade crossing.
A-5-1.4 Operating space is that area around the vehicle that enables the driver to stop or turn in
order to avoid another vehicle or object. The necessary following distance varies depending on
the type of pavement and whether the roadway is wet or dry; the speed of the vehicle; the
condition of the braking system; and the reaction time of the driver. Rear-end collisions often
occur because of inadequate operating space.
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Table A-5-1.4 provides recommended following distances based on vehicle speed, driver
reaction time, and vehicle weight.

Table A-5-1.4 Recommended Following Distances (ft)
Light Two-Axle Trucks
Speed
(mi/hr)

(ft/sec)

Driver
Reaction
Distance

Vehicle
Braking
Distance

Total
Stopping
Distance

10

15

11

7

18

15

22

17

17

34

20

29

22

30

52

25

37

28

46

74

30

44

33

67

100

35

51

39

92

131

40

59

44

125

169

45

66

50

165

215

50

73

55

225

280

55

81

61

275

336

60

88

66

360

426

Heavy Two-Axle Trucks
Speed
(mi/hr)

(ft/sec)

Driver
Reaction
Distance

Vehicle
Braking
Distance

Total
Stopping
Distance

10

15

11

10

21

15

22

17

22

39

20

29

22

40

62

25

37

28

64

92

30

44

33

92

125

35

51

39

125

164

40

59

44

165

209

45

66

50

210

260

50

73

55

255

310
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55

81

61

310

371

60

88

66

370

436

Three-Axle Trucks and Combinations
Speed
(mi/hr)

(ft/sec)

Driver
Reaction
Distance

Vehicle
Braking
Distance

Total
Stopping
Distance

10

15

11

13

24

15

22

17

29

46

20

29

22

50

72

25

37

28

80

108

30

44

33

115

148

35

51

39

160

199

40

59

44

205

249

45

66

50

260

310

50

73

55

320

375

55

81

61

390

451

60

88

66

465

531

This table was developed for educational rather than
legal or engineering purposes.

A-5-1.5 When it is necessary to pass other vehicles, the pass should be made to the left side of
the other vehicle. Passing on the right side of other vehicles should be avoided.
A-5-2.1 Emergency response routes enable all department personnel to know each other's travel
patterns to emergency incidents. Predetermined routes prevent responding vehicles from
unknowingly meeting at traffic intersections. It might be possible to route responding primary
and secondary units to the same emergency scene without their crossing each other's travel paths.
Emergency response routes that are the less congested routes to emergency scenes may be
permitted to be designated.
A-6-1.2 In general, when drivers position fire apparatus, the vehicles should be positioned so
that they are not required to back up. Where vehicles need to be backed up, at least one person
(spotter) should be positioned at the rear of the vehicle to assist the driver. In the event an
apparatus needs to be backed up without assistance, the driver should come to a complete stop,
secure the apparatus, and walk completely around the unit to identify any potential obstacles or
problems. All fire apparatus should be equipped with a backup alarm.
A-6-1.5 Helmets and eye protection (goggles, safety glasses, or face shields) should be worn by
all members riding in positions that do not provide for the protection of an enclosed cab.
Helmets are also recommended for members riding in enclosed areas where seats are not
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designed to provide head and neck protection in the event of a collision. Properly designed seats
with head and neck protection alleviate the need for helmets and, in some cases, helmets can
compromise the safety provided by the seats.
A-6-1.7 NFPA 1500, Standard on Fire Department Occupational Safety and Health Program,
requires that hearing protection be provided and used by all members riding on fire apparatus
where subjected to a noise level in excess of 90 dBA. In order to meet this requirement, it is the
responsibility of the fire department to conduct surveys and measure sound levels in each vehicle
under all operating conditions. Where necessary, the fire department shall install adequate
protective equipment to shield employees from overexposure.
A-6-2.2 The driver of any vehicle has a legal responsibility for its safe and prudent operation at
all times. While the driver is responsible for the operation of the vehicle, the officer is
responsible for the actions of the driver.
A-6-2.4 Emergency lights should be used only when responding to and operating at the scene of
an emergency. Their use at other times can be confusing to other motorists and can create apathy
by the public. The use of identification lights or nonemergency warning lights such as amber
flashers on the rear of apparatus can be appropriate, depending on the circumstances. This
standard is not intended to contradict the requirements of federal, state, or provincial laws or the
provisions of NFPA 1901, Standard for Automotive Fire Apparatus.
A-6-2.5 As is the case with most mutual aid arrangements, the rules governing that jurisdiction
designated for emergency operations and response shall be observed.
A-6-3.1 For more specific information concerning this section, the reader should refer to 4-3.1
and A-4-3.1 of NFPA 1500, Standard on Fire Department Occupational Safety and Health
Program.
A-6-3.2 Alternate means of transportation may be permitted to include, but should not be limited
to, other fire apparatus, automobiles, or vans.
A-6-3.3 There are some instances in which members need to provide emergency medical care
while the vehicle is in motion. In some situations, the provision of such care does not allow the
members to remain seated and secured to the vehicle. Such situations, while they occur
infrequently, might include performing chest compressions during CPR. If a vehicle accident
were to occur while an unsecured member was performing necessary medical care, there could
be substantial risk of injury to the member.
A-7-1.2 The responsibility for establishing and enforcing safety rules and regulations is that of
the management of the fire department. Enforcement implies that appropriate action, including
disciplinary measures, if necessary, is to be taken to ensure compliance. A standard approach to
enforcement should address both sanctions for violations and rewards for accomplishments.
A-7-1.4 A common training method used in the fire service is a critique of fire suppression
activities. Whenever a vehicular accident occurs, the incident should be investigated thoroughly
and critiqued to ensure that preventive measures are used in the future. Accident reports should
be used as training tools, and care should be taken not to embarrass those involved in the
accident.
A-7-2.2 As part of an accident prevention program, the fire department should maintain on a
permanent basis a copy of a state driver's license transcript for all fire department vehicle
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drivers/operators. These records should detail, at a minimum, a 3-year driving history that is
updated at least annually. These records should be reviewed by the safety officer for potential
safety and risk exposure as specified in 2-2.3 of NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program.
A-8-2.1 The fire department driver/operator is not expected to be a mechanic. However, he or
she is expected to perform routine maintenance such as replacing light bulbs, checking and
maintaining fluid levels and tire pressures, and keeping vehicles clean. Additional items that
should be checked include the following:
(a) Windshield and all windows are clean
(b) Driver's seat is adjusted properly
(c) Mirrors are adjusted properly
(d) Seat belts are easily accessed
(e) Lights and warning devices are in working order
(f) All compartments and vehicle doors are closed
A-8-2.2 The purpose of the requirements in 8-2.2 is to ensure that all vehicles are inspected on a
regular basis and checked for the proper operation of all safety features. This inspection should
include tires, brakes, warning lights and devices, headlights and clearance lights, windshield
wipers, mirrors, and seat belts. Apparatus should be started and the operations of pumps and
other equipment should be verified. Fluid levels should be checked regularly.
Where apparatus is in regular daily use, these checks should be performed daily. Apparatus
stored in unattended stations that might not be used for extended periods should be checked
weekly. Any time such a vehicle is used, it should be checked before being placed back in
service. The 24-hour reference provides for situations where a vehicle can be used within the
period preceding a scheduled inspection, although any deficiencies noted during use should be
corrected without delay.
A-8-2.3 Fire department vehicle drivers/operators should perform routine tests, inspections, and
servicing functions on the specified systems and components, according to manufacturer's
specifications, so that the safe operational status of the vehicle is verified. Areas to be checked
include the following:
(a) Batteries
(b) Braking system
(c) Coolant system
(d) Electrical system
(e) Fuel
(f) Hydraulic fluids
(g) Lubrication
(h) Oil
(i) Tires
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(j) Steering system
(k) Belts
(l) Tools, appliances, and equipment
The preventive maintenance program should further build on the above inspections with
monthly, semiannual, and annual servicing and testing. This should be done in accordance with
existing NFPA testing standards, manufacturer's recommendations, local experience, and
accepted good maintenance practices. The manufacturer's instructions should be considered as
minimum criteria for the maintenance, inspection, and repair of equipment.
A-8-2.4 The authority having jurisdiction should establish, in writing, the conditions in the
following vehicle equipment systems that require the vehicle to be placed out of service:
(a) Brakes
(b) Steering
(c) Emergency warning lights
(d) Audible warning devices
(e) Tire/wheels
(f) Fuel system
(g) Hydraulic system
(h) Air system
(i) Crankcase oil
(j) Running lights
(k) Electrical system
(l) Coolant system
(m) Drivetrain
(n) Suspension
Note: This list should not be considered all-inclusive. The authority having jurisdiction should review and
expand it as appropriate.

Appendix B Referenced Publications
B-1 The following documents or portions thereof are referenced within this standard for
informational purposes only and are thus not considered part of the requirements of this standard
unless also listed in Chapter 9. The edition indicated here for each reference is the current edition
as of the date of the NFPA issuance of this standard.
B-1.1 NFPA Publications. National Fire Protection Association, 1 Batterymarch Park, P.O. Box
9101, Quincy, MA 02269-9101.
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NFPA 1002, Standard for Fire Department Vehicle Driver/Operator Professional
Qualifications, 1993 edition.
NFPA 1401, Recommended Practice for Fire Service Training Reports and Records, 1996
edition.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1901, Standard for Automotive Fire Apparatus, 1996 edition.
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NOTICE: Information on referenced publications can be found in Chapter 7.

Chapter 1 Introduction
1-1 General.
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The intent and purpose of this document is to provide fire department training officers or other
fire service personnel with a guide for the establishment of a dwelling fire safety program for
their community.
1-1.1
In order to be effective and to adequately deal with local fire problems, the solution to a
particular fire safety problem should be developed locally. This document is intended to be a
basic guide to possible elements for inclusion in a locally developed program.
1-1.2
Since the majority of fire deaths occur in residential occupancies it is essential that fire safety
survey programs become an integral part of the total fire safety program in a community. This
document may be applied to both rural and urban communities. Principles contained in this
document may be applied to single-family dwellings as well as multifamily dwellings such as
apartments, tenements, condominiums, etc., as local conditions dictate.
1-1.3
This document is not intended to be a training manual or a fire inspection manual, but is to be
used as a guide to establishing a locally prepared dwelling inspection program geared to address
the specific problem(s) faced by the local fire service organization. By utilizing fire suppression
personnel in this capacity, fire departments can achieve some or all of the following benefits:
(a) Increased productivity,
(b) Increased community contact, and
(c) Familiarization with residential properties.
1-1.4
Residents of the community also benefit from a survey program by becoming aware of:
(a) Fire safety in the home,
(b) Protective measures to improve the quality of life, and
(c) Public safety and awareness.
1-1.5
Specific sections of this document may be included or eliminated as local conditions dictate.
1-2 Rationale for Dwelling Fire Safety Surveys.
1-2.1
Fire is a major problem in the United States. In the home, it is the second most frequent cause
of accidental death. Eighty percent of annual fire deaths occur in residential occupancies,
generally the victim’s own home. Fire loss statistics reported by the National Fire Protection
Association for 1990 were approximately 359,000 fires in one- and two-family dwellings, which
resulted in 3,370 fatalities and over $3.5 billion dollars in property loss.
1-2.2
The local fire department is responsible for the protection of life and property. If the
downtrend in residential fire deaths in the past few years is to continue, a community effort
Copyright 1996 NFPA

toward public fire safety education, including fire safe behaviors and the use of smoke detectors,
residential fast response sprinklers, and a fire escape plan, should be incorporated into every
community’s fire protection system. An effective home inspection program is a primary method
of fire prevention with proven success in lowering loss of life, injury, and property damage from
fire.
1-2.3
In addition to reducing loss of life and property damage, other important results will be
generated to benefit both the fire department and the entire community, including:
(a) Home fire safety inspections give the fire department the opportunity to publicize
year-round programs and activities conducted in the community. The citizens who support the
fire department will feel they are getting more for their money in terms of a more comprehensive
fire service organization.
(b) Home fire safety surveys give the fire department an opportunity to meet residents of the
community on a one-to-one basis and distribute various fire prevention literature, telephone
stickers, and other fire safety information. The dwelling fire safety program will also provide the
fire department with the opportunity to answer any specific fire protection or fire safety
inquiries.
(c) The dwelling fire safety program will provide fire fighters with the opportunity to become
better acquainted with street names and layout, hydrant and water supply locations, community
development, and home construction and will allow pre-fire planning. The fire fighters may
make notes of these items and other useful information for discussion during training sessions.
Also, using fire apparatus regularly improves driver proficiency. The program will also increase
the productivity of fire fighters, specifically in fire-service-related duties. In addition to
increasing the level of service to the community, the dwelling fire safety program will assist the
professional development of fire fighters engaged in the program’s activities. It is important to
note that, while these fringe benefits are helpful, the most important responsibility is making
good fire inspections to reduce fire hazards and fires and to provide effective public fire
prevention education throughout the community.
(d) The dwelling fire safety survey program will also provide the fire service with the
opportunity to become acquainted with construction types, interior designs, avenues of fire
spread, and the location of various concealed spaces. For example, the entrance to attics and
crawl spaces can be determined prior to an emergency.
Chapter 2 Program Benefits
2-1 Material Distribution.
Dwelling fire safety surveys provide the fire department with one of the best means of
delivering public fire prevention education through direct contact with residents of the
community. Maximum effectiveness may be accomplished through the distribution of fire
prevention literature directed at the local fire problem. Fire fighters can explain specific items
included in the literature and answer any questions that homeowners might have on specific
campaigns that the fire department conducts. Many fire departments find it advantageous to print
special cards, certificates, or door stickers to compliment the homeowners when their dwellings
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are found to be in a good, fire safe condition.
2-2 Support of Other Programs.
Personal visits by fire fighters to dwellings for fire safety inspections will generally improve
the fire department’s public image in the community. The program will enable fire fighters to
distribute information on smoke detector use and placement, the benefits of the installation of
residential fast response sprinklers (RFRS), home fire escape planning, safety hints for
babysitters, and a variety of other safety-related subjects. The program may also provide the
opportunity to supplement the fire inspection by giving the homeowner telephone stickers or
cards showing the emergency telephone numbers and procedures for sending a fire alarm.
With the increase of unregulated daycare and adult care centers in residential occupancies, the
dwelling survey program will allow those facilities to be identified.
2-3 Continuing Dwelling Inspection Programs.
In the planning stages of a dwelling fire safety survey program, the fire chief and fire officers
should look beyond the immediate short-term benefits, anticipating its extension and
continuation as a permanent program. While the initial dwelling fire safety survey may be a
resounding success, the fire department should continue to analyze and evaluate the
effectiveness of the program and its continued ability to address the current local fire problem.
The fire department should realize that planning, implementation, and evaluation processes
should be a continuous cycle that reacts to the varying needs of the community. The experiences
of fire departments that have initiated successful dwelling fire safety survey programs have led
these departments to retain these activities year after year. The success of these programs has, in
some communities, resulted in a drastic reduction in life and property loss from fire.
Chapter 3 Planning the Dwelling Inspection Program
3-1 General.
3-1.1
Careful planning and preparation are essential if a dwelling fire safety survey program is to be
successful.
3-1.2
The chief of the fire department should have the ultimate responsibility for the planning and
execution of the program. The chief should also convince the people of the community, and the
fire fighters who will make the surveys, that the program is essential. The items for the chief to
consider when planning the program are presented in the following sections.
3-2 Publicity.
Dwelling inspections should be “sold” to the public. Homeowners should be fully informed of
the value of an inspection and how it can save their lives and homes from fire. This can be
accomplished by enlisting the assistance of local radio and television stations and newspapers to
inform the public of the purpose and benefits of the dwelling inspection service. The local
Chamber of Commerce, community service clubs, church groups, fraternal orders, and schools
should be contacted for additional support for the program. Generally, most of these
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organizations will be glad to cooperate. Careful planning and widespread community support
will increase the overall success of the program.
3-3 Training.
3-3.1
One of the most important phases of any training program is teaching the fire fighter to
practically apply the knowledge gained. The fire fighter should be able to recognize hazards of
all types and make proper recommendations for their correction. The fire fighter should also be
prepared to offer explanations and reasons for the corrections suggested. For example, the fire
fighter should be prepared to recommend the installation of safety devices, such as fire
extinguishers and smoke detectors, and to specify proper locations for their installation. The fire
fighter should be knowledgeable in recognizing fire hazards and technically informed about the
recommended methods for their removal. Fire fighters should project an image and attitude that
will leave a positive and lasting impression.
To achieve these goals in training fire fighters, visual and mechanical training aids are
extremely useful. Color slides showing typical hazards and faulty installations will help fire
fighters recognize these hazards. It is suggested that training officers seek the aid of technically
qualified individuals, such as building inspectors, electrical inspectors, etc., to assist in
instructing fire fighters in the use and application of local codes and building regulations
pertaining to fire protection and prevention.
3-3.2
Fire fighters should be thoroughly trained before being sent out on their own. Training should
consist of classroom instruction and application of knowledge and principles in the field of fire
prevention. Classroom instruction should include the following:
(a) Proper methods of introduction and explanation of program rationale for the homeowner.
(b) Proper methods of securing permission from the homeowner to perform the dwelling
inspection. (The homeowner may refuse an inspection.)
(c) Common fire hazards that can be expected to be found in a dwelling.
(d) Provisions of the local fire code that are applicable to dwellings (inspections generally
should be made as a courtesy and not because of fire prevention laws).
Training officers should take fire fighters into the field for supervised on-the-job training prior
to allowing them to perform inspections on their own. This procedure will allow fire fighters to
build confidence in their inspective abilities under the supervision of an experienced individual.
Field inspections with an experienced training officer should be continued until the training
officer is sure the fire fighters are competent and at ease when dealing with the public. Dwelling
inspections should be conducted by a minimum of two fire fighters, but too many fire fighters at
a single dwelling may display an authoritative force, causing a negative resident reaction to an
inspection.
3-4 Program Duration.
Inspection of dwellings should be done on a year-round basis. The program should contain
elements to be emphasized during specific times of the year, such as access to fire hydrants or
heating equipment problems during winter months.
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3-5 Buildings to Be Surveyed.
Every dwelling unit in the fire department’s jurisdiction should be surveyed. In large cities, it
may not be possible to inspect all dwellings each year. Where this is the case, the fire chief
should decide how many dwellings will be inspected each year.
3-6 Scheduling.
The scheduling of dwelling inspections should take into consideration the receptiveness of the
citizens of the program. The fire department should develop a sensitivity to potential situations
that might cause problems for the program. The hour of the inspection will depend a great deal
on whether a department has career, call, or volunteer members, a combination of these, or
civilian inspection personnel. The best hours for dwelling inspections are midmorning and
midafternoon (9:00 to 11:00 a.m. and 1:00 to 3:30 p.m.), Monday through Friday, except
holidays. Volunteer fire departments may find it necessary to use weekends and evenings, but
care should be taken to avoid conflict with meal hours.
3-7 Inspection Procedures.
3-7.1
Before leaving the station, the officer in charge should see that all fire fighters are in proper
uniform and are properly equipped. A dress uniform is recommended; however, if one is not
available, a clean work uniform with proper insignia or identification is necessary. Fire apparatus
carrying the inspecting crews should be neat and clean.
3-7.2
Fire apparatus utilized by the inspecting fire fighters should be kept in close proximity to the
area being inspected to facilitate a quick response to an emergency alarm. Alarm notification can
be accomplished through the use of portable radios or pagers carried by the fire fighters. One
member may be assigned to stay with the apparatus to notify the remaining crew members
through a predesignated signal, such as sounding the vehicle siren or air horn. Personnel
assigned to the vehicle should be aware and cautious of children in the vicinity of the vehicle,
particularly during times of vehicle movement. Personnel assigned to the vehicle should also be
prepared to answer questions from the public relating to both the apparatus and fire safety in
general. Consideration should be given to carrying a sign on the side of the apparatus explaining
that inspections are in progress in the area to improve fire safety in the community. The banner
or sign should also state the unit is in service and responds to emergencies during the
inspections.
3-7.3
Fire fighters, in teams of two, should be assigned dwellings to inspect by the officer in charge.
Most fire departments rely on two-person teams to conduct dwelling inspections for the
protection of the inspection personnel. It is not recommended that single fire fighters inspect
dwellings, as their conduct may be subject to unverifiable accusations. A dwelling should be
approached by a walkway or path, not by walking across the lawn. Fire fighters should not
smoke during an inspection. If the occupant is home, the fire fighters should introduce
themselves, show proper identification, explain the purpose of the visit, and ask permission to
enter. If a publicity campaign has been properly conducted, the resident will know why the fire
fighters are there. If admittance is refused, the fire fighters should thank the occupant and leave
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appropriate fire prevention materials. If no one is home, a card should be left explaining that the
visit was made and asking the occupant to call the fire station for an appointment to reschedule
the inspection.
3-7.4
Once inside the dwelling, the inspection should begin without delay. The fire fighters should
be helpful and courteous at all times. Care should be taken to avoid unnecessary conversation
since this may lead to missing a potential fire hazard and will slow an inspection. Since fires may
occur in any room, the entire dwelling should be inspected. However, if the occupant objects to
inspection of certain rooms, the occupant’s wishes should be respected. Closets and cabinets
should be opened by the homeowner rather than the fire fighters.
3-7.5
It is important to remember that an inspection is voluntarily accepted by the occupant. The
occupant should be asked to accompany the fire fighters to see any fire hazards and to personally
hear explanations of these hazards. If the occupant is unable to accompany the fire fighters, the
inspection should be rescheduled at a more convenient time. Fire hazards identified should be
noted on the inspection form. This form is only a recommendation list, not a list of violations.
However, if a hazardous situation that violates the local fire regulations is found, it should be
recorded by the fire department. For example, most fire codes require the installation of smoke
detectors in residential occupancies. If inspecting fire fighters find a home where smoke
detectors are not present, the resident should be advised to obtain one and a notation of the
recommendation should be made. During the inspection, the fire fighters should not argue any
point, but merely make suggestions. The purpose is to eliminate hazards to life and property, and
all conversations should be directed toward this goal.
3-7.6
The inspection form should be filled out completely and in duplicate. The fire department
should give serious consideration to not including specific name and address information on the
inspection sheet. Because information obtained on dwelling inspections may not be protected
under an Open Records Act, the fire department could be criticized for releasing information
regarding a specific inspection. The inspection copy may be used for data analysis and
determination of the numbers and types of fire hazards identified in the community. This
information will assist in planning future fire prevention programs. If no hazards are found
during the inspection, the occupants should be complimented for their efforts. Prior to leaving
the premises, the inspection sheet should be signed by the fire fighters and the original left with
the occupants.
Particular attention should be given to the legal considerations of the inspection form. Any
form utilized should be reviewed and approved by the fire department’s legal counsel.
3-7.7
Questions asked about the department should be answered. Questions regarding policy matters
should be referred to the company officer and should not be answered by fire fighters. If the
answer to any question is not known, fire fighters should research the matter and advise the
resident as soon as possible.
It is important to realize that many persons will base their opinion of the entire fire department
on this one contact; therefore, a professional attitude and demeanor must be maintained at all
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times.
3-7.8
Many fire departments have discontinued the service of providing window decals for invalids
due to a feeling that these signs identified the home as an easy target for burglary or robbery. A
more popular alternative to invalid stickers is a manual or computerized listing in the fire
communications center of invalids or persons needing special assistance, whereby responding
fire companies can be given the information en route to an emergency location. With the
occupant’s permission, telephone stickers showing the fire department’s emergency number may
be placed on the telephones in the residence.
3-7.9
Prior to leaving the premises, the fire fighters should make sure the occupants understand any
fire hazards that have been found and what corrective action should be taken. Literature should
be provided, and an invitation should be issued to the occupants to feel free to stop by the fire
station any time they have a question relating to fire safety or if they are interested in learning
more about services offered by the fire department. Last, but not least, the occupants should be
thanked for allowing the inspection.
3-8 Communications.
When planning dwelling inspection programs, some provisions should be made for specific
communications between the inspection teams and headquarters. Usually fire apparatus
operators can handle these communications, but occasionally the officer in charge may need to
notify headquarters of certain hazardous situations or other important information. The use of
portable two-way radios or pagers should be considered as a means of ensuring prompt
notification and quick response to an emergency while fire units are in the field conducting
dwelling inspections. Portable radios should be operated at low volume in order to avoid
disturbing any occupants, especially children.
3-9 General Procedures.
The fire chief should identify the goals and objectives of the dwelling fire safety program.
These may include the percentage of dwellings to be contacted, areas of operation, the schedule
of inspections, and other matters of general policy. General procedures should also be developed
to utilize the information obtained and to conduct a periodic program evaluation to identify any
changes to the program operation that would increase its effectiveness.
Chapter 4 Common Hazards Found in Dwellings
4-1 General.
4-1.1
The explanations of hazards in this chapter should be adapted to local regulations and codes
and should be included in an inspection report form designed to apprise the resident of hazards
found, corrective measures required, and other recommendations of the inspection team. Other
hazards that may be a problem in the specific community should also be described on the form.
4-1.2
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Fire safety pamphlets should be carried by the fire fighters for distribution at the completion of
the inspection, along with a copy of the inspection report form.
4-2 Careless Use of Smoking Materials and Matches.
4-2.1
Careless smoking and the improper disposal of matches and other items that can cause ignition
are two of the major causes of fire. Fire fighters making dwelling inspections should ascertain
whether or not there are smokers in the household and suggest the use of adequate fire safe
ashtrays and proper disposal of smoking materials and ashes.
Fire fighters should explain the fire dangers associated with smoking in bed or when extremely
fatigued. They should suggest that furniture upholstery be checked after parties and before
retiring for the evening.
4-2.2
Items to be noted during the inspection include:
(a) Ashtrays located in bedrooms, especially on night tables or within arm’s reach of the bed.
(b) Burn marks on table tops, furniture upholstery, rugs, etc.
(c) The location and storage of matches and whether they are secure from small children. Fire
fighters should recommend that matches be stored in a metal container, such as an old coffee
can.
(d) Fire fighters should also explain how ornamental cigarette lighters on coffee tables or
pocket lighters left laying around are attractive to children. These lighters can present an extreme
safety hazard; not only could they be used to start a fire, but an inexperienced individual could
be burned by them.
4-2.3
A common fire occurrence deserves special warning. Many residents have extinguished fires
in upholstery or mattresses without calling the fire department, then retired for the night,
thinking the fire was out. Because of the deep-seated nature of these fires, total extinguishment is
extremely difficult. When sufficient oxygen is provided, sometimes hours later, the upholstery
reignites. This often results in a serious fire and loss of life. Even under conditions where fire
will not propagate, volumes of carbon monoxide and other harmful gases may rise to lethal
levels without the knowledge of persons sleeping in the dwelling. The occupant should be told to
notify the fire department of all fires in and around the home, even if they seem minor.
4-3 Electrical Installations.
4-3.1
Problems in electrical installations and equipment are generally associated with several types
of violations or misunderstandings of the design features of these items. A great deal of technical
knowledge is required for recognition of improper design features. Hazards may be hidden from
view by the building’s configuration. Certain tell-tale signs of problem areas are recognizable to
the trained fire fighter.
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4-3.2 Overcurrent Protection.
4-3.2.1 The commonly used overcurrent protection devices for the protection of feeders, circuits,
and equipment are fuses, circuit breakers, and thermal overload units. Basically, the purpose of
the fuse, circuit breaker, or fuse cartridge is the same: to open the circuit if the electrical current
reaches a value that will cause an excessive or dangerous temperature in the conductor. This
safety feature is negated when a fuse or circuit breaker of a higher rated capacity is used to
replace one of a lower rating (for example, replacing a 15-amp fuse with a 30-amp fuse) or by
bridging the circuit by placing a conductor behind the fuse. It may be difficult to determine this
overloading unless the fire fighters know the gauge of the wire used in the circuit and the
electrical devices it feeds. Normally, the only way to determine improper overloading is to
remove the fuse and examine it for excessive heating at the fuse base. Also, it should be checked
for the presence of metallic bridging. Overheating may also be the result of a loose fuseholder, or
the fuse may be shorted. Simply asking the occupants to identify the branch circuit controlled by
the fuse or circuit breaker may indicate violations of the fusing principle. Residents should be
requested to label branch circuits in the space provided on the panel box door.
4-3.2.2 Plug fuses consist of two basic types: (1) the ordinary Edison-base type, and (2) the S
type. Either of these may or may not be a time-delay type.
Edison-type fuses are designed for ease of replacement and will account for the most
problems. The Edison-base fuseholder will take an Edison-base fuse of any size up to the
maximum 30-amp rating. Where 30-ampere fuses are discovered in branch-circuit panelboards,
the occupant should be cautioned that these circuits may not be designed for this ampere service.
Adapters may be installed in Edison-base fuseholders that will prevent using higher rated
S-type fuses in the adapter designed for lower ratings. They also prevent the use of pennies or
other common bridging devices.
4-3.2.3 Cartridge fuses are provided in two types: (1) the one-time type, and (2) the renewable
link type. Cartridge fuseholders are designed to prevent, or to make extremely difficult, inserting
a fuse other than the type for which the fuseholder was designed. Renewable link cartridge fuses
have the following disadvantages:
(a) The links can be doubled or tripled, thereby defeating their purpose and usefulness.
(b) The links, upon replacement, can be left with loose connections.
4-3.2.4 Circuit breaker overloading will be more difficult to determine without tracing the circuit
that it protects. Explaining the design features of fusing to the occupant may be the best way to
determine an unintentional violation. Any difference in the physical appearance between circuit
breakers in a panel should be suspect.
4-3.2.5 Ground-fault circuit-interrupters (GFCIs) are devices that sense when current, even a
small amount, passes to ground through any path other than the proper conductor. When this
situation occurs, the GFCI trips almost instantly, stopping the flow of current in the circuit and
through the person receiving the ground-fault shock. NFPA 70, National Electrical Code,®
requires GFCI protection on all 135-V, single-phase, 15- and 20-ampere receptacle outlets
installed outdoors where there is direct grade level access to the dwelling unit and to the
receptacles. GFCI protection is also required for 125-V, single-phase, 15- and 20-ampere
receptacles installed in garages, in crawl spaces at or below grade level, in unfinished basements,
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within 6 ft of a kitchen sink where receptacles serve counter top surfaces, and in bathrooms.
Receptacles located within 20 ft of the inside walls of a permanently installed pool, fountain, or
similar location must also be protected by a ground-fault circuit-interrupter.
4-3.3
NFPA 70 requires all electric service to be grounded. Receptacles installed on 15- and 20-amp
branch circuits are required to be of the grounded type and should be effectively grounded.
Testing meters are available that, when inserted into receptacles, will indicate proper grounding
of the receptacle. Local electrical inspectors can be very helpful in explaining local codes in fire
department training sessions. Even though older dwellings may not have grounded receptacles,
major appliances such as dishwashers, dryers, washing machines, garbage disposals, etc., should
be grounded externally, or special grounded branch circuits should be provided for them.
4-3.4
Electrical main service coming into the dwelling should be inspected. Cables that are too close
to trees, antennas, downspouts, or gutters or cables not securely attached to the building may
present a life or fire hazard. Outdoor antennas should not be attached to any electric service
raceway or service mast. Live vegetation such as trees should not be used for the support of
outside overhead conductors. Underground branch-circuits are permitted to be used for this
supply to outdoor lighting fixtures and associated electrical equipment on trees.
4-3.5 Other Common Electrical Hazards Found in the Home.
4-3.5.1 Heat buildup occurs in wiring when resistance to flow is experienced. Loose wire nuts or
cable connections (especially in aluminum wiring), wiring run through doorways or under
carpeting, and furniture or other heavy objects resting on wires can produce this condition.
4-3.5.2 Unusual wear exposing wiring can result from cables not properly secured, objects
hanging on cables, or, as mentioned above, wiring run through doorways or under carpeting.
4-3.5.3 Dirty, poorly maintained electric motors or missing covers on junction boxes may
eventually result in a short circuit and could result in a fire. All unused openings (knockouts) in
boxes and cabinets (panel boards) should be properly closed.
4-3.5.4 Extension cords (even though UL listed) may be too small for certain electrical loads,
such as irons and air conditioners. Extension cords should never be used for permanent
connections; they should only be for temporary use. If fire fighters are to provide worthwhile
guidance to the homeowner, they should be trained to match the current-carrying capability of
the extension cord with the current demand of the electrical loads connected to it.
4-3.5.5 “Octopus” fittings consist of excessive electrical devices connected to one outlet, causing
excessive current flow with resultant heat buildup. This condition is especially prevalent when
extension cords are joined in a series.
4-3.5.6 All frayed wiring should be replaced because it is unsafe and its breakdown is imminent.
4-3.5.7 To avoid possible ignition should a gas leak occur, electrical outlets or fuse panels
should not be located adjacent to gas meters or gas diaphragms.
4-3.5.8 Appliances, fixtures, and wiring that are not listed by a testing laboratory should be
discouraged.
4-3.5.9 Protective plugs should be recommended on all electrical outlets in homes.
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4-3.5.10 Clear spaces should be kept around all electrical panels.
4-4 Flammable Liquids.
4-4.1 General.
Dwelling fires caused by flammable liquids usually result from the improper storage and use
of flammable liquids. The properties of these materials also are generally misunderstood.
Common areas of concern to fire fighters should include the following items.
4-4.2 Storage and Dispensing Practices.
4-4.2.1 Flammable liquids such as gasoline should be stored only in listed safety cans of
substantial design and construction of a type approved by the authority having jurisdiction. Glass
jars, unapproved plastic containers, or open pails and buckets should never be used. The
handling and dispensing of flammable liquids should be done only in well-ventilated areas free
from sources of ignition.
4-4.2.2 Storing excessive quantities of flammable liquids should be discouraged. Fire fighters
should look for excessive amounts of flammable liquids stored in basements or garages,
especially during times of shortages of such products. Even though stored in approved
containers, exposure to heat may result in the escape of vapors through vent holes, etc.
Flammable liquids should not be stored in basements or near potential sources of ignition.
4-4.2.3 The use of flammable liquids as solvents for removing grease, oil, or paint is extremely
dangerous. These practices should be discouraged. Most flammable liquids used in the home
produce vapors heavier than air and will sink to the floor and spread. If the vapors reach a source
of ignition, even at a considerable distance, an explosion and fire may result. A light switch can
produce a spark capable of igniting vapors.
4-4.2.4 Greasy or oil-based paint soaked rags and brushes may also cause fire from spontaneous
ignition. They should be cleaned and washed after each use and air dried outside. Paint
manufacturers instructions should be consulted regarding cleanup and disposal.
4-4.3 Other Flammable Liquid Hazards.
4-4.3.1 Using flammable liquids in the home for dry cleaning purposes should be discouraged.
4-4.3.2 Smoking when using flammable liquids should be discouraged.
4-4.3.3 Using flammable liquids for starting fires in stoves or fireplaces is a dangerous practice
and should be discouraged.
4-4.3.4 The use of liquid charcoal starters should be restricted to products marketed specifically
for that purpose. Dispensing these products after ignition is achieved, whether live flame is noted
or not, is extremely hazardous. Flame may be transmitted to the container contents with a
resultant ignition and pressure explosion.
4-5 Heating Systems and Appliances.
4-5.1
Types of heating systems vary in different climates. Dwellings built in recent years will
usually have gas- or oil-fired furnaces or electrical heating. Homes may also have coal or wood
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heating units. Room heaters and portable heaters are also common in some areas. Increased fuel
costs have brought about an increase in the use of wood-burning appliances. A common hazard
is storing combustible materials where they may be ignited by heat radiated or conducted by a
furnace, stove, or other heating appliance. The area around any heating appliance should be kept
free of combustibles. Heating units also need sufficient space around them to provide adequate
ventilation for proper combustion. Flues and smoke pipes may constitute a hazard; both should
be kept in good condition and should have adequate clearance from any combustibles. Smoke
pipes should be kept as short as possible. If they are over 3 ft (1 m) in length, they should be
supported by hangers. Flues should be cleaned annually and inspected for damage or holes. In
addition, throughout the heating season, checks for creosote buildup in the flue pipe and chimney
connected to coal- and wood-burning appliances should be made. When a buildup is evident, the
system should be cleaned. Care should also be taken when inspecting chimneys and flues where
they pass through attic areas. Where flues pass through partitions, they should have sufficient
clearance or be protected by an approved, ventilated metal thimble. Steam pipes or
steam-heating appliances improperly spaced from wood surfaces can result in lower ignition
temperatures over long periods of exposure. In some cases, pyrolitic decomposition of the wood
fibers has caused ignition temperatures as low as 150°F (65°C).
4-5.2 Types of Heating Systems.
4-5.2.1 Gas-Fueled Systems. Gas heating systems may be supplied by natural, manufactured, or
liquefied petroleum gas. Piping should be of an approved type and in good condition; a hazard
will result from loose connections or poor piping. The burner should be properly adjusted. A
check should be made for any odor of gas. Where individual gas heaters are distributed
throughout the home, a check should be made to see that they are properly secured and vented.
4-5.2.2 Oil-Fired Systems. Several types of heating devices use oil. Some homes with central
heating have an oil burner to heat water, which is then distributed to radiators or baseboard
systems. Large oil tanks may be located in the basement and should be properly installed, with
tight connections. A quick check will show if there are any leaks or if the tank is unsecured. If
there is a leak, sand should be spread to confine the leakage or an emergency patch should be
placed on the leak. Leaking or damaged tanks should be replaced by the homeowner
immediately. In some climates, where heat is only occasionally required, small oil or kerosene
heaters may be used. Condition of the flue pipe, tank, and security of the installation should be
inspected. These devices should be mounted on metal trays to prevent overflow of liquid onto
the floor.
4-5.2.3 Coal and Wood Furnaces. These solid fuel furnaces radiate a lot of heat. It is important
that the flues have at least 18 in. (45 cm) of clearance from any combustible material. Solid fuel
may also cause more damage to smoke pipes than other types of fuels. Some installations have
covered pipes that should be periodically inspected. Where this covering is loose or missing, a
fire may occur. Improper storage of fuel and/or ashes may result in a fire. Fuels should be stored
in bins. Ashes should be placed in metal containers and removed from the dwelling.
4-5.2.4 Fireplaces. The use of factory-built fireplaces, fireplace stoves, and masonry fireplaces
has increased both as heating devices and for enjoyment. Spark screens should always be
provided for a fireplace, and dampers, if any, should be of a type that may be operated from
outside the fireplace. Listed or approved factory-built fireplaces and fireplace stoves may be
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designed to be placed directly on and immediately adjacent to combustible building construction.
These installations should be strictly in accordance with the terms of the listing and the
manufacturer’s instructions. NFPA 211, Standard for Chimneys, Fireplaces, Vents, and Solid
Fuel-Burning Appliances, should be followed. Masonry fireplaces should be checked to ensure
that linings are free from cracks, and flues should be cleaned annually. Ashes should be placed in
metal containers and removed from the dwelling.
4-5.3 Cooking Appliances and Venting Systems.
4-5.3.1 Generally, fire hazards in cooking appliances and venting systems are associated with
poor housekeeping practices. When pointing out such deficiencies, tact is imperative. Unless an
obvious accumulation of grease or residue is present, general statements regarding the
extinguishment of grease fires should serve as a reminder.
4-5.3.2 Grease ducts and vented hoods should be inspected for buildup of grease. Filters should
be inspected and the resident cautioned as to the dangers of fire transmittal and spread through
these areas.
4-5.3.3 Electric ranges, wall-mounted ovens, and counter-mounted cooking units require a means
of disconnection from the supplying electrical circuit. In freestanding household ranges, a
separable connector or a plug and receptacle is sufficient. In wall-mounted ovens and
counter-mounted cooking units or ranges without plugged receptacles, the circuit controlling the
appliance should be well defined at the electrical panel.
4-5.3.4 Gas ranges should be equipped with an inline gas cut-off valve located at the appliance.
Pilot lights and gas valves should be checked for leakage and proper burning characteristics.
4-5.3.5 Gas appliances designed for cooking should not be used to heat rooms.
4-5.3.6 Fire fighters should inform the occupants about the dangers and effects of careless
cooking or, more popularly termed, “food on the stove” problems.
4-5.4 Other Heating Devices.
4-5.4.1 Gas heaters should be of an approved type. Gas appliances should display the American
Gas Association (AGA) seal.
4-5.4.2 Portable electric heaters should be of an approved type and should be located away from
combustibles. These devices should also be equipped with a tilt switch that causes the heater to
shut off if it is overturned. Care should be exercised to avoid overloading electrical circuits.
4-5.4.3 Use of portable kerosene space heaters as supplements to residential heating systems has
increased. These units require additional safety information and consideration by the occupant.
Rules for safe operation of these devices should include:
(a) Use only clean kerosene. Do not use fuel oil or diesel fuel.
(b) Never use gasoline, naptha, paint thinners, alcohol, or other volatile fuels.
(c) Use only in well-ventilated rooms.
(d) Operate on level surfaces only, away from drafts and wind.
(e) Locate at least 3 ft (1 m) from furniture and other combustibles. Keep draperies and
clothing away from the top of the heater.
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(f) Do not move, handle, or service while hot or burning. Ironically, in many jurisdictions it is
a code violation to use these heaters, but not a violation to own them. Fire fighters should be
knowledgeable of state/local regulations, ordinances, and codes pertaining to portable kerosene
heaters.
4-5.4.4 Charcoal should not be burned in confined areas or in other than approved devices.
4-5.4.5 Gas- and oil-fired water heaters and furnaces found in closets or other rooms should not
have combustibles stored next to them.
4-5.4.6 Small electrical appliances such as toasters, coffee makers, televisions, and blenders, etc.,
should be disconnected from power sources when not actually in use.
4-6 Housekeeping, Storage, and Rubbish Hazards.
4-6.1
Unfortunately, homeowners’ reluctance to throw anything away may result in quantities of old
clothes, magazines, newspapers, rags, and junk being stored in the home. Since a collection of
these items is unsightly, the homeowner will usually store them in the attic, basement, closet,
garage, or around the furnace. These useless combustibles present a serious hazard, making it
easier for a fire to start, and should be removed. Large quantities of trash and leaves around the
home are also a hazard that may spread a fire to the house. If the community provides pickup of
household trash, trash should be stored in metal containers with tight-fitting metal lids until
removed. If household trash is burned on the premises by occupants, the place of burning, type
of incinerator, and condition and use with respect to local burning regulations should be checked.
4-6.2
Garages, both attached and unattached, should be included in any dwelling inspection.
Although unattached to the dwelling, fires in garages often represent exposure fire potential and
afford many storage hazards.
4-6.3
During the course of the inspection, the fire fighters should ask about the use of furniture
waxes and polishes and especially about the storage of rags used to apply these products.
4-6.4
Use and storage of portable home barbecue grills should be restricted to the out-of-doors.
Charcoal briquettes should always be allowed to cool naturally and then be properly discarded.
Charcoal should be stored in a dry area because damp or wet charcoal is sensitive to spontaneous
heating once dried.
4-6.5
If the residence has a pool or hot tub, personnel should review with the occupant the need for
maintenance of pool fences, gates, locking devices, and other safety equipment to minimize risks
to small children. In addition, personnel should advise the occupant to maintain proper
containment, handling, separation, and storage of pool chemicals. Pool chemicals should not be
kept in close proximity to petroleum products or other combustible materials.
4-6.6
Home workshops often contain conditions that permit fire propagation. These areas should be
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checked for possible hazards during the inspection.
4-6.7
Inspection of the outside of the dwelling should be made to locate any rubbish accumulations,
defective electrical equipment, flammable liquid storage, or other hazards.
4-6.8
Fire fighters should be prepared to direct the occupant to specific information on home fire
extinguishers and fire detection systems that conform to nationally accepted standards.
4-7 Fire Safety Precautions in Earthquake-Prone Areas.
4-7.1
Gas-fired hot water heaters should be secured against toppling by attaching them to the
building walls at their midpoints by means of plumber’s tape or braces nailed to the wall studs.
4-7.2
Flammable liquids should not be placed on high shelves that may allow the containers to fall
and spill their contents on the floor.
4-7.3
Residents should be questioned to determine whether they know the location of the main gas
and water shutoffs and whether they have the necessary tools to turn them off.
4-7.4
A short discussion should be conducted with the homeowner to determine whether emergency
supplies of food and water are kept and whether the homeowner knows the proper actions to take
during and immediately after an earthquake.
4-8 Flammable Gases.
4-8.1
Personnel should be alert for containers of flammable gases (e.g., liquefied petroleum gas,
acetylene) in workshop, basement, garage, and patio areas. The safe handling and storage of such
gases should be discussed with the occupant (including the recommendation that they should not
be stored in the dwelling). The location of such materials should be noted on company prefire
planning records.
4-8.2
The occupant should be advised to keep spare cylinders of flammable gases in a secure
location outside the dwelling.
4-8.3
If quantities of cylinders are found in excess of reasonable need, the danger should be
discussed and the occupant should be encouraged to dispose of the excess in an acceptable
manner.
Chapter 5 Life Safety Considerations
5-1 Exit and Escape Routes.
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One of the fire protection weaknesses that occurs in the average dwelling is lack of sufficient
exits from all parts of the building. Rooms on the second or third story may be served by only an
interior stairway; if a fire starts on the first floor, persons in upper-story rooms may become
trapped. Fire fighters should explain the need for the occupant to determine at least two routes of
escape from all rooms in the home. Particular attention should be directed to the windows in the
dwelling that may be designated as secondary escape routes. Windows that are blocked by air
conditioning units or that are too small or too high above the floor for quick egress from the
room are a potential for trouble in the event of a fire. NFPA 101,® Life Safety Code,® requires
that a window designated as an exit from a sleeping room provide an opening at least 20 in. (50.8
cm) in width, 24 in. (61 cm) in height, and 5.7 sq ft (0.53 sq m) of total area. The bottom of the
opening must not be more than 44 in. (112 cm) above the floor. These requirements are waived if
the sleeping room has two doors providing separate means of escape or one door that leads
directly to the outside.
5-2 Fire Exit Drill Plan.
5-2.1
The occupant should be encouraged to develop a fire exit drill program. In particular, members
of the family should be instructed on how to escape from second-story windows, porches, and
other parts of upper floors. Removal of windows and screens in emergencies and the directing of
young children to escape routes are essential to a good home fire exit drill plan.
5-2.2
All persons should know the best route of escape from all parts of the home. A predetermined,
safe meeting place should be selected so all family members can assemble in the event of
evacuation.
5-3 Invalids/Children.
5-3.1
The use of invalid/children stickers and decals on the exterior of the dwelling is discouraged
for the following reasons:
(a) The home may be targeted for burglaries and break-ins.
(b) The fire department has no guarantee that the stickers are valid for current residents.
(c) A false sense of security can be created for the occupants of the home.
(d) The homeowners may be led to believe that, rather than install smoke detectors and
establish a home fire escape plan as a primary means of escape, they should rely on the fire
department for rescue during a fire.
5-3.2
Listing dwellings with special fire fighting considerations such as invalids, etc., may be
acceptable for inclusion in dispatch information. Fire fighters have an excellent opportunity to
collect such data while on dwelling fire safety inspections. Permanent stickers or decals
providing emergency telephone numbers, such as 911 information or fire emergency numbers,
are an excellent public relations tool.
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5-4 Smoke Detectors and Other Early Warning Devices.
5-4.1
The use of approved smoke detectors and other early warning devices cannot be
overemphasized in dwelling inspections. Statistics have been compiled proving the worth of
warning devices as life savers when combined with good escape planning practices. By law,
many jurisdictions now require residential smoke detectors to be installed in all new construction
and, in more and more cases, in existing structures. Fire fighters should be familiar with local
laws and should be able to answer questions pertaining to the purchase, installation, and
maintenance of these devices, such as:
(a) What kind, type of power supply, cost, and how many are necessary?
(b) Where should they be placed and how are they installed?
(c) How are they tested? What maintenance is necessary?
5-4.2
Installation of smoke detection devices in residential dwellings should be in accordance with
NFPA 74, Standard for Installation, Maintenance, and Use of Household Fire Warning
Equipment.
5-5 Residential Fast Response Sprinklers.
5-5.1
In the past few years, the rapid pace of technological change has dramatically impacted the fire
protection community with the advent of approved residential sprinkler systems. The
development of faster sensing elements for residential sprinklers results in the ability to detect
fire at the earliest practical moment and provide for the immediate application of water for
control or extinguishment. With the utilization of both metallic and nonmetallic piping in
conjunction with the fast response sprinklers, an economical alternative to more traditional
approaches to fire suppression is being implemented in many cities across the country.
5-5.2
Fire fighters engaged in dwelling inspections should be aware of the current technology in this
area and be prepared to answer questions posed on the use and installation of residential
sprinkler systems.
5-5.3
In dwellings where residential sprinkler systems have been installed, a thorough inspection of
the system should be performed to ensure that sprinklers are not damaged or blocked and that all
system components are operational.
5-6 Poisons.
Advice on poison control should be discussed with occupants. This could include storage of
poisons and drugs, poison control center phone numbers, and information on actuating the local
emergency medical system.
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Chapter 6 Dwelling Inspection Forms
6-1 General Information.
In order to have a clear understanding of the types of fire hazards located in dwellings, and in
order to ensure complete coverage of the community, a system of reports and records should be
established for the dwelling survey program. If an existing fire inspection program for other
properties is available, the system may be expanded to include the dwelling surveys. The
information system may be as simple or as comprehensive as the local fire problem and situation
dictates. The information needed includes the numbers and types of fire hazards discovered and
locations inspected. The information collected should be gathered for specific reasons if it is to
be meaningful, e.g., the number and type of fire hazards may be analyzed to determine the
direction of public education efforts. The results of individual inspections should be retained
carefully and held as confidential to the fire department. Specific information relative to an
inspection at a particular location should not be released to news media, insurance agents,
commercial concerns, etc. Reports and inspection forms used in the program may be developed
in the jurisdiction or obtained from other sources. Sample dwelling inspection forms are included
in the Appendix. The report should be filled out completely and should follow a logical sequence
from start to finish. The inspection report should be filled out in duplicate, with the original
given to the occupant and the duplicate retained for department use in tabulating hazards located
in the community. The retained portion may or may not identify the specific residence,
depending on whether there is a concern regarding the report being classed as a public record,
which is required to be made available to other persons upon request or supeonea.
Another useful item that can be employed in a dwelling inspection program is an introductory
letter from the community’s mayor, city manager, or equivalent high official recommending
cooperation with the fire department. Every effort should be made to provide information and
assistance with the installation of smoke detectors or residential sprinkler systems and to
establish an escape plan for the particular dwelling, along with encouragement to practice it
regularly. The department may want to include such information during the dwelling survey
(example included).
Chapter 7 Referenced Publications
7-1
The following documents or portions thereof are referenced within this guide and should be
considered part of the recommendations of this document. The edition indicated for each
reference is the current edition as of the date of the NFPA issuance of this document.
7-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 70, National Electrical Code, 1993 edition
NFPA 74, Standard for the Installation, Maintenance, and Use of Household Fire Warning
Equipment, 1989 edition
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NFPA 101, Life Safety Code, 1991 edition
NFPA 211, Standard for Chimneys, Fireplaces, Vents, and Solid Fuel-Burning Appliances,
1992 edition
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
Home Safety Survey Sheet
Check to see if any hazards exist in your home.
Yes

No

_____

_____

No more than two appliances being used with
outlet or extension cord.

_____

_____

Outlets are not cracked or uncovered.

_____

_____

Extension cords used appropriately.

_____

_____

Electrical cords not under rugs.

_____

_____

Small appliances unplugged when not in use.

_____

_____

Combustibles removed from cooking areas.

_____

_____

Electrical cords in good shape.

_____

_____

Wastepaper properly disposed of.

_____

_____

Household chemicals stored away from
children.

_____

_____

Matches out of reach of minors.

_____

_____

Large ashtrays in every room.

_____

_____

Flammable liquids properly stored.

_____

_____

Home has a smoke detector.

The items checked “No” may cause a fire and are hazardous to you and your family. You are
urged to correct these at once for your own safety.
Fire Safety Survey
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D.C. Fire Department Fire Safety Education Program
Yes

No

General

___

___

Home has smoke detector

___

___

Smoke detector is in working order

___

___

Family has and practices an exit plan

___

___

House numbers are visible from street
All Household Areas

___

___

Extension cords used appropriately.

___

___

Electrical cords in good shape

___

___

No overloaded outlets

___

___

Windows easily opened

___

___

Wastepaper properly disposed of

___

___

Household chemicals stored away from children

___

___

Matches out of reach of minors

___

___

Large ashtrays in every room
Basement

___

___

Combustibles removed from heating areas

___

___

Filters on furnace clean and in good shape

___

___

Fuse box does not have pennies

___

___

Washer and dryer properly grounded

___

___

Clothes dryer lint collector clean

___

___

Basement door closed
Kitchen

___

___

Combustibles removed from cooking areas

___

___

Small appliances unplugged when not in use

___

___

Kitchen hood vent clean and maintained
Living Area

___

___

Fireplace has proper screen and hearth

___

___

Chimney clean, ashes properly disposed of
Attic

___

___

Clear of all combustible materials
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___

___

Heating ducts properly maintained
Garage

___

___

Solid core door between garage and residence

___

___

Power mower properly stored

___

___

Flammable liquids properly stored

Remarks: ____________________________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________

With your consent, the Fire Safety Survey Team has made a Fire Safety Survey of your home.
The items checked may cause a fire and are hazardous to you and your family. You are urged to
correct these at once for your own safety. If all items have been checked “Yes,” you are to be
complimented on your personal fire prevention effort.
If you wish to discuss any hazard, or have any questions, please call the D.C. Fire Department,
Fire Safety Education Center at 745-2347. Know what to do in case of emergency.
For All Emergencies Call “911”
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Copyright 1996 NFPA

Rep. Fire Marshals Association of North America
Roger Bassett, Roselle, IL
Edward W. Bent, Sacramento, CA
Thomas E. Brown, DeKalb County Public Safety, GA
Rep. Int’l Assn. of Fire Chiefs
Michael L. Calhoun, NC Dept. of Insurance, NC
Ronald L. Callahan, Speedway, IN
Rep. Indianapolis Fire Dept.
Gene P. Carlson, Oklahoma State University, OK
Rep. Int’l Fire Service Training Assn.
Harry R. Carter, Newark Fire Dept., NJ
W. Rolland Connelly, Burlington, NJ
John Lee Cook, Denton Fire Dept., TX
Nicholas J. Cricenti, Cowan & Cricenti Engineering Assoc., Inc., NH
Gary R. Easton, San Diego City Fire Dept., CA
Vincent K. Elmore, Palm Beach Fire-Rescue Dept., FL
David W. England, University of California, CA
David C. Grupp, Kemper Nat’l Insurance Companies, IL
P. Gerald Haag, Syntex (USA) Inc., CA
James G. Kellam, Virginia Beach Fire Dept., VA
Rep. Int’l Society of Fire Service Instructors
Mark R. Layton, AAI Corp., MD
Robert A. Lincoln, Nassau County Fire Service Academy, NY
John B. Lockwood, Bowie, MD
John M. Loverin, Lawrence Livermore Nat’l Laboratory, CA
George E. Luther, Connecticut State Fire Admin., CT
Copyright 1996 NFPA

Charles L. Page, Texas A & M University, TX
Thomas C. Quillin, Tallahassee Fire Dept., FL
Garnet E. Schenk, Office of the Fire Marshal, Ontario, Canada
James B. Straseske, Illinois Fire Service Inst., IL
Alternates
Robert F. Burger, FirePro, Inc., NM
(Alt. to E. W. Bent)
Doyle E. Frazier, Palm Beach Fire-Rescue Dept., FL
(Alt. to V. K. Elmore)
Carl Goodson, Fire Protection Publications, OK
(Alt. to G. P. Carlson)
Jack K. McElfish, Clayton County Fire Dept., GA
(Alt. to T. E. Brown)
Subcommittee on Urban Search and Rescue Fire Service Training
James G. Kellam, Chair
Virginia Beach Fire Department, VA
Joseph A. Barbera, Special Medical Response Team, NY
Gary R. Easton, San Diego City Fire Dept., CA
Jim Hone, Santa Monica Fire Dept., CA
William M. Jahnke, Overland Park Fire Dept., Inc., KS
Theodore Lee Jarboe, Montgomery County Dept. of Fire & Rescue Service, MD
Chuck Mills, Nat’l Assn. for Search & Rescue, VA
Christopher J. Naum, Moyers Corners Fire Dept., NY
Barry Nechis, Rescue Technology Inc., NY
Charles E. Nichols, Chattanooga Fire Dept., TN
Rep. Tennessee Assn. of Rescue Squads

Copyright 1996 NFPA

Brian Pugh, Salt Lake City Fire Dept., UT
Chase N. Sargent, Dept. of Fire Programs, VA
Michael Tamillow, Fairfax County Fire & Rescue Dept., VA
William J. Troup, U. S. Fire Admin., FEMA, MD
Richard Warford, Los Angeles City Fire Dept., CA
Alternates
Jeff L. Frazier, San Diego City Fire Dept., CA
(Alt. to G. R. Easton)
Terrance Manning, Los Angeles City Fire Dept., CA
(Alt. to R. Warford)
Bruce W. Teele, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on all fire
service training techniques, operations, and procedures to develop maximum efficiency and proper
utilization of available personnel. Such activities might include training guides for fire prevention,
fire suppression, and other missions for which the fire service has responsibility.

NFPA 1470
Standard on
Search and Rescue Training for
Structural Collapse Incidents
1994 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 6 and Appendix C.

Chapter 1 Administration
1-1 Scope.
1-1.1*
This standard identifies and establishes levels of training for safely and effectively conducting
operations at structural collapse incidents.
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1-1.2*
The requirements of this standard apply to organizations that provide primary response to
structural collapse incidents.
1-2 Purpose.
1-2.1
The purpose of this standard is to assist the authority having jurisdiction in assessing a
structural collapse hazard within the response area, to identify the level of operational capability,
and to establish training and safety criteria. The performance objectives of this standard shall be
permitted to be achieved in a variety of ways.
1-3 Definitions.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Personal Protective Equipment. The equipment provided to shield or isolate personnel from
the chemical, physical, and thermal hazards that can be encountered at a structural collapse
incident. Personal protective equipment includes protective clothing and respiratory protection.
Adequate personal protective equipment should protect the respiratory system, skin, eyes, face,
hands, feet, body, and ears.
Safety Officer. An individual qualified by the authority having jurisdiction to maintain a safe
working environment.
Search Marking System. A separate and distinct marking system used to identify information
related to the location of a victim(s). [See A-4-2.1(k).]
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Chapter 2 Risk Assessment
2-1 General.
2-1.1*
The authority having jurisdiction shall conduct a hazard and risk assessment of the response
area and shall determine the feasibility of conducting search and rescue operations at a structural
collapse incident.
2-1.2*
The hazard and risk assessment shall include an evaluation and analysis of the environmental
and physical factors influencing the scope, frequency, and magnitude of the structural collapse
incident and the impact they might have on the ability of the authority having jurisdiction to
respond to and to operate safely at those incidents.
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2-1.3*
The authority having jurisdiction shall identify the type and availability of internal resources
needed for structural collapse incidents and shall maintain a list of these resources.
2-1.4*
The authority having jurisdiction shall identify the type and availability of external resources
needed to augment existing capabilities for structural collapse incidents and shall maintain a list
of these resources. This list shall be updated at least on an annual basis.
2-1.5*
The authority having jurisdiction shall establish procedures for the acquisition of those
external resources needed for structural collapse incidents.
Chapter 3 Operational Capability
3-1 General.
3-1.1*
The authority having jurisdiction shall establish the level of operational capability needed to
conduct search and rescue operations at structural collapse incidents safely and effectively, based
on hazard and risk assessment, training level of personnel, and availability of internal and
external resources.
3-1.2
The authority having jurisdiction shall establish written standard operating procedures
consistent with one of the following four operational levels.
(a) Basic Operational Level. This level represents the minimum capability to conduct safe and
effective search and rescue operations at structural collapse incidents. Members trained at this
level shall be competent at surface rescue involving minimal removal of debris and building
contents to extricate easily-accessible victims.
(b) Light Operational Level. This level represents the minimum capability to conduct safe and
effective search and rescue operations at structural collapse incidents involving the collapse or
failure of light-frame ordinary construction.
(c) Medium Operational Level. This level represents the minimum capability to conduct safe
and effective search and rescue operations at structural collapse incidents involving the collapse
or failure of cinder block and reinforced and unreinforced masonry construction.
(d) Heavy Operational Level. This level represents the minimum capability to conduct safe and
effective search and rescue operations at structural collapse incidents involving the collapse or
failure of concrete tilt-up, reinforced concrete, and steel frame construction.
3-1.3*
Members shall perform search and rescue operations in a safe manner consistent with the
identified level of operational capability.
3-1.4
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Operational procedures shall not exceed the identified level of capability.
Chapter 4 Training
4-1 General.
4-1.1*
The authority having jurisdiction shall provide training for all members in meeting their
responsibilities at structural collapse incidents that is commensurate with the identified
operational capability. The minimum training for all members shall be at the basic operational
level. Members expected to perform at a higher operational level shall be trained to that level.
4-2 Basic Operational Level.
4-2.1
Training for the basic operational level shall include:
(a)* Size-up of existing and potential conditions and the identification of the resources
necessary to conduct safe and effective search and rescue operations.
(b)* Procedures for implementing an Incident Management System (IMS) for structural
collapse incidents that meets the requirements of NFPA 1561, Standard on Fire Department
Incident Management System.
(c) Procedures for the acquisition, coordination, and utilization of resources.
(d)* Procedures for implementing site control and scene management.
(e) Identification, utilization, and proper care of personal protective equipment needed for
operations at structural collapse incidents.
(f)* Identification of construction types and characteristics and the expected behavior of each
type in a structural collapse incident.
(g)* Identification of four types of collapse patterns and potential victim locations.
(h)* Recognition of the potential for secondary collapse.
(i)* Recognition of the general hazards associated with a structural collapse and the operations
necessary for the safe mitigation of these hazards.
(j)* Procedures for conducting searches at structural collapse incidents using appropriate
methods for the specific type of collapse.
(k)* Procedures for implementation of a search marking system.
(l)* Instruction on the need for and the implementation of a structural identification marking
system and a structural hazard marking system.
(m)* Procedures for the extrication of victims from structural collapse incidents.
(n)* Procedures for providing medical care for victims.
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4-3 Light Operational Level.
4-3.1
Personnel shall meet all basic operational level training requirements specified in Section 4-2.
In addition, members shall be trained in hazard recognition, equipment use, and techniques
necessary to operate safely and effectively at structural collapse incidents involving the collapse
or failure of light-frame ordinary construction as specified in this section.
4-3.2
Personnel shall be trained to recognize the unique hazards associated with the collapse or
failure of light-frame ordinary construction. Training shall include, but shall not be limited to:
(a) Recognition of the building materials and structural components associated with
light-frame ordinary construction.
(b) Recognition of unstable collapse and failure zones of light-frame ordinary construction.
(c) Recognition of collapse patterns and probable victim locations associated with light-frame
ordinary construction.
4-3.3*
Personnel shall be trained in the procedures for performing search operations intended to
locate victims who are not readily visible and who are trapped inside and beneath debris of
light-frame ordinary construction.
4-3.4
Personnel shall be trained in the procedures for performing access operations intended to reach
victims trapped inside and beneath debris associated with light-frame ordinary construction.
Training shall include, but shall not be limited to:
(a) Techniques to lift structural components of walls, floors, or roofs safely and effectively.
(b) Shoring techniques to construct temporary structures needed to stabilize and support
structural components safely and effectively to prevent movement of walls, floors, or roofs.
(c) Breaching techniques to create openings in structural components of walls, floors, or roofs
safely and effectively.
(d)* Operation of appropriate tools and equipment to accomplish the above tasks safely and
effectively.
4-3.5
Personnel shall be trained in procedures for performing extrication operations involving
packaging, treating, and removing victims trapped within and beneath debris associated with
light-frame construction. Training shall include, but shall not be limited to:
(a) Packaging victims within confined areas.
(b) Removing victims from elevated or below-grade areas.
(c) Providing initial medical treatment to victims.
(d) Operating appropriate tools and equipment to accomplish the above tasks safely and
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effectively.
4-4 Medium Operational Level.
4-4.1*
Personnel shall meet all light operational level training requirements specified in Section 4-3.
In addition, members shall be trained in hazard recognition, equipment use, and techniques
necessary to operate safely and effectively at structural collapse incidents involving the collapse
or failure of cinder blocks and reinforced and unreinforced masonry construction.
4-5 Heavy Operational Level.
4-5.1*
Personnel shall meet all medium operational level training requirements specified in Section
4-4. In addition, members shall be trained in hazard recognition, equipment use, and techniques
necessary to operate safely and effectively at structural collapse incidents involving the collapse
or failure of concrete tilt-up, reinforced concrete, and steel construction.
Chapter 5 Safety
5-1 General.
5-1.1
All personnel shall receive training related to the hazards and risks associated with search and
rescue operations at structural collapse incidents.
5-1.2
All personnel shall receive training for conducting search and rescue operations in a safe and
effective manner while using appropriate personal protective equipment.
5-2 Safety Officer.
5-2.1*
At structural collapse training exercises, the incident commander shall assign a safety officer
with specific responsibility for the identification, the evaluation, and, when possible, the
correction of hazardous conditions and unsafe practices.
5-2.2*
The safety officer shall be readily identifiable.
5-3 Personal Protective Equipment.
5-3.1
The authority having jurisdiction shall provide appropriate protective clothing and equipment
to provide protection from those hazards to which personnel are exposed or might be exposed.
Such protective equipment shall be appropriate to the tasks that are expected to be performed
during structural collapse training exercises.
5-3.2
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Personnel shall be trained in the care, use, inspection, maintenance, and limitations of the
protective clothing and equipment assigned or available for their use.
5-3.3
The authority having jurisdiction shall ensure that all personnel wear and use appropriate
personal protective equipment while working in known or suspected hazardous areas during
structural collapse training exercises.
5-4 Equipment.
5-4.1*
The authority having jurisdiction shall provide safety equipment, commensurate with the
respective operational capability, for safe and effective operations at structural collapse training
exercises.
5-4.2
Training shall be provided to ensure that all equipment is maintained in accordance with the
manufacturers’ instructions.
5-5 Incident Management System.
5-5.1
The authority having jurisdiction shall provide training on the implementation of an incident
management system that meets the requirements of NFPA 1561, Standard on Fire Department
Incident Management System.
5-5.2
The authority having jurisdiction shall provide training on the implementation of an incident
personnel accountability system that meets the requirements of Section 4-3 of NFPA 1561,
Standard on Fire Department Incident Management System.
5-5.3
The authority having jurisdiction shall ensure that there is a standard operating procedure to
evacuate members from an area and to account for their safety when an imminent hazard
condition is discovered. This procedure shall include a method to notify all members in the
affected area immediately by means of audible warning devices and radio signals.
5-5.4*
Where members are operating in positions or performing functions at training exercises that
pose a high potential risk of injury, qualified basic life-support personnel shall be standing by
with medical equipment and transportation capability.
5-5.5
The incident commander shall ensure the establishment of an effective rehabilitation system.
5-5.6
The incident commander shall ensure rotation of personnel to reduce stress and fatigue.
5-5.7
The incident commander shall ensure that all personnel are aware of the potential impact of
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their operations on the safety and welfare of other rescuers, victims, and other activities at the
incident site.
5-6 Fitness.
5-6.1
The authority having jurisdiction shall ensure that members are physically and medically
capable to perform assigned duties and functions at structural collapse training exercises in
accordance with 29 CFR 1910.134, and Chapter 8 of NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program.
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
6-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1561, Standard on Fire Department Incident Management System, 1990 edition.
6-1.2 Other Publications.
6-1.2.1 Superintendent of Documents Publication. Superintendent of Documents, U.S.
Government Printing Office, Washington, DC 20402.
Title 29, Code of Federal Regulations, Part 1910.134 (29 CFR 1910.134), “Respiratory
Protection,” July 1, 1992.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document, but is included for
informational purposes only.
A-1-1.1
This standard was developed to define levels of preparation and operational capability that
should be achieved by any authority having jurisdiction that has responsibility for search and
rescue operations at structural collapse incidents. These defined levels provide an outline for a
system to manage an incident efficiently and effectively in order to maximize personnel safety,
the successful rescue of victims, and the eventual termination of the event.
The system should be followed to increase the capabilities of the authority having jurisdiction
to deal successfully with even the most complex incident. The system progresses from the simple
basic operational level to the light and medium operational levels, and finally to the complex
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heavy operational level. It should be understood that, as the system expands, the requirements
for training, operational skills, management ability, and types and amounts of equipment also
expand.
A-1-1.2
These include rescue, fire suppression, and emergency services including agencies such as fire
departments, law enforcement, emergency medical services, utility, public works, and search and
rescue organizations.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-3 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-2-1.1
A hazard and risk assessment is an evaluation and analysis of the environmental and physical
factors influencing the scope, frequency, and magnitude of structural collapse incidents and the
impact and influence they can have on the ability of the authority having jurisdiction to respond
to and safely operate at these incidents.
The goal and terminal objectives of the hazard and risk assessment are to increase the
awareness of the authority having jurisdiction and provide a focus towards conditions and factors
associated with potential structural collapse responses.
The hazard and risk assessment can be associated closely with similar functional and format
methodology, as might be incorporated in a master plan or strategic deployment study. It is not
the intent of this standard to encumber the authority having jurisdiction in its undertaking of a
detailed and extensive analysis of each structure, occupancy, or physical condition within the
jurisdiction, but this standard is meant to be a document that provides means for a deliberate and
objective examination of common or unique factors that can be identified, correlated, or
highlighted to aid in the development of structural collapse capabilities and to determine their
necessary level of expertise in order to provide risk reduction.
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A-2-1.2
Environmental factors can include:
• Earthquakes and other seismic activities.
• Hurricanes and tornados.
• Ground instability (mud slides, sink holes).
• Other weather-related conditions (snow, rain, wind).
Physical factors can include:
• Structural characteristics (size, age, deterioration).
• Occupancy types.
• Construction types (design, methods, materials).
• Changes in structure or occupancy usage, or both.
Other factors can include:
• Fires.
• Explosions (bombs, utilities, fireworks, dust).
• Transportation accidents (truck, vehicle, air, rail).
• Hazardous materials.
A-2-1.3
As part of the risk assessment, the authority having jurisdiction should identify the types of
internal resources immediately available, within the operational structure of the organization,
that could be utilized for structural collapse incident response. The resources should include the
availability of personnel, training levels of personnel, professional specialty or trade skills, and
type, quantity, and location of equipment, appliances, and tools applicable to structural collapse
incident response.
A-2-1.4
The research and documentation of available external resources that can augment the internal
capabilities of the authority having jurisdiction form a crucial component in its overall ability to
respond and operate at structural collapse incidents.
Due to the potential complexity of related structural collapse incidents and the variety of
conditions and factors that can exist at site-specific or large-scale area collapse incidents,
external resource allocation and deployment becomes a necessity in order to support the search
and rescue function. The authority having jurisdiction can develop a comprehensive list of those
resources that can aid the responding agency by first identifying those factors that currently can
limit its overall response capability by using the hazard and risk assessment evaluation. Once
limitations or resource deficiencies are identified, the authority having jurisdiction can develop a
resource database by reviewing those firms or businesses that are located within the jurisdiction.
The telephone directory for the jurisdiction is an excellent reference that provides general
categories and listing headings for companies, firms, and agencies that can become sources for
resource allocation.
The identification of area needs can be associated with four general categories. These include,
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but are not limited to:
• Technical services.
• Equipment.
• Supplies.
• Services.
In addition, the authority having jurisdiction should identify and contact local professional
societies, associations, and trade groups that can become excellent sources for technical support
and resource development.
Such professional groups could include the following:
• American Institute of Architects — AIA
• American Society of Consulting Engineers — ASCE
• Association of Building Contractors — ABC
• Local or Regional Builders Exchange
• Construction Specification Institute — CSI
• American Society of Safety Engineers — ASSE
• American Public Works Association — APWA
• Association of General Contractors — AGC
• International Association of Bridge, Structural and Ornamental Iron Workers
• National Association of Demolition Contractors.
Typical categories of resources that can be useful for resource development include, but are
not limited to, the following:
• Architects
• Building materials
• Concrete construction
•
Breaking, cutting, and swing suppliers
•
Construction forms and accessories firms
• Contractors
•
General contractors
•
Demolition
•
Excavation
•
Steel erectors and fabricators
•
Drilling and boring
•
Heavy equipment operators
• Construction equipment and supplies
•
Jacks
• Hydraulic
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Pneumatic
Mechanical
Air tools
Compressors
Generators
Scaffolding
Shoring
Aerial lifts
Sawing and cutting equipment
Lumber yards
Light and heavy equipment firms
Aerial lifts
Backhoes
Bulldozers
Excavators
Fork lifts
Conveyors and material handlers
Loaders
Trenchers
Skid-steer loaders
Cranes
Rigging
Erectors
Flood lighting and search lights
Engineers
Consulting
Civil
Soil
Structural
Construction
Environmental
Safety
Marine
Surveying
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•
Fuel distributors
•
Hardware supply firms
•
Grocers/food suppliers
•
Catering
•
Portable shelters and tents
•
Radio broadcast companies
•
Rental service and supply companies
•
Portable rest room supply companies
•
Television and communication companies
•
Utility companies
•
Towing services
•
Tree and debris companies
•
Transportation services
•
Buses
•
Private
•
School districts
•
Motorcycle
•
Moped
•
ATV
•
Public work agencies
•
Ham radio operator groups
•
Funeral directors
•
Clergy
•
Fire equipment and supply firms
•
Local/regional representatives
•
Bottled water distributors
The development of a community resource directory based upon these contacts documents and
makes readily available the variety of resources that might be needed in the event of a structural
collapse incident. The community resource directory should include information on each firm,
company, or agency appearing in the directory. A profile of the specialized resource(s) available,
along with contact person(s) information, including telephone numbers for both home and work,
also should be included.
Although the compiled data can be entered and stored on a computer database, a binder or
book-formatted system should be used to adapt easily for field use. The use of lap-top computer
notebooks with disk-formatted data can also prove useful, and consideration should be given to
the longevity and portability provided by battery packs.
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Memorandums of Agreement (MOA) should be developed that outline specifications for
equipment and resource allocation, availability of services and procedures for procurement, and
subsequent financial reimbursement for services or equipment supplied.
In addition to the types of resources previously identified, the authority having jurisdiction
also should consider the development of a resource guide for the procurement of technical
services from individuals associated with specific groups or agencies. This resource guide could
include profiles of personnel, such as canine handlers, search dogs, technical rescue specialists,
industrial hygienists, riggers, etc., who, on an on-call basis, could respond and augment on-scene
resources.
The authority having jurisdiction should not disregard resource acquisition requests to
agencies and groups outside the immediate boundaries of the jurisdiction. Regional, statewide,
and national resource identification could be developed, based on the overall projected needs
identified by evaluation of the hazard and risk assessment.
Depending on the size and magnitude of the on-scene incident, resource availability might not
be adequate for incident logistical needs, or the resources might be affected by the collapse
incident, especially where a large area within the jurisdiction is part of the overall incident
conditions. Such could be the case in an earthquake, hurricane, or other large-scale natural
disaster.
Regional, multistate, or national deployment of specialized rescue teams or task forces should
be considered in the development of the overall resource directory in order to provide additional
capabilities as incident conditions and incident magnitude necessitate.
A-2-1.5
The intent of this provision is to establish procedures to enable the incident commander to
obtain the necessary resources to augment the internal capabilities of the authority having
jurisdiction. These resources can include, but are not limited to, the following:
(a) Mutual aid agreements.
(b) Agreements with the private sector, including the following:
• Construction industry
• Demolition industry
• Heavy equipment operators
• Special equipment supply companies
• Hardware, lumber, and construction suppliers
• Consulting engineers and architects
• Related technical specialists
• Communications
• Food service
• Sanitation.
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(c) Memorandums of Agreement (MOA) with other public, state, or federal agencies.
A-3-1.1
Professional agencies and associations that can provide technical assistance or guidance in
where to obtain needed sources of information include, but are not limited to, the following:
•

California State Fire Marshals Office
Heavy Rescue Program
7171 Bowling Drive, Suite 600
Sacramento, CA 95832

•

Federal Emergency Management Agency
National Urban Search and Rescue Task Force
500 C Street SW
Washington, DC 20472

•

International Association of Fire Chiefs — IAFC
Urban Rescue and Structural Collapse Committee
4025 Fair Ridge Drive
Fairfax, VA 22030

•

National Association for Search and Rescue — NASAR
P.O. Box 3709
Fairfax, VA 22038

•

National Institute of Urban Search and Rescue
P.O. Box 91648
Santa Barbara, CA 93190-1648

•

United States Fire Administration
Office of Firefighter Health and Safety
16825 South Seton Avenue
Emmitsburg, MD 21727

•

Urban Search and Rescue — USAR Inc.
P.O. Box 2570
Camarillo, CA 93100-2570
A-3-1.3
The authority having jurisdiction might, from time to time, perform at structural collapse
incidents that exceed its identified capability. Under these circumstances, the authority having
jurisdiction should have the flexibility to conduct operations in a safe and appropriate manner,
although its capability level is not commensurate with the type or magnitude of the collapse.
Efforts should allow for operations to continue until proper resources can be obtained or the
incident is terminated. The authority having jurisdiction should not compromise the safety of
personnel while engaged in efforts to rescue trapped victims.
A-4-1.1
See Appendix B or information on certain types of building hazards.
A-4-2.1(a) The size-up should include, but not be limited to, the initial and continuous
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evaluation of the following:
•

Scope and magnitude of the incident

•

Number/size of structures affected

•

Integrity and stability of structures affected
•

Occupancy types (residential, mercantile, etc.)

•

Number of known/potential victims

•

Access to the scene

•

Environmental factors

•
Available/necessary resources.
A-4-2.1(b) The IMS is required to provide a series of supervisory levels that are available for
implementation to create a command structure. The particular levels to be utilized in each
situation shall depend upon the nature of the incident and the scale and complexity of emergency
service activities at the scene. (See 2-3.1 of NFPA 1561, Standard on Fire Department Incident
Management System.)
It is the intent of this standard that emergency operations at a structural collapse incident
should be conducted in accordance with an identified incident management system and that all
personnel responding should know the system and be capable of initiating and participating
within the system.
A-4-2.1(d) Training should address the process of achieving and maintaining control of the site
and the perimeter. This might include management of all civilian and nonemergency personnel
and establishment of operational zones and site security.
A-4-2.1(f) Four Types of Building Construction. The construction types and occupancy usage
of various structures might necessitate the utilization of a variety of different techniques and
material. The four construction categories that the rescuer most likely will encounter in collapse
situations are light-frame, heavy wall, heavy floor, and precast concrete construction. These four
categories usually comprise the majority of structures affected by a collapse. [See Tables
A-4-2.1(f) A and B.]
(a) Light-Frame Construction.
(1) Materials used for light-frame construction are generally lightweight and provide a high
degree of structural flexibility in response to forces such as earthquakes, hurricanes, tornados,
etc.
(2) These structures typically are constructed with skeletal structural frame systems of wood
or light-gauge steel components, which provide support to the floor and roof assemblies.
(3) Examples of this construction type include wood frame structures used for residential,
multiple low-rise, and light commercial occupancies up to four stories in height. Light-gauge
steel frame buildings include commercial, business, and light manufacturing occupancies and
facilities.
(b) Heavy Wall Construction.
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(1) Materials used for heavy wall construction are generally heavy and utilize an
interdependent structural or monolithic system. These types of materials and their assemblies
tend to produce a structural system that is inherently rigid.
(2) This construction type usually is built without a skeletal structural frame. It utilizes a
heavy wall support and assembly system that provides support for the floors and roof areas.
(3) Occupancies utilizing tilt-up concrete construction are typically one to three stories in
height and consist of multiple, monolithic concrete wall panel assemblies. They also use an
interdependent girder, column, and beam system for providing lateral wall support of floor and
roof assemblies. Such occupancies typically include commercial, mercantile, and industrial
usage. Materials other than concrete now are being utilized in tilt-up construction.
(4) Examples of this type of construction include reinforced and unreinforced masonry
buildings typically of low-rise construction, one to six stories in height, and of any occupancy
type.
(c) Heavy Floor Construction.
(1) Structures of heavy floor construction are built utilizing cast-in-place concrete
construction consisting of flat slab panel, waffle, or two-way concrete slab assemblies.
Pretensioned or post-tensioned reinforcing steel rebar or cable systems are common components
used for structural integrity. The vertical structural supports include integrated concrete columns,
concrete enclosed steel frame, or steel frame, which carry the load of all floor and roof
assemblies. This type of structure includes heavy timber construction that might use steel rods
for reinforcement.
(2) The reinforcing steel, along with the varying thicknesses of concrete structural slab and
girder supports utilized in this construction assembly, poses significant concerns with respect to
breaching and void penetration.
(3) The loss of reinforcement capability and the integrity of structural loading capacity of
the floor and wall assemblies create significant safety and operational considerations during
collapse operations.
(4) Structural steel frame construction utilizes a skeletal framing system consisting of
large-load-carrying girders, beams, and columns for structural support. These components
represent a substantial weight factor for individual and assembly components. Floor systems
consist of cast-in-place concrete slabs of varying thicknesses poured onto metal pan or structural
metal floor decks and also might include precast and post-tensioned concrete plank systems.
These concrete/metal pan floor assemblies are supported by the structural steel framing system.
(5) The exterior construction might consist of metal or masonry veneer, curtain wall, or
composite material panel systems. Additionally, precast concrete or stone-clad panel systems
might be present.
(6) Multiple assembly or component failures might be present in a collapse situation where
isolated or multiple collapse conditions or collapse configurations exist.
(7) Examples of this type of construction include offices, schools, apartments, hospitals,
parking structures, and multipurpose facilities. Heights vary from single-story to high-rise
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structures.
(d) Precast Construction.
(1) Structures of precast construction are built utilizing modular precast concrete
components that include floors, walls, columns, and other subcomponents that are
field-connected at the site.
(2) Individual concrete components utilize imbedded steel reinforcing rods and welded wire
mesh for structural integrity and might utilize either steel beam and column or concrete framing
systems for the overall structural assembly and building enclosure.
(3) These structures rely on single or multipoint connections for floor and wall enclosure
assembly and are a safety and operational concern during collapse operations.
(4) Examples of this type of construction include commercial, mercantile, office, and
multiuse or multifunction structures, including parking structures and large occupancy facilities.
Table A-4-2.1(f)A

Table A-4-2.1(f)A lists the four model construction codes and standards commonly adopted
within the United States and is provided to aid the authority having jurisdiction in identifying the
relationship of NFPA 1470 construction/collapse types to their applicable code. These model
codes are referenced to classification Types I through V as specified in NFPA 220, Standard on
Types of Building Construction. This table is intended to identify construction/collapse types
according to the classifications of NFPA 220 and is not part of any fire-resistive or fire
rating/assembly requirement.
In Table A-4-2.1(f)B, the NFPA 1470 construction/collapse types (CCT) are referenced to
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NFPA 220, Standard on Types of Building Construction, to allow rapid correlation of
construction code classification (CCC) with the associated construction/collapse type.
Depending upon occupancy, usage, and actual size of the structure, some construction code
classifications can exhibit characteristics of other than specifically correlated
construction/collapse types.
Table A-4-2.1(f)B

A-4-2.1(g) Collapse patterns and potential victim locations include the following:
(a) Lean-to. A lean-to is formed when one or more of the supporting walls or floor joists
breaks or separates at one end, causing one end of the floor(s) to rest on the lower floor(s).
Potential areas where victims might be located are under the suspended floor and on top of the
floor at the lowest level.
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Figure A-4-2.1(g)(a) Lean-to floor collapse. (Illustration courtesy of U.S. Department of Civil Defense)

(b) V. A “V” is formed when heavy loads cause the floor(s) to collapse near the center.
Potential areas where victims might be located are under the two suspended floor pieces and on
top of the floor in the middle of the V.

Figure A-4-2.1(g)(b) V-shape floor collapse. (Illustration courtesy of U.S. Department of Civil Defense)

(c) Pancake. A pancake is formed when the bearing wall(s) or column(s) fails completely and
an upper floor(s) drops onto a lower floor(s), causing it to collapse in a similar manner. Potential
areas where victims might be located are under the floors and in voids formed by building
contents and debris wedged between the floors.
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Figure A-4-2.1(g)(c) Pancake floor collapse. (Illustration courtesy of U.S. Department of Civil Defense)

(d) Cantilever. A cantilever is formed when one end of the floor(s) hangs free because one or
more walls have failed and the other end of the floor(s) is still attached to the wall(s). Potential
areas where victims might be located are on top of or under the floors.

Figure A-4-2.1(g)(d) Cantilever floor collapse. (Illustration courtesy of U.S. Department of Civil Defense)

A-4-2.1(h) Indications of potential for secondary collapse include:
(a) Leaning walls.
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(b) Smoke or water seeping through joints.
(c) Creaking structural members.
(d) Recurring aftershocks.
(e) Sagging floor or roof assemblies.
(f) Missing, strained, or damaged points of connection of structural elements.
(g) Excessive loading of structural elements.
A-4-2.1(i) General Hazards. General hazards associated with search and rescue operations at
structural collapses can present the authority having jurisdiction with uniquely challenging
situations. The authority having jurisdiction should consider the following potential hazards
when providing training to its members.
(a) Utilities. Control of the utilities in and around a structural collapse is critical to ensure the
safety of responding personnel and victims. The authority having jurisdiction should provide its
members with training in the control of these services in order to provide a safe environment in
which to operate and to ensure the safety of victims. The following utilities should be considered
when providing training:
• Electrical services (primary and secondary)
• Gas, propane, fuel oil, or other alternative energy sources (primary systems)
• Water
• Sanitary systems
• Communications
• Secondary service systems (oxygen compressed gases, medical or industrial gases).
(b) Hazardous Materials. Collapsed structures might include various materials unique to an
occupancy that, when released during a structural collapse, could pose a hazard to victims and
responders. The authority having jurisdiction should provide members with training in the
recognition of potential hazardous materials releases, the determination of an existing hazard,
and the methods used to contain, confine, or divert hazardous materials in order to conduct
operations safely and effectively.
(c) Personal Hazards. At the site of any structural collapse, there are many dangers that pose
personal injury hazards to the responders. The authority having jurisdiction should train
members to recognize the personal hazards they encounter and to use the methods needed to
mitigate these hazards in order to help ensure their safety. Every member should be made aware
of hazards such as trips, falls, blows, punctures, impalement, etc.
(d) Confined Space. Some structural collapses necessitate a confined space rescue. Responding
personnel should be familiar with and trained in confined space rescue requirements and
techniques. The authority having jurisdiction should determine the applicable laws and standards
related to confined space rescue and should provide training to members in confined space
rescue.
(e) Other Hazards. There are numerous other hazards associated with structural collapses. The
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authority having jurisdiction should make every effort to identify the hazards that might be
encountered within the jurisdiction and should provide members with training and awareness of
these other hazards in order to perform rescue operations safely and effectively.
A-4-2.1(j) Procedures for conducting searches should include, at a minimum, visual and verbal
methods.
Search and rescue operations in the structural collapse environment should include close
interaction of all incident management system elements for safe and effective victim extrications.
Search operations for locating victims should be initiated early at a structural collapse incident.
Structural collapse search operations should conform to an accepted system for victim search
strategy and tactics in order to achieve optimum performance and effectiveness. The following
recommendations provide current tactical capabilities and general strategies that can assist
personnel in productive search operations.
Structural collapse operations are one of the most difficult rescue situations likely to be
encountered. Depending on the complexity of the search and rescue activity, personnel might
need to spend large amounts of precious time on small numbers of difficult rescues. It is
important to establish whether or not rescue personnel are involved with a live victim, since time
should not be wasted in such unproductive missions as the removal of dead bodies while live
victims might be saved.
Search operations should incorporate a variety of technical and nontechnical methods that
might provide personnel with the only viable method to locate victims and determine their status.
The authority having jurisdiction should identify as many forms of technical and nontechnical
search capabilities available at the local, regional, state, or national level that are commensurate
with their needs. In addition to the basic operational level of capability, search methods should
include, but not be limited to, the following:
(1) Structural Collapse Search Dogs. This involves the use of air-scent dog and handler teams
trained and equipped to specifically search collapsed structures. The dog and handler work as a
team to identify the location and status of victims buried beneath rubble or structural
components. It is important that the authority having jurisdiction differentiate between structural
collapse search dogs and other “air-scenting” dogs such as those used to search for drugs and
explosives, cadaver dogs, and police K-9.
(2) Electronic Search. This involves the use of acoustic/seismic devices and includes the
deployment of an array of two or more pickup probes around the perimeter of a collapsed
structure or void area.
(3) Search Cameras. This involves the placement of a search camera device within a void area
to search “visually” a previously nonvisible collapse zone. To use this device, ancillary tools
such as rotary hammers, drills, or breakers are needed to create an opening through which the
camera can be passed.
(4) Air Sampling. Identification of high concentrations of CO2, for example, might indicate the
presence of a live victim.
Once the authority having jurisdiction has identified the location and the availability of these
search options, a system should be developed to place them into operation at a structural collapse
incident.
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In conjunction with the capability of the authority having jurisdiction to place into operation
one or more of the previously described search methods, personnel should implement a strategic
and tactical plan for the use of these devices as quickly as possible. Personnel should coordinate
all available and viable tactical capabilities into a logical plan of operation.
It is essential that the authority having jurisdiction employ every possible search method to
ensure that its members are able to locate viable victims before committing rescue resources to
any prolonged (although well-intentioned) operation.
A-4-2.1(k) Distinct markings should be made within the four quadrants of an “X” to denote
clearly the search status and findings during the search. Figure A-4-2.1(k) illustrates the search
marking system.
An “X” measuring 2 ft × 2 ft (61 cm × 61 cm) should be spray-painted in the color orange. The
information for each quadrant should be written in the quadrant using carpenter’s chalk or a
lumber crayon. [See Figure A-4-2.1(k).]
In addition, search personnel should mark the exact location of a victim(s) with orange spray
paint. Surveyor’s tape can be used as a flag to identify the appropriate area in conjunction with
the spray paint. To reduce needless duplication of search efforts, markings should be made at
each point of entry or separate area of the structure. Where updated information of previously
searched structures is needed, the old information should be crossed out and the most recent
information should be indicated below or next to the old, using the marking system.

Copyright 1996 NFPA

Figure A-4-2.1(k)

A-4-2.1(l) One of the initial strategic concerns for personnel is the need to analyze the
structure(s) involved in any collapse situation. This is especially true where there is more than
one structure involved, as in cases of devastating earthquakes, hurricanes, or other natural or
man-made disasters. The determination of the condition of the structure, hazards, and occupancy
prior to the event will affect the overall search and rescue strategy.
It is imperative that the information derived from a coordinated building triage and marking
system be consolidated by the authority having jurisdiction at any structural collapse event. This
information should be used not only to identify operational priorities but should be forwarded to
the incident commander to assist in the overall assessment of the event.
A structural marking system should be capable of identifying the following two specific areas
Copyright 1996 NFPA

of concern:
(1) Structure identification within a geographic area
(2) Structure/hazards evaluation.
Structure identification within a geographic area is used to differentiate buildings by groups,
such as by block(s) or jurisdictional area. This geographic area identification should be
consolidated at the command post of the authority having jurisdiction and used to deploy search
and rescue personnel.
Structure/hazards evaluation and search assessment procedures are designed to identify
specific information pertinent to each affected building. Either of these analyses can be
completed independently of the other, although the structure/hazards evaluation normally is
completed first. Symbols should be drawn conspicuously with orange spray paint. (See FEMA
US&R Response System, Appendix C, “Task Force Building Marking System.”)
(1) Structure Identification within a Geographic Area. It is imperative that personnel clearly
identify each structure within a geographic area. This identification will assist both in the
specific ongoing search and rescue effort and the long-term, post-disaster identification of the
site.
The primary method of identification should include the existing street name, hundred block,
and building number. Such identification is not always possible due to post-disaster conditions.
(See FEMA US&R Response System, Appendix C, “Task Force Building Marking System.”)
(2) Structure/Hazards Evaluation. This system is designed to identify specific hazards
associated with any collapsed structure. Personnel should be cognizant of the nationally accepted
marking system and should be proficient in the use of the system. (See FEMA US&R Response
System, Appendix C, “Task Force Building Marking System.”)
A-4-2.1(m) Extrication operations at a structural collapse incident necessitate a coordinated
effort that includes search, rescue, and medical capabilities. Personnel should have a working
knowledge of general extrication tactics and procedures. These tactics and procedures should be
flexible enough to address the specific situation and problems encountered. The authority having
jurisdiction should provide the appropriate training and equipment necessary to complete an
extrication operation safely and effectively. These should include the following:
(a) Manual. Training should be provided in safe lifting techniques necessary to move
manageable sections of debris and interior contents displaced by partial or complete structural
collapse.
(b) Hand Tools. Tools and training necessary to move debris, room contents, and structural
components displaced by partial or complete structural collapse should be provided. Hand tools
should include, but not be limited to, pry bars, bolt cutters, jacks, and sledge hammers. Training
requirements should be coordinated with the hand tool inventory.
A-4-2.1(n) Medical Conditions. The authority having jurisdiction, in addition to BLS training,
should provide training in the following areas:
(a) Cervical/Spinal Immobilization. Training should be integrated with systems for vertical and
horizontal patient evacuations (e.g., patient packaged onto a stokes stretcher and secured to
provide spinal immobilization).
Copyright 1996 NFPA

(b) Crush Injury Syndrome. Training should include recognition, evaluation, and treatment,
prior to extrication, of victims with symptoms or mechanism of injury potential.
(c) Amputation. Amputation should be considered a last resort, but rescuers should be aware of
the possibility. Incident managers also should be aware of the proper procedures to be followed
in their community, including interaction with local medical doctors.
(d) Infection Control. Training should include education in protective equipment (e.g., gloves,
masks, PPE, etc.), protective procedures (e.g., avoiding contaminants and pollutants), and
appropriate decontamination following possible exposures, as specified in NFPA 1581, Standard
on Fire Department Infection Control Program, or OSHA’s “Blood-Borne Pathogens” standard
(29 CFR 1910.1030).
(e) Critical Incident Stress. Training should include information on personal well-being, with
emphasis on preconditioning, pacing of effort, proper diet and rest, and emotional and
psychological diversions during long-term operations. Personnel should be trained to recognize
the signs and symptoms of critical incident stress. Scene managers should be trained in the value
of rehabilitation efforts during extended operations for the safety and continued efficiency of
their personnel.
A-4-3.3
Personnel should be capable of obtaining and utilizing one or more of the following resources:
(a) Structural collapse search dogs
(b) Search cameras
(c) Acoustic/seismic instruments (listening devices)
(d) Thermal imaging (infrared) devices
(e) Other technical search devices.
A-4-3.4(d) Power Tools. Power tools and training necessary to breach, cut, bore, and lift
structural components displaced by partial or total structural collapse (e.g., air bags, hydraulic
spreaders and rams, and power saws) should be provided.
A-4-4.1
Where operating at the medium operational level, locating and extricating victims is more
complicated than at the basic operational level. As structural components, materials, and weights
increase, the ability to breach, stabilize, and operate within such a structural collapse becomes
more hazardous, complicated, and time-consuming.
The overall ability of the authority having jurisdiction to function safely and effectively is
greatly dependent upon the prompt availability of appropriate tools, equipment, and supplies to
accomplish operations.
At the medium level of operational capability, personnel should understand that the tools
needed change, depending on the type of structure involved. Structural collapse incidents
involving reinforced and unreinforced masonry necessitate that the authority having jurisdiction
utilize tools and equipment specifically designed for these materials, including:
• Masonry saws and blades.
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• Rotary hammers and breakers.
• Airbags.
• Dump trucks and front-end loaders.
A-4-5.1 Where operating at the heavy operational capability level, locating and extricating
victims is more complicated than at the medium operational level. As structural components,
materials, and weights increase, the ability to breach, stabilize, and operate within such a
structural collapse becomes more hazardous, complicated, and time-consuming.
The overall ability of the authority having jurisdiction to function safely and effectively is
greatly dependent upon the prompt availability of appropriate tools, equipment, and supplies to
accomplish operations.
At the heavy level of operational capability, personnel should understand that the tools needed
change, depending on the type of structure involved. Structural collapse incidents involving
concrete tilt-up, reinforced concrete, and steel construction necessitate the use of tools and
equipment specifically designed for these materials, including:
• Concrete saws and blades.
• Pneumatic and hydraulic drills, hammers, and breakers.
• Cranes.
• Burning and cutting equipment such as oxyacetylene and exothermic or plasma cutters.
• Bolting and anchoring systems.
A-5-2.1 The safety officer should comply with the requirements of NFPA 1521, Standard for
Fire Department Safety Officer.
A-5-2.2 Some organizations use helmets, helmet appliques, or vests with fluorescent
retroreflective material to identify the safety officer(s) readily.
A-5-4.1 Specific specialized equipment that might be required for safe structural collapse
operations includes:
(a) Supplied line breathing apparatus (SLBA), supplied air breathing apparatus (SABA), and
supplied air respirator (SAR), which should meet the requirements of 29 CFR 1910.146,
“Confined Space Operations.”
(b) Personal alert safety system (PASS), which should meet the requirements of NFPA 1500,
Standard on Fire Department Occupational Safety and Health Program, and NFPA 1982,
Standard on Personal Alert Safety Systems (PASS) for Fire Fighters.
(c) Life safety ropes, harnesses, and hardware, which should meet the requirements of NFPA
1500, Standard on Fire Department Occupational Safety and Health Program, and NFPA 1983,
Standard on Fire Service Life Safety Rope, Harness, and Hardware.
(d) Communications equipment, which should meet the requirements of 29 CFR 1910.146.
(e) Lighting equipment (e.g., flashlights, helmet-mounted lamps), which should be intrinsically
safe or explosionproof as defined in 29 CFR 1910.146.
A-5-5.4 BLS is the minimum level required; ALS is recommended.
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Appendix B
This Appendix is not a part of the requirements of this NFPA document, but is included for
informational purposes only.
NOTE: Appendix B is extracted from FEMA Earthquake Hazards Reduction Series 41, Rapid Visual
Screening of Buildings for Potential Seismic Hazards: A Handbook.

Table B-1 Combinations of Materials in Structural Types (after
ATC, 1987)
Structural Type
Identifier

General Description

W

Wood buildings of all types

S1

Steel moment-resisting frames

S2

Braced steel frames

S3

Light metal buildings

S4

Steel frames with cast-in-place concrete shearwalls

C1

Concrete moment-resisting frames

C2

Concrete shearwall buildings

C3/C5

Concrete or steel frame buildings with unreinforced masonry
in-fill walls

TU

Tilt-up buildings

PC2

Precast concrete frame buildings

RM

Reinforced masonry

URM

Unreinforced masonry
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Figure B-1 Light metal buildings (S3).
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Figure B-2 Post-tensioned lift slab building.
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Figure B-3 Wood stud frame construction.
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Figure B-4 Steel moment-resisting frame.
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Figure B-5 Light metal construction.

Figure B-6 Steel frame with shearwall.
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Figure B-7 Steel frame with URM in-fill.
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Figure B-8 Concrete moment-resisting frame.

Figure B-9 Concrete shearwall.
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Figure B-10 Tilt-up construction typical of the western United States. Tilt-up construction in the eastern
United States may incorporate a steel frame.
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Figure B-11 Precast concrete frame.
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Figure B-12 Unreinforced masonry bearing wall.
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Figure B-13 Unreinforced masonry bearing wall.
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Figure B-14 Unreinforced masonry bearing wall.

Appendix C
C-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
C-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 220, Standard on Types of Building Construction, 1992 edition.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1521, Standard for Fire Department Safety Officer, 1992 edition.
NFPA 1561, Standard on Fire Department Incident Management System, 1990 edition.
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NFPA 1581, Standard on Fire Department Infection Control Program, 1991 edition.
NFPA 1982, Standard on Personal Alert Safety Systems (PASS) for Fire Fighters, 1993
edition.
NFPA 1983, Standard on Fire Service Life Safety Rope, Harness, and Hardware, 1990
edition.
C-1.2 Other Publications.
C-1.2.1 BOCA Publication. Building Officials and Code Administrators International, 4051 W.
Flossmoor Rd., Country Club Hills, IL 60477.
National Building Code, 1990 edition.
C-1.2.2 FEMA Publications. Federal Emergency Management Agency, 500 C Street SW,
Washington, DC 20472.
FEMA Earthquake Hazards Reduction Series 41, Rapid Visual Screening for Potential Seismic
Hazards: A Handbook.
FEMA US&R Response System.
C-1.2.3 ICBO Publication. International Conference of Building Officials, 5360 S. Workman
Mill Road, Whittier, CA 90601.
Uniform Building Code, 1991 edition.
C-1.2.4 SBCC Publication. Southern Building Code Congress, International, 900 Montclair
Road, Birmingham, AL 35213.
Standard Building Code, 1991 edition.
C-1.2.5 Superintendent of Documents Publications. Superintendent of Documents, U.S.
Government Printing Office, Washington, DC 20402
Title 29, Code of Federal Regulations, 29 CFR 1910.1030 (OSHA), “Blood-Borne
Pathogens,” July 1, 1992.
Title 29, Code of Federal Regulations, 29 CFR 1910.146, “Confined Space Operations,” April
15, 1993.
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1992 Edition
This edition of NFPA 1500, Standard on Fire Department Occupational Safety and Health
Program, was prepared by the Technical Committee on Fire Service Occupational Safety and
Health and acted on by the National Fire Protection Association, Inc. at its Annual Meeting held
May 18-21, 1992 in New Orleans, LA. It was issued by the Standards Council on July 17, 1992,
with an effective date of August 14, 1992, and supersedes all previous editions.
The 1992 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1500
Fire fighting has been recognized as the most hazardous occupation in North America in terms
of occupational death and injury statistics. Each year in recent history, over 100 line-of-duty
deaths have been recorded among career and volunteer fire fighters in the United States alone.
The statistics compiled annually by NFPA on fire service deaths and injuries are more than
sufficient evidence to demonstrate the need for increased efforts to reduce this toll.
In addition to the direct line-of-duty deaths, there is growing concern with the number of fire
fighters who suffer disabling injuries or develop occupational diseases and conditions that often
have debilitating or fatal consequences and force them to discontinue their fire service activities.
The link between respiratory and heart diseases and fire service careers has been well
documented and established. There is growing evidence of a similar link to cancer and related
diseases, derived from occupational exposure to carcinogens, toxic products of combustion, and
hazardous materials.
The fire service not only is involved in fire suppression activities, but also has an increasing
role in the delivery of emergency medical and rescue services and response to incidents
involving hazardous materials. The fire fighter may be exposed to a wide range of dangers
arising from these activities that present an even more complex set of occupational safety and
health concerns. There is a growing concern, as well, with the aspects of fire department
activities and functions that are directly related to stress and the emotional and psychological
consequences of providing emergency services.
Prior to this document, there was no consensus standard for an occupational safety and health
program for the fire service. Fire service organizations are increasingly subject to regulations
that were developed for general industry and do not provide for many of the specific needs and
concerns of an organization involved in the delivery of emergency services. Depending on
governmental authority and legislative actions, a fire service organization may or may not be
subject to mandatory occupational safety and health requirements.
The intent of this standard is to provide the framework for a safety and health program for a
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fire department or any type of organization providing similar services.
The use of the term “member” throughout to refer to an individual who engages in any of the
activities subject to the standard, and the generic use of the term “fire department” to refer to any
organization engaging in activities of a similar nature is intended to support the applicability of
this standard to career, volunteer, mixed career and volunteer, part-time, private, governmental,
military, and public sector organizations of any type that engage in the activities normally
associated with a fire department. Certain provisions would apply only to those members who
may be engaged in specified activities, but the overall applicability of the standard would
encompass anyone who operates under the auspices of the organization.
This standard is meant to be appropriate for voluntary compliance, as a state-of-the-art
document, whether or not it is adopted as a mandatory requirement by an authority having
regulatory jurisdiction over a particular organization. It was the intent of the Technical
Committee to produce a document that would meet or exceed any existing mandatory or
voluntary compliance standards addressing any aspect of fire fighter safety and health.
The standard is intended to be an umbrella document, establishing the basic framework for a
comprehensive safety and health program, and providing for its implementation and
management. A series of companion documents, each providing more specific details on various
aspects and components of fire service occupational safety and health, are planned to further
support this umbrella document. Documents already available in this series are NFPA 1521,
NFPA 1561, NFPA 1581, and NFPA 1582.
The Technical Committee on Fire Service Occupational Safety and Health began work on this
document in November, 1983 and had several meetings in different parts of the country. The first
edition was completed in April, 1986 for the 1987 Annual Meeting cycle, and was voted on by
the Association on 20 May 1987 at the Cincinnati, Ohio Annual Meeting.
Work on the second edition began in 1990 and was completed in January, 1992. It was
presented to the Association membership on 20 May 1992 at the New Orleans, Louisiana Annual
Meeting.
Technical Committee on Fire Service Occupational Safety and Health
Alan V. Brunacini, Chairman
City of Phoenix Fire Dept., AZ
Don R. Forrest, Vice Chairman
United Firefighters of Los Angeles City, CA
Murrey E. Loflin, Secretary
Virginia Beach Fire Dept., VA
Donald Aldridge, Lion Apparel Inc., OH
Vincent J. Bollon, International Association of Fire Fighters, DC
Edward Carter, Oceanside Fire District, NY
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Rep. AFD/NY
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Boyd F. Cole, Underwriters Laboratories Inc., IL
A. W. Conners, Grand Rapids Fire Dept., MI
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John B. Deitz, Brookhaven National Laboratory, NY
Rep. NFPA/IFPS
Richard M. Duffy, International Association of Fire Fighters, DC
Rep. T/C FSPE/IAFF
Philip J. Eckhardt, Mine Safety Appliances Co., PA
Rep. ISEA
Stephen N. Foley, Longmeadow Fire Dept., MA
Rep. MFA
Jerry H. Garrett, U.S. Air Force - Fire Protection Directorate, FL
Jerry R. Hall, California State Firemen’s Assoc., CA
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Scott D. Kerwood, Tulsa Fire Dept., OK
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Harry K. Tompkins, Pierce Mfg. Inc., WI
Robert D. Tutterow, Charlotte Fire Dept., NC
Michael V. Vance, MD, Southwest Toxicology Services, Inc., AZ
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Robert K. Andrews, M&M Protection Consultants, MI
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Angelo M. Catalano, North Bellmore Fire District, NY
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NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 10 and Appendix B.

Chapter 1 Administration
1-1 Scope.
1-1.1
This standard contains minimum requirements for a fire service related occupational safety and
health program.
1-1.2
These requirements are applicable to organizations providing rescue, fire suppression, and
other emergency services, including public, governmental, military, private, and industrial fire
departments.
1-1.3
This standard does not apply to industrial fire brigades that also may be known as emergency
brigades, emergency response teams, fire teams, plant emergency organizations, or mine
emergency response teams.
1-2 Purpose.
1-2.1
The purpose of this standard is to specify the minimum requirements for an occupational
safety and health program for a fire department, and safety procedures for those members
involved in rescue, fire suppression, and related activities.
1-2.2*
Many of the performance objectives of this standard can be achieved in a variety of ways. The
achievement of these objectives is intended to help prevent accidents, injuries, and exposures
and to reduce the severity of those accidents, injuries, and exposures that do occur. They will
also help to prevent exposure to hazardous materials and contagious diseases and reduce the
probability of occupational fatalities, illnesses, and disabilities affecting fire service personnel.
1-2.3
Nothing herein is intended to restrict any jurisdiction from exceeding these minimum
requirements.
1-3 Implementation.
1-3.1*
When this standard is adopted by a jurisdiction, the authority having jurisdiction shall set a
date or dates for achieving compliance with the requirements of this standard and shall be
permitted to establish a phase-in schedule for compliance with specific requirements of this
standard.
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1-3.2*
The fire department shall adopt a risk management plan as specified in Section 2-2 of this
standard. This risk management plan shall include a written plan for compliance with this
standard.
1-4 Equivalency.
1-4.1
The authority having jurisdiction shall be permitted to approve an equivalent level of
qualifications for the requirements specified in 3-1.6, 3-3.2, 3-3.3, 3-3.4, and 3-3.5 of this
standard, provided that the fire department has technical documentation to demonstrate
equivalency.
1-4.2
The approved equivalent levels shall secure as nearly equivalent training, education,
competency, and safety as possible and shall require that training, education, and competency be
commensurate with those functions that the members are expected to perform as specified in the
organizational statement in accordance with 2-1.1, and also in accordance with 3-1.3 and 3-1.4
of this standard. In no case shall the equivalency afford less competency of members or safety to
members than that which, in the judgement of the authority having jurisdiction, would be
provided by compliance with the provisions of the specified paragraphs.
1-5 Definitions.
Aerial Device. An aerial ladder, elevating platform, aerial ladder platform, or water tower that
is designed to position personnel, handle materials, provide egress, and discharge water.
Approved.* Acceptable to the “authority having jurisdiction.”
Authority Having Jurisdiction.* The “authority having jurisdiction” is the organization, office,
or individual responsible for “approving” equipment, an installation, or a procedure.
Basic Life Support. Emergency medical treatment at a level authorized to be performed by
emergency medical technicians as defined by the medical authority having jurisdiction.
Candidate.* A person who has made application to become a member of the fire department.
Company. A group of members:
(a) Under the direct supervision of an officer or leader,
(b) Trained and equipped to perform assigned tasks,
(c) Usually organized and identified as engine companies, ladder companies, rescue
companies, squad companies,
(d) Usually operating with one piece of fire apparatus (pumper, ladder truck, elevating
platform, rescue, squad, ambulance), and
(e) Arriving at the incident scene on fire apparatus or assembling at the scene prior to
assignment.
Confined Space. An area large enough and so configured that a member can bodily enter and
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perform assigned work. An area with limited or restricted means for entry and exit. An area that
is not designed for continuous human occupancy. Additionally, a confined space is further
defined as having one or more of the following characteristics:
(a) The area contains or has a potential to contain a hazardous atmosphere, including an
oxygen deficient atmosphere.
(b) The area contains a material with a potential to engulf a member.
(c) The area has an internal configuration such that a member could be trapped by inwardly
converging walls or a floor that slopes downward and tapers to a small cross section.
(d) The area contains any other recognized serious hazard.
Contaminant. A harmful, irritating, or nuisance material foreign to the normal atmosphere.
Debilitating Illness or Injury. A condition that temporarily or permanently prevents a member
of the fire department from engaging in normal duties and activities as a result of illness or
injury.
Defensive Operations. Actions that are intended to control a fire by limiting its spread to a
defined area, avoiding the commitment of personnel and equipment to dangerous areas.
Defensive operations are generally performed from the exterior of structures and are based on a
determination that the risk to personnel exceeds the potential benefits of offensive actions.
Drug. Any substance, chemical, over-the-counter medication, or prescribed medication that
may effect the performance of the fire fighter.
Emergency Incident. A specific emergency operation.
Emergency Medical Care. The provision of treatment to patients, including first aid,
cardiopulmonary resuscitation, basic life support, advanced life support, and other medical
procedures that occur prior to arrival at a hospital or other health care facility.
Emergency Operations. Activities of the fire department relating to rescue, fire suppression,
emergency medical care, and special operations, including response to the scene of the incident
and all functions performed at the scene.
Facility. See “Fire Department Facility.”
Fire Apparatus. A fire department emergency vehicle used for rescue, fire suppression, or
other specialized functions.
Fire Chief. The highest ranking officer in charge of a fire department.
Fire Department. An organization providing rescue, fire suppression, and related activities.
The term “fire department” shall include any public, governmental, private, industrial, or
military organization engaging in this type of activity.
Fire Department Facility. Any building or area owned, operated, occupied, or used by a fire
department on a routine basis. This does not include locations where a fire department may be
summoned to perform emergency operations or other duties, unless such premises are normally
under the control of the fire department.
Fire Department Member. See “Member.”
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Fire Department Vehicles. Any vehicle operated by a fire department, including fire apparatus.
Fire Suppression. The activities involved in controlling and extinguishing fires. Fire
suppression shall include all activities performed at the scene of a fire incident or training
exercise that expose fire department members to the dangers of heat, flame, smoke and other
products of combustion, explosion, or structural collapse.
Fully Enclosed Area. A cab or passenger compartment of fire apparatus providing total
enclosure equipped with positive latching doors for entry and exit.
Hazard. The potential for harm or damage to people, property, or the environment. Hazards
include the characteristics of facilities, equipment systems, property, hardware, or other objects;
and the actions and inactions of people that create such hazards.
Hazardous Area. The area where members might be exposed to a hazardous atmosphere. A
particular substance, device, event, circumstance, or condition that presents a danger to members
of the fire department.
Hazardous Atmosphere. Any atmosphere that is oxygen deficient or that contains a toxic or
disease-producing contaminant. A hazardous atmosphere may or may not be immediately
dangerous to life and health.
Hazardous Material. A substance that presents an unusual danger to persons due to properties
of toxicity, chemical reactivity, or decomposition, corrosivity, explosion or detonation,
etiological hazards, or similar properties.
Health Data Base. A compilation of records and data relating to the health experience of a
group of individuals, maintained in a manner such that it is retrievable for study and analysis
over a period of time.
Health Promotion. Preventive health activities that identify real and potential health risks in
the work environment and that inform, motivate, and otherwise help people to adopt and
maintain healthy practices and lifestyles.
Hot Zone. The area immediately surrounding a hazardous material incident that extends far
enough to prevent adverse effects from the release of hazardous materials to personnel outside
the zone. This zone is also referred to as the exclusion zone or restricted zone in other
documents.
Incident Commander. The fire department member in overall command of an emergency
incident.
Incident Management System. An organized system of roles, responsibilities, and standard
operating procedures used to manage emergency operations. Such systems are often referred to
as Incident Command Systems (ICS).
Industrial Fire Department.* An organization providing rescue, fire suppression, and related
activities at a single facility or facilities under the same management, whether for profit, not for
profit, or government owned or operated, including occupancies such as industrial, commercial,
mercantile, warehouse, and institutional. The industrial fire department is generally trained and
equipped for specialized operation based on site-specific hazards present at the facilities.
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Groups or teams organized to perform specialized rescue services, but who do not perform fire
suppression activities, are not considered as industrial fire departments.
Medical Evaluation. The analysis of information for the purpose of making a determination of
medical certification. Medical evaluation may or may not include a medical examination.
Member. A person involved in performing the duties and responsibilities of a fire department,
under the auspices of the organization. A fire department member may be a full-time or part-time
employee, a paid or unpaid volunteer, may occupy any position or rank within the fire
department, and may or may not engage in emergency operations.
Member Assistance Program (MAP). A generic term used to describe the various methods
used in the fire department for the control of alcohol and other substance abuse, stress, and
personal problems that adversely affect member performance.
Member Organization. An organization formed to represent the collective and individual rights
and interests of the members of the fire department, such as a labor union or fire fighters
association. This definition includes any organization authorized to represent the interests of its
members in dealing with the fire department management.
Occasionally Assigned. The infrequent fire fighting responsibility in a given jurisdiction,
district, or area. Fire fighting situations that are less likely to occur, or that occur on an
infrequent basis within the response area.
Occupational Illness. An illness or disease contracted through or aggravated by the
performance of the duties, responsibilities, and functions of a fire department member.
Occupational Injury. An injury sustained during the performance of the duties, responsibilities,
and functions of a fire department member.
Offensive Operations. Actions that involve a direct attack on a fire to directly control and
extinguish the fire, generally performed in the interior of involved structures.
Oxygen Deficient Atmosphere. Air atmospheres containing less than 19.5 percent oxygen by
volume at one standard atmosphere pressure.
Primarily Assigned. The principal fire fighting responsibility in a given jurisdiction, district, or
area. Fire fighting situations that are most likely to occur within the response area.
Property Conservation. Those activities directed at stopping or minimizing the dollar loss to
buildings and property from the effects of fire and fire suppression activities or other emergency
situations and the mitigation of those emergencies.
Proximity Fire Fighting. The activities of rescue, fire suppression, and property conservation at
situations involving high levels of radiant heat including, but not limited to, aircraft fires, bulk
flammable liquid fires, and bulk flammable gas fires.
Qualified Person. A person who, by possession of a recognized degree, certificate, professional
standing, or skill, and who, by knowledge, training, and experience, has demonstrated the ability
to deal with problems related to the subject matter, the work, or the project.
Related Activities. Any and all functions that fire department members may be called upon to
perform in the performance of their duties.
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Rescue. Those activities directed at locating endangered persons at an emergency incident,
removing those persons from danger, treating the injured, and providing for transport to an
appropriate health care facility.
Rescue Incident. An emergency incident that primarily involves the rescue of persons subject
to physical danger and that may or may not include the provision of emergency medical care.
Risk. A measure of the probability and severity of adverse effects. These adverse effects result
from an exposure to a hazard.
Seat Belt. A two-point lap belt, a three-point lap/shoulder belt, or a four-point lap/shoulder
harness for vehicle occupants designed to limit their movement in the event of an accident, rapid
acceleration, or rapid deceleration by securing individuals safely to a vehicle in a seated position.
(See also “Vehicle Safety Harness.”)
Sectors. A management subunit of an incident management system. Sectors are also known as
divisions or groups.
Service Testing. The regular, periodic inspection and testing of apparatus and equipment,
according to an established schedule and procedure, to ensure that they are in safe and functional
operating condition.
Shall. Indicates a mandatory requirement.
Should. This term, as used in the appendix, indicates a recommendation or that which is
advised but not required.
Special Operations. Those emergency incidents to which the fire department responds that
require specific and advanced training and specialized tools and equipment. Special operations
include water rescue, hazardous materials, confined space entry, high-angle rescue, and other
operations requiring specialized training.
Standard Operating Procedure. An organizational directive that establishes a standard course
of action.
Structural Fire Fighting. The activities of rescue, fire suppression, and property conservation
involving buildings, enclosed structures, vehicles, vessels, aircraft, or like properties that are
involved in a fire or emergency situation.
Vehicle Safety Harness. A restraint device for vehicle occupants designed to limit their
movement in the event of an accident, rapid acceleration, or rapid deceleration by securing
individuals safely to a vehicle either in a seated position or tethered to the vehicle. (See also
“Seat Belt.”)
Chapter 2 Organization
2-1 Fire Department Organizational Statement.
2-1.1*
The fire department shall prepare and maintain a written statement or policy that establishes
the existence of the fire department; the services that the fire department is required to provide;
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the basic organizational structure; the expected number of fire department members; the type of
functions that fire department members are expected to perform; and the type, amount, and
frequency of training to be provided to fire department members.
2-1.2*
The fire department organizational statement shall set forth the operational response criteria
for the various types of emergency incidents to which the fire department is required to respond.
This written criteria for each type of emergency incident shall contain and identify the following:
(a) The types of standard fire fighting functions or evolutions, such as incident management,
providing a water supply, hose deployment, forcible entry, search and rescue, ladder placement,
ventilation, salvage, and overhaul required to safely complete the operation, specifying a
determination of functions or evolutions that need to be performed simultaneously;
(b) The minimum number of members required to safely perform each identified fire fighting
function or evolution, based on written standard operating procedures;
(c) The number and types of apparatus and members required for the initial response to each
type of emergency incident, as well as the total complement of apparatus and members to be
dispatched for each type of incident that defines the total response for all incidents up to the level
of a major incident for that jurisdiction;
(d) A description of a typical emergency operation, including alarm time, response time,
arrival sequence, initiation of basic function and evolution assignments, and standard operating
procedures, as these factors relate to fire fighter safety and health.
2-1.3
The organizational statement shall be available for inspection by members or their designated
representatives.
2-2 Risk Management Plan.
2-2.1
The fire department shall adopt an official written risk management plan that addresses all fire
department policies and procedures.
2-2.2
The risk management plan shall cover administration, facilities, training, vehicle operations,
protective clothing and equipment, operations at emergency incidents, operations at
nonemergency incidents, and other related activities.
2-2.3*
The risk management plan shall include at least the following components:
(a) Risk Identification: Potential problems;
(b) Risk Evaluation: Likelihood of occurrence of a given problem and severity of its
consequences;
(c) Risk Control Techniques: Solutions for elimination or mitigation of potential problems;
implementation of best solution;
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(d) Risk Management Monitoring: Evaluation of effectiveness of risk control techniques.
2-3 Policy.
2-3.1*
The fire department shall adopt an official written departmental occupational safety and health
policy that identifies specific goals and objectives for the prevention and elimination of accidents
and occupational injuries, illnesses, and fatalities. It shall be the policy of the fire department to
seek and to provide an occupational safety and health program for its members that complies
with this standard.
2-3.2*
The fire department shall evaluate the effectiveness of the occupational safety and health
program at least once every three years. An audit report of the findings shall be submitted to the
fire chief and to the members of the occupational safety and health committee.
2-4 Roles and Responsibilities.
2-4.1
It shall be the responsibility of the fire department to research, develop, implement, and
enforce an occupational safety and health program that recognizes and reduces the inherent risks
involved in the operations of a fire department.
2-4.1.1 The fire department shall be responsible for compliance with all applicable laws and
legal requirements with respect to member safety and health.
2-4.1.2* The fire department shall establish and enforce rules, regulations, and standard
operating procedures to reach the objectives of this standard.
2-4.2
The fire department shall be responsible for developing and implementing an accident
investigation procedure.
2-4.2.1* All accidents, injuries, fatalities, illnesses, and exposures involving members shall be
investigated.
2-4.2.2 All accidents involving fire department vehicles, fire apparatus, equipment, or fire
department facilities shall be investigated.
2-4.2.3 The fire department shall take whatever appropriate corrective action that is necessary to
avoid repetitive occurrences of accidents.
2-4.2.4 Records of such investigations shall be kept in accordance with the applicable provisions
of Section 2-7 of this chapter.
2-4.3
Each individual member of the fire department shall cooperate, participate, and comply with
the provisions of the occupational safety and health program.
2-4.3.1 It shall be the right of each member to be protected by an effective occupational safety
and health program and to participate or be represented in the research, development,
implementation, evaluation, and enforcement of the program.
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2-4.4
The member organization, where such an organization exists, shall cooperate with the fire
department by representing the interests and the welfare of the members in the research,
development, implementation, and evaluation of the occupational safety and health program.
2-4.4.1 The member organization shall have the right to represent the individual and collective
rights of its members in the occupational safety and health program.
2-5 Fire Department Safety Officer.
2-5.1
The fire chief shall appoint a designated fire department safety officer. This position shall
comply with the requirements of NFPA 1521, Standard for Fire Department Safety Officer.
2-5.2
The fire department safety officer shall be responsible for the management of the occupational
safety and health program.
2-5.3
The fire chief shall assign or make available in accordance with 2-1.2 of NFPA 1521, Standard
for Fire Department Safety Officer, such additional assistant safety officers and resources as may
be required to fulfill the requirements of the occupational safety and health program.
2-6 Occupational Safety and Health Committee.
2-6.1*
An occupational safety and health committee shall be established and shall serve in an
advisory capacity to the fire chief. The committee shall include the designated fire department
safety officer, representatives of fire department management, and individual members or
representatives of member organizations. The committee shall also be permitted to include other
persons. Representatives of member organizations shall be selected by their respective
organizations, but other committee members shall be appointed to the safety committee by the
fire chief.
2-6.2
The purpose of this committee shall be to conduct research, develop recommendations, and
study and review matters pertaining to occupational safety and health within the fire department.
2-6.3*
The committee shall hold regularly scheduled meetings and shall be permitted to hold special
meetings whenever necessary. Regular meetings shall be held at least once in every six months.
Written minutes of each meeting shall be retained and shall be made available to all members.
2-7 Records.
2-7.1*
The fire department shall establish a data collection system and maintain permanent records of
all accidents, injuries, illnesses, or deaths that are or might be job related.
2-7.2
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The data collection system shall also maintain individual records of any occupational exposure
to known or suspected toxic products or infectious or contagious diseases.
2-7.3
The fire department shall assure that a confidential health record for each member and a health
data base is maintained as specified in Section 8-2 of this standard.
2-7.4*
The fire department shall maintain training records for each member indicating dates, subjects
covered, satisfactory completion, and, if any, certifications achieved.
2-7.5
The fire department shall assure that inspection, maintenance, repair, and service records are
maintained for all vehicles and equipment used for emergency operations and training.
Chapter 3 Training and Education
3-1 General Requirements.
3-1.1
The fire department shall establish and maintain a training and education program with a goal
of preventing occupational accidents, deaths, injuries, and illnesses.
3-1.2
The training and education provided to members shall address all of the applicable provisions
of this standard.
3-1.3
The fire department shall provide training and education for all fire department members
commensurate with the duties and functions that they are expected to perform.
3-1.4
The fire department shall provide training and education for all members to assure that they
are able to perform their assigned duties in a safe manner that does not pose a hazard to
themselves or to other members.
3-1.5*
All training and education shall be provided by qualified persons.
3-1.6
Fire department training officers shall at least meet the qualifications for Instructor I as
specified in NFPA 1041, Standard for Fire Service Instructor Professional Qualifications.
3-2 Training Frequency.
3-2.1
Training shall be provided for all members as often as necessary to meet the applicable
requirements of this chapter, but not less than twice each year.
3-2.2
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Whenever changes in procedures or technology are introduced, or new hazards are identified
in the work environment, appropriate training and education shall be provided for all affected
members.
3-3 Basic Training and Education Requirements.
3-3.1*
Members shall be provided with training and education appropriate for their duties and
responsibilities before being permitted to engage in emergency operations.
3-3.2*
All members who engage in structural fire fighting shall at least meet the requirements of Fire
Fighter I as specified in NFPA 1001, Standard for Fire Fighter Professional Qualifications.
3-3.3
All fire apparatus drivers/operators shall meet the applicable requirements specified in NFPA
1002, Standard for Fire Apparatus Driver/Operator Professional Qualifications.
3-3.4
All members who are primarily assigned to aircraft rescue and fire fighting shall meet the
requirements specified in NFPA 1003, Standard for Airport Fire Fighter Professional
Qualifications.
3-3.5
All fire officers shall at least meet the requirements for Fire Officer I as specified in NFPA
1021, Standard for Fire Officer Professional Qualifications.
3-3.6
All members who are likely to be involved in emergency operations shall be trained in the
incident management system used by the fire department as specified in 6-1.2 of this standard.
3-3.7
The training program for all members engaged in emergency operations shall include
procedures for the safe exit of members from the dangerous area in the event of equipment
failure or sudden changes in conditions.
3-4 Training for Fire Fighting.
3-4.1
All members who engage in emergency operations shall be trained commensurate with their
duties and responsibilities. Training shall be as frequent as necessary to ensure that members can
perform their assigned duties in a safe and competent manner but shall not be less frequent than
specified in this section. Minimum training shall be as specified in Sections 3-1, 3-2, and 3-3 of
this chapter, as applicable, and as specified in this section.
3-4.2
Where the fire department is responsible for structural fire fighting operations, the fire
department shall provide structural fire fighting training at least monthly.
3-4.2.1 Members who engage in structural fire fighting shall attend a minimum of 10 monthly
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structural fire fighting training sessions. Members shall participate in at least 24 hours of
structural fire fighting training annually.
3-4.2.2 Any training involving live fire fighting exercises shall be conducted in compliance with
NFPA 1403, Standard on Live Fire Training Evolutions in Structures.
3-4.3
Where the fire department is responsible for nonstructural fire fighting operations, including
but not limited to wildland or other exterior fires, the fire department shall provide training in
such fire fighting operations.
3-4.3.1 Members who are primarily assigned to nonstructural fire fighting operations shall attend
nonstructural fire fighting training sessions consisting of at least 24 hours of training annually.
3-4.3.2 Members who occasionally are assigned to nonstructural fire fighting operations shall
attend nonstructural fire fighting training sessions consisting of at least 9 hours annually.
3-4.3.3 These training sessions shall be in addition to the training required in 3-4.2 of this section
for members who are also assigned to structural fire fighting duties.
3-4.4
Training in emergency operations shall be based on standard operating procedures. These
procedures shall be maintained in written form and shall address all anticipated emergency scene
operations.
3-4.5
Training exercises shall be conducted in accordance with the established standard operating
procedures and shall be supervised by qualified instructors.
3-4.6*
Smoke generating devices that produce a hazardous atmosphere shall not be used in training
exercises.
3-5 Special Operations.
3-5.1
Specific and advanced training and education shall be provided to members who engage in
special operations.
3-5.2
The fire department shall develop written procedures that describe the actions to be taken in
situations involving special operations and shall include these procedures in the advanced
training and education program.
3-5.3
All members who are likely to be involved in hazardous materials response shall be trained to
the appropriate level in accordance with NFPA 472, Standard for Professional Competence of
Responders to Hazardous Materials Incidents.
3-5.4*
All members who respond to incidents involving the release or potential release of hazardous
substances shall meet at least the requirements for First Responder Operations Level as specified
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in NFPA 472, Standard for Professional Competence of Responders to Hazardous Materials
Incidents.
Chapter 4 Vehicles and Equipment
4-1 Fire Department Vehicles.
4-1.1
The fire department shall consider safety and health as primary concerns in the specification,
design, construction, acquisition, operation, maintenance, inspection, and repair of all fire
department vehicles.
4-1.2
All new pumper fire apparatus shall be specified and ordered to meet the applicable
requirements of NFPA 1901, Standard for Pumper Fire Apparatus.
4-1.3
All new initial attack fire apparatus shall be specified and ordered to meet the applicable
requirements of NFPA 1902, Standard for Initial Attack Fire Apparatus.
4-1.4
All new mobile water supply fire apparatus shall be specified and ordered to meet the
applicable requirements of NFPA 1903, Standard for Mobile Water Supply Fire Apparatus.
4-1.5
All new aerial fire apparatus shall be specified and ordered to meet the applicable requirements
of NFPA 1904, Standard for Aerial Ladder and Elevating Platform Fire Apparatus.
4-1.6
Where tools, equipment, or SCBA are carried within enclosed seating areas of fire department
vehicles, such items shall be secured by either a positive mechanical means of holding the item
in its stowed position or in a compartment with a positive latching door. The means of holding
the item in place or the compartment shall be designed to minimize injury to persons in the
enclosed area of the vehicle caused by loose equipment during travel and in the event of an
accident, a rapid deceleration, or a rapid acceleration.
4-2 Drivers/Operators of Fire Department Vehicles.
4-2.1
Fire department vehicles shall be operated only by members who have successfully completed
an approved driver training program or by student drivers who are under the supervision of a
qualified driver. Driver/operators of fire apparatus shall meet the requirements specified in 3-3.3
of this standard.
4-2.2*
Drivers of fire department vehicles shall have valid driver’s licenses. Vehicles shall be
operated in compliance with all traffic laws, including sections pertaining to emergency vehicles,
and any requirements of the authority having jurisdiction.
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4-2.3*
Drivers of fire department vehicles shall be directly responsible for the safe and prudent
operation of the vehicles under all conditions. When the driver is under the direct supervision of
an officer, that officer shall also assume responsibility for the actions of the driver.
4-2.4
Drivers shall not move fire department vehicles until all persons on the vehicle are seated and
secured with seat belts or in approved riding positions, other than as specifically allowed in 4-3.1
of this chapter.
4-2.5
During nonemergency travel, drivers of fire department vehicles shall obey all traffic control
signals and signs, and all laws and rules of the road of the jurisdiction for the operation of motor
vehicles.
4-2.6*
The fire department shall develop written standard operating procedures for safely driving fire
department vehicles during nonemergency travel and emergency response and shall include
specific criteria for vehicle speed, crossing intersections, and traversing railroad grade crossings.
Such procedures for emergency response shall emphasize that the safe arrival of fire department
vehicles at the emergency scene is the first priority.
4-2.7*
During emergency response, drivers of fire department vehicles shall bring the vehicle to a
complete stop for any of the following:
(a) When directed by a law enforcement officer
(b) Red traffic lights
(c) Stop signs
(d) Negative right-of-way intersections
(e) Blind intersections
(f) When the driver cannot account for all lanes of traffic in an intersection
(g) When other intersection hazards are present
(h) When encountering a stopped school bus with flashing warning lights.
4-2.7.1 Drivers shall proceed through intersections only when the driver can account for all lanes
of traffic in the intersection.
4-2.8*
During emergency response or nonemergency travel, drivers of fire department vehicles shall
come to a complete stop at all unguarded railroad grade crossings. Drivers shall assure that it is
safe to proceed before crossing the railroad track(s). Drivers shall also use caution when
approaching and crossing any guarded grade railroad crossing.
4-2.9
The fire department shall include in the driver training program information on the potential
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hazards of retarders, such as engine, transmission, and driveline retarders, and shall develop a
written standard operating procedure pertaining to the use of such retarders.
4-2.10
The fire department shall develop written standard operating procedures requiring drivers to
discontinue the use of manual brake limiting valves, frequently labeled as a “wet road/dry road”
switch, and requiring that the valve/switch remains in the “dry road” position.
4-3 Persons Riding on Fire Apparatus.
4-3.1*
All persons riding on fire apparatus shall be seated in approved riding positions and shall be
secured to the vehicle by seat belts at any time the vehicle is in motion other than as allowed in
4-3.1.1, 4-3.1.2, and 4-3.1.3 of this section. Riding on tailsteps, sidesteps, running boards, or in
any other exposed position shall be specifically prohibited. Standing while riding shall be
specifically prohibited.
4-3.1.1* Members actively performing necessary emergency medical care while the vehicle is in
motion shall be secured to the vehicle by a seat belt, or by a safety harness designed for occupant
restraint, to the extent consistent with the effective provision of such emergency medical care.
All other persons in the vehicle shall be seated and belted in approved riding positions while the
vehicle is in motion.
4-3.1.2 Hose loading operations shall be permitted to be performed on moving fire apparatus
only when all of the following conditions are complied with:
(a) Hose loading procedures shall be specified in a written standard operating procedure that
includes at least these safety conditions. All members involved in the hose loading shall have
been trained in these procedures.
(b) There shall be a member, other than those members loading hose, assigned as a safety
observer. The safety observer shall have an unobstructed view of the hose loading operation and
be in visual and voice contact with the apparatus operator.
(c) Non-fire department vehicular traffic shall be excluded from the area or shall be under the
control of authorized traffic control persons.
(d) The fire apparatus shall be driven only in a forward direction at a speed of 5 mph (8 kph) or
less.
(e) No members shall be allowed to stand on the tailstep, sidesteps, running boards, or any
other location on the apparatus while the apparatus is in motion.
(f) Members shall be permitted to be in the hose bed, but shall not stand while the apparatus is
in motion.
(g) Prior to the beginning of each hose loading operation, the situation shall be evaluated to
ensure compliance with all the provisions of the standard operating procedure. If the standard
operating procedure cannot be complied with, or if there is any question as to the safety of the
operation for the specific situation, then the hose shall not be loaded on moving fire apparatus.
4-3.1.3 Tiller training, where both the instructor and the trainee are at the tiller position, shall be
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permitted to be performed on tractor-drawn aerial apparatus only if all of the following
conditions are complied with:
(a) Tiller training procedures shall be specified in a written standard operating procedure that
includes at least these safety conditions. All members involved in tiller training shall have been
trained in these procedures.
(b) The aerial apparatus shall be equipped with seating positions for both the tiller instructor
and the tiller trainee. Both seating positions shall be equipped with seat belts for each individual.
The tiller instructor shall be permitted to take a position alongside the tiller trainee.
(c) The tiller instructor’s seat shall be permitted to be detachable. Where the instructor’s seat is
detachable, the detachable seat assembly shall be structurally sufficient to support and secure the
instructor. The detachable seat assembly shall be attached and positioned in a safe manner
immediately adjacent to the regular tiller seat. The detachable seat assembly shall be equipped
with a seat belt or vehicle safety harness. The detachable seat assembly shall be attached and
used only for training purposes.
(d) Both the tiller instructor and the tiller trainee shall be seated and belted.
(e) The instructor and trainee shall wear and use both helmet and eye protection if not seated in
an enclosed area.
(f) In the event the aerial apparatus is needed for an emergency response during a tiller training
session, the training session shall be terminated, and all members shall be seated and belted in
the approved riding positions. There shall be only one person at the tiller position. During the
emergency response, the apparatus shall be operated by qualified driver/operators.
4-3.2*
Helmets and eye protection shall be provided for and used by persons riding in cabs or tiller
seats that are not enclosed on at least three sides and the top.
4-3.3
On existing fire apparatus where there is an insufficient number of seats available for the
number of members assigned to or expected to ride on that piece of apparatus, alternate means of
transportation that provide seating positions shall be used. Such alternate means of transportation
shall include, but not be limited to, other fire apparatus, automobiles, or vans.
4-3.4*
All new fire apparatus shall be specified and ordered in accordance with the appropriate fire
apparatus standard specified in Section 4-1 of this chapter with a sufficient number of seats in a
fully enclosed personnel area for the maximum number of persons expected to ride on the
vehicle at any time. The fully enclosed personnel area shall consist of a roof, a floor, and four
sides, with positive latching doors that provide total enclosure.
4-4 Inspection, Maintenance, and Repair of Vehicles.
4-4.1*
All fire department vehicles shall be inspected at least weekly, within 24 hours after any use or
repair, and prior to being placed in service or used for emergency purposes to identify and
correct unsafe conditions.
Copyright 1996 NFPA

4-4.2
A preventive maintenance program shall be established, and records shall be maintained as
specified in 2-7.5 of this standard. Maintenance, inspections, and repairs shall be performed by
qualified persons in accordance with manufacturer’s instructions. Manufacturer’s instructions
shall be considered as minimum criteria for the maintenance, inspection, and repair of
equipment.
4-4.3*
The fire department shall establish a list of major defects to be utilized to evaluate when a
vehicle shall be declared unsafe. Any fire department vehicle found to be unsafe shall be placed
out of service until repaired.
4-4.4
All repairs to fire department vehicles shall be made by qualified persons experienced with the
type of vehicle or the type of work to be performed in accordance with the vehicle
manufacturer’s instructions.
4-4.5
Fire pumps on apparatus shall be service tested in accordance with the applicable requirements
of NFPA 1911, Standard for Service Tests of Pumps on Fire Department Apparatus.
4-4.6
All aerial devices shall be inspected and service tested in accordance with the applicable
requirements of NFPA 1914, Standard for Testing Fire Department Aerial Devices.
4-5 Tools and Equipment.
4-5.1
The fire department shall consider safety and health as primary concerns in the specification,
design, construction, acquisition, operation, maintenance, inspection, and repair of all tools and
equipment.
4-5.1.1 The hearing conservation objectives of Section 5-11 of this standard shall be taken into
account in the acquisition of new power tools and power equipment.
4-5.2
All new fire department ground ladders shall be specified and ordered to meet the applicable
requirements of NFPA 1931, Standard on Design of and Design Verification Tests for Fire
Department Ground Ladders.
4-5.3
All new fire hose shall be specified and ordered to meet the applicable requirements of NFPA
1961, Standard on Fire Hose.
4-5.4
All new fire department spray nozzles shall be specified and ordered to meet the applicable
requirements of NFPA 1964, Standard for Spray Nozzles (Shutoff and Tip).
4-5.5*
All equipment carried on fire apparatus or designated for training shall be inspected at least
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weekly and within 24 hours after any use. Inventory records shall be maintained for the
equipment carried on each vehicle. Records shall also be maintained for equipment designated
for training.
4-5.6
All equipment carried on fire apparatus or designated for training shall be tested at least
annually in accordance with manufacturer’s instructions and applicable standards.
4-5.7
Fire fighting equipment found to be defective or in unserviceable condition shall be removed
from service and repaired or replaced.
4-5.8
All ground ladders shall be inspected and service tested in accordance with the applicable
requirements of NFPA 1932, Standard on Use, Maintenance, and Service Testing of Fire
Department Ground Ladders.
4-5.9
All fire hose shall be inspected and service tested in accordance with the applicable
requirements of NFPA 1962, Standard for the Care, Use, and Maintenance of Fire Hose
Including Couplings and Nozzles.
4-5.10
All fire extinguishers shall be inspected and tested in accordance with the applicable
requirements of NFPA 10, Standard for Portable Fire Extinguishers.
Chapter 5 Protective Clothing and Protective Equipment
5-1 General.
5-1.1*
The fire department shall provide each member with the appropriate protective clothing and
protective equipment to provide protection from the hazards to which the member is or is likely
to be exposed. Such protective clothing and protective equipment shall be suitable for the tasks
that the member is expected to perform.
5-1.2
Protective clothing and protective equipment shall be used whenever the member is exposed or
potentially exposed to the hazards for which it is provided.
5-1.3
Members shall be fully trained in the care, use, inspection, maintenance, and limitations of the
protective clothing and protective equipment assigned to them or available for their use.
5-1.4*
Protective clothing and protective equipment shall be used and maintained in accordance with
manufacturer’s instructions. A maintenance and inspection program shall be established for
protective clothing and protective equipment. Specific responsibilities shall be assigned for
inspection and maintenance.
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5-1.5
Structural fire fighting protective clothing shall be periodically cleaned at least every 6 months
as specified in Section 5-4 of NFPA 1581, Standard on Fire Department Infection Control
Program.
5-1.6*
Where station/work uniforms are worn by members, such station/work uniforms shall meet the
requirements of NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters.
5-1.7*
While on duty, members shall avoid wearing any clothing that is considered unsafe due to poor
thermal stability or poor flame resistant characteristics of the fabric(s).
5-1.8
The fire department shall provide for the cleaning of protective clothing and station/work
uniforms. Such cleaning shall be performed by either a cleaning service that is equipped to
handle contaminated clothing, or a fire department facility that is equipped to handle
contaminated clothing.
5-1.8.1 Where such cleaning is conducted in fire stations, the fire department shall provide at
least one washing machine for this purpose in the designated cleaning area specified in Section
3-2 of NFPA 1581, Standard on Fire Department Infection Control Program. These washing
machines shall be marked or labeled “FOR WASHING PROTECTIVE OR WORK CLOTHING
ONLY.”
5-1.8.2 Bed linen, dish towels, and other station linens or machine washables shall not be
washed in the machines designated for protective or work clothing due to the possibility of
cross-contamination.
5-2 Protective Clothing for Structural Fire Fighting.
5-2.1
Members who engage in or are exposed to the hazards of structural fire fighting shall be
provided with and shall use both protective coats and protective trousers, or a protective
coverall. The protective coat and protective trousers or the protective coverall shall meet the
applicable requirements of NFPA 1971, Standard on Protective Clothing for Structural Fire
Fighting.
5-2.1.1* There shall be at least a 2-in. (5.08-cm) overlap of all layers of the protective coat and
the protective trousers so there is no gaping of the total thermal protection when the protective
garments are worn. The minimum overlap shall be determined by measuring the garments on the
wearer, without SCBA, in both of the following positions:
Position A: Standing, hands together reaching overhead as high as possible;
Position B: Standing, hands together reaching overhead, with body bent forward, to the side,
and to the back as much as possible.
5-2.1.2 Single piece protective coveralls shall not be required to have an overlap of all layers
provided there is continuous composite protection.
5-2.2
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Members who engage in or are exposed to the hazards of structural fire fighting shall be
provided with and shall use helmets that meet the requirements of NFPA 1972, Standard on
Helmets for Structural Fire Fighting.
5-2.3
Members who engage in or are exposed to the hazards of structural fire fighting shall be
provided with and shall use gloves that meet the requirements of NFPA 1973, Standard on
Gloves for Structural Fire Fighting.
5-2.3.1 Fire departments that provide protective coats with protective resilient wristlets secured
through a thumb opening shall be permitted to provide gloves of the gauntlet type for use with
these protective coats. Fire departments that do not provide such wristlets attached to all
protective coats shall provide gloves of the wristlet type for use with these protective coats.
5-2.4*
Members who engage in or are exposed to the hazards of structural fire fighting shall be
provided with and shall use footwear that meet the requirements of NFPA 1974, Standard for
Protective Footwear for Structural Fire Fighting.
5-2.5
Members who engage in or are exposed to the hazards of structural fire fighting shall be
provided with and shall use protective hoods that meet the applicable requirements of NFPA
1971, Standard on Protective Clothing for Structural Fire Fighting.
5-2.6
The fire department shall require all members to wear all the protective clothing specified in
5-2.1, 5-2.2, 5-2.3, 5-2.4, and 5-2.5 of this section at all times when involved in or exposed to the
hazards of structural fire fighting in the hazardous area at an emergency scene.
5-2.7*
The fire department shall assure that all members who engage in fire fighting operations are
aware of the flammability and thermal stability characteristics of various types of fabrics used in
clothing. Fire fighters shall avoid wearing clothing under protective garments that is considered
unsafe due to poor thermal stability or poor flame resistant characteristics and that could itself
cause injury to the fire fighter despite the appropriate protective garments worn over such
clothing.
5-3 Self-Contained Breathing Apparatus (SCBA).
5-3.1*
Open-circuit SCBA shall be positive pressure and shall meet the requirements of NFPA 1981,
Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters. Closed-circuit
SCBA shall be NIOSH/MSHA certified with a minimum service duration of at least 30 minutes
and shall operate in the positive pressure mode only.
5-3.2*
SCBA shall be provided for and shall be used by all members working in areas where:
(a) The atmosphere is hazardous
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(b) The atmosphere is suspected of being hazardous
(c) The atmosphere may rapidly become hazardous.
5-3.3
Members using SCBA shall operate in teams of two or more.
5-3.4
At any time any members are working inside any confined space, such members shall be
provided with SCBA and shall use the SCBA unless the safety of the atmosphere can be
established by testing and continuous monitoring.
5-3.5*
Members using SCBA shall not compromise the protective integrity of the SCBA for any
reason when operating in a hazardous atmosphere, or in an atmosphere where the quality of air is
unknown, by removing the facepiece or disconnecting any portion of the SCBA that would allow
the ambient atmosphere to be breathed.
5-3.6*
The fire department shall adopt and maintain a respiratory protection program that addresses
selection, inspection, use, maintenance, training, and air quality testing. Members shall be tested
and certified in the safe and proper use of SCBA at least annually.
5-3.7
Compressed gaseous air in the SCBA cylinder shall meet the requirements of ANSI/CGA
G7.1, Commodity Specification for Air, with a minimum air quality of Grade D, as well as
meeting a dew point level of –65°F (–54°C) or dryer (24 ppm v/v or less), and a maximum
particulate level of 5 mg/m3 air.
5-3.7.1* When the fire department purchases compressed breathing air in a vendor supplied
cylinder, the fire department shall require the vendor to provide certification and documentation
that the breathing air has been tested and that it meets the requirements of 5-3.7 of this section.
The vendor shall provide documentation to demonstrate that the laboratory is accredited by the
American Industrial Hygiene Association, the American Association for Laboratory
Accreditation, or the National Voluntary Laboratory Accreditation Program.
5-3.7.2 When the fire department makes its own breathing air or transfers purchased breathing
air from vendor cylinders into other storage cylinders, the air quality from compressors, cascade
system cylinders, storage receivers, and other such breathing air manufacturing or storage
equipment used for filling SCBA cylinders shall be tested at least every three months by a
laboratory accredited by the American Industrial Hygiene Association, the American
Association for Laboratory Accreditation, or the National Voluntary Laboratory Accreditation
Program to certify that the breathing air meets the requirements of 5-3.7 of this section.
Laboratories shall be required to notify the fire department immediately of air not meeting the
requirements of 5-3.7 of this section.
5-3.7.3 SCBA cylinders shall be hydrostatically tested within the periods specified by the
manufacturers and the applicable governmental agencies.
5-3.8*
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The facepiece seal capability of each member qualified to use SCBA shall be verified by
qualitative fit testing on an annual basis and whenever new types of SCBA or facepieces are
issued. Each new member shall be tested before being permitted to use SCBA in a hazardous
atmosphere. Only members with a properly fitting facepiece shall be permitted by the fire
department to function in a hazardous atmosphere with SCBA.
5-3.9*
A growth of beard or facial hair at any point where the SCBA facepiece is designed to seal
with the face, regardless of the specific fit test measurement that can be obtained, or hair that
could interfere with the facepiece valve function shall be prohibited for members required to use
SCBA.
5-3.10
When a member must wear corrective lenses while using SCBA, the SCBA facepiece shall be
fitted with spectacles inside of the facepiece in such a manner that shall not interfere with the
facepiece-to-face seal.
5-3.10.1 Spectacles with any strap or temple bars that pass through the facepiece-to-face seal
area shall be prohibited.
5-3.10.2* Use of soft contact lenses shall be permitted during SCBA use, provided that the
member has previously demonstrated successful long-term soft contact lens use.
5-3.10.3 Use of hard contact lenses during SCBA use shall be prohibited.
5-3.11
Nothing shall be allowed to enter or pass through the area where the SCBA facepiece is
designed to seal with the face, regardless of the specific fit test measurement that can be
obtained.
5-3.11.1 Any head covering that passes between the sealing surface of the SCBA facepiece and
the member’s face shall be prohibited.
5-3.11.2 The SCBA facepiece and head harness with straps shall not be worn over protective
hoods specified in 5-2.5 and 5-4.5 of this chapter.
5-3.11.3 The SCBA facepiece and head harness with straps shall not be worn over the head
protection of any hazardous chemical protective clothing specified in Section 5-6 of this
standard.
5-3.11.4 The wearing of helmets specified in 5-2.2 and 5-4.2 of this chapter or any helmet worn
in conjunction with the hazardous chemical protective clothing specified in Section 5-6 of this
standard shall not interfere with the SCBA facepiece-to-face seal.
5-4 Protective Clothing for Proximity Fire Fighting Operations.
5-4.1
Members who engage in or are exposed to the hazards of proximity fire fighting shall be
provided with and shall use both proximity protective coats and proximity protective trousers, or
a proximity protective coverall, for limb/torso protection. The proximity protective coat and
proximity protective trousers, or the proximity protective coverall, shall meet the applicable
requirements of NFPA 1976, Standard on Protective Clothing for Proximity Fire Fighting.
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5-4.1.1* There shall be at least a 2-in. (5.08 cm) overlap of all layers of the proximity protective
coat and proximity protective trousers so there is no gaping of the total thermal and radiant heat
protection when the protective garments are worn. The minimum overlap shall be determined by
measuring the garments on the wearer, without SCBA, in both of the following positions:
Position A: Standing, hands together reaching overhead as high as possible;
Position B: Standing, hands together reaching overhead, with body bent forward, to the side,
and to the back as much as possible.
5-4.1.2 Single piece proximity protective coveralls shall not be required to have an overlap of all
layers, provided there is continuous full thermal and radiant heat protection
5-4.2
Members who engage in or are exposed to the hazards of proximity fire fighting shall be
provided with and shall use helmets that meet the applicable requirements of NFPA 1972,
Standard on Helmets for Structural Fire Fighting, and additional radiant reflective criteria that
are approved for the expected proximity fire fighting exposures where the helmet will be used.
5-4.3
Members who engage in or are exposed to the hazards of proximity fire fighting shall be
provided with and shall use gloves that meet the applicable requirements of NFPA 1973,
Standard on Gloves for Structural Fire Fighting, and additional radiant reflective criteria that are
approved for the expected proximity fire fighting exposures where the gloves will be used.
5-4.4
Members who engage in or are exposed to the hazards of proximity fire fighting shall be
provided with and shall use footwear that meet the applicable requirements of NFPA 1974,
Standard for Protective Footwear for Structural Fire Fighting, and additional radiant reflective
criteria that are approved for the expected proximity fire fighting exposures where the footwear
will be used.
5-4.5
Members who engage in or are exposed to the hazards of proximity fire fighting shall be
provided with and shall use protective hoods that meet the applicable requirements of NFPA
1971, Standard on Protective Clothing for Structural Fire Fighting, and additional radiant
reflective criteria that are approved for the expected proximity fire fighting exposures where the
hood will be used.
5-4.6
Members who engage in or are exposed to the hazards of proximity fire fighting shall be
provided with and shall use SCBA that meet the applicable requirements of Section 5-3 of this
chapter.
5-4.6.1 Where SCBA is worn over or outside the proximity protective garment, the fire
department shall inform the member of the potential high levels of radiant heat that can result in
the failure of the SCBA. The fire department shall require additional approved radiant reflective
criteria, including but not limited to a protective cover, for the expected proximity fire fighting
exposures when the SCBA is worn over or outside the proximity protective garment.
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5-5* Protective Clothing for Emergency Medical Operations.
5-5.1
Members who perform emergency medical care or otherwise are likely to be exposed to blood
or other body fluids shall be provided with emergency medical garments, emergency medical
face protection devices, and emergency medical gloves that meet the applicable requirements of
NFPA 1999, Standard on Protective Clothing for Emergency Medical Operations.
5-5.2*
Members shall wear emergency medical gloves when providing emergency medical care.
Patient care shall not be initiated before the gloves are in place.
5-5.3
Each member shall use emergency medical garments and emergency medical face protection
devices prior to any patient care during which large splashes of body fluids can occur, such as
situations involving spurting blood or childbirth.
5-5.4
Contaminated emergency medical garments, emergency medical face protection devices, and
emergency medical gloves shall be cleaned and disinfected or disposed of in accordance with
NFPA 1581, Standard on Fire Department Infection Control Program.
5-6* Chemical-Protective Clothing for Hazardous Chemical Emergency Operations.
5-6.1* Vapor-Protective Garments.
5-6.1.1 Members who engage in operations during hazardous chemical emergencies that will
expose them to known chemicals in vapor form or to unknown chemicals shall be provided with
and shall use vapor-protective suits. Vapor-protective suits shall meet the applicable
requirements of NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical
Emergencies.
5-6.1.2 Prior to use, the incident commander shall consult the technical data package,
manufacturer’s instructions, and manufacturer’s recommendations as provided and required by
Chapters 2 and 3 of NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical
Emergencies, to assure that the garment is appropriate for the specific hazardous chemical
emergency.
5-6.1.3 Members who engage in operations during hazardous chemical emergencies that will
expose them to known chemicals in vapor form or to unknown chemicals shall be provided with
and shall use SCBA that meet the applicable requirements of Section 5-3 of this chapter.
Additional outside air supplies shall be permitted to be utilized in conjunction with SCBA,
provided such systems are positive pressure and have been certified by NIOSH/MSHA under 30
CFR 11.
5-6.1.4* Vapor-protective suits shall NOT be used alone for any fire fighting applications or for
protection from radiological, biological, or cryogenic agents, or in flammable or explosive
atmospheres.
5-6.1.5 Vapor-protective suits shall be permitted to be used for protection from liquid splashes or
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solid chemicals and particulates.
5-6.2* Liquid Splash-Protective Garments.
5-6.2.1 Members who engage in operations during hazardous chemical emergencies that will
expose them to known chemicals in liquid-splash form shall be provided with and shall use
liquid splash-protective suits. Liquid splash-protective suits shall meet the applicable
requirements of NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous
Chemical Emergencies.
5-6.2.2 Prior to use, the incident commander shall consult the technical data package,
manufacturer’s instructions, and manufacturer’s recommendations as provided and required by
Chapters 2 and 3 of NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous
Chemical Emergencies, to assure that the garment is appropriate for the specific hazardous
chemical emergency.
5-6.2.3 Members who engage in operations during hazardous chemical emergencies that will
expose them to known chemicals in liquid-splash form shall be provided with and shall use
either SCBA that meet the applicable requirements of Section 5-3 of this chapter or respiratory
protective devices that are NIOSH/MSHA certified under 30 CFR 11 as suitable for the specific
chemical environment. Additional outside air supplies shall be permitted to be utilized in
conjunction with SCBA, provided such systems are positive pressure and have been certified by
NIOSH/MSHA under 30 CFR 11.
5-6.2.4 Liquid splash-protective suits shall NOT be used for protection from chemicals in vapor
form, or from unknown liquid chemicals or chemical mixtures. Only vapor-protective suits
specified in 5-6.1 of this section and SCBA specified in Section 5-3 of this chapter shall be
considered for use.
5-6.2.5 Liquid splash-protective suits shall NOT be used for protection from chemicals or
specific chemical mixtures with known or suspected carcinogenicity as indicated by any one of
the following documents:
(a) N. Irving Sax, Dangerous Properties of Industrial Chemicals
(b) NIOSH Pocket Guide to Chemical Hazards
(c) U.S. Coast Guard Chemical Hazard Response Information System (CHRIS), Volumes 1-3,
“Hazardous Chemical Data.”
5-6.2.6 Liquid splash-protective suits shall NOT be used for protection from chemicals or
specific chemical mixtures with skin toxicity notations as indicated by the following reference:
American Conference of Governmental Industrial Hygienists, Threshold Limit Values and
Biological Exposure Indices for 1988-1989.
5-6.2.7* Liquid splash-protective suits shall NOT be used alone for any fire fighting applications
or for protection from radiological, biological, or cryogenic agents; from flammable or explosive
atmospheres; or from hazardous chemical vapor atmospheres.
5-6.2.8 Liquid splash-protective suits shall be permitted to be used for protection from solid
chemicals and particulates.
5-6.3* Support Functions Protective Garments.
Copyright 1996 NFPA

5-6.3.1 Members who provide functional support outside the hot zone during hazardous
chemical emergencies shall be provided with and shall use support function protective garments.
Support function protective garments shall meet the applicable requirements of NFPA 1993,
Standard on Support Function Protective Garments for Hazardous Chemical Operations.
5-6.3.2 Prior to use, the incident commander shall consult the technical data package,
manufacturer’s instructions, and manufacturer’s recommendations as provided and required by
Chapters 2 and 3 of NFPA 1993, Standard on Support Function Protective Garments for
Hazardous Chemical Operations, to assure that the garment is appropriate for the intended
environment.
5-6.3.3 Members who engage in or are exposed to chemicals in support function environments
during hazardous chemical emergencies shall be provided with and shall use either SCBA that
meet the applicable requirements of Section 5-3 of this chapter or respiratory protective devices
that are NIOSH/MSHA certified under 30 CFR 11 as suitable for the specific environment.
Additional outside air supplies shall be permitted to be utilized in conjunction with SCBA,
provided such systems are positive pressure and have been certified by NIOSH/MSHA under 30
CFR 11.
5-6.3.4 Support function protective garments shall NOT be used in any hot zone of any
hazardous chemical operation.
5-6.3.5 Support function protective garments shall NOT be used for protection from chemicals or
specific chemical mixtures with known or suspected carcinogenicity as indicated by any one of
the following documents:
(a) N. Irving Sax, Dangerous Properties of Industrial Chemicals
(b) NIOSH Pocket Guide to Chemical Hazards
(c) U.S. Coast Guard Chemical Hazard Response Information System (CHRIS), Volumes 1-3,
“Hazardous Chemical Data.”
5-6.3.6 Support function protective garments shall NOT be used for protection from chemicals or
specific chemical mixtures with skin toxicity notations as indicated by the following reference.
American Conference of Governmental Industrial Hygienists, Threshold Limit Values and
Biological Exposure Indices for 1988-1989.
5-6.3.7* Support function protective garments shall NOT be used for any fire fighting
applications or for protection from radiological, biological, or cryogenic agents; from flammable
or explosive atmospheres; or from hazardous chemical vapor atmospheres.
5-6.3.8 Support function protective garments shall be permitted to be used for protection against
solid chemical and particulates outside of the hot zone.
5-6.4 Inspection, Maintenance, and Disposal of Chemical-Protective Clothing
5-6.4.1 All chemical-protective clothing shall be inspected and maintained as required by the
technical data package, manufacturer’s instructions, and manufacturer’s recommendations.
5-6.4.2 All chemical-protective clothing that receives a significant exposure to a chemical or
chemical mixture shall be disposed of if decontamination will not stop the chemical assault on
the garment and the protective qualities will be diminished or nullified. Disposal shall be in
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accordance with applicable state or federal regulations.
5-7 Personal Alert Safety System (PASS).
5-7.1*
Each member involved in rescue, fire suppression, or other hazardous duties shall be provided
with and shall use a PASS device in the hazardous area. PASS devices shall meet the
requirements of NFPA 1982, Standard on Personal Alert Safety Systems (PASS) for Fire
Fighters.
5-7.2
Each PASS device shall be tested at least weekly and prior to each use, and shall be
maintained in accordance with the manufacturer’s instructions.
5-8 Life Safety Ropes, Harnesses, and Hardware.
5-8.1
All life safety ropes, harnesses, and hardware used by fire departments shall meet the
applicable requirements of NFPA 1983, Standard on Fire Service Life Safety Rope, Harnesses,
and Hardware.
5-8.1.1 Class I life safety harnesses shall only be used for fire fighter attachment to ladders and
aerial devices.
5-8.1.2 Class II and Class III life safety harnesses shall be utilized for fall arrest and rappelling
operations.
5-8.2
Rope used to support the weight of members or other persons during rescue, fire fighting,
other emergency operations, or during training evolutions, shall be life safety rope. Life safety
rope used for any other purpose shall be removed from service and destroyed.
5-8.3*
Life safety rope used for rescue at fires or other emergency incidents or for training shall be
permitted to be reused if inspected before and after each such use in accordance with the
manufacturer’s instructions and provided:
(a) The rope has not been visually damaged by exposure to heat, direct flame impingement,
chemical exposure, or abrasion.
(b) The rope has not been subjected to any impact load.
(c) The rope has not been exposed to chemical liquids, solids, gases, mists, or vapors of any
material known to deteriorate rope.
If the rope used for rescue at fires or other emergency incidents or for training has been
subjected to (a), (b), or (c) or fails the visual inspection, it shall be destroyed after such use. If
there is any question regarding the serviceability of the rope after consideration of the above, the
safe course of action shall be taken and the rope shall be placed out of service.
5-8.4
Rope inspection shall be conducted by qualified inspectors in accordance with rope inspection
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procedures established and recommended as adequate by the rope manufacturer to assure rope is
suitable for reuse.
5-8.5
Records shall be maintained to document the use of each life safety rope used at fires and other
emergency incidents or for training.
5-9 New and Existing Protective Clothing and Protective Equipment.
5-9.1
All new protective clothing and protective equipment shall meet the requirements of the
current edition, as specified in Chapter 10 of this standard, of the respective standards specified
in 5-1.6, 5-2.1, 5-2.2, 5-2.3, 5-2.4, 5-2.5, 5-3.1, 5-4.1, 5-5.1, 5-6.1.1, 5-6.2.1, 5-6.3.1, 5-7.1, and
5-8.1 of this chapter.
5-9.2
Existing protective clothing and protective equipment shall have been in compliance with the
edition of the respective NFPA standard that was current when the protective clothing or
protective equipment was manufactured.
5-10 Eye and Face Protection.
5-10.1
Primary face and eye protection appropriate for a given specific hazard shall be provided for
and used by members exposed to that specific hazard. Such primary face and eye protection shall
meet the requirements of ANSI Z87.1, Practice for Occupational and Educational Eye and Face
Protection.
5-10.2
The full facepiece of SCBA shall constitute face and eye protection when worn. SCBA that
have facepiece mounted regulators, which, when disconnected, provide a direct path for flying
objects to strike the face or eyes, shall have the regulator attached in order to be considered eye
and face protection.
5-10.3
When operating in the hazardous area at an emergency scene without the full facepiece of
SCBA being worn, members shall deploy the helmet faceshield for partial face protection.
5-11 Hearing Protection.
5-11.1*
Hearing protection shall be provided for and used by all members operating or riding on fire
apparatus when subject to noise in excess of 90 dBA.
5-11.2*
Hearing protection shall be provided for and used by all members when exposed to noise in
excess of 90 dBA caused by power tools or equipment, other than in situations where the use of
such protective equipment would create an additional hazard to the user.
5-11.3*
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The fire department shall engage in a hearing conservation program to identify and reduce or
eliminate potentially harmful sources of noise in the work environment. Where audiometric
testing indicates a significant hearing loss for a member, the fire department shall address these
conditions on an individual basis, as well as take steps to control potentially harmful noise
exposure to any or all other members.
Chapter 6 Emergency Operations
6-1 Incident Management.
6-1.1
Emergency operations and other situations that pose similar hazards, including but not limited
to training exercises, shall be conducted in a manner that recognizes hazards and prevents
accidents and injuries.
6-1.2
An incident management system that meets the requirements of NFPA 1561, Standard on Fire
Department Incident Management System, shall be established with written standard operating
procedures applying to all members involved in emergency operations. All members involved in
emergency operations shall be familiar with the system.
6-1.3*
At an emergency incident, the incident commander shall be responsible for the overall safety
of all members and all activities occurring at the scene.
6-1.4
At an emergency incident, the incident commander shall establish an organization with
sufficient supervisory personnel to control the position and function of all members operating at
the scene and to ensure that safety requirements are satisfied.
6-1.5*
At an emergency incident, the incident commander shall have the responsibility to:
(a) Assume and confirm command and take an effective command position;
(b) Perform situation evaluation that includes risk assessment;
(c) Initiate, maintain, and control incident communications;
(d) Develop an overall strategy and attack plan and assign units to operations;
(e) Develop an effective incident organization by managing resources, maintaining an effective
span of control, and maintaining direct supervision over the entire incident by creating
geographic and functional sectors;
(f) Review, evaluate, and revise the attack plan as required;
(g) Continue, transfer, and terminate command.
6-1.6
The fire department shall establish and ensure the maintenance of a fire dispatch and incident
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communication system that meets the requirements of Section 3-6 of NFPA 1561, Standard on
Fire Department Incident Management System.
6-2 Risk Management During Emergency Operations.
6-2.1*
The incident commander shall integrate risk management into the regular functions of incident
command.
6-2.1.1* The concept of risk management shall be utilized on the basis of the following
principles:
(a) Activities that present a significant risk to the safety of members shall be limited to
situations where there is a potential to save endangered lives.
(b) Activities that are routinely employed to protect property shall be recognized as inherent
risks to the safety of members, and actions shall be taken to reduce or avoid these risks.
(c) No risk to the safety of members shall be acceptable when there is no possibility to save
lives or property.
6-2.1.2* The incident commander shall evaluate the risk to members with respect to the purpose
and potential results of their actions in each situation. In situations where the risk to fire
department members is excessive, as defined by 6-2.1.1 of this section, activities shall be limited
to defensive operations.
6-2.2
Risk management principles shall be routinely employed by supervisory personnel at all levels
of the incident management system to define the limits of acceptable and unacceptable positions
and functions for all members at the incident scene.
6-2.3*
At significant incidents and special operations incidents, the incident commander shall assign
qualified personnel with the specific authority and responsibility to evaluate hazards and provide
direction with respect to the safety of operations.
6-3 Accountability.
6-3.1*
The fire department shall establish written standard operating procedures for a personnel
accountability system in accordance with Section 4-3 of NFPA 1561, Standard on Fire
Department Incident Management System, and that provides for the tracking and inventory of all
members operating at an emergency incident.
6-3.1.1 The system shall consider local conditions and characteristics in establishing the
requirements of the personnel accountability system.
6-3.2
It shall be the responsibility of all members operating at an emergency incident to actively
participate in the personnel accountability system.
6-3.3
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The incident commander shall be responsible for overall personnel accountability for the
incident. The incident commander shall initiate an accountability and inventory worksheet at the
very beginning of operations and shall maintain that system throughout operations.
6-3.3.1 The incident commander shall maintain an awareness of the location and function of all
companies and sectors.
6-3.3.2 Sector officers shall directly supervise and account for the companies operating in that
sector.
6-3.3.3 Company officers shall maintain an ongoing awareness of the location and condition of
all company members.
6-3.3.4 Where assigned as a company, members shall be responsible to remain under the
supervision of their assigned company officer.
6-3.3.5 Members shall be responsible to follow personnel accountability system procedures.
6-3.4
The personnel accountability system shall be used at all incidents.
6-3.5*
The fire department shall develop the system components required to make the personnel
accountability system effective.
6-3.6
The standard operating procedures shall provide the use of additional accountability officers
based on the size, complexity, or needs of the incident. These accountability officers shall work
with the incident commander and sector officers to assist in the ongoing tracking and
accountability of members.
6-4 Members Operating at Emergency Incidents.
6-4.1*
The fire department shall provide an adequate number of personnel to safely conduct
emergency scene operations. Operations shall be limited to those that can be safely performed by
the personnel available at the scene. No member or members shall commence or perform any fire
fighting function or evolution that is not within the established safety criteria of the
organizational statement as specified in 2-1.2 of this standard.
6-4.2
When inexperienced members are working at an incident, direct supervision shall be provided
by more experienced officers or members. This requirement shall not reduce the training
requirements contained in Chapter 3 of this standard.
6-4.3
Members operating in hazardous areas at emergency incidents shall operate in teams of two or
more. Team members operating in hazardous areas shall be in communication with each other
through visual, audible, physical, safety guide rope, or electronic means, or by other means in
order to coordinate their activities. Team members shall be in close proximity to each other to
provide assistance in case of emergency.
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6-4.4
In the initial stages of an incident where only one team is operating in the hazardous area, at
least one additional member shall be assigned to stand by outside of the hazardous area where
the team is operating. This standby member shall be responsible for maintaining a constant
awareness of the number and identity of members operating in the hazardous area, their location
and function, and time of entry. The standby member shall remain in radio, visual, voice, or
signal line communications with the team.
6-4.4.1 The “initial stages” of an incident shall encompass the tasks undertaken by the first
arriving company with only one team assigned or operating in the hazardous area.
6-4.4.2 The standby member shall be permitted to perform other duties outside of the hazardous
area, such as apparatus operator, incident commander, or technician or aide, provided constant
communication is maintained between the standby member and the members of the team.
6-4.4.3 The standby member shall be provided with at least the appropriate full protective
clothing, protective equipment, and SCBA as required in Chapter 5 of this standard. The standby
member shall be permitted to rescue or provide for the rescue of the members of the one team
that is operating if the need arises. If such a rescue need arises, the standby member shall
communicate the situation to the communications center and additional response shall be
dispatched if not already underway.
6-4.4.4 Once a second team is assigned or operating in the hazardous area, the incident shall no
longer be considered in the “initial stage,” and at least one rapid intervention crew shall be
required.
6-4.5*
When members are performing special operations, the highest level of emergency medical care
shall be standing by at the scene with medical equipment and transportation capabilities. Basic
life support shall be the minimum level of emergency medical care.
6-4.5.1 All emergency medical personnel who provide emergency medical care and medical
monitoring at hazardous material incidents shall meet the minimum requirements of NFPA 473,
Standard for Competencies for EMS Personnel Responding to Hazardous Materials Incidents.
6-4.5.2 At all other emergency operations, the incident commander shall evaluate the risk to the
members operating at the scene and, if necessary, request that at least basic life-support
personnel and patient transportation be available.
6-4.6
When members are operating from aerial devices, they shall be secured to the aerial device by
an approved safety harness that complies with the requirements of 5-8.1.1 of this standard.
6-4.7
When members are operating at an emergency incident and their assignment places them in
potential conflict with motor vehicle traffic, they shall wear a garment with fluorescent
retroreflective material.
6-4.7.1 Apparatus shall be utilized as a shield from oncoming traffic wherever possible.
6-4.7.2 When acting as a shield, apparatus warning lights shall remain on, and fluorescent and
retroreflective warning devices such as traffic cones, illuminated warning devices such as
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highway flares, or other appropriate warning devices shall be used to warn oncoming traffic of
the emergency operations and the hazards to members operating at the incident.
6-5 Rapid Intervention for Rescue of Members.
6-5.1
The fire department shall provide personnel for the rescue of members operating at emergency
incidents if the need arises.
6-5.2
A rapid intervention crew shall consist of at least two members and shall be available for
rescue of a member or a team if the need arises. Rapid intervention crews shall be fully equipped
with the appropriate protective clothing, protective equipment, SCBA, and any specialized
rescue equipment that might be needed given the specifics of the operation underway.
6-5.3
The composition and structure of rapid intervention crews shall be permitted to be flexible
based on the type of incident and the size and complexity of operations. The incident commander
shall evaluate the situation and the risks to operating teams, and shall provide one or more rapid
intervention crews commensurate with the needs of the situation.
6-5.4
In the early stages of an incident, the rapid intervention crew(s) shall be either:
(a) On-scene members designated and dedicated as rapid intervention crew(s).
(b) On-scene members performing other functions but ready to redeploy to perform rapid
intervention crew functions.
6-5.5
As the incident expands in size or complexity, the rapid intervention crews shall be either:
(a) On-scene members designated and dedicated as rapid intervention crews.
(b) On-scene company or companies either in a staging area, or designated and dedicated as
rapid intervention crews.
6-5.6
Whenever members are operating in positions or performing functions that include special
operations or would subject them to immediate danger of injury in the event of equipment failure
or other sudden event, at least one rapid intervention crew shall be standing by with equipment
to provide assistance or rescue.
6-6 Rehabilitation During Emergency Operations.
6-6.1
All supervisors shall maintain an awareness of the condition of members operating within their
span of control and ensure that adequate steps are taken to provide for their safety and health.
The command structure shall be utilized to request relief and reassignment of fatigued crews.
6-6.2*
The incident commander shall consider the circumstances of each incident and make suitable
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provisions for rest and rehabilitation for members operating at the scene. These provisions shall
be in accordance with Section 4-4 of NFPA 1561, Standard on Fire Department Incident
Management System, and shall include medical evaluation and treatment, food and fluid
replenishment, and relief from extreme climatic conditions, according to the circumstances of the
incident.
6-6.3
Such on-scene rehabilitation shall include at least basic life-support care.
6-7 Civil Disturbance.
6-7.1
The fire department shall develop and maintain written standard operating procedures that
establish a standardized approach to the safety of members at incidents that involve violence,
unrest, or civil disturbance. Such situations shall include but not be limited to riots, fights,
violent crimes, drug related situations, family disturbances, deranged individuals, and people
interfering with fire department operations.
6-7.2
The fire department shall be responsible for developing an interagency agreement with its
local law enforcement agency counterpart to provide protection for fire department members at
situations that involve violence.
6-7.3
Such violent situations shall be considered essentially a law enforcement event, and the fire
department shall coordinate with the law enforcement incident commander throughout the
incident.
6-7.4
The fire department incident commander shall identify and react to situations that do involve
or are likely to involve violence.
6-7.5
In such violent situations, the fire department incident commander shall communicate directly
with the law enforcement incident commander to ensure the safety of fire department members.
6-7.6
In such violent situations, the fire department incident commander shall stage all fire
department resources in a safe area until the law enforcement agency has secured the scene.
6-7.7
When violence occurs after emergency operations have been initiated, the fire department
incident commander shall either secure immediate law enforcement agency protection or shall
withdraw all fire department members to a safe staging area.
6-7.8
Fire department companies or teams that provide support to law enforcement agency special
weapons and tactics (SWAT) operations shall receive special training. Special standard operating
procedures shall be developed that describe the training and safety of these fire department teams
for such operations. These activities shall be considered as special operations for the purpose of
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this standard.
6-8 Incident Critique.
6-8.1
The fire department shall establish requirements and standard operating procedures for a
standardized post incident critique of significant incidents or those that involved fire fighter
serious injury or death.
6-8.2
The fire department occupational safety and health committee shall be involved in critiques as
defined by the standard operating procedures.
6-8.3
The critique shall conduct a basic review of the conditions present, the actions taken, and the
effect of the conditions and actions on the safety and health of members.
6-8.4
The critique shall identify any action necessary to change or update any safety and health
program elements to improve the welfare of members.
6-8.5
The critique process shall include a standardized action plan for such necessary changes. The
action plan shall include the change needed, responsibilities, dates, and details of such actions.
Chapter 7 Facility Safety
7-1 Safety Standards.
7-1.1*
All fire department facilities shall comply with all legally applicable health, safety, building,
and fire code requirements.
7-1.2
Fire departments shall provide facilities for disinfecting, cleaning, and storage in accordance
with Chapter 3 of NFPA 1581, Standard on Fire Department Infection Control Program.
7-1.3
All existing and new fire stations shall be provided with smoke detectors in work, sleeping,
and general storage areas. When activated, these detectors shall sound an alarm throughout the
fire station.
7-1.4
All new and existing fire stations and fire department facilities shall comply with NFPA 101®,
Life Safety Code®.
7-1.5
Fire stations shall be designed and provided with provisions to ventilate exhaust emissions
from fire apparatus to prevent exposure to fire fighters and contamination of living and sleeping
areas.
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7-1.6
All fire department facilities shall have designated smoke-free areas that include work,
sleeping, kitchen, and eating areas.
7-2 Inspections.
7-2.1
All fire department facilities shall be inspected at least annually to provide for compliance with
Section 7-1 of this chapter. Inspections shall be documented and recorded.
7-2.2
All fire department facilities shall be inspected at least monthly to identify and provide
correction of any safety or health hazards.
7-3 Maintenance and Repairs.
7-3.1
The fire department shall have an established system to maintain all facilities and to provide
prompt correction of any safety or health hazards or code violations.
Chapter 8 Medical and Physical
8-1 Medical Requirements.
8-1.1
Prior to becoming members, candidates shall be medically evaluated and certified by the fire
department physician. Medical evaluations for all candidates and members shall take into
account the risks and the functions associated with the individual’s duties and responsibilities.
8-1.2
Candidates and members who will engage in fire suppression shall meet the medical
requirements specified in NFPA 1582, Standard on Medical Requirements for Fire Fighters,
prior to being medically certified for duty by the fire department physician.
8-1.3
All members who engage in fire suppression shall be medically evaluated periodically as
specified by NFPA 1582, Standard on Medical Requirements for Fire Fighters, on at least an
annual basis, and before being reassigned to emergency duties after debilitating illnesses or
injuries. Members who have not met the medical evaluation requirements shall not be permitted
to engage in fire suppression. Where medical evaluations are conducted by a physician other
than the fire department physician, the evaluation shall be subject to review and shall be
approved by the fire department physician.
8-1.4
The medical evaluation shall be at no cost to the candidate, current fire fighter, or other
member.
8-1.5*
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Members who are under the influence of alcohol or drugs shall not participate in any fire
department operations or other functions.
8-2 Physical Performance Requirements.
8-2.1*
The fire department shall develop physical performance requirements for candidates and
members who engage in emergency operations.
8-2.2
Candidates shall be certified by the fire department as meeting the physical performance
requirements specified in 8-2.1 of this section prior to entering into a training program to become
a fire fighter.
8-2.3
Members who engage in emergency operations shall be annually evaluated and certified by the
fire department as meeting the physical performance requirements specified in 8-2.1 of this
section. Members who do not meet the required level of physical performance shall not be
permitted to engage in emergency operations.
8-2.4
Members who are unable to meet the physical performance requirements specified in 8-2.1 of
this section shall enter a physical performance rehabilitation program to facilitate progress in
attaining a level of performance commensurate with the individual’s assigned functions and
activities.
8-3 Physical Fitness.
8-3.1
The fire department shall establish and provide a physical fitness program to enable members
to develop and maintain an appropriate level of fitness to safely perform their assigned functions.
The maintenance of fitness levels specified in the program shall be based on fitness standards
determined by the fire department physician that reflect the individual’s assigned functions and
activities, and that are intended to reduce the probability and severity of occupational injuries
and illnesses.
8-3.2*
The fire department shall require the structured participation of all members in the physical
fitness program.
8-3.3
The physical fitness program shall be under the medical supervision of the fire department
physician.
8-4 Confidential Health Data Base.
8-4.1*
The fire department shall ensure that a confidential, permanent health file is established and
maintained on each individual member. The individual health file shall record the results of
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regular medical evaluations and physical performance tests; any occupational illnesses or
injuries; and any events that expose the individual to known or suspected hazardous materials,
toxic products, or contagious diseases.
8-4.2*
Health information shall be maintained as a confidential record for each individual member as
well as a composite data base for the analysis of factors pertaining to the overall health and
fitness of the member group.
8-4.3*
If a member dies as a result of occupational injury or illness, autopsy results, if available, shall
be recorded in the health data base.
8-5 Infection Control.
8-5.1*
The fire department shall actively attempt to identify and limit or prevent the exposure of
members to infectious and contagious diseases in the performance of their assigned duties.
8-5.2
The fire department shall operate an infection control program that meets the requirements of
NFPA 1581, Standard on Fire Department Infection Control Program. When appropriate,
inoculations, vaccinations, and other treatment shall be made available.
8-6 Fire Department Physician.
8-6.1
The fire department shall have an officially designated physician who shall be responsible for
guiding, directing, and advising the members with regard to their health, fitness, and suitability
for various duties.
8-6.2
The fire department physician shall provide medical guidance in the management of the
occupational safety and health program.
8-6.3*
The fire department physician shall be a licensed medical doctor or osteopathic physician
qualified to provide professional expertise in the areas of occupational safety and health as they
relate to emergency services.
8-6.4*
The fire department physician shall be readily available for consultation and to provide
professional services on an urgent basis. Availability shall be permitted to be accomplished by
providing access to a number of qualified physicians.
8-7 Post-Injury/Illness Rehabilitation.
8-7.1*
It shall be an ongoing objective of the fire department to assist members affected by
occupational injuries or illnesses in their rehabilitation and to facilitate their return to full active
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duty or limited duty where possible.
8-7.2
In all cases, the fire department shall have ultimate concern for the members’ ability to regain
and maintain a comfortable, healthy, and productive life during and after their service with the
fire department.
Chapter 9 Member Assistance Program
9-1 General.
9-1.1*
The fire department shall provide a Member Assistance Program that identifies and assists
members and their immediate families with substance abuse, stress, and personal problems that
adversely affect fire department work performance. The assistance program shall refer members
and their immediate families, as appropriate, to the proper health care services for the purpose of
restoring job performance to expected levels, as well as for the restoration of better health.
9-1.2*
The fire department shall adopt a written policy statement on alcoholism, substance abuse, and
other problems covered by the Member Assistance Program.
9-1.3*
Written rules shall be established specifying how records are to be maintained, the policies
governing retention and access to records, and the procedure for release of information. These
rules shall identify to whom and under what conditions information can be released and what
use, if any, can be made of records for purposes of research, program evaluation, and reports.
Member records maintained by a Member Assistance Program shall not become part of a
member’s personnel file.
9-1.4*
The Member Assistance Program shall provide health promotion activities that identify
physical and mental health risk factors and shall provide education and counseling for the
purpose of preventing health problems and enhancing overall well-being.
9-1.5*
The fire department shall adopt a written policy that establishes a program designed to relieve
the stress generated by an incident that could adversely affect the psychological and physical
well-being of fire department members. The policy shall establish criteria for implementation of
the program.
9-1.5.1 The program shall be utilized for incidents including but not limited to mass casualties,
large life loss incidents, fatalities involving children, fatalities or injuries involving fire
department members, and any other situations that affect the psychological and physical
well-being of fire department members.
9-1.6*
The fire department shall provide a program on the health effects associated with the use of
tobacco products. The fire department shall provide a smoking/tobacco use cessation program.
Copyright 1996 NFPA

Chapter 10 Referenced Publications
10-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
10-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 1901, Quincy, MA
02269-1901.
NFPA 10, Standard for Portable Fire Extinguishers, 1990 edition
NFPA 101, Life Safety Code, 1991 edition
NFPA 472, Standard for Professional Competence of Responders to Hazardous Materials
Incidents, 1992 edition
NFPA 473, Standard for Competencies for EMS Personnel Responding to Hazardous
Materials Incidents, 1992 edition
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition
NFPA 1002, Standard for Fire Apparatus Driver/Operator Professional Qualifications, 1988
edition
NFPA 1003, Standard for Airport Fire Fighter Professional Qualifications, 1987 edition
NFPA 1021, Standard for Fire Officer Professional Qualifications, 1992 edition
NFPA 1041, Standard for Fire Service Instructor Professional Qualifications, 1992 edition
NFPA 1403, Standard on Live Fire Training Evolutions in Structures, 1992 edition
NFPA 1521, Standard for Fire Department Safety Officer, 1992 edition
NFPA 1561, Standard on Fire Department Incident Management System, 1990 edition
NFPA 1581, Standard on Fire Department Infection Control Program, 1991 edition
NFPA 1582, Standard on Medical Requirements for Fire Fighters, 1992 edition
NFPA 1901, Standard for Pumper Fire Apparatus, 1991 edition
NFPA 1902, Standard for Initial Attack Fire Apparatus, 1991 edition
NFPA 1903, Standard for Mobile Water Supply Fire Apparatus, 1991 edition
NFPA 1904, Standard for Aerial Ladder and Elevating Platform Fire Apparatus, 1991 edition
NFPA 1911, Standard for Service Tests of Pumps on Fire Department Apparatus, 1991 edition
NFPA 1914, Standard for Testing Fire Department Aerial Devices, 1991 edition
NFPA 1931, Standard on Design of and Design Verification Tests for Fire Department
Ground Ladders, 1989 edition
NFPA 1932, Standard on Use, Maintenance, and Service Testing of Fire Department Ground
Ladders, 1989 edition
NFPA 1961, Standard on Fire Hose, 1992 edition
NFPA 1962, Standard for the Care, Use, and Maintenance of Fire Hose Including Couplings
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and Nozzles, 1988 edition
NFPA 1964, Standard for Spray Nozzles (Shutoff and Tip), 1988 edition
NFPA 1971, Standard on Protective Clothing for Structural Fire Fighting, 1991 edition
NFPA 1972, Standard on Helmets for Structural Fire Fighting, 1992 edition
NFPA 1973, Standard on Gloves for Structural Fire Fighting, 1988 edition
NFPA 1974, Standard for Protective Footwear for Structural Fire Fighting, 1992 edition
NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters, 1990 edition
NFPA 1976, Standard on Protective Clothing for Proximity Fire Fighting, 1992 edition
NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters,
1992 edition
NFPA 1982, Standard on Personal Alert Safety Systems (PASS) for Fire Fighters, 1988 edition
NFPA 1983, Standard on Fire Service Life Safety Rope, Harnesses, and Hardware, 1990
edition
NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical Emergencies, 1990
edition
NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous Chemical
Emergencies, 1990 edition
NFPA 1993, Standard on Support Function Protective Garments for Hazardous Chemical
Operations, 1990 edition
NFPA 1999, Standard on Protective Clothing for Emergency Medical Operations, 1992
edition.
10-1.2 ANSI Publications.
American National Standards Institute, 1430 Broadway, New York, NY 10018.
ANSI/CGA G7.1, Commodity Specification for Air, 1989
ANSI Z87.1, Practice for Occupational and Educational Eye and Face Protection, 1989.
10-1.3 Superintendent of Documents Publication.
Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402.
Title 30, Code of Federal Regulations, Part 11 (30 CFR 11), “Respiratory Protective Devices,
Tests for Permissibility,” March 25, 1972.
10-1.4* Other Publications.
(a) Dangerous Properties of Industrial Chemicals, 6th ed., Sax, N. Irving, 1988
(b) NIOSH Pocket Guide to Chemical Hazards, U.S. Department of Health and Human
Services, Public Health Services, Publication DHHS No. 85-114, September 1985
(c) Threshold Limit Values and Biological Exposure Indices for 1988-1989, American
Conference of Governmental Industrial Hygienists, 1988
(d) U.S. Coast Guard Chemical Hazard Response Information System (CHRIS), Volumes 1-3,
“Hazardous Chemical Data,” October 1978.
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Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-2.2
It is possible that an existing program or policy may satisfy the requirements of this standard;
if so, it may be adopted in whole or in part in order to comply with this standard. Examples of
such existing programs and policies may be a mandatory SCBA rule, seat belt rule, corporate
safety program, or municipal employee assistance program.
A-1-3.1
The specific determination of the authority having jurisdiction depends on the mechanism
under which this standard is adopted and enforced. Where the standard is adopted voluntarily by
a particular fire department for its own use, the authority having jurisdiction should be the fire
chief or the political entity that is responsible for the operation of the fire department. Where the
standard is legally adopted and enforced by a body having regulatory authority over a fire
department, such as federal, state, or local government or political subdivision, this body is
responsible for making those determinations as the authority having jurisdiction. The plan should
take into account the services the fire department is required to provide, the financial resources
available to the fire department, the availability of personnel, the availability of trainers, and
such other factors as will affect the fire department’s ability to achieve compliance.
A-1-3.2
For a fire department to evaluate its compliance with the standard, it must develop some type
of logical process. The worksheet following the index of this document illustrates one way that
an action plan can be developed to determine code compliance.
A-1-5 Approved.
The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations or procedures, equipment or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations which is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-5 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner
since jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety
is primary, the “authority having jurisdiction” may be a federal, state, local or other regional
department or individual such as a fire chief, fire marshal, chief of a fire prevention bureau, labor
department, health department, building official, electrical inspector, or others having statutory
authority. For insurance purposes, an insurance inspection department, rating bureau, or other
insurance company representative may be the “authority having jurisdiction.” In many
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circumstances the property owner or his designated agent assumes the role of the “authority
having jurisdiction”; at government installations, the commanding officer or departmental
official may be the “authority having jurisdiction.”
A-1-5 Candidate.
In an employment context, the Americans With Disabilities Act (discussed in further detail in
Appendix D of NFPA 1582, Standard on Medical Requirements for Fire Fighters) requires that
any medical examination to be conducted take place after an offer of employment is made and
prior to the commencement of duties. Therefore, in the employment context, the definition of
“candidate” should be applied so as to be consistent with that requirement. Volunteer fire
fighters have been deemed to be “employees” in some states or jurisdictions. Volunteer fire
departments should seek legal counsel as to their legal responsibilities in these matters.
A-1-5 Industrial Fire Department.
The vast majority of industrial fire brigades are not industrial fire departments. Industrial fire
departments are those few brigades that resemble and function as municipal fire departments.
These are generally found only at large industrial facilities and at industrial facilities that also
perform municipal fire fighting, usually where the plant is located far from municipalities with
organized fire departments. Industrial fire departments are organized and equipped for interior
structural fire fighting similar to municipal fire departments. Their apparatus is similar to that
used by municipal fire departments.
Industrial fire brigades that provide rescue services are industrial fire departments. Industrial
facilities may have separate organizations, covered by separate organizational statements,
operating as industrial fire brigades and operating as rescue teams providing rescue not related to
fire incidents. Membership in these two organizations may overlap.
A-2-1.1
The organizational statement is a very important basis for many of the provisions of this
standard. The statement sets forth the legal basis for operating a fire department, the
organizational structure of the fire department, number of members, training requirements,
expected functions, and authorities and responsibilities of various members or defined positions.
A key point is to clearly set out the specific services the fire department is authorized and
expected to perform. Most fire departments are responsible to a governing body. The governing
body has the right and should assert its authority to set the specific services and the limits of the
services the fire department will provide and has the responsibility to furnish the necessary
resources for delivery of the designated services. The fire department should provide its
governing body with a specific description of each service with options or alternatives, and an
accurate analysis of the costs and resources needed for each service.
Such services might include structural fire fighting, wildland fire fighting, airport/aircraft fire
fighting, emergency medical services, hazardous materials response, high-angle rescue, heavy
rescue, and others.
Spelling out the specific parameters of services to be provided allows the fire department to
plan, staff, equip, train, and deploy members to perform these duties. It also gives the governing
body an accounting of the costs of services and allows it to select those services they can afford
to provide. Likewise, the governing body should identify services it cannot afford to provide and
cannot authorize the fire department to deliver, or should assign those services to another
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agency.
The fire department should be no different from any other government agency that has the
parameters of its authority and services clearly defined by the governing body.
Legal counsel should be used to assure that any statutory services and responsibilities are
being met.
The majority of public fire departments are established under the charter provisions of their
governing body or through the adoption of statutes. These acts define the legal basis for
operating a fire department, the mission of the organization, the duties that are authorized and
expected to be performed, and the authority and responsibilities that are assigned to certain
individuals to direct the operations of the fire department.
The documents that officially establish the fire department as an identifiable organization are
necessary to determine specific responsibilities and to determine the parties responsible for
compliance with the provisions of this standard.
In many cases, these documents may be part of state laws, a municipal charter, or an annual
budget. In such cases, it would be appropriate to make these existing documents part of the
organizational statement, if applicable.
In cases other than governmentally operated public fire departments, there is a need to
formally establish the existence of the organization through the adoption of a charter, the
approval of a constitution or articles of incorporation, or through some equivalent official action
of an authorized body. A fire department that operates entirely within the private sector, such as
an industrial fire department, could legally establish and operate a fire protection organization by
the adoption of a corporate policy as described in the organizational statement.
In addition to specifically defining the organization that is expected to comply with this
standard, 2-1.1 requires that the organizational structure, membership, expected functions, and
training requirements be contained in documents that are accessible for examination. These
requirements are intended to reinforce the fact that the fire department is an identifiable
organization that operates with known and specific expectations.
Where a fire department functions as a unit of a larger entity, such as one of several municipal
departments or a particular unit of a private corporation, the larger organization is often able to
provide some of the same elements that are required to be provided by the fire department. This
would satisfy the requirements for the fire department to provide those elements.
Refer to NFPA 1201, Recommendations for Developing Fire Protection Services for the
Public, for additional information on the organization of a fire department.
A-2-1.2
Additional information on staffing and fire department operations can be found in Section 9 of
the NFPA Fire Protection Handbook, 17th Edition; and Chapter 5 of Managing Fire Services,
2nd Edition, published by the International City Management Association.
A-2-2.3
Essentially, a risk management plan serves as documentation that risks have been identified
and evaluated, and a reasonable control plan has been implemented and followed.
The following are some factors to consider for each step of the process:
(a) Risk Identification. For every aspect of the operation of the fire department, list potential
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problems. The following are examples of sources of information that may be useful in the
process:
1. A list of the risks to which members are or may be exposed
2. Records of previous accidents, illnesses, and injuries, both locally and nationally
3. Facility and apparatus surveys, inspections, etc.
(b) Risk Evaluation. Evaluate each item listed in the risk identification process using the
following two questions:
1. What is the potential frequency of occurrence?
2. What is the potential severity and expense of its occurrence?
This will help to set priorities in the control plan.
Some sources of information that may be useful are:
1. Safety audits and inspection reports
2. Prior accident, illness, and injury statistics
3. Application of national data to the local circumstances
4. Professional judgment in evaluating risks unique to the jurisdiction.
(c) Risk Control. Once risks are identified and evaluated, a control for each should be
implemented and documented. The two primary methods of controlling risk, in order of
preference, are as follows:
1. Wherever possible, totally eliminate/avoid the risk or the activity that presents the risk.
For example, if the risk is falling on the ice, then do not allow members to go outside when icy
conditions are present.
2. Where it is not possible or practical to avoid or eliminate the risk, steps should be taken
to control it. In the example above, some methods of control would be sand/salt procedures, the
wearing of proper footwear, etc.
(d) Other methods of control to consider are:
1. Safety program development, adoption, and enforcement
2. Standard Operating Procedures development, dissemination, and enforcement
3. Training
4. Inspections.
(e) Risk Management Monitoring and Follow-Up. As with any program, it is important to
evaluate whether the plan is working. Periodic evaluations should be made, and, if the program
elements are not working satisfactorily, then modifications should be made.
A-2-3.1
Example of a safety policy statement:
It is the policy of the fire department to provide and to operate with the highest possible
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levels of safety and health for all members. The prevention and reduction of accidents,
injuries, and occupational illnesses are goals of the fire department and shall be primary
considerations at all times. This concern for safety and health applies to all members of
the fire department and to any other persons who may be involved in fire department
activities.
A-2-3.2
Experience has shown that there is often a significant difference between a written
occupational safety and health program and the actual program that has been implemented.
Periodic evaluations are one method the fire chief can use to measure how the program is being
conducted. This evaluation should be conducted by a qualified individual from outside of the fire
department, as outside evaluators provide a different perspective, which can be constructive.
Outside evaluators could include municipal risk managers, safety directors, consultants,
insurance carrier representatives, fire chiefs, safety officers, or others having knowledge of fire
department operations and occupational safety and health program implementation.
A-2-4.1.2 The responsibility for establishing and enforcing safety rules and regulations rests with
the management of the fire department. Enforcement implies that appropriate action, including
disciplinary measures if necessary, will be taken to ensure compliance. A standard approach to
enforcement should address both sanctions and rewards. All fire department members should
recognize and support the need for a standard regulatory approach to safety and health. In
addition to the management responsibilities, an effective safety program requires commitment
and support from all members and member organizations.
A-2-4.2.1 See A-2-4.1.2.
A-2-6.1
One of the most important provisions for improving the safety and health of the fire service is
through an official organizational structure that has the support of the members and the fire
department management. Without official recognition and support, safety and health committees
might be ineffective showpieces, lack authority, or be dominated by particular interests. To avoid
such situations, it is recommended that a safety and health committee be composed of equal
numbers of fire department management representatives and member representatives. Specific
areas of responsibility of the joint safety and health committee should be outlined in detail
through written procedures or contractual negotiation.
A-2-6.3
The requirement for one regularly scheduled meeting every 6 months is intended as a
minimum. Committee meetings should be held as often as necessary to deal with the issues
confronting the group. The written minutes of each meeting should be distributed and posted in a
conspicuous place in each fire station so that all members may be aware of issues under
discussion and actions that have been taken.
A-2-7.1
The data collection system for accidents, injuries, illnesses, exposures, and deaths should
provide both incident-specific information for future reference and information that can be
processed in studies of morbidity, mortality, and causation. The use of standard coding as
provided by NFPA 901, Uniform Coding for Fire Protection, will allow compatibility with
national and regional reporting systems.
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A-2-7.4
See NFPA 1401, Recommended Practice for Fire Service Training Reports and Records, for
further information and guidance.
A-3-1.5
A particular training class or session might be conducted by an individual who has special
expertise or abilities in the subject area, whether or not the instructor is a member of the fire
department or a qualified fire service instructor.
A-3-3.1
Members who have not met the specific qualifications listed in 3-3.2 through 3-3.5 should not
perform the listed duties in actual emergency incidents. These members might, however, be
utilized under structured supervision to perform functions for which they have been trained.
A-3-3.2
In order to ensure compliance with the minimum requirements of NFPA 1001, Standard for
Fire Fighter Professional Qualifications, fire department training programs should be certified
through a recognized accreditation system. Members who have not completed the training
requirements for Fire Fighter I should not participate in interior structural fire fighting but might
perform other support functions at emergency incidents.
A-3-4.6
Several accidents have occurred where smoke bombs or other smoke generating devices that
produce a toxic atmosphere have been used for training exercises. Where training exercises are
intended to simulate emergency conditions, smoke generating devices that do not create a hazard
are required.
A-3-5.4
In the United States, federal regulations require a minimum amount of training for fire service
personnel who respond to hazardous materials incidents. These requirements can be found in 29
CFR 1910.120 (OSHA) and in 40 CFR 311 (EPA). These regulations affect all fire departments
in the United States whether full-time career, part-time, combination career and volunteer, or
fully volunteer. These regulations apply in all states, and not just in those states with federally
approved state OSHA programs.
In the U.S. federal regulations, First Responder Operations Level is defined as follows:
“First responders at the operations level are individuals who respond to releases or
potential releases of hazardous substances as part of the initial response to the site for the
purpose of protecting nearby persons, property, or the environment from the effects of the
release. They are trained to respond in a defensive fashion without actually trying to stop
the release. Their function is to contain the release from a safe distance, keep it from
spreading, and prevent exposure. First responders at the operational level shall have
received at least eight hours of training or have had sufficient experience to objectively
demonstrate competency in the following areas in addition to those listed in the
awareness level and the employer shall so certify:
(a) Knowledge of the basic hazard and risk assessment techniques.
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(b) Know how to properly select and use proper personal protective equipment provided
to the first responder operations level.
(c) An understanding of basic hazardous materials terms.
(d) Know how to perform basic control, confinement, and/or confinement operations
within the capabilities of the resources and personal protective equipment available with
their unit.
(e) Know how to implement basic decontamination procedures.
(f) An understanding of the relevant standard operating procedures and termination
procedures.”
The first responder operations level in both the U.S. federal regulations and NFPA 472,
Standard for Professional Competence of Responders to Hazardous Materials Incidents, is
similar. Whereas the U.S. federal regulations (29 CFR 1910.120 or 40 CFR 311) govern the fire
service in every state in the United States, the minimum level of training for all fire fighters must
be the first responder operations level.
A-4-2.2
When members respond to incidents or to the fire station in their own vehicles, the operation
of these vehicles is governed by all applicable traffic laws and codes as enacted by the authority
having jurisdiction. The fire department should enact specific rules and regulations pertaining to
the use of private vehicles for emergency response. These rules and regulations should be at least
equal to the provisions regulating the operation of fire department vehicles.
The determination of driver’s license requirements is a function of a particular authority in
each location. This agency may be a state or provincial Department of Transportation or an
equivalent agency. Other authorities, such as military branches, have the authority to issue
permits to operate their vehicles. It is a responsibility of the fire department to determine the
requirements that apply in each situation and for each class of vehicle.
A-4-2.3
The driver of any vehicle has legal responsibility for its safe and prudent operation at all times.
While the driver is responsible for the operation of the vehicle, the officer is responsible for the
actions of the driver.
A-4-2.6
The development, implementation, and periodic review of standard operating procedures for
driving any fire department vehicle is an important element in clearly identifying the fire
department’s policy on what is expected of drivers. Safe arrival is of prime importance. Standard
operating procedures should include a “challenge and response” dialogue between the vehicle
driver on an emergency response and the officer or other member in the driver compartment. The
“challenge and response” dialogue should be instituted to determine the driver’s intentions when
approaching any perceived or identified hazard on the response route to remind the driver of the
presence of the hazard, the planned procedures for managing the hazard, and to ensure that the
driver is coping with stressors encountered during the response and not focusing only on arriving
at the site of the emergency.
The specific inclusion of railroad grade crossing is based upon recommendations made by the
National Transportation Safety Board (NTSB) to NFPA following the 1989 investigation of a
collision between a fire department pumper and a passenger train. The NTSB report states that
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“planning how to safely traverse grade crossing encountered en route is a necessary part of any
fire company’s response plan.”
NTSB recommends that the following be considered when developing the plans:
“If it is not practical to plan an emergency response route that avoids grade crossings,
selection of crossings that are equipped with automatic warning devices is preferable to
selection of those that are not. All planning should include identification of the location
at the crossing from which a driver or other observer assigned to the apparatus can see
the maximum available distance down the track(s) on both sides.
“At crossings over a single straight track with no nearby obstructions, briefly stopping or
slowing the apparatus to allow a proper scan both left and right may be sufficient. If the
tracks are curved, vision is obstructed, or the crossing has more than one set of tracks
where the presence of one train may hide the approach of another, sight distance may be
optimized by having one or more members cross the tracks on foot and look for
approaching trains.”
A-4-2.7
Accidents at intersections contribute to both civilian and fire fighter deaths and injuries while
fire department vehicles are responding to or returning from an emergency incident. Coming to a
complete stop when there are any intersection hazards and proceeding only when the driver can
do so safely will reduce accidents and the risk of injury or death. It is recommended that
intersection control devices be installed that allow emergency vehicles to control traffic lights at
intersections.
A-4-2.8
Vehicle accidents at railroad crossings have resulted in a number of deaths and injuries to fire
department members. A National Transportation Safety Board (NTSB) study concluded that a
train’s warning horn becomes an ineffective device for warning large vehicles or trucks unless
the vehicle driver stops; idles the engine; turns off all radios, fans, wipers, and other
noise-producing equipment in the cab; lowers the window; and listens for a train’s horn before
entering a grade crossing.
A-4-3.1
It is intended for the requirements of 4-3.1 to apply to all situations when persons or members
are riding on fire apparatus other than for the specific variances in 4-3.1.1, 4-3.1.2, and 4-3.1.3.
Included in the “seated and belted” requirement are any times the fire apparatus is travelling to,
participating in, or returning from any funeral, parade, or public relations/education event. Fire
fighters cannot be allowed to ride on the outside of apparatus in order to fight wildland fires. The
Fire Line Safety Committee of the National Wildfire Coordinating Group represents the U.S.
Forest Service, Bureau of Land Management, Bureau of Indian Affairs, Fish and Wildlife
Agency, National Park Service, and the National Association of State Foresters. Their position is
that the practice of fire fighters riding on the outside of vehicles and fighting wildland fires from
these positions is very dangerous, and they strongly recommend this not be allowed. One issue is
the exposure to personnel in unprotected positions. Persons have been killed while performing
this operation. Also, the vehicle driver’s vision is impaired. The second issue is that this is not an
effective way to extinguish the fire, as it can allow the vehicle to pass over or by areas not
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completely extinguished. Fire can then flare up underneath or behind the vehicle and could cut
off escape routes. The FLSC and the NWCG strongly recommend that two fire fighters, each
with a hose line, walk ahead and aside of the vehicle’s path, both fire fighters on the same side of
the vehicle (not one on each side), in clear view of the driver, with the vehicle being driven in
uninvolved terrain. This allows the fire fighters to operate in an unhurried manner, with a clear
view of fire conditions and the success of the extinguishment. Areas not extinguished should not
be bypassed unless follow-up crews are operating behind the lead unit and there is no danger to
escape routes or to personnel.
A-4-3.1.1 There are instances in which members must provide emergency medical care while the
vehicle is in motion. In some situations, the provision of such medical care would not allow the
members to remain seated and secured to the vehicle. Such situations, while they occur
infrequently, might include performing chest compressions during CPR. If a vehicle accident
were to occur while an unsecured member was performing necessary emergency medical care,
there would be substantial risk of injury to the member.
A-4-3.2
Helmets and eye protection (goggles, safety glasses, or faceshield) should be worn by all
members riding in positions that do not provide the protection of an enclosed cab. Helmets are
also recommended for members riding in enclosed areas where seats are not designed to provide
head and neck protection in a collision. Properly designed seats, with head and neck protection,
alleviate the need for helmets, and, in some cases, helmets would compromise the safety
provided by the seats.
A-4-3.4
The minimum requirement for new fire apparatus provides seats in fully enclosed areas for all
members who ride on fire apparatus at any time. It is generally agreed that fully enclosed driver
compartments and passenger compartments provide a higher level of safety in collisions and
rollovers, protection from flying objects, noise reduction, and protection from inclement
weather, and, therefore, fully enclosed cabs are required for new apparatus purchases and
strongly recommended for renovation of existing apparatus where possible. It is extremely
important that all members remain seated and secured by seat belts, in the seats provided, at all
times when the vehicle is in motion.
A-4-4.1 and A-4-5.5 The purpose of these paragraphs is to assure that all vehicles are inspected
on a regular basis and checked for the proper operation of all safety features. This inspection
should include tires, brakes, warning lights and devices, headlights and clearance lights,
windshield wipers, and mirrors. The apparatus should be started and the operation of pumps and
other equipment should be verified. Fluid levels should also be checked regularly.
Where apparatus is in regular daily use, these checks should be performed on a daily basis.
Apparatus stored in unattended stations that might not be used for extended periods should be
checked weekly. Any time such a vehicle is used, it should be checked before being placed back
in service. The 24-hour reference provides for situations in which a vehicle may be used within
the period preceding a scheduled inspection, although any deficiencies noted in use should be
corrected without delay.
The safety equipment carried on fire department vehicles should be inspected in conjunction
with the inspection of the vehicle.
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A-4-4.3
Applicable federal and state regulations, standards, or guidelines should be used as a basis for
creating the list to evaluate whether or not a vehicle is safe.
A-4-5.5
See A-4-4.1.
A-5-1.1
The provision and use of protective clothing and equipment should include safety shoes,
gloves, goggles, safety glasses, and any other items appropriate to the members’ activities. This
applies to all activities members are expected to perform, including nonemergency activities.
The applicable regulations pertaining to industrial worker safety should be consulted to
determine the need for protective equipment in nonemergency activities.
A-5-1.4
Inspection of protective coats and protective trousers should be conducted on a frequent basis
by members to assure the protective clothing’s continued suitability for use. The fire department
should inspect all protective clothing at least annually. The inspection should include the
following:
(a) All materials should be free from tears, embrittlement, and fraying.
(b) Seams should be intact and show no signs of excessive wear.
(c) Reflective trim should show no signs of abrasion or loss of reflectivity due to heat
exposure.
(d) All pockets, knee pads, and other accessory items should be firmly attached to the garment
and show no signs of excessive wear.
(e) Sleeve and pant cuffs should show no signs of fraying.
(f) The entire garment should be free from excessive dirt and stains.
(g) Where a fabric color change is noted, a condition that could be caused by high heat
exposure or ultraviolet exposure, the entire area should be checked for loss of tear strength.
A-5-1.6
Station/work uniforms are required to meet NFPA 1975, Standard on Station/Work Uniforms
for Fire Fighters. Because it is impossible to ensure that every member—whether a volunteer,
call, or off-duty career member—will respond to an incident in a station/work uniform or will
change into station/work uniform clothing before donning protective garments, it is very
important that members understand the hazards of some fabrics that more easily melt, drip, burn,
shrink, or transmit heat rapidly and cause burns to the wearer. (See also 5-2.7.)
A-5-1.7
Clothing that is made from 100 percent natural fibers or blends that are principally natural
fibers should be selected over other fabrics that have poor thermal stability or ignite easily.
The very fact that persons are fire fighters indicates that all clothing that they wear should be
flame resistant (as children’s sleepwear is required to be) to give a degree of safety if
unanticipated happenings occur that expose the clothing to flame, flash, sparks, or hot
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substances. (See also 5-2.7.)
A-5-2.1.1 Properly fitting protective clothing is important for the safety of the fire fighter. It is
important to understand that all protective clothing should be correctly sized to allow for
freedom of movement. Protective garments that are too small or too large and protective trouser
legs that are too long or too short are safety hazards and should be avoided. Protective coat
sleeves should be of sufficient length and design to protect the coat/glove interface area when
reaching overhead or to the side. For proper fitting of a fire fighter, the protective clothing
manufacturer should be contacted to provide sizing instructions.
A-5-2.4
To diminish hazards of falls and slips, protective footwear selection should entail design and
product review to obtain sure footing. Sole grip, sole stability, and ankle support are essential
factors to minimize risks of fall and slip effects due to environment, ground obstacles, and
operations.
A-5-2.7
Station/work uniforms are required to meet the requirements of NFPA 1975, Standard on
Station/Work Uniforms for Fire Fighters. (See 5-1.6.)
Because it is impossible to ensure that every member—whether a volunteer, call, or off-duty
career member—will respond to an incident in a station/work uniform or will change into
station/work uniform clothing before donning protective garments, it is very important that
members understand the hazards of some fabrics that more easily melt, drip, burn, shrink, or
transmit heat rapidly and cause burns to the wearer.
Clothing that is made from 100 percent natural fibers or blends that are principally natural
fibers should be selected over other fabrics that have poor thermal stability or ignite easily.
The very fact that persons are fire fighters indicates that all clothing that they wear should be
flame resistant (as children’s sleepwear is required to be) to give a degree of safety if
unanticipated happenings occur that expose the clothing to flame, flash, sparks, or hot
substances.
A-5-3.1
The use of long-duration SCBA should be restricted to operations in tunnels and underground
structures, on board ships, and in other situations where the need for this capability is
demonstrated.
Weight and stress reduction should be an objective in the acquisition of new SCBA and when
upgrading currently used SCBA. Weight and other stress factors are major contributions to fire
fighter fatigue and injury, and SCBA should be chosen accordingly.
A-5-3.2
The required use of SCBA means that the user must have the facepiece in place, breathing air
from the SCBA only. Wearing SCBA without the facepiece in place does not satisfy this
requirement and should be permitted only under conditions in which the immediate safety of the
atmosphere is assured. All members working in proximity to areas where SCBA use is required
should have SCBA on their backs or immediately available for donning.
Areas where the atmosphere can rapidly become hazardous could include rooftop areas during
ventilation operations and areas where an explosion or container rupture could be anticipated.
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A hazardous atmosphere would be suspected in overhaul areas and above the fire floor in a
building. Members working in these areas are required to use their SCBA unless the safety of the
atmosphere is established by testing and maintained by effective ventilation. With effective
ventilation in operation, facepieces could be removed, under direct supervision, but SCBA
should continue to be worn or immediately available.
A-5-3.5
Manufacturers of fire service SCBA that are NIOSH/MSHA certified and that also meet
requirements of NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus for
Fire Fighters, provide SCBA with a reasonable level of dependability, if correctly used and
maintained.
In those cases where there is a reported failure of SCBA, a before-use check, a more thorough
user inspection program, or a preventive maintenance program most likely would have
eliminated the failure.
Fire fighters should be thoroughly trained in emergency procedures that can reverse problems
encountered with their SCBA. Use of the regulator bypass valve, corrective action for facepiece
and breathing tube damage, and breathing directly from the regulator (where applicable) are
basic emergency procedures that should be taught to, and practiced by, the individual user.
Fundamental to all emergency procedure training is the principle of not compromising the
integrity of the user’s SCBA, with particular emphasis on not removing the facepiece for any
reason. The danger of compromising the integrity of the SCBA by removing the facepiece in
atmospheres where the quality of air is unknown must be reinforced throughout the SCBA
training program.
It is natural that this same philosophy be adopted when dealing with the subject of “buddy
breathing.” The “buddy breathing” addressed herein is a procedure that requires compromising
the rescuer’s SCBA by either removal of the facepiece or disconnection of the breathing tube, as
these actions place the rescuer in grave danger.
The subject of “buddy breathing” is always a highly emotional one. Training must stress that
fire fighters must not remove the facepiece of the SCBA in a hazardous atmosphere to assist a
civilian fire victim, thereby exposing themselves to the toxic atmosphere, but instead rely on a
rapid removal of the victim to a safe atmosphere or to a place of refuge where the rescuer can
obtain further assistance in removing the victim to fresh air and treatment. However, when a fire
fighter becomes the victim due to exhaustion of the breathing air supply or other impairment,
some fire departments or fire service personnel insist upon engaging in procedures that are
extremely difficult at best, even with consistent training in relatively ideal conditions. Virtually
all “buddy breathing” procedures require compromising the “rescuer’s” SCBA and, for this
reason, cannot be condoned. Positive pressure SCBA has made certain methods of “buddy
breathing” more complicated, if not impossible.
A key disadvantage in “buddy breathing” is that it is extremely difficult for two people to
leave the hazardous atmosphere quickly while engaged in “buddy breathing,” simultaneously
consuming air at a faster rate. The risk that both individuals will inhale sufficient products of
combustion to cause impairment or death is a very distinct possibility.
It is difficult to understand why “buddy breathing” advocates believe that an atmosphere that is
deadly for one fire fighter, and causes that fire fighter to become a victim, can “safely” be
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breathed by another fire fighter (the would-be “rescuer”) while using a “buddy breathing”
procedure.
A scenario involving two fire fighters working at a warehouse fire provides a graphic example
of how “buddy breathing” can be more hazardous than beneficial to both the “rescuer” and the
victim. While working in an interior operation at a warehouse fire, one fire fighter suffered
depletion of his breathing air supply. The other fire fighter commenced “buddy breathing” while
both attempted to move out of the building. Unable to make sufficient progress as the first fire
fighter was being overcome, the “rescuer” left the victim and attempted to leave the area for
help. But because the “rescuer” had inhaled sufficient products of combustion during the
attempted “buddy breathing” operation, he collapsed before he could exit the building. He was
rescued by other fire fighters and removed to a hospital before he could relate the circumstances
regarding the first fire fighter. The first fire fighter was found dead some time later.
If the fire fighter had been trained to remove the victim completely from the building or from
immediate physical danger if possible, a number of things would have been accomplished
without endangering the rescuer’s life and with less risk to the victim fire fighter. If the rescuer
had not compromised his SCBA, he would not have been affected by the products of
combustion, would have retained a greater air supply, and would have either removed the victim
fire fighter by himself or exited the area for additional assistance and alerted medical help.
The risk of both victim and rescuer exhausting their air supplies is another scenario associated
with “buddy breathing.” In this case, what starts out as rescuer-victim relationship ends up a
victim-victim relationship, as the shared air supply is exhausted before exiting is possible.
The one scenario that does not allow exiting is that in which two or more persons are trapped
and share air supplies by “buddy breathing.” In this case, survival is based upon the time it takes
those outside to realize that persons are trapped, initiate rescue operations, and accomplish
rescue. Unfortunately “buddy breathing” may only provide a simultaneous ending of multiple
lives.
SCBA emergency procedures should be an integral part of any SCBA program, with written
policies for the removal of victims, both civilian and fire service, from hazardous atmospheres
without compromising the rescuer’s SCBA for any reason.
Factors that can limit the need for “buddy breathing” include:
(a) A strong, well-administered SCBA program
(b) Emphasis on user testing and inspection of SCBA
(c) Required before-use and after-use testing and maintenance
(d) Functional preventive maintenance program
(e) Fire ground management based upon safe operations with knowledge of fire development,
building construction, and coordinated fire fighting operations
(f) Quality breathing air
(g) Personal alert safety system (PASS devices) and portable radios for interior fire fighting
teams
(h) Thorough training in survival techniques, controlled breathing, and stress management
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(i) Accountability for interior fire fighting crews
(j) Physical fitness of fire fighters
(k) Use of positive pressure SCBA that are NIOSH/MSHA approved and that meet the
requirements of NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus for
Fire Fighters.
NFPA, ANSI, IAFF, and most SCBA manufacturers do not recommend “buddy breathing”
since it compromises one or more SCBA and may result in the needless impairment or death of
either the rescuer or the victim, or both. The use of at least one 5-minute emergency escape
self-contained breathing apparatus (ESCBA), carried by a member of a fire fighting team, is
recommended for victim rescue (both civilian and fire fighter).
A-5-3.6
Selection of SCBA is an important function, particularly when resources are limited and
SCBA have to be used for different applications and with different equipment. Confined space,
haz-mat, and other operations may require different cylinders, umbilical connections, and
features that are easier to ascertain and coordinate with a selection stage.
A-5-3.7.1 Addresses and phone numbers for the specified accreditation organizations are listed
below. They may be contacted for listings of laboratories that have been accredited by their
organizations.
American Industrial Hygiene Association
345 White Pond Drive
P.O. Box 8390
Akron, OH 44320
(216) 873-2442
American Association for Laboratory Accreditation
656 Quince Orchard Road, #304
Gaithersburg, MD 20878
(301) 670-1377
National Voluntary Laboratory Accreditation Program
Building 4311, Room A124
Gaithersburg, MD 20899
(301) 975-4016
A-5-3.8
The procedures for qualitative fit testing are included in ANSI Z88.5, Practices for
Respiratory Protection for the Fire Service. Quantitative fit testing is considered to be more
precise than qualitative fit testing, but is not considered to be necessary where positive pressure
SCBA are used. If qualitative fit testing does not provide satisfactory results, the fire department
should refer to ANSI Z88.5 for further information on quantitative fit testing. If necessary, the
fire department should provide a facepiece of larger or smaller size to provide an adequate seal
for an individual, and such individuals shall use only the facepiece provided. An effective
face-to-facepiece seal is extremely important when using SCBA. Even a minor leakage can
allow contaminants to enter the facepiece, even with positive pressure SCBA. Any outward
leakage will increase the rate of air consumption, reducing the time available for use and safe
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exit. The facepiece should seal tightly against the skin, without penetration or interference by
any protective clothing or other equipment.
A-5-3.9
The following ruling regarding facial hair and SCBA or respirator use was issued in February
1990 by the Directorate of Compliance Programs, Occupational Safety and Health
Administration, U.S. Department of Labor.
“With respect to regulating the use of self-contained breathing apparatus (SCBA) for
protecting employees with beards, 29 CFR 1910.134(e)(5)(i) contains the statement,
‘Respirators shall not be worn when conditions prevent a good face seal.’ This
prohibition applies to any negative or positive pressure personal respiratory protection
device of a design relying on the principle of forming a face seal to perform at maximum
effectiveness.
“A beard growing on the face at points where the seal with the respirator is to occur is a
condition that has been shown to prevent a good face seal. Thus an employer using a
SCBA to protect an employee with a growth of beard at points where the SCBA
facepiece is designed to seal with the face, is violating 29 CFR 1910.134(e)(5)(i). This is
so regardless of what fit test measurement can be obtained. If the beard is styled so no
hair underlies the points where the SCBA facepiece is designed to seal with the face, then
the employer may use the SCBA to protect the employee, however.”
A-5-3.10.2 Successful long-term soft contact lens use should be the wearing of soft contact
lenses for at least 6 months without any problems.
A-5-4.1.1 See A-5-2.1.1.
A-5-5
Fire department personnel involved in emergency medical operations must be protected
against potential medical hazards. These hazards include exposure to blood or other body fluids
contaminated with infectious agents such as hepatitis and human immunodeficiency viruses. The
purpose of emergency medical protective clothing is to shield individuals from these medical
hazards and conversely protect patients from potential hazards from the emergency responder.
Emergency medical gloves are to be used for all patient care. Emergency medical garments and
face protection devices are to be used for any situation where the potential for contact with blood
or other body fluids is high.
NFPA 1999, Standard on Protective Clothing for Emergency Medical Operations, covers
garments, gloves, and face protection devices that are designed to prevent exposure to blood or
other body fluids for those individuals engaged in emergency medical patient care and similar
operations. The standard specifies a series of requirements for each type of protective clothing.
Garments may be full body clothing or clothing items such as coveralls, aprons, or sleeve
protectors. For the intended areas of body protection, the garment must allow no penetration of
virus, offer “liquidtight” integrity, and have limited physical durability and hazard resistance.
Gloves must allow no penetration of virus, offer “liquidtight” integrity, and meet other
requirements for tear resistance, puncture resistance, heat aging, alcohol resistance, sizing, and
dexterity. Face protection devices may be masks, hoods, visors, safety glasses, or goggles. Any
combination of items may be used to provide protection to the wearer’s face, principally the
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eyes, nose, and mouth. For the intended areas of face protection, these devices must allow no
penetration of virus, offer “liquidtight” integrity, and provide adequate visibility for those
portions of the device covering the wearer’s eyes.
A-5-5.2
In order to avoid all potential exposure to infectious diseases, it is important that all members
use gloves when providing patient care. All members who may come in contact with the patient
should use gloves.
A-5-6
Fire department personnel involved in a hazardous materials incident must be protected against
potential chemical hazards. The purpose of chemical-protective clothing and equipment is to
shield or isolate individuals from the chemical hazards that may be encountered during
hazardous materials responses. Adequate chemical-protective clothing must be carefully selected
and used to protect the respiratory system, skin, eyes, face, hands, feet, head, body, and hearing.
Structural fire fighting protective clothing and equipment should not be used for hazardous
materials incidents. Even where certified to the appropriate NFPA standards for structural fire
fighting, these clothing and equipment items provide little or no protection against hazardous
chemicals. Use of this clothing for hazardous materials emergency response may result in serious
injury or death for the following reasons:
(a) Structural fire fighting protective clothing materials are easily permeated or penetrated by
most hazardous chemicals. Some parts of structural fire fighting clothing may actually absorb
chemical liquids or vapors, increasing the likelihood of serious exposure.
(b) Many hardware items will fail or lose function when contacted by chemicals (e.g., etching
of visors, deterioration of straps, corrosion of hooks or other metal items).
(c) Contamination of structural fire fighting protective clothing may not be effectively
removed by laundering. Reuse of contaminated clothing may cause chronic exposure and
accelerate physiological effects produced by contact with the chemical.
Fire fighters must realize that no single combination of protective equipment and clothing is
capable of protecting them against all hazards. Therefore, chemical-protective clothing should be
used in conjunction with other protective methods. The use of such clothing can itself create
significant wearer hazards, such as heat stress, physical and psychological stress, as well as
impaired vision, mobility, and communication. In general, the greater the level of chemical
clothing protection, the greater are the associated risks. For any given situation, equipment and
clothing should be selected that provide an adequate level of protection. Overprotection as well
as underprotection can be hazardous and should be avoided.
The approach to selecting personal protective clothing and equipment must encompass an
”ensemble“ of clothing and equipment items that are easily integrated to provide both an
appropriate level of protection and the ability to carry out emergency response activities. The
following is a checklist of components that may form the chemical-protective ensemble:
1. Protective clothing (suit, coveralls, hoods, gloves, boots)
2. Respiratory equipment (SCBA, combination SCBA/SAR)
3. Cooling system (ice vest, air circulation, water circulation)
4. Communications device
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5. Head protection
6. Ear protection
7. Inner garments
8. Outer protection (overgloves, overboots, flashcovers).
The United States Environmental Protection Agency (EPA) has outlined 4 levels of protection:
A, B, C, and D. The EPA defined these levels of protection primarily for workers at hazardous
waste sites, where emergency conditions do not usually exist. These levels of protection are
commonly and often inappropriately utilized by the fire service. They are inadequate and do not
correctly define the chemical-protective clothing with respect to the intended use based on the
hazard and the required performance the selected clothing or equipment must offer.
EPA levels of protection should be used only as the starting point for ensemble creation;
however, each ensemble must be tailored to the specific situation in order to provide the most
appropriate level of protection. For example, if the emergency response activity involves a
highly contaminated area or the potential of contamination is high, it may be advisable to wear a
disposable covering such as coveralls or splash suits over the protective ensemble.
It is important to realize that selecting items by their design or configuration alone is not
sufficient to ensure adequate protection. In other words, just having the right components to form
an ensemble is not enough. Again, the EPA levels of protection do not define what performance
the selected clothing or equipment must offer.
For emergency response, the only acceptable types of protective clothing include fully or
totally encapsulating suits and nonencapsulating or “splash” suits combined with accessory
clothing items such as chemical-resistant gloves and boots. These descriptions apply to how the
clothing is designed, not to its performance. The NFPA has classified chemical-protective suits
by their performance in 3 standards:
Vapor-Protective Suits (NFPA 1991, Standard on Vapor-Protective Suits for Hazardous
Chemical Emergencies),
Liquid Splash-Protective Suits (NFPA 1992, Standard on Liquid Splash-Protective Suits for
Hazardous Chemical Emergencies), and
Support Function Protective Suits (NFPA 1993, Standard on Support Function Protective
Garments for Hazardous Chemical Operations).
Protective clothing should completely cover both the wearer and the wearer’s breathing
apparatus. Wearing SCBA or other respiratory equipment outside the suit subjects this
equipment to the chemically contaminated environment. The SCBA used for hazardous materials
emergency response are generally the same as those used in structural fire fighting. Respiratory
protective equipment is not designed to resist chemical contamination and should be protected
from these environments. NFPA 1991 vapor-protective suits require that SCBA be worn on the
inside. NFPA 1992 liquid splash-protective suits may be configured with the SCBA on either the
inside or the outside. However, it is strongly recommended that respiratory equipment be worn
inside the ensemble to prevent its failure and to reduce decontamination problems.
There are a variety of accessories available for chemical-protective ensembles. As with
protective clothing and respirators, it is important that these components integrate easily into an
ensemble without a decrease in the protective integrity offered by any one component. For the
most part, the protective suit is the main integrating ensemble component, since it must
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accommodate all other equipment while completely covering the wearer. Nevertheless, selection
of an ensemble configuration must consider all items simultaneously.
Fire departments are faced with selecting a number of available chemical-protective garments
and sorting through the variety of information provided by the manufacturer. Below are some
guidelines that may be used in selecting chemical-protective suits.
(d) It must be determined if the clothing item is intended to provide vapor or liquid splash
protection. Vapor-protective suits also provide liquid splash protection. Both vapor- and liquid
splash-protective suits also provide protection against solid chemicals and particles. Many
garments may be labeled as totally encapsulating but do not provide gastight integrity due to
inadequate seams or closures. Splash suits must still cover the entire body when combined with
the respirator, gloves, and boots. Applying duct tape to a splash suit does not enable it to protect
against vapors. Gastight integrity can only be determined by performing a pressure or inflation
test of the respective protective suit. ASTM F1052, Standard Practice for Pressure Testing of
Gas-Tight Totally Encapsulating Chemical Protective Suits, offers a procedure for conducting
this test. This test involves:
1. Closing off suit exhalation valves,
2. Inflating the suit to a prespecified pressure, and
3. Observing whether the suit holds the above pressure for a designated period of time.
Liquid splash-protective suits must provide “liquidtight” integrity. Liquidtight integrity is best
evaluated by determining how the chemical-protective suit and other clothing prevent sprayed
liquid from contacting the wearer. ASTM F1359, Practice for Evaluating the Liquid-Tight
Integrity of Chemical Protective Suits and Ensembles Under Static Conditions, offers procedures
for conducting this test involving the placement of the suit and other clothing over a mannequin
that is dressed in a water-absorptive garment. Surfactant-treated water is sprayed at the suited
mannequin from several different directions. Observations of water penetration on the
water-absorptive garment indicate a lack of liquidtight integrity. In particular, seam, closure, and
clothing item interface areas should be examined closely for watertight integrity.
(e) It must be determined if the clothing item provides full body protection. A vapor-protective
or totally encapsulating suit will meet this requirement by passing gastight integrity tests. Liquid
splash-protective suits may have separate parts. Missing clothing items must be obtained
separately and match or exceed the performance of the garment. Buying a PVC glove for a PVC
splash suit does not mean that the same level of protection is obtained. This determination must
be made by comparing chemical resistance data.
Component parts of the liquid splash-protective suit must also integrate and provide liquidtight
integrity as described above.
(f) The manufacturer’s chemical resistance data provided with the garment must be evaluated.
Technical data packages are required to be supplied by the manufacturers of protective suits that
are certified to NFPA 1991 or NFPA 1992. Manufacturers of vapor-protective suits must provide
permeation resistance data for their products, while penetration resistance data must accompany
liquid splash-protective garments. Data must be provided for every primary material in the suit,
including the garment, visor, gloves, and boots.
Permeation data should include a citation that testing was conducted in accordance with
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ASTM F739, Test Method for Resistance of Protective Clothing Materials to Permeation by
Liquids or Gases, and the following:
1. Chemical name
2. Breakthrough time (indicates how soon the chemical permeates)
3. Permeation rate (indicates the rate at which the chemical permeates)
4. System sensitivity (allows comparison of test results from different laboratories).
If no data is provided or if the data lacks any of the information above, the manufacturer
should be asked to supply the missing data, or the product will not be considered. Manufacturers
that provide only numerical or qualitative ratings must support their recommendations with
complete test data.
Penetration data should include a pass or fail determination for each chemical listed and a
citation that testing was conducted in accordance with ASTM F903, Standard Test Method for
Resistance of Protective Clothing Materials to Penetration by Liquids. Protective suits that are
certified to NFPA 1991 or NFPA 1992 should meet all of the above requirements.
Suit materials that show no breakthrough or no penetration in response to a large number of
chemicals are likely to have a broad range of chemical resistance. (Breakthrough times greater
than 1 hour are usually considered to be an indication of acceptable performance.) If there are
specific chemicals within a response area that have not been tested, the manufacturer should be
consulted for test data on these chemicals.
(g) The manufacturer’s instruction manual should be obtained and examined.
This manual should document all the features of the suit and describe those materials that are
used in its construction. It should cite specific limitations for the suit and the restrictions that
apply to its use. Procedures and recommendations should be supplied for at least the following:
1. Donning and doffing
2. Inspection, maintenance, and storage
3. Decontamination
4. Use.
The manufacturer’s instructions should be thorough enough to allow trained fire department
members to wear and use the suit without a large number of questions.
(h) Sample garments should be obtained and inspected.
An examination of the quality of suit construction and other features that will impact its
wearing should be made. If possible, representative garments should be obtained in advance,
inspected prior to purchase, and reviewed with an individual who has experience in their use. It
is also helpful to “try out” representative garments prior to purchase by having personnel run
through exercises to simulate response activities while wearing the garments.
Despite the fact that a fire department has gone through a very careful selection process, a
number of situations will arise where no information is available to judge whether the protective
clothing chosen will provide adequate protection. These situations include:
1. Chemicals that have not been tested with the garment materials
2. Mixtures of 2 or more different chemicals
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3. Chemicals that cannot be readily identified
4. Extreme environmental conditions (hot temperatures)
5. Lack of data in all suit components (e.g., gloves, visors).
Testing material specimens using newly developed field test kits may offer one means for
making on-site clothing selection. A portable test kit has been developed by the EPA using a
simple weight loss method that allows field qualification of protective clothing materials within
1 hour. Use of this kit may compensate for the absence of data and provide additional criteria for
clothing selection.
Selection of chemical-protective clothing is a complex task and should be performed by
personnel with both extensive training and experience. Under all conditions, clothing should be
selected by evaluating its performance characteristics against the requirements and limitations
imposed by the response activity.
A-5-6.1
NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical Emergencies,
covers vapor-protective suits that are designed to provide “gastight” integrity and are intended
for response situations where no chemical contact is permissible. This type of suit is equivalent
to the clothing required in EPA’s Level A. The standard specifies a battery of 17 chemicals,
which were selected because they are representative of the classes of chemicals that are
encountered during hazardous materials emergencies. Vapor-protective suits must resist
permeation by the chemicals present during a response. Permeation occurs when chemical
molecules “diffuse” through the material, often without any evidence of chemical attack.
Permeation resistance is measured in terms of breakthrough time. An acceptable material is one
where the breakthrough time exceeds the expected period of garment use. Chemical permeation
resistance for 1 hour or more against each chemical in the NFPA battery is required for primary
suit materials (garment, visor, gloves, and boots). To be certified for any additional chemicals or
specific chemical mixtures, a suit must meet the same permeation performance requirements.
Other performance requirements are included in NFPA 1991 in order to reflect simulated
emergency hazardous materials response use conditions. To determine adequate suit component
performance in hazardous chemical environments, the following tests are required:
(a) A suit pressurization test to check the airtight integrity of each protective suit
(b) An overall suit water penetration test designed to ensure the suit provides full body
protection against liquid splashes
(c) Penetration resistance testing of closures
(d) Leak and creaking pressure tests for exhaust valves.
To ensure that the materials used for vapor-protective suits will afford adequate protection in
the environment where they will be used, material testing for burst strength, tear resistance,
abrasion resistance, flammability resistance, cold temperature performance, and flexural fatigue
are also required.
A-5-6.1.4 Materials used in vapor-protective suits are tested for limited thermal resistance;
however, this testing only prevents the use of inherently flammable materials. There are no
performance criteria provided in NFPA 1991, Standard on Vapor-Protective Suits for Hazardous
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Chemical Emergencies, to demonstrate protection of NFPA 1991 - compliant vapor-protective
suits during fire fighting operations. There are no test requirements or performance criteria in
NFPA 1991 addressing protection from radiological, biological, or cryogenic hazards.
A-5-6.2
NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous Chemical
Emergencies, covers liquid splash-protective suits, which are designed to protect emergency
responders against liquid chemicals in the form of splashes, but not against continuous liquid
contact or chemical vapors and gases. Liquid splash-protective suits may be acceptable for some
chemicals that do not present vapor hazards. Essentially, this type of clothing meets EPA Level
B needs. It is important to note, however, that wearing liquid splash-protective clothing does not
protect the wearer from exposure to chemical vapors and gases, since this clothing does not offer
gastight performance, even if duct tape is used to seal clothing interfaces. Therefore, where the
environment is unknown or not quantified through monitoring; where exposures include
carcinogens; where the chemicals have a high vapor pressure; or where the splash-protective suit
has not been certified for the chemical exposure, a NFPA 1991 -compliant garment should be
utilized.
NFPA 1992 specifies a battery of 9 chemicals, including liquid chemicals with low vapor
pressures with no known skin absorption toxicity, that are representative of the classes of
chemicals likely to be encountered during hazardous materials emergencies. Chemical
penetration resistance against the NFPA battery of test chemicals is required. Any additional
chemicals or specific chemical mixtures for which the manufacturer is certifying the suit must
meet the same penetration performance requirements.
Other NFPA 1992 performance requirements include an overall suit water penetration test to
ensure the suit provides full body splash protection. As in NFPA 1991, Standard on
Vapor-Protective Suits for Hazardous Chemical Emergencies, this standard contains
performance criteria to ensure that the materials used for liquid-splash suits afford adequate
protection in the environment where they will be used. These test requirements include material
testing for burst strength, tear resistance, flammability resistance, abrasion resistance, cold
temperature performance, and flexural fatigue testing.
A-5-6.2.7 Materials used in liquid splash-protective suits are tested for limited thermal
resistance; however, this testing only prevents the use of inherently flammable materials. There
are no performance criteria provided in NFPA 1992, Standard on Liquid Splash-Protective Suits
for Hazardous Chemical Emergencies, to demonstrate protection of NFPA 1992 - compliant
liquid splash-protective suits during fire fighting operations. There are no test requirements or
performance criteria in NFPA 1992 addressing protection from radiological, biological, or
cryogenic hazards.
A-5-6.3
NFPA 1993, Standard on Support Function Protective Garments for Hazardous Chemical
Operations, covers support function suits that provide liquid splash protection as required in
NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous Chemical Emergencies,
but offer limited physical protection. These garments can be made without the construction
requirements for reuse of the garments. They can be designed by the manufacturer for a single
use or a limited use expectancy. These garments may comprise several separate protective
clothing components (i.e., coveralls, hoods, gloves, and boots). They are intended for use in
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nonemergency, nonflammable situations where the chemical hazards have been completely
characterized. Examples of support functions include decontamination, hazardous waste cleanup,
and training. Support function protective garments should not be used during emergency
response outside of support functions and should never be utilized for protection in a hot zone.
A-5-6.3.7 Materials used in support function protective garments are tested for limited thermal
resistance; however, this testing only prevents the use of inherently flammable materials. There
are no performance criteria provided in NFPA 1993, Standard on Support Function Protective
Garments for Hazardous Chemical Operations, to demonstrate protection of NFPA 1993 compliant support function protective garments during fire fighting operations. There are no test
requirements or performance criteria in NFPA 1993 addressing protection from radiological,
biological, or cryogenic hazards.
A-5-7.1
It is recommended that PASS units be worn on protective clothing and used at any time the
member is involved in fire suppression or similar activities, whether or not SCBA is worn.
A-5-8.3
Life safety rope may be significantly weakened by abrasion, misuse, contamination, wear, and
stresses approaching its breaking strength, particularly impact loading. Since there is no
approved method to service test a rope without compromising its strength, rope rescue and
training operations should be carefully observed and monitored for conditions that could cause
immediate failure or result in undetectable damage to the rope. If a rope has been used in a
situation that could not be supervised or where potential damage may have occurred, it must be
removed from service and destroyed.
It is important that ropes be inspected for signs of wear by qualified individuals after each use.
If indications of wear or damage are noted, or if the rope has been stressed in excess of the
manufacturer’s recommendations or impact loaded, it must be destroyed.
The destruction of the rope means that it must be removed from service and altered in such a
manner that it could not be mistakenly used as a life safety rope. This alteration could include
disposal or removal of identifying labels and attachments and cutting the rope into short lengths
that could be used for utility purposes.
The assignment of “disposable” life safety ropes to members or to vehicles has proven to be an
effective system to manage ropes that are provided for emergency use and are used infrequently.
Special rescue teams, which train frequently and use large quantities of rope, should include
members who are qualified to manage and evaluate the condition of their ropes and determine
the limitations upon their reuse.
A-5-11.1
The use of personal protective equipment to limit noise exposure should be considered as an
interim approach until the noise levels produced by vehicles, warning devices, and radios can be
reduced. Protective ear muffs are recommended for fire fighters, due to the difficulties of proper
fit and insertion of ear plugs.
Studies in some jurisdictions have indicated that the most harmful noise exposure can come
from radios that are turned up loud enough to be heard over the noise of engines and warning
devices. Ear muffs are available that provide effective sound attenuation and rapid donning.
They should also be provided with built-in speakers and volume controls for radio and intercom
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communications. Ear muffs should be worn by operators of noisy equipment (in excess of 90
dBA) at the scene of incidents as well as during response. In some jurisdictions, traffic
regulations might limit the use of hearing protection by drivers.
The fire apparatus standards require the noise level at any seated position to be a maximum of
90 dBA when measured as specified in the standard, without any warning devices in operation,
as the vehicle proceeds at a speed of 45 mph on a level, hard, smooth surface road. However, it is
recommended that the specification for new fire apparatus should provide maximum sound
requirements that would allow members to ride in those vehicles without using hearing
protective devices. A maximum limit of 85 dBA without audible warning devices and 90 dBA
with warning devices in operation is recommended. Interior noise levels should be measured
with the vehicle in motion at the speed that produces the highest noise level, up to 55 mph. All
windows should be closed, and the noise level should be measured in each passenger area.
A-5-11.2
When operating in situations where other protective clothing and equipment is necessary, such
as in structural fire fighting, the interface between hearing protection and other necessary
protection might not be adequately addressed by currently used devices. For example, ear muffs
might not interface with helmets, and foam plastic ear plugs could be dangerous in a fire
environment due to the potential for melting. In addition, a reduction in hearing capability in an
emergency operations setting could create additional hazards. Effective hearing protection
should also be used during nonemergency activities such as equipment checks and engine
warm-ups. Attention should be given to correcting the deficiencies through the advent of
improved protective devices and through the use of alternate or improved procedures that create
less noise.
A-5-11.3
An effective hearing conservation program should address the regular audiometric testing of
members to identify hearing loss, the development and implementation of steps to prevent
further hearing loss by members exhibiting such loss, and the ongoing identification and
reduction or elimination of potentially harmful noise sources in the work environment. The
standards for hearing conservation included in 29 CFR 1910.95 should be used as a basic
minimum approach to this problem.
Any approach to hearing conservation should address personal protective devices, audiometric
testing, and the reduction of noise exposure that can be achieved by modifying existing
equipment or changing procedures. Examples of modifications would include moving siren
speakers and air horns down onto front bumpers, responding with windows closed, and installing
sound-attenuating insulation in cabs of fire apparatus. The noise produced by audible warning
devices should also be evaluated to determine the most effective balance between warning value
and harmful characteristics. Some studies indicate that high-low alternating tone sirens and
lower pitch air horns could be more effective warning devices and less damaging to hearing.
A longer-term approach to hearing conservation should deal with the purchase of apparatus
and equipment that is less noisy by design, with noise standards included in the specifications.
Improved radio equipment that produces higher clarity of sound with less output volume should
also be considered.
For more information on fire department hearing conservation programs, consult the U.S. Fire
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Administration Publication, Fire Department Hearing Conservation Program Manual.
A-6-1.3
The incident commander must automatically integrate fire fighter safety and survival into the
regular command functions. When this integration occurs, the incident commander promotes fire
fighter welfare by performing the standard job of command. Under fire conditions, the incident
commander is at an extreme disadvantage to perform any additional tasks. The safety plan for
the incident commander has to be the regular command plan.
A-6-1.5
(a) The first action that occurs at an incident is command action. This process ensures that
operations start under control, remain under control, and that control is never lost from the very
beginning of the event.
Early Command = early operational control
Early Operational Control = early concern for fire fighter welfare
(b) Early evaluation enables the incident commander to consider current conditions in a
standard manner and then forecast the future of the event. An important and standard outcome of
the entire evaluation process (beginning/middle/end) is the consideration of fire fighter safety.
(c) The incident commander must stay connected with the operating and support parts of the
organization through effective communications. If the communications process is maintained
throughout the event, the incident commander can transmit information, receive reports, evaluate
the effectiveness and safety of operations, and manage and move the operating and support parts
so they can be productive and survive.
(d) Strategy development basically positions fire fighters in standard locations based on
conditions. (For structural fire fighting incidents, offensive strategy = inside / defensive strategy
= outside.) This provides the starting point for a standard approach to operations and safety. The
“strategic concept” is developed ahead of the incident (SOPs, training, etc.) and enables the
entire team to understand, operate, and react in a standard, survivable manner. Attack planning
emerges from strategy development, and the incident commander becomes the focal point by
committing the troops to action through regular assignments (given as orders).
(e) Sector people are command agents and are able to both monitor the troops at the actual
location where the work is being done (geographic), and to provide the necessary support
(functional). The incident commander uses sectors as off-site (from the command post)
operational/communications/safety managers-supervisors. The incident commander uses the
incident organization along with communications to stay connected. Good sector control = good
safety control.
(f) The incident commander applies a regular review process (standard review questions) to
the attack plan to keep the plan current. Outdated plans result in poor forecasting and inattentive
incident commanders. The front end command functions place the incident commander in a
position to match action to actual conditions. Outdated plans can cause fire fighters to find
themselves under or on top of falling buildings, in the way of expanding fire conditions, and
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generally overexposed to flame, heat, and hot gas.
(g) The incident commander must be able to continue command operations for the duration of
the event. If the command system disintegrates before the fire is under control, safety is severely
compromised. The incident commander must use the regular command functions to maintain a
command system structure that outlasts the fire problem(s). Premature abandonment of the
system by the incident commander puts fire fighters at serious risk.
A-6-2.1
The incident commander has an ultimate responsibility for the safety of all fire department
members operating at an incident and for any and all other persons whose safety is affected by
fire department operations. Risk management provides a basis for:
(a) Standard evaluation of the situation
(b) Strategic decision-making
(c) Tactical planning
(d) Plan evaluation and revision
(e) Operational command and control.
A-6-2.1.1 The risk to fire department members is the most important factor considered by the
incident commander in determining the strategy that will be employed in each situation. The
management of risk levels involves all of the following factors:
(a) Routine evaluation of risk in all situations
(b) Well-defined strategic options
(c) Standard operating procedures
(d) Effective training
(e) Full protective clothing and equipment
(f) Effective incident management and communications
(g) Safety procedures and safety officers
(h) Back-up crews for rapid intervention
(i) Adequate resources
(j) Rest and rehabilitation
(k) Regular reevaluation of conditions
(l) Pessimistic evaluation of changing conditions
(m) Experience based on previous incidents and critiques.
A-6-2.1.2 The acceptable level of risk is directly related to the potential to save lives or property.
Where there is no potential to save lives, the risk to fire department members must be evaluated
in proportion to the ability to save property of value. When there is no ability to save lives or
property, there is no justification to expose fire department members to any avoidable risk, and
defensive fire suppression operations are the appropriate strategy.
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A-6-2.3
A safety sector should be established at all major incidents and at any high-risk incidents. The
safety sector would normally be assigned to operate under the fire department safety officer or an
assigned officer with this responsibility. If the designated safety officer is not available and the
need for a safety sector is evident, the incident commander should assign one or more members
to assume this responsibility on a temporary basis. Depending on the specific situation, this
assignment could require one or more members. All members should be familiar with the basic
duties and responsibilities of a safety sector.
A-6-3.1
A standard system to account for the identity and assignment of each member might be
relatively simple when all members arrive as assigned crews on fire apparatus. The identity of
each crew member should at least be recorded in a standard manner on the vehicle, and each
company officer is responsible for those members. In fire departments where members arrive in
their own vehicles or assemble at the scene, a system is required to record the identity of each
member arriving and to organize them into companies or groups with appropriate supervision.
This requires a standard system of “reporting in” at the incident and becoming part of the
organized system of operations.
A-6-3.5
There are many means of meeting these requirements. Some components may include tactical
worksheets, command boards, apparatus riding lists, company personnel boards, electronic
bar-coding systems, etc. These components may be used in conjunction with one another to
facilitate the tracking of personnel by both location and function. The components of the
personnel accountability system should be modular and expand with the size and complexity of
the incident.
A-6-4.1
The limitation of emergency scene operations to those that can be safely conducted by the
number of personnel on the scene is intended to reduce the risk of fire fighter death or injury due
to understaffing. While members can be assigned and arrive at the scene of an incident in many
different ways, it is strongly recommended that interior fire fighting operations not be conducted
without an adequate number of qualified fire fighters operating in companies under the
supervision of company officers.
It is recommended that a minimum acceptable fire company staffing level should be 4
members responding on or arriving with each engine and each ladder company responding to
any type of fire. The minimum acceptable staffing level for companies responding in high-risk
areas should be 5 members responding or arriving with each engine company and 6 members
responding or arriving with each ladder company. These recommendations are based on
experience derived from actual fires and in-depth fire simulations and are the result of critical
and objective evaluation of fire company effectiveness. These studies indicate significant
reductions in performance and safety where crews have fewer members than the above
recommendations. Overall, 5 member crews were found to provide a more coordinated approach
for search and rescue and fire suppression tasks.
During actual emergencies, the effectiveness of companies can become critical to the safety
and health of fire fighters. Potentially fatal work environments can be created very rapidly in
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many fire situations. The training and skills of companies can make a difference in the need for
additional personnel and in reducing the exposure to safety and health risks to fire fighters where
a situation exceeds their capabilities.
A-6-4.5
If advanced life-support personnel are available, this level of service would be preferred. Basic
life support is the minimum acceptable level.
A-6-6.2
Weather factors during emergency incidents can impact severely on the safety and health of
members, particularly during extremes of heat or cold. Where these factors combine with long
duration incidents or situations that require heavy exertion, the risks to members increase
rapidly. The fire department should develop procedures, in consultation with the fire department
physician, to provide relief from adverse climatic conditions.
Typical rehabilitation considerations for operations during hot weather extremes are (1)
moving fatigued or unassigned personnel away from the hazardous area of the incident; (2)
removal of personal protective equipment; (3) ensuring that personnel are out of direct sunlight;
(4) ensuring that there is adequate air movement over personnel, either naturally or
mechanically; (5) providing personnel with fluid replenishment, especially water; and (6)
providing medical evaluation for personnel showing signs or symptoms of heat exhaustion or
heat stroke.
Typical rehabilitation considerations for operations during cold weather extremes are (1)
moving fatigued or unassigned personnel away from the hazardous area of the incident; (2)
providing shelter from wind and temperature extremes; (3) providing personnel with fluid
replenishment, especially water; and (4) providing medical evaluation for personnel showing
signs or symptoms of frostbite, hypothermia, or other cold-related injury.
A-7-1.1
Where health, safety, building, and fire codes are not legally applicable to fire department
facilities, steps should be taken to ensure that equivalent standards are applied and enforced. In
the absence of local requirements, the provisions of NFPA 1, Fire Prevention Code; NFPA 101,
Life Safety Code; NFPA 70, National Electrical Code®, and a model plumbing, mechanical, and
building code should be applied. In addition, the workplace safety standards specified in 29 CFR
1910 or an equivalent standard should be applied (Code of Federal Regulations, Workplace
Safety Standards).
A-8-1.5
Any member, either career or volunteer, who reports for duty under the influence of alcohol or
drugs, or any other substance that impairs the member’s mental or physical capacity, cannot be
tolerated.
Evidence of substance abuse could include a combination of various factors such as slurred
speech, red eyes, dilated pupils, incoherence, unsteadiness on feet, smell of alcohol or marijuana
emanating from the member’s body, inability to carry on a rational conversation, increased
carelessness, erratic behavior, inability to perform a job, or other unexplained behavioral
changes.
The possibility of liability exists if a member who is under the influence of alcohol or drugs is
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allowed to remain on duty, to operate or drive vehicles or equipment on duty, or to drive a
private vehicle from the duty site. A member who is believed to be under the influence of
alcohol or drugs cannot be allowed to operate equipment or drive a vehicle, including a private
vehicle, until the condition of the member has been determined and verified.
A-8-2.1
Critical fire fighting tasks are physically demanding. These tasks require muscular strength,
muscular endurance, aerobic capacity, flexibility, equilibrium, and anaerobic power. A study is
presently being conducted to identify a valid physical performance test battery for use by fire
departments. Until this test battery is finalized and included in a future edition of this standard,
fire departments should include the above noted physical abilities for the evaluation of
candidates and incumbent fire fighters.
A-8-3.2
For guidance in implementation of a physical fitness program, the NFPA publication Physical
Fitness for Public Safety Personnel should be consulted. Two U.S. Fire Administration
publications, Physical Fitness Coordinators Manual for Fire Departments and Fire Service
Physical Fitness Programs, can also be consulted.
A-8-4.1
The health data base for a fire department should include the reports of regular physical
evaluations, injury and illness reports, and any supporting information that could be useful in
tracking, analyzing, or predicting the health effects of various events on individuals or the group.
A-8-4.2
This information should be managed in a manner that respects the confidentiality of
doctor-patient relationships. Electronic data processing is often employed to facilitate
management of such a data base.
A-8-4.3
The fire department should try to obtain autopsy or other medical information for all deceased
employees or former employees. This information could be useful in establishing relationships
between occupational factors and resulting fatalities at some time in the future. Autopsies for fire
fatalities should be conducted and recorded according to a standard protocol.
A-8-5.1
Where fire department members routinely respond to emergency medical incidents, the fire
department should consult with medical professionals and agencies on measures to limit the
exposure of members to infectious and contagious diseases. This should include the provision
and maintenance of equipment to avoid or limit direct physical contact with patients, when
feasible.
A-8-6.3
A fire department physician should have specific expertise and experience relating to the needs
of fire department members and a thorough knowledge of the physical demands involved in
emergency operations. If possible, the fire department physician should be a specialist in the
field of occupational medicine.
A-8-6.4
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Depending on the size and the needs of a fire department, the fire department physician might
or might not be required on a full-time basis. A fire department should have a primary
relationship with at least one officially designated physician. This physician can serve as the
primary medical contact and, in turn, deal with a number of other physicians and specialists. A
large fire department can designate more than one fire department physician or might determine
that a relationship with a group practice or multiple provider system is more appropriate to its
needs. In any case, the ability to consult with a physician who is particularly aware of the
medical needs of fire department members and who is available on an immediate basis should
exist.
A-8-7.1
The member health rehabilitation program should include a post-traumatic incident debriefing
and follow-up program to assist members in dealing with the psychological impact of these
situations. This function is part of the Member Assistance Program. (See 9-1.5 and A-9-1.5.)
A-9-1.1
The fire department Member Assistance Program does not have to be financed by the fire
department. Many community/county/state mental health agencies provide such services free of
charge or at a nominal fee. The fire department need have only the ability to identify when such
problems exist and be able to offer confidential referrals to the professional who will provide the
counseling. Although Member Assistance Programs differ from one another in various ways
according to the particular needs and resources of individual fire departments, member
organizations, and members, there are certain components that are found in all quality programs.
The program standards set forth by the Association of Labor-Management Administrators and
Consultants on Alcoholism (ALMACA) address these components and are strongly
recommended:
The physical location of the Member Assistance Program should facilitate easy access while
ensuring confidentiality. There should be a review of medical and disability benefits to ensure
that plans adequately cover appropriate diagnosis and treatment for alcohol, drug, and mental
health problems. Where feasible, coverage should include outpatient and day treatment care. The
Member Assistance Program staff should be familiar with the provisions of the medical and
disability benefit plans so they can advise clients clearly as to the extent, nature, and cost of the
recommended treatment and the reimbursement available.
The Member Assistance Program staff should combine two primary qualifications:
(a) Appropriate managerial and administrative experience
(b) Skills in identifying problems, interviewing, motivating, referring clients, and, where
appropriate, in counseling or related fields. Experience and expertise in dealing with
alcohol-related problems are strongly recommended.
It is important that members and their families are informed about the Member Assistance
Program and the services it offers and are continually updated on its existence, availability, and
confidentiality. Information about the Member Assistance Program should be made available to
all new members and their families.
The Member Assistance Program should maintain current information about alcoholism
treatment services and other resources. These include Alcoholics Anonymous, Al-Anon,
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Alateen, and other self-help groups; appropriate health care; community services; and other
professionals. Information about referral procedures, costs, and other relevant factors should be
available. Professionally trained individuals should be immediately available to assist members
involved in traumatic incidents to reduce or deal with the effects of psychological stress.
There should be a periodic review of the Member Assistance Program to provide an objective
evaluation of operation and performance. There should be an annual review of Member
Assistance Program staff performance.
A-9-1.2
The policy statement should acknowledge that alcoholism is a disease responsive to treatment
and rehabilitation, and should specify the responsibilities of management, member organizations,
and members as they relate to the program. The Member Assistance Program should not in any
way alter management authority or responsibilities or the prerogatives of a member organization.
Participation in the Member Assistance Program should not affect future service or career
advancement, nor should participation protect the member from disciplinary action for continued
substandard job performance or rule infractions. Cosponsorship of the program by management
and the member organization is highly desirable.
A-9-1.3
Adherence to federal regulations on confidentiality of alcohol and other drug abuse records is
required of programs receiving federal funds, directly or indirectly.
A-9-1.4
Health promotion should include, but not be limited to, the following activities: career
guidance, family orientation, and educational programs on topics such as weight control, healthy
heart, hypertension, stress management, nutrition, preventive medicine, substance abuse,
smoking cessation, and retirement planning.
For additional guidance in the implementation and management of the stress management
component of a Member Assistance Program, consult the U.S. Fire Administration publication,
Stress Management Model Program for Maintaining Firefighter Well-Being.
A-9-1.5
Fire fighters frequently experience trauma, death, and sorrow. Critical incident stress is a
normal reaction experienced by normal people following an event that is abnormal. The
emotional trauma can be serious. It can break through a person’s defenses suddenly, or slowly
and collectively, so that the person can no longer function effectively. Critical incident stress is
the inevitable result of trauma experienced by fire service personnel. It cannot be prevented, but
it can be relieved. Experiencing emotional aftershocks following a traumatic event is a very
normal reaction and should not be perceived as evidence of weakness, mental instability, or other
abnormality.
Symptoms may appear immediately after the incident, hours later, or sometimes even days or
weeks later. The symptoms may last for a few days, weeks, or months. Occasionally a
professional counselor may be needed. Knowing the signs and symptoms and how to respond to
them after the occurrence of a critical incident can greatly reduce the chance of more severe and
long-term stress.
Rapid intervention, talking about the situation, and reassuring that these are normal reactions
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and feelings can help prevent more serious problems later on, such as family and marital
problems.
To provide this intervention, the fire department should have its own Critical Incident
Debriefing (CID) team. The main objective of the CID team is to lessen the impact of the critical
incident, put it into the proper perspective, and help maintain a healthy outlook.
The CID team should consist of other fire fighters, support personnel, and mental health
professionals specifically trained in stress-related counseling. The team should be well
represented by all types of members whether volunteer, call, or career, and by all ranks. All
members should have a minimum of a 2-day training seminar with continuing education in
stress-related training as an ongoing part of the team’s regular meetings (monthly is
recommended for active departments, while quarterly might be sufficient for less active
departments).
Any individual should be able to initiate the debriefing procedure simply by contacting his/her
supervisor or officer, or the dispatch center. A contact list of the debriefing team members
should be available in the dispatch center.
Debriefings should be held for incidents that have the potential for having stressful impact on
members. It is important to remember that an event is traumatic when experienced as such.
Generally, debriefings should be held at a station within 1 to 3 hours after the incident.
Debriefings should encourage brief discussions of the event, which in itself help to alleviate a
good deal of the stress. Debriefings are strictly confidential and are not a critique of the incident.
Information should be given on stress reactions and steps that members can take to relieve the
symptoms so that they can continue their normal activities as soon as the debriefing is over.
Some common signs and symptoms of critical incident stress are fatigue, headaches, inability to
concentrate, anxiety, depression, inappropriate emotional behavior, intense anger, irritability,
withdrawal from the crew and/or family, change in appetite, increased alcohol consumption, and
a change in sleeping patterns.
To help alleviate some of the emotional pain, members can rest more, contact friends, maintain
as normal a schedule as possible, eat well-balanced, scheduled meals, keep a reasonable level of
activity to fight boredom, express feelings, and talk to loved ones. Recent studies and research
also indicate that exercise, especially soon after an event, can greatly reduce mental pain. MAP
should always be available to members. The CID team is often the first step in providing the help
that is needed and should be ready to serve to help minimize stress-related injury.
A-9-1.6
The fire department should develop a policy on the use of tobacco products for all members.
The fire department should also develop a policy on the acceptance of new members into the fire
department with regard to the use of tobacco products.
A-10-1.4(a) Dangerous Properties of Industrial Chemicals is published by Van Nostrand
Reinhold, NY.
A-10-1.4(b) NIOSH Pocket Guide to Chemical Hazards, U.S. Department of Health and Human
Services, Public Health Services, Publication DHHS No. 85-114, can be obtained from
Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402.
A-10-1.4(c) Threshold Limit Values and Biological Exposure Indices for 1988-1989 can be
obtained from the American Conference of Governmental Industrial Hygienists, 6500 Glenway
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Avenue, Bldg. D7, Cincinnati, OH 45211.
A-10-1.4(d) U.S. Coast Guard Chemical Response Information System can be obtained from
U.S. Coast Guard Commandant Instruction M 16465, Department of Transportation,
Washington, DC.
Appendix B Referenced Publications
B-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of NFPA
issuance of this document.
B-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1, Fire Prevention Code, 1992 edition
NFPA 70, National Electrical Code, 1993 edition
NFPA 101, Life Safety Code, 1991 edition
NFPA 472, Standard for Professional Competence of Responders to Hazardous Materials
Incidents, 1992 edition
NFPA 901, Uniform Coding for Fire Protection, 1990 edition
NFPA 1001, Standard for Fire Fighter Professional Qualifications, 1992 edition
NFPA 1201, Recommendations for Developing Fire Protection Services for the Public, 1989
edition
NFPA 1401, Recommended Practice for Fire Service Training Reports and Records, 1989
edition
NFPA 1582, Standard on Medical Requirements for Fire Fighters, 1992 edition
NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters, 1990 edition
NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters,
1992 edition
NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical Emergencies, 1990
edition
NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous Chemical
Emergencies, 1990 edition
NFPA 1993, Standard on Support Function Protective Garments for Hazardous Chemical
Operations, 1990 edition
NFPA 1999, Standard on Protective Clothing for Emergency Medical Operations, 1992
edition
NFPA FPH 1791, Fire Protection Handbook, 17th edition, 1991
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NFPA No. HP-FITNESS, Physical Fitness for Public Safety Personnel, Jacobs, Don T., 1990.
B-1.2 ANSI Publication.
American National Standards Institute, 1430 Broadway, New York, NY 10018.
ANSI Z88.5, Practices for Respiratory Protection for the Fire Service, 1981.
B-1.3 ASTM Publications.
American Society for Testing and Materials (ASTM), 1916 Race Street, Philadelphia, PA
19103.
ASTM F739, Test Method for Resistance of Protective Clothing Materials to Permeation by
Liquids or Gases, 1986
ASTM F903, Standard Test Method for Resistance of Protective Clothing Materials to
Penetration by Liquids, 1990
ASTM F1052, Standard Practice for Pressure Testing of Gas-Tight Totally Encapsulating
Chemical Protective Suits, 1987
ASTM F1359, Practice for Evaluating the Liquid-Tight Integrity of Chemical Protective Suits
and Ensembles Under Static Conditions, 1991.
B-1.4 International City Management Association.
777 N. Capitol Street NE, Washington, DC 20002.
Managing Fire Services, 2nd edition, 1988.
B-1.5 USFA Publications.
U.S. Fire Administration, Emmitsburg, MD 21727.
Fire Department Hearing Conservation Program Manual, 1991
Fire Service Physical Fitness Programs, 1977
Physical Fitness Coordinators Manual for Fire Departments, 1990
Stress Management Model Program for Maintaining Firefighter Well-Being, 1990.
B-1.6 U.S. Government Publications.
U.S. Government Printing Office, Superintendent of Documents, Washington, DC 20402.
Title 29, Code of Federal Regulations, Part 1910 [29 CFR 1910.95, 29 CFR 1910.120, 29 CFR
1910.133, and 29 CFR 1910.134] July 1, 1992
Title 40, Code of Federal Regulations, Part 311 [40 CFR 311] (EPA) March, 1991.
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Tentative Interim Amendment
NFPA 1500
Fire Department Occupational Safety and Health
1992 Edition

Reference: 1-5, 6-4.1.1*, and A-6-4.1.1
TIA 92-1 (NFPA 1500)
Pursuant to Section 15 of the NFPA Regulations Governing Committee Projects, the National
Fire Protection Association has issued the following Tentative Interim Amendment to NFPA
1500, Standard on Fire Department Occupational Safety and Health Program, 1992 edition. The
TIA was processed by the Fire Service Occupational Safety and Health Committee and was
issued by the Standards Council on July 23, 1993, with an effective date of August 20, 1993.
A Tentative Interim Amendment is tentative because it has not been processed through the entire
standards-making procedures. It is interim because it is effective only between editions of the
standard. A TIA automatically becomes a proposal of the proponent for the next edition of the
standard; as such, it then is subject to all of the procedures of the standards-making process.
1. Add the following new definition to Section 1-5:
Working Structural Fire. Any fire that requires the use of a 11/2-inch or larger fire attack
hose line and that also requires the use of self-contained breathing apparatus for members
entering the hazardous area.
2. Add the following new 6-4.1.1* and A-6-4.1.1 to read as follows:
6-4.1.1* At least four members shall be assembled before initiating interior fire fighting
operations at a working structural fire. All fire fighting operations shall be conducted in
accordance with 6-4.3 and 6-4.4.
Exception: If, upon arrival at the scene, members find an imminent life-threatening situation
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where immediate action may prevent the loss of life or serious injury, such action shall be
permitted with less than four persons on the scene, when conducted in accordance with the
provisions of Section 6-2.
A-6-4.1.1 The assembling of four members for the initial fire attack can be accomplished in
many ways. The fire department should determine the manner in which it plans to assemble
members in its response plan. The four members assembled for initial fire fighting operations
can include any combination of members arriving separately at the incident.
Members who arrive on the scene of a working structural fire prior to the assembling of four
persons may initiate exterior actions in preparation for an interior attack. These may include, but
are not limited to, actions such as the establishment of a water supply, the shutting off of utilities,
the placement of ladders, the laying of the attack line to the entrance of the structure, or exposure
protection. If members are going to initiate actions that would involve entering of a structure
because of an imminent life-threatening situation where immediate action may prevent the loss
of life or serious injury, and four members are not yet on the scene, the members should
carefully evaluate the level of risk that they would be exposed to by taking such actions. If it is
determined that the situation warrants such action, incoming companies should be notified so
that they will be prepared to provide necessary support and backup upon their arrival.
Such action is intended to apply only to those rare and extraordinary circumstances when, in
the member’s professional judgment, the specific instance requires immediate action to prevent
the loss of life or serious injury and four persons have not yet arrived on the fireground.
Copyright © 1993 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
Formal Interpretation
NFPA 1500
Fire Department Occupational Safety
and Health Program
1992 Edition
Reference : 1-5
F.I. 87-2
Question: If no jurisdiction having regulatory authority over a fire department has formally and
legally adopted NFPA 1500 as a standard, can that fire department be considered as the authority
having jurisdiction if they adopt 1500 as their own policy/program?
Answer: Yes.
Issue Edition: 1987
Reference: 1-4
Issue Date: July 21, 1989
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Effective Date: August 10, 1989
Copyright © 1989 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
Fire Department Occupational Safety
and Health Program
1992 Edition
Reference : 4-2.2
F.I. 87-4
Question: Is the intent of 4-2.2 to require members of a fire department who drive fire apparatus
be licensed as required by the motor vehicle laws of the state in which that department is
located?
Answer: Yes.
Issue Edition: 1987
Reference: 4-2.2
Issue Date: July 21, 1989
Effective Date: August 10, 1989
Copyright © 1989 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
Fire Department Occupational Safety
and Health Program
1992 Edition
Reference : 5-4
F.I. No.: 1500-92-2
Question: Given the definition of "proximity fire fighting" in Section 1-5, is it the intent of
Section 5-4 to require all members who engage in or are exposed to the hazards of aircraft fire
fighting operations be protected by proximity protective clothing and equipment that is
compliant with the requirements of Section 5-4?
Answer: Yes. It is the intent of the Technical Committee to require members who are routinely
engaged in aircraft incidents where burning fuel creates a potential for high radiant heat levels to
wear proximity personal protective equipment.
Issue Edition: 1992
Reference: 5-4
Issue Date: December 31, 1996
Copyright 1996 NFPA

Effective Date: January 20, 1997
Copyright © 1997 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
Fire Department Occupational Safety
and Health Program
1992 Edition
Reference : 5-9.2
F.I. 87-6
Question: Is it the intent of 5-9.2 to include, as acceptable, existing protective clothing and
protective equipment that complied with OSHA requirements when purchased but did not
comply with the appropriate NFPA standard when purchased?
Answer: No.
Issue Edition: 1987
Reference: 5-6.2
Issue Date: July 21, 1989
Effective Date: August 10, 1989
Copyright © 1989 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
Fire Department Occupational Safety
and Health Program
1992 Edition
Reference : 6-4.1.1
F.I. 92-1 (NFPA 1500)
Question 1: Assume that a fire department operates by dispatching personnel not as a unit from
a fire station, but as individuals or groups from various locations who are expected to assemble
at the scene of a fire.
Is it the intent of the standard and the recent TIA that added paragraph 6-4.1.1 which requires
that “four members be assembled before initiating interior fire fighting operations at a working
structural fire” to permit the fire department to determine the appropriate method for assembling
personnel at the fire scene?
Answer: Yes.
Question 2: Assume that a fire department operates by dispatching personnel and apparatus
from a fire station to arrive at the fire scene as a unit.
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Recognizing the recent TIA that added paragraph 6-4.1.1 which requires that “four members be
assembled before initiating interior fire fighting operations at a working fire,” and A-6-4.1, is it
the intent of the standard to recommend a staffing level of four persons per responding unit?
Answer: Appendix A-6-4.1 recommends several response options and states in part “. . . It is
recommended that a minimum acceptable fire company staffing level should be 4 members
responding on or arriving with each engine and each ladder company responding to any type of
fire. The minimum acceptable staffing level for companies responding in high-risk areas should
be 5 members responding or arriving with each engine company and 6 members responding or
arriving with each ladder company. These recommendations are based on experience derived
from actual fires and in-depth fire simulations and are the result of critical and objective
evaluations of fire company effectiveness.” Emphasis added for clarification.
Issue Edition: 1992
Reference: 6-4.1.1
Issue Date: April 6, 1994
Effective Date: April 26, 1994
Copyright © 1994 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
Fire Department Occupational Safety
and Health Program
1992 Edition
Reference : 8-3.1, 8-3.2
F.I. 87-7
Question: Is it the intent of 8-3.1 and 8-3.2 to allow members to participate in a structured
physical fitness program designed for individuals to carry out on an individual basis, when such
plan includes a requirement for members to pass a physical fitness test designed by the fire
department physician for each member, on a periodic basis and after a debilitating illness or
injury?
Answer: Yes.
Issue Edition: 1987
Reference: 8-1.3, 8-5.1
Issue Date: July 21, 1989
Effective Date: August 10, 1989
Copyright © 1989 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
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Copyright © 1992 NFPA, All Rights Reserved
1992 Edition
This edition of NFPA 1521, Standard for Fire Department Safety Officer, was prepared by the
Technical Committee on Fire Service Occupational Safety and Health and acted on by the
National Fire Protection Association, Inc. at its Annual Meeting held May 18-21, 1992 in New
Orleans, LA. It was issued by the Standards Council on July 17, 1992, with an effective date of
August 14, 1992, and supersedes all previous editions.
The 1992 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1521
The first edition of the Standard for Fire Department Safety Officer was adopted by the
National Fire Protection Association at the Annual Meeting in Washington, D.C., on May 16-19,
1977. A complete revision was completed by the Committee in 1986 and became the second
edition in June 1987. The first two editions were identified as NFPA 1501.
In 1992, a complete revision was completed and the identifying number of the standard was
changed from NFPA 1501 to NFPA 1521 to fit in the numbering plan for fire service
occupational safety and health documents. The 1992 edition is the third edition of this standard.
Technical Committee on Fire Service Occupational Safety and Health
Alan V. Brunacini, Chairman
City of Phoenix Fire Dept., AZ
Don R. Forrest, Vice Chairman
United Firefighters of LA City, CA
Murrey E. Loflin, Secretary
Virginia Beach Fire Dept., VA
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Donald Aldridge, Lion Apparel Inc., OH
Vincent J. Bollon, International Association of Fire Fighters, DC
Edward Carter, Oceanside Fire District, NY
Rep. AFD/NY
William J. Cesareo, Wilton Fire Dept., CT
Boyd F. Cole, Underwriters Laboratories Inc., IL
A. W. Conners, Grand Rapids Fire Dept., MI
Rep. IAFC
James M. Connolly, M&M Protection Consultants, IL
John B. Deitz, Brookhaven National Laboratory, NY
Rep. NFPA/IFPS
Richard M. Duffy, International Association of Fire Fighters, DC
Rep. Tech. Committee FSPCE/IAFF
Philip J. Eckhardt, Mine Safety Appliances Co., PA
Rep. ISEA
Stephen N. Foley, Longmeadow Fire Dept., MA
Rep. MFA
Jerry H. Garrett, U.S. Air Force — Fire Protection Directorate, FL
Jerry R. Hall, CA State Firemen’s Assn., CA
JoAnne Fish Hildebrand, Port Republic, MD
Scott D. Kerwood, Tulsa Fire Dept., OK
Jonathan D. Kipp, Compensation Funds of New Hampshire, NH
Eric S. Lamar, Washington, DC
Rep. IAFF
Bruce H. Lancaster, Howard County Fire Dept., MD
Rep. NFPA/FSS
Robert T. McCarthy, U.S. Fire Administration, MD
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Robert W. Meyer, Johnson & Higgins, NY
Robert D. Neamy, Los Angeles City Fire Dept., CA
Neil Rossman, Rossman, Rossman & Eschelbacher, MA
Arthur C. Smith, NY Board of Fire Underwriters, NY
Rep. AISG
Philip C. Stittleburg, Jenkins & Stittleburg, WI
Rep. NVFC
Harry K. Tompkins, Pierce Mfg Inc., WI
Robert D. Tutterow, Charlotte Fire Dept., NC
Michael V. Vance, Southwest Toxicology Services, Inc., AZ
Alternates
Robert K. Andrews, M&M Protection Consultants, MI
(Alternate to J. M. Connolly)
Angelo M. Catalano, North Bellmore Fire District, NY
(Alternate to E. Carter)
Iby George, Virginia Beach Fire Dept., VA
(Alternate to M. E. Loflin)
Thomas Healy, Phoenix Fire Dept., AZ
(Alternate to A. V. Brunacini)
Timothy V. Manning, Los Angeles City Fire Dept., CA
(Alternate to R. D. Neamy)
Gordon M. Sachs, U.S. Fire Administration, MD
(Alternate to R. T. McCarthy)
Bradley J. Schmidt, Underwriters Laboratories Inc., IL
(Alternate to B. F. Cole)
Bruce W. Teele, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
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NFPA 1521
Standard for
Fire Department Safety Officer
1992 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 4.

Chapter 1 Administration
1-1 Scope.
1-1.1
This standard contains minimum requirements for the assignment, duties, and responsibilities
of a safety officer for a fire department or other fire service organization.
1-1.2
These requirements are applicable to organizations providing rescue, fire suppression, and
other emergency services, including public, military, private, and industrial fire departments.
1-1.3
This standard does not apply to industrial fire brigades that also may be known as emergency
brigades, emergency response teams, fire teams, plant emergency organizations, or mine
emergency response teams.
1-2 Purpose.
1-2.1
The purpose of this standard is to specify the minimum requirements for a fire department
safety officer.
1-2.2
This standard is intended to meet the requirements of Section 2-5 of NFPA 1500, Standard on
Fire Department Occupational Safety and Health Program.
1-2.3
Many of the performance objectives of this standard may be achieved in a variety of ways.
Nothing herein is intended to restrict any jurisdiction from exceeding these minimum
requirements.
1-3 Equivalency.
1-3.1
The authority having jurisdiction shall be permitted to approve an equivalent level of
qualifications for the requirements specified in 2-2.1 of this standard provided that the fire
department has technical documentation to demonstrate equivalency.
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1-3.2
The approved equivalent levels shall secure as nearly equivalent training, education,
competency, and safety as possible and shall require that training, education, and competency be
commensurate with those functions that the members are expected to perform. In no case shall
the equivalency afford less competency of members or safety to members than that which, in the
judgement of the authority having jurisdiction, would be provided by compliance with the
provisions of the specified paragraph.
1-4 Definitions.
Accident. Any unexpected event that interrupts or interferes with the orderly progress of fire
department operations and may or may not include personal injury or property damage.
Approved.* Acceptable to the “authority having jurisdiction.”
Assistant Safety Officer. A member of the fire department assigned and authorized by the fire
chief to assist the fire department safety officer in the performance of the duties and
responsibilities specified in this standard.
Authority Having Jurisdiction.* The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
Driver/Operator. A person having satisfactorily completed the requirements of driver/operator
as specified in NFPA 1002, Standard for Fire Apparatus Driver/Operator Professional
Qualifications.
Emergency Incident. A specific emergency operation.
Emergency Medical Care. The provision of treatment to patients, including first aid,
cardiopulmonary resuscitation, basic life support, advanced life support, and other medical
procedures that occur prior to arrival at a hospital or other health care facility.
Emergency Operations. Activities of the fire department relating to rescue, fire suppression,
emergency medical care, and special operations, including response to the scene of the incident
and all functions performed at the scene.
Fire Apparatus. A fire department emergency vehicle used for rescue, fire suppression, or
other specialized functions.
Fire Chief. The highest ranking officer in charge of a fire department.
Fire Department. An organization providing rescue, fire suppression, and related activities.
The term “fire department” shall include any public, governmental, private, industrial, or
military organization engaging in this type of activity.
Fire Department Facility. Any building or area owned, operated, occupied, or used by a fire
department on a routine basis. This does not include locations where a fire department may be
summoned to perform emergency operations or other duties, unless such premises are normally
under the control of the fire department.
Fire Department Member. See Member.
Fire Department Safety Officer. The member of the fire department assigned and authorized
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by the fire chief as the principal safety officer assigned to perform the duties and responsibilities
specified in this standard.
Fire Department Vehicles. Any vehicle operated by a fire department, including fire apparatus.
Fire Suppression. The activities involved in controlling and extinguishing fires. Fire
suppression shall include all activities performed at the scene of a fire incident or training
exercise that expose fire department members to the dangers of heat, flame, smoke, or other
products of combustion, explosion, or structural collapse.
Health Hazard. Any property of a material that either directly or indirectly can cause injury or
incapacitation, either temporary or permanent, from exposure by contact, inhalation, or
ingestion.
Imminent Hazard. An act or condition that is judged to present a danger to persons or property
and is so immediate and severe that it requires immediate corrective or preventive action.
Incident Commander. The fire department member in overall command of an emergency
incident.
Incident Management System. An organized system of roles, responsibilities, and standard
operating procedures used to manage and direct emergency operations. Such systems are often
referred to as incident command systems (ICS).
Incident Scene. The location where activities related to a specific incident are conducted. This
shall include the entire area subject to incident-related hazards and all areas used by fire
department members and equipment in proximity to the incident.
Industrial Fire Department.* A fire department providing fire suppression, rescue, and related
activities for a single occupancy or occupancies under the same management. An industrial fire
department is usually designed to carry out suppression to completion independent of, or in close
cooperation with, a municipal fire department.
Member. A person involved in performing the duties and responsibilities of a fire department
under the auspices of the organization. A fire department member may be a full-time or part-time
employee or a paid or unpaid volunteer, may occupy any position or rank within the fire
department, and may or may not engage in emergency operations.
Occupational Illness. An illness or disease contracted through or aggravated by the
performance of the duties, responsibilities, and functions of a fire department member.
Occupational Injury. An injury sustained during the performance of the duties, responsibilities,
and functions of a fire department member.
Occupational Safety and Health Program. The overall program to provide occupational safety
and health in a fire department as defined in NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program.
Rescue. Those activities directed at locating endangered persons at an emergency incident,
removing those persons from danger, treating the injured, and providing for transport to an
appropriate health care facility.
Safety Officer. Either an assistant safety officer or the fire department safety officer.
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Safety Specialist. An individual who has the expertise, knowledge, and professional
experience to achieve control or reduction of occupational hazards and exposures.
Service Testing. The regular, periodic inspection and testing of apparatus and equipment,
according to an established schedule and procedure, to ensure that it is in safe and functional
operating condition.
Shall. Indicates a mandatory requirement.
Should. This term, as used in the appendix, indicates a recommendation or that which is
advised but not required.
Special Operations. Those activities that the fire department responds to that require specific
and advanced training and specialized tools and equipment. Special operations include water
rescue, hazardous materials, confined space entry, high angle rescue, and other operations
requiring specialized training.
Standard Operating Procedure. An organizational directive that establishes a standard course
of action.
Chapter 2 Organization
2-1 Assignment.
2-1.1*
Each fire department shall have a designated fire department safety officer. The fire
department safety officer shall be permitted to be assigned as a full-time or part-time position,
depending on the size and character of the fire department.
2-1.2*
Additional assistant safety officers shall be appointed when the activities, size, or character of
the fire department warrants extra safety personnel. If the fire department safety officer is not
capable of being available all of the time, additional assistant safety officers shall be appointed to
ensure proper coverage.
2-1.3
The fire chief shall have the ultimate responsibility for the fire department occupational safety
and health program as specified in NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program. The safety officer shall assist the fire chief in this responsibility.
2-1.4
The fire department safety officer shall report directly to the fire chief or to the fire chief’s
designated representative.
2-1.5*
In the absence of the fire department safety officer and assistant safety officers, alternate
personnel shall be assigned to perform the duties and responsibilities of the position that requires
immediate attention.
2-2 Qualifications.
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2-2.1
The fire department safety officer shall be a fire department officer and shall meet the
requirements for Fire Officer Level 1 specified in NFPA 1021, Standard for Fire Officer
Professional Qualifications.
2-2.2*
Safety officers shall have and maintain a knowledge of current federal, state, and local laws
regulating occupational safety and health applicable to the fire service work environment.
2-2.3*
Safety officers shall have and maintain a knowledge of current potential safety and health
hazards involved in fire fighting and other related activities.
2-2.4*
Safety officers shall have and maintain a knowledge of the current principles and techniques of
management of a safety and health program.
2-2.5*
Safety officers shall have and maintain a knowledge of the current health and physical fitness
factors that affect the fire service work environment.
2-3 Authority.
2-3.1
Safety officers shall have the responsibility to identify and cause correction of safety and
health hazards.
2-3.2
Safety officers shall have the authority to cause immediate correction of situations that create
an imminent hazard to personnel.
2-3.3
At an emergency incident, where activities are judged by a safety officer to be unsafe and to
involve an imminent hazard, the safety officer shall have the authority to alter, suspend, or
terminate those activities. The safety officer shall immediately inform the incident commander of
any actions taken to correct imminent hazards at an emergency scene.
2-3.4
At an emergency incident where a safety officer identifies unsafe conditions, operations, or
hazards that do not present an imminent danger, the safety officer shall take appropriate action
through the incident commander to mitigate or eliminate the unsafe condition, operation, or
hazard.
2-3.5
Where nonimminent hazards are identified, a safety officer shall develop actions to correct the
situation within the administrative process of the fire department. The fire department safety
officer shall have the authority to bring notice of such hazards to whomever in the fire
department has the ability to cause correction.
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Chapter 3 Functions
3-1 Records and Data Management.
3-1.1*
The fire department shall maintain records of all accidents, occupational deaths, injuries,
illnesses, and exposures in accordance with Section 2-7 of NFPA 1500, Standard on Fire
Department Occupational Safety and Health Program. The fire department safety officer shall
manage the collection and analysis of this information.
3-1.2
Safety officers shall identify and analyze safety and health hazards and shall develop
corrective actions to deal with these hazards.
3-1.3
The fire department safety officer shall ensure that records on the following are maintained as
specified in Section 2-7 of NFPA 1500, Standard on Fire Department Occupational Safety and
Health Program:
(a) Fire department safety and health policies
(b) Periodic inspection and service testing of apparatus and equipment
(c) Periodic inspection and service testing of personal safety equipment
(d) Periodic inspection of fire department facilities.
3-1.4
Safety officers shall maintain records of all recommendations made and actions taken to
implement or correct safety and health hazards or unsafe practices.
3-1.5
Safety officers shall maintain records of all measures taken to implement safety and health
procedures and accident prevention methods.
3-1.6
The fire department safety officer shall issue a report to the fire chief, at least annually, on fire
department accidents, occupational injuries, illnesses, deaths, and exposures.
3-2 Liaison.
3-2.1
The fire department safety officer shall be a member of the fire department occupational safety
and health committee.
3-2.2
The fire department safety officer shall report the recommendations of the fire department
occupational safety and health committee to the fire chief or the fire chief’s designated
representative.
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3-2.3
The fire department safety officer shall submit recommendations on occupational safety and
health to the fire chief or the fire chief’s designated representative.
3-2.4
Safety officers shall provide information and assistance to officers and fire fighters for
surveying their districts, so they will be able to identify and report safety and health hazards that
could have adverse effects on fire department operations.
3-2.5
A safety officer shall maintain a liaison with staff officers regarding recommended changes in
equipment, procedures, and recommended methods to eliminate unsafe practices and reduce
existing hazardous conditions.
3-2.6
A safety officer shall maintain a liaison with equipment manufacturers, standards-making
organizations, regulatory agencies, and safety specialists outside the fire department regarding
changes to equipment and procedures and methods to eliminate unsafe practices and reduce
existing hazardous conditions.
3-2.7
A safety officer shall maintain a liaison with the fire department physician to ensure that
needed medical advice and treatment are available to the members of the fire department.
3-2.8
A safety officer shall maintain a liaison with the person or persons designated as infection
control liaison to assist in achieving the objectives of the infection control program as specified
in NFPA 1581, Standard on Fire Department Infection Control Program.
3-3 Rules, Regulations, and Procedures.
3-3.1
A safety officer shall develop, review, and revise rules, regulations, and standard operating
procedures pertaining to the fire department occupational safety and health program. These
recommended or revised rules, regulations, or standard operating procedures shall be submitted
to the fire chief or the fire chief’s designated representative by the fire department safety officer.
3-3.2
The fire department safety officer shall periodically report to the fire chief or the fire chief’s
designated representative on the adequacy of, effectiveness of, and compliance with the rules,
regulations, and standard operating procedures specified in 3-3.1 of this section.
3-3.3
The fire chief shall define the role of safety officers in the enforcement of the rules,
regulations, and standard operating procedures.
3-4 Accident Prevention.
3-4.1
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The fire department safety officer shall manage an accident prevention program that addresses
the items specified in this section. The fire department safety officer shall be permitted to
delegate the development, direct participation, review, or supervision of this program.
3-4.2
The accident prevention program shall provide instruction in safe work methods to fire
department members.
3-4.3
The accident prevention program shall address the training and testing of all fire department
drivers, including all fire apparatus driver/operators.
3-4.4
Safety officers shall periodically survey operations, procedures, equipment, and fire
department facilities with regard to maintaining safe working practices and procedures. The fire
department safety officer shall report any recommendations to the fire chief or the fire chief’s
designated representative.
3-5 Apparatus and Equipment.
3-5.1
Safety officers shall review specifications for new apparatus, equipment, protective clothing,
and protective equipment for compliance with the applicable safety standards, including the
provisions of Chapters 4 and 5 of NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program.
3-5.2
Safety officers shall assist and make recommendations regarding the evaluation of new
equipment and its acceptance or approval by the fire department in accordance with the
applicable provisions of Sections 4-1, 4-4, and 4-5 of NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program.
3-5.3
Safety officers shall assist and make recommendations regarding the service testing of
apparatus and equipment to determine its suitability for continued service, and in accordance
with Sections 4-4 and 4-5 of NFPA 1500, Standard on Fire Department Occupational Safety and
Health Program.
3-5.4
Safety officers shall develop, implement, and maintain a protective clothing and protective
equipment program that will meet the requirements of Section 5-1 of NFPA 1500, Standard on
Fire Department Occupational Safety and Health Program, and provide for the periodic
inspection and evaluation of all protective clothing and equipment to determine its suitability for
continued service.
3-6 Accident Investigation, Procedures, and Review.
3-6.1
A safety officer shall develop procedures to ensure that emergency medical care and
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transportation to medical facilities are provided for members injured on duty. These procedures
shall also ensure that occupational injuries and illnesses are treated at the most appropriate health
care facilities.
3-6.2
The fire department safety officer shall investigate, or cause to be investigated, all
occupational injuries, illnesses, exposures, and fatalities involving fire department members and
all accidents involving fire department vehicles, fire apparatus, equipment, or fire department
facilities.
3-6.3
A safety officer shall develop corrective recommendations resulting from accident
investigations. The fire department safety officer shall submit such corrective recommendations
to the fire chief or the fire chief’s designated representative.
3-6.4
A safety officer shall develop accident reporting and investigation procedures and shall
periodically review these procedures for revision.
3-6.5
A safety officer shall review the procedures employed during any unusually hazardous
operation. Wherever it is determined that incorrect or questionable procedures were employed,
the fire department safety officer shall submit corrective recommendations to the fire chief or the
fire chief’s designated representative.
3-7 Incident Scene Safety.
3-7.1
Safety officer(s) shall respond to emergency incidents that involve a high risk to personnel.
Standard operating procedures shall define criteria for the response of safety officer(s).
3-7.2*
At the scene of high-risk incidents, safety officers shall identify and mitigate safety hazards.
The functions of the safety officer at such incidents shall be based on the provisions of Chapter 6
of NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, and
shall be integrated with the incident management system as specified in NFPA 1561, Standard
on Fire Department Incident Management System. Safety officers shall report to the incident
commander. When necessary, safety officers shall exercise the authority and responsibility
specified in Section 2-3 of this standard.
3-7.3
Safety officers shall routinely observe operations at the scene of emergency incidents to ensure
that safety regulations are being followed. When necessary, the fire department safety officer
shall recommend corrective actions after the incident to the fire chief or the fire chief’s
designated representative.
3-7.4
Safety officers shall be involved in the process of postincident critiques in order to review the
safety factors involved in emergency incidents.
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3-8 Training and Education.
3-8.1*
The fire department safety officer shall ensure that training in safety procedures relating to all
fire department operations and functions is provided to fire department members. Training shall
address recommendations arising from the investigation of accidents, injuries, occupational
deaths, illnesses, and exposures and the observation of incident scene activities.
3-8.2
The fire department safety officer shall cause safety supervision to be provided for training
activities, including all live burn exercises. All structural live burn exercises shall be conducted
in accordance with NFPA 1403, Standard on Live Fire Training Evolutions in Structures. A
safety officer shall be personally involved in preburn inspections of any acquired structures to be
utilized for live fire training.
3-8.3
Safety officers shall develop and distribute safety- and health-related materials for the
education of fire department members.
Chapter 4 Referenced Publications
4-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
4-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1002, Standard for Fire Apparatus Driver/Operator Professional Qualifications, 1988
edition
NFPA 1021, Standard for Fire Officer Professional Qualifications, 1992 edition
NFPA 1403, Standard on Live Fire Training Evolutions in Structures, 1992 edition
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition
NFPA 1561, Standard on Fire Department Incident Management System, 1990 edition
NFPA 1581, Standard on Fire Department Infection Control Program, 1991 edition
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-4 Approved.
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The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations or procedures, equipment or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations which is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-4 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner
since jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety
is primary, the “authority having jurisdiction” may be a federal, state, local or other regional
department or individual such as a fire chief, fire marshal, chief of a fire prevention bureau, labor
department, health department, building official, electrical inspector, or others having statutory
authority. For insurance purposes, an insurance inspection department, rating bureau, or other
insurance company representative may be the “authority having jurisdiction.” In many
circumstances the property owner or his designated agent assumes the role of the “authority
having jurisdiction”; at government installations, the commanding officer or departmental
official may be the “authority having jurisdiction.”
A-1-4 Industrial Fire Department.
Industrial fire departments should be distinguished from industrial fire brigades. Industrial fire
departments are similar in mission to municipal fire departments and usually employ fire
apparatus, mobile water supplies, large diameter hose, and specialized equipment based on the
site-specific hazards present within the occupancy. These occupancies may have separate
organizations, covered by separate organizational statements, operating as industrial fire
brigades or teams providing rescue unrelated to fire incidents. Membership in these
organizations may overlap.
A-2-1.1
The determination of whether the fire department safety officer will be a full-time or part-time
assignment should be made by the fire chief. This should depend on the size and structure of the
organization, the activity level, the level of risk in the fire department’s work environment, and
the history of accidents, injuries, occupational illnesses, deaths, and exposures.
A-2-1.2
A large fire department should have several assistant safety officers working in the area of
safety and health, under the direction of the fire department safety officer. A small department
may have one individual assigned as the safety officer; however, most small fire departments
will require several persons to be assigned as assistant safety officers to ensure that someone will
always be available.
A-2-1.5
There are obvious circumstances, including emergency incidents, that would require the
immediate response or attention of the safety officer. It is unrealistic to assume that one
individual would be available on a continual basis to fulfill these requirements. The system
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should provide for additional assistant safety officers to assume these responsibilities in the
absence of the fire department safety officer. The response of a safety officer to an emergency
incident might be delayed by distance, simultaneous events, or other circumstances. When the
need for a safety officer is a priority at an incident scene and none are available, the incident
commander should assign a qualified member to establish a safety sector and assume those
duties and responsibilities on a temporary basis. All members should be aware of the basic
functions and responsibilities of the safety officer at an incident scene.
A-2-2.2
The standard requires safety officers to have and maintain a knowledge of current codes,
standards, laws, hazards, principles, techniques, and factors. Such current knowledge requires
continuing efforts to be aware of the developing bodies of knowledge and experience pertaining
to fire service occupational safety and health. This may be gained through reading journals and
periodicals, attending classes and seminars, and regularly reviewing changes in applicable codes
and standards.
A-2-2.3
See A-2-2.2.
A-2-2.4
See A-2-2.2.
A-2-2.5
See A-2-2.2.
A-3-1.1
Data management refers to the collection and assimilation of information related to fire
department safety and health and the use of this data to enhance the efforts of the occupational
safety and health program. The data management process serves several important functions:
(a) It provides a summary of fire department experience in different categories (i.e., fire fighter
injuries, vehicular accidents, work-related illnesses)
(b) It provides a measure of how the experience of a particular fire department compares with
other fire departments, with national trends, and with other occupations or industries
(c) It provides a systematic method to record information for future reference and use.
Data management provides a means of determining trends and program effectiveness, whether
problems are becoming worse, whether accidents and injuries are being reduced, and whether the
costs associated with accidents and injuries are increasing or decreasing.
Occupational safety and health laws require employers to maintain records of job-related
injuries and illnesses.
A-3-7.2
The normal role of a safety officer would be to operate a safety sector at emergency incidents.
The safety sector could be comprised of the safety officer alone or with additional members
assigned to assist in providing the level of safety supervision appropriate for the magnitude of
the incident and the hazards associated with it.
A-3-8.1
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The safety officers are not the only safety trainers. To fulfill this function properly, even in a
small fire department, the safety officers should act as a clearinghouse for information and
training programs related to occupational safety and health.
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This edition of NFPA 1561, Standard on Fire Department Incident Management System, was
prepared by the Technical Committee on Fire Service Occupational Safety and Health and acted
on by the National Fire Protection Association, Inc., at its Annual Meeting held May 22-25,
1995, in Denver, CO. It was issued by the Standards Council on July 21, 1995, with an effective
date of August 11, 1995, and supersedes all previous editions.
This edition of NFPA 1561 was approved as an American National Standard on August 11,
1995.
Origin and Development of NFPA 1561
The Technical Committee on Fire Service Occupational Safety and Health is charged with
preparing documents that will have a significant impact on reducing fire fighter injuries and
deaths. The adoption of NFPA 1500, Standard on Fire Department Occupational Safety and
Health Program in 1987 was a major accomplishment in that effort.
One of the areas addressed in NFPA 1500 is a requirement for fire departments to conduct
emergency operations with an effective incident management system. While operational
coordination and effectiveness are often considered to be the primary objectives of an incident
management system, the safety aspects of a functional command structure were recognized by
the Technical Committee. The consequences of operating without an effective incident
management system have been documented in numerous deaths and injuries to fire fighters.
At the time NFPA 1500 was developed, several different incident management systems and
many local variations were known to be in use. In the development of these systems, safety and
health were not necessarily identified as major concerns. The Technical Committee determined
that, in addition to requiring the use of an incident management system, there should be
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performance criteria for the components of a system that contributes directly toward safety and
health objectives, and developed a standard on incident management that would specifically
address those concerns. The Committee began work on NFPA 1561 in July, 1987, and held
several meetings in various locations around the country to gain regional input.
In developing this document, the Committee examined several incident management systems
that were in use in different fire departments and related organizations. Committee members also
met with representatives of departments that were successfully using a variety of systems and
organizations that developed and provided training in recognized systems.
The Committee came to the conclusion that many of the performance objectives of this
standard could be met through the adoption of one of the existing recognized systems. Some
additional considerations may be necessary to address specific safety and health concerns,
including the problem of maintaining accountability for members operating at the scene of an
incident. The standard allows organizations to adopt or modify existing systems to suit local
requirements and preferences, as long as they meet the performance objectives that are
considered important for safety and health. The majority of systems were observed to be more
similar than different, with the greatest variations in terminology for similar components. The
overall opinion of the Committee was that it would be more beneficial to have every fire
department adopt a suitable system than to create one specific system and suggest that every
organization should adopt it. Most of the existing recognized systems should meet the
requirements of this document with little or no modification.
The Technical Committee believes that this document will emphasize the essential
considerations for safety and health in incident management systems, and lead the fire service to
utilize such systems to manage all emergency incidents. The goal will be reached when effective
incident management is routinely practiced for all types of situations.
The final draft of this document was completed in March, 1989 and submitted for the 1990
Annual Meeting cycle. It was voted on by the Association at the 1990 Annual Meeting in San
Antonio, Texas on May 23, 1990.
The Technical Committee, during the revision process of this document, revisited areas that
were looked at in the initial development of NFPA 1561. These areas were expanded, in this
edition, to reflect the mainstream utilization of an incident management system. These areas
include accountability, use of rapid intervention crews for rescue of members, interagency
cooperation, and, lastly, the realization that incident management includes more than fireground
operations.
As the fire service expands it’s roles and responsibilities, it is critical that an incident
management system be used. It is imperative to the health and safety of fire department members
that the system be used, and that other agencies they respond and work with are properly trained.
The actions or inactions of those other agencies impact directly on fire department members.
The Technical Committee feels that an incident management system is an important
component of any department’s health and safety program. The information contained in this
edition is indicative of their work.
This document was voted on by the Association at the 1995 Annual Meeting in Denver,
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Colorado on May 24, 1995.
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NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on the
occupational safety in the working environment of the fire service; and safety in the proper use of
apparatus, tools, equipment, protective clothing, and protective breathing apparatus.
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Chapter 1 Administration
1-1 Scope.
1-1.1*
This standard contains the minimum requirements for an incident management system to be
used by fire departments to manage all emergency incidents.
1-1.2*
These requirements shall be applicable to organizations providing rescue, fire suppression,
emergency medical care, special operations, and other emergency services including public,
military, and private fire departments and fire brigades.
1-1.3*
This standard shall not apply to fire brigades organized only to fight incipient stage fires as
defined in OSHA, 29 CFR, Part 1910.155(c)(26).
1-2 Purpose.
1-2.1
The purpose of this standard is to define and describe the essential elements of an incident
management system.
1-2.2*
The purpose of an incident management system is to provide structure and coordination to the
management of emergency incident operations in order to provide for the safety and health of
fire department personnel and other persons involved in those activities. This standard is
intended to meet the requirements of NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program, Chapter 6, and OSHA, 29 CFR, Part 1910.120(q)(3).
1-2.2.1* The incident management system shall integrate risk management into the regular
functions of incident command.
1-2.3*
Many of the performance objectives of this standard can be achieved in a variety of ways. This
standard is not intended to restrict any jurisdiction from exceeding these minimum requirements
or from adopting a system tailored to meet local needs while satisfying the minimum
requirements of this standard.
1-2.3.1* The incident management system described in this standard is to be used by trained
individuals and applied in a manner that meets the needs of each particular situation. The many
different and complex situations encountered by emergency responders require a considerable
amount of judgment in the application of the incident management system. The incident
commander shall apply the system in a manner that is appropriate for the circumstances of each
specific situation.
1-3 Definitions.
Command Staff. Positions that are established to assume responsibility for key activities in the
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incident management system that are not a part of the line organization.
Clear Text. The use of plain English in radio communications transmissions. Ten codes or
agency-specific codes shall not be used when using clear text.
Emergency Incident. Any situation to which the fire department responds to deliver emergency
services, including rescue, fire suppression, emergency medical care, special operations, and
other forms of hazard control and mitigation.
Fire Brigade. A group of people organized to engage in rescue, fire suppression, and related
activities.
Fire Department. An organization providing rescue, fire suppression, emergency medical care,
special operations, and related activities. The term “fire department” shall include any public,
governmental, private, industrial, or military organization engaging in this type of activity.
Imminent Hazard. An act or condition that is judged to present a danger to persons or property
that is so urgent and severe that it requires immediate corrective or preventive action.
Incident Commander. The fire department individual in overall command of an emergency
incident.
Incident Scene. The location where activities related to a specific incident are conducted. This
shall include the entire area subject to incident related hazards and all areas used by fire
department personnel and equipment in proximity to the incident scene.
Incident Termination. The conclusion of fire department operations at the scene of an incident,
usually the departure of the last unit from the scene.
Incipient Stage Fire. A fire that is in the initial or beginning stage and that can be controlled or
extinguished by portable fire extinguishers, Class II standpipe, or small hose systems without the
need for protective clothing or breathing apparatus.
Intermediate Level of Supervision. A level of supervision within the incident management
system that groups fire companies and other resources working toward common objectives or in
a particular area under a supervisor responsible for the objective(s) or area.
Liaison. The coordination of activities between the fire department and other agencies.
Member. A person involved in performing the duties and responsibilities of a fire department,
under the auspices of the organization. Fire department personnel can be full-time or part-time
employees, paid or unpaid volunteers, can occupy any position or rank within the fire
department, and might or might not engage in emergency operations.
Personnel. Fire department personnel or any individual participating within the incident scene.
Resources. Personnel and equipment that are utilized or available to be utilized at the scene of
an incident.
Risk. A measure of the probability and severity of adverse effects. These adverse effects result
from an exposure to a hazard.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
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Special Operations. Those emergency incidents to which the fire department responds that
require specific and advanced training and specialized tools and equipment. Special operations
include water rescue, hazardous materials, confined space entry, high-angle rescue, and other
operations requiring specialized training.
Staging. A specific function where resources are assembled in an area at or near the incident
scene to await instructions or assignments.
Standard Operating Guideline. An organizational directive that establishes a course of action
or policy.
Supervisor. Fire department personnel who have supervisory authority and responsibility over
other personnel.
Unified Command. A standard method to coordinate command of an incident where multiple
agencies have jurisdiction.
Chapter 2 System Structure
2-1 Implementation.
2-1.1*
The fire department shall adopt an incident management system to manage all emergency
incidents. The system shall be designed to meet the particular characteristics of the fire
department based on size, complexity, and operating environment.
2-1.2
The incident management system shall be defined and documented in writing. Standard
operating guidelines shall include the requirements for implementation of the incident
management system and shall describe the options that are available for application according to
the needs of each particular situation.
2-1.3*
The fire department shall prepare and adopt written plans, based on the incident management
system, to address the requirements of the different types of incidents that can be anticipated.
These plans shall address both routine and unusual incidents and shall provide standardized
guidelines and supervisory assignments that can be applied to the needs of situations of different
types, sizes, and complexities.
2-1.4*
The incident management system shall be utilized at all emergency incidents. The incident
management system also shall be applied to drills, exercises, and other situations that involve
hazards similar to those encountered at actual emergency incidents and to simulated incidents
that are conducted for training and familiarization purposes.
2-2 Communications.
2-2.1*
The incident management system shall include standard operating guidelines for radio
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communications that provide for the use of standard protocols and terminology at all types of
incidents. Plain English (see definition of clear text) for radio communications shall be used to
reduce the confusion that can be created when radio codes are used.
2-2.2
Standard operating guidelines for communications shall be established to support the
escalation of operations from small to large or from routine to unusual without necessitating
major changes or transitions. The communications system shall meet the requirements of the fire
department for routine and large-scale emergencies. In a small fire department, one radio channel
for dispatch and one fire ground communications channel might be sufficient for most situations.
The radio capabilities shall also provide for communications with mutual aid resources or other
agencies that could be expected to respond to a major incident. A larger fire department shall
require several additional radio channels to provide for the volume of communications relating
to routine incidents and for the complexity of multiple alarm situations. The system shall be
developed to provide reserve capacity for unusually complex situations where effective
communications could become critical.
2-2.3*
Standard terminology shall be established to transmit information, including strategic modes of
operation, situation reports, and emergency notifications of imminent hazards.
2-2.4*
The communications system shall provide a standard method to give priority to the
transmission of emergency messages and notification of imminent hazards to all levels of the
incident command structure over that of routine communications.
2-2.5
The incident management system shall provide standard operating guidelines for
communication operators and dispatchers to provide support to emergency incident operations.
Operators and dispatchers shall be trained to function effectively within the incident
management system.
2-3 Interagency Coordination.
2-3.1*
The fire department shall develop an integrated incident management system in coordination
with other agencies that are involved in emergency incidents.
2-3.2*
The incident management system shall provide a plan to coordinate operations with other
agencies that have jurisdiction at the incident scene. This plan shall include a standard guideline
to designate one incident commander or to establish unified command.
2-3.3*
Where the incident is under the command authority of the fire department, the incident
commander shall provide for liaison and coordination with all other cooperating agencies.
2-3.4*
Where the incident is under the overall jurisdiction of an agency other than the fire department,
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the fire department shall utilize the incident management system to manage its own operations
and coordinate its activities with the agency having overall jurisdiction.
2-4 Command Structure.
2-4.1*
The incident management system shall provide a series of supervisory levels that are available
for implementation to create a command structure. The particular levels to be utilized in each
situation shall depend on the nature of the incident and the scale and complexity of fire
department activities at the scene.
2-4.2
The incident management system shall be modular to allow the application of only those
elements that are necessary at a particular incident and to allow elements to be activated or
deactivated as the needs of the incident change with time. The system shall provide for a routine
process of escalation as additional resources are utilized.
2-4.3
The incident commander shall determine which levels and elements of the incident
management system are to be implemented in each case and shall develop the command
structure for each incident by assigning supervisory responsibilities according to standard
operating guidelines.
2-4.4*
The command structure for each incident shall maintain an effective supervisory span of
control at each level of the organization. An effective span of control shall be determined by the
ability of each supervisor to monitor the activities of assigned subordinates and to communicate
effectively with them.
2-4.5*
The incident management system shall define standardized supervisory assignments. These
assignments shall be activated upon assignment by the incident commander.
2-4.5.1* Standardized supervisory assignments shall define the role, authority, and
responsibilities of assigned personnel. Assignments shall be defined by function or by location at
the scene of the incident, or by a combination of function and location. The scope of authority to
be delegated at each supervisory level shall be outlined in standard operating guidelines.
2-4.5.2* An assignment that is defined by function shall be based on performing or supervising a
particular function or set of functions.
2-4.5.3* An assignment that is defined by location shall be based on supervising all activities
that are conducted within a designated area. The area shall be defined by standard terminology or
specified by the incident commander at the time of assignment.
2-4.6
The incident commander shall have the authority to modify standard assignments or to apply
them in a manner that suits the particular needs of an incident. It shall be the responsibility of the
incident commander to identify the parameters of an assignment clearly where deviating from
the standard assignments.
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2-5 Training and Qualifications.
2-5.1*
All personnel who could be involved in emergency operations shall be trained in the incident
management system.
2-5.2
Personnel who are expected to perform as incident commanders or to be assigned to
supervisory levels within the command structure shall be trained in and familiar with the incident
management system and the particular levels at which they are expected to perform. The fire
department shall define training and experience requirements for supervisors.
2-5.3*
The incident commander shall make assignments based on the availability, qualifications, and
expertise of individuals.
2-6 Personnel Accountability.
2-6.1
The incident management system shall provide for personnel accountability at the incident
scene.
2-6.2*
The fire department shall adopt and routinely use a system to maintain accountability for all
personnel assigned to the incident. This system shall provide a rapid accounting of all personnel
at the incident scene.
2-6.3*
All supervisors shall maintain a constant awareness of the position and function of all
personnel assigned to operate under their supervision. This awareness shall serve as the basic
means of accountability that shall be required for operational safety.
2-6.3.1 The incident management system shall maintain accountability for the location and
function of each company or unit at the scene of the incident. Personnel who respond to the
incident on fire apparatus shall be identified by a system that provides an accurate accounting of
those personnel actually responding to the scene with each company or on apparatus.
2-6.3.2 Personnel who arrive at the scene of the incident by means other than fire apparatus shall
be identified by a system that accounts for their presence and their assignment at the incident
scene.
2-6.4
The system shall include a specific means to identify and keep track of personnel entering and
leaving hazardous areas, such as confined spaces or areas where special protective equipment is
required.
2-6.5*
The incident management system shall include a standard operating guideline to evacuate
personnel from an area where an imminent hazard condition is found to exist and to account for
their safety. This guidance shall include a method to notify immediately all personnel in the
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affected area by means of audible warning devices, and by radio signals in accordance with the
requirements specified in 2-2.4.
2-7 Emergency Incident Rehabilitation.
2-7.1*
The incident commander shall consider the circumstances of each incident and make suitable
provisions for the rest and rehabilitation of personnel operating at the scene. These provisions
shall include medical evaluation and treatment, food and fluid replenishment, and relief from
extreme climatic conditions, according to the circumstances of the incident.
2-7.2
All supervisors shall maintain an awareness of the condition of personnel operating within
their span of control and shall ensure that adequate measures are taken to provide for their safety
and health. The command structure shall request relief and reassignment of fatigued crews.
Chapter 3 System Components
3-1 Incident Commander.
3-1.1*
The incident management system shall clearly identify who is in overall command at the scene
for the duration of the incident. The incident management system shall provide for the transfer of
the assignment of “incident commander” to take place one or more times during the course of an
incident.
3-1.2*
Standard operating guidelines shall provide for one individual to assume the role of incident
commander from the beginning of operations at the scene of each incident.
3-1.3*
Standard operating guidelines shall define the circumstances and guidelines for transferring
command and shall specify to whom command shall be transferred.
3-1.4
The incident commander shall be responsible for overall personnel accountability for the
incident. The incident commander shall initiate an accountability and inventory worksheet at the
very beginning of operations and shall maintain that system throughout operations.
3-1.5*
The incident commander shall provide for appropriate control of access to the incident scene.
3-2 Command Staff.
3-2.1*
Command staff functions shall be those elements of the incident management system that
operate in direct support of the incident commander and contribute to the overall management of
the incident.
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3-2.2*
Standard operating guidelines shall define the roles and responsibilities of personnel assigned
to command staff functions. Three specific staff positions shall be identified as information
officer, safety officer, and liaison officer. Additional staff functions shall be assigned, depending
upon the nature and location of the incident or upon requirements established by the incident
commander.
3-2.2.1 The information officer shall provide liaison between the media and the incident
commander. The information officer shall consult with the incident commander regarding any
constraints on the release of information and shall prepare press briefings.
3-2.2.2 Safety officers shall have the authority to immediately correct situations that create an
imminent hazard to personnel.
At an emergency incident, where activities are judged by a safety officer to be unsafe and to
involve an imminent hazard, the safety officer shall have the authority to alter, suspend, or
terminate those activities. The safety officer shall immediately inform the incident commander of
any actions taken to correct imminent hazards at an emergency scene.
At an emergency incident where a safety officer identifies unsafe conditions, operations, or
hazards that do not present an imminent danger, the safety officer shall take appropriate action
through the incident commander to mitigate or eliminate the unsafe condition, operation, or
hazard.
3-2.2.3 The liaison officer shall provide a point of contact for assisting and cooperating agencies.
The liaison officer shall identify current or potential interagency needs.
3-2.3*
Personnel performing command staff functions shall operate with delegated authority to issue
orders and instructions in the name of the incident commander. The scope of this authority shall
be established in standard operating guidelines. The assigned personnel shall keep the incident
commander informed of significant occurrences.
3-3 Planning Functions.
3-3.1
Planning staff functions shall include those components of the incident management system
that are involved with information management to support the incident commander and other
levels of the incident command structure.
3-3.2*
The incident management system shall include a standard approach for the collection,
evaluation, dissemination, and use of information. The planning staff shall account for the
organizational structure, availability of resources, deployment of resources, and situation status
reports.
3-3.3
The incident management system shall include standard methods and terminology to record
and track the assignment of resources for the duration of an incident.
3-3.4
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The incident management system shall include a standard approach to utilize technical
advisors to support the development of strategic plans and to assist the incident commander.
3-4 Logistics Functions.
3-4.1
Logistics provides services and support systems to all the organizational components involved
in the incident including facilities, transportation, supplies, equipment maintenance, fueling,
feeding, communications, and medical services, including responder rehabilitation.
3-5 Operations Functions.
3-5.1
Operations functions shall refer to those tactical components of the incident management
system that are directly involved in rescue, fire suppression, emergency medical care, special
operations, and other activities that are within the primary mission of the fire department.
3-5.2*
The incident commander shall assign intermediate levels of supervision and organize resources
following standard operating guidelines in accordance with Section 2-4 and based on the scale
and complexity of operations.
3-5.3*
All supervisors assigned to operations functions shall support an overall strategic plan, as
directed by the incident commander, and shall work toward the accomplishment of tactical
objectives.
3-5.4
Supervisors assigned to operations functions shall be accountable for all resources assigned
under their span of control and for coordination with higher levels of the command structure and
with other supervisors at the same level. The safety and health of all personnel shall be primary
considerations.
3-6 Staging.
3-6.1*
The incident management system shall provide a standard system to manage reserves of
personnel and other resources at or near the scene of the incident.
3-6.2*
Where emergency activities are being conducted in a location where there would be a delay in
activating standby resources, the incident commander shall establish staging areas close to the
area where the need for those resources is anticipated.
3-7 Finance/Administration.
3-7.1*
The incident management system shall provide for financial/administrative services where
necessary.
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3-7.2*
The incident commander shall assign finance/administrative functions based on the needs or
complexity of the incident.
Chapter 4 Roles and Responsibilities
4-1 Incident Commander.
4-1.1*
The incident commander shall be responsible for the overall coordination and direction of all
activities at an incident. This shall include overall responsibility for the safety and health of all
personnel and for other persons operating within the incident management system.
4-1.2*
The concept of risk management shall be utilized on the basis of the following principles:
(a) Activities that present a significant risk to the safety of personnel shall be limited to
situations where there is a potential to save endangered lives.
(b) Activities that are routinely employed to protect property shall be recognized as inherent
risks to the safety of personnel, and actions shall be taken to reduce or avoid these risks.
(c) No risk to the safety of personnel shall be acceptable where there is no possibility to save
lives or property.
4-1.3*
The incident commander shall evaluate the risk to personnel with respect to the purpose and
potential results of their actions in each situation. In situations where the risk to fire department
personnel is excessive, as defined in 4-1.2, activities shall be limited to defensive operations.
4-1.4
The incident commander shall be responsible for establishing a command structure that meets
the needs of the particular situation, for determining the overall strategy that will be employed,
for summoning and assigning adequate resources to deal with the situation, for evaluating
progress and changing the strategy as appropriate, for communicating directions and interpreting
progress reports from assigned persons in the command structure, and for bringing the incident
to a termination.
4-1.5
The incident commander shall make assignments and provide direction, as demanded by the
nature and circumstances of the incident, in order to manage the activities of all personnel and
other resources at the incident scene.
4-1.6
The incident commander shall assign supervisory duties and responsibilities to create an
organizational structure, within the framework of the incident management system, based on the
needs of each particular incident. The established structure shall provide a manageable span of
control at all levels of the organization to exercise supervision over all aspects of the incident.
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4-1.6.1 As the incident increases in size and complexity and as additional personnel and units are
assigned to operate at the scene, the incident commander shall expand the command structure to
maintain effective levels of supervision and span of control.
4-1.6.2 The assignment of duties and responsibilities to individuals also shall include the
delegation of the authority necessary to accomplish the assignments. The standard operating
guidelines adopted by the fire department shall define the scope of authority to be delegated at
each level of the organization.
4-1.7
The incident commander shall utilize standardized terminology and predefined job
descriptions to make supervisory assignments.
4-1.8
The fire department shall provide personnel for the rescue of individuals operating at
emergency incidents if the need arises. A rapid intervention crew shall consist of at least two
individuals and shall be available for rescue of personnel if necessary.
4-1.9
The incident commander shall ensure that any change in strategy is communicated to all
affected supervisors.
4-2 Supervisory Personnel.
4-2.1
Risk management principles shall be employed routinely by supervisory personnel at all levels
of the incident management system to define the limits of acceptable and unacceptable positions
and functions for all personnel at the incident scene.
4-2.2*
Supervisors shall assume responsibility for activities within their span of control, including
responsibility for the safety and health of personnel and other authorized persons within their
designated areas.
4-2.3*
Supervisors shall work toward assigned objectives within the overall strategy defined by the
incident commander. They shall, on a regular basis, report progress, or lack of progress, in
meeting those objectives and any deviation from established plans.
4-2.4
Supervisors at each level of the command structure shall receive direction from and provide
progress reports to supervisors at a higher level.
4-2.5
Supervisors shall be alert to recognize conditions and actions that create a hazard within their
span of control. All supervisors shall have the authority and responsibility to take immediate
action to correct imminent hazards and to advise the appropriate supervisor regarding these
actions.
4-2.6
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Supervisors shall coordinate their activities with other supervisors at the same level and shall
provide direction to supervisors at a lower level or personnel within their span of control.
4-2.7*
Where conflicting orders are received at any level of the incident management system, the
individual receiving the conflicting order shall inform the individual giving the order that a
conflict exists. If the conflicting order is required to be carried out, the individual giving the
conflicting order shall so inform the individual who provided the initial order.
Chapter 5 Referenced Publications
5-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
5-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
5-1.2 Other Publications.
5-1.2.1 U.S. Government Publications. U.S. Government Printing Office, Superintendent of
Documents, Washington, DC 20402.
Title 29, Code of Federal Regulations, Part 1910, Section 120 (29 CFR 1910.120(q)(3));
March 6, 1989.
Title 29, Code of Federal Regulations, Part 1910, Section 155 (29 CFR 1910.155(c)(26)); July
1, 1987.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1.1
This document establishes minimum requirements for the development and implementation of
an incident management system. The system is intended to apply to operations conducted at the
scene of emergency incidents by a fire department. While this document is written largely in
terms that relate to a single-agency system, it is intended to integrate with emergency
management systems that apply to multiple agencies and large-scale situations.
A-1-1.2
An incident management system also should be used by other types or organizations engaging
in activities that involve similar risks to personnel. The basic principles contained within this
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standard should have broad application in the delivery of emergency services and activities
conducted in a high risk environment.
A-1-1.3
The intent of this requirement is to ensure that industrial fire brigades that perform fire fighting
beyond the incipient stage comply with the requirements of this standard. Based upon the
organizational statement of the industrial fire brigade, the types or potential types of fires (i.e.,
fires that develop beyond the incipient stage) encountered, and other job tasks performed by
personnel, dictate the required compliance with NFPA 1561. These requirements should be
addressed through training, standard operating guidelines, and company or corporate policy.
A-1-2.2
This standard establishes minimum performance requirements for an incident management
system based on concerns for the safety and health of fire department personnel. The benefits of
an incident management system extend far beyond this single concern, but personnel health and
safety is considered to be the most important reason to implement an incident management
system. This standard also may be permitted to be used for guidance in meeting the requirements
for an incident command system as outlined in other NFPA documents, including NFPA 471,
Recommended Practice for Responding to Hazardous Materials Incidents, and NFPA 472,
Standard for Professional Competence of Responders to Hazardous Materials Incidents.
A-1-2.2.1 The incident commander has the ultimate responsibility for the safety of all fire
department personnel operating at an incident and for any and all other persons whose safety is
affected by fire department operations. Risk management provides a basis for the following:
(a) Standard evaluation of the situation;
(b) Strategic decision-making;
(c) Tactical planning;
(d) Plan evaluation and revision;
(e) Operational command and control.
A-1-2.3
Many of the requirements of this standard could be satisfied by adopting a “model” system
(such as the Incident Command System) that is intended to provide for a uniform approach to
incident management while providing for some variations to meet local requirements.
A-1-2.3.1 An incident management system is intended to provide a standard approach to the
management of emergency incidents. The primary objective is always to manage the incident,
not to fully implement and utilize the incident management system. The command officer should
be able to apply the incident management system in a manner that supports effective and
efficient management of the incident. The use of the system should not create an additional
challenge for the incident commander.
A-2-1.1
The fire department should evaluate existing recognized systems to develop or adopt a system
that meets its own particular requirements and provides compatibility with systems used by other
agencies that would reasonably be expected to work together at emergency incidents.
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A-2-1.3
Fire departments respond to a wide variety of incidents. Most of these incidents are considered
“routine” and involve a small commitment of resources, while a few incidents involve large
commitments of resources, complex situations, and potential high risk operations. It is important
for an incident management system to accommodate all types and sizes of incidents and to
provide for a regular process of escalation from the arrival of the first responding units to the
largest and most complex incidents. The system always should be applied, even to routine
incidents, in order to provide for familiarity with the system, to be prepared for escalation, and to
be cognizant of the risks that exist at all incidents.
A-2-1.4
The fire department should use the same basic approach for all situations, including drills, to
ensure that personnel are fully familiar and confident with the incident management system.
Drills and simulated incidents often involve risks that are similar in nature to those of actual
incidents.
A-2-2.1
The intent of the use of plain English (clear text) for radio communications is to reduce
confusion at incidents, particularly where different agencies work together.
A-2-2.3
A change in strategic mode of operation would include, as an example for structural fire
fighting, the switch from offensive strategy (interior fire attack with hand lines) to defensive
strategy (exterior operation with master streams and hand lines). In such an instance, it is
essential to notify all affected personnel of the change in strategic modes, ensure that all
personnel withdraw from the structure, and account for everyone who was operating offensively
before initiating any exterior stream application with either hand lines or master streams.
A-2-2.4
The emergency notification system should provide a means to rapidly warn all persons who
might be in danger if an imminent hazard is identified or if a change in strategy is made. An
emergency message format with distinctive alert tones and definitive instructions should be used
to make such notifications.
A-2-3.1
The incident management system should be a component of interagency and
multijurisdictional planning for emergency operations. A fire department is seldom the only
agency involved in activities at the scene of emergency incidents, particularly large-scale
incidents. While this standard is based upon the requirements for an incident management
system for a fire department, any system should, as a minimum, provide for coordination with
police departments and other emergency service agencies within the same jurisdiction, as well as
mutual aid fire departments. Any other agencies that have an established role at emergency
incidents also should be included.
The fire department incident management system also should integrate with plans for major
emergencies that could involve activities at different sites. In these circumstances, the incident
management system defined in this document should apply specifically to activities conducted at
a particular site and should integrate with larger-scale plans for the coordination of activities at
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multiple sites.
A-2-3.2
At large-scale and complex incidents, several agencies could become involved and could have
legal jurisdiction over different aspects of the situation or different areas that are involved in the
incident.
Paragraph 2-3.2 requires the fire department to build into its incident management system a
system for interaction and coordination with other agencies. This is best accomplished by
developing an integrated system in cooperation with all of the agencies that would be expected
to work together at routine or large-scale incidents.
It is possible that other agencies might be unwilling to develop fully integrated incident
management systems with the fire department. In these circumstances, the fire department
should utilize its own capabilities to develop and implement an incident management system that
meets the intent of this standard.
If plans are not established in advance, the authority for overall command of the incident could
be in question. Most emergency incidents occur clearly within the jurisdictional area of one fire
department. The agency having jurisdiction is normally responsible for designating the incident
commander, although pre-established plans could provide for an individual from a different
agency to assume command under some circumstances. The basic concept should be to designate
one fire department incident commander, even where several fire departments are involved in the
incident.
Where multiple jurisdictions are involved, the plan should incorporate a process to assign,
divide, or share overall command responsibilities in a standard manner. It is essential to establish
the roles, responsibilities, and relationships among the different agencies that could be involved
in advance of a major incident.
One approach that is used for multijurisdictional incidents is “unified command.” In this
system, each agency having jurisdiction can have its own designated incident commander, with
all of the incident commanders working together to develop one unified plan of action. This
approach should be used only within a well established interagency standard operating guideline.
Another approach that is employed in some cases, where different agencies have specific
jurisdiction over different aspects of an incident, is a “lead agency” concept. Under a lead
agency structure, one agency assumes overall command of the incident, while other agencies
fulfill their jurisdictional responsibilities under the coordination of the lead agency’s incident
commander. The lead agency role can be transferred at different stages of an incident, as
objectives are accomplished and priorities change. Each agency can operate using its own
incident management structure under the overall coordination.
A-2-3.3
Designated representatives should be assigned by other agencies involved in emergency
incidents to ensure that all functions performed by their agencies support and are coordinated
with fire department activities. There should be an established system for representatives of
cooperating agencies to report to the command post. Where necessary, the incident commander
should assign a designated liaison officer to manage interaction with representatives of other
agencies. Where fire departments routinely work together under mutual aid or automatic aid
systems, standard operating guidelines and communications capabilities should provide for
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activities to be managed routinely by one incident commander under a management system that
does not necessarily require representatives of each fire department to be present at the command
post.
A-2-3.4
At incidents where extensive interaction is required, the agency having overall jurisdiction
should request a designated fire department representative to be assigned to the command post to
provide liaison and coordinate activities. This should be part of an established interagency
standard operating guideline for incident management.
A-2-4.1
For further information on incident management systems, see Appendix B.
A-2-4.4
The most important factor in establishing supervisory levels within the command structure is
the need to maintain an effective span of control. Where the number of individuals reporting to
the incident commander exceeds a span of control that can be effectively managed, the incident
commander should consider activating an additional level. In many cases, this condition can be
anticipated and the incident commander can activate these levels early in the incident to begin
building the command structure.
A span of control of between 3 and 7 is considered desirable in most cases.
An effective span of control should be maintained at each level of the command structure, and
the organization should be expanded to meet this objective wherever the need is identified. This
can be accomplished by adding levels or reassigning responsibilities within existing levels, or a
combination of both.
The incident commander also should consider activating additional levels within the command
structure where activities become highly complex or are conducted over a large geographic area.
In these cases, the benefit could be increased overall coordination and more direct supervision
over complex activities.
The two basic levels of the incident management system are the incident commander and the
company or unit level. The grouping of companies or units, according to task or location, creates
an intermediate level of supervision. The incident commander has the option of assigning
additional intermediate levels within the command structure for more complex incidents.
The incident commander should begin to assign intermediate level supervisors as soon as it
becomes evident that the number of companies or units that will be used at an incident exceeds
the number that can be effectively directed by the incident commander (3 to 7 companies). It is
preferable to establish intermediate levels of the command structure as early as possible rather
than to establish them after companies have gone into action. The early designation of
intermediate level supervisors allows them to plan the utilization of resources that will be
assigned, as opposed to regrouping resources that have already initiated action.
In many cases, the officer of the first company assigned to a particular area or function is
designated as an intermediate level supervisor. The company officer can be relieved of this
additional responsibility when a higher level officer is assigned by the incident commander.
Additional levels of the command structure should be available to the incident commander as
an option for activation in complex and large-scale incidents. Plans for large-scale incidents
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should provide standard organization charts for command structures.
A-2-4.5
The intent of defining standardized assignments is to provide for efficient communications
when assignments are made. Instead of explaining each assignment in detail, the incident
commander makes assignments that are predefined and described in the standard operating
guidelines. The incident commander determines which standardized assignments to utilize,
depending on the situation. When an assignment is made, both the incident commander and
assigned personnel know what is expected, based on their knowledge of the written standard
operating guideline.
Standard operating guidelines can define certain assignments that would be assumed
automatically by designated individuals, such as the fire department safety officer, upon arrival
at the scene. The preassigned individuals should make the incident commander aware of their
presence upon arrival and assume their predesignated functions unless otherwise instructed by
the incident commander. This could involve relieving an individual who had been assigned to
the function pending the arrival of the designated individual.
A-2-4.5.1 In addition to defining the role, authority, and responsibilities, standard operating
guidelines should provide guidance or direction on how an assignment will be performed.
A-2-4.5.2 Examples of assignments by function include safety officer, public information
officer, and water supply officer. These functions generally are performed without geographic
limitation and interact with different levels of the command structure. Other functional
assignments, such as staging or medical treatment, could refer to both the function and a
designated location where it is applied.
A-2-4.5.3 Location assignments generally address the supervision of all activities that are
conducted within a specified area. A specified area could include one exterior side of a building,
the roof or a particular floor of a building, or a section of an interior. A location assignment
could include any subdivision of the area where emergency activities are being conducted. It is
important that the limits of the area are defined sufficiently to avoid overlap or omission of
areas. Standard terminology should be used to define commonly used subdivisions of the
incident scene.
A-2-5.1
In addition to being familiar with the basic structure of the incident management system, all
personnel should be trained to assume initial command of an incident in the absence of a more
qualified individual. This applies to a situation where an individual could be the first arriving at
the scene of an incident and, therefore, responsible for initiating command responsibilities at the
scene.
A-2-5.3
Some functions are performed best by individuals with specific expertise, particularly in
highly technical areas. The fire department should endeavor to have more than one qualified
individual to perform all essential functions within the incident management system.
A-2-6.2
One purpose of the system is to provide rapid determination if any personnel are missing in the
event that an area should be required to be evacuated, or if a structural collapse or other
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unplanned event occurs.
A-2-6.3
The incident management system should account for the degree of danger that is involved in
specific activities and should provide more direct supervision over personnel exposed to greater
risks.
A-2-6.5
The intent of this requirement is to provide assurance that all personnel are notified of urgent
safety warnings and to account for all personnel in the event of an unanticipated emergency
situation. The system should include all personnel and any other individuals who are operating in
areas where they could be endangered. (See also 2-2.4.)
A-2-7.1
Weather factors during emergency incidents can impact severely on the safety and health of
personnel, particularly during extremes of heat or cold. Where these factors combine with
long-duration incidents or situations that require heavy exertion, the risks to personnel increase
rapidly. The fire department should develop guidelines, in consultation with the fire department
physician, to provide relief from adverse climatic conditions.
For more information on emergency incident rehabilitation, see the United States Fire
Administration Publication FA-114, Emergency Incident Rehabilitation.
A-3-1.1
There should be one, clearly identifiable incident commander for the duration of the incident,
from the arrival of the first fire department unit until the incident is terminated. While a
succession of individuals could assume the role of incident commander, there should be no
question of who is in command. When a transfer of command takes place, it should be performed
in a standard manner.
An exception to the “one incident commander” requirement may be permitted where two or
more agencies have specific jurisdictional responsibility for an incident. In such circumstances a
“unified command” guideline may be permitted to be employed, by prior agreement, with two or
more individuals working together to command the incident. (See also A-2-3.2.)
A-3-1.2
The incident management system should be applied to every incident from arrival of the first
individual until termination. At small-scale incidents, the assumption of command may be
permitted to be informal, but the principle of one individual in overall command of the incident
always should apply. Routine application of the system is intended to increase familiarity with
the concepts and guidelines, even where the need to apply a formal command structure is not
obvious. The officer in charge of the first arriving company or the first arriving individual of the
fire department, regardless of rank or function, should be the incident commander until relieved
by more qualified personnel. All personnel should be sufficiently familiar with basic
responsibilities and communications protocols in order to assume the role of initial-arriving
incident commander, if only until a more qualified individual arrives.
A-3-1.3
The fire department should establish a protocol of command authority based on rank structure,
assignments, and qualifications to define a hierarchy for transferring command. The
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qualifications required to perform as incident commander should increase with the size and
complexity of the incident. Standard operating guidelines should define the circumstances under
which an officer at a higher level should respond to an incident and whether the transfer of
command to an officer at a higher level is mandatory or discretionary.
In certain cases, an individual with a higher level of command authority arriving at the scene
may be permitted to direct the current incident commander to continue in this role. The higher
level officer is responsible for the command of the incident, but could act as an observer or
advisor to allow the incident commander to benefit from the experience. The exercise of this
option should be at the discretion of the higher level officer.
A-3-1.5
The incident management system should include standard operating guidelines to protect
personnel from hazards and to keep unauthorized persons out of hazardous areas. All supervisors
should be aware of hazards and should take the necessary steps to control access to areas under
their supervision. The incident commander should provide for control of access to the entire
incident scene and, where appropriate, should exclude, establish limitations for, or provide an
escort for non-fire department personnel.
A-3-2.1
The command staff generally includes those personnel who work at the command post and
provide direct support to the incident commander. This includes personnel who fulfill
specifically assigned duties. (See Figure A-3-2.1.)

Figure A-3-2.1. Command structure from IMS book.

A-3-2.2
The incident management system should include command staff functions that are
automatically activated upon escalation of an incident or with multiple alarms. Specific
individuals should be designated to respond and assume command staff duties automatically.
A-3-2.3
The basic function of the command staff is to support the incident commander. The assigned
individuals should be able to differentiate between routine actions and those that could have a
significant impact on the overall incident. Part of their responsibility is to inform the incident
commander of significant information and to request direction when major decisions are
necessary.
A-3-3.2
The incident management system should provide standard worksheets, charts, diagrams, and
other forms to assist the incident commander in keeping track of pertinent information and to
provide for the transfer of information in a standard format when command is transferred. The
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planning staff function should be able to provide information such as accountability, pre-fire
plans, reference information, maps, diagrams, and other pertinent information to the incident
commander as needed.
A-3-5.2
The command structure should be assembled by the incident commander by grouping
resources, assigning supervisors, and adding additional levels of supervision, as described in
Section 2-4, to meet the objectives for an effective span of control at each level. This provides a
degree of supervision that enhances the safety of all personnel.
A-3-5.3
The strategic plan should identify the broad goals of emergency incident activities and the
basic manner in which operations should be conducted. An offensive strategic plan involves
operations to provide search and rescue and to control and extinguish the fire. A defensive
strategic plan involves operations directed toward protecting exposures. Offensive and defensive
operations should not be conducted in an area that would create unnecessary risk to fire
department personnel.
Tactical objectives should be based on the strategic plan and assigned by the incident
commander to supervisors within the command structure. Each supervisor should be expected to
direct the assigned resources to accomplish one or more tactical objectives. The accomplishment
of tactical objectives should support successful completion of the strategic plan. An example of a
tactical objective is to ensure that all occupants are removed from the second floor of a building
and to control the fire on that floor.
A-3-6.1
Staging provides a standard method to keep reserves of personnel, apparatus, and other
resources ready for action at the scene or close to the scene of an incident. Staging also provides
a standard method to control and record the arrival of such resources and their assignment to
specific activities. When units are dispatched to assist at working incidents, they should be
dispatched to a designated “staging” or “base” area where they can be ready for assignment
when required by the incident commander. This process helps the incident commander to keep
track of the resources that are on the scene and available for assignment, where they are located,
and where specific units have been assigned. The incident commander always should attempt to
keep reserves of personnel, equipment, and supplies available to rotate assignments with fatigued
crews and to go into action quickly when changing conditions require a rapid commitment of
resources. Equipment failures should be anticipated and supplies should be ordered to the scene
in time and in sufficient quantities to provide a safe margin over anticipated needs. The ability to
provide these reserves is necessarily dependent on the amount of resources that are available, but
each fire department should have plans to utilize its available resources to maximum advantage
and should have contingency plans to obtain resources from other sources that might be
available.
A-3-6.2
It generally is desirable to keep staged resources in locations where they can be ready for
action within two minutes. In some cases, particularly where imminent hazards exist, it is
advisable to keep an immediate response capability in a state of readiness in a safe location that
provides immediate access to the area.
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The term “base” is often used to refer to a more remote location where standby resources are
gathered but are not available for immediate action. As needed, resources can be moved up to a
staging location where they are ready for immediate action. An example is a high-rise building
where apparatus is parked at a safe distance from the building, and personnel and equipment are
moved in to stand by on a safe floor below the fire level.
A-3-7.1
Where resources necessary for the safe conduct of an incident reach beyond the procurement
authority of the incident commander, a finance/administrative function should be provided to
authorize and expedite procurement of necessary resources.
A-3-7.2
The finance/administration section is established for incidents where the agency(ies) that is
involved has a specific need for financial services. Not all agencies require the establishment of a
specific finance/administration section. In some cases, where only one specific function is
required (i.e., cost analysis), the position of Technical Specialist in the Planning Section could be
established. (See Figure A-3-7.2.)
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Figure A-3-7.2

A-4-1.1
The incident commander should be located at a fixed command post and should be visible and
accessible to authorized individuals. The fixed command post should be established as early as
possible, preferably in a location that provides a view of the incident scene.
For small-scale incidents, the command post could be as simple as the cab of a piece of fire
apparatus or the incident commander’s response vehicle. Being inside a vehicle is usually helpful
in providing a functional work environment for the incident commander. Specially equipped
command post vehicles are often used for major incidents, where the incident commander is
assisted by several command staff personnel and liaison personnel from other agencies.
A-4-1.2
The risk to fire department personnel is the most important factor considered by the incident
commander in determining the strategy that will be employed in each situation. The management
of risk levels involves all of the following factors:
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(a) Routine evaluation of risk in all situations;
(b) Well-defined strategic options;
(c) Standard operating guidelines;
(d) Effective training;
(e) Full protective clothing and equipment;
(f) Effective incident management and communications;
(g) Safety guidelines and safety officers;
(h) Back-up crews for rapid intervention;
(i) Adequate resources;
(j) Rest and rehabilitation;
(k) Regular reevaluation of conditions;
(l) Pessimistic evaluation of changing conditions;
(m) Experience based on previous incidents and critiques.
A-4-1.3
The acceptable level of risk is directly related to the potential to save lives or property. Where
there is no potential to save lives, the risk to fire department personnel must be evaluated in
proportion to the ability to save property of value. Where there is no ability to save lives or
property, there is no justification to expose fire department personnel to any avoidable risk, and
defensive fire suppression operations are the appropriate strategy.
A-4-2.2
Supervisors should be visible and recognizable to their subordinates and to other persons who
would need to communicate with them. First level supervisors, such as company officers, are
often identified by distinctively colored helmets or other markings. Intermediate level
supervisors also should be identified, particularly in situations where personnel from different
agencies are directly involved in operations. Colored helmets, vests, and other means are often
used to identify intermediate level supervisors.
The incident command post also should be visible and recognizable. This can be accomplished
by displaying a colored light, flag, banner, or other symbol to mark the location. Where special
command post vehicles are used, such vehicles are usually marked with distinctive identification
to make the command post recognizable.
A-4-2.3
The fire department should establish a standard time interval for progress reports from
supervisors. Routine progress reports should be provided at intervals of 10 to 15 minutes. If
conditions change significantly at any time, this information should be transmitted promptly to
the higher level supervisor. Any report relating to the safety of personnel should have the highest
priority.
A-4-2.7
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The guideline for clarifying conflicting orders should not apply to imminent hazard situations
where immediate action is necessary to avoid a dangerous situation.
Appendix B
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
This standard provides performance requirements for incident management systems for
emergency situations. The emphasis of the standard is on safety and health considerations to
ensure that emergency scene operations are conducted in a manner that provides an appropriate
emphasis on the welfare and survival of fire department personnel and other emergency response
personnel. These objectives may be permitted to be satisfied by a variety of systems that meet
the specified criteria and can provide benefits beyond those of safety and health.
In the development of this standard, it was considered more important to specify the required
performance criteria for any system and encourage fire departments to adopt or modify an
effective existing system that meets their particular needs, rather than to require all users to
adopt one particular system. The user has the option to adopt a model system, to adapt an
existing system to meet local conditions, or to develop a different system.
It was noted that several different incident management systems are already in existence.
These systems have been successfully adopted and employed and address many or all of the
requirements of this standard. Upon close examination, it was evident that there are many
similarities among these systems, and the differences were considered to be less significant than
the benefits of meeting the overall performance objectives. Some differences in terminology and
specific guidelines were noted. This standard was developed to allow for local options, while
recognizing the benefits of standardization and compatibility among systems.
The following points are considered to be key factors in any incident management system for a
fire department.
(a) Overall authority and responsibility is assigned to the incident commander.
(b) The incident management system provides structured authority and responsibilities for
different command levels and positions.
(c) There is a structured hierarchy reporting system with a manageable span of control at each
level.
(d) The system is used to coordinate all incident scene operations.
(e) Individuals performing command functions must be trained and qualified.
(f) Everyone involved in operations at the incident scene has a relationship to the system that
includes reporting and receiving assignments in a standard manner.
(g) The system is documented in written standard operating guidelines.
(h) The system is simple and familiar and is used routinely at all incidents.
(i) Supervisory assignments are based on functions or locations or, in some cases, both.
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(j) Communications protocols are structured to match the command system.
(k) There is a structured system for the response of resources and for summoning additional
resources.
(l) The system provides for expansion, escalation, transfer, and transition of command roles
and responsibilities.
(m) The system requires safety and health to be managed as major strategic and operational
priorities in all cases.
(n) The system employs standard tactical approaches that are applied to different situations and
circumstances.
(o) The system leads to the eventual termination of the incident.
(See Appendix C for resources.)
Appendix C Referenced Publications
C-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
C-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 471, Recommended Practice for Responding to Hazardous Materials Incidents, 1992
edition.
NFPA 472, Standard for Professional Competence of Responders to Hazardous Materials
Incidents, 1992 edition.
NFPA 1521, Standard for Fire Department Safety Officer, 1992 edition.
C-1.2 U.S. Fire Administration Publication.
USFA, 16825 S. Seton Ave., Emmitsburg, MD 21727.
Emergency Incident Rehabilitation (#FA-114).
C-1.3
The following are examples of two existing incident management systems that illustrate how
the performance objectives of the standard might be achieved. These examples do not signify
any approval or endorsement of the systems:
Fire Command System, available from the NFPA, 1 Batterymarch Park, P.O. Box 9101,
Quincy, MA 02269-9101.
National Fire Academy, Incident Command System, available from the National Fire
Academy, 16825 South Seton Avenue, Emmitsburg, MD 21727.
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C-1.4
The following is an available document regarding structural fire fighting application for up to
25 companies:
The National Fire Service Incident Management System (NFIMS) Consortium has developed a
“Model Procedures Guide for Structural Firefighting,” which is an application of Fire Command
System tactics and strategy as applied to the National Fire Academy’s Incident Command
System (ICS) and designed for structural fire fighting for incidents up to 25 companies. It is
available from Fire Protection Publications, Oklahoma State University, Stillwater, Oklahoma
74078.
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prepared by the Technical Committee on Fire Service Occupational Safety and Health and acted
on by the National Fire Protection Association, Inc., at its Annual Meeting held May 22-25,
1995, in Denver, CO. It was issued by the Standards Council on July 21, 1995, with an effective
date of August 11, 1995, and supersedes all previous editions.
This edition of NFPA 1581 was approved as an American National Standard on August 11,
1995.
Origin and Development of NFPA 1581
This document was developed to address measures to provide infection control practices.
These practices are necessary for persons providing emergency medical care and who come in
contact with potentially infectious victims or other persons in both emergency and
nonemergency settings.
The requirements were developed to be compatible with guidelines and regulations from the
U.S. Centers for Disease Control and the U.S. Department of Health and Human Services that
apply to public safety and emergency response personnel.
The Committee began its work in 1988, and the proposed document was entered into the 1992
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Annual Meeting standards cycle.
The fire service continues to report that a majority of their responses are emergency medical
service (EMS) related. The need for a proactive infection control policy and program is
paramount in working in this environment. It is also paramount that fire departments that do not
provide emergency medical services have a proactive infection control program. The variety of
responses that fire departments are called to, including domestic violence, hazardous
materials/waste, and even routine structural fires, can and do have the potential for infecting a
fire department member.
In this revision of NFPA 1581, members of the Technical Committee addressed numerous
items dealing with decontamination, separation of equipment, location(s) of where equipment
can be stored, and the overall concept of a safe and healthy work environment.
Since the first edition of the standard in 1990, additional federal regulations, guidelines, and
informative publications have been issued. These references have been included in both the body
of the standard and in the appendix. Sample infection control policy statements, programs, and
exposure forms have been included in the appendix.
This document was voted on by the Association at the 1995 Annual Meeting in Denver,
Colorado on May 24, 1995.
Technical Committee on Fire Service Occupational Safety and Health
John A. Sharry, Chair
Lawrence Livermore Nat’l Laboratory, CA
Donald Aldridge, Lion Apparel Inc., OH
Glenn P. Benarick, Fairfax Cnty Fire & Rescue, VA
Rep. NFPA Fire Service Section
Brenda Berkman, New York City Fire Dept., NY
Rep. Women in the Fire Service
Allan Burnham, United Plastic Fab, Inc., MA
Rep. Fire Apparatus Mfrs., Inc.
Donald J. Burns, New York City Fire Dept., NY
Edward Carter, Assn. of Fire Districts/State of New York, NY
Rep. Assn. of Fire Districts/St. of New York
Dennis R. Childress, Buena Park Fire Dept., CA
Boyd F. Cole, Underwriters Laboratories Inc., IL
James M. Connolly, M & M Protection Consultants, IL
Copyright 1996 NFPA

David W. Dodson, Fire Dept. Safety Officers Assn., CO
Rep. Fire Dept. Safety Officers Assn.
Philip J. Eckhardt, Mine Safety Appliances Co., PA
Rep. Industrial Safety Equipment Assn.
Don R. Forrest, United Firefighters of LA City, CA
Jerry H. Garrett, U.S. Air Force - Fire Protection Directorate, AE
Gerard J. Hoetmer, Int’l City/Cnty Mgmt. Assn., DC
Jonathan D. Kipp, Compensation Funds of New Hampshire, NH
John LeCuyer, Aurora Fire Dept., CO
Richard A. Marinucci, Farmington Hills Fire Dept., MI
Rep. Int’l Assn. of Fire Chiefs
Gary Marrs, Oklahoma City Fire Dept., OK
Rep. Int’l Fire Service Training Assn.
Robert T. McCarthy, U.S. Fire Administration, MD
Roger A. McGary, Montgomery Cnty Dept. of Fire & Rescue Services, MD
Rep. The Alliance for Fire and Emergency Mgmt.
Robert D. Neamy, Los Angeles City Fire Dept., CA
William E. Perrin, Montana Fire Training School, MT
Rep. Nat’l Assn. of State Directors of Fire Training & Education
Floyd L. Pittard, Beaverton, OR
Rep. IAFC/Western Fire Chiefs Assn.
Jack Ross, City of Calgary Fire Dept., Canada
Rep. Canadian Assn. of Fire Chiefs
Neil Rossman, Rossman, Rossman & Eschelbacher, MA
Arthur C. Smith, NY Board of Fire Underwriters, NY
Rep. American Insurance Services Group, Inc.
Philip C. Stittleburg, Jenkins & Stittleburg, WI
Rep. Nat’l Volunteer Fire Council

Copyright 1996 NFPA

Michael V. Vance, Southwest Toxicology Services, Inc., AZ
Alternates
Robert K. Andrews, M & M Protection Consultants, MI
(Alt. to J. M. Connolly)
Dee Armstrong, Fairfax Cnty Fire/Rescue Service, VA
(Alt. to B. Berkman)
Gary L. Briese, Int’l Assn. of Fire Chiefs, VA
(Alt. to R. A. Marinucci)
Angelo M. Catalano, NY State Assn. of Fire Districts, NY
(Alt. to E. Carter)
Kenneth R. Ethridge, TX Commission on Fire Protection, TX
(Vot. Alt. to TXCFP Rep.)
Richard D. Gerkin, Jr., Good Samaritan Hospital, AZ
(Alt. to M. V. Vance)
James C. Goodbread, U.S. Air Force, OK
(Alt. to J. H. Garrett)
Murrey E. Loflin, Virginia Beach Fire Dept., VA
(Alt. to G. P. Benarick)
Ron C. Miller, Fairbank, IA
(Alt. to P. C. Stittleburg)
William E. Newcomb, North Safety Equipment, RI
(Alt. to P. J. Eckhardt)
Rick Nichols, Pike Township Fire Dept., IN
(Alt. to J. LeCuyer)
Adam Dennis Piskura, Minnesota Technical College System, MN
(Alt. to W. E. Perrin)
Bradley J. Schmidt, Underwriters Laboratories Inc., IL
(Alt. to B. F. Cole)
Tony M. Varela, Los Angeles City Fire Dept., CA
(Alt. to R. D. Neamy)

Copyright 1996 NFPA

Stephen N. Foley, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on the
occupational safety in the working environment of the fire service; and safety in the proper use of
apparatus, tools, equipment, protective clothing, and protective breathing apparatus.

NFPA 1581
Standard on
Fire Department Infection Control Program
1995 Edition
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material on that paragraph in Appendix A.
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Chapter 1 Administration
1-1 Scope.
1-1.1
This standard contains minimum requirements for a fire department infection control program.
1-1.2
These requirements shall be applicable to organizations providing fire suppression, rescue,
emergency medical care, and other emergency services including public, military, private, and
industrial fire departments.
1-1.3
This standard shall not apply to industrial fire brigades that also might be known as emergency
brigades, emergency response teams, fire teams, plant emergency organizations, or mine
emergency response teams.
1-2 Purpose.
1-2.1
The purpose of this standard is to provide minimum criteria for infection control in the fire
station, at an incident scene, and at any other area where fire department members are involved
in routine or emergency operations.
1-2.2*
The requirements of this standard are intended to meet or exceed applicable federal regulations
of the Occupational Safety and Health Administration and guidelines of the Centers for Disease
Control and Prevention.
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1-2.3
The requirements in this standard are designed to exceed those of an exposure control program
and to provide minimum levels of protection for members and patients, and for the public at fire
department facilities.
1-2.4
Nothing herein is intended to restrict any jurisdiction from exceeding these minimum
requirements.
1-3* Definitions.
Airborne Pathogens. Pathogenic microorganisms that are present in airborne secretions and
can cause diseases in humans. These pathogens shall include, but shall not be limited to, chicken
pox, german measles (rubella), influenza, measles, meningococcal meningitis, mononucleosis,
mumps, tuberculosis, and whooping cough (pertussis).
Blood. Human blood, human blood components, and products made from human blood.
Bloodborne Pathogens. Pathogenic microorganisms that are present in human blood and can
cause diseases in humans. These pathogens shall include, but shall not be limited to, human
immunodeficiency virus (HIV), hepatitis B virus (HBV), hepatitis C virus (HCV), other
non-A/non-B hepatitis viruses, and syphilis.
Body Fluids. Fluids that the body produces including, but not limited to, blood, semen, mucus,
feces, urine, vaginal secretions, breast milk, amniotic fluids, cerebrospinal fluid, synovial fluid,
pericardial fluid, and any other fluids that might contain HIV or HBV viruses.
Body Substance Isolation. An infection control strategy that considers all body substances
potentially infectious.
Cleaning. The physical removal of dirt and debris. This generally is accomplished with soap
and water and physical scrubbing.
Cleaning Gloves. See Gloves.
Contaminated. The presence or the reasonably anticipated presence of blood, body fluids, or
other potentially infectious materials on an item or surface.
Contaminated Sharps. Any contaminated object that can penetrate the skin including, but not
limited to, needles, lancets, scalpels, broken glass, and jagged metal or other debris.
Decontamination. The use of physical or chemical means to remove, inactivate, or destroy
bloodborne, airborne, or foodborne pathogens on a surface or item to the point where they are no
longer capable of transmitting infectious particles and the surface or item is rendered safe for
handling, use, or disposal. (See A-5-3.8.)
Disease Transmission. The process that includes a sufficient quantity of an infectious agent,
such as a virus or bacteria; a mode of transmission, such as blood for HBV and HIV or airborne
droplets for tuberculosis; a portal of entry, such as a needle stick injury, abraded skin, or mucous
membrane contact; and a susceptible host.
Disinfection. The process used to inactivate virtually all recognized pathogenic
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microorganisms but not necessarily all microbial forms, such as bacterial endospore.
Disinfection is not the same as sterilization.
Emergency Medical Care. The provision of treatment to patients, including first aid,
cardiopulmonary resuscitation, basic life support (EMT level), advanced life support (Paramedic
level), and other medical procedures that occur prior to arrival at a hospital or other health care
facility.
Emergency Medical Operation. Delivery of emergency medical care and transportation prior to
arrival at a hospital or other health care facility.
Environmental Surface. Interior patient care areas, both stationary and in vehicles, and other
surfaces not designed for intrusive contact with the patient or contact with mucosal tissue.
Exposure Incident. A specific eye, mouth, other mucous membrane, non-intact skin, or
parenteral contact with blood, body fluids, or other potentially infectious materials, or inhalation
of airborne pathogens.
Eyewear. See Splash-Resistant Eyewear.
Face Protection Devices. Devices constructed of protective clothing materials, designed and
configured to cover part or all of the wearer’s face or head. Face protection devices might
include splash-resistant eyewear, hooded visors, or respirators.
Fire Department. An organization providing rescue, fire suppression, and related activities,
including emergency medical operations. The term “fire department” shall include any public,
private, or military organization engaging in this type of activity.
Fire Department Facility. Any building or area owned, operated, occupied, or used by a fire
department on a routine basis. This does not include locations where a fire department could be
summoned to perform emergency operations or other duties, unless such premises are normally
under the control of the fire department.
Fire Department Member. See Member.
Fluid-Resistant Clothing. Clothing worn for the purpose of isolating parts of the wearer’s body
from contact with body fluids.
Foodborne. Pathogenic microorganisms that are present in food or food products and can cause
diseases in humans. These pathogens include, but are not limited to, hepatitis A virus and
salmonella bacteria.
Garment. An item of clothing that covers any part of the wearer’s skin, excluding accessory
items such as gloves or face protection devices, including but not limited to full body clothing
such as suits, coveralls, and patient/victim isolation bags; and non-full body clothing such as
aprons, sleeve protectors, and shoe covers.
Gloves.*
Cleaning Gloves. Multipurpose, multiuse gloves that provide limited protection from
abrasion, cuts, snags, and punctures during cleaning and that are designed to provide a barrier
against body fluids, cleaning fluids, and disinfectants.
Emergency Medical Gloves. Single-use, patient examination gloves that are designed to
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provide a barrier against body fluids meeting the requirements of NFPA 1999, Standard on
Protective Clothing for Emergency Medical Operations.
Structural Fire Fighting Gloves. Gloves meeting the requirements of NFPA 1973, Standard
on Gloves for Structural Fire Fighting.
Handwashing Facility. A facility providing an adequate supply of running potable water, soap,
and single-use towels or hot-air drying machines.
HBV. Hepatitis B virus.
HCV. Hepatitis C virus.
HIV. Human immunodeficiency virus.
Health Data Base. A compilation of records and data relating to the health experience of a
group of individuals, maintained in such a manner that it is retrievable for study and analysis
over a period of time.
Immunization. The process or procedure by which a person is rendered immune.
Industrial Fire Department. An organization providing rescue, fire suppression, and related
activities at a single facility or facilities under the same management, whether for profit, not for
profit, or government owned or operated, including industrial, commercial, mercantile,
warehouse, and institutional occupancies. The industrial fire department generally is trained and
equipped for specialized operations based on site-specific hazards present at the facilities.
Infection Control Officer. The person or persons within the fire department who are
responsible for managing the department infection control program and for coordinating efforts
surrounding the investigation of an exposure.
Infection Control Program. The fire department’s formal policy and implementation of
procedures relating to the control of infectious and communicable disease hazards where
employees, patients, or the general public could be exposed to blood, body fluids, or other
potentially infectious materials in the fire department work environment.
Kitchen. An area designated for storage, preparation, cooking, and serving of food for
members. Cleaning and washing of food service equipment and utensils also is conducted in this
area.
Leakproof Bags. Bags that are sufficiently sturdy to prevent tearing or breaking and can be
sealed securely to prevent leakage. Such bags are red in color or display the universal biohazard
symbol.
Mask. A device designed to limit exposure of the nasal, oral, respiratory, or mucosal
membranes to airborne pathogens.
Medical Gloves. See Gloves.
Medical Waste. Items to be disposed of that have been contaminated with human waste, blood,
or body fluids; or human waste, human tissue, blood, or body fluids for which special handling
precautions are necessary.
Member. A person involved in performing the duties and responsibilities of a fire department,
under the auspices of the organization. For the purposes of this standard, a fire department
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member can be a full-time or part-time employee, can be a paid or unpaid volunteer, shall be
permitted to occupy any position or rank within the fire department, and might or might not
engage in emergency operations.
Mucous Membrane. A moist layer of tissue that lines the mouth, eyes, nostrils, vagina, anus, or
urethra.
Needle. A slender, usually sharp, pointed instrument used for puncturing tissues, suturing,
drawing blood, or passing a ligature around an artery.
Occupational Exposure. Reasonably anticipated skin, eye, mucous membrane, or parenteral
contact with blood, body fluids, or other potentially infectious materials that might result from
the performance of a member’s duties.
Other Potentially Infectious Materials. Any body fluid that is visibly contaminated with blood;
all body fluids in situations where it is difficult or impossible to differentiate between body
fluids; sputum, saliva, and other respiratory secretions; and any unfixed tissue or organ from a
living or dead human.
Patient. An individual, living or dead, whose body fluids, tissues, or organs could be a source
of exposure to the member.
Parenteral. Piercing of the mucous membranes or the skin barrier due to such events as needle
sticks, human bites, cuts, and abrasions.
Personal Protective Equipment. Specialized clothing or equipment worn by a member for
protection against an infectious or communicable disease hazard. Personal protective equipment
for cleaning and disinfecting shall include splash-resistant eyewear, cleaning gloves, and
fluid-resistant clothing.
Pocket Mask. A double-lumen device that is portable, pocket-size, and designed to protect the
emergency care provider from direct contact with the mouth/lips or body fluids of a patient while
performing artificial respiration.
Regulated Waste. Liquid or semiliquid blood, body fluids, or other potentially infectious
materials; contaminated items that would release blood, body fluids, or other potentially
infectious materials in a liquid or semiliquid state if compressed; items that are caked with dried
blood, body fluids, or other potentially infectious materials and are capable of releasing these
materials during handling; contaminated sharps; and pathological and microbiological wastes
containing blood, body fluids, or other potentially infectious materials.
Resuscitation Equipment. Respiratory assist devices such as bag-valve masks, oxygen demand
valve resuscitators, pocket masks, and other ventilation devices that are designed to provide
artificial respiration or assist with ventilation of a patient.
Risk. A measure of the probability and severity of adverse effects. These adverse effects result
from an exposure to a hazard.
Shall. Indicates a mandatory requirement.
Sharps Containers. Containers that are closable, puncture-resistant, disposable, and leakproof
on the sides and bottom; red in color or display the universal biohazard symbol; and designed to
store sharp objects after use.
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Should. Indicates a recommendation or that which is advised but not required.
Source Individual. Any individual, living or dead, whose blood, body fluids, or other
potentially infectious materials could be a source of occupational exposure to a member.
Splash-Resistant Eyewear. Safety glasses, prescription eyewear, goggles, or chin-length
faceshields that, when properly worn, provide limited protection against splashes, spray, spatter,
droplets, or aerosols of body fluids or other potentially infectious material. (See Face Protection
Devices.)
Sterilization. The use of a physical or chemical procedure to destroy all microbial life,
including highly resistant bacterial endospores. This procedure typically is not performed at fire
department facilities or by members.
Structural Fire Fighting Gloves. See Gloves.
Structural Fire Fighting Protective Clothing. Garments primarily intended for structural fire
fighting and rescue operations including, but not limited to, coats, trousers, gloves, hoods,
footwear, and helmets.
Universal Precautions. An approach to infection control in which human blood and certain
human body fluids are treated as if known to be infectious for HIV, HBV, and other bloodborne
pathogens. Under circumstances in which differentiation between body fluids is difficult or
impossible, all body fluids shall be considered potentially infectious materials. (See Body
Substance Isolation.)
Chapter 2 Program Components
2-1 Policy.
2-1.1*
The fire department shall have a written infection control policy with the goal of identifying
and limiting the exposure of members to infection during the performance of their assigned
duties and within the fire department working and living environment.
2-1.2
As part of the overall fire department safety and health program, the fire department shall
implement an infection control program that meets the requirements of this standard.
2-1.3
The fire department shall provide for the cleaning and disinfection or disposal of personal
protective equipment, structural fire fighting protective equipment, station/work uniforms, other
clothing, and emergency medical equipment.
2-1.4*
Members with infections that constitute, in the course of performing their duties, a risk of
infection to patients or other members shall be evaluated by a physician to determine those
functions the member can perform.
2-1.5
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Members with extensive skin lesions or severe dermatitis on hands, arms, head, face, or neck
shall not engage in direct patient contact, handle patient care equipment, or handle medical
waste.
2-2* Risk Management.
2-2.1
In accordance with NFPA 1500, Standard on Fire Department Occupational Safety and
Health Program, Section 2-2, the fire department shall adopt a written risk management plan
that addresses infection control.
2-2.2
The written risk management plan shall include risk assessment and control measures for
department facilities, emergency medical operations, cleaning and disinfecting of personal
protective equipment, and any other situation that poses an occupational risk to personnel due to
infection.
2-3 Training and Education.
2-3.1*
The fire department shall conduct annual training and education programs for all members.
2-3.2
The training program shall include proper use of personal protective equipment, standard
operating procedures for safe work practices in infection control, proper methods of disposal of
contaminated articles and medical waste, cleaning and decontamination, exposure management,
and medical follow-up.
2-3.3*
The education program shall provide information on epidemiology, modes of transmission,
and prevention of diseases including, but not limited to, meningitis, childhood communicable
diseases, herpes viruses, hepatitis A, hepatitis B, non-A/non-B or hepatitis C, human
immunodeficiency virus, tuberculosis, lice, and scabies.
2-3.4
Members shall be educated in the potential reproductive health risks to the individual as well
as to the fetus.
2-4 Infection Control Officer.
2-4.1
The fire department shall designate one or more members or other qualified persons as the
infection control officer.
2-4.2*
The infection control officer shall be responsible for maintaining communication among the
fire department, the fire department physician, the health care facility, appropriate city, county,
or state health officials, and other health care professionals.
2-4.3
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When notified of an exposure incident, the infection control officer shall ensure the
notification, verification, treatment, and follow-up of members. The infection control officer also
shall ensure that proper documentation of the exposure incident is recorded as specified in 2-6.4
of this standard.
2-4.4
The infection control officer shall examine compliance procedures and engineering controls to
ensure their effectiveness in accordance with Chapter 3 of this standard.
2-4.5
The infection control officer shall be a designated member of the fire department’s
occupational safety and health committee.
2-5 Health Maintenance.
2-5.1*
The fire department shall make available or ensure that members have access to an appropriate
immunization program, including vaccination against hepatitis B.
2-5.2
The fire department shall ensure that all members have adequate immunity, as determined
through consultation with a physician, to tetanus, diphtheria, rubella, measles, polio, mumps, and
influenza.
2-5.3
The fire department shall make available or ensure that members have access to tuberculosis
screening at least annually.
2-5.4
Members shall meet the medical requirements specified in NFPA 1582, Standard on Medical
Requirements for Fire Fighters, prior to being medically certified for duty by the fire department
physician.
2-5.5
In the event of any perceived occupational exposure, the member shall receive a confidential
medical evaluation, post-exposure prophylaxis where medically indicated, counseling, and
evaluation of reported illness by the fire department physician.
2-5.6
A confidential health data base shall be established and maintained for each member. Any
exposures shall become part of a member’s confidential health data base as specified by NFPA
1582, Standard on Medical Requirements for Fire Fighters, and in accordance with 29 CFR,
Part 1910.20, “Access to Employee Exposure and Medical Records.”
2-6 Exposure Incidents.
2-6.1
If a member has sustained an exposure incident, the exposed area shall be thoroughly washed
immediately using water on mucosal surfaces, and soap and running water on skin surfaces. If
soap and running water are not available, waterless soap, antiseptic wipe, alcohol, or other skin
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cleaning agents that do not need running water shall be used until soap and running water can be
obtained.
2-6.2
The fire department shall have an established procedure for members to report an exposure
incident immediately and for the infection control liaison to be notified within 3 hours of the
exposure incident.
2-6.3*
The fire department shall ensure that a member who has experienced an exposure incident
receives medical guidance, evaluation, and, where appropriate, treatment as soon as practical but
at least within 24 hours. Appropriate, confidential, post-exposure counseling and testing shall be
made available.
2-6.4*
All exposure incidents shall be recorded in writing as soon as possible after the incident using
a standardized form designed to allow for efficient follow-up. Included in the record shall be a
description of the tasks being performed when the exposure incident occurred, the means of
transmission, the portal of entry, the personal protective equipment utilized, and the disposition
of medical management.
2-6.5
The record of exposure incidents shall become part of the member’s confidential health data
base as specified in NFPA 1500, Standard on Fire Department Occupational Safety and Health
Program, Section 8-4.
2-6.6
A complete record of the member’s exposure incidents shall be available to the member upon
request.
2-6.7
Exposure incident data, without personal identifiers, also shall be added to the fire department
health data base as specified in NFPA 1500, Standard on Fire Department Occupational Safety
and Health Program, Section 8-4.
2-6.8
Due to the hazardous nature of some communicable diseases, members shall be required to
report to the infection control officer when the member has received a confirmed exposure
incident and is being medically treated or tested due to presenting signs or symptoms. Verbal
notification shall be followed up with a note or letter from the member’s physician describing
the disease to which the member has been exposed, treatment required, and fitness for regular
fire department duties relative to communicability hazard to fellow workers and civilians at
emergency incidents.
Chapter 3 Fire Department Facilities
3-1 General.
3-1.1*
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All fire department facilities shall comply with applicable and appropriate health and infection
control laws, regulations, and standards for public use facilities.
3-2 Kitchen Areas.
3-2.1
All food preparation surfaces shall be of a nonporous material. All surfaces directly used for
holding or hanging food preparation containers and utensils shall be of a nonporous material.
3-2.2
Shelving shall be provided above sinks to drip-dry cleaned food preparation containers. All
drainage from shelving shall run into a sink or drainage pan that empties directly into a sanitary
sewer system or septic system.
3-2.3
All kitchens shall have sinks with a double basin or two sinks. A sprayer attachment shall be
provided. Sinks, adjacent countertops and dish drainage areas, and splash guards around the sink
shall be of a nonporous material.
3-2.4*
Kitchens in fire department facilities shall have kitchen appliances, including a range, an oven,
at least one refrigerator, and a dishwasher.
3-2.5
Perishable food requiring cold storage shall be kept at a temperature of 38°F (3°C) or less.
Perishable food requiring freezer storage shall be kept at a temperature of 0°F (–18°C) or less.
All foods removed from their original manufactured packaging shall be kept in tightly sealed
food containers or shall be wrapped with plastic food wrap.
3-2.6
Kitchens equipped with a dishwasher shall be capable of supplying 140°F (64°C) water for
washing.
3-2.7
Food preparation and storage areas shall meet local health standards.
3-3 Sleeping Areas.
3-3.1*
A minimum of 60 ft2 (5.57 m2) of floor space per bed shall be provided in sleeping areas.
3-3.2
Proper ventilation, heating, and cooling shall be provided in sleeping areas.
3-4 Bathrooms.
3-4.1*
Doors, sinks, and other bathroom fixtures shall be designed to prevent or minimize the spread
of contaminants.
3-4.2
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A clearly visible sign reminding members to wash their hands shall be posted prominently in
each bathroom.
3-4.3
Bathrooms shall meet local standards.
3-5 Laundry Areas.
3-5.1*
The fire department shall provide for the cleaning of protective clothing and station/work
uniforms. Such cleaning shall be performed by either a cleaning service that is equipped to
handle contaminated clothing or a fire department facility that is equipped to handle
contaminated clothing.
3-5.2
Where such cleaning is conducted in fire stations, the fire department shall provide at least one
washing machine for this purpose in the designated cleaning area as specified in Section 3-7.
3-5.3
Laundry areas shall be kept neat and orderly.
3-6 Equipment Storage Areas.
3-6.1*
Emergency medical supplies and equipment stored in fire department facilities, other than
those stored on vehicles, shall be stored in a dedicated, enclosed area to protect from damage and
contamination. The storage area shall be secured properly and labeled appropriately.
3-6.2
Open and reusable emergency medical supplies and equipment shall not be stored in kitchen,
living, sleeping, recreation, or personal hygiene areas, unless physically separated in a locker or
room, nor shall they be stored in personal clothing lockers.
3-6.3
Potentially contaminated personal protective equipment shall be stored in a dedicated,
well-ventilated area or room and shall not be stored in kitchen, living, sleeping, recreation, or
personal hygiene areas, nor shall they be stored in personal clothing lockers.
3-6.4
Areas or containers for the temporary storage of contaminated medical supplies or equipment
prior to disinfection or disposal shall be separated physically from members in facilities or on
vehicles. Such areas or containers shall not be used for any other purpose.
3-7 Cleaning Areas.
3-7.1
A designated cleaning area shall be provided in each fire station for the cleaning of personal
protective equipment, portable equipment, and other clothing. This cleaning area shall have
proper ventilation, lighting, and drainage connected to a sanitary sewer system or septic system.
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3-7.2
The designated cleaning area shall be physically separate from areas used for food preparation,
cleaning of food and cooking utensils, personal hygiene, sleeping, and living areas.
3-7.3
The designated cleaning area shall be physically separate from the disinfecting facility.
3-8 Disinfecting Facilities.
3-8.1*
Fire departments that provide emergency medical operations shall provide or have access to
disinfecting facilities for the cleaning and disinfecting of emergency medical equipment.
Medical equipment shall be disinfected at a fire station only where a disinfecting facility that
meets the requirements of this section is provided. Disinfection shall not be conducted in fire
station kitchen, living, sleeping, or personal hygiene areas.
3-8.2
Disinfecting facilities in fire stations shall be lighted properly, vented to outside environment,
fitted with floor drains connected to a sanitary sewer system or septic system, and designed to
prevent contamination of other fire station areas.
3-8.3
Disinfecting facilities shall be equipped with rack shelving of nonporous material. Shelving
shall be provided above sinks to drip-dry cleaned equipment. All drainage from shelving shall
run into a sink or drainage pan that empties directly into a sanitary sewer system or septic
system.
3-9 Disposal Areas.
3-9.1
Medical waste or other regulated waste shall be disposed of in a designated disposal area. Such
waste shall not be disposed of in fire station kitchen, living, sleeping, or personal hygiene areas.
3-9.2
The designated disposal area shall be physically separate from areas used for food preparation,
cleaning of food and cooking utensils, personal hygiene, sleeping, and living areas.
3-9.3
The designated disposal area shall be physically separate from the designated cleaning area
and the disinfecting facility.
3-9.4
The designated disposal area shall be properly secured and appropriately labeled.
3-9.5
The designated disposal area, and the handling, storage, transportation, and disposal of medical
waste or other regulated waste, shall comply with all applicable state and local laws and
regulations.
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Chapter 4 Emergency Medical Operations Protection
4-1 Personnel.
4-1.1
Prior to any contacts with patients, members shall cover all areas of abraded, lacerated,
chapped, irritated, or otherwise damaged skin with adhesive dressings, provided the member is
not restricted by the requirements of 2-1.5.
4-1.2*
Any member who has skin or mucosal contact with body fluids shall thoroughly wash the
exposed area immediately using water or saline on mucosal surfaces and soap and running water
on skin surfaces. If soap and running water are not available, waterless soap, antiseptic wipe,
alcohol, or other skin cleaning agents that do not need running water shall be used until soap and
running water can be obtained.
4-1.3
After removal of any personal protective equipment, including gloves, all members shall wash
their hands immediately or as soon as feasible.
4-2 Personal Protective Equipment.
4-2.1
Members engaging in any emergency patient care shall don emergency medical gloves prior to
initiating such care to protect against the variety of diseases, modes of transmission, and
unpredictable nature of the work environment. Emergency medical gloves shall be a standard
component of emergency response equipment.
4-2.2
Emergency medical gloves shall be removed as soon as possible after the termination of
patient care, taking care to avoid skin contact with the glove’s exterior surface, and shall be
disposed of in accordance with 5-5.2. Hands shall be washed as specified in 5-5.5 following
removal of emergency medical gloves.
4-2.3
All personal protective equipment used in emergency medical care shall meet the requirements
of NFPA 1999, Standard on Protective Clothing for Emergency Medical Operations.
4-2.4
Personal protective equipment used in emergency medical care, including masks,
splash-resistant eyewear, gloves, and fluid-resistant clothing, shall be present on all fire
department vehicles that provide emergency medical operations.
4-2.5
Prior to any patient situations during which large splashes of body fluids can occur, such as
those involving spurting blood, trauma, or childbirth, masks, splash-resistant eyewear,
emergency medical gloves, and fluid-resistant clothing shall be donned by those members who
will be providing treatment.
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4-2.6
Resuscitation equipment, including pocket masks, shall be available on all fire department
vehicles that provide emergency medical operations. This equipment shall be used by members
performing airway management.
4-2.7
Structural fire fighting gloves shall meet the requirements of NFPA 1973, Standard on Gloves
for Structural Fire Fighting.
4-2.8
Structural fire fighting gloves shall be worn by members in any situation where sharp or rough
surfaces or a potentially high heat exposure is likely to be encountered, such as patient
extrication.
4-2.9*
Medical gloves shall not be worn under structural fire fighting gloves due to complications
that exposure to heat might cause, such as burns, dripping, melting, or a combination thereof, to
the skin.
4-2.10
Cleaning gloves shall be reusable, heavy-duty, mid-forearm length, and designed to provide
limited protection from abrasions, cuts, snags, and punctures, and they shall provide a barrier
against body fluids, cleaning fluids, and disinfectants.
4-2.11
Cleaning gloves, splash-resistant eyewear, and fluid-resistant clothing shall be worn by
members during cleaning or disinfecting of clothing or equipment potentially contaminated
during emergency medical operations.
4-2.12
Members shall not eat, drink, smoke, apply cosmetics or lip balm, or handle contact lenses
while wearing cleaning gloves.
4-3 Handling of Sharp Objects.
4-3.1
All members shall take precautions during procedures to prevent injuries caused by needles,
scalpel blades, and other sharp instruments or devices.
4-3.2
All used sharp objects, such as needles, scalpels, catheter styles, and other contaminated sharp
objects, shall be considered infectious and shall be handled with extraordinary care.
4-3.3
Needles shall not be manually recapped, bent, or broken. Following use, all sharp objects shall
be placed immediately in sharps containers. These sharps containers shall be located in all
patient transport vehicles and readily available in such areas as drug boxes, trauma kits, and IV
kits.

Copyright 1996 NFPA

Chapter 5 Cleaning, Disinfecting, and Disposal
5-1 Skin Washing.
5-1.1
Hands shall be washed after each emergency medical incident, immediately or as soon as
possible after removal of gloves or other personal protective equipment, after cleaning and
disinfecting emergency medical equipment, after cleaning personal protective equipment, after
any cleaning function, after using the bathroom, and before and after handling food or cooking
and food utensils.
5-1.2
Hands and contaminated skin surfaces shall be washed with nonabrasive soap and water by
lathering the skin and vigorously rubbing together all lathered surfaces for at least 10 seconds,
followed by thorough rinsing under running water.
5-1.3
Where provision of handwashing facilities is not feasible, appropriate antiseptic hand cleansers
in conjunction with clean cloth, paper towels, or antiseptic towelettes shall be used. Where
antiseptic hand cleansers or towelettes are used, hands shall be washed with nonabrasive soap
and running water as soon as feasible.
5-2 Disinfectants.
5-2.1
All disinfectants shall be approved by and registered with the U.S. Environmental Protection
Agency and also shall be registered as tuberculocidal.
5-2.2
Care shall be taken in the use of all disinfectants. Members shall be aware of the flammability
and reactivity of disinfectants and shall follow the manufacturer’s instructions. Disinfectants
shall be used only with adequate ventilation and while wearing appropriate infection control
garments and equipment including, but not limited to, cleaning gloves, face protection devices,
and aprons.
5-2.3
Disinfecting shall take place in the designated disinfecting facility as specified in Section 3-8.
5-3 Emergency Medical Equipment.
5-3.1
Where emergency medical equipment cleaning is performed by members, it shall take place in
the designated disinfecting facility as specified in Section 3-8, and appropriate personal
protective equipment including splash-resistant eyewear, cleaning gloves, and fluid-resistant
clothing shall be available.
5-3.2
Dirty or contaminated emergency medical equipment shall not be cleaned or disinfected in fire
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station kitchen, living, sleeping, or personal hygiene areas.
5-3.3
Personal protective equipment shall be used wherever there is a potential for exposure to body
fluids or potentially infectious material during cleaning or disinfecting.
5-3.4
Dirty or contaminated emergency medical equipment, prior to cleaning and disinfecting, shall
be stored separately from cleaned and disinfected emergency medical equipment.
5-3.5
Disinfectants meeting the requirements specified in 5-2.1 shall be used. The disinfectant
manufacturer’s instructions for use shall be followed.
5-3.6
Dirty or contaminated runoff from emergency medical equipment and cleaning and
disinfecting solutions shall be drained into a sanitary sewer system or septic system.
5-3.7
Emergency medical equipment, metal, and electronic equipment, shall be cleaned in a manner
appropriate for the equipment and then disinfected. Only disinfectants that are chemically
compatible with the equipment to be disinfected and that meet the requirements specified in
5-2.1 shall be used. The disinfectant manufacturer’s instructions for use shall be followed.
5-3.8*
Reusable emergency medical equipment that comes in contact with mucous membranes shall
require cleaning and a high-level disinfection or sterilization after each use. The medical
equipment manufacturer’s instructions shall be followed.
5-3.9*
Environmental surfaces shall be cleaned in a manner appropriate for the surface and then
disinfected. Only disinfectants that are chemically compatible with the surface to be disinfected
and that meet the requirements specified in 5-2.1 shall be used. The disinfectant manufacturer’s
instructions for use shall be followed.
5-4 Clothing and Personal Protective Equipment.
5-4.1*
The fire department shall clean, launder, and dispose of personal protective equipment at no
cost to the member. The fire department also shall repair or replace personal protective
equipment as needed to maintain its effectiveness, at no cost to the member.
5-4.2
If a garment(s) is penetrated by blood or other potentially infectious materials, the garment(s)
shall be removed immediately or as soon as feasible.
5-4.3
All personal protective equipment shall be removed prior to leaving the work area.
5-4.4
Clothing that is contaminated with large amounts of body fluids shall be placed in leakproof
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bags, sealed, and transported for proper cleaning or disposal.
5-4.5
Cleaning or disinfecting of contaminated structural fire fighting clothing, personal protective
garments, station work uniforms, or other clothing shall take place in the proper area as specified
in either Section 3-5 or Section 3-7. To avoid the possibility of spreading infectious diseases by
cross-contamination, the cleaning of contaminated personal protective equipment, station/work
uniforms, or other clothing shall not be done at home.
5-4.6*
Structural fire fighting protective clothing, gloves, station/work uniforms, and protective
footwear shall be cleaned and dried according to the manufacturer’s instructions as needed and at
least every 6 months. Chlorine bleach or cleaning agents containing chlorine bleach shall not be
used.
5-4.7
When a garment is contaminated, it shall be cleaned as soon as possible.
5-4.8
When personal protective equipment is removed, it shall be placed in an appropriately
designated area or container for storage until cleaning or disposal.
5-5* Disposal of Materials.
5-5.1
Sharps containers shall be disposed of in accordance with applicable federal, state, and local
regulations.
5-5.2
Contaminated sharps shall be discarded immediately or as soon as feasible in containers that
are closable; puncture resistant; leakproof on sides and bottom; and labeled or color-coded in
accordance with Section 5-8.
5-5.3
During use, containers for contaminated sharps shall be easily accessible to personnel and
located as close as is feasible to the immediate area where sharps are used or can be reasonably
anticipated to be found (e.g., laundries); maintained upright throughout use; and replaced
routinely and not be allowed to overfill.
5-5.4
When moving containers of contaminated sharps from the area of use, the containers shall be
closed immediately prior to removal or replacement to prevent spillage or protrusion of contents
during handling, storage, transport, or shipping and shall be placed in a secondary container if
leakage is possible.
5-5.5
Contaminated disposable medical supplies and equipment, contaminated disposable personal
protective equipment, and contaminated wastes shall be placed in leakproof bags, sealed, and
disposed of as medical waste.
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5-5.6
Noncontaminated disposable medical supplies and equipment, noncontaminated disposable
personal protective equipment, and noncontaminated wastes shall be permitted to be collected in
closable waste containers and shall be disposed of properly. Such waste collection containers
shall not be located in any fire station kitchen, living, or sleeping areas.
5-5.7
Where it has been determined by the infection control officer that normally nondisposable
items cannot be disinfected, they shall be placed in leakproof bags, sealed, and disposed of as
medical waste.
5-6 Linen.
5-6.1
Contaminated laundry shall be handled as little as possible with a minimum of agitation.
Contaminated laundry shall be bagged or put into containers at the location where it was used
and shall not be sorted or rinsed at the location of use.
5-6.2
Contaminated laundry shall be placed and transported in bags or containers labeled or
color-coded in accordance with Section 5-8.
5-6.3
Wherever contaminated laundry is wet and presents a reasonable likelihood of soaking through
or leaking from the bag or container, the laundry shall be placed and transported in bags or
containers that prevent soak-through or leakage, or both, of fluids to the exterior.
5-6.4
The employer shall ensure that employees who have contact with contaminated laundry wear
appropriate personal protective equipment.
5-6.5
Where a fire department ships contaminated laundry to a facility that does not utilize universal
precautions in the handling of all laundry, the facility generating the contaminated laundry shall
place such laundry in bags or containers that are labeled or color-coded in accordance with 5-8.2.
5-7 Housekeeping.
5-7.1
The fire department shall ensure that the worksite is maintained in a clean and sanitary
condition. The fire department shall determine and implement an appropriate written schedule
for cleaning and method of decontamination based upon the location within the facility, type of
surface to be cleaned, type of soil present, and tasks or procedures being performed in the area.
5-7.2
All equipment and environmental and working surfaces shall be cleaned and decontaminated
after contact with blood or other potentially infectious materials.
5-7.3
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All equipment and environmental and working surfaces shall be cleaned and decontaminated
after contact with blood or other potentially infectious materials using any cleaner or disinfectant
agent that is intended for environmental use. Such surfaces include floors, woodwork, ambulance
seats, and counter tops.
5-7.4
Contaminated work surfaces shall be decontaminated with an appropriate disinfectant after
completion of emergency medical operations; immediately or as soon as feasible where surfaces
are overtly contaminated or after any spill of blood or other potentially infectious materials; and
at the end of the workshift if the surface could have become contaminated since the last cleaning.
5-7.5
All bins, pails, cans, and similar receptacles intended for reuse that have a reasonable
likelihood of becoming contaminated with blood or other potentially infectious materials shall be
inspected and decontaminated on a regularly scheduled basis and cleaned and decontaminated
immediately or as soon as feasible upon visible contamination.
5-8 Labeling.
5-8.1
Warning labels shall be affixed to containers of regulated waste and other containers used to
store, transport, or ship blood or other potentially infectious materials (e.g., sharps containers).
5-8.2
Labels required by this section shall include the following legend:

These labels shall be fluorescent orange or orange-red or predominantly so, with lettering or
symbols in a contrasting color.
5-8.3
The labels required shall be affixed as closely as feasible to the container by string, wire,
adhesive, or other method that prevents their loss or unintentional removal.
5-8.4
Red bags or red containers shall be permitted to be substituted for labels.
5-8.5
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Labels required for contaminated equipment shall be in accordance with this paragraph and
also shall specify which portions of the equipment remain contaminated.
5-8.6
Regulated waste that has been decontaminated shall not be required to be labeled or
color-coded.
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference
shall be the current edition as of the date of the NFPA issuance of this document.
6-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1582, Standard on Medical Requirements for Fire Fighters, 1992 edition.
NFPA 1973, Standard on Gloves for Structural Fire Fighting, 1993 edition.
NFPA 1999, Standard on Protective Clothing for Emergency Medical Operations, 1992
edition.
6-1.2 Other Publications.
6-1.2.1 U.S. Government Publication. U.S. Government Printing Office, Superintendent of
Documents, Washington, DC 20402.
Title 29, Code of Federal Regulations, Part 1910.20, “Access to Employee Exposure and
Medical Records.”
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-2.2
“Applicable federal regulations from the Occupational Safety and Health Administration”
refers specifically to 29 CFR Part 1910.1030, “Bloodborne Pathogens,” Final Rule.
“Guidelines from the Centers for Disease Control and Prevention” refers specifically to
Guidelines for Prevention of Transmission of Human Immunodeficiency Virus and Hepatitis B
Virus to Health Care and Public Safety Workers.
A-1-3
For a more complete glossary of terms associated with infection control, refer to the United
States Fire Administration Publication #FA-112, Guide to Developing and Managing an
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Emergency Service Infection Control Program.
A-1-3 Gloves.
The requirement for FDA registration provides further benefit to the emergency responder.
The FDA currently does not require that medical gloves used in emergency medical response be
registered as medical devices. Yet, these same gloves, when worn by emergency personnel
inside hospitals and other health care provision organizations, must be registered as Class 1
medical devices with the FDA. While FDA registration is not a certification of the product, it is a
process by which the manufacturer must provide substantiation for any and all claims made
regarding the performance of the product (e.g., its viral barrier performance, levels of quality
assurance, and sterility) in either product packaging or marketing literature. The FDA either
affirms or denies these claims. Therefore, this requirement helps to ensure that the fire service
and emergency medical service personnel are provided with accurate information about the
products they purchase.
A-2-1.1 Sample Policy Statements.
The following examples are reprinted from the United States Fire Administration Publication
#FA-112, Guide to Developing and Managing an Emergency Service Infection Control
Program.
Example 1: The ______________________ Fire Department recognizes the potential
exposure of its fire fighters, in the performance of their duties, to communicable diseases. To
minimize the risk of exposure, the __________ Fire Department will implement an infection
control program.
The infection control program will include standard operating procedures; initial training and
continuing education in infection control practices; a vaccination program; the provision of
proper infection control clothing and equipment; decontamination procedures for clothing and
equipment; procedures for the disposal of medical waste; a system for reporting and managing
exposures; a system for tracking exposures and ensuring confidentiality; monitoring of
compliance with the standard operating procedures; the design of fire department facilities to
minimize risk of infection; and a public information campaign.
Finally, exposure to communicable disease shall be considered an occupational health hazard,
and any communicable disease contracted as the result of a documented workplace exposure
shall be considered occupationally related.
Example 2: The ________________________ Fire Department recognizes the potential
exposure of its members to communicable diseases in the performance of their duties and in the
normal work environment. The ______________ Fire Department is committed to a program
that will reduce this exposure to a minimum and will take whatever measures are feasible to
protect the health of its members.
In the emergency care setting, the infectious disease status of patients is frequently unknown
by fire department personnel. All patients must be considered infectious. Blood and body fluid
precautions must be taken with all patients.
To minimize the risk of exposure, the ________________________ Fire Department will
provide its members with proper infection control protective equipment, including disposable
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medical gloves, face masks, gowns, and eyewear, and will provide necessary cleaning and
disinfecting supplies. The __________________________________ Fire Department also will
provide initial instruction and continuing education in preventative health care practices so that
fire fighters possess a basic awareness of infectious diseases, understand the risks and severity of
various types of exposures, and exhibit proper skills in infection control.
Standard prophylactic medical treatment will be given to exposed members, and necessary
immunizations will be made available to protect members from potential exposure to infectious
disease.
__________________ Fire Department members will contact the fire department infection
control representative after any actual or suspected exposure to a contagious disease. The
infection control representative will contact the hospital to initiate patient follow-up and
determine the need for treatment of the exposed individual. A contagious disease exposure
tracking system is a component of the medical records system that is maintained for each
member.
The ________________ Fire Department believes that its members have the right to be fully
informed if a patient is found to carry a communicable disease and if a probable exposure
occurred. The responsibility for informing the ________________________________ Fire
Department should rest with the medical institution receiving the patient and should occur as
soon as possible after the medical institution becomes aware of the condition.
The ________________ Fire Department also recognizes the health concerns that may be
involved in the station work environment, where a number of members share living quarters and
work areas and, in some cases, use the same equipment. There is a particular need to isolate this
environment from the infectious hazards that members may encounter in providing emergency
care to the general public. There is also a need to provide facilities and equipment that do not
expose members to additional health risks. This also extends to preventing the spread of health
risks encountered in the work environment to a member’s home, family, and friends.
The ________________ Fire Department also believes that infectious disease exposure
should be considered an occupational health hazard and supports the presumption that
contracting a contagious disease should be considered an occupationally related condition.
Therefore, the __________________ Fire Department hereby adopts NFPA 1581, Standard
on Fire Department Infection Control Program.
It is possible that an existing program or policy may be permitted to satisfy the requirements of
this standard; if so, it may be permitted to be adopted in whole or in part, in order to comply with
this standard. An example of such an existing policy or program might be a corporate infection
control program or an employee immunization program.
A policy statement makes the members aware that the department considers infection control
to be an important issue.
The written policy statement should define the purpose, scope, and philosophy of the infection
control program clearly.
Sample
Infection Control Program
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Policy Statement
Purpose: To provide a comprehensive infection control system which maximizes protection
against communicable diseases for all members, and for the public that they serve.
Scope: This policy applies to all members, career and volunteer, providing fire, rescue, or
emergency medical services.
This department recognizes that communicable disease exposure is an occupational health
hazard. Communicable disease transmission is possible during any aspect of emergency
response, including in-station operations. The health and welfare of each member is a joint
concern of the member, the chain of command, and this department. While each member is
ultimately responsible for his or her own health, the department recognizes a responsibility to
provide as safe a workplace as possible. The goal of this program is to provide all members with
the best available protection from occupationally acquired communicable disease.
It is the policy of this department:
• To provide fire, rescue, and emergency medical services to the public without regard to
known or suspected diagnoses of communicable disease in any patient.
• To regard all patient contacts as potentially infectious. Universal precautions will be
observed at all times and will be expanded to include all body fluids and other potentially
infectious material (body substance isolation).
• To provide all members with the necessary training, immunizations, and personal protective
equipment (PPE) needed for protection from communicable diseases.
• To recognize the need for work restrictions based on infection control concerns.
• To encourage participation in member assistance and CISD (Critical Incident Stress
Debriefing) programs.
• To prohibit discrimination of any member for health reasons, including infection and/or
seroconversion with HIV or HBV virus.
• To regard all medical information as strictly confidential. No member health information will
be released without the signed written consent of the member.
A-2-1.4
Table A-2-1.4 summarizes information on the specific diseases/infections that are of greatest
concern.
Table A-2-1.4 Disease Information for Emergency Response Personnel
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A-2-2
The risk to personnel of exposure to infection poses a real hazard and should be properly
addressed through a written infection control program which includes but is not limited to:
• training and education,
• personal protective equipment,
• health maintenance and vaccinations,
• appropriate supervision,
• incident operations,
• facility safety,
• and medical follow-up for an occupational exposure.
Infection control should be integrated into the department’s overall risk management process.
By utilizing the risk management process, risks are identified by the services that a department
provides. These risks should be evaluated based upon the probability and severity of occurrence
within the community. Control measures should be implemented based upon the risk evaluation
and services performed by the department. A monitoring process evaluates the effectiveness of
the risk control techniques.
This is an ongoing process that should be continually evaluated and revised based upon the
needs and requirements of the department. The health and safety officer, infection control
officer, and the department’s occupational safety and health committee should ensure that
evaluations and revisions occur at least annually.
A-2-3.1
For infectious disease training guidelines, consult Infection Control for Emergency Response
Personnel: The Supervisor’s Role (Student Manual), U.S. Fire Administration, National Fire
Academy; or A Curriculum Guide for Public Safety and Emergency Response Workers,
Prevention of Transmission of Human Immunodeficiency Virus and Hepatitis B Virus, U.S.
Department of Health and Human Services, Public Health Service, Centers for Disease Control
and Prevention.
A-2-3.3
A list of applicable government regulations relating to infection control are listed in Appendix
B.
A-2-4.2
The infection control officer does not necessarily need to be of an officer rank. The member or
members in this position are intended to fulfill the requirements of a “designated officer” as
required in Public Law 101-381, The Ryan White Comprehensive AIDS Resources Emergency
(CARE) Act of 1990.
A-2-5.1
Members that choose to decline immunizations offered by the department shall sign a written
declination. The declination shall become part of the member’s confidential health data base as
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specified in NFPA 1500, Standard on Fire Department Occupational Safety and Health
Program, Section 8-4.
A-2-6.3
For appropriate post-exposure guidelines, consult 29 CFR 1910.1030, Occupational Exposure
to “Bloodborne Pathogens,” Final Rule; Guidelines for Prevention of Transmission of Human
Immunodeficiency Virus and Hepatitis B Virus to Health Care and Public Safety Workers; and
Guidelines for Infection Control in Hospital Personnel, by Walter Williams, MD, MPH,
Hospital Infections Program, Center for Infectious Disease, Centers for Disease Control and
Prevention, Atlanta, Georgia.
For guidance on post-exposure counseling, consult “Public Health Service Guidelines for
Counseling and Antibody Testing to Prevent HIV Infection and AIDS,” Morbidity and Mortality
Weekly Review, Centers for Disease Control and Prevention.
A-2-6.4
Recordkeeping should be done in accordance with the requirements of 29 CFR, Part
1910.1030, Occupational Exposure to “Bloodborne Pathogens,” Final Rule.
Figure A-2-6.4 is an example of a report form.
Fire Department
Infectious Exposure Form
Exposed Member’s Name ____________________________________ Rank: __________
Soc. Sec. #: __________________________________________________________________
Field Inc. #: __________ Shift: __________ Company: ____________ District: __
Name of Patient: __________________________________________ Sex: __________
Age: ______ Address: ______________________________________________________
Suspected or Confirmed Disease: ________________________________________________
Transported to: ______________________________________________________________
Transported by: ______________________________________________________________
Date of Exposure: __________________________ Time of Exposure: ________________
Type of Incident (auto accident, trauma): __________________________________________
What were you exposed to?
Blood ____ Tears ________ Feces ________ Urine ________ Saliva ______
Vomitus ______ Sputum ________ Sweat ________ Other __________
What part(s) of your body became exposed? Be specific: ______________________________
__________________________________________________________________________
__________________________________________________________________________
Did you have any open cuts, sores, or rashes that became exposed? Be specific: __________
__________________________________________________________________________
__________________________________________________________________________
How did exposure occur? Be specific: ____________________________________________
__________________________________________________________________________
Copyright 1996 NFPA

__________________________________________________________________________
Did you seek medical attention? ____________ yes ______________ no
Where? ________________________________________________________ Date: ______
Contacted Infection Control Officer: Date: ____________________________ Time: ____
Supervisor’s Signature: ____________________________________________ Date: ______
Member’s Signature: ______________________________________________ Date: ______
Figure A-2-6.4 Sample exposure report form.

A-3-1.1
State and local laws and regulations are usually very specific about infection control standards
for public use facilities. Public health agencies can provide standards for food storage,
preparation, and handling, as well as for disposal of general and medical or other regulated
waste. Hotel bureaus might be able to provide standards for sleeping areas and bathrooms.
Emergency response agencies can learn important lessons from these state and local agencies,
which monitor infection control in public use facilities. Such agencies can serve as valuable
resources in developing standard operating procedures or guidelines for infection control in fire
department facilities and in designing or remodeling facilities.
A-3-2.4
Because of the potential for excessive use by a large number of people, commercial grade
appliances are needed in many fire department facilities. Such appliances often have a larger
capacity and more durability for continuous or repeated use.
When determining the number of refrigerators needed, consideration should be given to the
number of members who will be using a refrigerator or the amount of use the refrigerator will
receive. A large number of people using a small refrigerator can result in the door being opened
often; thus, the refrigerator might not be able to maintain a proper temperature. This could lead
to spoilage of food or the harboring of bacteria or other sources of foodborne diseases.
A-3-3.1
Separate bedding lockers and clothing lockers should be provided for each member requiring a
bed.
A-3-4.1
Bathrooms can be a significant source of infection if they are improperly designed, or if
members fail to practice proper hygiene, or both.
Bathrooms should have push-to-open doors for egress, without handles. This assists in
eliminating a place for infectious agents to accumulate and breed. It should not be necessary for
the user to grasp sink faucets in order to turn them off or on. If grasping is necessary, the user
should use a paper towel to turn faucets off after drying.
Hand-drying materials should be disposable, or an air-drying machine should be available.
This decreases the possibility of infectious agents accumulating or breeding on a cloth that is
used repeatedly.
The flush valve on toilets and urinals should be of a foot operated or electric eye type that does
not require the use of hands to operate.
A-3-5.1
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Commercial models of washers (front-loading washers) and dryers are recommended to
prevent agitator damage to clothing.
A-3-6.1
The intent of this requirement is to ensure that emergency medical supplies are located in an
area, separate from other functional areas, to minimize contamination. Room temperature should
be maintained at 68°F to 90°F (20°C to 32°C).
A-3-8.1
Where the fire department provides only emergency medical operations at the first responder
level, there should be at least one disinfecting facility available. Where the fire department
provides basic life-support or advanced life-support emergency medical operation, there should
be a disinfecting facility in each fire station from which such services are provided.
A-4-1.2
If germicidal agents are readily available they can be used in lieu of soap when washing skin
surfaces.
A-4-2.9
The intent is to ensure that members are not unnecessarily injured by melting, dripping, or
burning due to medical gloves being worn under structural fire fighting gloves. Gloves worn by
members could be subjected to high heat and show no external signs of damage, but the medical
gloves could degrade inside the fire fighting glove, causing injury to the fire fighter.
A-5-3.8 Disinfection and Sterilization Methods for Equipment Used in Emergency Medical
Operations.
(a) Sterilization. Destroys all forms of microbial life, including high numbers of bacterial
spores.
Methods. Steam under pressure (autoclave), gas (ethylene oxide), dry heat, or immersion in an
EPA-approved chemical sterilant for a prolonged period of time (e.g., 6 hours to 10 hours) or
according to manufacturer’s instructions. Liquid chemical sterilants should be used only on those
instruments that are impossible to sterilize or disinfect with heat.
Use. For those instruments or devices that penetrate skin or contact normally sterile areas of
the body (e.g., scalpels, needles). Disposable invasive equipment eliminates the need to sterilize
these types of items. Where indicated, however, arrangements should be made with a health care
facility for sterilization of reusable invasive instruments.
(b) High-Level Disinfection. Destroys all forms of microbial life, except high numbers of
bacterial spores.
Methods. Hot water pasteurization [176°F to 212°F (80°C to 100°C) for 30 min] or exposure
to an EPA-regulated sterilant, as specified in A-5-3.8(a), except for a short exposure time (e.g.,
10 min to 45 min) or according to manufacturer’s instructions.
Use. For reusable instruments or devices that come into contact with mucous membranes (e.g.,
laryngoscope blades, endotracheal tubes).
(c) Intermediate-Level Disinfection. Destroys Mycobacterium tuberculosis, vegetative
bacteria, most viruses, and most fungi, but does not kill bacterial spores.
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Methods. EPA-registered hospital-disinfectant, chemical germicides that have a label claim for
tuberculocidal activity; commercially available hard-surface germicides or solutions containing
at least 500 ppm free available chlorine (a 1:100 dilution of common household chlorine bleach
approximately 1/2 cup of chlorine bleach per gallon of tap water).
Use. For those surfaces that come into contact only with intact skin (e.g., stethoscopes, blood
pressure cuffs, splints) and have been visibly contaminated with body fluids. Surfaces should be
precleaned of visible material before the germicidal chemical is applied for disinfection.
(d) Low-Level Disinfection. Destroys most bacteria, some viruses, some fungi, but not
Mycobacterium tuberculosis or bacterial spores.
Methods. EPA-registered hospital disinfectants (no label claim for tuberculocidal activity).
Use. These agents are excellent cleaners and can be used for routine housekeeping or removal
of soiling in the absence of visible body fluid contaminates.
(e) Environmental Disinfection. Environmental surfaces that have become soiled should be
cleaned and disinfected.
(f) Housekeeping.
1. General. Employers should ensure that the worksite is maintained in a neat condition, free
of any contamination. The employer should determine and implement an appropriate written
schedule for cleaning and decontamination. The method of decontamination should be based
upon the location within the facility, type of surface to be cleaned, type of contamination, and
the tasks or procedures performed. For example:
(i) Personal protective equipment and other clothing should be cleaned and/or laundered.
(ii) Emergency medical equipment should be cleaned and disinfected.
(iii) Invasive medical instruments should be cleaned and sterilized.
(iv) Contaminated surfaces should be cleaned and disinfected with a disinfectant appropriate
for the surface.
(v) Contaminated work surfaces should be decontaminated immediately or as soon as
feasible after completion of the emergency medical operation; and at the end of the work shift if
the surface could have been contaminated since the last decontamination was performed.
IMPORTANT: To ensure the effectiveness of any sterilization or disinfection process,
equipment and instruments first should be thoroughly cleaned of all visible soil.
A-5-3.9
A 1:100 dilution of household chlorine bleach (5.25 percent sodium hypochlorite) to water
may be permitted to be used as a general surface disinfectant; however, it is corrosive to metal
and could interfere with the function of electronic equipment. (See also A-5-3.8.)
A-5-4.1
Clean protective clothing reduces health and safety risks. It is recommended that clothing be
cleaned frequently to reduce the level of, and bodily contact with, contaminants. User agencies
should establish guidelines for frequency and situations for garment cleaning. For gross
contamination with products of combustion, fire debris, or body fluids, removal of contaminants
by flushing with water as soon as practical is necessary, followed by appropriate cleaning.
Decontamination might not be possible where personal protective clothing is contaminated
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with chemical, radiological, or biological agents. Where decontamination is not possible,
garments should be discarded in accordance with local, state, and federal regulations.
A-5-4.6
Some components of these garments are inherently flame resistant but lose their physical
integrity on exposure to chlorine bleach. Other components will actually lose their
flame-resistant properties and thermal insulation on exposure to chlorine bleach. In either case,
the protection provided by the garment will be compromised.
There are industrial cleaning products and facilities available for protective clothing that the
user might wish to investigate. The manufacturer of protective clothing should be contacted for
additional information. Where not explicitly outlined by the manufacturer, the following
procedures are recommended for cleaning and disinfecting these garments.
Cleaning or Disinfecting Procedures for Structural Fire Fighting Protective Clothing,
Station/Work Uniforms, Personal Protective Garments, and Other Clothing
Section 1—Spot Cleaning. Precleaners can be used to clean light spots and stains on protective
clothing. Precleaner should be squirted once or twice onto the soiled areas. The fabric should be
rubbed together gently until a light foam appears on the surface and carefully rinsed off with
cool water.
Section 2—Pretreating. Liquid detergent should be applied directly from the bottle onto the
soiled areas. The fabric should be rubbed together gently until a light foam appears on the
surface. The garments should be placed into the washing machine as specified in Section 3 and
the remaining amount of the recommended detergent added. To clean garments that are heavily
soiled, a liquid detergent or precleaner solution should be used in the following manner prior to
laundering:
(a) The garment should be air-dried before applying product.
(b) The liquid detergent or precleaner should be squirted directly onto the stain and the
surrounding areas (3 to 4 squirts). It should be made certain that the soiled area is soaked with
the product.
(c) A soft bristle brush (toothbrush or fingernail-type brush dipped in water) should be used to
scrub the soiled area gently for about 1 minute.
(d) The liquid detergent or precleaner should be reapplied to the soiled areas again (1 or 2
squirts).
(e) The garment should be placed into the washing machine as described in Section 3.
Section 3—Washing Instructions. Protective clothing should be washed separately from other
garments. All hooks and eyes should be fastened, and the garment should be turned inside out or
placed in a large laundry bag that can be tied shut to avoid damage to the washtub. A stainless
steel tub should be utilized if available.
These instructions can be used for cleaning any of the following wash loads in a large capacity
(16-gal) top-loading or front-loading washing machine.
(a) One protective coat and one protective trouser;
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(b) Two protective coats;
(c) Two protective trousers;
Prior to washing, heavily soiled garments should be pretreated using the procedures outlined in
Section 2.
1. While the washing machine is filling with hot water [120°F to 130°F (49°C to 55°C)], 1/2
cup (4 oz) of liquid oxygenated bleach (chlorine bleach should not be used) and 1 cup (8 oz) of
liquid detergent should be added. These products are readily available in supermarkets.
2. The washing machine should be filled to the highest water level.
3. The garments to be washed should be added.
4. The washing machine should be set for normal cycle, cotton/white, or similar setting.
5. The machine should be programmed for double rinse. If the machine will not automatically
double rinse, a complete second cycle should be run without adding detergent or oxygenated
bleach. Double rinsing helps remove any residual dirt and ensures detergent removal.
6. The garments should be removed from the washing machine and dried by hanging in a
shaded area that receives a good cross ventilation, or they should be hung on a line and a fan
used to circulate the air. A water extractor may be permitted to be utilized.
Section 4—Laundering and Cleaning Products. Some examples of products that may be
permitted to be utilized for cleaning, spot cleaning, and pretreating include:
Cleaning:
Liquid Wisk®
Liquid Cheer®
Liquid Tide®
Liquid Fab®
Oxygenated Bleaches:
Liquid Clorox 2®
Liquid Vivid®
DO NOT USE CHLORINE BLEACH ON FIRE FIGHTER PROTECTIVE CLOTHING
Spot Cleaning and Pretreating:
Liquid Spray and Wash®
Liquid Tide®
Liquid Shout®
A-5-5
For information regarding management of medical waste or other regulated waste, the
following publications are recommended: EPA Guide for Infectious Waste Management, U.S.
Environmental Protection Agency, and Guidelines for Handwashing and Hospital
Environmental Control, revised by Julia S. Garner, R.N., M.N., and Martin S. Favero, Ph.D.,
Hospital Infection Program, Centers for Disease Control and Prevention, Atlanta, Georgia.
Appendix B Referenced Publications
B-1
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The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
B-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
B-1.2 Other Publications.
B-1.2.1 U.S. Centers for Disease Control Publications. These publications are available from
the Superintendent of Documents, U.S. Government Printing Office, Washington, D.C. 20402 or
the National Technical Information Service (NTIS), U.S. Department of Commerce, 5285 Port
Royal Road, Springfield, VA 22161.
A Curriculum Guide for Public Safety and Emergency Response Workers, Prevention of
Transmission of Human Immunodeficiency Virus and Hepatitis B Virus, February 1989.
Guidelines for Handwashing and Hospital Environmental Control, 1985.
Guidelines for Infection Control in Hospital Personnel, July 1983.
Guidelines for Prevention of Transmission of Human Immunodeficiency Virus and Hepatitis B
Virus to Health Care and Public Safety Workers, February 1989.
EPA Guide for Infectious Waste Management, 1986.
“Public Health Service Guidelines for Counseling and Anti-Body Testing to Prevent HIV
Infection and AIDS,” Morbidity and Mortality Weekly Review, 1987, No. 36, pp. 509-515.
Title 29, Code of Federal Regulations, Part 1910.1030, “Bloodborne Pathogens,” Final Rule;
December 6, 1991.
Public Law 101-381, The Ryan White Comprehensive AIDS Resources Emergency (CARE) Act
of 1990, Final Rule.
B-1.2.2 U.S. Fire Administration Publication. Publications Office, U.S. Fire Administration,
16825 South Seton Ave. Emmitsburg, MD 21727.
Publication #FA-112, Guide to Developing and Managing an Emergency Service Infection
Control Program, Appendix A, pp. 105-113.
Infection Control for Emergency Response Personnel: The Supervisor’s Role (Student
Manual), February 1992.
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1992 Edition
This edition of NFPA 1582, Standard on Medical Requirements for Fire Fighters, was
prepared by the Technical Committee on Fire Service Protective Clothing and Equipment and
acted on by the National Fire Protection Association, Inc. at its Annual Meeting held May 18-21,
1992 in New Orleans, LA. It was issued by the Standards Council on July 17, 1992, with an
effective date of August 14, 1992.
The 1992 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1582
A joint task force of members representing both the Technical Committees on Fire Service
Occupational Safety and Health and Fire Fighter Professional Qualifications began addressing
medical requirements for fire fighters in March 1988. A standing Subcommittee on
Medical/Physical Requirements for Fire Fighters was created under the Fire Service
Occupational Safety and Health Committee in 1990 and was responsible for the development of
NFPA 1582.
This new document covers the medical requirements necessary for persons who perform fire
fighting tasks. Medical requirements that were previously contained in Section 2-2 of NFPA
1001, Standard for Fire Fighter Professional Qualifications, applied only to the entry level.
They are being deleted from NFPA 1001. Legal opinion and federal laws show that requirements
set for a position must be the same for anyone who would be in that position or is in the position.
These medical requirements are, therefore, intended to apply to candidates as well as current fire
fighters.
Two categories of medical conditions were created, Category A and Category B. Category A
represents conditions that, if they exist in the candidate or current fire fighter, would not allow
this person to perform fire fighting operations. Category B conditions must be evaluated on a
case-by-case basis so that the fire department physician can determine if the medical condition in
a particular candidate or current fire fighter would prevent that person from performing fire
fighting operations.
Medical evaluations, medical examinations, records keeping, and confidentiality are addressed
in Chapter 2. Chapter 3 contains the actual medical conditions that comprise the requirements.
Extensive advisory and informational material was developed in the appendixes to aid fire
department administrators and fire department physicians.
The Committee completed its work in January 1992, and this first edition was presented to the
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Association membership at the 1992 Annual Meeting in New Orleans, Louisiana.
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NFPA 1582
Standard on
Medical Requirements for Fire Fighters
1992 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.

Chapter 1 Administration
1-1 Scope.
1-1.1
This standard contains medical requirements for fire fighters, including full-time or part-time
employees and paid or unpaid volunteers.
1-1.2
These requirements are applicable to organizations providing rescue, fire suppression, and
other emergency services, including public, military, private, and industrial fire departments.
1-1.3
This standard does not apply to industrial fire brigades that also may be known as emergency
brigades, emergency response teams, fire teams, plant emergency organizations, or mine
emergency response teams.
1-2 Purpose.
1-2.1
The purpose of this standard is to specify minimum medical requirements for candidates and
current fire fighters.
1-2.2
The implementation of the medical requirements outlined in this standard will help ensure that
candidates and current fire fighters will be medically capable of performing their required duties
and will help to reduce the risk of injuries and illnesses.
1-2.3
Nothing herein is intended to restrict any jurisdiction from exceeding these minimum
requirements.
1-3 Implementation.
1-3.1
For candidates, the medical requirements of this standard shall be implemented when this
standard is adopted by an authority having jurisdiction on an effective date specified by the
authority having jurisdiction.
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1-3.2
When this standard is adopted by a jurisdiction, the authority having jurisdiction shall set a
date or dates for current fire fighters to achieve compliance with the requirements of this
standard and shall be permitted to establish a phase-in schedule for compliance with specific
requirements of this standard in order to minimize personal and departmental disruption.
1-4 Definitions.
Approved.* Acceptable to the “authority having jurisdiction.”
Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
Candidate.* A person who has made application to commence performance as a fire fighter.
Category A Medical Condition. A medical condition that would preclude a person from
performing as a fire fighter in a training or emergency operational environment by presenting a
significant risk to the safety and health of the person or others.
Category B Medical Condition. A medical condition that, based on its severity or degree, may
preclude a person from performing as a fire fighter in a training or emergency operational
environment by presenting a significant risk to the safety and health of the person or others.
Current Fire Fighter. A person who is already a member and whose duties require the
performance of essential fire fighting functions.
Drug. Any substance, chemical, over-the-counter medication, or prescribed medication that
may affect the performance of the fire fighter.
Emergency Operations. Activities of the fire department relating to rescue, fire suppression,
and special operations, including response to the scene of the incident and all functions
performed at the scene.
Evaluation. See Medical Evaluation.
Fire Department Physician. The licensed doctor of medicine or osteopathy who has been
designated by the fire department to provide professional expertise in the areas of occupational
safety and health as they relate to emergency services.
Fire Fighter.* A member of a fire department whose duties require the performance of
essential fire fighting functions or substantially similar functions.
Medical Evaluation. The analysis of information for the purpose of making a determination of
medical certification. Medical evaluation may or may not include a medical examination.
Medical Examination. An examination performed or directed by the fire department physician
that incorporates the components described in 2-4.1.4.
Medically Certified. A determination by the fire department physician that the candidate or
current fire fighter meets the medical requirements of this standard.
Member. A person involved in performing the duties and responsibilities of a fire department,
under the auspices of the organization. A fire department member may be a full-time or part-time
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employee or a paid or unpaid volunteer, may occupy any position or rank within the fire
department, and may or may not engage in emergency operations.
Shall. Indicates a mandatory requirement.
Should. This term, as used in the appendixes, indicates a recommendation or that which is
advised but not required.
Chapter 2 Medical Process
2-1 Medical Evaluation Process.
2-1.1*
The fire department shall establish and implement a medical evaluation process for candidates
and current fire fighters.
2-1.2
The medical evaluation process shall include preplacement medical evaluations, periodic
medical evaluations, and return-to-duty medical evaluations.
2-1.3
The fire department shall ensure that the medical evaluation process and all medical
evaluations meet all of the requirements of this section.
2-1.4
Each candidate or current fire fighter shall cooperate, participate, and comply with the medical
evaluation process and shall provide complete and accurate information to the fire department
physician.
2-1.5*
Each candidate or current fire fighter shall, on a timely basis, report to the fire department
physician any exposure or medical condition that may interfere with the ability of the individual
to perform as a fire fighter.
2-1.6
If the candidate or current fire fighter presents with an acute medical problem or newly
acquired chronic medical condition, medical evaluation shall be postponed until that person has
recovered from this condition and presents to the fire department for review.
2-2 Fire Department Physician.
2-2.1*
The fire department physician shall be a licensed doctor of medicine or osteopathy.
2-2.2*
The fire department physician shall be qualified to provide professional expertise in the areas
of occupational safety and health as they relate to emergency services.
2-2.3*
For the purpose of conducting medical evaluations, the fire department physician shall
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understand the physiological and psychological demands placed on fire fighters and shall
understand the environmental conditions under which fire fighters must perform.
2-2.4
The fire department physician shall evaluate the person to ascertain the presence of any
medical conditions listed in this standard.
2-2.4.1 When medical evaluations are conducted by a physician other than the fire department
physician, the evaluation shall be reviewed and approved by the fire department physician.
2-3* Preplacement Medical Evaluation.
2-3.1
The candidate shall be certified by the fire department physician as meeting the medical
requirements of Chapter 3 of this standard prior to entering into a training program to become a
fire fighter or performing in an emergency operational environment as a fire fighter.
2-3.2
The candidate shall be evaluated according to the medical requirements of Chapter 3 of this
standard to assess the effect of medical conditions on the candidate’s ability to perform as a fire
fighter.
2-3.3
A candidate shall not be certified as meeting the medical requirements of this standard if the
fire department physician determines that the candidate has any Category A medical condition
specified in Chapter 3 of this standard.
2-3.4*
A candidate shall not be certified as meeting the medical requirements of this standard if the
fire department physician determines that the candidate has a Category B medical condition
specified in Chapter 3 of this standard that is of sufficient severity to prevent the candidate from
performing, with or without reasonable accommodation, the essential functions of a fire fighter
without posing a significant risk to the safety and health of the candidate or others.
2-3.4.1 The determination of whether there is reasonable accommodation shall be made by the
authority having jurisdiction in conjunction with the fire department physician.
2-3.5
If the candidate presents with an acute medical problem or newly acquired chronic medical
condition that interferes with the candidate’s ability to perform the functions of a fire fighter,
medical certification shall be postponed until that person has recovered from this condition and
presents to the fire department for review.
2-4* Periodic Medical Evaluation.
2-4.1
The current fire fighter shall be annually certified by the fire department physician as meeting
the medical requirements of Chapter 3 of this standard to determine that fire fighter’s medical
ability to continue participating in a training or emergency operational environment as a fire
fighter.
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2-4.1.1 The components of the annual medical evaluation specified in 2-4.1.2 of this section
shall be permitted to be performed by qualified personnel as authorized by the fire department
physician. When other qualified personnel are used, the fire department physician shall review
the data gathered during the evaluation.
2-4.1.2 The annual medical evaluation shall consist of:
(a) An interval medical history.
(b) An interval occupational history, including significant exposures.
(c) Height and weight.
(d) Blood pressure.
2-4.1.3 The annual medical evaluation shall include a medical examination according to the
following schedule:
(a) Ages 29 and under—every 3 years.
(b) Ages 30 to 39 every 2 years.
(c) Ages 40 and above—every year.
2-4.1.4* The medical examination shall include examination of the following components:
(a) Vital signs: Pulse, respiration, blood pressure, and, if indicated, temperature.
(b) Dermatological system.
(c) Ears, eyes, nose, mouth, throat.
(d) Cardiovascular system.
(e) Respiratory system.
(f) Gastrointestinal system.
(g) Genitourinary system.
(h) Endocrine and metabolic systems.
(i) Musculoskeletal system.
(j) Neurological system.
(k) Audiometry.
(l) Visual acuity and peripheral vision testing.
(m) Pulmonary function testing.
(n) Laboratory testing, if indicated.
(o) Diagnostic imaging, if indicated.
(p) Electrocardiography, if indicated.
2-4.2
A current fire fighter shall not be certified as meeting the medical requirements of this
Copyright 1996 NFPA

standard if the fire department physician determines that the fire fighter has any Category A
medical condition specified in Chapter 3 of this standard.
2-4.3*
A current fire fighter shall not be certified as meeting the medical requirements of this
standard if the fire department physician determines that the fire fighter has a Category B
condition specified in Chapter 3 of this standard that is of sufficient severity to prevent the fire
fighter from performing, with or without reasonable accommodation, the essential functions of a
fire fighter without posing a significant risk to the safety and health of the fire fighter or others.
2-4.3.1 The determination of reasonable accommodation shall be made by the authority having
jurisdiction in conjunction with the fire department physician.
2-4.4
If the current fire fighter presents with an acute illness or recently acquired chronic medical
condition, the evaluation shall be deferred until the fire fighter has recovered from the condition
and presents to the fire department to return to duty.
2-5 Return-to-Duty Medical Evaluation.
2-5.1
A current fire fighter who has been absent from duty for a medical condition of a nature or
duration that may affect performance as a fire fighter shall be evaluated by the fire department
physician before returning to duty.
2-5.2
The fire department physician shall not medically certify the current fire fighter for return to
duty if any Category A medical condition specified in Chapter 3 of this standard is present.
2-5.3*
The fire department physician shall not medically certify the current fire fighter for return to
duty if any Category B medical condition specified in Chapter 3 of this standard is present that is
determined to be severe enough to affect the fire fighter’s performance as a fire fighter. The fire
department physician, in conjunction with the authority having jurisdiction, shall take into
account the fire fighter’s current duty assignment and alternative duty assignments or other
programs that would allow a fire fighter to gradually return to full duty.
2-6 Medical Evaluation Records, Results, Reporting, and Confidentiality.
2-6.1
All medical information collected as part of a medical evaluation shall be considered
confidential medical information and shall be released by the fire department physician only
with the specific written consent of the candidate or current fire fighter.
2-6.2
The fire department physician shall report the results of the medical evaluation to the candidate
or current fire fighter, including any medical condition(s) disclosed during the medical
evaluation, and the recommendation as to whether the candidate or current fire fighter is
medically certified to perform as a fire fighter.
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2-6.3
The fire department physician shall inform the fire department only as to whether or not the
candidate or current fire fighter is medically certified to perform as a fire fighter. The specific
written consent of the candidate or current fire fighter shall be required to release confidential
medical information to the fire department.
Chapter 3* Category A and Category B Medical Conditions
3-1 Head and Neck.
3-1.1 Head.
3-1.1.1 Category A medical conditions shall include:
(a) None.
3-1.1.2* Category B medical conditions shall include:
(a) Deformities of the skull such as depressions or exostoses.
(b) Deformities of the skull associated with evidence of disease of the brain, spinal cord, or
peripheral nerves.
(c) Loss or congenital absence of the bony substance of the skull.
(d) Any other head condition that results in a person not being able to perform as a fire fighter.
3-1.2 Neck.
3-1.2.1 Category A medical conditions shall include:
(a) None.
3-1.2.2* Category B medical conditions shall include:
(a) Thoracic outlet syndrome.
(b) Congenital cysts, chronic draining fistulas, or similar lesion.
(c) Contraction of neck muscles.
(d) Any other neck condition that results in a person not being able to perform as a fire fighter.
3-2 Eyes and Vision.
3-2.1*
Category A medical conditions shall include:
(a) Far visual acuity. Far visual acuity shall be at least 20/30 binocular corrected with contact
lenses or spectacles. Far visual acuity uncorrected shall be at least 20/100 binocular for wearers
of hard contacts or spectacles. Successful long-term soft contact lens wearers shall not be subject
to the uncorrected criterion.
(b) Peripheral vision. Visual field performance without correction shall be 140 degrees in the
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horizontal meridian in each eye.
3-2.2*
Category B medical conditions shall include:
(a) Color vision inadequate to identify red, green, and yellow colors.
(b) Diseases of the eye such as retinal detachment, progressive retinopathy, or optic neuritis.
(c) Ophthalmological procedures such as radial keratotomy or repair of retinal detachment.
(d) Any other eye condition that results in a person not being able to perform as a fire fighter.
3-3 Ears and Hearing.
3-3.1*
Category A medical conditions shall include:
(a) Hearing deficit in the pure tone thresholds in the unaided worst ear:
(1) Greater than 25 dB in three of the four frequencies:
(i) 500 Hz,
(ii) 1000 Hz,
(iii) 2000 Hz,
(iv) 3000 Hz.
(2) Greater than 30 dB in any one of the three frequencies:
(i) 500 Hz,
(ii) 1000 Hz,
(iii) 2000 Hz; and an average greater than 30 dB
for the four frequencies:
(i) 500 Hz,
(ii) 1000 Hz,
(iii) 2000 Hz,
(iv) 3000 Hz.
3-3.2*
Category B medical conditions shall include:
(a) Auditory canal — atresia, severe stenosis, or tumor.
(b) Severe external otitis.
(c) Auricle — severe agenesis or traumatic deformity.
(d) Mastoid — severe mastoiditis or surgical deformity.
(e) Meniere’s syndrome or labyrinthitis.
(f) Otitis media.
(g) Any other ear condition that results in a person not being able to perform as a fire fighter.
3-4 Dental.
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3-4.1
Category A medical conditions shall include:
(a) None.
3-4.2*
Category B medical conditions shall include:
(a) Diseases of the jaws or associated tissues.
(b) Orthodontic appliances.
(c) Oral tissues, extensive loss.
(d) Relationship between the mandible and maxilla that precludes satisfactory postorthodontic
replacement or ability to use protective equipment.
(e) Any other dental condition that results in a person not being able to perform as a fire
fighter.
3-5 Nose, Oropharynx, Trachea, Esophagus, and Larynx.
3-5.1*
Category A medical conditions shall include:
(a) Tracheostomy.
(b) Aphonia.
(c) Anosmia.
3-5.2*
Category B medical conditions shall include:
(a) Congenital or acquired deformity.
(b) Allergic respiratory disorder.
(c) Sinusitis, recurrent.
(d) Dysphonia.
(e) Any other nose, oropharynx, trachea, esophagus, or larynx condition that results in a person
not being able to perform as a fire fighter or to communicate effectively.
3-6 Lungs and Chest Wall.
3-6.1*
Category A medical conditions shall include:
(a) Suppurative disease of lung or pleural space.
3-6.2*
Category B medical conditions shall include:
(a) Lobectomy.
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(b) Bronchial asthma.
(c) History of bronchiectasis, bronchitis, fibrous pleuritis, fibrosis, cystic disease, tuberculous,
or mycotic disease of the lung.
(d) Pneumothorax.
(e) Any other pulmonary or chest wall condition that results in a person not being able to
perform as a fire fighter.
3-7 Heart and Vascular System.
3-7.1 Heart.
3-7.1.1* Category A medical conditions shall include:
(a) Current angina pectoris.
(b) Left bundle branch block or second degree Type II atrioventricular block.
(c) Myocardial insufficiency.
(d) Acute pericarditis, endocarditis, or myocarditis. Chronic pericarditis, endocarditis with
resultant significant valvular lesions, or myocarditis leading to myocardial insufficiency or
excludable arrhythmias.
(e) History of myocardial infarction, coronary artery bypass, or coronary angioplasty.
(f) Cardiac pacemaker.
(g) Recurrent syncope.
3-7.1.2* Category B medical conditions shall include:
(a) Significant valvular lesions of the heart including prosthetic valves.
(b) Coronary artery disease.
(c) Atrial tachycardia, flutter, or fibrillation.
(d) Third degree atrioventricular block.
(e) Ventricular tachycardia.
(f) Hypertrophy of the heart.
(g) Recurrent paroxysmal tachycardia.
(h) History of a congenital abnormality.
(i) Any other cardiac condition that results in a person not being able to perform as a fire
fighter.
3-7.2 Vascular System.
3-7.2.1* Category A medical conditions shall include:
(a) Congenital or acquired lesions of the aorta or major vessels.
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(b) Marked circulatory instability as indicated by orthostatic hypotension, persistent
tachycardia, and severe peripheral vasomotor disturbances.
(c) Aneurysm of the heart or major vessel, congenital or acquired.
3-7.2.2* Category B medical conditions shall include:
(a) Hypertension.
(b) Peripheral vascular disease such as Raynaud’s phenomenon.
(c) Recurrent thrombophlebitis.
(d) Chronic lymphedema due to lymphopathy or severe venous valvular incompetency.
(e) Any other vascular condition that results in a person not being able to perform as a fire
fighter.
3-8 Abdominal Organs and Gastrointestinal System.
3-8.1*
Category A medical conditions shall include:
(a) Chronic active hepatitis.
3-8.2*
Category B medical conditions shall include:
(a) Cholecystitis.
(b) Gastritis.
(c) Hemorrhoids.
(d) Acute hepatitis.
(e) Hernia.
(f) Inflammatory bowel disease.
(g) Intestinal obstruction.
(h) Pancreatitis.
(i) Resection, bowel.
(j) Ulcer, gastrointestinal.
(k) Cirrhosis, hepatic or biliary.
(l) Any other gastrointestinal condition that results in a person not being able to perform the
duties of fire fighter.
3-9 Genitourinary System.
3-9.1 Reproductive
.
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3-9.1.1 Category A medical conditions shall include:
(a) None.
3-9.1.2* Category B medical conditions shall include:
(a) Pregnancy, for its duration.
(b) Dysmenorrhea.
(c) Endometriosis, ovarian cysts, or other gynecologic conditions.
(d) Testicular or epididymal mass.
(e) Any other genital condition that results in a person not being able to perform as a fire
fighter.
3-9.2 Urinary System
.
3-9.2.1 Category A medical conditions shall include:
(a) None.
3-9.2.2* Category B medical conditions shall include:
(a) Diseases of the kidney.
(b) Diseases of the ureter, bladder, or prostate.
(c) Any other urinary condition that results in a person not being able to perform as a fire
fighter.
3-10 Spine, Scapulae, Ribs, and Sacroiliac Joints.
3-10.1
Category A medical conditions shall include:
(a) None.
3-10.2*
Category B medical conditions shall include:
(a) Arthritis.
(b) Structural abnormality, fracture, or dislocation.
(c) Nucleus pulposus, herniation of or history of laminectomy.
(d) Any other spinal condition that results in a person not being able to perform as a fire
fighter.
3-11 Extremities.
3-11.1
Category A medical conditions shall include:
(a) None.
Copyright 1996 NFPA

3-11.2*
Category B medical conditions shall include:
(a) Limitation of motion of a joint.
(b) Amputation or deformity of a joint or limb.
(c) Dislocation of a joint.
(d) Joint reconstruction, ligamentous instability, or joint replacement.
(e) Chronic osteoarthritis or traumatic arthritis.
(f) Inflammatory arthritis.
(g) Any other extremity condition that results in a person not being able to perform as a fire
fighter.
3-12 Neurological Disorders.
3-12.1*
Category A medical conditions shall include:
(a) Ataxias of heredo-degenerative type.
(b) Cerebral arteriosclerosis as evidenced by documented episodes of neurological impairment.
(c) Multiple sclerosis with activity or evidence of progression within previous three years.
(d) Progressive muscular dystrophy or atrophy.
(e) All seizure disorders to include psychomotor, focal, petit mal, or grand mal seizures other
than for those with complete control during previous five years, normal neurological
examination, and definitive statement from qualified neurological specialist.
3-12.2*
Category B medical conditions shall include:
(a) Congenital malformations.
(b) Migraine.
(c) Clinical disorders with paresis, paralysis, dyscoordination, deformity, abnormal motor
activity, abnormality of sensation, or complaint of pain.
(d) Subarachnoid or intracerebral hemorrhage.
(e) Abnormalities from recent head injury such as severe cerebral contusion or concussion.
(f) Any other neurological condition that results in a person not being able to perform as a fire
fighter.
3-13 Skin.
3-13.1
Category A medical conditions shall include:
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(a) None.
3-13.2*
Category B medical conditions shall include:
(a) Acne or inflammatory skin disease.
(b) Eczema.
(c) Any other dermatologic condition that results in the person not being able to perform as a
fire fighter.
3-14 Blood and Blood-Forming Organs.
3-14.1*
Category A medical conditions shall include:
(a) Hemorrhagic states requiring replacement therapy.
(b) Sickle cell disease (homozygous).
3-14.2*
Category B medical conditions shall include:
(a) Anemia.
(b) Leukopenia.
(c) Polycythemia vera.
(d) Splenomegaly.
(e) History of thromboembolic disease.
(f) Any other hematological condition that results in a person not being able to perform as a
fire fighter.
3-15 Endocrine and Metabolic Disorders.
3-15.1
Category A medical conditions shall include:
(a) None.
3-15.2*
Category B medical conditions shall include:
(a) Diseases of the adrenal gland, pituitary gland, parathyroid gland, or thyroid gland of
clinical significance.
(b) Nutritional deficiency disease or metabolic disorder.
(c) Diabetes mellitus.
(d) Any other endocrine or metabolic condition that results in a person not being able to
perform as a fire fighter.
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3-16 Systemic Diseases and Miscellaneous Conditions.
3-16.1
Category A medical conditions shall include:
(a) None.
3-16.2*
Category B medical conditions shall include:
(a) Connective tissue disease, such as dermatomyositis, lupus erythematosus, scleroderma, and
rheumatoid arthritis.
(b) Residuals from past thermal injury.
(c) Documented evidence of a predisposition to heat stress with recurrent episodes or resulting
residual injury.
(d) Any other systemic condition that results in a person not being able to perform as a fire
fighter.
3-17 Tumors and Malignant Diseases.
3-17.1
Category A medical conditions shall include:
(a) None.
3-17.2*
Category B medical conditions shall include:
(a) Malignant disease that is newly diagnosed, untreated, or currently being treated. Candidates
shall be subject to the provisions of 2-3.5 of this standard. Current fire fighters shall be subject to
the provisions of 2-4.4 of this standard.
(b) Treated malignant disease shall be evaluated based on that person’s current physical
condition and on the likelihood of that person’s disease to recur or progress.
(c) Any other tumor or similar condition that results in a person not being able to perform as a
fire fighter.
3-18 Psychiatric Conditions.
3-18.1
Category A medical conditions shall include:
(a) None.
3-18.2*
Category B medical conditions shall include:
(a) A history of psychiatric condition or substance abuse problem shall be evaluated based on
that person’s current condition.
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(b) Any other psychiatric condition that results in a person not being able to perform as a fire
fighter.
3-19 Chemicals, Drugs, and Medications.
3-19.1
Category A medical conditions shall include:
(a) None.
3-19.2*
Category B medical conditions shall include the use of:
(a) Anticoagulant agents.
(b) Cardiovascular agents.
(c) Narcotics.
(d) Sedative-hypnotics.
(e) Stimulants.
(f) Psychoactive agents.
(g) Steroids.
(h) Any other chemical, drug, or medication that results in a person not being able to perform
as a fire fighter.
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-4 Approved.
The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations or procedures, equipment or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations which is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-4 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner
since jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety
is primary, the “authority having jurisdiction” may be a federal, state, local or other regional
department or individual such as a fire chief, fire marshal, chief of a fire prevention bureau, labor
department, health department, building official, electrical inspector, or others having statutory
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authority. For insurance purposes, an insurance inspection department, rating bureau, or other
insurance company representative may be the “authority having jurisdiction.” In many
circumstances the property owner or his designated agent assumes the role of the “authority
having jurisdiction”; at government installations, the commanding officer or departmental
official may be the “authority having jurisdiction.”
A-1-4 Candidate.
In an employment context, the Americans With Disabilities Act (discussed in further detail in
Appendix D) requires that any medical examination to be conducted take place after an offer of
employment is made and prior to the commencement of duties. Therefore, in the employment
context, the definition of “candidate” should be applied so as to be consistent with that
requirement.
Volunteer fire fighters have been deemed to be “employees” in some states or jurisdictions.
Volunteer fire departments should seek legal counsel as to their legal responsibilities in these
matters.
A-1-4 Fire Fighter.
See Appendix C.
A-2-1.1
See Appendix D.
A-2-1.5
Exposures and medical conditions that should be reported if they can interfere with the ability
of the individual to perform as a fire fighter include but are not limited to the following:
(a) Exposures to hazardous materials or toxic substances.
(b) Exposure to infectious or contagious diseases.
(c) Illness or injury.
(d) Use of prescription or nonprescription drugs.
(e) Pregnancy.
A-2-2.1
See Section D-2 in Appendix D.
A-2-2.2
See Appendix B.
A-2-2.3
See Section B-2 in Appendix B and Appendix C.
A-2-3
See Section B-3 in Appendix B.
A-2-3.4
See Section D -1 in Appendix D.
A-2-4
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See Section B-3 in Appendix B.
A-2-4.1.4 See Appendix B.
A-2-4.3
See Section D-1 in Appendix D.
A-2-5.3
See Section D-1 in Appendix D.
A-Chapter 3 The medical conditions listed are organized by organ system. With the listing of a
condition, a diagnostic example is often included to help the examiner understand the type of
condition that might result in rejection or acceptance. In addition, the rationale for the exclusion
is presented in terms of the affect of the medical condition on the capability of the person to
perform as a fire fighter.
A-3-1.1.2 Category B medical conditions:
(a) Deformities of the skull such as depressions or exostoses (e.g., of a degree that interferes
with the use of protective equipment). [Inability to properly wear protective equipment.]
(b) Deformities of the skull associated with evidence of disease of the brain, spinal cord, or
peripheral nerves. [Potential for sudden incapacitation; inability to properly wear protective
equipment; inability to communicate effectively due to oropharyngeal dysfunction.]
(c) Loss or congenital absence of the bony substance of the skull (e.g., if associated with
disease interfering with performance or if appropriate protection cannot be provided for area
without interfering with protective equipment, vision). [Inability to properly wear protective
equipment; inability to communicate effectively due to oropharyngeal dysfunction.]
(d) Any other head condition that results in a person not being able to perform as a fire fighter.
A-3-1.2.2 Category B medical conditions:
(a) Thoracic outlet syndrome (e.g., symptomatic). [Frequent episodes of pain or inability to
perform work.]
(b) Congenital cysts, chronic draining fistulas, or similar lesion (e.g., if lesion or underlying
disease interferes with performance). [Inability to properly wear protective equipment; inability
to communicate effectively due to oropharyngeal dysfunction.]
(c) Contraction of neck muscles (e.g., if it interferes with wearing of protective equipment or
ability to perform duties). [Inability to properly wear protective equipment; inability to perform
functions as a fire fighter due to limitation of flexibility.]
(d) Any other neck condition that results in a person not being able to perform as a fire fighter.
A-3-2.1
Category A medical conditions:
(a) Far visual acuity. Far visual acuity shall be at least 20/30 binocular corrected with contact
lenses or spectacles. Far visual acuity uncorrected shall be at least 20/100 binocular for wearers
of hard contacts or spectacles. Successful long-term soft contact lens wearers (i.e., six months
without a problem) are not subject to the uncorrected standard. [Failure to have adequate visual
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acuity to read placards and street signs or see and respond to imminently hazardous situations.]
(b) Peripheral vision. Visual field performance without correction shall be 140 degrees in the
horizontal meridian in each eye. (Fire fighter must not have just monocular vision.) [Failure to
have adequate visual acuity to read placards and street signs or see and respond to imminently
hazardous situations.]
A-3-2.2
Category B medical conditions:
(a) Color vision inadequate to identify red, green, and yellow colors. [Inability to identify red,
green, or yellow; to read hazardous materials placards and traffic control signs and signals, other
color coded markings, warning signs, labels, or placards; or see and respond to imminently
hazardous situations.]
(b) Diseases of the eye such as retinal detachment, progressive retinopathy, or optic neuritis
(i.e., severe or progressive). [Failure to have adequate visual acuity to read placards and street
signs or see and respond to imminently hazardous situations.]
(c) Ophthalmological procedures such as radial keratotomy, repair of retinal detachment.
Sufficient time (i.e., six months) must have passed to allow stabilization of visual acuity and to
ensure that there are no postsurgical complications. [Failure to have adequate visual acuity to
read placards and street signs or see and respond to imminently hazardous situations.]
(d) Any other eye condition that results in a person not being able to perform as a fire fighter.
A-3-3.1
Category A medical conditions:
(a) Hearing deficit in pure tone thresholds in the unaided worst ear:
(1) Greater than 25 dB in three of the four frequencies:
(i) 500 Hz,
(ii) 1000 Hz,
(iii) 2000 Hz,
(iv) 3000 Hz.
(2) Greater than 30 dB in any one of the three frequencies:
(i) 500 Hz,
(ii) 1000 Hz,
(iii) 2000 Hz; and an average greater than 30 dB
for the four frequencies:
(i) 500 Hz,
(ii) 1000 Hz,
(iii) 2000 Hz,
(iv) 3000 Hz.
[Inability to hear sounds of low intensity or to distinguish voice from background noise, leading
to failure to respond to imminently hazardous situations.]
A-3-3.2
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Category B medical conditions:
(a) Auditory canal—atresia, severe stenosis, or tumor. [Inability to hear sounds of low
intensity or to distinguish voice from background noise, leading to failure to respond to
imminently hazardous situations.]
(b) Severe external otitis (e.g., recurrent loss of hearing). [Inability to hear sounds of low
intensity or to distinguish voice from background noise, leading to failure to respond to
imminently hazardous situations.]
(c) Auricle, severe agenesis, or traumatic deformity (e.g., interferes with ability to wear
protective equipment or with hearing acuity). [Inability to properly wear protective equipment;
inability to hear sounds of low intensity or to distinguish voice from background noise, leading
to failure to respond to imminently hazardous situations.]
(d) Mastoid, severe mastoiditis or surgical deformity. [Inability to properly wear protective
equipment; inability to hear sounds of low intensity or to distinguish voice from background
noise, leading to failure to respond to imminently hazardous situations.]
(e) Meniere’s syndrome or labyrinthitis (e.g., severe). [Potential for sudden incapacitation;
inability to perform job functions due to limitations of balance.]
(f) Otitis media (e.g., chronic). [Frequent episodes of pain or inability to perform work;
inability to hear sounds of low intensity or to distinguish voice from background noise, leading
to failure to respond to imminently hazardous situations.]
(g) Any other ear condition that results in a person not being able to perform as a fire fighter.
A-3-4.2
Category B medical conditions:
(a) Diseases of the jaws or associated tissues (e.g., incapacitating or preclude ability to use
protective equipment). [Inability to properly wear protective equipment.]
(b) Orthodontic appliances (e.g., precluding ability to use protective equipment). [Inability to
properly wear protective equipment.]
(c) Oral tissues, extensive loss (e.g., precludes satisfactory postorthodontic replacement or
ability to use protective equipment). [Inability to properly wear protective equipment; inability to
communicate effectively due to oropharyngeal dysfunction.]
(d) Relationship between the mandible and maxilla that precludes satisfactory postorthodontic
replacement or ability to use protective equipment. [Inability to properly wear protective
equipment; inability to communicate effectively due to oropharyngeal dysfunction.]
(e) Any other dental condition that results in a person not being able to perform as a fire
fighter.
A-3-5.1
Category A medical conditions:
(a) Tracheostomy. [Inability to properly wear protective equipment; inability to perform job
functions due to limitations of endurance; inability to communicate effectively due to
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oropharyngeal dysfunction.]
(b) Aphonia, regardless of cause. [Inability to communicate effectively due to oropharyngeal
dysfunction.]
(c) Anosmia. [Inability to smell smoke or hazardous materials resulting in failure to respond to
imminently hazardous situation.]
A-3-5.2
Category B medical conditions:
(a) Congenital or acquired deformity (e.g., interferes with the ability to use protective
equipment). [Inability to properly wear protective equipment.]
(b) Allergic respiratory disorder (e.g., not controlled). [Frequent episodes of pain or inability to
perform work; inability to perform functions as a fire fighter due to limitations of endurance.]
(c) Sinusitis, recurrent (e.g., severe requiring repeated hospitalizations or impairment).
[Frequent episodes of pain or inability to perform work.]
(d) Dysphonia, severe. [Inability to communicate effectively due to oropharyngeal
dysfunction.]
(e) Any other nose, oropharynx, trachea, esophagus, or larynx condition that results in a person
not being able to perform as a fire fighter or to communicate effectively.
A-3-6.1
Category A medical conditions:
(a) Suppurative disease of lung or pleural space (e.g., chronic abscess of lung, bronchiectasis,
or empyema). [Inability to perform functions as a fire fighter due to limitations of endurance.]
A-3-6.2
Category B medical conditions:
(a) Lobectomy (e.g., medical examination or pulmonary function testing that indicates
significant impairment). [Inability to perform functions as a fire fighter due to limitations of
strength or endurance.]
(b) Bronchial asthma (e.g., frequent medication use or symptoms caused by exposures to
exertion, heat and cold, or products of combustion and other irritant inhalation). [Frequent
episodes of pain or inability to perform work; potential for sudden incapacitation; inability to
perform functions as a fire fighter due to limitations of endurance.]
(c) History of bronchiectasis, bronchitis, fibrous pleuritis, fibrosis, cystic disease, tuberculous,
or mycotic disease of the lung (e.g., significant residual impairment of pulmonary function or
requiring frequent therapy). [Frequent episodes of pain or inability to perform work; inability to
perform functions as a fire fighter due to limitations of endurance.]
(d) Pneumothorax (e.g., history of recurrent spontaneous pneumothorax). [Potential for sudden
incapacitation; inability to perform job functions due to limitations of endurance.]
(e) Any other pulmonary or chest wall condition that results in a person not being able to
perform as a fire fighter.
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A-3-7.1.1 Category A medical conditions:
(a) Current angina pectoris. [Frequent episodes of pain or inability to perform work;
progressive illness leading to functional impairment; potential for sudden incapacitation.]
(b) Left bundle branch block or second degree Type II artioventricular block. [Potential for
sudden incapacitation.]
(c) Myocardial insufficiency (e.g., congestive circulatory failure, cardiac decompensation).
[Frequent episodes of pain or inability to perform work; progressive illness leading to functional
impairment; potential for sudden incapacitation.]
(d) Acute pericarditis, endocarditis, or myocarditis. Chronic pericarditis, endocarditis with
resultant significant valvular lesions, or myocarditis leading to myocardial insufficiency or
excludable arrhythmias. [Frequent episodes of pain or inability to perform work.]
(e) History of myocardial infarction, coronary artery bypass, or coronary angioplasty.
[Progressive illness leading to functional impairment; potential for sudden incapacitation.]
(f) Cardiac pacemaker. [Potential for sudden incapacitation.]
(g) Recurrent syncope. [Potential for sudden incapacitation.]
A-3-7.1.2 Category B medical conditions:
(a) Significant valvular lesions of the heart including prosthetic valves (e.g., risk of sudden
incapacitation, bleeding due to anti-coagulant therapy, or impaired exercise tolerance; mitral
valve prolapse without significant symptoms or simple presence of aortic bicuspid valve would
not exclude an individual). [Potential for sudden incapacitation.]
(b) Coronary artery disease (e.g., asymptomatic, documented significant coronary artery
disease). [Frequent episodes of pain or inability to perform work; progressive illness leading to
functional impairment; potential for sudden incapacitation.]
(c) Atrial tachycardia, flutter, or fibrillation (e.g., acute or recurrent even with treatment).
[Potential for sudden incapacitation.]
(d) Third-degree artioventricular block (e.g., disqualification unless exercise can be performed
with an adequate heart rate response). [Frequent episodes of pain or inability to perform work;
potential for sudden incapacitation.]
(e) Ventricular tachycardia. [Potential for sudden incapacitation; inability to perform job
functions due to limitations of strength or endurance.]
(f) Hypertrophy of the heart (e.g., likely to lead to congestive heart failure). [Potential for
sudden incapacitation; inability to perform job functions due to limitations of endurance.]
(g) Recurrent paroxysmal tachycardia. [Potential for sudden incapacitation; inability to
perform job functions due to limitations of strength or endurance.]
(h) History of a congenital abnormality that has been treated by surgery but with residual
complications or that has not been treated by surgery leaving residuals or complications.
[Frequent episodes of pain or inability to perform work; potential for sudden incapacitation.]
(i) Any other cardiac condition that results in a person not being able to perform as a fire
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fighter.
A-3-7.2.1 Category A medical conditions:
(a) Congenital or acquired lesions of the aorta and major vessels (e.g., syphilitic aortitis,
demonstrable atherosclerosis that interferes with circulation, and congenital or acquired
dilatation of the aorta). [Potential for sudden incapacitation; inability to perform functions of a
fire fighter due to limitations of endurance.]
(b) Marked circulatory instability as indicated by orthostatic hypotension, persistent
tachycardia, and severe peripheral vasomotor disturbances. [Inability to perform functions as a
fire fighter due to limitations of endurance; inability to perform functions of a fire fighter due to
limitations of balance.]
(c) Aneurysm of the heart or major vessel, congenital or acquired. [Frequent episodes of pain
or inability to perform work; potential for sudden incapacitation.]
A-3-7.2.2 Category B medical conditions:
(a) Hypertension (e.g., uncontrolled or poorly controlled, with evidence of significant
end-organ damage, or requiring medication likely to interfere with performance of duties).
[Progressive illness leading to functional impairment; potential for sudden incapacitation.]
(b) Peripheral vascular disease such as Raynaud’s phenomenon (e.g., interferes with
performance of duties or makes the individual likely to have significant risk of severe injury).
[Frequent episodes of pain or inability to perform work; inability to perform functions as a fire
fighter due to limitations of endurance.]
(c) Recurrent thrombophlebitis. [Frequent episodes of pain or inability to perform work;
inability to perform functions as a fire fighter due to limitations of endurance.]
(d) Chronic lymphedema due to lymphopathy or severe venous valvular incompetency.
[Inability to perform functions as a fire fighter due to limitations of endurance.]
(e) Any other vascular condition that results in a person not being able to perform as a fire
fighter.
A-3-8.1
Category A medical conditions:
(a) Chronic, active hepatitis. [Frequent episodes of pain or inability to perform work.]
A-3-8.2
Category B medical conditions:
(a) Cholecystitis (e.g., frequent pain due to stones, infection). [Frequent episodes of pain or
inability to perform work.]
(b) Gastritis (e.g., recurrent pain and impairment). [Frequent episodes of pain or inability to
perform work.]
(c) Hemorrhoids (e.g., severe symptoms leading to impairment). [Frequent episodes of pain or
inability to perform work.]
(d) Acute hepatitis (e.g., until resolution of acute hepatitis as determined by clinical
Copyright 1996 NFPA

examination and appropriate laboratory testing). [Frequent episodes of pain or inability to
perform work.]
(e) Hernia (e.g., unrepaired inguinal or abdominal hernia that could obstruct during duty).
[Potential for sudden incapacitation.]
(f) Inflammatory bowel disease (e.g., disabling pain or diarrhea). [Frequent episodes of pain or
inability to perform work; progressive illness leading to functional impairment.]
(g) Intestinal obstruction (e.g., recent obstruction with impairment). [Frequent episodes of pain
or inability to perform work; potential for sudden incapacitation.]
(h) Pancreatitis (e.g., chronic or recurrent with impairment). [Frequent episodes of pain or
inability to perform work.]
(i) Resection, bowel (e.g., if frequent diarrhea precludes performance of duty). [Frequent
episodes of pain or inability to perform work.]
(j) Ulcer, gastrointestinal (e.g., symptoms uncontrolled by drugs or surgery). [Frequent
episodes of pain or inability to perform work.]
(k) Cirrhosis, hepatic or biliary (e.g., symptomatic or danger of bleeding). [Frequent episodes
of pain or inability to perform work.]
(l) Any other gastrointestinal condition that results in a person not being able to perform as a
fire fighter.
A-3-9.1.2 Category B medical conditions:
(a) Pregnancy. [Frequent episodes of pain or inability to perform work; progressive inability to
perform work due to limitations of endurance, flexibility, or strength; inability to properly wear
protective equipment.] See Section B-4, Reproductive.
(b) Dysmenorrhea (e.g., leading to recurrent incapacitation). [Frequent episodes of pain or
inability to perform work.]
(c) Endometriosis, ovarian cysts, or other gynecologic conditions (e.g., severe leading to
recurrent incapacitation). [Frequent episodes of pain or inability to perform work.]
(d) Testicular or epididymal mass (e.g., requires medical evaluation). [Frequent episodes of
pain or inability to perform work; progressive illness leading to functional impairment.]
(e) Any other genital condition that results in a person not being able to perform as a fire
fighter.
A-3-9.2.2 Category B medical conditions:
(a) Diseases of the kidney (e.g., requiring dialysis). [Frequent episodes of pain or inability to
perform work; progressive illness leading to functional impairment.]
(b) Diseases of the ureter, bladder, or prostate (e.g., requiring frequent or prolonged treatment).
[Frequent episodes of pain or inability to perform work.]
(c) Any other urinary condition that results in a person not being able to perform as a fire
fighter.
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A-3-10.2
Category B medical conditions:
(a) Arthritis (e.g., progressive impairment or limitation of movement). [Progressive illness
leading to functional impairment; inability to perform functions as a fire fighter due to
limitations of endurance or flexibility.]
(b) Structural abnormality, fracture, or dislocation (e.g., progressive or recurrent impairment).
[Progressive illness leading to functional impairment; inability to perform functions as a fire
fighter due to limitations of strength or flexibility.]
(c) Nucleus pulposus, herniation of or history of laminectomy (e.g., if symptomatic within last
three years). [Progressive illness leading to functional impairment; inability to properly wear
protective equipment.]
(d) Any other spinal condition that results in a person not being able to perform as a fire
fighter.
A-3-11.2
Category B medical conditions:
(a) Limitation of motion of a joint of a degree to interfere with successful and safe
performance of fire fighting duties. [Inability to perform functions as a fire fighter due to
limitation of flexibility.]
(b) Amputation or deformity of a joint or limb of a degree to interfere with successful and safe
performance of fire fighting duties. [Inability to perform functions as a fire fighter due to
limitations of strength; inability to perform functions as a fire fighter due to limitations of
balance.]
(c) Dislocation of a joint (e.g., recurrent or with residual limitation of motion of a degree to
interfere with successful and safe performance of fire fighting duties; successful surgery for
recurrent shoulder dislocation if range of motion is intact would not exclude a person.) [Inability
to perform functions as a fire fighter due to limitations of strength or flexibility.]
(d) Joint reconstruction, ligamentous instability, or joint replacement (e.g., recurrent or with
residual limitation of motion of a degree to interfere with successful and safe performance of fire
fighting duties; surgery for a torn anterior cruciate ligament may disqualify if quadriceps
strength is not normal or if the knee is lax or develops pain or swelling when stressed.) [Inability
to perform functions as a fire fighter due to limitations of strength or flexibility.]
(e) Chronic osteoarthritis or traumatic arthritis (e.g., recurrent exacerbations leading to
impairment). [Frequent episodes of pain or inability to perform work; inability to perform
functions as a fire fighter due to limitations of strength, endurance, or flexibility.]
(f) Inflammatory arthritis (e.g., severe recurrent or progressive illness or with deformity or
limitation of range of motion of a degree to interfere with successful and safe performance of fire
fighting duties). [Frequent episodes of pain or inability to perform work; inability to perform
functions as a fire fighter due to limitations of strength, endurance, or flexibility.]
(g) Any other extremity condition that results in a person not being able to perform the duties
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of fire fighter.
A-3-12.1
Category A medical conditions:
(a) Ataxias of heredo-degenerative type. [Inability to perform functions as a fire fighter due to
limitations of balance.]
(b) Cerebral arteriosclerosis as evidenced by documented episodes of neurological impairment.
[Inability to perform functions as a fire fighter due to limitations of strength; inability to perform
functions due to limitations of balance.]
(c) Multiple sclerosis with activity or evidence of progression within previous three years.
[Inability to perform functions as a fire fighter due to limitations of strength or flexibility.]
(d) Progressive muscular dystrophy or atrophy. [Inability to perform functions due to
limitations of strength; inability to perform functions as a fire fighter due to limitations of
balance.]
(e) All seizure disorders to include psychomotor, focal, petit mal, or grand mal seizures except
for those with complete control during previous five years, normal neurological examination,
and definitive statement from qualified neurological specialist. [Potential for sudden
incapacitation.]
A-3-12.2
Category B medical conditions:
(a) Congenital malformations (e.g., severe vascular malformations that interfere with ability to
wear protective equipment). [Inability to properly wear protective equipment.]
(b) Migraine (e.g., recurrent with impairment not controlled). [Frequent episodes of pain or
inability to perform work.]
(c) Clinical disorders with paresis, paralysis, dyscoordination, deformity, abnormal motor
activity, abnormality of sensation, or complaint of pain (e.g., progressive or severe). [Progressive
illness leading to functional impairment; inability to perform functions as a fire fighter due to
limitations of strength, flexibility, or balance.]
(d) Subarachnoid or intracerebral hemmorhage, verified either clinically or by laboratory
studies, except for those corrected with verification by laboratory studies and report of treating
physician. [Progressive illness leading to functional impairment; potential for sudden
incapacitation.]
(e) Abnormalities from recent head injury such as severe cerebral contusion or concussion.
[Potential for sudden incapacitation.]
(f) Any other neurological condition that results in a person not being able to perform as a fire
fighter.
A-3-13.2
Category B medical conditions:
(a) Acne or inflammatory skin disease (e.g., if condition precludes good fit of protective
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equipment such as SCBA face piece or prevents shaving). [Inability to properly wear protective
equipment.]
(b) Eczema (e.g., if broken skin results in impairment from infections or pain or interferes with
seal between skin and personal protective equipment). [Frequent episodes of pain or inability to
perform work.]
(c) Any other dermatologic condition that results in the person not being able to perform as a
fire fighter.
A-3-14.1
Category A medical conditions:
(a) Hemorrhagic states requiring replacement therapy (e.g., von Willebrand’s disease,
thrombocytopenia, hemophilia). [Frequent episodes of pain or inability to perform work.]
(b) Sickle cell disease (homozygous). [Frequent episodes of pain or inability to perform work;
potential for sudden incapacitation.]
A-3-14.2
Category B medical conditions:
(a) Anemia (e.g., requiring regular transfusions). [Frequent episodes of pain or inability to
perform work; progressive illness leading to functional impairment.]
(b) Leukopenia (e.g., chronic, indicative of serious illness). [Progressive illness leading to
functional impairment.]
(c) Polycythemia vera (e.g., severe, requiring treatment). [Frequent episodes of pain or
inability to perform work; potential for sudden incapacitation.]
(d) Splenomegaly (e.g., susceptible to rupture from blunt trauma). [Potential for sudden
incapacitation.]
(e) History of thromboembolic disease (e.g., more than one episode, underlying condition).
[Potential for sudden incapacitation.]
(f) Any other hematological condition that results in a person not being able to perform as a
fire fighter.
A-3-15.2
Category B medical conditions:
(a) Diseases of the adrenal gland, pituitary gland, parathyroid gland, or thyroid gland of
clinical significance (e.g., symptomatic, poorly controlled). [Frequent episodes of pain or
inability to perform work; potential for sudden incapacitation.]
(b) Nutritional deficiency disease or metabolic disorder (e.g., clinically significant and not
correctable by replacement therapy or other medication). [Frequent episodes of pain or inability
to perform work.]
(c) Diabetes mellitus (e.g., poorly controlled or untreated or significant risk of developing
hypoglycemic episodes). [Frequent episodes of pain or inability to perform work; progressive
illness leading to functional impairment; potential for sudden incapacitation.]
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(d) Any other endocrine or metabolic condition that results in a person not being able to
perform as a fire fighter.
A-3-16.2
Category B medical conditions:
(a) Connective tissue disease, such as dermatomyositis, lupus erythematosus, scleroderma, and
rheumatoid arthritis (e.g., when manifested by systemic impairment or limitations of motion).
[Progressive illness leading to functional impairment; inability to perform functions as a fire
fighter due to limitations of strength or flexibility.]
(b) Residuals from past thermal injury (e.g., frost bite resulting in significant symptomatic
discomfort). [Inability to perform functions as a fire fighter due to limitations of strength,
endurance, or flexibility.]
(c) Documented evidence of a predisposition to heat stress with recurrent episodes or resulting
residual injury. [Potential for sudden incapacitation; inability to perform functions as a fire
fighter due to limitations of endurance.]
(d) Any other systemic condition that results in a person not being able to perform as a fire
fighter.
A-3-17.2
Category B medical conditions:
(a) The medical evaluation of any person with malignant disease that is newly diagnosed,
untreated, or currently being treated will be deferred.
(b) Any person with treated malignant disease should be evaluated based on that person’s
current physical condition and on the likelihood of that person’s disease to recur or progress.
(c) Any other tumor or similar condition that results in a person not being able to perform as a
fire fighter.
A-3-18.2
Category B medical conditions:
(a) Any person with a history of a psychiatric condition or substance abuse problem shall be
evaluated based on that person’s current condition. [Frequent episodes of pain or inability to
perform work; progressive illness leading to functional impairment; potential for sudden
incapacitation.]
(b) Any other psychiatric condition that results in a person not being able to perform as a fire
fighter.
A-3-19.2
Category B medical conditions:
(a) Anticoagulant agents (e.g., coumadin). [Frequent episodes of pain or inability to perform
work; potential for sudden incapacitation.]
(b) Cardiovascular agents (e.g., antihypertensives). [Frequent episodes of pain or inability to
perform work; potential for sudden incapacitation.]
Copyright 1996 NFPA

(c) Narcotics. [Frequent episodes of pain or inability to perform work; potential for sudden
incapacitation.]
(d) Sedative-hypnotics. [Frequent episodes of pain or inability to perform work; potential for
sudden incapacitation.]
(e) Stimulants. [Frequent episodes of pain or inability to perform work; potential for sudden
incapacitation.]
(f) Psychoactive agents. [Frequent episodes of pain or inability to perform work; potential for
sudden incapacitation.]
(g) Steroids. [Frequent episodes of pain or inability to perform work.]
(h) Any other chemical, drug, or medication that results in a person not being able to perform
as a fire fighter.
Appendix B Guide for Fire Department Physicians
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
B-1 Introduction.
This information is designed to help physicians implement the requirements of this standard.
The appendix includes sections on the occupational health risks for fire fighters, organization of
a medical program for fire fighters, guidance for conducting the examinations, and further
information on medical conditions that might cause difficulties when implementing this
standard.
The medical conditions outlined in Chapter 2 apply to individuals conducting essential fire
fighting functions. (See Appendix C.) The application of these guidelines to individuals with
other fire department jobs requires a careful consideration of the job duties of these other
individuals and medical conditions that might affect a person’s ability to conduct those duties.
B-2 Occupational Safety and Health Problems for Fire Fighters.
Fire fighting and emergency response are very difficult jobs. People in these jobs must perform
functions that are physically and psychologically very demanding. These functions must often be
performed under very difficult conditions. (See Appendix C.) Studies have shown that fire
fighting functions require working at near maximal heart rates for prolonged periods of time.
Heavy protective equipment (including respirators) and the heat from the fire contribute to this
physical load.
Fire fighters and emergency response personnel also are exposed to many toxic substances
during their work. Carbon monoxide is the most common contaminant; studies have shown
individual exposures as high as 5000 ppm in actual fires. Other significant exposures common in
fires include cyanide, acrolein, hydrogen chloride, nitrogen dioxide, and benzene. The burning of
plastics and other synthetic materials may expose fire fighters to other toxic materials such as
isocyanates and nitrosamines. Hazardous materials incidents may involve exposures to many
other toxic materials. While the use of respirators helps to reduce exposures, mechanical,
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environmental, and behavioral factors may limit their use during all phases of a fire.
The available health data on fire fighters are limited. While the protection for fire fighters has
improved over the last several years, exposures may be changing due to the introduction of more
synthetic materials. Given the delay between exposure and onset of many occupational illnesses
(i.e., latency), current or past health studies of fire fighters may not reflect future health risks.
These limitations should be recognized when reviewing the available studies.
Available data indicate that fire fighters have increased risk for injuries, pulmonary disease,
cardiovascular disease, cancer, and noise-induced hearing loss. The increased risk for injuries is
expected, given the demands and circumstances for this work. Fatalities and serious injuries
from burns or other fire scene hazards may occur.
The risk for respiratory disease occurs due to the respiratory damage caused by many of the
components of fire smoke (particulate, acrolein, nitrogen oxides, etc.). Acute reductions in
pulmonary function and even hypoxemia are not uncommon after fires, even in asymptomatic
fire fighters. Permanent damage from smoke inhalation has also been reported. Studies of
chronic pulmonary changes from fire fighting have not had consistent results. Some follow-up
studies have shown a greater rate of decline in pulmonary function among fire fighters over time
while others have not been able to detect this change. Increased use of protective equipment and
job selection factors (ill fire fighters transferring to other duties) may account for these
inconsistent findings.
The strenuous work demands of fire fighting combined with exposures to carbon monoxide
and other toxic substances may increase the risk for cardiovascular disease among fire fighters.
Acute respiratory changes also may stress the cardiovascular system. This increased
cardiovascular disease risk has been documented even in some mortality studies despite the job
selection factors that tend to mask any increase when compared to the general population. Other
studies have not detected this risk. Certainly, the combination of the physical stress of fire
fighting and exposures for a person with preexisting coronary heart disease would be expected to
increase the risk of a myocardial infarction or other acute event. However, the degree of this
acute risk and whether fire fighting also contributes to the development of coronary heart disease
is uncertain.
Increased cancer risk for fire fighters has been found in several recent studies. While not
totally consistent, these studies generally show an increased risk of brain cancer, gastrointestinal
cancers, and leukemia among fire fighters in many different parts of the world. Increased
incidence of other cancer sites has also been shown in some studies. Several studies are currently
underway to further evaluate this risk.
Noise-induced hearing loss has now been documented in several studies of fire fighters. Fire
fighters may also be at risk from other specific exposures including infectious diseases and liver,
kidney, or neurological damage from exposure to specific chemicals.
B-3 Guidance for Medical Evaluations.
B-3.1 Preplacement and Base Line Medical Evaluations.
Preplacement medical evaluations assess an individual’s health status before assignment to a
position. The purpose of the evaluation is to ascertain whether the individual has any health
condition that prevents him or her from performing the job, including the ability to wear
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protective equipment required for the job. The evaluation should also identify any health
problems that could be substantially aggravated by the physical demands and working
conditions. Base line medical information concerning the applicant’s health status can then be
compared to subsequent evaluation results for the purpose of determining whether the individual
has any significant health trends that may be occupationally related.
Two types of information are essential for a medical preplacement evaluation for those
performing fire fighter duties. First, the physician must understand the working conditions and
physical demands of this occupation. Appendix C provides a list of the environment encountered
in fire fighting and emergency response. The physician should also obtain additional information
from the fire department such as specific job duties and task lists if the fire department has
conducted a validation study or job analysis and should be familiar with the organization of the
fire department. For the evaluation of some medical conditions, the physician will need to obtain
further information about specific job duties in order to make a determination. This may require
on-site inspections and consultation with fire department personnel.
Secondly, the physician needs to have accurate information about the person’s disease or
medical condition, the functional limitations associated with that condition, and an
understanding of how physical demands and working conditions would impact on that condition.
An accurate diagnosis is often the key factor in determining the person’s capability. For
example, different skin diseases may have similar clinical appearances but may markedly differ
in their response to environmental exposures. The physician must also recognize that individual
variability may exist between persons with the same clinical condition.
Upon completion of the examination, the physician should inform the authority having
jurisdiction if the applicant is medically qualified to perform as a fire fighter.
B-3.2 Periodic Medical Evaluations.
The periodic medical evaluation is designed to evaluate the person’s continued ability to
perform their duties and to detect any other significant changes in the condition of their health.
The latter includes possible job-related changes or abnormalities.
Every year, each fire fighter will be medically evaluated by the fire department physician. This
medical evaluation includes an update on the fire fighter’s medical history, including any
significant changes, a brief review of symptoms, and a report on any significant job-related
exposures experienced during the past year. Height, weight, visual acuity, and blood pressure are
measured and recorded. The extent of the medical evaluation and additional testing will depend
on the fire fighter’s medical condition.
A more thorough evaluation, including a medical examination, is conducted on a periodic
basis. For individuals less than 30 years of age, the medical evaluation and examination is
conducted every three years; for those 30 to 39, every two years; and for those 40 or over, every
year. This evaluation should include an updated medical and interval history, complete physical
examination, vision testing, audiometry, pulmonary function testing, and a CBC, urinalysis, and
blood biochemistry (SMA).
The use of chest X-rays in surveillance activities in the absence of significant exposures,
symptoms, or medical findings has not been shown to reduce respiratory or other health
impairment. Therefore, only preplacement chest X-rays are recommended.
No firm guidelines for stress electrocardiography in asymptomatic individuals have been
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developed. There have been problems with false positive results from this testing, especially in
younger age groups. In those with one or more risk factors for coronary artery disease, there may
be more justification for performing the testing. At this time, stress tests may be considered on
an individual basis depending on age (over 40) and the presence of coronary artery disease risk
factors (premature family history [less than 55], hypertension, diabetes mellitus, cigarette
smoking, and hypercholesterolemia [total cholesterol greater than 240 or HDL cholesterol less
than 35]). Testing can also be done as indicated for those with symptoms suggestive of coronary
artery disease as reported in their yearly medical histories or interim reports.
B-3.3 Content of the Medical Evaluation.
B-3.3.1 Medical and Occupational History. The medical history should cover the person’s
known health problems, such as major illnesses, surgeries, medication use, allergies, etc.
Symptom review is also important for detecting early signs of illness. In addition, a
comprehensive medical history should include a personal health history, a family health history,
a health habit history, an immunization history, and a reproductive history. An occupational
history should also be obtained to collect information about the person’s past occupational and
environmental exposures.
B-3.3.2 Medical Examination. The medical examination includes the following organ systems:
(a) Vital signs: Pulse, respirations, blood pressure, and, if indicated, temperature.
(b) Dermatological system.
(c) Ears, eyes, nose, mouth, throat.
(d) Cardiovascular system.
(e) Respiratory system.
(f) Gastrointestinal system.
(g) Genitourinary system.
(h) Endocrine and metabolic systems.
(i) Musculoskeletal system.
(j) Neurological system.
(k) Audiometry.
(l) Visual acuity and peripheral vision testing.
(m) Pulmonary function testing.
(n) Laboratory testing, if indicated.
(o) Diagnostic imaging, if indicated.
(p) Electrocardiography, if indicated.
B-3-3.2.1 Laboratory Tests. Base line CBC, biochemical test battery (SMA), and urinalysis
should be conducted for detecting specific illnesses as well as developing a base line for later
comparison.
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B-3-3.2.2 X-Rays. A base line chest X-ray may be helpful for individuals with a history of
respiratory health problems or symptoms. For others, it may be useful for later comparison.
B-3-3.2.3 Pulmonary Function Testing. Pulmonary function testing may be helpful for
individuals with a history of respiratory health problems and as a base line for later comparison.
A base line test should be administered by an experienced person. Only a spirogram that is
technically acceptable and demonstrates the best efforts by an individual should be used to
calculate the forced vital capacity (FVC) and forced expiratory volume in one second (FEV1).
B-3-3.2.4 Audiometry. Audiograms should be performed in an ANSI-approved “soundproof”
booth (ANSI S3.1-1977) with equipment calibrated to ANSI standards (ANSI S3.6-1973). If a
booth is unavailable, the test room sound pressure levels should not exceed those specified in the
federal OSHA noise regulations (29 CFR 1910.95).
B-3-3.2.5 Electrocardiography. Base line electrocardiography should be conducted.
B-3.4 Reporting the Results of the Medical Evaluation.
All individuals participating in a medical evaluation should be informed ahead of time about
the purpose of the medical evaluation and the content of the exam. The results of any medical
evaluation are considered to be confidential medical information subject to customary
patient-physician confidentiality restrictions. Under most circumstances, results and
recommendations arising from the evaluation should be expressed in general terms without
specific diagnostic information. In cases where more specific information is needed in order to
make a decision on the status of a candidate or fire fighter, a specific consent form releasing that
information should be obtained from the candidate or fire fighter. Blanket or general “release of
medical information” forms should not be used.
In most cases, a simple statement will suffice:
Based on the results of the preplacement medical evaluation of December 10, 1990, Jane
Doe is (or is NOT) medically certified to engage in training and emergency operations
for Anytown Fire Department.
OR
Based on the results of the preplacement medical evaluation of December 10, 1990, John
Doe is NOT medically certified to engage in training and emergency operations for
Anytown Fire Department. He has been advised of the medical reasons for this
recommendation and of the policies and procedures available to him if he disagrees with
the results of the medical evaluation.
B-3.5 Second Opinions.
Fire department policies and procedures should allow for a medical “second opinion” when a
candidate or fire fighter disagrees with the results or recommendations of a medical examination
conducted by the fire department physician or when the fire department physician is uncertain
about the limitations or prognosis of the individual’s condition. Often other physicians will not
be familiar with the duties and demands of fire fighting and emergency response. When possible,
the fire department physician should help educate the other physician about how the individual’s
condition may affect or be affected by fire fighting. If there is still disagreement about the
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condition or placement recommendation, a third physician (acceptable to both the fire
department and the candidate) may be consulted.
B-4 Specific Medical Conditions.
B-4.1 Diabetes.
The term insulin-dependent diabetes as used here applies to an individual whose disease
course is characterized by an absolute need for insulin with a tendency toward ketoacidosis or
marked hyperglycemia and insulin-induced hypoglycemia. The latter condition is the major
concern, as an individual who becomes hypoglycemic during a fire or other emergency response
could endanger themselves, other fire fighters, or the public. The best predictor for the
occurrence of a hypoglycemic episode in a diabetic is a history of a previous episode. On the
other hand, the occasional individual treated with insulin for what would normally be considered
maturity-onset diabetes (Type II) may be considered if there has been a documented stable
course without a history of hypoglycemic episodes and where ongoing monitoring is assured.
B-4.2 Asthma.
Asthma and asthma-like conditions are characterized by variable and often rapidly fluctuating
airways obstruction, cough, and sputum production. Conditions encountered in fire fighting
(irritants, hot/cold air inhalation, and heavy exertion) may trigger asthmatic attacks in some
individuals. However, asthmatics with a stable history of symptoms (i.e., only after respiratory
infections or exposure to usually avoidable allergens) may not have attacks triggered by fire
fighting. For a current fire fighter with preexisting or new onset asthma, their past response to
fire fighting episodes may provide guidance on their ability to continue to work. It should be
noted that exposure to products of combustion and other irritants may cause acute airways
obstruction in many individuals without asthma. Therefore, the mere presence of some airways
obstruction after a fire does not necessarily indicate that an asthmatic condition exists.
B-4.3 Coronary Artery Disease.
Due to the high prevalence of this condition and the changing diagnostic technology, this
category may cause difficulty. Most individuals with coronary artery disease should not be doing
fire fighting tasks. An example of an acceptable person with coronary artery disease would be an
asymptomatic individual with insignificant coronary artery disease (less than 70 percent
obstruction of any coronary artery) with normal left ventricular function and no evidence of
myocardial ischemia at maximal exercise tolerance as determined by Thallium imaging,
echocardiography, or a comparable technique.
B-4.4 Reproductive.
Exposures in the fire fighting environment may cause adverse reproductive effects for both
males and females. Medical evidence exists to indicate that chemical exposure, heat, noise, and
physical exertion may affect various endpoints of reproductive health including fertility, fetal
loss, and growth parameters of the offspring. All candidates and fire fighters should be educated
about these risks and about the need to take appropriate steps to limit their exposures. There also
may be some situations where a male or female fire fighter is attempting to conceive a child and
is having difficulty. In these situations, where a complete medical evaluation has not identified
another cause for this infertility, temporary assignment on a voluntary basis to alternative duty or
a leave of absence should be considered.
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Medical evidence exists that certain toxic substances or conditions that are present in the fire
fighting environment are dangerous to the safety and well-being of the fetus. Therefore, it is
important to educate all fire fighters about these risks and the reasons for recommending that
pregnant fire fighters restrict their fire suppression activities. For example, there is good
evidence that the fetus is especially sensitive to carbon monoxide, a known significant
component of fire smoke. Although the use of SCBA is assumed to be protective, sometimes
such equipment is not used throughout a fire suppression or hazardous materials incident. The
use of such equipment also increases other fetal stressors, such as exertion and heat. Other
concerns are those involving physical work. Prolonged standing, heavy lifting, and exposures to
temperature extremes and humidity have been related to an increase of preterm and low birth
weight infants. Because the fetus should be protected from these exposures at the earliest
possible time, the fire fighter who may be pregnant should obtain early pregnancy testing.
Recognizing potential risks to the fetus from the fire fighting environment is a relatively recent
event, and many fire fighters may not be aware of these risks.
Based on a recent U.S. Supreme Court decision (International Union, et al. v. Johnson
Controls, Inc., 59 U.S.L.W. 4209, March 20, 1991), the ability to perform as a fire fighter is to
be the basis for the medical certification without consideration of health risks to the fetus.
However, the pregnant fire fighter should be counseled of the potential risks to her fetus due to
her exposures during fire fighting duties.
Any fire fighter who becomes pregnant should be offered the opportunity at any time during
the pregnancy to be voluntarily removed from fire fighting duties and from other duties
involving the hazards or physical stress that might endanger the fetus. If practical, the fire fighter
should be offered voluntarily reassignment to an alternative position. At such time as the
pregnant fire fighter can no longer be medically certified as being capable of performing fire
fighting duties, the fire fighter should be reassigned to other duties. At such time as the fire
fighter is no longer pregnant, the fire fighter should be reinstated to the position held prior to
being pregnant. Nursing fire fighters should also be advised about the potential exposures to
their infants.
B-4.5 Noise-Induced Hearing Loss.
This category may pose difficulties because a high percentage of current fire fighters have
noise-induced hearing loss due to their exposures as fire fighters. Implementation of hearing
conservation programs and programs to reduce noise exposures should lead to a decrease in the
prevalence of this condition in the future.
Appendix C Essential Fire Fighting Functions
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
The medical requirements in this standard were based on in-depth consideration of essential
fire fighting functions. These essential functions are what fire fighters are expected to perform at
emergency incidents and are derived from the performance objectives stated in NFPA 1001,
Standard for Fire Fighter Professional Qualifications.
Such essential functions are performed in and affected by the following environmental factors:
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(a) Operate both as a member of a team and independently at incidents of uncertain duration.
(b) Spend extensive time outside exposed to the elements.
(c) Tolerate extreme fluctuations in temperature while performing duties. Must perform
physically demanding work in hot (up to 400°F), humid (up to 100%) atmospheres while
wearing equipment that significantly impairs body-cooling mechanisms.
(d) Experience frequent transition from hot to cold and from humid to dry atmospheres.
(e) Work in wet, icy, or muddy areas.
(f) Perform a variety of tasks on slippery, hazardous surfaces such as on rooftops or from
ladders.
(g) Work in areas where sustaining traumatic or thermal injuries is possible.
(h) Face exposure to carcinogenic dusts such as asbestos, toxic substances such as hydrogen
cyanide, acids, carbon monoxide, or organic solvents either through inhalation or skin contact.
(i) Face exposure to infectious agents such as hepatitis B or HIV.
(j) Wear personal protective equipment that weighs approximately 50 pounds while
performing fire fighting tasks.
(k) Perform physically demanding work while wearing positive pressure breathing equipment
with 1.5 inches of water column resistance to exhalation at a flow of 40 liters per minute.
(l) Perform complex tasks during life-threatening emergencies.
(m) Work for long periods of time, requiring sustained physical activity and intense
concentration.
(n) Face life or death decisions during emergency conditions.
(o) Be exposed to grotesque sights and smells associated with major trauma and burn victims.
(p) Make rapid transitions from rest to near maximal exertion without warm-up periods.
(q) Operate in environments of high noise, poor visibility, limited mobility, at heights, and in
enclosed or confined spaces.
(r) Use manual and power tools in the performance of duties.
(s) Rely on senses of sight, hearing, smell, and touch to help determine the nature of the
emergency, maintain personal safety, and make critical decisions in a confused, chaotic, and
potentially life-threatening environment throughout the duration of the operation.
Appendix D Guide for Fire Department Administrators
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
D-1 Legal Considerations in Applying the Standard.
The consideration of an application or continued employment of a fire fighter based on
Copyright 1996 NFPA

medical or physical performance evaluations involves a determination that is not without legal
implications. To this end, prior to making an adverse employment decision based on the
foregoing standard, the authority with jurisdiction may wish to consult with counsel.
(a) Individuals with Handicaps or Disabilities. The Rehabilitation Act of 1973, as amended, 29
U.S.C. 791 et seq., and implementing regulations, prohibit discrimination against those with
handicaps or disabilities under any program receiving financial assistance from the federal
government. The Americans with Disabilities Act of 1990, Pub. L. 101-336, to become effective
in July 1992, will also prohibit employment discrimination by certain private employers against
individuals with disabilities.* In addition, many states have enacted legislation prohibiting
dis-crimination against those with handicaps or disabilities. These laws prevent the exclusion,
denial of benefits, refusal to hire or promote, or other discriminatory conduct against an
individual based on a handicap or disability, where the individual involved can, with or without
reasonable accommodation, perform the essential functions of the job without creating undue
hardship on the employer or program involved. Application of this standard should be
undertaken with these issues in mind.
____________
*Under Section 101 of the Americans with Disabilities Act of 1990, an “employer” is defined, generally, to include
those persons with “15 or more employees for each working day in each of 20 or more calendar weeks in the current
or preceding calendar year.” However, for the first two years after enactment in July 1992, a phase-in period
increases the “15 or more employees” threshold to “25 or more employees.”

The medical requirements of this standard have been shown to be job-related by a committee
comprised of medical doctors, physiological specialists, and fire service professionals, as
processed through the NFPA consensus standards-making system. The standard provides, to the
extent feasible, that decisions concerning those with medical ailments, handicaps, or disabilities
be made after case-by-case medical evaluations.
The medical requirements in this standard were developed based on the fire fighting functions
contained in Appendix C. Prior to use, therefore, appropriate measures should be taken to ensure
that the fire fighting functions performed in the local jurisdiction are substantially similar to
those contained in Appendix C.
(b) Individuals Who Are Members of Protected Classes (Race, Sex, Color, Religion, or
National Origin). Title VII of the Civil Rights Act of 1964, as amended, 42 U.S.C. 2000e, and
implementing regulations by the Equal Employment Opportunity Commission prohibit
discrimination in employment on the basis of race, sex, color, religion, or national origin (i.e.,
protected classes).** Additionally, many states, cities, and localities have adopted similar
legislation. Generally, physical performance or other requirements that result in “adverse
impact” on members of a protected class (e.g., on the basis of gender) are required to be
validated through a study in accordance with EEOC guidelines, if such requirements are to be
relied on in making employment decisions. Under EEOC guidelines, a study validating
employment standards in one jurisdiction may be transportable to another jurisdiction (and
therefore used in lieu of conducting a separate study). However, specific preconditions must be
met in this regard, and the authority having jurisdiction should seek the advice of counsel before
relying on a transported validation study.
____________
**Under Title VII, an “employer” is defined, generally, to mean a person with “15 or more employees for each
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working day in each of 20 or more calendar weeks in the current or preceding calendar year.” See 42 U.S.C. 2000e.
Several federal jurisdictions have held that unpaid volunteers are not considered to be “employees” under Title VII.

(c) Pregnancy and Reproductive. Federal regulations, as well as many court decisions
(including the U.S. Supreme Court’s decision in International Union, et al. v. Johnson Controls,
Inc., 59 U.S.L.W. 4209, March 20, 1991), have interpreted the requirements of Title VII with
respect to pregnancy and reproduction. The authority having jurisdiction should seek the advice
of counsel in resolving specific questions concerning these requirements as well as other
requirements that may be imposed by state or local laws.
D-2 Choosing a Fire Department Physician.
Several factors should be considered in choosing a fire department physician. There are
relatively few physicians with formal residency training and certification in occupational
medicine. Therefore, physicians with other specialties need to be considered. The background
and experience of the physician should be considered. Knowledge of occupational medicine and
experience with occupational health programs obviously would be helpful.
The physician must be committed to meeting the requirements of the program including
appropriate record keeping. Their willingness to work with the department to continually
improve the program is also important. Finally, their concern and interest in the program and in
the individuals in the department is vital.
There are many options for obtaining physician services. They could be paid on a service basis
or through a contractual arrangement. For volunteer departments, local physicians may be
willing to volunteer their services for the program with additional arrangements to pay for
laboratory testing, X-rays, etc. Some departments may want to utilize a local health care facility
for their care. However, in that case, the department should be sure to have one individual
physician responsible for the program, record keeping, etc.
D-3 Coordinating the Medical Evaluation Program.
An individual from within the department should be assigned the responsibility for managing
the health and fitness program, including the coordination and scheduling of evaluations and
examinations. This person should also act as liaison between the department and the physician to
make sure that each has the information necessary for decisions about placement, scheduling
appointments, etc.
Confidentiality of all medical data is critical to the success of the program. Members must feel
assured that the information provided to the physician will not be inappropriately shared. No fire
department supervisor or manager should have access to medical records without the express
written consent of the member. There are occasions when specific medical information is needed
to make a decision about placement, return to work, etc., and a fire department manager must
have more medical information. In that situation, written medical consent should be obtained
from the individual to release the specific information necessary for that decision.
Budgetary constraints may affect the medical program. Therefore, it is important that
components of the program be prioritized such that essential elements are not lost. With
additional funding, other programs or testing can be added to enhance the program.
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Chapter 1 Introduction
1-1 Scope.
This recommended practice establishes minimum criteria for disaster management for the
private and public sectors in the development of a program for effective disaster mitigation,
preparedness, response, and recovery.
1-2* Purpose.
The purpose of this recommended practice is to provide to those with the responsibility for
disaster management planning, the minimum process to assess, mitigate, prepare for, respond to,
and recover from disasters. This recommended practice is intended to aid in meeting the
requirements for implementing and maintaining a comprehensive disaster management plan.
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Figure 1-2 Disaster management planning.

This flow chart outlines the key steps in disaster management planning.
1-3 Definitions.
Damage Assessment. The post-incident appraisal or determination of the actual effects on
human, physical, economic, and natural resources.
Entity. A governmental agency or jurisdiction, private or public company, partnership,
nonprofit organization, or similar organization that has disaster management responsibilities.
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Hazard Identification. The process of identifying situations or conditions that have the
potential of causing injury to people, damage to property, or damage to the environment.
Impact Analysis. A pre-incident study to estimate the effect that specific incidents can have on
an entity’s operations or activities.
Incident Command System (ICS). The combination of facilities, equipment, personnel,
procedures, and communications operating within a common organizational structure with
responsibility for the management of assigned resources to effectively accomplish stated
objectives pertaining to an incident as described in the document, Incident Command System.
Mass Care. The temporary housing, feeding, and care of populations displaced by a disaster.
Mitigation. Activities taken to eliminate or reduce the degree of risk to life and property from
hazards, either prior to or following a disaster.
Mutual Aid Agreement. A pre-arranged agreement developed between two or more entities to
render assistance to the parties of the agreement.
Needs Assessment. The identification of resources needed to restore vital functions.
Personnel Accountability. Constant awareness of the location and function of all personnel
who are within controlled access areas.
Preparedness. Activities, programs, and systems developed prior to a disaster that are used to
support and enhance mitigation of, response to, and recovery from disasters.
Recovery. Activities and programs designed to return the entity to an acceptable condition.
Response. Activities designed to address the immediate and short-term effects of the disaster.
Risk Assessment. An assessment of the likelihood, vulnerability, and magnitude of incidents
that could result from exposure to hazards.
Situation Analysis. The post-incident process of evaluating the severity and consequences of
an incident and communicating the results. This includes needs assessment and damage
assessment.
Sheltering in Place. Having personnel remain in a building or seek shelter in lieu of
evacuation.
Should. Indicates a recommendation or that which is advised but not required.
Chapter 2 Organization and Documentation
2-1 Policy.
2-1.1
Every entity should have a written policy statement that clearly reflects its commitment to
disaster management.
2-1.2*
The policy statement should include a statement of purpose that defines the intent and
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objectives of the policy, and a statement of responsibility that identifies the individual or
individuals responsible for the development, administration, and execution of the policy.
2-2* Disaster Management Coordinator.
A coordinator should be appointed and authorized by the entity with the responsibility to
develop, implement, and administer the disaster management program.
2-3* Disaster Management Committee.
2-3.1*
The disaster management committee should be established by the entity in accordance with the
policy statement. The committee should include the disaster management coordinator and others
having the appropriate expertise and knowledge of the organization and authority to commit
resources from all key functional areas within the entity and external agency representatives as
appropriate.
2-3.2*
The committee should ensure the preparation, implementation, evaluation, and currency of the
disaster management program.
2-4* The Disaster Management Plan.
2-4.1
The disaster management program should be documented in the disaster management plan.
The plan should be a formal, written document.
2-4.2
Copies of the disaster management plan should be distributed to agencies, departments, and
employees having responsibilities designated in the plan.
2-4.3
A record should be kept of all holders of the disaster management plan and a system
implemented for issuing all changes or revisions.
2-5 Approval and Coordination.
The disaster management plan should be approved by the entity through a formal, documented
approval process, and coordinated with participating agencies and organizations.
2-6 Legislation, Regulations, and Industry Codes of Practice.
The disaster management program should comply with applicable legislation, regulations, and
industry codes of practice.
Chapter 3 Assessment and Mitigation
3-1 Hazard Identification and Risk Assessment.
3-1.1*
A hazard identification and risk assessment should be conducted. This should identify
potential hazards and their likelihood of causing an incident. The risk assessment should quantify
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or qualify the effects or consequences of an incident on the entity and the surrounding area.
3-1.2*
The hazard identification should determine credible disaster scenarios. The risk assessment
should develop for each scenario estimates of the likelihood of occurrence and the range of the
following effects and consequences:
(a) Health and safety of persons in the affected area at the time of the incident (injury and
death).
(b) Health and safety of personnel responding to the incident.
(c) Property and infrastructure damage.
(d) Shutdown of facilities and interruption to services.
(e) Environmental impact.
(f) Economic impact.
3-1.3*
Risk assessments should employ techniques appropriate to the type of hazard involved.
3-1.4
The hazard identification and risk assessment should be documented.
3-1.5
The hazard identification and risk assessment should be reviewed and updated on a scheduled
basis and as operational or organizational changes occur.
3-2 Mitigation.
3-2.1
A mitigation plan should be developed and implemented.
3-2.1.1 The mitigation plan should establish interim and long-term actions to eliminate hazards,
or to reduce the effects of those hazards that cannot be eliminated.
3-2.1.2 The mitigation plan should be based upon the results of the hazard identification and risk
assessment and disaster experience.
3-2.2
As a minimum, the mitigation plan should consider the following strategies:
(a) Remove or eliminate the hazard.
(b) Reduce or limit the amount or size of the hazard.
(c) Segregate the hazard from that which is to be protected.
(d) Reduce the likelihood of a hazard occuring.
(e) Modify the basic characteristics of the hazard.
(f) Control the rate of release of the hazard.
(g) Establish hazard warning and communication procedures.
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(h) Conduct training and education.
Chapter 4 Preparedness
4-1 Organization Roles and Responsibilities.
4-1.1
The internal and external agencies, departments, and individuals with responsibilities during
the assessment and mitigation, preparedness, response, and recovery phases should be identified
and documented.
4-1.2
Lines of authority for those agencies, departments, and individuals operating within the phases
identified in 4-1.1 should be identified and documented.
4-1.3
The Incident Command System (ICS) should be the basis for incident management.
4-1.3.1* The specific entity roles, titles, and responsibilities should be identified for each ICS
function.
4-1.4
A mechanism should be identified to determine the level of implementation of the ICS
according to the magnitude of the incident and the capabilities of the entity.
4-2 Resources.
4-2.1*
A resource needs and availability assessment for each credible disaster scenario should be
conducted.
4-2.1.1 A resource inventory should be maintained and kept current.
4-2.2
The resource needs and availability assessment should include personnel, equipment, facilities,
and materials.
4-2.3
The resource needs and availability assessment should address voluntary donations.
4-2.4*
To evaluate resource use and availability, the following should be considered: quantity;
response time; capability; limitations; cost; and liability connected with using the involved
resources.
4-2.5
A method should be established for resource coordination and integration among responding
agencies, departments, and individuals.
4-2.6*
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The need for mutual aid should be determined and agreements established.
4-2.6.1* Mutual aid agreements, whether written or verbal, should be referenced in the disaster
management plan.
Chapter 5 Response
5-1 Notification and Activation.
Procedures should be established for:
(a) Processing emergency calls or information.
(b) Activation of disaster management plan.
(c) Notification of personnel who have disaster management duties.
(d) Mobilization and demobilization of resources.
(e) Continuity of management.
5-2* Communications.
Communications procedures in support of disaster management should be established.
5-3* Public Information.
Procedures to disseminate and respond to requests for pre-disaster, disaster, and post-disaster
information involving employees, responders, the public, and the media should be established.
5-4 Evacuation and Sheltering in Place.
Procedures to authorize, initiate, and accomplish evacuation or sheltering in place should be
established.
5-5* Personnel Identification and Accountability.
Procedures should be established for:
(a) Control of access to the area affected by the disaster.
(b) Identification of personnel engaged in activities at the incident.
(c) Accountability of personnel engaged in incident activities.
5-6 Mass Care.
Procedures for providing mass care to populations affected by the disaster should be
established.
5-7* Disaster Health Services.
Procedures to provide for the mental health and physical well-being of individuals affected by
the disaster should be established.
5-8* Fatality Management.
Procedures to recover, identify, and safeguard remains should be established.
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Chapter 6 Recovery
6-1 Goals and Objectives.
6-1.1
A pre-incident impact analysis should be conducted in order to establish goals and objectives
for short- and long-term recovery.
6-1.1.1 The impact analysis should utilize the hazard identification and risk assessment identified
in Section 3-1.
6-1.1.2 The impact analysis should consider, but not be limited to:
(a) Economic impact.
(b) Regulatory and contractual requirements.
(c) Health and safety.
(d) Environmental impact.
(e) Good will.
6-1.2
Recovery goals and objectives should be established.
6-1.2.1 Short-term goals and objectives should consider, but not be limited to:
(a) Identified vital systems and operations.
(b) Priorities for reinstatement.
(c) Maximum acceptable down-time before reinstatement to a minimum level.
(d) Minimum resources needed to accomplish the reinstatement.
6-1.2.2* Long-term recovery goals and objectives should consider, but not be limited to:
(a) Strategic planning.
(b) Management and coordination of activities.
(c) Funding and fiscal management.
(d) Management of volunteer, contractual, and entity resources.
(e) Opportunities for mitigation.
6-2 Tasks and Responsibilities.
6-2.1
Recovery tasks and responsibilities should be identified for agencies, departments, and
individuals in order to achieve short- and long-term goals and objectives identified in Section
6-1.
6-2.1.1 Recovery tasks and responsibilities should include, but not be limited to:
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(a) Organization and staffing.
(b) Vital records recovery and restoration.
(c) Resource procurement.
(d) Restoration of utility services.
(e) Recordkeeping and documentation.
(f) Public and employee information.
(g) Entity, agency, and community coordination.
(h) Debris and waste removal.
(i) Restoration and salvage.
(j) Population reunification.
(k) Identification of sources and obtaining funding.
(l) Continuity of management.
6-3 Post-Incident Situation Analysis.
6-3.1
Procedures for conducting a situation analysis, which includes a needs assessment and a
damage assessment, should be established.
6-3.1.1 The results of the post-incident situation analysis should be used to determine the scope
of tasks and responsibilities identified in 6-2.1.1.
6-4 Integration of Response and Recovery.
Procedures should be established for maintaining the continuity of response activities that must
continue into the recovery phase, and integrating these activities with those tasks and
responsibilities identified in 6-2.1.1, 4-1.3, and 4-1.4.
Chapter 7 Training and Evaluation
7-1
A training program should be established for agencies, departments, and individuals identified
in the disaster management plan to fulfill their roles and responsibilities.
7-2
All elements of the disaster management plan should be evaluated on a regular basis to
validate that the plan is current and effective. Evaluation should include, but not be limited to:
drills, exercises, tests, periodic reviews, and post-incident reports.
7-3
Procedures should be established to revise the disaster management plan as a result of
evaluation.
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Chapter 8 Referenced Publications
The following documents or portions thereof are referenced within this recommended practice
and should be considered part of the recommendations of this document. The edition indicated
for each reference is the current edition as of the date of the NFPA issuance of this document.
Incident Command System, ISBM 0-87939-051-4, First edition, 10/83, Fire Protection
Publications, Oklahoma State University, Stillwater, OK 74078.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-2
The terminology “disaster management” will mean different things to different entities. The
definition of disaster includes a component of judgment regarding whether the scale or effect of
an event is a disaster rather than a more routine emergency.
A-2-1.2(a) Sample Corporate/Company Policy Statement.
SUBJECT: Disaster Management
I. Purpose and Scope.
It is ____________’s policy to conduct its operations with the highest regard for the safety and
health of its employees and the public and for the protection and preservation of property and the
environment. ________________’s Disaster Management Program is a coordinated function
encompassing the areas of safety and health, fire protection, environmental control, security,
training, public affairs, communications, quality control maintenance, and operations. The
program provides an effective state of readiness to respond to, prepare for, mitigate, and recover
from a range of credible or potential emergencies/disasters at its facilities. Such capability is
considered a fundamental responsibility of this_____________________.
Disaster management procedures provide a clear, concise description of the overall emergency
response organization. They designate responsibilities, demonstrate interface between
organizations, and describe notification procedures necessary to cope with all aspects of
disasters. Planning documents are available containing detailed program requirements.
II. General Data.
Disaster management encompasses the areas of personnel training, acquisition of resources,
and the evaluating and testing of plans and procedures to mitigate and prepare for credible
disasters. Should a disaster occur, the disaster management plan provides for effective response
and rapid recovery.
Effective response includes those actions in areas such as warning, personnel safety, property
protection, security, and restoration taken to prevent or minimize the effects of a disaster. Once a
disaster has occurred, every effort will be taken to safely ameliorate the situation. Facility
response plans provide for the implementation of disaster management requirements.
Chief Executive Officer _______________________
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A-2-1.2(b) Sample Public Sector Policy Statement.
Government at all levels has the responsibility to plan for and respond to disasters resulting
from hazards that are known to threaten the jurisdiction. In view of this fact, the City has
established a Disaster Management Program to provide overall planning and coordination for
emergencies. The Disaster Management Coordinator is the (insert title), and duties are further
delegated to department directors and the Disaster Management Committee.
Disasters may require the City government to operate in a manner different from normal
day-to-day routines and may seriously overextend City resources. This Disaster Management
Plan provides specific guidance to City departments during disasters. The Plan will also serve as
an indicator of City capability; if the City is unable to provide adequate coverage for a particular
resource or potential hazard, alternate sources or contingency plans shall be developed within
political and budgetary constraints.
The accomplishment of disaster management goals and objectives depends on the development
and maintenance of competent program staff, adequate funding, and on the familiarization of
other City personnel with their disaster responsibilities and this Plan. It is hereby directed that
review of this Plan and overall disaster responsibilities by all City department directors and the
Disaster Management Committee be accomplished prior to July 1, annually, or as indicated
through Plan activation or exercise. Thorough familiarity with this Plan will result in the
efficient and effective execution of disaster responsibilities, and in better service to the citizens.
Government entities complying with this plan shall not be liable for injury, death, or loss of
property except in cases of willful misconduct or gross negligence.
A-2-2
For the purposes of this document, where the committee has identified disaster management
coordinator or disaster management committee, it is not the committee’s intent to restrict users to
these exact titles. It is the function and responsibilities that are important, not the titles.
A-2-3
See A-2-2.
A-2-3.1
It is recognized that different entities use various forms and names for their planning
committees that perform the functions identified in the recommended practice (e.g., disaster
management committee, local emergency planning committee, planning advisory committee,
emergency steering committee, integrated emergency management committee, or disaster
management council, to name only a few).
Members of the disaster management committee should be appointed with the clear
understanding that the appointment is long term and the objective is to minimize turnover of
committee members so as to maintain as consistent and effective a committee as possible.
Within the private sector, representatives may be drawn from plant operations, maintenance,
engineering, personnel, public relations, environment, legal, finance, risk management, health
and safety, security, and fire fighting/rescue. Within the public sector, representatives may be
drawn from police, fire, ambulance, engineering, public works, environmental protection, public
health, finance, education, emergency management, legal, and other agencies, such as airport and
port authorities and the military (including the National Guard). When determining the
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representation on the committee, consideration should given to having public sector
representation on a private sector committee and vice versa. This will help to establish a
coordinated and cooperative approach to disaster management.
A-2-3.2
A disaster management plan is a dynamic document that is continually impacted by various
internal and external factors. It should be evaluated through a regular program of tests, drills, and
exercises to ensure that affected personnel are knowledgeable and proficient with their tasks
under the plan.
The plan should be reviewed annually and updated as necessary. It should also be re-evaluated
when any of the following occur:
(a) Regulatory changes,
(b) New hazards are identified or existing hazards change,
(c) Resources or organizational structures change,
(d) After tests, drills, or exercises,
(e) After disaster responses,
(f) Infrastructure changes,
(g) Funding or budget level changes.
A-2-4
See A-2-2.
A-3-1.1
A complete hazard analysis will identify the range of possible risks that might impact the
entity and or surrounding area. The system should address, and the entity should be prepared to
manage, disasters from the least to most serious within the identified range.
The hazard identification and risk assessment will determine “what” can occur, “when” (how
often) it is likely to occur, and “how bad” the effects could be. For certain of the hazards
identified, it will be determined after this preliminary analysis that it is not necessary to carry out
a full analysis. These are hazards for which no further action is required.
The hazard identification and risk assessment should include, but are not limited to, the
following types of potential hazards:
(a) Natural Events
1. Drought
2. Fire (forest, range, urban)
3. Avalanche
4. Snow/Ice/Hail
5. Tsunami
6. Windstorm/Tropical Storm
7. Hurricane/Typhoon
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8. Biological
9. Extreme Heat/Cold
10. Flood/Wind Driven Water
11. Earthquakes/Land Shifts
12. Volcanic Eruption
13. Tornado/Cyclone
14. Landslide/Mudslide
15. Dust/Sand Storms
16. Lightning Storm.
(b) Technological/Industrial Events
1. Hazardous Material Releases
2. Explosions/Fire
3. Transportation Accidents
4. Building/Structure Collapse
5. Power/Utility Failure
6. Extreme Air Pollution
7. Radiological Accidents
8. Dam/Levee Failure
9. Fuel/Resource Shortages
10. Strikes
11. Business Interruption
12. Financial Collapse.
(c) Civil/Political Events
1. Economic
2. General Strike
3. Terrorism
4. Sabotage
5. Hostage Situation(s)
6. Civil Unrest
7. Eco-Terrorism
8. Enemy Attack.
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A-3-1.2
A credible disaster scenario is a broad description of a potential event that can impact an
entity. The scenario is not a rigid sequence of events requiring a complete risk assessment for
each potential sequence.
The term scenario implies that the entity will consider impacts external to its area of influence
that can impact the entity’s ability to cope with a disaster.
One example is a hurricane that impacts several states. The specific hazard to the entity may
be flooding; however, the greater community impact in the scenario can involve a complete
disruption of all emergency services. This description will influence the severity in the risk
assessment outlined in A-3-1.3(b).
A-3-1.3(a) Risk Assessment Methodologies. There are a number of methodologies and
techniques for risk assessment. These include, but are not limited to:
(a) What-if.
(b) Check list.
(c) What-if check list.
(d) Hazop, hazard, and operability studies.
(e) Failure modes and effect analysis.
(f) Fault tree.
(g) Failure-logic diagrams.
(h) Dow and mond indices.
(i) Event tree analysis.
(j) Human reliability analysis.
(k) Capability and hazard identification program for local governments.
A-3-1.3(b) Risk Assessment Code Matrix. This section contains only one among many
approaches to hazard analysis. The Risk Assessment Coding Matrix is used to determine and
express the risk assessment and the effectiveness of controls for identified hazards. The matrix is
based on the life cycles currently used by industry and the possible hazards.
Hazard Severity is an assessment of the worst credible mishap resulting from a hazard.
Severity codes have been devised to recognize consequences such as: public — health and safety
of persons in the affected area at the time of the incident (injury and death); personnel — health
and safety of personnel responding to the incident; property — property and infrastructure
damage; facilities — shutdown of facilities and interruption to services; environmental —
environmental impact; and economic — financial loss or shortage of funds.
Hazard Probability is the likelihood that an identified hazard will result in a mishap. Hazard
probability, or frequency, codes have been devices to be more easily understood by the risk
assessors. For example, the proposed matrix recognizes that the negative effects of a hazard are
“highly likely” if their chances are 100 percent of happening in the first year the hazard is
identified; “likely” if the chances of the hazard impact are one in 10 years; etc. The frequency
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definitions make potential impacts clearer to decision-makers.
Risk is the combination of severity and frequency. Frequency abbreviations are shown as
H(ighly likely), L(ikely), P(ossible), and U(nlikely). Risk categories have been more clearly
labeled as high, medium, low, and very low. Thus, a hazard with a severity of IV and a frequency
of P (IV/P) would be a low risk hazard. Severity categories are expressed in uppercase Roman
numerals from I to IV; probabilities in alpha characters H, L, P. U. The relationship between the
two is clearly illustrated in the graphic presentation of the matrix [Table A-3-1.3(b)].
Matrix Definitions
Severity Categories. Each severity category includes the consequences to personnel, the public,
investment loss, the environment, compliance, and the mission impact. As before, the hazard is
placed in the highest category for which it meets one or more criteria; i.e., a potential death will
be “catastrophic” even if all other consequences are negligible.
Catastrophic: I
Personnel:
Death or fatal injury
Public:
Death or fatality(ies) due to direct exposure.
Environment:
A major hazardous chemical spill that is uncontained.
Regional or total species/subspecies loss.
Economic Impact:
Total loss of financial base, incapacitating the entity.
Funding not available within one week to initiate urgent
recovery procedures.
Facilities:
Complete shutdown of facilities and critical services for
more than a month.
Property:
More than 50 percent of the property located in the
proximity of the entity is severely damaged.
Critical: II
Personnel:
Permanent disability, severe injury or illness.
Public:
Permanent disability, severe injury or illness.
Environment:
A minor hazardous chemical spill that is uncontained.
Local or species/subspecies damage.
Economic Impact:
Partial loss of financial base, temporarily incapacitating
the entity. Funding not available within four days
to initiate recovery procedures.
Facilities:
Complete shutdown of facilities and critical services for
more than two weeks.
Property:
More than 25 percent of the property located in the
proximity of the entity is severely damaged.
Marginal: III
Personnel:
Injury or illnesses not resulting in disability, major quality
of life loss, or perceived illness.
Public:
Injury or illnesses not resulting in disability, major quality
of life loss, or perceived illness.
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Environment:
Economic Impact:

Facilities:
Property:

A major hazardous chemical spill that is contained. Portion
of local organisms negatively impacted.
Minor loss of financial base, temporarily incapacitating
the entity. Funding not available within 24 hours to
initiate recovery procedures.
Complete shutdown of facilities and critical services for
more than a week.
More than 10 percent of the property located in the
proximity of the entity is severely damaged.

Negligible: IV
Personnel:
Public:
Environment:

Treatable first aid injury.
Minor quality of life loss.
A minor hazardous chemical spill that is contained.
No measurable impact to environs.
Economic Impact:
Minor loss of financial base, which does not incapacitate
the entity. Funding not available within 12 hours to
initiate recovery procedures.
Facilities:
Complete shutdown of facilities and critical services for
more than 24 hours.
Property:
No more than 1 percent of the property located in the
proximity of the entity is severely damaged.
Frequency Categories. Occurrence frequency is based upon the hazard probability or the
likelihood that an identified hazard will result in a mishap based on an assessment of such factors
as location, population size, and exposure. Exposure may be assessed in terms of cycles, hours of
operation, or years. This risk matrix is based upon the number of expected occurrences in a given
number of years. Nonlinear risk impacts are assessed on an average yearly rate based on a
normal equipment or scenario life cycle.
Frequency revision was intended to accomplish several goals:
Highlight immediate risks.
Not de-emphasize high severity/low probability occurrences; be easily translatable.
Highly Likely (H)
A hazard whose potential impact is very probable (100%) (within the next year).
Likely (L)
A hazard whose potential impact is probable (10% - 100%) within the next year, or one whose
impact has at least one chance of occurring within the next ten years.
Possible (P)
A hazard whose potential impact is possible (1% - 10%), or has one chance of occurrence in a
hundred years.
Unlikely (U)
A hazard whose potential impact is likely to occur less than once in a 100 years (<1%).
Copyright 1996 NFPA

Risk Coding Matrix. The matrix that follows is graphic presentation of the definitions when
integrated to a single risk code. Hazard control priorities of high, medium, low, and very low are
indicated for each risk code.
Table A-3-1.3(b) Risk Coding Matrix
Occurrence
Frequency
Severity Category

Highly Likely
Likely

Possible

Unlikely

Catastrophic

IH

IL

IP

IU

Critical

IIH

IIL

IIP

IIU

High hazards
Marginal

IIIH

Low hazards

IIIL

IIIP

IIIU

Medium hazards
Negligible

IVH

IVL

IVP

Low hazards

IVU
Very low hazards

A-4-1.3.1 Organizational Crossover Matrix. The ICS chart depicted in the center panel of
Figure A-4-1.3.1 on page 11 represents functions that must be accomplished by the incident
management organization. Other organizations may be used, but equivalent titles must be
cross-referenced and functional deficiencies addressed (the left and right panels are examples
taken from CAN/CSA-Z731-M91, Emergency Planning for Industry, A National Standard of
Canada, and FEMA Civil Preparedness Guide 1-20).

Figure A-4-1.3.1.

A-4-2.1
Resources for responding to and recovering from a disaster should be specifically identified.
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These include, but are not limited to:
(a) The locations, quantities, accessibility, operability, and maintenance of equipment (e.g.,
heavy duty, protective, transportation, monitoring, decontamination, response).
(b) Supplies (e.g., medical, personal hygiene, consumable, administrative).
(c) Sources of energy (e.g., electrical, fuel, generators, etc.).
(d) Communications systems.
(e) Food and water.
(f) Technical information.
(g) Clothing.
(h) Shelter.
(i) Specialized personnel (e.g., medical, religious, volunteer organizations, emergency
management staff, utility workers, morticians, etc.).
(j) Specialized volunteer groups (e.g., Red Cross, amateur radio, religious relief organizations,
charitable agencies, etc.).
(k) External federal, state, and local agencies (e.g., Federal Response and Radiological
Response Plan agencies, state National Guards, private contractors, etc.).
___________
1 This category can be compared to the 100-year flood exposures used in design.

A-4-2.4
A resource should be available in a timely manner; should have the capability to do its
intended function; restriction on its use should not reduce its capability; application should not
incur more liability than would failure to use the resource. Finally, the cost should not outweigh
the benefit.
A-4.2.6 Mutual aid agreements between political jurisdictions, as well as between private and
public sector groups, are an effective means to obtain resources and should be developed
whenever possible. Mutual aid agreements should: be in writing; be reviewed by legal counsel;
be signed by a responsible official; define liability; and detail funding and cost arrangements.
The term “mutual aid agreement” as used here includes cooperative assistance agreements,
intergovernmental compacts, or other commonly used terms for the sharing of resources.
A-4-2.6.1 There are several methods for organizations to arrange effective mutual aid
agreements. One method is to establish written agreements between parties. The other method is
to establish oral agreements. Both methods have proven to be very successful in providing
assistance when requested. The method of agreement usually depends upon what works in the
area. Some areas have established legal precedence, making written agreements workable. Other
areas utilize oral agreements that have been effective in providing assistance. The most
important factor in this process is to have assistance when needed.
A-5-2
Standard terminology should be established to transmit information, including strategic modes
Copyright 1996 NFPA

of operation, situation and status reports, and emergency notifications of imminent hazards. The
communication systems should provide a method to transmit emergency messages and
notification of imminent hazards to all levels of the incident command structure with priority
over routine messages.
A-5-3
In the United States, the Emergency Broadcast System (EBS) is composed of AM, FM, and
television broadcast stations and non-government industry utilities operating on a voluntary,
organized basis during emergencies at national, state, or local levels. It provides for the alerting
of participating stations, dissemination of standardized emergency information, and possible
termination of non-emergency station activities until the emergency subsides.
(a) National Level EBS. In a national emergency, the White House directs activation of the
EBS to provide the President with a means of addressing the public on very short notice.
(b) State Level EBS. Activation of the EBS may also occur at the state level when authorized
government authorities contact the coordinating station to disseminate emergency information
state-wide.
(c) Local Level EBS. Local authorities may access the EBS in order to provide emergency
information and instructions to the affected public in a localized emergency situation.
A-5-5(a) Passport System. The “passport” system provides a standardized method of personnel
accountability for responders working incident scenes. Each employee receives three Velcroed™
nametags and a helmet shield. Upon coming on shift, the employee places the nametags on
primary, secondary, and backup portable Velcro™ pads called “passports.” The helmet shield is
placed on his or her helmet. The primary and secondary passports are placed in the response
vehicle; the third is left at the home station or office. Upon responding to an incident scene, the
individual or the company officer presents the primary passport to the incident commander, or
the supervisor of the working group to which the individual or company has been assigned. The
secondary passport ordinarily remains in the vehicle. The incident commander or supervisors use
the passports to track the assignments of the responders as they move throughout the incident.
The helmet shield provides a quick visual reference; any personnel who do not display the
appropriate helmet shield are “untracked” or potentially freelancing. The visual check allows
supervisors to remove individual personnel who have not been properly placed into the tracking
system. Upon completion of the task, or release from the incident, the individual or company
officer retrieves the passport from the supervisor. If the individual is being reassigned, the
passport is delivered to the new supervisor. If he/she is being released, the passport is returned to
the vehicle. Upon going off shift, personnel remove their nametags and helmet shields from the
passports and helmet.
A-5-5(b) British “B.A. Control System” Procedures. The “B.A. Control System” is designed
to safeguard users of SCBA and to initiate search and rescue procedures in the event that an
SCBA team is unaccounted for. The system is based on two premises: every fire fighter entering
a potentially contaminated environment must use SCBA and SCBA users will always operate in
teams of at least two fire fighters. Every SCBA has a “tally” or tag, on which is to be indicated
the user’s name, SCBA cylinder pressure, and the time of entry into the area in which SCBA is
required. The tally is attached to a key that is used to activate the PASS alarm. Every SCBA has
a PASS alarm attached to it.
Copyright 1996 NFPA

Entry into a SCBA required area is controlled by designated B.A. controllers at entry points.
An SCBA team is not allowed to enter the area without each fire fighter giving the tally to the
B.A. controller. To give the tally to the B.A. controller, the key must be removed from the PASS
alarm, thereby activating it. The PASS alarm cannot be deactivated without inserting the key.
The key can be obtained only by the SCBA user personally retrieving the tally from the B.A.
controller at the entry point.
At every entry point the tallies are kept track of using a control board. The tallies are inserted
into slots on the boards. Beside each tally is written the location and assignment of the SCBA
team and the anticipated time the team should exit the area. The exit time is determined from a
reference table on the board that shows working times for various cylinder pressures. The control
boards or the apparatus on which they are carried have a clock built in.
B.A. Control System procedures require that a rescue team be standing by at each entry point.
They are to be in full turnout gear with SCBA donned except for the facepiece. If an SCBA team
has not exited by the estimated time indicated on the control board, the rescue team is deployed
immediately to search for the individuals.
A-5-7(a) A key part of providing for the physical well-being of individuals is casualty
management. This includes, but is not limited to:
(a) Selecting and setting up emergency casualty stations for screening casualties, administering
first aid, initiating identification and casualty records, and arranging transportation to medical
facilities if necessary.
(b) Obtaining emergency medical support during an emergency.
(c) Maintaining an adequate inventory of medical supplies for emergency use.
(d) Emergency procedures for exposure to on-site chemicals and for dealing with the injured
who may also be contaminated.
(e) First aid training for personnel assigned to supplement medical staff.
(f) Information programs to ensure good health under shelter conditions.
(g) Providing mental health support.
A-5-7(b) A key part of providing for the mental well-being of individuals is managing critical
incident stress. There are a number of public and private mental health programs that specialize
in critical incident stress management.
A-5-8
These procedures should include coordination with local medical examiners/coroners, funeral
directors, forensic identification specialists, and specialized recovery teams (e.g., dog search
teams).
A-6-1.2.2 Strategic planning identifies the long-term recovery goals, using broad general
statements of desired accomplishments. From these goals are developed objectives that are
tactical in nature and that include measurable activities that must be accomplished to meet those
goals.
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Appendix B Referenced Publications
The following documents or portions thereof are referenced within this document for
informational purposes only and thus are not considered part of the recommendations of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
Canadian Standards Association, Emergency Planning for Industry, A National Standard of
Canada, CAN/CSA-Z731-M91, Toronto, Ontario, 1991.
Federal Emergency Management Agency, Civil Preparedness Guide 1-20 Washington, DC.
Appendix C Informational Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
Blueprint for Community Emergency Management, Emergency Response Institute Inc.,
Olympia, WA, 1989.
Business Resumption Guidelines 6/93, California Office of Emergency Services Earthquake
Program.
Capability and Hazard Identification Program for Local Governments, Federal Emergency
Management Agency, U.S. Government Printing Office, Washington, DC, 1992.
Civil Preparedness Guides 1-3, 1-5, 1-8, 1-20, Federal Emergency Management Agency,
Washington, DC.
Comprehensive Earthquake Preparedness Planning Guidelines, Federal Emergency
Management Agency, Washington, DC, 1985.
Crisis Management, Ian Mitroff & Christine M. Pearson, Jossey Bass Publishers, San
Francisco, CA, ISBN 1-55542-563-1, 1993 (139 pages).
Disaster Planning for Health Care Facilities, Hanna, James A., Ottawa, Ontario, 1988, CHA.
Disaster Planning Guide for Business and Industry, Federal Emergency Management Agency,
FEMA 141, August 1987.
Disaster Response Principles of Preparation and Coordination, Erik Auf der Heide, CV
Mosby Co., St. Louis, MO, ISBN 0-8016-0385-4, 1989 (363 pages).
Disaster Services Regulations and Procedures- Disaster Mental Health Services, American
Red Cross, ARC 3050M, Nov. 1991.
Emergency Broadcast System Plan: Greater Portland/Vancouver Operational Area, Greater
Portland/Vancouver Emergency Broadcast System Operational Area Committee, Portland, OR,
October 1993.
Emergency Management: Principles and Practice for Local Government, International City
Management Association, 1991.
Emergency Planning for Industry, A National Standard of Canada, CAN/CSA-Z731-M91,
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Canadian Standards Association, Toronto, Ontario, 1991.
The Emergency Program Manager, Federal Emergency Management Agency, HS-1, February
1989.
Exercise Design Course: Guide to Emergency Management Exercises, SM 170.2, Federal
Emergency Management Agency, Emergency Management Institute, U.S. Government Printing
Office, Washington, DC, 1989.
Exercise Design Course: Instructor Guide, SM 170, Federal Emergency Management Agency,
Emergency Management Institute, U.S. Government Printing Office, Washington, DC, 1989.
Exercise Design Course: Student Workbook, Federal Emergency Management Agency,
Emergency Management Institute, SM 170.1, U.S. Government Printing Office, Washington,
DC, 1989.
The Federal Response Plan, Federal Emergency Management Agency, Washington, DC,
1992.
Guidelines for Hazard Evaluation Procedures, Second Edition with Worked Examples,
American Institute of Chemical Engineers, New York, NY, 1992, “Overview of Hazard
Evaluation Techniques,” pp. 51-72.
Industrial Emergency Preparedness, Robert B. Kelly, Van Nostrand Reinhold, NY, NY, ISBN
0-422-20483-3, 1989 (297 pages).
Major Transportation Carrier Disasters Improving Response and Coordination, American
Hospital Association, Chicago, IL, 1991 AHA.
Model Ordinances for Post-Disaster Recovery and Reconstruction, California Office of
Emergency Services, Sacramento, CA.
Multihazard Functional Planning Guidance, State of California, Governor’s Office of
Emergency Services, 1989.
NCRP Report #111, Developing Radiation Emergency Plans for Academic, Medical or
Industrial Facilities.
NFPA 99, Standard for Health Care Facilities, 1993 edition, National Fire Protection
Association, Quincy, MA.
NFPA 130, Standard for Fixed Guideway Transit Systems, 1995 edition, National Fire
Protection Association, Quincy, MA.
NRT-1, Criteria for Review of Hazardous Materials Emergency Plans.
NUREG-0654, Criteria for Preparation and Evaluation of Radiological Emergency Response
Plans and Preparedness in Support of Nuclear Power Plants.
NUREG-0849, Standard Review Plan for the Review and Evaluation of Emergency Plans for
Research and Test Reactors.
Planning for Emergencies, American Insurance Services Group, Engineering & Safety
Services, NY, NY, 1991 (54 pages).
Post-Disaster Safety Assessment Plan. Program Organization and Response Procedures: A
Guide to the Professional Organizations, California Office of Emergency Services, Sacramento,
CA, June 1992.
Post-Disaster Safety Assessment Plan: Local Building Officials’ Guide to the Activation and
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Utilization of Safety Assessment Volunteers, California Office of Emergency Services,
Sacramento, CA, June 1992.
Pre-Emergency Planning, 2nd Ed., William F. Jenaway, ISFSI, Ashland, MA, ISBN
9615990-2-2, 1992 (204 pages).
Statement of Understanding Between the American Hospital Association and the American
National Red Cross with Respect to Responsibility for Disaster Preparedness and Relief,
American Red Cross, Washington, DC, 1985.
Statement of Understanding Between the American Psychological Association and the
American National Red Cross, American Red Cross, ARC 4468, Dec. 1991.
Appendix D Disaster Management and Related Organizations
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
American Public Works Association (APWA)
City of Boulder Director of Public Works
P.O. Box 791 Boulder, CO 80306
(303) 441-3200
(303) 441-4210 (FAX)
NEWSLETTER: Yes (The APWA Reporter)
American Society for Public Administration
Emergency Management Section
5580 La Jolla Boulevard
La Jolla, CA 92037
(619) 549-3581
NEWSLETTER: Yes
FEMA National Emergency Training Center (NETC)
Chief, Emergency Management Division, EMI
National Emergency Training Center (NETC)
16825 South Seton Avenue
Emmitsburg, MD 21727
(301) 447-1164
(301) 447-1081 (FAX)
NEWSLETTER: No
Federal Emergency Management Agency (FEMA)
HQ FEMA
Federal Center Plaza
500 C. Street SW, Room 512
Washington, DC 20472
(202) 646-3692 NEWSLETTER: Yes
International Association of Chiefs of Police (IACP)
Center for Police Traffic Safety
1110 N. Glebe Road, Suite 200
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Arlington, VA 22201
(703) 243-6500
NEWSLETTER: Yes (IACP News)
International Association of Fire Chiefs (IAFC)
50 Eaglesville Road
Eaglesville, PA 91403
(215) 631-6507
(215) 631-6536 (FAX)
NEWSLETTER: Yes (On-Scene)
International City Management Association (ICMA)
Director Program Development
1120 G. Street NW
Washington, DC 20005
(202) 289-4262 (202) 626-4661 (FAX)
NEWSLETTER: Yes (ICMA Newsletter)
National Association of Counties (NACO)
P.O. Box 1431 Conrad, MT 59425
(406) 278-7681
NEWSLETTER: Yes
National Association of Emergency Medical Technicians
9140 Ward Parkway
Kansas City, MO 64114
(816) 444-3500
(816) 444-0330 (FAX)
NEWSLETTER: Yes (NAEMT News)
National Association of SARA Title III Program Officials (NASTTPO)
c/o Right-to-Know
Kansas Dept. of Health and Environment
Mills Bldg., Suite 501
Topeka, Kansas 66612
(913) 296-1690
NEWSLETTER: No
National Coordinating Council on Emergency Management (NCCEM)
7297 Lee Highway, Suite N
Falls Church, VA 22042
(703) 533-7672
NEWSLETTER: Yes (NCCEM Bulletin)
National Emergency Management Association (NEMA)
P.O. Box 11910
Lexington, KY 40578-1910
(606) 231-1876
(606) 231-1928
(FAX) NEWSLETTER: Yes (NEMA News)
National Governors Association
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Committee Director, Justice and Safety
Hall of the States
444 North Capitol Street
Washington, DC 20001-1572
(202) 624-5300
NEWSLETTER: Yes (The Governor’s Bulletin)
REACT International, Inc.
P.O. Box 998
Wichita, Kansas 67201
(316) 263-2100
(316) 263-2118 (FAX)
NEWSLETTER: Yes (The REACTer)
State Guard Association of the United States
P.O. Box 206
Lothian, Maryland 20711
(301) 261-9099 (phone and FAX)
NEWSLETTER: Yes (The Militia Journal)
Emergency Management and Related
Organizations in Canada
Canada Coast Guard
Tower “A,” Room 1244
Place de Ville
Ottawa, Ontario
Canada K1A 0N7
Canadian Association of Fire Chiefs
1-2425 Don Reid Drive
Ottawa, Ontario
Canada
K1H 1A4
Canadian Transport Commission
Les Terrasses de la Chaudiere
Ottawa, Ontario
Canada
K1A 0N9
Emergency Preparedness Canada
122 Bank Street, 2nd Floor
Ottawa, Ontario
Canada
K1A 0W6
Environment Canada
3439 River Road South
Ottawa, Ontario
Canada
K1A 0H3
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Major Industrial Accidents Council of Canada
600-265 Carling Avenue
Ottawa, Ontario
Canada
K1S 2E1
Transport Canada
Ottawa, Ontario
Canada
K1A 0N5
Academic Institutions
Colorado State University
Hazards Assessment Laboratory
202 Aylesworth Hall
3890 Central Avenue
Fort Collins, CO 80523
(303) 491-5951
Memphis State University
Center for Earthquake Research and Information
Memphis, TN 38152
(901) 678-2007
Texas A&M University
Hazard Reduction and Recovery Center
College of Architecture
College Station, TX 77843-3137
(409) 845-7813
U.C. Berkeley
Business and Management Division
2223 Fulton Street
Berkeley, CA 94720
(510) 642-4231
University of Colorado-Boulder
Natural Hazards Research/Applications Center
Floodplain Management Resource Center
Campus Box 482
Boulder, CO 80309-0482
(303) 492-6818
University of Delaware
Disaster Research Center
Newark, DE
(302) 451-6618
University of Nebraska-Lincoln
International Drought Information Center
Center for Agriculture and Meteorology
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Lincoln, NE 68583-0728
(402) 472-3679
University of North Texas
P.O. Box 13438
Denton, Texas 76203-343
(817) 565-4077
University of Tennessee
Institute for Public Service
Suite 105
Student Services Administration
Building Knoxville, TN 37996-0213
(615) 974-6621
Non-Government Organizations
American Public Works Association
Council on Emergency Management
1313 East 60th Street
Chicago, IL 60637
(312) 667-2200
American Red Cross
Area Office
(Telephone Book Blue Pages)
Association of Contingency Planners
P.O. Box 73-149
Long Beach, CA 90801
(213) 398-2277
Association of State Dam Safety Officials
P.O. Box 55270
Lexington, KY 40355
(606) 257-5140
Association of State Floodplain Managers
P.O. Box 7921
Madison, WI 53707
(608) 266-1926
Building Seismic Safety Council
1201 L Street
NW Suite 400
Washington, DC 20005
(202) 289-7800
Business Emergency Preparedness Council
125 N. Mid-America Mall
Room 2B-49
Memphis, TN 38103
(901) 528-2980
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Central U.S. Earthquake Consortium
2630 East Holmes Road
Memphis, TN 38118
(901) 398-9054
Chemical Manufacturers Association
Chemical Awareness/ER Program
2501 M Street, NW
Washington, DC 20037
(202) 887-1150
National Coordinating Council on Emergency
Management
7297 Lee Highway, Suite N
Falls Church, VA 22042
(703) 533-7672
Oak Ridge National Laboratory
Hazard Management Group
MS: 6206, P.O. Box 2008
Oak Ridge, TN 37831-6206
(615) 576-2716
Science Applications International Corporation
Engineering and Tech Service Group
P.O. Box 2501, 301 Laboratory Road
Oak Ridge, TN 37831
(615) 481-2909

NFPA 1901
1996 Edition
Standard for Automotive Fire Apparatus
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1996 Edition
This edition of NFPA 1901, Standard for Automotive Fire Apparatus, was prepared by the
Technical Committee on Fire Department Apparatus and acted on by the National Fire
Protection Association, Inc., at its Annual Meeting held May 20-23, 1996, in Boston, MA. It
was issued by the Standards Council on July 18, 1996, with an effective date of August 9, 1996,
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and supersedes all previous editions.
This edition of NFPA 1901 was approved as an American National Standard on July 26, 1996.
Origin and Development of NFPA 1901
The 1996 edition of NFPA 1901 combines four fire apparatus standards designated as NFPA
1901, Standard for Pumper Fire Apparatus; NFPA 1902, Standard for Initial Attack Fire
Apparatus; NFPA 1903, Standard for Mobile Water Supply Fire Apparatus; and NFPA 1904,
Standard for Aerial Ladder and Elevating Platform Fire Apparatus. This combined document
has been named Standard for Automotive Fire Apparatus, a title that NFPA 1901 carried prior to
being split into four documents in 1991.
In addition to combining the requirements for the four traditional types of fire apparatus, this
edition recognizes special service fire apparatus and provides requirements for that type of
apparatus. Nontraditional types of fire apparatus can also meet this standard, as it is designed
with core chapters that all apparatus must meet regardless of use or function and component
chapters that an apparatus must meet if it contains that component. To make the standard more
user friendly, the requirements for any component testing are included in the chapter with the
requirements for that component.
Many requirements were added throughout the document to improve the safety for fire fighters
using the apparatus. These include limiting the height of controls to 72 in. above the standing
position of the operator, requiring equipment in driving and crew areas to be securely fastened or
in a compartment, increased work lighting around the apparatus, and better grouping of pump
controls to keep the operator away from the intake and discharge outlets.
The low voltage electrical chapter was totally rewritten to require load analysis and load
management if the total connected load cannot be supplied by the vehicle's alternator. The
requirements for warning lights were also rewritten to provide for different lighting when
"calling for right-of-way" versus "blocking right-of-way." Requirements for warning lights were
increased to provide more visibility of the fire apparatus.
New requirements were added for powered equipment racks, SCBA and cylinder storage,
pump and plumbing access, and slip-on fire-fighting modules. The baffling requirements for
water tanks were changed to allow for either containment or dynamic baffling to be used. As a
fundamental change in the aerial device chapter, water towers were considered devices with
elevated stream capability only. If they have a ladder on them, they are considered aerial
ladders. Requirements were also added for secondary controls at the tip of an aerial ladder if
such controls are provided.
New chapters were added to cover compressed air foam systems, air systems, command and
communication areas, and winches.
See Appendix C for a more complete history of the standard.
Technical Committee on Fire Department Apparatus
Howard L. McMillen, Chair
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Richard E. Teske, Hale Products, Inc., PA
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Ralph O. Wisco, Emergency One, Inc., FL
(Alt. to W. F. McCombs)
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William F. Foley, Orland Fire Protection District, IL
(Member Emeritus)
Carl E. Peterson, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on the design
and performance of fire apparatus for use by the fire service.

NFPA 1901
Standard for
Automotive Fire Apparatus
1996 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 23 and Appendix D.

Chapter 1 Administration
1-1* Scope.
This standard shall apply to new automotive fire apparatus designed for structural fire fighting
or for supporting associated fire department operations.
1-2
Purpose. This standard specifies the minimum requirements for new automotive fire
apparatus.
1-3* Responsibility of Purchaser.
It shall be the responsibility of the purchaser to specify the details of the apparatus; its required
performance, including where operations at elevations above 2000 ft (610 m) or on grades
greater than 6 percent are required; the maximum number of fire fighters to ride within the
apparatus; specific added continuous electrical loads which exceed the minimum of this
standard; and any hose, ground ladders, or equipment to be carried by the apparatus that exceed
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the minimum requirements of this standard.
1-4 Responsibility of Contractor.
1-4.1
The contractor shall provide a detailed description of the apparatus, a list of equipment to be
furnished, and other construction and performance details to which the apparatus shall conform.
This shall include, but shall not be limited to, estimated weight, wheelbase, principal dimensions,
transmission, axle ratios, and, if applicable, the rated capacity of the aerial device. The purpose
of these contractor specifications is to define what the contractor intends to furnish and deliver to
the purchaser.
1-4.2
Responsibility for the apparatus and equipment shall remain with the contractor until they are
accepted by the purchaser.
1-4.3
A qualified and responsible representative of the contractor shall instruct personnel specified
by the purchaser in the operation, care, and maintenance of the fire apparatus and equipment
delivered.
1-5 Definitions.
Acceptance. An agreement between the purchasing authority and the contractor that the terms
and conditions of the contract have been met.
Acceptance Tests. Tests performed on behalf of or by the purchaser at the time of delivery to
determine compliance with the specifications for the fire apparatus.
Active Horizontal Angles of Light Emission. The angles, measured in a horizontal plane
passing through the optical center of the optical source, as specified by the manufacturer of the
optical device, between which the optical source contributes optical power.
Aerial Device. An aerial ladder, elevating platform, aerial ladder platform, or water tower that
is designed to position personnel, handle materials, provide continuous egress, or discharge
water.
Aerial Fire Apparatus. A vehicle equipped with an aerial ladder, elevating platform, aerial
ladder platform or water tower that is designed and equipped to support fire fighting and rescue
operations by positioning personnel, handling materials, providing continuous egress, or
discharging water at positions elevated from the ground.
Aerial Ladder. A self-supporting, turntable-mounted, power-operated ladder of two or more
sections permanently attached to a self-propelled automotive fire apparatus and designed to
provide a continuous egress route from an elevated position to the ground.
Aerial Ladder Platform. A type of aerial device that combines an elevating platform with the
continuous egress capabilities of an aerial ladder.
Air Control Panel. A consolidated arrangement of valves, regulators, gauges, and air system
piping at a location that allows the operator to monitor and control the airflow and pressure
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within the air system from a centralized location.
Air Quality Monitors. Instruments that monitor the air for such elements as carbon monoxide
levels, moisture levels, and percent of oxygen.
Air Tank. A storage vessel meeting the requirements of either DOT or ASME and used to store
an accumulation of air under pressure.
Air Truck. A vehicle used to supply breathing air either to refill self-contained breathing
apparatus (SCBA) or to supply respirators directly through hose lines.
Angle of Approach. The smallest angle made between the road surface and a line drawn from
the front point of ground contact of the front tire to any projection of the apparatus in front of the
front axle.
Angle of Departure. The smallest angle made between the road surface and a line drawn from
the rear point of ground contact of the rear tire to any projection of the apparatus behind the rear
axle.
Approved.* Acceptable to the authority having jurisdiction.
Articulating Boom. An aerial device consisting of two or more folding boom sections whose
extension and retraction modes are accomplished by adjusting the angle of knuckle joints.
ASME Pressure Vessel. A pressure vessel used for the storage or accumulation of air or gas
under pressure that is constructed and tested in accordance with the ASME Boiler and Pressure
Vessel Code.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Authorized Person. A person approved or assigned to perform specific types of duties or to be
at a specific location at the job site.
Automatic Electrical Load Management System. A device that continuously monitors the
electrical system voltage and sheds predetermined loads in a selected order to prevent over
discharging of the apparatus' batteries. Shedding of the loads occurs without human intervention
and is capable of being manually overridden.
Auxiliary Braking System. A braking system in addition to the service brakes such as an
engine retarder, transmission retarder, drive-line retarder, or exhaust retarders.
Auxiliary Hydraulic Power. A small gasoline engine, diesel engine, or electric motor driven
hydraulic pump used to operate an aerial device in an emergency or in lieu of the main hydraulic
system.
Auxiliary Pump. A water pump mounted on the fire apparatus in addition to a fire pump and
used for fire fighting either in conjunction with or independent of the fire pump.
Back-Up Alarm. An audible warning alarm device designed to warn that the vehicle is in
reverse gear.
Base Rail. The lower chord (rail) of an aerial ladder to which rungs and reinforcements are
attached.
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Base Section. The first or bottom section of an aerial device.
Bonding. The joining of metallic parts to ensure an electrically conductive path that will safely
conduct any current likely to be imposed during the life of the apparatus.
Boom. An assembled section of an aerial device. The boom construction can be of the stressed
skin box beam type, the trussed lattice type, or the open "U" truss-type design.
Booster Pump. See Auxiliary Pump.
Booster Supplied Air System. A system that is capable of increasing air pressure from an air
storage system or a compressor system.
Breathing Air. Air that meets the requirements specified in CGA G-7.1, Commodity
Specification for Air, for Grade D and E air for human respiration and NFPA 1500, Standard on
Fire Department Occupational Safety and Health Program.
Breathing Air System. The complete assembly of equipment such as compressors, a
purification system, pressure regulators, safety devices, manifolds, air tanks or receivers, and
interconnected piping required to deliver breathing air.
Bubble (Foam). A thin-walled, roughly spherical, film of liquid inflated with air.
Burst Pressure. The pressure at which a hydraulic component fails due to stresses induced as a
result of the pressure.
Cable. A wire rope used to transmit forces from one component to another for the purpose of
extending or retracting an aerial device.
Carbon Monoxide Monitor. A monitoring device that samples the purified air stream for trace
elements of carbon monoxide (CO).
Cascade System. A method of piping air tanks together to allow air to be supplied to the fill
station using a progressive selection of tanks each with a higher pressure level.
Center of Gravity. The point at which the entire weight of the fire apparatus is considered to be
concentrated so that, if supported at this point, the apparatus would remain in equilibrium in any
position.
Chassis. The basic operating motor vehicle including the engine, frame, and other essential
structural and mechanical parts, but exclusive of the body and all appurtenances for the
accommodation of driver, property, or passengers, appliances, or equipment related to other than
control. Common usage might, but need not, include a cab (or cowl).
Class A Fire. A fire in ordinary combustible solids (e.g., grass, wood, paper, cloth, rubber,
plastics).
Class A Foam. Foam intended for use on Class A fires.
Class B Fire. A fire in flammable liquids, oils, greases, tars, oil-base paints, lacquers, and
flammable gases.
Class B Foam. Foam intended for use on Class B fires.
Combination Vehicle. A vehicle consisting of a pulling tractor and trailer.
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Command and Communications Vehicle. A fire apparatus used primarily for communications
and incident command.
Compound Gauge. A gauge that indicates pressure both above and below atmospheric
pressure. On most gauges, zero equals atmospheric pressure. Gauges typically measure pressure
above atmospheric pressure in pounds per square inch and below atmospheric pressure in inches
of mercury.
Compressed Air Foam System (CAFS). A foam system that combines air under pressure with
foam solution to create foam. A CAFS system consists of a compressed air source, pressurized
source of foam solution and discharge hardware.
Continuous Duty. Operation at a substantially constant rated load for an indefinitely long
period.
Continuous Egress. A continuous exit or rescue path down an aerial device from an elevated
position to the ground.
Contractor. The person or company responsible for fulfilling an agreed upon contract. The
contractor might not necessarily manufacture the vehicle or any portion of the vehicle but is
responsible for the completion, delivery, and acceptance of the entire unit.
Convenient Reach. The ability of the operator to manipulate the controls from a normal
driving/riding position without excessive movement away from the seat back or without
excessive loss of eye contact with the roadway.
Dead Load. The weight of the aerial device structure and all materials, components,
mechanisms, or equipment permanently fastened thereto.
Defect. A discontinuity in a part or a failure to function that interferes with the service or
reliability for which the part was intended.
Discharge Outlet Size. The nominal size of the first fire hose connection from the pump.
DOT Cylinder. A pressure vessel constructed and tested in accordance with Title 49, Code of
Federal Regulations (CFR), paragraph 178.37, that is used for the storage and transportation of
air under pressure.
Drain Time (Foam). The time period it takes for a specified percent of the total solution
contained in the foam to revert to liquid and to drain out of the bubble structure.
Dry Location. A location not normally exposed to moisture such as in the interior of the
driving or crew compartment, the interior of a fully enclosed walk-in fire apparatus body, or a
watertight compartment opened only for maintenance operations.
Dump Valve. A large opening from the water tank of a mobile water supply apparatus for
unloading purposes.
Eductor. A device that uses the Venturi principle to introduce a proportionate quantity of foam
concentrate into a water stream. The pressure at the throat is below atmospheric pressure,
allowing concentrate at atmospheric pressure in storage to flow into the water stream.
Electrical Equipment, Fixed. Any electrical equipment that is not removable without the use of
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tools or is hard wired to the vehicle's electrical system.
Electrical Equipment, Portable. Any electrical equipment that is not fixed.
Electric Siren (Electromechanical). An audible warning device that produces sound by the use
of an electric motor with an attached rotating slotted or perforated disc. Only one type of
warning sound can be produced, but the level or pitch can be varied by the speed of the motor.
Electronic Siren. An audible warning device that produces sound electronically through the
use of amplifiers and electromagnetic speakers. Varied types of warning sounds can be
produced, such as a wail, yelp, or simulated air horn.
Elevating Platform. A self-supporting, turntable mounted device consisting of a
personnel-carrying platform attached to the uppermost boom of a series of power operated
booms that articulate, telescope, or both.
Enclosed Compartment. An area designed to protect stored items from environmental damage
(weather resistant) that is confined on six sides and equipped with an access opening(s) that can
be closed and latched.
Expansion Ratio. The ratio of the volume of foam in its aerated state to the original volume of
nonaerated foam solution.
Exterior. A nonsheltered location exposed to the environment, either continuously or
intermittently.
FAD. Free air delivery.
Fill Hose. Flexible hose plumbed to connect SCBA cylinders to the compressed air supply for
filling purposes.
Fill Station. The area used to refill SCBA cylinders.
Fire Apparatus. A vehicle used for fire suppression or support by a fire department, fire
brigade, or other agency responsible for fire protection.
Fire Pump. A water pump mounted on an apparatus with a rated capacity of 250 gpm (950
L/min) or greater at 150 psi (1035 kPa) net pump pressure, and used for fire fighting.
Fly Section. Any section of an aerial telescoping device beyond the base section.
Foam. An aerated fire extinguishing solution created by mixing air into foam solution to form
bubbles.
Foam Concentrate. The fire chemical product, as received from the supplier that, when diluted
with water, becomes foam solution.
Foam Proportioner. A device or method to add foam concentrate to the water to make foam
solution.
Foam Proportioning System. The apparatus and techniques used to mix concentrate with water
to make foam solution.
Foam Solution. A foam concentrate and water mixture to which air is added to produce foam.
Fully Enclosed Personnel Area. A driver or passenger compartment on the fire apparatus that
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provides total enclosure on all sides, top, and bottom and has positive latching on all access
doors.
Gallon. United States gallon.
Gauge. A round, analog pressure-indicating device that uses mechanical means to measure
pressure.
Gauge Pressure. Pressure measured by an instrument where the pressure indicated is relative to
atmospheric pressure.
GAWR (Gross Axle Weight Rating). The chassis manufacturer's specified maximum
load-carrying capacity of an axle system. It is a requirement of the Federal Motor Vehicle
Safety Standards and is shown on a label on the vehicle. The system includes, but is not limited
to, the axle, tires, suspension, wheels, frame, brakes, and applied engine torque.
GCWR (Gross Combination Weight Rating). The chassis manufacturer's specified maximum
load carrying capacity for tractor trailer-type vehicles having three or more axle systems (a
multiaxle axle installation is one system.) It is a requirement of the Federal Motor Vehicle
Safety Standards and is shown on a label on the vehicle. Where the trailer is detachable, the
GCWR limits the axle system(s) maximum load for any replacement trailer.
Generator (Alternator), Fixed. A mechanically driven electrical source, usually 7 kW or
greater, that is permanently secured to the vehicle.
Generator (Alternator), Portable. A mechanically driven electrical source, usually less than 7
kW, that can be easily removed from the vehicle and operated at a location that is remote from
the vehicle. The device has an integral distribution panel with overcurrent protection and
receptacle outlets.
GPM. Gallons per minute.
Grade. A measurement of the angle used in road design and expressed as a percentage of
elevation change over distance. A 45-degree slope is equal to a 100 percent grade.
Ground Clearance. The clearance under a vehicle at all locations except the axles and drive
shaft connections to the axle.
Ground-Fault Circuit-Interrupter (GFCI). A device intended for the protection of personnel
that functions to deenergize a circuit or portion thereof within an established period of time when
a current to ground fault exceeds some predetermined value that is less than required to operate
the over current protective device of the supply circuit.
Grounding Conductor. A non-current-carrying ground conductor used to connect equipment or
the ground circuit of a wiring system to the power source grounding system.
GVWR (Gross Vehicle Weight Rating). The chassis manufacturer's specified maximum load
carrying capacity of a vehicle having two axle systems (a multiaxle axle installation is one
system.) It is a requirement of the Federal Motor Vehicle Safety Standards and is shown on a
label on the vehicle. It can be equal to or less than the sum of the front GAWR and the rear
GAWR. The in-service weight or gross vehicle weight should always be equal to or less than the
GVWR.
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Hazardous Material Response Vehicle. An emergency vehicle designed to carry various
support equipment and personnel to a scene of a hazardous material incident.
Initial Attack Apparatus. Fire apparatus with a permanently mounted fire pump, a water tank,
and hose body that meets or exceeds the requirements of this standard. The primary purpose of
this type of apparatus is to initiate a fire suppression attack on structural, vehicular, or vegetation
fires, and to support associated fire department operations.
In-Service Weight. The maximum actual vehicle weight under any conditions of mobile
operation, sometimes referred to as gross vehicle weight.
Instability. A condition of a mobile unit in which the sum of the moments tending to overturn
the unit exceeds the sum of the moments tending to resist overturning.
Intake Connection Size. The nominal size of the first fire hose connection from the pump.
Intake Relief Valve. A relief valve piped to the intake manifold of a pump and designed to
automatically relieve excessive pressure from the incoming flow of water by discharging water
to the environment.
Interior. A sheltered location not exposed to the environment.
Interlock. A device or arrangement by means of which the functioning of one part is controlled
by the functioning of another.
Knuckle. A point of connection between upper and lower booms of an articulating device; the
point at which lower and upper booms are hinged together.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Ladder Section. A structural member normally of an open "U" truss-type design that includes
the rungs and comprises the base or fly section of an aerial ladder.
Line Voltage Circuit, Equipment, or System. An ac or dc electrical circuit, equipment, or
system where the voltage to ground or from line to line is 30 volts rms (ac) or 42.4 volts peak
(dc) or greater, but does not exceed 250 volts rms (ac) or peak (dc).
Line Voltage Conductor. An ungrounded current-carrying conductor of a line voltage circuit.
Listed.* Equipment, materials, or services included in a list published by an organization
acceptable to the authority having jurisdiction and concerned with evaluation of products or
services that maintains periodic inspection of production of listed equipment or materials or
periodic evaluation of services and whose listing states either that the equipment, material, or
service meets identified standards or has been tested and found suitable for a specified purpose.
Live Load. Forces acting on the aerial device from personnel, portable equipment, water, and
nozzle reaction.
Load Limit Indicator. A load indicator or an instruction plate visible at the operator's position
Copyright 1996 NFPA

that shows the recommended safe load at any condition of aerial device elevation and extension.
Low Voltage Circuit, Equipment, or System. An electrical circuit, equipment, or system where
the voltage does not exceed 30 volts rms (ac) or 42.4 volts peak (dc), usually 12 volts dc in fire
apparatus.
Manufacturer. The person or persons, company, firm, corporation, partnership, or other
organization responsible for turning raw materials or components into a finished product.
Maximum Pump Close-Off Pressure. The maximum pump discharge pressure obtained with all
discharge outlets closed, with the pump primed and running with the pump drive engine
operating at maximum obtainable speed, and with the pump intake pressure at atmospheric
pressure or less. Multistage series/parallel pumps are measured with the pump in the pressure
(series) setting.
Minimum Continuous Electrical Load. The continuous electrical current required to operate
the minimum requirement of electrical devices defined by this standard.
Mobile Water Supply Apparatus (Tanker, Tender). A vehicle designed primarily for
transporting (pickup, transporting, and delivering) water to fire emergency scenes to be applied
by other vehicles or pumping equipment.
Momentary Switch. A switch that returns to the neutral position (off) when released.
Multiple Configuration. Variable configurations or positions of the aerial device (e.g.,
elevation, extension) in which a manufacturer's different rated load capacities are allowed.
National Hose Thread (NH). A standard thread that has dimensions for inside and outside fire
hose connection screw threads as defined in NFPA 1963, Standard for Fire Hose Connections.
Net Pump Pressure.* The sum of the discharge pressure and the suction lift converted to psi or
kPa when pumping at draft, or the difference between the discharge pressure and the intake
pressure when pumping from a hydrant or other source of water under positive pressure.
Neutral Conductor. The grounded current-carrying conductor of all electrical circuits.
Nozzle Reaction. Force that occurs when a water stream is discharged from the nozzle.
Operator's Panel. A panel where an operator can visually monitor the applicable functions.
This area can contain gauges, switches, instruments, or controls.
Optical Center. The point specified by the optical warning device manufacturer of highest
intensity when measuring the output of an optical warning device.
Optical Element. Any individual lamp or other light emitter within an optical source.
Optical Power. The unit of measure designed to combine the flash energy and flash rate of an
optical source into one power measurement representing the true visual effectiveness of the
emitted light. The units of optical power are candela-seconds/minute.
Optical Source. Any single, independently mounted, light emitting component in a lighting
system. An optical source can consist of a single optical element or a fixed array of any number
of optical elements whose geometric positioning relative to each other is fixed by the
manufacturer of the optical source and cannot be easily modified.
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Optical Warning Device. A manufactured assembly of one or more optical sources.
Override. A system or device used to neutralize a given action or motion.
Override (Aerial Device). The takeover of all aerial device movement control functions by an
operator at a second control station.
Panelboard. Buses, overcurrent devices, and equipment with or without switches for the
control of line voltage circuits that are placed in an electrical cabinet or cutout box mounted on a
wall or partition and accessible only from the front.
Powered Equipment Rack. A power-operated device that is intended to provide storage of hard
suction hoses, ground ladders, or other equipment, generally in a location above apparatus
compartments.
Power Supply Assembly. Any cable or distribution assembly that is partly comprised of the
neutral conductor, grounding conductor, and line voltage conductors connected from the load
side of the power source to the line side of the primary panelboard.
Preconnected Hose Line. A hose line that is stored on the apparatus already connected to an
outlet on a pump and that can be charged by the activation of one discharge valve. Also
commonly called a bucket line, cross lay, or mattydale.
PSI. Pounds per square inch.
PSIG. Pounds per square inch gauge.
PTO. Power takeoff.
Pump Operator's Panel. The area on a fire apparatus that contains the gauges, controls, and
other instruments used for operating the pump.
Pump Operator's Position. The location from which the pump operator operates the pump.
Pumper. Fire apparatus with a permanently mounted fire pump, a water tank, and hose body
that meet or exceed the requirements of this standard. The primary purpose of this type of
apparatus is to combat structural and associated fires.
Purchaser. The authority having responsibility for the specification and acceptance of the
apparatus.
Purchasing Authority. The agency that has the sole responsibility and authority for negotiating,
placing, and, where necessary, modifying each and every solicitation, purchase order, or other
award issued by a governing body.
Purification System. A combination of mechanical, chemical, and physical device(s) such as
separators, filters, adsorbents, and catalysts designed to remove or alter contaminants within the
compressed air stream to produce effluent air which is breathable.
Qualified Person. A person who, by possession of a recognized degree, certificate, professional
standing, or skill, and who, by knowledge, training, and experience, has demonstrated the ability
to deal with problems relating to the subject matter, the work, or the project.
Rated Capacity (Aerial Device). The total amount of weight of all personnel and equipment
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that can be safely supported at the outermost rung of an aerial ladder or on the platform of an
elevating platform with the waterway uncharged.
Rated Capacity (Water Pump). The flow rate at which the pump manufacturer certifies
compliance of the pump with the requirements set forth in this standard.
Readily Accessible. Able to be located, reached, serviced, or removed without removing other
components or parts of the apparatus and without the need to use special tools to open
enclosures.
Reserve Capacity. The ability of a battery to sustain a minimum electrical load in the event of
a charging system failure or a prolonged charging system deficit.
Road Spray Location. Any under-body or under-chassis location which is subject to road
spray.
SCFM. Standard cubic feet per minute. An expression of airflow rate in which the airflow rate
is corrected to standard temperature and pressure. The metric conversion is shown as SCMS
(standard cubic meters per second).
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Slow Operating Valve. A valve that has a mechanism to prevent movement of the flow
regulating element from the fully closed position to the fully opened position or vice versa in less
than 3 seconds.
Special Services Fire Apparatus. A multipurpose vehicle that primarily provides support
services at emergency scenes. These services could be rescue, command, hazardous material
containment, air supply, electrical generation and floodlighting, or transportation of support
equipment and personnel.
Split Shaft PTO. A power takeoff (PTO) drive system that directs the chassis engine power
either to the fire pump or other accessory or to the chassis drive axle. This is accomplished by
splitting the chassis driveline that connects the chassis transmission to the drive axle and
inserting the split shaft PTO that has the shift mechanism necessary to direct the chassis engine
power as described above.
Stabilizer. A device integral with or separately attached to the chassis of an aerial fire
apparatus which is used to increase the moments tending to resist overturning the apparatus.
Stabilizer Pad. A plate inserted beneath a stabilizer shoe to give greater surface bearing area.
Stabilizer Shoe. A permanently mounted shoe on a stabilizer to provide a ground surface area.
Suction Lift. The sum of the vertical lift and the friction and entrance loss caused by the flow
through the suction strainers and hose expressed in feet of water head.
Sump. A recessed area of a tank assembly designed primarily to entrap sludge or debris for
easy removal and to serve as a central liquid collection point.
Swash Partition. A vertical wall within a tank structure designed to control the unwanted
movement of the fluid within that tank.
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Switch. Any set of contacts that interrupts or controls current flow through an electrical circuit.
Top Rail. The top chord (rail) of an aerial ladder to which reinforcements are attached.
Total Connected Electrical Load. The total current required to operate all of the devices
permanently connected to the apparatus that can be simultaneously energized but does not
include intermittent type loads such as primers and booster reel rewind motors.
Transfer Pump. A separate engine or power takeoff driven water pump mounted on the
apparatus with a minimum rated capacity of 250 gpm (945 L/min) at 50 psi (345 kPa) net pump
pressure and used primarily for water transfer.
Turntable. A rotating structural component that allows rotation of an aerial device through a
rotating bearing and that connects the aerial device to the chassis and stabilization system. It is
normally designed to permit continuous 360-degree rotation and could contain an operator's
control station.
Turntable Alignment Indicator. An indicator that facilitates alignment of the aerial device with
the boom support for bedding purposes.
Type 4 Rating. A rating for electrical equipment that is suitable for outdoor use to provide a
degree of protection from falling rain, splashing water, and hose-directed water. Equipment rated
NEMA Type 4 will be undamaged by the formation of ice on the equipment.
Ultimate Strength. The ultimate strength of a material in tension, compression, or shear,
respectively, is the maximum tensile, compressive, or shear stress that the material can sustain,
calculated on the basis of the ultimate load and the original or unrestrained dimensions.
Unequipped Apparatus. The completed vehicle excluding personnel, agent(s), and any
equipment removable without the use of tools.
Utility Air. Air used for purposes other than human respiration.
Vibration Isolation. Isolation materials used to prevent structure borne vibrations from
reaching attached surfaces.
Water Tower. A device consisting of permanently mounted power operated booms and a
waterway designed to supply a large capacity mobile elevated water stream. The booms can be
of articulating design or telescoping design.
Wet Location. A nonsheltered location inside a compartment with a door or cover that, while
open, exposes the electrical enclosure or panelboard to the same environmental conditions as the
exterior of the fire apparatus. A location on a nonenclosed, exterior surface of a fire apparatus
body or cab where the enclosure or panel is exposed to the environment. (See also Road Spray
Location.)
Yield Strength. The stress at which a material exhibits a specified permanent deformation or
set.
1-6 Conversion Factors.
Metric units of measurement in this standard are in accordance with the modernized metric
system known as the International System of Units (SI). The liter unit is outside of but
recognized by SI and commonly is used in international fire protection. In this standard, values
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for measurement are followed by an equivalent in SI units, but only the value that first appears
shall be considered as the requirement since the value in SI units could be approximate. Table
1-6 provides the conversion factors to be used where SI units are not provided in the text or
where more precision is desired.
Table 1-6 Conversion Factors

1 gallon per minute (gpm)

=

3.785 liters per minute (L/min)

1 gallon per minute (gpm)

=

0.833 imperial gallons per minute

1 pound per square inch (psi)

=

6.895 kilopascals (kPa)

1 pound per square inch (psi)

=

0.0690 bar

1 pound per square inch (psi)

=

2.31 feet of water

1 inch of mercury (in. Hg)

=

3.386 kilopascals (kPa)

1 inch (in.)

=

25.40 millimeters (mm)

1 foot (ft)

=

0.305 meter (m)

1 cubic foot (ft3)

=

0.0283 cubic meter (m3)

1 square inch (in.2)

=

645.2 square millimeters (mm2)

1 mile per hour (mph)

=

1.609 kilometer per hour (kmph)

1 pound (lb)

=

0.454 kilogram (kg)

1 horsepower (hp)

=

0.746 kilowatt (Kw)

Chapter 2 General Requirements
2-1 General.
All types of fire apparatus shall meet the requirements of:
Chapter 1, Administration;
Chapter 2, General Requirements;
Chapter 8, Chassis and Vehicle Components;
Chapter 9, Low Voltage Electrical Systems and Warning Devices;
Chapter 10, Driving and Crew Areas; and
Chapter 11, Body, Compartments, and Equipment Mounting.
2-2 Requirements by Apparatus Type.
2-2.1
In addition to the requirements in Section 2-1, the following also shall apply:
(a) A pumper fire apparatus shall comply with Chapter 3.
Copyright 1996 NFPA

(b) An initial attack fire apparatus shall comply with Chapter 4.
(c) A mobile water supply fire apparatus shall comply with Chapter 5.
(d) An aerial fire apparatus shall comply with Chapter 6.
(e) A special service fire apparatus shall comply with Chapter 7.
2-2.2
Table 2-2.2 shows the required chapters that shall apply to the construction of the types of fire
apparatus in 2-2.1.
Table 2-2.2 Requirements by Apparatus Type

Apparatus
Function

Pumper
Fire
Apparatus

Initial
Attack
Fire
Apparatus

Mobile
Water
Supply
Fire
Apparatus

Aerial
Fire
Apparatus

Specia
Fire A

Chapter 1

Administration

Required

Required

Required

Required

Requir

Chapter 2

General Requirements

Required

Required

Required

Required

Requir

Chapter 3

Pumper Fire Apparatus

Required

N/A

N/A

N/A

N/A

Chapter 4

Initial Attack Fire Apparatus

N/A

Required

N/A

N/A

N/A

Chapter 5

Mobile Water Supply Fire Apparatus

N/A

N/A

Required

N/A

N/A

Chapter 6

Aerial Fire Apparatus

N/A

N/A

N/A

Required

N/A

Chapter 7

Special Service Fire Apparatus

N/A

N/A

N/A

N/A

Requir

Chapter 8

Chassis and Vehicle Components

Required

Required

Required

Required

Requir

Chapter 9

Low Voltage Electrical Systems and
Warning Devices

Required

Required

Required

Required

Requir

Chapter 10

Driving and Crew Areas

Required

Required

Required

Required

Requir

Chapter 11

Body, Compartments, and Equipment
Mounting

Required

Required

Required

Required

Requir

Chapter 12

Fire Pump and Associated
Equipment

Required

Required

If specified

If specified

If spec

Chapter 13

Auxiliary Pump and Associated
Equipment

If specified

If specified

If specified

If specified

If spec

Chapter 14

Water Transfer Pump and Associated
Equipment

N/A

N/A

If specified

N/A

N/A

Chapter 15

Water Tanks

Required

Required

Required

If specified

If spec

Chapter 16

Aerial Devices

If specified

If specified

N/A

Required

If spec
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Chapter 17

Foam Proportioning Systems

If specified

If specified

If specified

If specified

If spec

Chapter 18

Compressed Air Foam Systems

If specified

If specified

If specified

If specified

If spec

Chapter 19

Line Voltage Electrical Systems

If specified

If specified

If specified

If specified

If spec

Chapter 20

Command and Communications

If specified

If specified

If specified

If specified

If spec

Chapter 21

Air Systems

If specified

If specified

If specified

If specified

If spec

Chapter 22

Winches

If specified

If specified

If specified

If specified

If spec

Chapter 23

Referenced Publications

Required

Required

Required

Required

Requir

2-2.3
In addition to the types of fire apparatus listed in 2-2.1, other types of fire apparatus shall be
permitted by combining the requirements for the components to be used in the apparatus as
defined in Section 2-3 with the requirements listed in Section 2-1.
2-3 Fire Apparatus Components.
All components shall be installed in accordance with the applicable manufacturer's installation
instructions.
2-3.1 Fire Pump.
If the apparatus is equipped with a fire pump, the pump and its associated equipment shall
meet the requirements of Chapter 12.
2-3.2 Auxiliary Pump.
If the apparatus is equipped with an auxiliary pump, the pump and its associated equipment
shall meet the requirements of Chapter 13.
2-3.3 Water Transfer Pump.
If the apparatus is equipped with a water transfer pump, the pump and its associated equipment
shall meet the requirements of Chapter 14.
2-3.4 Water Tank.
If the apparatus is equipped with a water tank, the water tank shall meet the requirements of
Chapter 15.
2-3.5 Aerial Device.
If the apparatus is equipped with an aerial device (aerial ladder, elevating platform, or water
tower), the aerial device shall meet the requirements of Chapter 16.
2-3.6 Foam Proportioning System.
If the apparatus is equipped with a foam proportioning system, the apparatus shall meet the
requirements of Chapter 17.
2-3.7 Compressed Air Foam System.
If the apparatus is equipped with a compressed air foam system, the system shall meet the
requirements of Chapter 18.
2-3.8 Line Voltage Electrical System.
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If the apparatus is equipped with a line voltage electrical system (120/240 volts), the system
shall meet the requirements of Chapter 19.
2-3.9 Command and Communications.
If the apparatus is equipped with a command and communications area, the area shall meet the
requirements of Chapter 20.
2-3.10 Air System.
If the apparatus is equipped with an air system, the system shall meet the requirements of
Chapter 21.
2-3.11 Winch System.
If the apparatus is equipped with a winch system, the system shall meet the requirements of
Chapter 22.
2-4
Governmental Requirements. The apparatus shall comply with all applicable federal and
state motor vehicle laws and regulations.
2-5 Personnel Protection.
2-5.1*
Guards, shields, or other protection shall be provided where necessary to prevent injury of
personnel by hot, moving, or rotating parts during normal non maintenance operations.
Electrical insulation or isolation shall be provided where necessary to prevent electrical shock
from onboard electrical systems.
2-5.2
Vehicular workmanship shall ensure a safe operating environment free of accessible sharp
projections and edges.
2-5.3
Safety related (caution, warning, danger) tags and labels shall meet the requirements of ANSI
Z535.4, Product Safety Signs and Labels.
2-6 Controls and Instructions.
2-6.1
Illumination shall be provided for controls, switches, essential instructions, gauges, and
instruments necessary for the operation of the apparatus and the equipment provided on it. If
external illumination is provided, it shall be a minimum of 5 footcandles (54 lux) on the face of
the device. If internal illumination is provided, it shall be a minimum of 4 footlamberts (14
candela/m2).
2-6.2
All required labels and markings shall be of a type permanent in nature, securely attached, and
capable of withstanding the effects of extremes of weather and temperature.
2-6.3
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No gauge or visual display shall be more than 84 in. (2134 mm) above the level where the
operator stands to read the instrument.
2-6.4
The central midpoint or centerline of any control shall be no more than 72 in. (1830 mm)
vertically above the ground or platform that is designed to serve as the operator's standing
position.
2-7 Component Protection.
Hydraulic lines, air system tubing, control cables, and electrical lines shall be clipped to the
frame or body structure of the apparatus and shall be furnished with metal protective looms or
grommets at each point where they pass through body panels or structural members.
Exception: Where a through-the-frame connector is provided, metal protective looms or
grommets shall not be required.
2-8 Vehicle Stability.
2-8.1
The height of the fully loaded vehicle's center of gravity shall not exceed the chassis
manufacturer's maximum limit.
2-8.2*
The front to rear weight distribution of the fully loaded vehicle as defined in Section 8-1 shall
be within the limits set by the chassis manufacturer. The front axle loads shall not be less than
the minimum axle loads specified by the chassis manufacturer, under full load and all other
loading conditions.
2-8.3
The difference in weight on the end of each axle, from side to side, when the vehicle is fully
loaded and equipped as defined in Section 8-1 shall not exceed 7 percent.
2-9* Apparatus Performance.
2-9.1*
The apparatus shall meet the requirements of this standard at elevations of 2000 ft (610 m)
above sea level.
2-9.2*
The apparatus shall meet all the requirements of this standard while stationary on any grade of
up to and including 6 percent in any direction.
2-10 Roadability.
The apparatus, when fully equipped and loaded as defined in Section 8-1, shall be capable of
the following performance on dry, paved roads in good condition:
(a) From a standing start, the vehicle shall attain a true speed of 35 mph (56 kmph), within 25
seconds on a level road;
(b)* The apparatus shall attain a minimum top speed of 50 mph (80 kmph) on a level road;
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(c)* The apparatus shall be able to maintain a speed of at least 20 mph (32 kmph) on any grade
up to and including 6 percent.
2-11 Serviceability.
2-11.1*
The apparatus shall be designed so that all the manufacturer's recommended routine
maintenance checks of lubricant and fluid levels can be performed easily by the operator without
lifting the cab of tilt-cab apparatus or the need for hand tools. Apparatus components that
interfere with repair or removal of other major components shall be attached with fasteners, such
as capscrews and nuts, so that the components can be removed and installed with ordinary hand
tools. These components shall not be welded or otherwise permanently secured into place.
2-11.2
If the vehicle has a tilt-cab mechanism, a redundant holding device shall be provided in
addition to the main system holding the cab in the fully raised position. The activation and
release of both systems shall be accomplished clear of the cab travel area while still having the
travel area in clear view.
2-11.3
Where special tools are required for routine service on any component of the apparatus, such
tools shall be provided with the apparatus.
2-11.4
The contractor shall supply, at time of delivery, at least two copies of a complete operation and
service manual covering the completed apparatus as delivered and accepted. The manual shall
contain the following:
(a) Descriptions, specifications, and ratings of the chassis, pump (if applicable), and aerial
device (if applicable);
(b) Wiring diagrams;
(c) Lubrication charts;
(d) Operating instructions for the chassis, any major components such as a pump or aerial
device, and any auxiliary systems;
(e) Precautions related to multiple configurations of aerial devices, if applicable;
(f) Instructions regarding the frequency and procedure for recommended maintenance; and
(g) Parts replacement information.
2-11.5*
The contractor shall deliver with the apparatus all manufacturers' operations and maintenance
documents supplied with components and equipment installed or supplied by the contractor.
2-12 Road Tests.
2-12.1
Road tests shall be conducted in accordance with this section to verify that the completed
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apparatus is capable of compliance with Section 2-10. The tests shall be conducted at a location
and in a manner that does not violate local, state, or federal traffic laws.
2-12.2
The apparatus shall be fully equipped and loaded as required in Section 8-1. The tests shall be
conducted on dry, level, paved roads that are in good condition. The engine shall not be
operated in excess of the maximum no-load governed speed.
2-12.3
Acceleration tests shall consist of two runs in opposite directions over the same route.
2-12.3.1 The vehicle shall attain a true speed of 35 mph (56 kmph) from a standing start within
25 seconds.
2-12.3.2 The vehicle shall attain a minimum top speed of not less than 50 mph (80 kmph).
2-12.3.3 If the apparatus is equipped with an auxiliary braking system, the manufacturer shall
road test the system to confirm that the system is functioning as intended by the auxiliary
braking system manufacturer.
2-12.3.4 The service brakes shall bring the fully laden apparatus to a complete stop from an
initial speed of 20 mph (32 kmph), in a distance not exceeding 35 ft (10.7 m) by actual
measurement, on a substantially hard, level surface road that is free of loose material, oil, or
grease.
2-13* Tests on Delivery.
If acceptance tests are desired at the point of delivery, they shall be run in accordance with the
provisions of this standard and shall duplicate the tests that the purchaser specifies. Aerial device
stability tests shall not be run other than at the manufacturer's facility.
2-14 Data Required of the Contractor.
The contractor shall supply, at the time of delivery, at least one copy of the following
documents.
(a) The manufacturer's record of apparatus construction details, including the following
information:
1. Owner's name and address;
2. Apparatus manufacturer, model, and serial number;
3. Chassis make, model, and serial number;
4. GAWR of front and rear axles;
5. Front tire size and total rated capacity in pounds;
6. Rear tire size and total rated capacity in pounds;
7. Chassis weight distribution in pounds with water and manufacturer mounted equipment
(front and rear);
8. Engine make, model, serial number, number of cylinders, bore, stroke, displacement and
compression ratio, rated horsepower and related speed per SAE J690, Certificates of Maximum
Net Horsepower for Motor Trucks and Truck Tractors, and no-load governed speed;
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9. Type of fuel and fuel tank capacity;
10. Electrical system voltage and alternator output in amps;
11. Battery make and model, capacity in CCA;
12. Transmission make, model, and type;
13. Pump to drive through the transmission (yes or no);
14. Engine to pump gear ratio and transmission gear ratio used;
15. Pump make, model, rated capacity in gallons per minute, serial number, number of
stages, and impeller diameter in inches;
16. Pump transmission make, model, and serial number;
17. Priming device type;
18. Type of pump pressure control system;
19. Auxiliary pump make, model, rated capacity in gallons per minute, serial number,
number of stages, and impeller diameter in inches;
20. Water tank certified capacity in gallons;
21. Aerial device type, rated vertical height in feet, rated horizontal reach in feet, and rated
capacity in pounds;
22. Paint numbers;
23. Company name and signature of responsible company representative.
(b) If the apparatus has a fire pump, the pump manufacturer's certification of suction capability
(see 12-2.4.1);
(c) If the apparatus has a fire pump, a copy of the apparatus manufacturer's approval for
stationary pumping applications (see 12-3.1);
(d) If the apparatus has a fire pump, the engine manufacturer's certified brake horsepower
curve for the engine furnished, showing the maximum no-load governed speed (see 12-3.2);
(e) If the apparatus has a fire pump, the pump manufacturer's certification of hydrostatic test
(see 12-5.2);
(f) If the apparatus has a fire pump, the certification of inspection and test for the fire pump
(see 12-13.1);
(g) If the apparatus has an aerial device, the certification of inspection and test for the aerial
device (see Section 16-24);
(h) If the apparatus has an aerial device, all the technical information required for inspections
to comply with NFPA 1914, Standard for Testing Fire Department Aerial Devices;
(i) Weight documents from a certified scale — showing actual loading on the front axle, rear
axle(s), and overall vehicle (with the water tank full but without personnel, equipment, and hose)
shall be supplied with the completed vehicle to determine compliance with Section 8-1;
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(j) Written load analysis and results of the electrical system performance tests required in
Chapter 9;
(k) If the apparatus is equipped with a water tank, the certification of water tank capacity (see
Section 15-6).
Chapter 3 Pumper Fire Apparatus Requirements
3-1 General.
If the apparatus is to function as a pumper, it shall meet the requirements of this chapter.
3-2 Fire Pump.
The apparatus shall be equipped with a fire pump that meets the requirements of Chapter 12
and that has a minimum rated capacity of 750 gpm (2850 L/min).
3-3 Aerial Device.
3-3.1
If the pumper fire apparatus is equipped with an aerial device, the aerial device shall meet the
requirements of Chapter 16.
3-3.2
If the aerial device is equipped with a permanently mounted waterway, the minimum rated fire
pump capacity shall be sufficient to meet the flow requirements of either 16-6.1.2, 16-12.1, or
16-16.2, with a maximum intake pressure of 20 psig (138ÿkPag).
3-3.3
Provisions shall be made to ensure that the pump operator is not in contact with the ground.
Signs shall be placed to warn the pump operator of electrocution hazard.
3-4 Water Tank.
The pumper shall be equipped with a water tank(s) that meets the requirements of Chapter 15
and that has a minimum certified capacity (combined, if applicable) of 500 gal (1900 L). If the
pumper is equipped with an aerial device, the capacity of the water tank shall be permitted to be
reduced to 300 gal (1136 L).
3-5* Equipment Storage.
A minimum of 40 ft3 (1.13 m3) of enclosed weather-resistant compartmentation shall be
provided for the storage of equipment.
3-6* Hose Storage.
Hose bed area(s), compartments, or reels that comply with Section 11-10 shall be provided to
accommodate the following. These areas need not be contiguous.
(a) A minimum hose storage area of 55 ft3 (1.56 m3) for 21/2-in. (65-mm) or larger hose;
(b) Two areas, each a minimum of 3.5 ft3 (0.1 m3), to accommodate 11/2-in. (38-mm) or larger
preconnected hose lines.
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3-7 Equipment Supplied by the Contractor.
The following equipment shall be supplied and mounted by the contractor. The contractor
shall provide such brackets or compartments as are necessary to mount the equipment properly.
3-7.1* Ground Ladders.
All ground ladders carried on the apparatus shall meet the requirements of NFPA 1931,
Standard on Design of and Design Verification Tests for Fire Department Ground Ladders. At a
minimum, the following ladders shall be carried on the apparatus:
One straight ladder, a minimum of 14 ft (4.3 m) in length and equipped with roof hooks;
One extension ladder, a minimum of 24 ft (7.3 m) in length;
One 10-ft (3-m) folding ladder.
3-7.2* Suction Hose.
A minimum of 15 ft (4.6 m) of soft suction hose or 20 ft (6 m) of hard suction hose shall be
carried. Suction hose shall meet the requirements of NFPA 1961, Standard for Fire Hose. The
purchaser shall specify whether hard or soft suction hose is to be provided, the length and size of
the hose, the size of the couplings, the manner in which the suction hose is to be carried or
mounted on the apparatus, and the style of brackets desired.
3-7.2.1 Where hard suction hose is provided, a suitable suction strainer shall be furnished.
3-7.2.2 Where soft suction hose is provided, it shall have long handle female couplings with the
local hydrant outlet connection on one end and the pump intake connection on the other end.
3-8 Minor Equipment.
The list of equipment in 3-8.1 and 3-8.2 shall be available on the pumper fire apparatus before
it is placed in service. A detailed list of who is to furnish the items shall be supplied by the
purchasing authority. Brackets or compartments shall be furnished to mount or contain the
equipment properly.
3-8.1* Fire Hose and Nozzles.
The following hose and nozzles shall be carried:
1200 ft (366 m) of 21/2-in. (65-mm) or larger fire hose;
400 ft (122 m) of 11/2-in. (38-mm), 13/4-in. (44-mm), or 2-in. (51-mm) fire hose;
One combination fog nozzle, 200 gpm (757 L/min) minimum;
Two combination fog nozzles, 95 gpm (360 L/min) minimum;
One playpipe, with shutoffs and 1-in. (25-mm), 11/8-in. (29-mm), and 11/4-in. (32-mm) tips.
3-8.2* Miscellaneous Equipment.
The following additional equipment shall be carried:
One 6-lb (2.7-kg) flathead axe;
One 6-lb (2.7-kg) pickhead axe;
One 6-ft (2-m) pike pole or plaster hook;
One 8-ft (2.4-m) or longer pike pole;
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Two portable hand lights with mounting brackets;
One approved dry chemical portable fire extinguisher with a minimum 80 BC rating and a
mounting bracket;
One 21/2-gal (9.5-L) or larger water extinguisher with bracket;
One gated swivel intake connection with pump intake threads on one end and one or more
female connections compatible with the supply hose carried on the other;
One self-contained breathing apparatus complying with NFPA 1981, Standard on
Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters, for each assigned seating
position, but not less than four;
One spare SCBA cylinder for each SCBA carried;
One first aid kit;
Four combination spanner wrenches with brackets;
Two hydrant wrenches;
Two double female adapters, sized to fit 21/2-in. (65-mm) or larger hose;
Two double male adapters, sized to fit 21/2-in. (65-mm) or larger hose;
One rubber mallet, suitable for use on suction hose connections;
Two salvage covers each a minimum size of 12 ft × 14 ft (3.7 m × 4.3 m);
Two wheel chocks, mounted in readily accessible locations, that meet or exceed the
requirements of SAE J348, Standard for Wheel Chocks, for the wheel diameter on which the
chocks are to be used;
Where an aerial device with a permanently mounted ladder is provided, four Class I life safety
harnesses meeting the requirements of NFPA 1983, Standard on Fire Service Life Safety Rope
and System Components.
Chapter 4 Initial Attack Fire Apparatus
4-1 General.
If the apparatus is to function as an initial attack fire apparatus, it shall meet the requirements
of this chapter.
4-2 Fire Pump.
The apparatus shall be equipped with a fire pump that meets the requirements of Chapter 12
and that has a minimum rated capacity of 250 gpm (950 L/min).
4-3 Water Tank.
Initial attack apparatus shall be equipped with a water tank(s) that meets the requirements of
Chapter 15 and that has a minimum certified capacity (combined, if applicable) of 200 gal (757
L).
4-4* Equipment Storage.
A minimum of 22 ft3 (0.62 m3) of enclosed weather-resistant compartmentation that meets the
requirements of Chapter 11 shall be provided for the storage of equipment.
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4-5* Hose Storage.
Hose bed area(s), compartments, or reels that meet the requirements of Section 11-10 shall be
provided to accommodate the following. These areas need not be contiguous.
(a) A minimum hose storage area of 10 ft3 (0.283 m3) for 21/2-in. (65-mm) or larger hose; and
(b) Two areas, each a minimum of 3.5 ft3 (0.1 m3), to accommodate 11/2-in. (38-mm) or larger
preconnected hose lines.
4-6 Equipment Supplied by the Contractor.
The following equipment shall be supplied and mounted by the contractor. The contractor
shall provide such brackets or compartments as are necessary to mount the equipment properly.
4-6.1 Ground Ladders.
A 12-ft (3.7-m) or longer extension-type ground ladder shall be carried on the apparatus. All
ground ladders on the apparatus shall meet the requirements of NFPA 1931, Standard on Design
of and Design Verification Tests for Fire Department Ground Ladders.
4-6.2* Suction Hose.
A minimum of 15 ft (4.6 m) of soft suction hose or 20 ft (6 m) of hard suction hose shall be
carried. Suction hose shall meet the requirements of NFPA 1961, Standard for Fire Hose. The
purchaser shall specify whether hard or soft suction hose is to be provided, the length and size of
the hose, the size of the couplings, the manner in which the suction hose is to be carried or
mounted on the apparatus, and the style of brackets desired.
4-6.2.1 Where hard suction hose is provided, a suitable suction strainer shall be furnished.
4-6.2.2 Where soft suction hose is provided, it shall have long handle female couplings with the
local hydrant outlet connection on one end and the pump intake connection on the other end.
4-7 Minor Equipment.
The list of equipment in 4-7.1 and 4-7.2 shall be available on the initial attack fire apparatus
before it is placed in service. A detailed list of who is to furnish the items shall be supplied by
the purchasing authority. Brackets or compartments shall be furnished to mount or contain the
equipment properly.
4-7.1 Fire Hose and Nozzles.
The following hose and nozzles shall be carried:
300 ft (91 m) of 21/2-in. (65-mm) or larger fire hose;
400 ft (122 m) of 11/2-in. (38-mm), 13/4-in. (44-mm), or 2-in. (51-mm) fire hose;
Two combination fog nozzles, 95 gpm (360 L/min) minimum.
4-7.2* Miscellaneous Equipment.
The following additional equipment shall be carried:
One 6-lb (2.7-kg) pickhead axe;
One 6-ft (2-m) pike pole or plaster hook;
Two portable hand lights with mounting brackets;
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One approved dry chemical portable fire extinguisher with a minimum 80 BC rating and a
mounting bracket;
One 21/2-gal (9.5-L) or larger water extinguisher with bracket;
One gated swivel intake connection with pump intake threads on one end and one or more
female connections compatible with the supply hose carried on the other;
One self-contained breathing apparatus complying with NFPA 1981, Standard on
Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters, for each assigned seating
position, but not less than two;
One spare SCBA cylinder for each SCBA carried;
One first aid kit;
Two combination spanner wrenches with brackets;
One hydrant wrench;
One double female adapter, sized to fit 21/2-in. (65-mm) or larger hose;
One double male adapter, sized to fit 21/2-in. (65-mm) or larger hose;
One rubber mallet, suitable for use on suction hose connections;
Two wheel chocks, mounted in readily accessible locations, that meet or exceed the
requirements of SAE J348, Standard for Wheel Chocks, for the wheel diameter on which the
chocks are to be used.
Chapter 5 Mobile Water Supply Fire Apparatus
5-1 General.
If the apparatus is to function as a mobile water supply apparatus, it shall meet the
requirements of this chapter.
5-2 Pump.
If the apparatus is equipped with either a fire or transfer pump or both, the pump(s) shall meet
the requirements of Chapter 12 or Chapter 14 respectively.
5-3 Water Tank.
The mobile water supply apparatus shall be equipped with a water tank(s) that meets the
requirements of Chapter 15 and that has a minimum certified capacity (combined, if applicable)
of 1000 gal (3800 L).
5-4* Equipment Storage.
A minimum of 20 ft3 (0.57 m3) of enclosed weather-resistant compartmentation meeting the
requirements of Chapter 11 shall be provided for the storage of equipment.
5-5 Hose Storage.
5-5.1*
A minimum hose storage area of 6 ft3 (0.17 m3) for 21/2-in. (65-mm) or larger fire hose that
meets the requirements of Section 11-10 shall be provided.
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5-5.2
If the apparatus is equipped with a fire pump, two areas, each a minimum of 3.5 ft3 (0.1 m3), to
accommodate 11/2-in. (38-mm) or larger preconnected hose lines shall be provided.
5-6* Suction Hose.
If the apparatus is equipped with a pump, a minimum of 15 ft (4.6 m) of soft suction hose or 20
ft (2 m) of hard suction hose shall be carried. Suction hose shall meet the requirements of NFPA
1961, Standard for Fire Hose. The purchaser shall specify whether hard or soft suction hose is
to be provided, the length and size of the hose, the size of the couplings, the manner in which the
suction hose is to be carried or mounted on the apparatus, and the style of brackets desired. The
contractor shall supply and mount any specified suction hose.
5-6.1*
Where hard suction hose is provided, a suitable suction strainer shall be furnished.
5-6.2
Where soft suction hose is provided, it shall have long handle female couplings with the local
hydrant outlet connection on one end and the pump intake connection on the other end.
5-7 Minor Equipment.
The list of equipment in 5-7.1 and 5-7.2 shall be available on the mobile water supply fire
apparatus before it is placed in service. A detailed list of who is to furnish the items shall be
supplied by the purchasing authority. Brackets or compartments shall be furnished to mount or
contain the equipment properly.
5-7.1 Fire Hose and Nozzles.
5-7.1.1 The mobile water supply apparatus shall be equipped with at least 200 ft (61 m) of
21/2-in. (65-mm) or larger fire hose.
5-7.1.2* If the mobile water supply apparatus is equipped with a fire pump, the following shall
be provided:
400 ft (61 m) of 11/2-in. (38-mm), 13/4-in. (44-mm), or 2-in. (51-mm) fire hose;
Two combination fog nozzles, 95 gpm (360 L/min) minimum.
5-7.2 Equipment.
5-7.2.1* Mobile water supply fire apparatus shall be equipped with at least the following
equipment:
One 6-lb (2.7-kg) flathead or pickhead axe;
One 6-ft (2-m) or longer pike pole or plaster hook;
Two portable hand lights with mounting brackets;
One approved dry chemical portable fire extinguisher with a minimum 80 BC rating and a
mounting bracket;
One 21/2-gal (9.5-L) or larger water extinguisher with bracket;
One self-contained breathing apparatus complying with NFPA 1981, Standard on
Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters, for each assigned seating
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position, but not less than two;
One spare SCBA cylinder for each SCBA carried;
One first aid kit;
Two combination spanner wrenches with brackets;
One hydrant wrench;
One double female adapter, sized to fit 21/2-in. (65-mm) or larger hose;
One double male adapter, sized to fit 21/2-in. (65-mm) or larger hose;
Two wheel chocks, mounted in readily accessible locations, that meet or exceed the
requirements of SAE J348, Standard for Wheel Chocks, for the wheel diameter on which the
chocks are to be used.
5-7.2.2 If the mobile water supply apparatus is equipped with a pump, the following equipment
shall be carried on the apparatus:
One gated swivel intake connection with pump intake threads on one end and one or more
female connections compatible with the supply hose carried on the other end;
One rubber mallet, suitable for use on suction hose connections.
Chapter 6 Aerial Fire Apparatus
6-1 General.
If the apparatus is to function as an aerial fire apparatus, it shall meet the requirements of this
chapter. If the apparatus is to function as a pumper with an aerial device, it shall meet all the
requirements of Chapter 3 instead of Chapter 6.
6-2 Aerial Device.
The apparatus shall be equipped with an aerial ladder, elevating platform, or water tower that
meets the requirements of Chapter 16.
6-3 Fire Pump.
If the apparatus is equipped with a fire pump, the pump shall meet the requirements of Chapter
12.
6-3.1
Provisions shall be made to ensure that the pump operator is not in contact with the ground.
Signs shall be placed to warn the pump operator of electrocution hazard.
6-3.2
If the aerial fire apparatus is equipped with a fire pump that is intended to supply water to a
permanently mounted waterway, the minimum rated pump capacity shall be sufficient to meet
the flow requirements of 16-6.1.2 or 16-12.1 with a maximum intake pressure of 20 psig (138
kPag).
6-4 Water Tank.
If the aerial fire apparatus is equipped with a water tank, it shall meet the requirements of
Chapter 15 and have a minimum certified capacity of 150 gal (568 L).
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6-5* Equipment Storage.
A minimum of 40 ft3 (1.13 m3) of enclosed weather-resistant compartmentation meeting the
requirements of Chapter 11 shall be provided for the storage of equipment.
6-6 Hose Storage.
6-6.1*
Any space on the aerial fire apparatus designed to carry fire hose shall meet the requirements
of Section 11-10.
6-6.2
If the apparatus is equipped with a fire pump and a water tank, two areas, each a minimum of
3.5 ft3 (0.1 m3) to accommodate 11/2-in. (38-mm) or larger preconnected hose lines, shall be
provided.
6-7* Ground Ladders.
The following ground ladders shall be supplied and mounted by the contractor. The contractor
shall provide such brackets or compartments as are necessary to mount the equipment properly.
The ground ladders shall meet the requirements of NFPA 1931, Standard on Design of and
Design Verification Tests for Fire Department Ground Ladders.
One folding (attic) ladder a minimum of 10 ft (3 m) in length;
Two roof ladders (with folding roof hooks) a minimum of 16 ft (4.9 m) in length;
One combination ladder a minimum of 14 ft (4.3 m) in length;
One extension ladder a minimum of 24 ft (7.3 m) in length;
One extension ladder a minimum of 35 ft (10.7 m) in length.
6-8 Minor Equipment.
The list of equipment in 6-8.1 and 6-8.2 shall be available on the aerial fire apparatus before it
is placed in service. A detailed list of who is to furnish the items shall be supplied by the
purchasing authority. Brackets or compartments shall be furnished to mount or contain the
equipment properly.
6-8.1*
Aerial fire apparatus shall be equipped with at least the following equipment:
Two 6-lb (2.7-kg) flathead axes;
Three 6-lb (2.7-kg) pickhead axes;
Two 6-ft (2-m) pike poles;
Two 8-ft (2.4-m) pike poles;
Two 12-ft (3.7-m) pike poles;
Two 3-ft to 4-ft (1-m to 1.2-m) pike poles with D handle;
Two crowbars;
Two claw tools;
Two 12-lb (5.4-kg) sledgehammers;
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Four portable hand lights with mounting brackets;
One approved dry chemical portable fire extinguisher with a minimum 80 BC rating and a
mounting bracket;
One 21/2-gal (9.5-L) or larger water extinguisher with bracket;
One self-contained breathing apparatus complying with NFPA 1981, Standard on
Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters, for each assigned seating
position, but not less than four;
One spare SCBA cylinder for each SCBA carried;
One first aid kit;
Six salvage covers, at least 12 ft × 18 ft (3.6 m × 5.5 m);
Four combination spanner wrenches with brackets;
Two scoop shovels;
One hose roller (equipment hoist);
One pair bolt cutters, 24 in. (610 mm) minimum;
Four Class I life safety harnesses meeting the requirements of NFPA 1983, Standard on Fire
Service Life Safety Rope and System Components;
150 ft (46 m) of one-person life safety rope meeting the requirements of NFPA 1983, Standard
on Fire Service Life Safety Rope and System Components;
150 ft (46 m) of two-person life safety rope meeting the requirements of NFPA 1983, Standard
on Fire Service Life Safety Rope and System Components;
Two 150-ft (46-m) lengths of utility rope having a breaking strength of at least 5000 lb (2268
kg);
One box of tools to include the following:
One hacksaw with three blades;
One keyhole saw;
One 12-in. (305-mm) pipe wrench;
One 24-in. (610-mm) pipe wrench;
One ballpeen hammer;
One pair tin snips;
One pair pliers;
One pair lineman's pliers;
Assorted types and sizes of screwdrivers;
Assorted adjustable wrenches;
Assorted combination wrenches;
Four wheel chocks, mounted in a readily accessible location(s), that meet or exceed the
requirements of SAE J348, Standard for Wheel Chocks, for the wheel diameter on which the
chocks are to be used.
6-8.2
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If the aerial fire apparatus is equipped with a fire pump, the following shall be supplied:
Two double female adapters, sized to fit 21/2-in. (65-mm) or larger hose;
Two double male adapters, sized to fit 21/2-in. (65-mm) or larger hose;
One rubber mallet, suitable for use on suction hose connections;
One gated swivel intake connection with pump intake threads on one end and one or more
female connections compatible with the supply hose carried on the other end;
Two hydrant wrenches.
Chapter 7 Special Service Fire Apparatus
7-1 General.
If the apparatus is to function as a special service fire apparatus, it shall meet the requirements
of this chapter.
7-2 Pump.
If the apparatus is equipped with a fire pump, the pump shall meet the requirements of Chapter
12.
7-3* Equipment Storage.
A minimum of 120 ft3 (3.4 m3) of enclosed weather-resistant compartmentation meeting the
requirements of Chapter 11 shall be provided for the storage of equipment.
7-4 Equipment Supplied by the Contractor.
The following equipment shall be supplied and mounted by the contractor. The contractor
shall provide such brackets or compartments as are necessary to mount the equipment properly.
7-4.1 Ground Ladders.
One 10-ft (3-m) folding ladder or one 16-ft (4.9-m) combination ladder shall be carried on the
apparatus. All ground ladders on the apparatus shall meet the requirements of NFPA 1931,
Standard on Design of and Design Verification Tests for Fire Department Ground Ladders.
7-4.2* Suction Hose.
If the special service fire apparatus is equipped with a fire pump, a minimum of 15 ft (4.6 m)
of soft suction hose or 20 ft (6 m) of hard suction hose shall be carried. Suction hose shall meet
the requirements of NFPA 1961, Standard for Fire Hose. The purchaser shall specify whether
hard or soft suction hose is to be provided, the length and size of the hose, the size of the
couplings, the manner in which the suction hose is to be carried or mounted on the apparatus,
and the style of brackets desired.
7-4.2.1 Where hard suction hose is provided, a suitable suction strainer shall be provided.
7-4.2.2 Where soft suction hose is provided, it shall have long handle female couplings with the
local hydrant outlet connection on one end and the pump intake connection on the other end.
7-5* Minor Equipment.
The equipment on the following list shall be available on the special service vehicle before it is
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placed in service. A detailed list of who is to furnish the items shall be supplied by the
purchasing authority. Brackets or compartments shall be furnished to mount or contain the
equipment properly.
Two portable hand lights with mounting brackets;
One approved dry chemical portable fire extinguisher with a minimum 80 BC rating and a
mounting bracket;
One 21/2-gal (9.5-L) or larger water extinguisher with bracket;
One self-contained breathing apparatus complying with NFPA 1981, Standard on
Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters, for each assigned seating
position, but not less than two;
One spare SCBA cylinder for each SCBA carried;
One first aid kit;
Two wheel chocks, mounted in readily accessible locations, that meet or exceed the
requirements of SAE J348, Standard for Wheel Chocks, for the wheel diameter on which the
chocks are to be used.
Chapter 8 Chassis and Vehicle Components
8-1* Carrying Capacity.
The GAWR, and GCWR or GVWR of the chassis shall be adequate to carry the weight of the
unequipped apparatus, the fully loaded water and other tanks, the specified hose load,
unequipped personnel weight, ground ladders, and miscellaneous equipment allowance as
defined in Table 8-1.
8-1.1*
The unequipped personnel weight shall be calculated at 200 lb (91 kg) per person multiplied
by the number of seating positions on the apparatus.
8-1.2
A final manufacturer's certification of the GVWR or GCWR, along with a certification of the
GAWR, shall be supplied on a nameplate affixed to the vehicle.
Table 8-1 Miscellaneous Equipment Allowance
Apparatus
Type

Chassis
GVWR

Equipment
Allowance

Pumper fire apparatus

All

2000 lb (908 kg)

Initial attack fire apparatus

10,000 lb to 15,000 lb
(4540 kg to 6810 kg)

900 lb (410 kg)

15,001 lb to 20,000 lb

1500 lb (680 kg)
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(6810 kg to 9080 kg)

20,001 lb and up
(9080 kg and up)

2000 lb (908 kg)

Mobile water supply fire apparatus

All

1000 lb (454 kg)

Aerial fire apparatus

All

2500 lb (1134 kg)

Special service fire apparatus

10,000 lb to 15,000 lb
(4540 kg to 6810 kg)

2000 lb (908 kg)

15,001 lb to 20,000 lb
(6810 kg to 9080 kg)

2500 lb (1134 kg)

20,001 lb and up
(9080 kg and up)

3000 lb (1360 kg)

8-2 Engine and Engine System Design.
8-2.1* Chassis Engine.
8-2.1.1* An engine governor or electronic fuel control system shall be installed that will limit the
speed of the engine under all conditions of operation to that speed established by the engine
manufacturer; this shall be the maximum no-load governed speed.
8-2.1.2 Audible and visual warning devices that are visible from the driver's position shall be
provided to alert the driver to high engine temperature or low oil pressure conditions.
8-2.1.3* Automatic engine shutdown systems shall not be permitted unless they are an integral
part of the standard engine management system which cannot be disabled.
8-2.1.4* An engine speed control device shall be installed to allow an increase in the engine
speed when the apparatus is parked. An interlock shall prevent the operation of this engine
speed control unless the parking brake is fully engaged and the transmission is in neutral or park,
or unless the engine speed control is used with chassis engine driven components, in which case,
it shall be properly interlocked with the engagement of those components.
8-2.1.5 The engine and transmission installation shall meet the engine and transmission
manufacturer's installation recommendations for the service intended.
8-2.1.6 An engine hourmeter shall be provided.
8-2.2 Cooling System.
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8-2.2.1* The cooling system of the engine shall maintain a temperature in the engine at or below
the engine manufacturer's maximum temperature rating under all conditions for which the
apparatus is designed.
8-2.2.2 Where automatic radiator shutters are supplied, provisions shall be required to return the
shutters to the open position in the event of the failure of the automatic control. If this cannot be
accomplished, manual controls shall be supplied.
8-2.2.3 Readily accessible drain valves shall be installed at the lowest point of the cooling
system and at such other points as are necessary to permit complete removal of the coolant from
the system. Drain valves shall be designed such that they will not open accidentally due to
vibration.
8-2.2.4 The radiator shall be mounted so as to prevent the development of leaks caused by
twisting or straining, where the apparatus operates over uneven ground. Radiator cores shall be
compatible with commercial antifreeze solutions.
8-2.3 Lubrication System.
8-2.3.1* The engine shall be provided with an oil filter of the type approved by the engine
manufacturer.
8-2.3.2 The engine oil fill pipe shall be large enough and located to allow easy filling.
8-2.3.3 A permanent plate in the driving compartment shall specify the quantity and type of the
following fluids used in the vehicle:
(a) Engine oil;
(b) Engine coolant;
(c) Chassis transmission fluid;
(d) Pump transmission lubrication fluid;
(e) Pump primer fluid;
(f) Drive axle(s) lubrication fluid;
(g) Air-conditioning refrigerant;
(h) Air-conditioning lubrication oil;
(i) Power steering fluid;
(j) Cab tilt mechanism fluid;
(k) Transfer case fluid;
(l) Equipment rack fluid;
(m) Air compressor system lubricant;
(n) Generator system lubricant.
8-2.4 Fuel and Air System.
8-2.4.1* Diesel Engines.
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8-2.4.1.1* An air filter shall be provided. Air inlet restrictions shall not exceed the engine
manufacturer's recommendations. The air inlet shall be protected to prevent water and burning
embers from entering the air intake system. An air restriction indicator shall be mounted in the
cab and visible to the driver.
8-2.4.1.2* The fuel supply lines and fuel filters shall meet the engine manufacturer's
recommendations.
8-2.4.1.3* Where an electric fuel priming system is furnished, the valving and piping shall be
arranged and labeled so that it can be operated only to reprime the fuel system. When the system
is not being intentionally operated, it shall be isolated from the normal fuel system and
inoperable.
8-2.4.2 Gasoline Engines.
8-2.4.2.1 An air filter shall be provided. Air inlet restrictions shall not exceed the engine
manufacturer's recommendations. The air inlet shall be protected so as to prevent water and
burning embers from entering the air intake system. An air restriction indicator shall be mounted
in the cab and visible to the driver.
8-2.4.2.2 Fuel lines and filters or strainers that meet the engine manufacturer's recommendations
shall be provided. The filters or strainers shall be of a serviceable type and mounted in an
accessible location. Where two or more fuel lines are installed, separate fuel pumps operating in
parallel with suitable check valves and filtering devices shall be provided. The fuel line(s) shall
be located or protected so as not to be subjected to excessive heating from any portion of a
vehicle exhaust system. The line(s) shall be protected from mechanical damage. Suitable valves
and drains shall be installed. The gasoline feed system shall include an electrically operated fuel
pump located within or adjacent to the fuel tank.
8-2.5* Exhaust System.
The exhaust piping and discharge outlet shall be located or shielded so as not to expose any
portion of the apparatus or equipment to excessive heating. Exhaust pipe discharge shall be
directed away from any operator's position. Silencing devices shall be provided. Exhaust
backpressure shall not exceed the limits specified by the engine manufacturer. Where parts of the
exhaust system are exposed so that they are likely to cause injury to operating personnel, suitable
protective guards shall be provided.
8-3 Vehicle Components.
8-3.1 Braking System.
8-3.1.1 The vehicle shall be equipped with an all wheel anti-lock brake system if such a system
is available from the chassis manufacturer.
8-3.1.2* Service brakes and parking brakes shall be independent and separate systems. All
brakes shall be readily accessible for adjustment.
8-3.1.3 The service brake application valve, when applied, shall operate all the service brakes on
the vehicle or combination vehicle.
8-3.1.4* Where air-actuated braking systems are provided, they shall include:
(a) An automatic moisture ejector;
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(b) An air drier;
(c) A pressure protection valve to prevent the use of air horns or other air-operated accessories
when the system air pressure drops below 80 psi (552 kPa);
(d) A quick buildup section in the air reservoir system arranged so that the apparatus is able to
move within 60 seconds of start-up from a completely discharged air system. The quick buildup
system shall provide sufficient air pressure so that the apparatus has no brake drag and is able to
stop under the intended operating conditions following the 60-second buildup time. On a chassis
that cannot be equipped with a quick buildup air brake system, an onboard automatic electric
compressor with an automatically ejected electric shoreline or a fire station compressed air
shoreline hookup shall be permitted, to maintain full operating air pressure while the vehicle is
not running.
8-3.1.5* Parking brakes shall control the rear wheels, or all wheels, and shall be of the positive,
mechanically-actuated type. The parking brake system shall hold the fully loaded apparatus on at
least a 20 percent grade. A lockup device to retain applied pressure on hydraulic-actuated service
brake systems, or the use of the "park" position on an automatic transmission shall not be
substituted for a separate parking brake system. Parking brakes on steerable axles of tiller
vehicles shall be provided where necessary to meet the requirements of this standard. Air-applied
brakes or mechanically-actuated brakes are acceptable on these axles.
8-3.1.6 The service brakes shall be capable of bringing the fully laden apparatus to a complete
stop from an initial speed of 20 mph (32 kmph), in a distance not exceeding 35 ft (10.7 m) by
actual measurement, on a substantially hard level surface road that is free of loose material, oil,
or grease.
8-3.1.7* All apparatus with a GVWR of 36,000 lb (16,330 kg) or greater shall be equipped with
an auxiliary braking system.
8-3.2 Suspension and Wheels.
8-3.2.1* Each load-bearing tire and rim of the apparatus shall not carry a weight in excess of the
recommended load for the operation of truck tires of the size used, as published in the Yearbook
of the Tire and Rim Association, Inc., and as recommended by the tire manufacturer, when the
apparatus is loaded as indicated in Section 8-1. Where the vehicle tires are utilized as part of an
aerial device stability system, the maximum loads imposed on the tires shall not exceed the tire
manufacturer's maximum static load rating.
8-3.2.2 Axle housings and any other components except wheels and tires shall clear the road
surface by at least 8 in. (203 mm).
8-3.2.3* An angle of approach and an angle of departure of at least 8 degrees shall be maintained
at the front and rear of the vehicle when it is normally loaded as indicated in Section 8-1.
8-3.2.4 Fenders and guards shall be braced and firmly secured. Clearance for tire chains shall be
provided in accordance with SAE J683, Tire Chain Clearance—Trucks, Buses (except Suburban,
Intercity, and Transit Buses), and Combinations of Vehicles.
8-3.2.5 The steering mechanism shall be capable of turning the front wheels to an angle of at
least 30 degrees to either the right or left for nondriving front axles, and at least 28 degrees for
driving front axles. Power steering or power-assisted steering shall be provided.
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8-3.2.6 If a tractor-drawn vehicle is provided for an aerial fire apparatus, it shall consist of a
tractor with a suitable, permanent, nonkingpinned "fifth wheel" mounted upon the rear of the
chassis to carry the forward end of the aerial ladder trailer unit. The fifth wheel and body design
shall be of a type that allows full 90-degree jackknifing of the tractor-trailer combination with
the stabilizers in the stored position.
8-3.2.6.1 A steering wheel shall be provided to steer the rear wheels of the trailer unit. The
steering shall be of the power or power-assisted type. A minimum wheel cramp angle of 20
degrees right and left shall be provided.
8-3.2.6.2 An audible and visual warning system shall be provided to warn both drivers when the
jackknife position approaches the manufacturer's maximum allowable position.
8-3.2.6.3 If the manufacturer's design requires that the load from the aerial device not be
transferred to the rear springs of the tractor, a suitable device shall be installed that will prevent
such a weight transfer.
8-3.3* Transmission.
The transmission shall be rated for heavy-duty service and shall be designed to match engine
torque and speed to the load demand. The transmission shall provide the driver with the
selection of individual gears, or ranges of gears, necessary to meet the performance requirements
of this standard.
8-3.4 Fuel Tank.
8-3.4.1* The fuel capacity shall be sufficient to allow the engine to drive the pump for 21/2
hours at rated pump capacity at 150 psi (1035 kPa) net pump pressure and at the suction
conditions specified in this standard, or to operate at 60 percent of gross engine horsepower for
21/2 hours, whichever is greater. The tank fill opening shall be conspicuously labeled for the
proper fuel.
8-3.4.2* Only one fuel tank shall be furnished where the rated tank capacity is 50 gal (190 L) or
less. The fuel gauge shall indicate the proportionate amount of fuel in the tank system at all
times.
8-3.4.3 The tank fill piping shall be placed so it is protected from mechanical damage during the
normal use of the fire apparatus, and both the tank and the fill piping shall be placed so they are
not exposed to heat from the exhaust system or other source of ignition. The tank shall be placed
so it is easily removable for repairs. A means for draining the tank without removing the tank
shall be supplied.
8-3.5* Tow Hooks.
Front and rear tow hooks or tow eyes shall be attached to the frame structure to allow towing
(not lifting) of the apparatus without damage.
Chapter 9 Low Voltage Electrical Systems and
Warning Devices
9-1* General.
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Any 12-volt or 24-volt electrical systems or warning devices installed on the fire apparatus
shall be appropriate for the service intended and shall meet the specific requirements of this
chapter.
9-2 Wiring.
All electrical circuit feeder wiring supplied and installed by the apparatus manufacturer shall
meet the requirements of this section.
9-2.1*
The wire shall be stranded copper or copper alloy conductors of a gauge rated to carry 125
percent of the maximum current for which the circuit is protected. Voltage drops in all wiring
from the power source to the using device shall not exceed 10 percent. The use of star washers
for circuit ground connections shall not be permitted. All circuits shall otherwise be wired in
conformance with SAE J1292, Automobile, Truck, Truck-Tractor, Trailer, and Motor Coach
Wiring.
9-2.2 Wiring and Wire Harness Construction.
9-2.2.1 Insulated Wire and Cable. All insulated wire and cable shall conform to SAE J1127,
Battery Cable; SAE J1128, Low Tension Primary Cable; or SAE J1560, Low Tension Thin Wall
Primary Cable.
9-2.2.1.1 All conductors shall be constructed in accordance with SAE J1127, Battery Cable;
SAE J1128, Low Tension Primary Cable; or SAE J1560, Low Tension Thin Wall Primary
Cable; except when good engineering practice dictates special strand construction. Conductor
materials and stranding, other than copper, shall be permitted if all applicable requirements for
physical, electrical, and environmental conditions are met as dictated by the end application.
9-2.2.1.2 Physical and dimensional values of conductor insulation shall be in conformance with
the requirements of SAE J1127, Battery Cable; SAE J1128, Low Tension Primary Cable; or
SAE J1560, Low Tension Thin Wall Primary Cable, except when good engineering practice
dictates special conductor insulation.
9-2.2.2 The overall covering of conductors shall be moisture-resistant loom or braid. This overall
covering shall have a minimum rating of 289ÿF (143ÿC) and a flammability rating of VW-1 as
defined in UL 62, Standard for Flexible Cord and Fixture Wire.
9-2.3
The overall covering of jacketed cables shall be moisture resistant and have a minimum
temperature rating of 289ÿF (143ÿC).
9-2.4
All wiring connections and terminations shall use a method that provides a positive
mechanical and electrical connection and shall be installed in accordance with the device
manufacturer's instructions. Wire nut, insulation displacement, and insulation piercing
connections shall not be used.
9-2.5
Wiring shall be thoroughly secured in place and protected against heat, liquid contaminants,
and damage.
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9-2.6*
Wiring shall be uniquely identified at least every 2 ft (0.6 m) by color coding or permanent
marking with a circuit function code. The identification shall reference a wiring schematic. [See
2-11.4(b).]
9-2.7
Circuits shall be provided with properly rated low voltage overcurrent protective devices.
Such devices shall be readily accessible and protected against heat in excess of the components
rating, mechanical damage, and water spray. Circuit protection shall be accomplished by
utilizing fuses, circuit breakers, or fusible links that conform to one of the following SAE
standards: SAE J156, Fusible Links; SAE J553, Circuit Breakers; SAE J2077, Miniature Blade
Type Electrical Fuses; SAE J554, Electric Fuses (Cartridge Type); or SAE J1888, High Current
Time Lag Electrical Fuses.
9-2.8
Switches, relays, terminals, and connectors shall have a direct current (dc) rating of 125
percent of maximum current for which the circuit is protected.
9-3 Power Supply.
9-3.1*
A 12-volt or 24-volt electric alternator shall be provided. It shall have a minimum output at
idle to meet the minimum continuous electrical load of the apparatus as defined in 9-3.2, at
200ÿF (93ÿC) ambient temperature within the engine compartment, and shall be provided with
full automatic regulation.
9-3.2
The minimum continuous electrical load shall consist of the total amperage required to
simultaneously operate the following in a stationary mode at the scene:
(a) The propulsion engine and transmission;
(b) All clearance and marker lights, and other electrical devices mandated by the Federal
Motor Vehicle Safety Standard (FMVSS) No. 108, lamps, reflective devices, and associated
equipment, and other laws or regulations;
(c) The radio(s) at a duty cycle of 10 percent transmit and 90 percent receive. For calculation
and testing purposes, a default value of 5.0 amps continuous shall be used;
(d) The lighting necessary to produce 1 footcandle (11 lux) of illumination on all walking
surfaces on the apparatus and on the ground at all egress points onto and off the apparatus, 5
footcandles (54 lux) of illumination on all control and instrument panels, and 50 percent of the
total compartment lighting loads;
(e) The minimum optical warning system required in Section 9-8, where the apparatus is
blocking right-of-way;
(f) The continuous electrical current required to simultaneously operate any fire pumps, aerial
devices, and hydraulic pumps;
(g)* Other warning devices and electrical loads defined by the purchaser as critical to the
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mission of the apparatus.
9-3.3*
The condition of the low voltage electrical system shall be indicated by a system that provides
an audible and visual warning to persons on, in, or near the apparatus of an impending electrical
system failure caused by the excessive discharge of the battery set. The charge status of the
battery shall be determined either by direct measurement of the battery charge or indirectly by
monitoring the system voltage. If system voltage is monitored, the alarm shall sound if the
system voltage at the battery or at the master load disconnect switch drops below 11.8 volts for
12-volt nominal systems, or 23.6 volts for 24-volt nominal systems, for more than 120 seconds.
9-3.4
A voltmeter shall be mounted on the driver's instrument panel to allow direct observation of
the system voltage.
9-3.5 Load Management.
9-3.5.1* If the total connected electrical load exceeds the minimum continuous electrical output
rating of the installed alternator(s) operating under the conditions specified in 9-3.1, an
automatic electrical load management system shall be required.
9-3.5.2 The minimum continuous electrical loads defined in 9-3.2 shall not be subject to
automatic load management.
9-4* Batteries.
9-4.1
Batteries shall be of the high cycle type.
9-4.2
The battery system shall be able to restart the engine after providing the minimum continuous
electrical load for at least 10 minutes with the engine off. The minimum continuous electrical
load shall not discharge the battery system by more than 50 percent of the reserve capacity rating
during the 10-minute period.
9-4.3
The battery system CCA rating shall meet or exceed the minimum CCA recommendations of
the engine manufacturer.
9-4.4
The batteries shall be securely mounted and protected against mechanical damage and direct
road spray.
9-4.4.1 The batteries shall be readily accessible for examination, test, and maintenance.
9-4.4.2* Where an enclosed battery compartment is provided, it shall be ventilated to the exterior
to prevent the buildup of heat and explosive fumes. The batteries shall also be protected against
vibration and temperatures that exceed the battery manufacturer's recommendation.
9-4.5*
An onboard battery conditioner or charger, or a polarized inlet, shall be provided for charging
all batteries. Where an onboard conditioner or charger is supplied, the associated line voltage
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electric power system shall be installed in accordance with Chapter 19.
9-4.6
A master load disconnect shall be provided between the starter solenoid(s) and the remainder
of the electrical loads on the apparatus. The batteries shall be connected directly to the starter
solenoid(s).
9-4.6.1 The alternator shall be wired directly to the batteries through the ammeter shunt(s), if one
is provided, and not through the master load disconnect switch.
9-4.6.2* A green "battery on" pilot light that is visible from the driver's position shall be
provided.
9-4.7
To minimize the load placed on the electrical system during apparatus start-up for an
emergency response, a sequential switching device shall be permitted to energize the optical
warning devices required in 9-3.2 and other high current devices. Where incorporated, the device
shall first energize the electrical devices required in 9-3.2 within 5 seconds.
9-5 Starting Device.
9-5.1
An electrical starting device shall be provided for the engine.
9-5.2
Where the electrical starting device is operating under maximum load, the voltage drop of the
conductors between the battery and the starting device shall be in accordance with SAE J541,
Voltage Drop for Starting Motor Circuits.
9-6 Temperature Exposure.
Any alternator, electrical starting device, ignition wiring, distributor, or ignition coil shall be
moisture resistant and protected such that it is not exposed to a temperature that exceeds the
component manufacturer's recommendations.
9-7* Electromagnetic Interference.
Electromagnetic interference suppression shall be provided as required to satisfy the radiation
limits specified in SAE J551, Performance Levels and Methods of Measurement of
Electromagnetic Radiation from Vehicles and Devices (30-1000 MHz). The purchaser shall
indicate if testing and certification under SAE J551 is required.
9-8 Optical Warning Devices.
Each apparatus shall have a system of optical warning devices that meets or exceeds the
requirements of this section.
9-8.1*
The optical warning system shall be divided into upper and lower warning levels.
9-8.2
For the purpose of defining and measuring the required optical performance, the apparatus
shall be divided into four warning zones. The four zones shall be determined by drawing lines
through the geometric center of the apparatus at 45 degrees to a line lengthwise of the apparatus
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through the geometric center. The four zones shall be designated A, B, C, and D in a clockwise
direction with zone A to the front of the apparatus. (See Figure 9-8.2.)

Figure 9-8.2 Warning zones for optical warning devices.

9-8.3
Each optical warning device shall be installed on the apparatus and connected to the
apparatus's electrical system in accordance with the requirements of this standard and the
requirements of the manufacturer of the device.
9-8.4
A master optical warning device switch that energizes all of the optical warning devices shall
be provided.
9-8.5
The optical warning system on the fire apparatus shall be capable of two separate signaling
modes during emergency operations. One mode shall signal to drivers and pedestrians that the
apparatus is responding to an emergency and is calling for the right-of-way. The other mode
shall signal that the apparatus is stopped and is blocking the right-of-way.
9-8.6*
Switching shall be provided that senses the position of the parking brake or the park position
of an automatic transmission. When the master optical warning system switch is closed, and the
parking brake is released or the automatic transmission is not in park, the warning devices
signaling the call for right-of-way shall be energized. When the master optical warning system
switch is closed, and the parking brake is on or the automatic transmission is in park, the
warning devices signaling the blockage of the right-of-way shall be energized. The system shall
be permitted to have a method of modifying the two signaling modes.
9-8.7
The optical warning devices shall be constructed or arranged to avoid the projection of light
either directly or through mirrors into any driving or crew compartment(s).
9-8.8
The front optical warning devices shall be placed so as to maintain the maximum possible
separation from the headlights.
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9-8.9
The optical sources shall be of sufficient number and arranged so that failure of a single optical
source does not create a measurement point in any zone without a warning signal at a distance of
100 ft (30 m) from the geometric center of the apparatus.
9-8.10 Flashers.
9-8.10.1 The minimum flash rate of any optical source shall be 75 flashes per minute and the
minimum number of flashes at any measurement point shall be 150 flashes per minute.
9-8.10.2 The flasher of any current-interrupted flashing device shall otherwise meet the
requirements of SAE J1054, Warning Lamp Alternating Flashers.
9-8.11
Permissible colors or combinations of colors in each zone, within the constraints imposed by
applicable laws and regulations, shall be as shown in Table 9-8.11. All colors shall be as
specified in SAE J578, Color Specification, for white, red, yellow, or blue.
Table 9-8.11 Zone Colors

Color

Calling for
Right-of-Way

Blocking
Right-of-Way

Red

Any zone

Any zone

Blue

Any zone

Any zone

Yellow

Any zone except A

Any zone

White

Any zone except C

Not permitted

9-8.12 Requirements for Large Apparatus.
If the apparatus has a bumper-to-bumper length of 22 ft (6.7 m) or more, or has an optical
center on any optical warning device greater than 8 ft (2.4 m) above grade, the requirements of
9-8.12.1 through 9-8.12.6 shall apply.
9-8.12.1 The upper level optical warning devices shall be mounted as high and as close to the
corner points of the apparatus as is practical in order to define the clearance lines of the
apparatus. However, these optical warning devices shall not be mounted above the maximum
height, specified by the device manufacturer, that gives an intensity value at 4 ft (1.2 m) above
grade and 100 ft (30.5 m) from the optical warning device of less than 50 percent of that required
at the optical center.
9-8.12.2 The lower level optical warning devices shall be mounted as close to the corner points
of the apparatus as is practical with the optical center of the device at a distance of 18 in. to 62
in. (457 mm to 1575 mm) above grade.
9-8.12.3* A midship optical warning device shall be mounted on both the right and left sides of
the apparatus with the optical center of the device at a distance of 18 in. to 62 in. (457 mm to
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1575 mm) above grade. Additional midship optical warning devices shall be required where
necessary to maintain a horizontal distance between the centers of adjacent lower level optical
warning devices of 15 ft (4.6 m) or less.
9-8.12.4* For each operating mode, the combined optical power of all the optical sources shall
meet or exceed the zone total optical power requirement shown in Table 9-8.12.4.
Table 9-8.12.4 Minimum Optical Power Requirement for Large Apparatus

Mode of Operation
Clearing Right-of-Way

Blocking Right-of-Way

At Any Point
5° Up or 5°
Down from H

H

At Any
H Point

At Any Point
5° Up or 5°
Down from H

Zone

Level

H

At Any
H Point

A

Upper

1,000,000

10,000

3500

400,000

10,000

3500

B

Upper

400,000

10,000

3500

400,000

10,000

3500

C

Upper

400,000

10,000

3500

800,000

10,000

3500

D

Upper

400,000

10,000

3500

400,000

10,000

3500

A

Lower

150,000

3750

1300

150,000

3750

1300

B

Lower

150,000

3750

1300

150,000

3750

1300

C

Lower

150,000

3750

1300

150,000

3750

1300

D

Lower

150,000

3750

1300

150,000

3750

1300

NOTE: All values are in candela-seconds/minute.
H = Horizontal plane passing through the optical center.

9-8.12.5 No individual measurement point shall be less than that shown in Table 9-8.12.4.
9-8.12.6* The minimum optical warning system shall require no more than an average of 45
amps for the operation of the upper level and lower level devices. On apparatus whose length
requires two midship lights per side, the optical warning system shall require no more than an
average of 50 amps for the operation of the upper level and lower level devices. On apparatus
whose length requires three midship lights per side, the optical warning system shall require no
more than an average of 55 amps for the operation of the upper level and lower level devices.
9-8.13 Requirements for Small Apparatus.
If the apparatus has a bumper-to-bumper length of less than 22 ft (6.7 m) and has the optical
center of all optical warning devices at 8 ft (2.4 m) or less above grade, the requirements of
9-8.13.1 through 9-8.13.5 shall apply.
9-8.13.1 The upper level optical warning devices shall be mounted as high as practical, but not
over 8 ft (2.4 m), at their optical center. They shall be permitted to be combined in one or more
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enclosures and shall be permitted to be mounted on the cab roof or any other convenient point.
9-8.13.2 The lower level optical warning devices shall be mounted as close as practical to the
front corner points of the apparatus with the optical center of the device at a distance of 18 in. to
48 in. (457 mm to 1220 mm) above grade.
9-8.13.3 For each operating mode, the combined optical power of all the optical sources mounted
on both the upper and lower levels shall meet or exceed the zone total optical power shown in
Table 9-8.13.3.
Table 9-8.13.3 Minimum Optical Power Requirement for Small Apparatus

Mode of Operation
Clearing Right-of-Way

Blocking Right-of-Way

Zone

H

At Any
H
Point

At Any Point
5° Up or 5°
Down from H

H

At Any
H
Point

At Any Point
5° Up or 5°
Down from H

A

1,000,000

10,000

3500

400,000

10,000

3500

B

200,000

8000

3500

200,000

10,000

3500

C

400,000

10,000

3500

800,000

10,000

3500

D

200,000

8000

3500

200,000

10,000

3500

NOTE: All values are in candela-seconds/minute.
H = Horizontal plane passing through the optical center.

9-8.13.4 No individual measurement point shall be less than that shown in Table 9-8.13.3.
9-8.13.5 The minimum optical warning system shall require no more than an average of 35 amps
for the operation of the devices.
9-8.14 Tests of Optical Warning Devices.
9-8.14.1 Mechanical and Environment Test. All optical warning devices including those
normally tested under SAE J595, Flashing Warning Lamps for Authorized Emergency,
Maintenance and Service Vehicles, and SAE J1318, Gaseous Discharge Warning Lamp for
Authorized Emergency, Maintenance, and Service Vehicles, shall be tested in conformance with
SAE J845, 360 Degree Warning Lamp for Authorized Emergency, Maintenance, and Service
Vehicles. All devices shall comply with the following performance requirements of that standard:
Vibration
High temperature
Moisture

Low temperature

Dust

Durability

Corrosion

Warpage

Exception: Optical devices and components designed for mounting only in weatherproof,
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interior spaces shall be required to comply only with the vibration test and the warpage test for
plastic components.
9-8.14.2 Photometric Test Procedures for Optical Devices. Testing shall be performed by, or
on behalf of, the device manufacturer to ensure compliance with the requirements of 9-8.14.2.1
through 9-8.14.2.4. The results of the testing shall be used by the apparatus builder or purchaser
to determine compliance with this standard. The goniometer, integrating photometer, and other
equipment used to make the test measurements shall meet the requirements of SAE J1330,
Photometry Laboratory Accuracy Guidelines.
9-8.14.2.1 The optical source shall be mounted in a suitable goniometer and operated as it would
be in a normal system application. The minimum distance between the light emitting surface of
the source under test and the front face of the photometer detector shall be 59 ft (18 m). The
goniometer shall be oriented to the appropriate point, and the integrating photometer shall be set
to integrate light pulses from the source for 20 seconds.
9-8.14.2.2 For all tests performed with the power applied, the lighting system, or component
thereof, shall be operated at 12.8 volts + 0.1 volt for 12-volt rated equipment and 25.6 volts + 0.2
volt for 24-volt rated equipment measured at the point of entry into the component. If the
equipment is rated for operation on both 12 volts and 24 volts, the tests shall be performed at
both voltages.
9-8.14.2.3 The technique described in 9-8.14.2.1 shall be performed along the horizontal plane
passing through the optical center beginning at the optical center and repeated at 5-degree
intervals to the left and right of the optical center throughout the active horizontal angle of light
emission of the optical source.
9-8.14.2.4 Measurements shall be repeated at 5 degrees up and 5 degrees down from the
horizontal plane passing through the optical center beginning at a point on a line passing through
the optical center and perpendicular to horizontal plane and passing through the optical center.
The measurements shall be repeated at 5-degree intervals to the left and right of this line
throughout the active horizontal angle of light emission of the optical source. If the optical
warning device contains more than one optical source, the test shall be repeated for each optical
source.
9-8.15* Certification of Compliance.
The apparatus manufacturer shall be permitted to demonstrate compliance of the warning
system by one of the following methods:
(a) Certification that the system was installed within the geometric parameters specified by the
manufacturer of the system, and referencing the optical source test reports provided by the
manufacturer of the system;
(b) Certification that a mathematical calculation performed by a qualified person demonstrates
that the combination of individual devices as installed meets the requirements of this standard.
This calculation shall be based on test reports for individual optical sources provided by the
manufacturer of the device;
(c) Actual measurement of the lighting system after installation on the apparatus.
9-9 Audible Warning Devices.
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9-9.1*
Audible warning equipment in the form of at least one automotive traffic horn and one electric
or electronic siren shall be provided. The siren manufacturer shall certify the siren as meeting the
requirements of SAE J1849, Emergency Vehicle Sirens. A means shall be provided to allow the
activation of the siren within convenient reach of the driver.
9-9.2
Where furnished, air horns, electric siren(s), and electronic siren speaker(s) shall be mounted
as low and as far forward on the apparatus as practical. Audible warning equipment shall not be
mounted on the roof of the apparatus.
9-10 Work Lighting.
9-10.1
The work area immediately behind the vehicle shall be illuminated to a level of at least 3
footcandles (33 lux) within a 10 ft by 10 ft (3 m by 3 m) square to the rear of the vehicle. If a
hose bed is provided, lighting on this hose bed shall be at a level of 3 footcandles (33 lux) or
higher. Lateral hose beds (crosslays) that are permanently covered shall not be required to be
illuminated.
9-10.2 The apparatus shall be equipped with lighting capable of providing illumination at a
minimum level of 1 footcandle (11 lux) on ground areas within 30 in. (762 mm) of the edge of
the apparatus in areas designed for personnel to climb onto the apparatus or descend from the
apparatus to the ground level. Lighting designed to provide illumination on areas under the
driver and crew riding area exits shall be activated automatically when the exit doors are opened.
All other ground area lighting shall be switchable.
9-10.3
Apparatus shall have sufficient lights to properly illuminate the crew compartment(s); any
operator's panel; the engine compartment; the pump compartment; each enclosed tool and
equipment compartment greater than 4 ft3 (0.11 m3) in volume and having an opening greater
than 144 in.2 (930 cm2); and work areas, steps, and walkways.
9-10.4
Switches for all work lighting shall be readily accessible. The lights shall be arranged to
minimize accidental breakage.
9-11 Hazard Light.
A red flashing or rotating light, located in the driving compartment, shall be illuminated
automatically whenever the apparatus's parking brake is not fully engaged and any passenger or
equipment compartment door is open, any ladder or equipment rack is not in the stowed position,
a stabilizer system is deployed, a powered light tower is extended, or any other device is opened,
extended, or deployed that creates a hazard or is likely to cause damage to the apparatus if the
apparatus is moved. The light shall be marked "Do Not Move Apparatus When Light Is On."
9-12 Backup Alarm.
An electric or electronic backup alarm shall be provided that meets the Type D (87 dba)
requirements of SAE J994, Alarm — Backup — Electric, Laboratory Performance Testing.
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9-13 Stop, Tail, and Directional Lights.
The apparatus shall be equipped with all stop, tail, and directional lights required by the
Federal Motor Vehicle Safety Standard (FMVSS) No. 108, Lamps, reflective devices, and
associated equipment. Equipment shall be mounted so that it will not obscure the rear stop, tail,
and directional lights. Directional lights shall be visible from the front, sides, and rear of the
apparatus. On apparatus 30 ft (10 m) in length or longer, a turn signal shall be mounted
approximately midway along the apparatus at approximately running board height.
9-14 Electrical System Performance Tests.
9-14.1*
The apparatus low voltage electrical system shall be tested and certified. The certification
shall be delivered to the purchaser with the apparatus.
9-14.2
Tests shall be performed when the air temperature is between 0°F and 100°F (18°C and 38°C).
9-14.3 Test Sequence.
The following three tests shall be performed in the order indicated below. Before each test, the
batteries shall be fully charged. A full charge condition shall be when the charge voltage
stabilizes at the voltage regulator set point and the lowest charge current is maintained for 10
minutes. Failure of any of these tests shall require a repeat of the sequence.
9-14.3.1 Reserve Capacity Test. The engine shall be started and kept running until the engine
and engine compartment temperatures are stabilized at normal operating temperatures and the
battery system is fully charged. The engine shall be shut off and the minimum continuous
electrical load shall be activated for 10 minutes. All electrical loads shall be turned off prior to
attempting to restart the engine. The battery system shall then be capable of restarting the
engine. Failure to restart the engine shall be considered a test failure.
9-14.3.2 Alternator Performance Test at Idle. The minimum continuous electrical load shall
be activated with the engine running at idle speed. The engine temperature shall be stabilized at
normal operating temperature. The battery system shall be tested to detect the presence of
battery discharge current. The detection of battery discharge current shall be considered a test
failure.
9-14.3.3 Alternator Performance Test at Full Load. The total continuous electrical load shall
be activated with the engine running up to the engine manufacturer's governed speed. The test
duration shall be a minimum of 2 hours. Activation of the load management system shall be
permitted during this test. However, an alarm sounded by excessive battery discharge, as
detected by the system required in 9-3.3, or a system voltage of less than 11.7 volts dc for a
12-volt nominal system or 23.4 volts dc for a 24-volt nominal system, for more than 120
seconds, shall be considered a test failure.
9-14.4 Low Voltage Alarm Test.
9-14.4.1 Following the completion of the above tests, the engine shall be shut off. The total
continuous electrical load shall be activated and shall continue to be applied until the excessive
battery discharge alarm activates.
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9-14.4.2 The battery voltage shall be measured at the battery terminals. With the load still
applied, a reading of less than 11.7 volts dc for a 12-volt nominal system or 23.4 volts dc for a
24-volt nominal system shall be considered a test failure.
9-14.4.3 The battery system shall then be able to restart the engine. Failure to restart the engine
shall be considered a test failure.
9-15 Documentation.
At the time of delivery, the manufacturer shall provide the following:
(a) Documentation of the electrical system performance tests;
(b) A written load analysis, including:
1. The nameplate rating of the alternator;
2. The alternator rating under the conditions specified in 9-3.1;
3. Each component load specified in 9-3.2 comprising the minimum continuous load;
4. Additional loads that, when added to the minimum continuous load, determine the total
connected load;
5. Each individual intermittent load.
Chapter 10 Driving and Crew Areas
10-1 General.
10-1.1*
Each crew riding position shall be provided with a seat and an approved seat belt designed to
accommodate a human with and without heavy clothing. Each crew riding position shall be
within a fully enclosed personnel area. Materials used within the driving and crew compartment
shall comply with Federal Motor Vehicle Safety Standard (FMVSS) No. 302, Flammability of
interior materials. All forward facing seats adjacent to a side wall shall be provided with a Type
2 pelvic and upper torso restraint style seat belt assembly conforming to the Federal Motor
Vehicle Safety Standard (FMVSS) No. 209, Seat belt assemblies. All seat belt assembly
anchorages shall conform to the Federal Motor Vehicle Safety Standard (FMVSS) No. 210, Seat
belt assembly anchorages. Tiller seats shall have a lap belt.
10-1.2
Signs that read "Occupants must be seated and belted when apparatus is in motion" shall be
provided. They shall be visible from each seated position. A label that states the number of
personnel the vehicle is designed to carry shall be located in an area visible to the driver.
10-1.3
At any seat location the maximum noise level shall be 90 dba without any warning devices in
operation, as measured by the test procedure defined in Title 49, Code of Federal Regulations
(CFR), paragraph 393.94(c), except that the test shall be performed with the vehicle traveling at
a steady speed of 45 mph (72 kmph) on a level, hard, smooth surface road.
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10-1.4
All interior crew and driving compartment door handles shall be designed and installed to
protect against accidental or inadvertent opening.
10-1.5
Head height at any seat shall be at least 37 in. (940 mm) from the seat to the ceiling with the
seat depressed 1 in. (25 mm). Each seating space shall have a minimum width of 22 in. (560
mm) at the shoulder level. Seat cushions shall be a minimum of 18 in. (458 mm) in width and 15
in. (381 mm) from the front of the cushion to the face of the seat back. A back cushion that
extends from the face of the seat vertically at least 18 in. (458 mm) and that is a minimum of 18
in. (458 mm) wide shall be provided. The back cushion shall be permitted to be split to
accommodate a fully recessed SCBA and bracket. Where the back cushion is split, a head rest
shall be supplied.
10-1.6*
Where SCBA units are mounted within the driving or crew compartment, a positive
mechanical means of holding the SCBA device in its stowed position shall be provided. The
bracket holding device shall retain the SCBA unit when subjected to a 10-G dynamic
deceleration test and shall be installed in accordance with the bracket manufacturer's
requirements.
10-1.7
All equipment required to be used during an emergency response shall be securely fastened.
All equipment not required to be used during an emergency response, with the exception of
SCBA units, shall not be mounted in the driving or crew area unless it is contained in a fully
enclosed and latched compartment capable of containing the contents when a 9-G force is
applied in the longitudinal axis of the vehicle or a 3-G force is applied in any other direction, or
the equipment is mounted in a bracket(s) that can contain the equipment when the equipment is
subjected to those same forces.
10-1.8
Steps and access handrails that comply with 11-7.1 through 11-7.3 and Section 11-8 shall be
provided as necessary for access to all driving and crew compartments.
10-1.9
Where the crew compartment and the driving compartment are separated, prohibiting direct
voice communication, a two-way buzzer or two-way voice intercom system shall be provided.
10-2* Driving Compartment.
10-2.1*
A fully-enclosed driving compartment with seating capacity for not less than two persons shall
be provided except at a tiller driving position. (See 10-3.1.)
10-2.2
The driver's seat shall be readily adjustable by the driver in accordance with SAE J1517,
Driver Selected Seat Position, so that the driver's ankle rests on the accelerator pedal at not less
than 90 degrees in the "idle" position and not more than 130 degrees in the "full-throttle"
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position. The seat shall be arranged to accommodate a human in at least the fifth percent female
through the 95th percent adult male as defined in SAE J833, Human Physical Dimensions.
10-2.3*
The front passenger's seat(s) shall be mounted so that the clear viewing of the right side mirror
shall not be obstructed by the occupants of the seat(s) while in the normal seated positions.
10-2.4
The following instrumentation and controls shall be mounted in the driving compartment and
shall be clearly identified and visible to the driver while seated. Controls and switches that are
expected to be operated by the driver while the apparatus is in motion shall be within convenient
reach for the driver.
(a) Speedometer;
(b) Tachometer;
(c) Odometer;
(d) Oil pressure indicator or gauge;
(e) Coolant temperature indicator or gauge;
(f) Automatic transmission temperature indicator or gauge, if applicable;
(g) Voltmeter;
(h) Hazard indicator light (see Section 9-11);
(i) Air pressure gauge(s), if applicable;
(j) Turn signal control and indicator lights;
(k) Headlight/DOT light switch;
(l) High beam headlight switch and indicator;
(m) Fuel level gauge(s);
(n) Master ignition switch (if a key is provided, it shall be unable to be removed from the cab
interior);
(o) Heater/defroster controls;
(p) Warning lights and siren switches;
(q) Master electrical load switch;
(r) Battery on indicator light;
(s) Windshield wipers and washer;
(t) PTO-engaged indicator, if applicable;
(u) Stabilizers not stowed, if applicable;
(v) Height of vehicle sign;
(w) Pump controls, if applicable.
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10-3 Tractor-Drawn Vehicles.
Where a tractor-drawn vehicle with tillered steering is provided, the requirements of this
section also shall apply.
10-3.1
A fully-enclosed driving compartment with seating for one person shall be provided at the rear
wheel's steering position. No side compartmentation shall be installed that obscures the ability of
the tiller operator to see the tiller axle fender area.
10-3.2*
The manufacturer shall provide a seat with an approved seat belt within the enclosure. The
seating space shall have a minimum of 22-in. (560-mm) width at the shoulder level. The seat
cushion shall be a minimum of 18 in. (457 mm) in width and 15 in. (381 mm) from the front of
the cushion to the face of the seat back. A back cushion shall be provided.
10-3.3
The seat shall be readily adjustable by the driver. The adjustment range shall be at least 3 in.
(76 mm) from front to rear.
10-3.4
A warning indicator in the driving compartment shall activate if the parking brake is released
and the tiller driver is not signaling his presence.
10-3.5
A two-way buzzer system or a two-way voice intercom shall be provided for communication
between the drivers. Where a buzzer system is used, either a horn button or floor switch shall be
provided to activate the buzzer.
10-3.6
A heater or ventilation system, and defroster shall be provided.
10-3.7
A windshield wiper and washer shall be provided.
10-3.8
The following instrumentation and controls shall be mounted in the driving compartment and
shall be clearly identified and visible to the driver while seated.
(a) Heater/defroster controls;
(b) Turn signal indicator lights;
(c) Two-way buzzer signal switch;
(d) Windshield wiper control.
10-3.9
Controls and switches that are expected to be operated by the tiller steering wheel driver while
the apparatus is in motion shall be within convenient reach for that driver.
10-3.10
Exterior rearview mirrors shall be provided at the tiller position.
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Chapter 11 Body, Compartments, and Equipment Mounting
11-1 Compartmentation.
11-1.1*
Any enclosed external compartments shall be weather resistant, ventilated, and have
provisions for drainage of moisture. In addition, any compartment that is more than 4 ft3 (0.11
m3) in volume or has an opening greater than 144 in.2 (929 cm2) shall be lighted.
11-1.2
All electrical junctions or wiring within compartments shall be protected from mechanical
damage resulting from equipment stored in the compartment. All terminal strips shall have
protective covers.
11-2* Radio Space.
A suitably protected space or compartment shall be provided for the installation of radio
equipment.
11-3* Equipment Containment.
Equipment holders or compartments shall be provided for all tools, equipment, and other items
that are on the apparatus. Equipment holders shall be attached firmly and shall be designed so
that equipment remains in place under all vehicle operating conditions. All tools and equipment
shall be readily accessible.
11-4 Powered Equipment Racks.
When a powered equipment rack is provided, it shall meet the requirements of this section.
11-4.1
The equipment rack shall be constructed of materials that are capable of carrying the
equipment that is intended to be mounted on the equipment rack.
11-4.2
A lock shall be provided that will retain the equipment rack in the road travel position when
the vehicle is in motion. An interlock shall be provided to prevent operation of the equipment
rack unless the apparatus parking brake has been activated.
11-4.3
Controls shall be provided in a position where the operator has visual contact with the travel of
the equipment rack.
11-4.4
A visual signal shall be provided at the driver's position to indicate that the equipment rack is
in motion, or in the down position, and that the parking brake is not engaged.
11-4.5
Flashing lights facing the front and rear shall be provided on the equipment rack and shall be
illuminated whenever the equipment rack is in the down position. Such lights shall be of
sufficient intensity to warn oncoming personnel that the equipment rack is in the down position.
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11-4.6
The outward side of the equipment rack that protrudes beyond the body of the apparatus shall
be stripped or painted with reflective material so as to indicate a hazard or obstruction.
11-5* SCBA Storage.
Storage of complete SCBA units or SCBA cylinders shall be arranged to prevent damage,
injury, or abrasion to the SCBA from other equipment stored in the general area.
11-5.1
If a SCBA unit or cylinder is stored within a driving or crew compartment, the mounting shall
comply with the requirements of 10-1.6. Mounting clamps or securing devices shall be of a type
that positively latch around the cylinder, with a release system easily accessible by the user.
11-5.2
If the SCBA cylinder is mounted in a vertical position with the valve down, it shall be
supported with a brace or yoke under the cylinder or valve area to prevent downward movement.
11-5.3
The holding or clamping device shall not injure, wear, scrape, or otherwise affect the SCBA
unit or cylinder, including damage to the paint or reflective finish, while the cylinder is being
placed in, stored, or removed from the holder.
11-5.4
The SCBA storage area shall be a ventilated, dry area away from all heat sources that could
damage the SCBA (e.g., mufflers, engines).
11-5.5* Vertical Storage of SCBA Cylinders in Tubes.
11-5.5.1 The base of the storage tube shall have a rubber, plastic, or similar device to prevent
wear on the cylinder or damage if the cylinder is accidentally dropped into the storage position.
11-5.5.2 Each storage tube shall have a drain to prevent accumulation of moisture.
11-5.6* Horizontal Storage of SCBA Cylinders.
11-5.6.1 The storage rack or tube assembly shall be designed to prevent the cylinder from
accidentally sliding out from the storage rack or tube, and shall be installed to keep the cylinder
from hitting or rubbing on compartment doors by preventing movement or shifting when in
transit.
11-5.6.2 The rear wall of each SCBA storage area or tube shall be covered with a rubber, plastic,
or similar material to prevent wear on cylinders.
11-6 Pump and Plumbing Access.
11-6.1
A removable access panel shall be provided for quick access to the pump and plumbing. The
panel shall be a minimum of 450 in.2 (2900 cm2), and no one dimension on the access opening
shall measure less than 18 in. (457 mm).
11-6.2
The access panel shall be capable of being opened or removed without the use of special tools.
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11-6.3
The clear space required by the pump manufacturer to perform in-truck overhaul and
maintenance shall be provided.
11-7 Stepping Surfaces.
11-7.1*
Steps, platforms, or secure ladders shall be provided so fire fighters have access to all working
and storage areas of the apparatus. The maximum stepping height shall not exceed 18 in. (458
mm), with the exception of the ground to first step, which shall not exceed 24 in. (610 mm). A
permanently attached supplemental access/egress means from the ground to these steps,
platforms, or secure ladders shall be provided where the ground to the first step, platform, or
ladder exceeds 24 in. (610 mm). The supplemental access means shall consist of a step(s),
platform(s), or ladder(s). The ground to first step height shall be determined with the apparatus
on level ground. Where the apparatus is supplied with stabilizers, the ground to first step height
shall be determined with the apparatus on level ground and the stabilizers deployed in
accordance with the manufacturer's instructions so that the aerial device meets the stability
requirements of Section 16-21. All steps shall have a minimum area of 35 in.2 (225 cm2), shall
be of such a shape that a 5-in. (127-mm) diameter disk does not overlap any side when placed on
the step, and shall be arranged to provide at least 8 in. (203 mm) of clearance between the
leading edge of the step and any obstruction. All platforms shall have a minimum depth of 8 in.
(203 mm) from the leading edge of the platform to any obstruction. All ladders shall have at least
7 in. (178 mm) of clearance between any rung and the body or other obstruction.
11-7.2
All steps, platforms, or ladders shall sustain a minimum static load of 500 lb (227 kg) without
deformation.
11-7.3
All steps, platforms, or ladders shall have skid-resistant surfaces. Where the fuel fill is located
at or near a stepping surface, the surface shall be constructed of an open grate-type material to
facilitate draining of accidentally spilled fuel to lessen any slipping hazard.
11-7.4
A label shall be located on the vehicle at the rear step areas, and at any cross walkways, if they
exist. The label(s) shall warn personnel that riding in or on these areas while the vehicle is in
motion is prohibited.
11-8* Access Handrails.
Access handrails shall be provided at all entrances to the driving or crew compartment, and at
all positions where steps or ladders for climbing are located. Access handrails shall be
constructed of, or covered with, a slip-resistant, noncorrosive material. Handrails shall be
between 1 in. and 15/8 in. (25 mm and 41 mm) in diameter and have a minimum clearance
between the handrails and any surface of at least 2 in. (51 mm). All handrails shall be designed
and mounted to reduce the possibility of hand slippage and to avoid snagging of hose,
equipment, or clothing.

Copyright 1996 NFPA

11-9 Metal Finish.
11-9.1*
All exposed ferrous metal surfaces that are not plated or stainless steel shall be cleaned and
prepared thoroughly and shall be painted or coated. The paint or coating, including any primer,
shall be applied in accordance with the paint or coating manufacturer's recommendation. The
purchaser shall specify if nonferrous body components are to be painted and any lettering,
numbering, or decorative striping to be furnished.
11-9.2
A reflective stripe(s) shall be affixed to the perimeter of the apparatus. The stripe or
combination of stripes shall be a minimum of 4 in. (100 mm) in total width and shall conform to
ASTM D 4956, Standard Specifications for Retroreflective Sheeting for Traffic Control, Type
III, Class 1 or Class 3. At least 50 percent of the cab and body length on each side, at least 50
percent of the width of the rear, and at least 25 percent of the width of the front of the apparatus
shall have the reflective material affixed to it. A graphic design meeting the reflectivity
requirements of this paragraph shall be permitted to replace all or part of the required striping
material, if the design or combination thereof covers at least the same perimeter length(s)
required above.
11-10* Hose Storage.
11-10.1*
If a hose storage area(s) is provided, the area(s) shall be reinforced at the corners. The bottom
shall be made of removable sections fabricated from noncorrosive materials. The bottom shall
be constructed to prevent the accumulation of water and allow ventilation to aid in drying of
hose. The interior shall be smooth and free from all projections, such as nuts, sharp angles, or
brackets, that might cause damage to the hose. Reels, handrails, ladders, and equipment holders
shall not be placed to obstruct the laying or removal of hose from the storage area.
11-10.2
Any hose storage area designed to carry 21/2-in. (65-mm) or larger hose shall be a minimum of
60 in. (1525 mm) in length.
11-11 Slip-on Fire-Fighting Module.
If the pump, piping, and tank are built as a slip-on, self-contained unit, it shall meet the
mounting requirements of this section and major components of the slip-on unit; pump, pumping
engine, tank, electrical, and plumbing shall meet the requirements of applicable chapters
covering those components.
11-11.1*
The weight of a completed skid-mounted fire-fighting package, including fuel, oil, and
standard equipment normally carried, shall be distributed on the frame to provide a properly
balanced unit when it is lifted or moved.
11-11.2
Intake and discharge piping shall not interfere with the routine maintenance of the pump,
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engine, or auxiliary systems and shall not unduly restrict the servicing of these components.
11-11.3 Mounting.
11-11.3.1 The slip-on unit shall be mounted in a manner that allows access to the engine, pump,
and auxiliary systems for routine maintenance. The slip-on unit shall not be welded or otherwise
permanently secured to other components.
11-11.3.2 The slip-on unit shall be mounted in a manner to prevent damage by vibration.
11-11.3.3 Special anchorage shall be provided on the vehicle chassis and on the skid-mounted
fire-fighting package to secure the skid-mounted fire-fighting package to the vehicle chassis.
This anchorage shall be designed to prevent movement of the unit during rapid acceleration or
deceleration.
Chapter 12 Fire Pump and Associated Equipment
12-1 Application.
If the apparatus is equipped with a fire pump, the provisions of this chapter shall apply.
12-2 Design and Performance Requirements.
12-2.1
The fire pump shall be mounted on the apparatus and have a minimum rated capacity of 250
gpm (946 L/min) at 150 psi (1035 kPa) net pump pressure. Pumps of higher capacity shall be
rated at one of the capacities specified in Table 12-2.4.1(a). Power to drive the fire pump shall
be permitted to be provided by the same engine used to propel the apparatus or by a separate
engine.
12-2.2
Where the apparatus is designed for pump and roll operations, the minimum performance shall
be 20 gpm (76 L/min) at 100 psi (690 kPa) at an apparatus ground speed on level ground of 2
mph (3.2 kmph).
12-2.3 Pumping System Capability.
12-2.3.1 The pumping system provided shall be capable of delivering:
(a) 100 percent of rated capacity at 150 psi (1035 kPa) net pump pressure;
(b) 70 percent of rated capacity at 200 psi (1380 kPa) net pump pressure;
(c) 50 percent of rated capacity at 250 psi (1725 kPa) net pump pressure.
12-2.3.2* When dry, the pump system (in both parallel and series operation where pumps are of
the parallel/series type) shall be capable of taking suction through 20 ft (6 m) of suction hose,
under the conditions specified in Table 12-2.4.1(a) for the rated capacity of the pump, and
discharging water in not more than 30 seconds for pumps of less than 1500 gpm (5678 L/min)
and not over 45 seconds for pumps of 1500 gpm (5678 L/min), or larger capacity. An additional
15 seconds shall be permitted to meet these requirements where the pump system includes an
auxiliary 4-in. (100-mm) or larger intake pipe having a volume of 1 ft3 (28,316 cm3) or more.
12-2.3.3 The completed pumping system shall be capable of developing a vacuum of 22 in. Hg
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(74.5 kPa) by means of the pump priming device and sustaining the vacuum for at least 5
minutes with a loss not to exceed 10 in. Hg (33.9 kPa). This shall be demonstrated with all intake
valves open, all intakes capped or plugged, all discharge caps removed, and without the use of
the pump primer during the 5-minute period.
12-2.4 Pump Suction Capability.
12-2.4.1* The pump manufacturer shall certify that the fire pump is capable of pumping 100
percent of rated capacity at 150 psi (1035 kPa) net pump pressure from draft, through 20 ft (6 m)
of suction hose with a strainer attached under the following conditions:
(a) An altitude of 2000 ft (610 m) above sea level;
(b) Atmospheric pressure of 29.9 in. Hg (101.2 kPa) (corrected to sea level);
NOTE: At an altitude of 2000 ft (610 m), the actual (uncorrected) atmospheric pressure equivalent to the sea
level reading of 29.9 in. Hg (101.2 kPa) is 27.8 in. Hg (94.1 kPa).

(c) Water temperature of 60°F (15.6°C);
(d) Suction hose size, number of hoses, and lift as indicated in Table 12-2.4.1(a);
(e) Friction and entrance loss in suction hose, including strainer, as given in Table 12-2.4.1(b).
Table 12-2.4.1(a) Rated Capacities and Maximum Suction Hose Size, Number of Suction
Lines, and Lift for Fire Pumps

(gpm)

(L/min)

(in.)

(mm)

Maximum
Number
of
Suction
Lines

250

950

3

76

1

10

3

300

1136

3

76

1

10

3

350

1325

4

100

1

10

3

450

1700

4

100

1

10

3

500

1900

4

100

1

10

3

600

2270

4

100

1

10

3

700

2650

4

100

1

10

3

750

2850

41/2

113

1

10

3

1000

3785

5

125

1

10

3

1250

4732

6

150

1

10

3

1500

5678

6

150

2

10

3

1750

6624

6

150

2

8

2.4

Rated
Capacity

Maximum Suction
Hose Size
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Maximum
Lift
(ft)

(m)

2000

7570

6

150

2

6

1.8

2250

8516

8

150

3

6

1.8

2500

9463

8

150

3

6

1.8

2750

10,410

8

150

4

6

1.8

3000

11,356

8

150

4

6

1.8

12-2.4.2* The pump manufacturer shall certify that the pump is capable of pumping rated
capacity at 150 psi (1035 kPa) net pump pressure at any of the following special conditions when
these conditions are specified by the purchaser:
(a) At an elevation above 2000 ft (610 m);
(b) At lifts higher than those listed in Table 12-2.4.1(a) or through more than 20 ft (6 m) of
suction hose, or both;
(c) For pumps having a rated capacity of 1500 gpm (5678 L/min) or larger, through a single
suction hose only, or through the number of hoses listed in Table 12-2.4.1(a) attached to one side
of the apparatus only.
Table 12-2.4.1(b) Friction and Entrance Loss in 20 ft (6 m) of Suction Hose, Including
Strainer

31/2 in.

3 in.
ft
water

Suction Hose Size (inside diameter)
4 in.
in.
ft
in.
Hg
water
Hg

Flow Rate
(gpm)

ft
water

in.
Hg

250

5.2 (1.2)

4.6

175

2.6 (0.6)

2.3

125

1.4 (0.3)

1.2

300

7.5 (1.7)

6.6

3.5 (0.8)

3.1

210

3.8 (0.8)

3.4

1.8 (0.4)

1.6

150

1.9 (0.4)

1.7

0.9 (0.2)

0.8

350

4.8 (1.1)

4.2

2.5 (0.7)

2.1

245

2.4 (0.5)

2.1

1.2 (0.3)

1.1

175

1.2 (0.3)

1.1

0.7 (0.1)

0.6
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41/2 in.
ft
water

in.
Hg

450

4.1 (1.0)

3.6

2.7 (0.4)

2.6

315

2.0 (0.5)

1.8

1.2 (0.2)

1.1

225

1.0 (0.2)

0.9

0.6 (0.1)

0.5

500

5.0 (1.3)

4.4

3.6 (0.8)

3.2

350

2.5 (0.7)

2.1

1.8 (0.4)

1.6

250

1.3 (0.4)

1.1

0.9 (0.3)

0.8

600

7.2 (1.8)

6.4

5.3 (1.0)

4.7

420

3.5 (1.0)

3.1

2.5 (0.5)

2.2

300

1.8 (0.4)

1.6

1.3 (0.2)

1.0

700

9.7 (2.7)

8.6

7.3 (1.3)

6.4

490

4.9 (1.1)

4.3

3.5 (0.7)

3.1

350

2.5 (0.7)

2.2

1.6 (0.3)

1.4

41/2 in.

4 in.

Suction Hose Size (inside diameter)
5 in.
6 in.
ft
in.
ft
in.
water
Hg
water
Hg

Flow
Rate
(gpm)

ft
water

in.
Hg

ft
water

in.
Hg

750

11.4 (2.9)

9.8

8.0 (1.6)

7.1

4.7 (0.9)

4.2

1.9 (0.4)

1.7

525

5.5 (1.5)

4.9

3.9 (0.8)

3.4

2.3 (0.5)

2.0

0.9 (0.2)

0.8

375

2.8 (0.7)

2.5

2.0 (0.4)

1.8

1.2 (0.2)

1.1

0.5 (0.1)

0.5

1000

14.5 (2.8)

12.5

8.4 (1.6)

7.4

3.4 (0.6)

3.0

700

7.0 (1.4)

6.2

4.1 (0.8)

3.7

1.7 (0.3)

1.5

500

3.6 (0.8)

3.2

2.1 (0.4)

1.9

0.9 (0.2)

0.8

1250

13.0 (2.4)

11.5

5.2 (0.9)

875

6.5 (1.2)

5.7

625

3.3 (0.7)

2.9

2 in. - 41/2 in.
ft
water

in.
Hg

4.7

5.5 (1.2)

4.9

2.6 (0.5)

2.3

2.8 (0.7)

2.5

1.3 (0.3)

1.1

1.4 (0.3)

1.2

1500

7.6 (1.4)

6.7

8.0 (1.6)

7.1

1050

3.7 (0.7)

3.3

3.9 (0.8)

3.4

750

1.9 (0.4)

1.7

2.0 (0.4)

1.8

1750

10.4 (1.8)

9.3

11.0 (2.2)

9.7

1225

5.0 (0.9)

4.6

5.3 (1.1)

4.7
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875

2.6 (0.5)

2.3

2.8 (0.6)

2.5

2000

14.5 (2.8)

12.5

1400

7.0 (1.4)

6.2

1000

3.6 (0.8)

3.2

2250
1575
1125
2500
1750
1250

Flow Rate
(gpm)

2 in. - 6 in.
ft
in.
water
Hg

1500

1.9 (0.4)

1.7

1050

0.9 (0.3)

0.8

750

0.5 (0.1)

0.5

1750

2.6 (0.5)

2.3

1225

1.2 (0.3)

1.1

875

0.7 (0.2)

0.6

2000

3.4 (0.6)

3.0

1400

1.7 (0.3)

1.5

1000

0.9 (0.2)

0.8

2250

4.3 (0.8)

3.8

1575

2.2 (0.4)

1.9

1125

1.1 (0.2)

1.0

2500

5.2 (0.9)

4.7

Suction Hose Size (inside diameter)
3 in. - 6 in.
4 in. - 6 in.
8 in.
ft
in.
ft
in.
ft
water
Hg
water
Hg
water
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in
Hg

1750

2.6 (0.5)

2.3

1250

1.3 (0.3)

1.1

3000

7.8 (1.4)

6.9

3.4 (0.6)

3.0

8.5 (1.6)

7.5

2100

3.9 (0.7)

3.4

1.7 (0.3)

1.5

4 (0.8)

3.5

1500

1.9 (0.4)

1.7

0.9 (0.2)

0.8

1.9 (0.4)

1.7

NOTE: Figures in parentheses indicate increment to be added or subtracted for each 10 ft (3 m) of hose less
than or greater than 20 ft (6 m).

12-3 Pumping Engine Requirements.
12-3.1
The apparatus manufacturer shall approve the use of the pumping engine for stationary
pumping applications for the type and size of the fire apparatus and the rating of the pump being
furnished.
12-3.2
The engine shall be capable of performing the pumping tests herein specified without
exceeding the maximum no-load governed speed of the engine as shown on a certified brake
horsepower curve of the type of engine used without accessories. This brake horsepower curve
certification shall be signed by a responsible official of the engine manufacturer.
12-3.3
On fire pumps of 750 gpm (2850 L/min) or greater, the engine/pump combination shall be
capable of delivering the rated pump capacity at 165 psi (1138 kPa) net pump pressure.
12-3.4*
If a separate pumping engine is provided, it shall meet the requirements of 8-2.1.1, 8-2.1.2,
8-2.2, 8-2.3.1, 8-2.3.2, 8-2.4, 8-2.5, and Sections 9-4 and 9-5.
12-3.5
A supplementary heat exchanger cooling system shall be provided on the pump drive engine.
Proper valving shall be installed to permit water from the discharge side of the pump to cool the
coolant circulating through the engine cooling system without intermixing. The heat exchanger
shall maintain the temperature of the coolant in the pump drive engine not in excess of the
engine manufacturer's temperature rating under all pumping conditions. An appropriate drain(s)
shall be provided to allow draining the heat exchanger to prevent damage from freezing.
12-3.6
Where a separate engine is used to drive the pump, an amber indicator light that is energized
when the pump engine ignition is energized shall be provided in the driving compartment. It
shall be marked "Pump Engine Ignition."
12-4 Power Train Capability.
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12-4.1
All components in the power train from the engine to the fire pump shall be capable of
transmitting the torque necessary to power the pump as installed in the apparatus, for the pump
performance points specified in 12-2.3.1 without exceeding the component manufacturer's
continuous duty torque rating.
12-4.2
When pumping continuously at each of the pump performance points specified in 12-2.3.1,
lubricant temperatures in any power train component installed in the apparatus from the engine
to the pump shall not exceed the component manufacturer's recommendation for maximum
temperature.
12-5 Construction Requirements.
12-5.1*
Wetted moving parts shall be constructed of a corrosion-resistant material.
12-5.2
The pump body shall be subjected to a hydrostatic test of 500 psig (3450 kPag) for 10 minutes.
The pump manufacturer shall provide a certificate of completion for the hydrostatic test.
12-5.3
Where an auxiliary pump is provided in combination with a fire pump and where the pumps
are interconnected so that pressure from one pump can be transmitted to the other pump, suitable
check valves, intake or discharge relief valves, pump drive gear ratios, or other automatic means
shall be provided to avoid pressurizing either pump beyond its maximum rated hydrostatic
pressure.
12-5.4
The entire discharge and intake piping system, valves, drain cocks and lines, and intake and
outlet closures, excluding the tank fill and tank to pump lines on the tank side of the valves in
those lines, shall be suitable to withstand a minimum hydrostatic burst pressure of 500 psig
(3450 kPag).
12-5.5
The pump shall be capable of producing fire streams which are free from pulsations. When an
accumulator is used to provide a pulsation free fire flow, the accumulator shall be constructed
and tested in accordance with the ASME Boiler and Pressure Vessel Code, Section VIII,
Division 2.
12-5.6
The pump shall allow a positive pressure water source to directly add to the pump's net pump
pressure.
12-5.7
The pump shall pass debris that is small enough to pass through the strainer(s) at the pump(s)
intakes.
12-5.8
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The pump design shall permit the pump discharges, at rated performance, to be closed totally
within 3 seconds without undue shock or damage with all relief systems not activated.
12-6 Pump Intake Connections.
12-6.1*
Intake(s) of the same or larger size and quantity than the maximums specified in Table
12-2.4.1(a) for suction hose size and number of hoses shall be provided.
12-6.1.1 The intakes specified in 12-6.1 shall have male National Hose threads.
12-6.1.2 If the couplings on the suction hose carried on the apparatus are of a different size or
have other means of hose attachment than the intakes, suitable adapters shall be provided on
each appropriate intake.
12-6.1.3 If an inlet located at the pump operator's position is valved, it shall be provided with a
permanent label that states "Warning — Serious Injury or Death Could Occur if Inlet(s) Is
Supplied by a Pressurized Source When the Valve Is Closed."
12-6.2
Each intake shall have a removable or accessible strainer inside the connection.
12-6.3
At least one auxiliary valved intake shall be provided that is controllable at the pump
operator's position. The valve and piping shall be of 21/2 in. (65 mm) minimum size and shall be
equipped with a female swivel coupling with National Hose threads.
12-6.4
Any 3-in. (76-mm) or larger intake valve shall be a slow operating valve.
Exception: This requirement shall not apply to the tank to pump intake valve.
12-6.5
Each valved intake shall be equipped with a bleeder valve having a minimum 3/4-in. (19-mm)
pipe thread connection, located in close proximity to the intake, to bleed off air or water from a
hose connected to the intake. The valve shall be operational without the operator having to get
under the apparatus. If a valved appliance is attached to an intake, it shall be equipped with a
3/ -in. (19-mm) bleeder valve on each intake.
4
12-6.6
All intakes shall be provided with caps or closures suitable to withstand a hydrostatic burst
pressure of 500 psig (3450 kPag). Intakes having male threads shall be equipped with caps;
intakes having female threads shall be equipped with plugs. Where adapters for special threads
or other means for hose attachment are provided on the intakes, closures shall be provided for
the adapters in lieu of caps or plugs.
12-6.7
Caps or closures for 31/2-in. (89-mm) and smaller intakes shall be secured to the apparatus
with suitable chains or cables.
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12-7 Pump Discharge Outlets.
12-7.1*
Discharge outlets of 21/2 in. (65-mm) or larger shall be provided to discharge the rated
capacity of the pump at the flow rates shown in Table 12-7.1.
Table 12-7.1 Discharge Rates by Outlet Size

Outlet Size

Flow Rates

(in.)

(mm)

(gpm)

(L/min)

21/2

65

250

950

3

76

375

1420

31/2

89

500

1900

4

100

625

2365

41/2

113

750

2850

5

125

1000

3785

12-7.1.1 If the apparatus is equipped with an aerial device with a waterway that is permanently
connected to the pump, the discharge from that waterway shall be permitted to be credited as a
1000 gpm (3785 L/min) outlet.
12-7.1.2 A minimum of two 21/2-in. (65-mm) outlets shall be provided on any pump rated at 750
gpm (2850 L/min) or greater, and a minimum of one 21/2-in. (65-mm) outlet shall be provided on
any pump rated at less than 750 gpm.
12-7.1.3* All 21/2-in. (65-mm) or larger outlets shall be equipped with male National Hose
threads. Adapter couplings with special threads or other means for hose attachment shall be
permitted to be furnished on any or all outlets.
12-7.2*
Any preconnected 11/2-in. (38-mm), 13/4-in. (44-mm), or 2-in. (51-mm) hose line shall be
supplied by at least 2-in. (51-mm) piping and valves. This shall include the piping to the
preconnected hose storage areas specified in 3-6(b), 4-5(b), 5-5.2, or 6-6.2, as applicable.
12-7.3
All discharge outlets, except outlets to which a hose will be preconnected, shall be equipped
with caps or closures suitable to withstand a minimum hydrostatic burst pressure of 100 psig
(690 kPag) over the maximum pump close-off pressure or 500 psi (3450 kPa), whichever is
greater. Where adapters are provided on the discharge outlets, the closures shall fit on the
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adapters. Caps or closures for outlets 31/2 in. (89 mm) and smaller in size shall be secured to the
apparatus with suitable chains or cables.
12-7.4
All discharge outlets shall be equipped with valves that can be opened and closed smoothly
and readily at the flows shown in Table 12-7.1 at pump discharge pressures of 250 psig (1724
kPag). The flow regulating element of each valve shall not change its position under any
condition of operation involving discharge pressures to the maximum pressure of the pump; the
means to prevent a change in position shall be incorporated in the operating mechanism and shall
be permitted to be manually or automatically controlled. Any 3-in. (76-mm) or larger discharge
valve shall be a slow operating valve.
12-7.5
All 21/2-in. (65-mm) or larger discharge outlets shall be equipped with a drain or bleed-off
valve having a minimum 3/4-in. (19-mm) pipe thread connection for draining or bleeding off
pressure from a hose connected to the outlet.
12-7.6
Any 2-in. (51-mm) or larger discharge outlet which is normally located more than 42 in. (1067
mm) off the ground to which hose is to be connected and that is not in a hose storage area shall
be supplied with a sweep elbow of at least 30 degrees downward.
12-7.7*
All pump discharges shall have valves controllable at the pump operator's position. Secondary
valves shall be permitted to be provided at the discharge outlet if required for special
applications.
12-7.8
No discharge outlet larger than 21/2 in. (65 mm) shall be located at the pump operator's panel.
If the apparatus has a top console-type pump operator's panel, vertical discharge outlets larger
than 21/2 in. (65 mm) shall be permitted at the top, midship position of apparatus where the
outlets are used for directly connected deck guns or monitors and no fire hose is used for
coupling the components.
12-7.9
Where the valve operating mechanism does not indicate the position of the valve, an indicator
shall be provided to show when the valve is closed.
12-8 Pump Drains.
A suitable, readily accessible, and labeled drain valve(s) shall be provided to allow draining
the pump and all water-carrying lines and accessories. The drain valve(s) shall be operational
without the operator having to get under the apparatus.
12-9 Pump Operator's Position.
12-9.1*
There shall be an area where the pump controls, gauges, and other instruments are located. It
shall be known as the pump operator's panel.
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12-9.2
All gauges, discharge outlets, pump intakes, and controls shall be illuminated to a minimum
lighting level of 5 footcandles (54 lux). The pump compartment and the priming lubricant or
reservoir area, if applicable, shall also be illuminated.
12-9.3
The central midpoint or centerline of any valve control shall be no more than 72 in. (1829 mm)
vertically above the ground or platform that is designed to serve as the operator's standing
position.
12-9.4*
All required markings shall be of a type permanent in nature, capable of withstanding the
effects of extremes of weather and temperature, and shall be securely attached.
12-10* Pump Controls.
12-10.1
Provisions shall be made for placing the pump drive system in operation using controls and
switches that are clearly identified and within convenient reach of the operator. Indicator and
interlock systems shall be provided as required by this pump control section.
12-10.1.1 Where the apparatus is equipped with an automatic chassis transmission and the fire
pump is driven through the automatic transmission, an interlock system shall be provided to
ensure that the pump drive system components are properly engaged in the pumping mode of
operation so that the pumping system can be safely operated from the pump operator's position.
(See 12-11.2.)
12-10.1.2 Where the pump is driven by the chassis engine and transmission retarders, engine
compression brakes, or engine exhaust brakes are furnished, they shall be automatically
disengaged for pumping operations. Where an automatic fan clutch is furnished, the fan shall be
engaged for pumping operations.
12-10.2*
Any control device used in the pumping system power train between the engine and the pump
shall be equipped with a means to prevent unintentional movement of the control device from its
set position.
Exception: Auxiliary manual pump shift override devices shall not require such means.
12-10.3
A nameplate indicating the chassis transmission shift selector position to be used for pumping
shall be provided in the driving compartment and located so that it can be easily read from the
driver's position.
12-10.4
Where the pump is driven by the chassis engine through a split shaft PTO, the driving
compartment speedometer shall register when the pump shift has been completed and the chassis
transmission is in pump gear.
12-10.5
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Where the pump is driven by a split shaft PTO and the chassis is equipped with either a
manual or automatic shift chassis transmission, a green indicator light shall be located in the
driving compartment. This indicator light shall be energized when the pump shift has been
completed and shall be marked "Pump Engaged." Where an automatic chassis transmission is
provided, a second green indicator light in the driving compartment and a green indicator light
located at the pump operator's position shall be provided and energized when both the pump shift
has been completed and the chassis transmission is engaged in pump gear. The light in the
driving compartment shall be marked "OK to Pump." The light on the pump operator's panel
shall be positioned adjacent to, and preferably above, the throttle control and shall be marked
"Warning: Do Not Open Throttle Unless Light Is On." This light shall also be energized when
the chassis transmission is in the neutral position and the parking brake is engaged. (See also
12-11.2.)
12-10.6
Where an automatic chassis transmission is provided and the pump is driven by a
transmission-mounted (SAE) PTO, front-of-engine crankshaft PTO, or engine flywheel PTO and
is used for stationary pumping with the chassis transmission in neutral, or for pump and roll with
the chassis transmission in any forward or reverse gear, shift indicator lights shall be provided as
follows:
(a) Two green indicator lights in the driving compartment. One of the lights shall be energized
when the pump drive has been engaged and shall be marked "Pump Engaged." The second light
shall be energized when both the pump drive has been engaged and the chassis transmission is in
neutral and shall be marked "OK to Pump."
(b) One green and one red indicator light on the pump operator's panel. The green light shall
be energized when the chassis transmission is in neutral and the parking brake is engaged. The
green light shall be positioned adjacent to, and preferably above, the throttle and shall be marked
"Warning: Do Not Open Throttle Unless Light Is On." The red light shall be energized when the
chassis transmission is not in neutral and the ignition switch is activated and shall be located
adjacent to, and preferably above, the throttle, and shall be marked "Danger: Do Not Open
Throttle." (See also 12-11.2.)
12-10.7
Where a manual chassis transmission is provided and the pump is driven by a
transmission-mounted (SAE) PTO, front-of-engine crankshaft PTO, or engine flywheel PTO and
used for stationary pumping, a green indicator light that is energized when the pump is engaged
shall be provided in the driving compartment and shall be marked "Pump Engaged."
12-10.8
With parallel/series centrifugal pumps, the control positions for parallel operation (volume)
and series operation (pressure) shall be clearly indicated. The control for changing the pump
from series to parallel, and vice versa, shall be operable at the pump operator's position.
12-10.9* Pressure Control System.
12-10.9.1 A system shall be provided that, when set in accordance with the manufacturer's
instructions, will automatically control the discharge pressure to a maximum of 30 psi (207 kPa)
pressure rise above the set pressure(s) when all discharge valves are closed no more rapidly than
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in 3 seconds, and no more slowly than in 10 seconds, during all of the following conditions:
(a) Over a range of discharge pressures from 100 psi to 300 psi (690 kPa to 2069 kPa) net
pump pressure with intake pressure between −10 psig and 185 psig (−69 kPag and 1276 kPag)
and discharge pressure between 90 psig and 300 psig (621 kPag and 2069 kPag);
(b) Over a range of flows from 150 gpm (568 L/min) to the rated capacity of the pump.
12-10.9.2 The system shall be equipped with an amber indicating light that is energized when the
system is in control of the pressure. The system shall be controllable by one person at the pump
operator position.
12-10.9.3 If the system discharges water to the atmosphere, the discharge shall be in a manner
that will not expose personnel to high pressure water streams.
12-10.9.4* The pressure control system shall be certified as meeting the requirements of
12-10.9.1.
12-10.10
A priming device shall be provided and controlled from the pump operator's position. It shall
be capable of meeting the requirements of 12-2.3.2 and of developing a vacuum of 22 in. Hg
(74.5 kPa) at an altitude of 2000 ft (610 m). An exhaust primer shall not be used. The priming
device shall be capable of operating with no lubricant, a biodegradable lubricant, or a nontoxic
lubricant.
12-10.11
All pump controls and devices shall be installed so as to be protected against mechanical
damage or the effects of adverse weather conditions upon their operation.
12-11 Pump Engine Controls.
12-11.1*
A throttle control that holds its set position shall be provided to control the pump engine speed.
It shall be located not higher than 72 in. (1829 mm), nor lower than 42 in. (1067 mm) from the
operator's standing position with all instruments in full view.
12-11.2
Where the chassis engine drives the pump and electric or electronic engine throttle controls are
provided, an interlock shall prevent advancement of the engine speed at the pump operator's
panel unless the parking brake is engaged and the chassis transmission is in neutral; or the
parking brake is engaged, the water pump is engaged and the chassis transmission is in pumping
gear. The indicator lights located on the pump operator's panel that are specified in 12-10.5 and
12-10.6(b) are not required.
12-12 Instrumentation.
12-12.1*
The following controls and instruments shall be provided and installed as a group at the pump
operator's position:
(a) A master pump intake pressure indicating device;
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(b) master pump discharge pressure indicating device;
(c) A weatherproof tachometer;
(d) A pumping engine coolant temperature indicator;
(e) A pumping engine oil pressure indicator;
(f) A voltmeter;
(g) The pump pressure control(s);
(h) The pumping engine throttle;
(i) The primer control;
(j) The water tank to pump valve control;
(k) The water tank fill valve control; and
(l) The water tank level indicator.
These instruments and controls shall be placed to keep the pump operator as far as practical
from all discharge and intake connections and in a location where they are readily visible and
operationally functional while the operator remains stationary.
12-12.1.1 The weatherproof tachometer shall indicate the speed of the pumping engine.
12-12.1.2 The pumping engine oil pressure and engine-coolant temperature indicators shall be
equipped with audible and visual warnings.
12-12.1.3 All engine operation indicators on the pump operator's panel shall be in addition to
those on the vehicle's instrument panel.
12-12.2 Master Pump Intake and Discharge Pressure Indicating Devices.
12-12.2.1 Master pump intake and pump discharge pressure indicating devices shall be located
close to each other with the intake pressure indicating device to the left of the pump discharge
pressure indicating device. They shall read from 30 in. Hg (101.6 kPa) vacuum to at least 300
psig (2070 kPag) but not more than 600 psig (4140 kPag). Pressure indicating devices shall be
marked "Pump Intake" for the intake pressure indicating device and "Pump Discharge" for the
discharge pressure indicating device.
12-12.2.1.1 Where analog gauges are used, there shall be at least a 1-in. (25-mm) diameter
differential in viewing area between the master gauges and the individual discharge gauges, with
the master gauges being the larger. The accuracy of gauges shall be a minimum of Grade 1A as
defined in ASME B40.1, Gauges — Pressure Indicating Dial Type — Elastic Element.
Numerals for master gauges shall be a minimum of 0.25 in. (6.4 mm) high. There shall be
graduation lines of at least every 10 psi (69 kPa), with major and intermediate graduation lines
emphasized and minimum figure intervals every 100 psi (690 kPa). Analog pressure gauges
shall be vibration and pressure pulsation dampened; resistant to corrosion, condensation and
shock; and have internal mechanisms that do not require periodic lubrication.
12-12.2.1.2 If digital master pressure indicating devices are used, the digits shall be at least 1/2
in. (12.7 mm) high. Digital pressure indicating devices shall display pressure in increments of
not more than 10 psi (69 kPa).
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12-12.3* Discharge Outlet Instrumentation.
A flow meter or a pressure indicating device shall be provided for each discharge outlet 11/2
in. (38 mm) or larger in size and shall be marked to indicate the outlet to which it is connected.
Any discharge outlet 31/2 in. (89 mm) or larger, if equipped with a flow meter, shall also be
provided with a pressure indicating device. The pressure indicating device or flow meter display
shall be located adjacent to the corresponding valve control with no more than 6 in. (150 mm)
separating the pressure indicating device or flow meter bezel and the valve control centerline. If
both a flow meter and pressure indicating device are provided for an individual discharge outlet,
the pressure indicating device shall be located within 6 in. (150 mm) of the valve control
midpoint or centerline and the flow meter display shall be adjacent to and within 2 in. (50 mm)
of the pressure indicating device bezel. Pressure indicating devices shall be connected to the
outlet side of the valve. Flow meters shall display flow in no greater than 10 gpm (38 L/min)
increments.
12-12.3.1 Where analog pressure gauges are used, they shall have a minimum accuracy of Grade
B as defined in ASME B40.1, Gauges — Pressure Indicating Dial Type — Elastic Element.
Numerals for gauges shall be a minimum 5/32 in. (4 mm) high. There shall be graduation lines of
at least every 10 psi (69 kPa), with major and intermediate graduation lines emphasized and
minimum figure intervals every 100 psi (690 kPa). Analog pressure gauges shall be vibration
and pressure pulsation dampened; resistant to corrosion, condensation, and shock; and have
internal mechanisms that do not require periodic lubrication.
12-12.3.2 If a digital pressure indicating device is used, the digits shall be at least 0.25 in. (6.4
mm) high. Digital pressure indicating devices shall display pressure in increments of not more
than 10 psi (69 kPa).
12-12.4
All pressure indicating devices and flow meters shall be mounted and attached so they are
protected from accidental damage and excessive vibration.
12-12.5
All pressure indicating devices and flow meters shall be capable of continuous operation to
−40°F (−40°C) without damage.
12-12.6
Connections for test gauges shall be provided at the pump operator's position. One shall be
connected to the intake side of the pump, and the other shall be connected to the discharge
manifold of the pump. They shall have a 0.25-in. (6.4-mm) standard pipe thread, shall be
plugged, and shall be suitably identified.
12-13 Required Testing.
12-13.1 Pump Certification.
12-13.1.1 If the fire pump has a rated capacity of 750 gpm (2850 L/min) or greater capacity, the
pump shall be tested after the pump and all its associated piping and equipment have been
installed on the apparatus. The tests shall be conducted at the manufacturer's approved facility
and certified by an independent testing organization approved by the purchaser. The certification
Copyright 1996 NFPA

shall include at least the pumping test (see 12-13.2), the pumping engine overload test (see
12-13.3), the pressure control system test (see 12-13.4), the priming device tests (see 12-13.5),
and the vacuum test (see 12-13.6). If the apparatus is equipped with a water tank, the water tank
to pump flow test (see 12-13.7) shall be included.
12-13.1.2 If the fire pump has a rated capacity of less than 750 gpm (2850 L/min), the pump
shall be tested after the pump and all its associated piping and equipment have been installed on
the apparatus. The tests shall be conducted at the manufacturer's approved facility and certified
by the contractor. The certification shall include at least the pumping test (see 12-13.2), the
pressure control system test (see 12-13.4), the priming device tests (see 12-13.5), and the
vacuum test (see 12-13.6). If the apparatus is equipped with a water tank, the water tank to pump
flow test (see 12-13.7) shall be included.
12-13.1.3 A test plate shall be provided at the pump operator's position that gives the rated
discharges and pressures together with the speed of the engine as determined by the certification
test for each unit, the position of the parallel/series pump as used, and the no-load governed
speed of the engine as stated by the engine manufacturer on a certified brake horsepower curve.
The plate shall be completely stamped with all information at the factory and attached to the
vehicle prior to shipping.
12-13.2 Pumping Tests.
12-13.2.1 Conditions for Test.
12-13.2.1.1 The test site shall be adjacent to a supply of clear water at least 4 ft (1.2 m) deep,
with the water level not more than 10 ft (3 m) below the center of the pump intake, and close
enough to allow the suction strainer to be submerged at least 2 ft (0.6 m) below the surface of the
water when connected to the pump by 20 ft (6 m) of suction hose.
12-13.2.1.2* Tests shall be performed when conditions are as follows:
Air temperature:
0°F to 100°F (−18°C to 38°C)
Water temperature:
35°F to 90°F (2°C to 32°C)
Barometric pressure:
29 in. Hg (98.2 kPa), minimum
(corrected to sea level)
12-13.2.1.3 Engine-driven accessories shall not be functionally disconnected or otherwise
rendered inoperative during the tests. If the chassis engine drives the pump, the electrical loads
and conditions specified in 9-14.3.3 shall be applied during the pumping portion of this test.
12-13.2.1.4 All structural enclosures, such as floorboards, gratings, grills, and heat shields, not
furnished with a means for opening them in normal service shall be kept in place during the tests.
12-13.2.2 Equipment.
12-13.2.2.1 The suction hose shall be of the appropriate size for the rated capacity of the pump
[see Table 12-2.4.1(a)]. A suction strainer and hose that will allow flow with total friction and
entrance loss not greater than that specified in Table 12-2.4.1(b) shall be used.
12-13.2.2.2 Sufficient fire hose shall be provided to allow discharge of rated capacity to the
nozzles or other flow measuring equipment without exceeding a flow velocity of 35 fps (10.7
mps) [approximately 500 gpm (1900 L/min) for 21/2-in. (65-mm) hose].
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12-13.2.2.3 Where nozzles are used they shall be smoothbore; inside diameters shall be from 3/4
in. to 21/2 in. (19 mm to 65 mm).
12-13.2.2.4 All test gauges shall meet the requirements for Grade A gauges as defined in ASME
B40.1, Gauges — Pressure Indicating Dial Type — Elastic Element, and shall be at least size
31/2 per ASME B40.1, paragraph 3.1. The pump intake gauge shall have a range of 30 in. Hg
(100 kPa) vacuum to zero for a vacuum gauge, or 30 in. Hg (100 kPa) vacuum to 150 psig (1035
kPag) for a compound gauge. The discharge pressure gauge shall have a range of 0 psig to 400
psig (0 kPag to 2758 kPag). Pitot gauges shall have a range of at least 0 psig to 160 psig (0 kPag
to 1103 kPag). A mercury manometer shall be permitted to be used in lieu of a pump intake
gauge. All gauges shall have been calibrated in the month preceding the tests. Calibrating
equipment shall consist of a dead weight gauge tester or a master gauge meeting the
requirements for Grade 3A or 4A gauges, as defined in ASME B40.1, that has been calibrated by
its manufacturer within the preceding year.
12-13.2.2.5 All test gauge connections shall include "snubbing" means, such as needle valves to
damp out rapid needle movements.
12-13.2.2.6 Speed measuring means other than the engine speed tachometers on the pump
operator's panel (see 12-12.1.1) or in the driving compartment (see 10-2.4) shall be used to
measure the rotational speed of the pump drive system such that the pump impeller shaft speed
can be calculated. Such speed measuring means shall be accurate to within ± 50 rpm of actual
speed.
12-13.2.3* Procedure. The ambient air temperature, water temperature, vertical lift, elevation
of test site, and atmospheric pressure (corrected to sea level) shall be determined and recorded
prior to and after each pump test. The engine, pump, transmission, and all parts of the apparatus
shall exhibit no undue heating, loss of power, overspeed, or other defect during the entire test.
12-13.2.3.1 If the apparatus is equipped with a fire pump rated at 750 gpm (2850 L/min) or
greater, the pump shall be subjected to a 3-hour pumping test consisting of 2 hours of continuous
pumping at rated capacity at 150 psi (1035 kPa) net pump pressure, followed by 1/2 hour of
continuous pumping at 70 percent of rated capacity at 200 psi (1380 kPa) net pump pressure, and
1/ hour of continuous pumping at 50 percent of rated capacity at 250 psi (1725 kPa) net pump
2
pressure. The pump shall not be stopped until after the 2-hour test at rated capacity, unless it
becomes necessary to clean the suction strainer. The pump shall be permitted to be stopped
between tests to allow changing hose or nozzles, to clean the strainer, or to add fuel for the pump
drive engine.
The capacity, discharge pressure, intake pressure, and engine speed shall be recorded at least
every 15 minutes. The average net pump pressure shall be calculated and recorded based on the
average values for discharge and intake pressure.
12-13.2.3.2* If the apparatus is equipped with a fire pump rated at less than 750 gpm (2850
L/min), the pump shall be subjected to a 50-minute pumping test consisting of 1/2 hour of
continuous pumping at rated capacity at 150 psi (1035 kPa) net pump pressure, followed by 10
minutes of continuous pumping at 70 percent of rated capacity at 200 psi (1380 kPa) net pump
pressure, and 10 minutes of continuous pumping at 50 percent of rated capacity at 250 psi (1725
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kPa) net pump pressure. The pump shall not be stopped until after the 1/2-hour test at rated
capacity, unless it becomes necessary to clean the suction strainer. The pump shall be permitted
to be stopped between tests to allow changing hose or nozzles or to clean the strainer.
The capacity, discharge pressure, intake pressure, and engine speed shall be recorded at least
every 10 minutes. At each test sequence a minimum of three readings shall be recorded. The
average net pump pressure shall be calculated and recorded based on the average values for
discharge and intake pressure.
12-13.3 Pumping Engine Overload Test.
If the pump has a rated capacity of 750 gpm (2850 L/min) or greater, the apparatus shall be
subjected to an overload test consisting of pumping rated capacity at 165 psi (1138 kPa) net
pump pressure for at least 10 minutes. This test shall be performed immediately following the
pumping test of rated capacity at 150 psi (1035 kPa).
The capacity, discharge pressure, intake pressure, and engine speed shall be recorded at least
three times during the overload test.
12-13.4 Pressure Control System Test.
The pressure control system on the pump shall be tested as follows:
(a) The pump shall be operated at draft, delivering rated capacity at 150 psig (1035 kPag) net
pump pressure.
(b) The pressure control system shall be set in accordance with the manufacturer's instructions
to maintain the discharge pressure at 150 psig (1035 kPag).
(c) All discharge valves shall be closed no more rapidly than in 3 seconds' time and no more
slowly than in 10 seconds' time. The rise in discharge pressure shall not exceed 30 psi (207 kPa)
and shall be recorded.
(d) The original conditions of pumping rated capacity at 150 psig (1035 kPag) shall be
reestablished. The discharge pressure shall be reduced to 90 psig (620 kPag) by throttling the
engine fuel supply, with no change to the discharge valve settings, hose, or nozzles.
(e) The pressure control system shall be set according to the manufacturer's instructions to
maintain 90 psig (620 kPag) discharge pressure.
(f) All discharge valves shall be closed no more rapidly than in 3 seconds' time and no more
slowly than in 10 seconds' time. The rise in discharge pressure shall not exceed 30 psi (207 kPa)
and shall be recorded.
(g) The pump shall be operated at draft pumping 50 percent of rated capacity at 250 psig (1725
kPag) net pump pressure.
(h) The pressure control system shall be set in accordance with the manufacturer's instructions
to maintain 250 psig (1725 kPag) discharge pressure.
(i) All discharge valves shall be closed no more rapidly than in 3 seconds' time and no more
slowly than in 10 seconds' time. The rise in discharge pressure shall not exceed 30 psi (207 kPa)
and shall be recorded.
12-13.5 Priming Device Tests.
Copyright 1996 NFPA

12-13.5.1 With all intake valves open, all intakes capped or plugged, and all discharge caps
removed, the primer shall be operated in accordance with the manufacturer's instructions. The
maximum vacuum attained shall be at least 22 in. Hg (74.5 kPa). At altitudes above 2000 ft (610
m), the vacuum attained shall be permitted to be less than 22 in. Hg × 1 in. Hg (74.5 kPa × 3.4
kPa) for each 1000 ft (305 m) of altitude above 2000 ft (610 m).
12-13.5.2 With the apparatus set up for the pumping test, the primer shall be operated in
accordance with the manufacturer's instructions until the pump has been primed and is
discharging water. The interval from the time the primer was started until the time the pump is
discharging water shall be noted. This test shall be permitted to be performed in connection with
priming the pump for the pumping test.
The time required to prime the pump if the rated capacity is 1250 gpm (4732 L/min) or less
shall not exceed 30 seconds. If the rated capacity is 1500 gpm (5678 L/min) or more, the time to
prime the pump shall not exceed 45 seconds. An additional 15 seconds shall be permitted to meet
these requirements when the pump system includes an auxiliary 4-in. (100-mm) or larger intake
pipe having a volume of 1 ft3 (28,316 cm3) or more.
12-13.6 Vacuum Test.
A vacuum test shall be performed and shall consist of subjecting the interior of the pump, with
all intake valves open, all intakes capped or plugged, and all discharge caps removed to a
vacuum of 22 in. Hg (74.5 kPa) by means of the pump priming device. The vacuum shall not
drop more than 10 in. Hg (33.9 kPa) in 5 minutes. The primer shall not be used after the
5-minute test period has begun. The engine shall not be operated at any speed greater than the
no-load governed speed during this test.
12-13.7 Water Tank to Pump Flow Test.
A water tank to pump flow test shall be conducted as follows:
(a) The water tank shall be filled until it overflows.
(b) All intakes to the pump shall be closed.
(c) The tank fill line and by-pass cooling line shall be closed.
(d) Hose lines and nozzles suitable for discharging water at the rated tank to pump flow rate
shall be connected to one or more discharge outlets.
(e) The tank to the pump valve(s) and the discharge valves leading to the hose lines and
nozzles shall be fully opened.
(f) The engine throttle shall be adjusted until the required flow rate -0/+ 5 percent is
established (see 15-3.2). The discharge pressure shall be recorded.
(g) The discharge valves shall be closed and the water tank refilled. The by-pass line shall be
permitted to be opened temporarily if needed to keep the water temperature in the pump within
acceptable limits.
(h) The discharge valves shall be reopened fully and the time noted. If necessary, the engine
throttle shall be adjusted to maintain the discharge pressure recorded as noted in (f).
(i) When the discharge pressure drops by 5 psi (34 kPa) or more, the time shall be noted and
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the elapsed time from the opening of the discharge valves calculated and recorded.
The rated tank to pump flow rate shall be maintained until 80 percent of the rated capacity of
the tank has been discharged. The volume discharged shall be calculated by multiplying the rate
of discharge in gallons per minute times the time in minutes elapsed from the opening of the
discharge valves until the discharge pressure drops by at least 5 psi (34 kPa).
12-13.8* Manufacturer's Predelivery Test.
The manufacturer shall conduct a piping hydrostatic test prior to delivery of the apparatus. The
test shall be conducted as follows. The pump and its connected piping system shall be
hydrostatically tested to 250 psi (1725 kPa). The hydrostatic test shall be conducted with the
tank fill line valve, the by-pass line valve if so equipped, and the tank to pump valve closed. All
discharge valves shall be open and the outlets capped. All intake valves shall be closed, and
nonvalved intakes shall be capped. This pressure shall be maintained for 3 minutes.
Chapter 13 Auxiliary Pump and Associated Equipment
13-1* Application.
If the apparatus is equipped with an auxiliary pump, the provisions of this chapter shall apply.
13-2* Power Train Capability.
13-2.1*
All components in the power train from the engine to the pump shall be capable of transmitting
the continuous duty power required by the pump for at least 50 minutes at the pump's rated
capacity and pressure.
13-2.2*
When pumping rated capacity and pressure, lubricant temperatures in any power train
component shall not exceed the component manufacturer's recommendation for maximum
temperature.
13-3 Construction Requirements.
The pump, piping, and valves shall be suitable to withstand a minimum hydrostatic burst
pressure of 100 psi (690 kPa) above the maximum system operating pressure.
13-4 Pump Intake Connections.
13-4.1*
Each pump intake connection shall be of a sufficient size to permit the full rated performance
of the pump and shall be equipped with a valve controllable at the pump operator's position. If
an inlet is located at the pump operator's position, it shall be provided with a permanent label
that states "Warning — Serious Injury or Death Could Occur if the Inlet(s) Is Supplied by a
Pressurized Source When the Valve Is Closed."
13-4.2
Each external intake shall be equipped with National Hose threads, a removable or accessible
strainer, and a bleeder valve to bleed off air or water from a hose connected to the intake.
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13-4.2.1 All intakes shall be provided with closures suitable to withstand a hydrostatic burst
pressure of 500 psig (3450 kPag). Intakes having male threads shall be equipped with caps;
intakes having female threads shall be equipped with plugs. Where adapters for special threads
or other means for hose attachment are provided on the intakes, closures shall be provided for
the adapters in lieu of caps or plugs.
13-4.2.2 Closures for 31/2-in. (89-mm) and smaller external intakes shall be secured to the
apparatus with suitable chains or cables.
13-5* Pump Discharge Connections.
13-5.1
Each pump discharge shall be equipped with a valve controllable at the pump operator's
position.
13-5.2
Any discharge outlets that are fed by lines from both the auxiliary pump and the main pump
shall have check valves in both supply lines.
13-5.3*
All discharge outlets shall be equipped with male National Hose threads. Adapter couplings
with special threads or other means for hose attachment shall be permitted to be furnished on any
or all outlets.
13-5.4
All discharge outlets, except outlets to which a hose will be preconnected, shall be equipped
with caps or closures suitable to withstand a minimum hydrostatic burst pressure of 100 psig
(690 kPag) over the maximum pump close-off pressure or 500 psi (3450 kPa), whichever is
greater. Where adapters are furnished, the closures shall fit on the adapters. Caps or closures for
outlets 31/2 in. (89 mm) and smaller in size shall be secured to the apparatus with suitable chains
or cables.
13-5.5
If a water tank fill line is provided, the line shall be connected from the pump discharge
manifold directly to the water tank and shall include a valve controllable at the pump operator's
position.
13-6 Pump Operator's Position.
13-6.1
All gauges, discharge outlets, pump intakes, and controls located on the pump operator's panel
for the auxiliary pump shall be illuminated to a minimum lighting level of 5 footcandles (54 lux).
13-6.2
All required markings shall be permanent, shall be capable of withstanding the effects of
extreme weather and temperature, and shall be securely attached.
13-7 Pump Controls.
13-7.1
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Provisions shall be made for quickly and easily placing the pump in operation. The control for
the pump engagement mechanism shall be marked to indicate when the pump is properly
engaged in pumping position.
13-7.2
With parallel/series centrifugal pumps, the positions for parallel operation (volume) and series
operation (pressure) shall be clearly indicated. The control for changing the pump from series to
parallel, and vice versa, shall be located on the pump operator's panel.
13-7.3
If more than one discharge outlet is provided, a relief valve or other pressure control device
shall be provided that is capable of limiting the pump discharge pressure.
13-7.4
All pump controls and devices shall be installed so as to be protected against mechanical
damage or the effects of adverse weather conditions upon their operation.
13-7.5
A suitable, readily accessible, and marked drain valve(s) shall be provided to allow draining
the pump and all water-carrying lines and accessories. The drain valve(s) shall be operational
without the operator having to get under the apparatus.
13-7.6
A by-pass line of not less than 1/4 in. (6.3 mm) in diameter, with a valve controllable at the
pump operator's position, or an automatic-type control, shall be installed from the discharge
manifold directly to the water tank or ground.
13-8 Pump Drive Systems.
13-8.1
Where the pump is driven by a transmission-mounted (SAE) PTO, front-of-engine crankshaft
PTO, or flywheel PTO, the provisions of 12-10.6 and 12-10.7 shall apply.
13-8-2
Where the pump is driven by a chassis transmission-mounted (SAE) PTO, a visible or audible
warning device shall be provided on the pump operator's panel that is actuated when the
temperature of the lubricant in the chassis transmission exceeds the transmission manufacturer's
recommended maximum temperature.
13-8.3
Where a separate engine is used to drive the auxiliary pump, an amber indicator light shall be
provided in the driving compartment that is energized when the pump engine ignition is
energized. This light shall be marked "Pump Engine Ignition."
13-8.4*
If a separate pumping engine is provided, it shall meet the requirements of 8-2.1.1, 8-2.1.2,
8-2.2, 8-2.3.1, 8-2.3.2, 8-2.4, 8-2.5, and Sections 9-4 and 9-5.
13-9 Engine Controls.
A throttle control that holds its set position shall be provided to control the engine speed. It
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shall be located so that it can be manipulated from the pump operator's position with all
instrumentation in full view. This shall be permitted to be the same throttle control that is used
for the main fire pump.
13-10 Gauges and Instruments.
13-10.1 Master Pump Discharge Pressure Indicating Device.
A master discharge pressure indicating device shall be provided. It shall read from zero to at
least 300 psig (2070 kPag), but not less than 100 psi (690 kPa) higher than the maximum
pressure that can be developed by the pump when it is operating with zero intake pressure.
13-10.1.1 Where an analog pressure gauge is used, it shall have a minimum accuracy of Grade
1A as defined in ASME B40.1, Gauges — Pressure Indicating Dial Type — Elastic Element.
Numerals for master gauges shall be a minimum 0.25 in. (6.4 mm) high. There shall be
graduation lines of at least every 10 psi (69 kPa), with major and intermediate graduation lines
emphasized and minimum figure intervals every 100 psi (690 kPa). Analog pressure gauges shall
be vibration and pressure pulsation dampened; resistant to corrosion, condensation and shock;
and have internal mechanisms that do not require periodic lubrication.
13-10.1.2 If a digital pressure indicating device is used, the digits shall be at least 0.25 in. (6.4
mm) high. Digital pressure indicating devices shall display pressure in increments of not more
than 10 psi (69 kPa).
13-10.2 Discharge Outlet Instrumentation.
If the apparatus is equipped with 11/2-in. (38-mm) or larger discharge outlets that can only be
supplied by the auxiliary pump, these discharge outlets shall be equipped with pressure
indicating devices or flow meters. The pressure indicating device or flow meter display shall be
located adjacent to the corresponding valve control with no more than 6 in. (150 mm) separating
the pressure indicating device or flow meter bezel and the valve control centerline. Pressure
indicating devices shall be connected to the outlet side of the valve. Flow meters shall display
flow in not greater than 10 gpm (38 L/min).
13-10.2.1 Where an analog pressure gauge is used, the gauge shall have a minimum accuracy of
Grade B as defined in ASME B40.1, Gauges — Pressure Indicating Dial Type — Elastic
Element. Numerals for gauges shall be a minimum 5/32 in. (4 mm) high. There shall be
graduation lines of at least every 10 psi (69 kPa), with major and intermediate graduation lines
emphasized and minimum figure intervals every 100 psi (690 kPa). Analog pressure gauges
shall be vibration and pressure pulsation dampened; resistant to corrosion, condensation, and
shock; and have internal mechanisms that do not require periodic lubrication.
13-10.2.2 If a digital pressure indicating device is used, the digits shall be at least 0.25 in. (6.4
mm) high. Digital pressure indicating devices shall display pressure in increments of not more
than 10 psi (69 kPa).
13-10.3
All pressure indicating devices and flow meters shall be mounted and attached so they are
protected from accidental damage and excessive vibration.
13-10.4
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All pressure indicating devices and flow meters shall be capable of continuous operation to
−40°F (−40°C) without damage.
13-11 Testing.
The pump, piping, valves, and caps or plugs shall be hydrostatically tested to 100 psi (690
kPa) above the maximum system operating pressure, and the apparatus manufacturer shall certify
the test results in writing.
Chapter 14 Water Transfer Pump and Associated Equipment
14-1* Application.
If the apparatus is equipped with a water transfer pump, the provisions of this chapter shall
apply.
14-2 Pumping System Capability.
14-2.1*
The water transfer pump shall be mounted on the apparatus and have a minimum rated
capacity of 250 gpm (950 L/min) at 50 psi (345 kPa) net pump pressure. The pump shall also be
capable of pumping a minimum of 100 gpm (380 L/min) at 115 psi (793 kPa) net pump pressure.
Power to drive the transfer pump shall be permitted to be provided by the same engine used to
propel the apparatus or by a separate engine.
14-2.2
When dry, the pumping system shall be capable of taking suction and discharging water in not
more than 45 seconds through 20 ft (6 m) of suction hose of the size required by the pump
manufacturer and at a lift of 10 ft (3 m).
14-2.3
The completed pumping system shall be capable of developing a vacuum of 18 in. Hg (61 kPa)
by means of the pump priming device and sustaining this for at least 5 minutes with a loss not to
exceed 10 in. Hg (33.9 kPa). This shall be demonstrated with all intakes capped or plugged and
all discharge caps removed
14-2.4* Pump Suction Capability.
The pump manufacturer shall certify that the transfer pump is capable of pumping 100 percent
of rated capacity at 50 psi (345 kPa) net pump pressure, from draft, through a single intake using
20 ft (6 m) of suction hose of the size required by the pump manufacturer and with a strainer
attached, under conditions as stipulated below.
(a) An altitude of 2000 ft (610 m) above sea level;
(b) Atmospheric pressure of 29.9 in. Hg (101.2 kPa) (corrected to sea level);
NOTE: At an altitude of 2000 ft (610 m), the actual (uncorrected) atmospheric pressure equivalent to the sea
level reading of 29.9 in. Hg (101.2 kPa) is 27.8 in. Hg (94.1 kPa).

(c) Water temperature of 60°F (15.6°C);
(d) Lift of 10 ft (3 m).
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14-3 Pumping Engine Requirements.
14-3.1
The apparatus manufacturer shall approve the use of the pumping engine for stationary
pumping applications in fire apparatus of the type and the size being furnished.
14-3.2
The engine shall be capable of performing the pumping tests herein specified without
exceeding the maximum rated speed of the engine as shown on the engine manufacturer's
published horsepower curve.
14-3.3
Where the maximum rated speed of the pump driving source exceeds the maximum rated
speed that the transfer pump was designed for, an automatic means shall be provided to limit the
pump driving source to the maximum designed speed of the pump.
14-3.4
If a separate engine is used to drive the pump, the engine shall meet the requirements of
14-3.4.1 through 14-3.4.3.
14-3.4.1 The pump engine shall be equipped with an electric starter, wired to the chassis battery
system through the master disconnect switch with a starter button and ignition switch at the
pump operator's position.
14-3.4.2 A pump engine amber indicator light shall be provided in the driving compartment and
shall be energized when the pump engine ignition is energized. It shall be marked "Pump Engine
Ignition."
14-3.4.3 The fuel supply for the transfer pump shall be taken from the onboard chassis fuel
supply where possible.
14-4 Construction Requirements.
14-4.1*
Wetted moving parts shall be constructed of, or clad with, a corrosion-resistant material.
14-4.2
The pump shall be subjected to a hydrostatic test of 50 psi (345 kPa) minimum over the pump's
designed maximum operating pressure for 10 minutes. A certified document on this test shall be
furnished to the purchaser.
14-4.3
The entire discharge and intake piping system, valves, drain cocks and lines, and intake and
outlet closures, excluding the tank fill and tank to pump lines on the tank side of the valves in
those lines, shall be suitable to withstand a minimum hydrostatic burst pressure of 300 psig
(2070 kPag).
14-5 Pump Intake Connections.
14-5.1*
An intake of the same or larger size as the required suction hose size shall be provided.
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14-5.1.1 The intake shall have National Hose threads.
14-5.1.2 If the couplings on the suction hose carried on the apparatus are of a different size or
have other means of hose attachment than the intakes, suitable adapters shall be provided on
each appropriate intake.
14-5.1.3 If an inlet located at the pump operator's position is valved, it shall be provided with a
permanent label that states "Warning — Serious Injury or Death Could Occur if Inlet(s) Is
Supplied by a Pressurized Source When the Valve is Closed."
14-5.2
Each intake shall have a removable or accessible strainer inside the intake.
14-5.3
Any 3-in. (76-mm) or larger intake valve shall be a slow operating valve.
Exception: This requirement shall not apply to the tank to pump intake valve.
14-5.4
Valved intakes, where provided, shall be equipped with a 3/4-in. (19-mm) bleeder valve
located in close proximity to the intake to bleed off air or water from a hose connected to the
intake. The valve shall be operational without the operator having to get under the apparatus. If a
valved appliance is attached to an intake, it shall be equipped with a 3/4-in. (19-mm) bleeder
valve on each inlet.
14-5.5
Each intake shall be provided with a closure capable of withstanding a minimum hydrostatic
burst pressure of 300 psig (2069 kPag). Intakes having male threads shall be equipped with caps;
intakes having female threads shall be equipped with plugs. Where adapters for special threads
or other means for hose attachment are provided on the intakes, closures shall be provided for
the adapters in lieu of caps or plugs.
14-5.6
Closures for 31/2-in. (89-mm) and smaller intakes shall be secured to the apparatus with
suitable chains or cables.
14-6 Pump Discharge Outlets.
14-6.1
Sufficient 21/2-in. (65-mm) or larger discharge outlets shall be provided to discharge the rated
capacity of the pump at 50 psi (345 kPa) net pump pressure. There shall be at least one 21/2-in.
(65-mm) outlet.
14-6.2
All 21/2-in. (65-mm) or larger outlets shall be equipped with male National Hose threads.
Adapter couplings with special threads or other means for hose attachment shall be permitted to
be furnished on any or all outlets.
14-6.3
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All discharge outlets, except outlets to which a hose will be preconnected, shall be equipped
with suitable caps or closures capable of withstanding 300 psig (2069 kPag). Where adapters are
provided on the discharge outlets, the closures shall fit on the adapters. Closures for outlets 31/2
in. (89 mm) and smaller in size shall be secured to the apparatus with suitable chains or cables.
14-6.4
All outlets shall be equipped with valves that can be opened and closed smoothly and readily
at any rated pressure. The flow regulating element of each valve shall not change its position
under any condition of operation involving discharge pressures to the maximum operating
pressure of the pump; the means to prevent a change in position shall be incorporated in the
operating mechanism and shall be permitted to be manually or automatically controlled. Any
3-in. (76-mm) or larger discharge valve shall be a slow operating valve.
14-6.5
All 21/2-in. (65-mm) or larger discharge outlets shall be equipped with a drain or bleed-off
valve having a minimum 3/4-in. (19-mm) pipe thread connection for draining or bleeding off
pressure from a hose connected to the outlet.
14-6.6
All pump discharges shall have valves controllable at the pump operator's position. Secondary
valves shall be permitted to be provided at the discharge outlet if required for special
applications.
14-6.7
No discharge outlet larger than 21/2 in. (65 mm) shall be located at the pump operator's panel.
14-7 Pump Drains.
A suitable, readily accessible, and labeled drain valve(s) shall be provided to allow draining
the pump and all water-carrying lines and accessories. The drain valve(s) shall be operational
without the operator having to get under the apparatus.
14-8 Pump Operator's Position.
14-8.1
There shall be an area where the pump controls, gauges, and other instruments are located. It
shall be known as the pump operator's position or panel.
14-8.2
All gauges, discharge outlets, pump intakes, and controls shall be illuminated to a minimum
lighting level of 5 footcandles (54 lux).
14-8.3
All required markings shall be of a type permanent in nature, capable of withstanding the
effects of extreme weather and temperature, and shall be securely attached.
14-9 Pump Controls.
14-9.1
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Provisions shall be made for placing the pump drive system in operation using controls and
switches that are clearly identified and within convenient reach of the operator. Indicator and
interlock systems shall be provided as required by this pump control section.
14-9.1.1 Where the apparatus is equipped with an automatic chassis transmission and the transfer
pump is driven through the automatic transmission, an interlock system shall be provided to
ensure that the pump drive system components are properly engaged in the pumping mode of
operation so that the pumping system can be safely operated from the pump operator's position.
(See 14-10.2.)
14-9.1.2 Where the pump is driven by the chassis engine and transmission retarders, engine
compression brakes, or engine exhaust brakes are furnished, they shall be automatically
disengaged for pumping operations. Where an automatic fan clutch is furnished, the fan shall be
engaged for pumping operations.
14-9.2*
Any control device used in the pumping system power train between the engine and the pump
shall be equipped with a means to prevent unintentional movement of the control device from its
set position.
Exception: Auxiliary manual pump shift override devices shall not require such means.
14-9.3
A nameplate indicating the chassis transmission shift selector position to be used for pumping
shall be provided in the driving compartment and located so that it can be easily read from the
driver's position.
14-9.4
Where the pump is driven by the chassis engine through a split shaft PTO, the driving
compartment speedometer shall register when the pump shift has been completed and the pump
is in gear.
14-9.5
Where the pump is driven by a split shaft PTO, and the chassis is equipped with either a
manual or automatic shift chassis transmission, a green indicator light shall be located in the
driving compartment. This indicator light shall be energized when the pump shift has been
completed and shall be marked "Pump Engaged." Where an automatic chassis transmission is
provided, a second green indicator light in the driving compartment and a green indicator light
located at the pump operator's position shall be provided and energized when both the pump shift
has been completed and the chassis transmission is engaged in pump gear. The light in the
driving compartment shall be marked "OK to Pump." The light on the pump operator's panel
shall be positioned adjacent to, and preferably above, the throttle control and shall be marked
"Warning: Do Not Open Throttle Unless Light Is On." This light shall also be energized when
the chassis transmission is in the neutral position and the parking brake is engaged.
14-9.6
Where an automatic chassis transmission is provided and the pump is driven by a
transmission-mounted (SAE) PTO, front-of-engine crankshaft PTO, or engine flywheel PTO and
is used for stationary pumping with the chassis transmission in neutral, or for pump and roll with
the chassis transmission in any forward or reverse gear, shift indicator lights shall be provided as
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follows:
(a) Two green indicator lights in the driving compartment. One of the lights shall be energized
when the pump drive has been engaged and shall be marked "Pump Engaged." The second light
shall be energized when both the pump drive has been engaged and the chassis transmission is in
neutral and shall be marked "OK to Pump."
(b) One green and one red indicator light on the pump operator's panel. The green light shall
be energized when the chassis transmission is in neutral and the parking brake is engaged. The
green light shall be positioned adjacent to, and preferably above, the throttle and shall be marked
"Warning: Do Not Open Throttle Unless Light Is On." The red light shall be energized when the
chassis transmission is not in neutral and the ignition switch is activated and shall be located
adjacent to, and preferably above, the throttle and shall be marked "Danger: Do Not Open
Throttle."
14-9.7
Where a manual chassis transmission is provided and the pump is driven by a
transmission-mounted (SAE) PTO, front-of-engine crankshaft PTO, or engine flywheel PTO and
used for stationary pumping, a green indicator light that is energized when the pump is engaged
shall be provided in the driving compartment, and shall be marked "Pump Engaged."
14-9.8
A priming device shall be provided and controlled from the pump operator's position. It shall
be capable of meeting the requirements of 14-2.2 and of developing a vacuum of 18 in. Hg (61
kPa) at an altitude of 2000 ft (610 m). The priming device shall be capable of operating with
biodegradable or nontoxic fluids.
14-9.9
All pump controls and devices shall be installed so as to be protected against mechanical
damage or the effects of adverse weather conditions upon their operation.
14-10 Pump Engine Controls.
14-10.1
A throttle control that holds its set position shall be provided to control the engine speed. It
shall be located so that it can be manipulated from the pump operator's position with all
instrumentation in full view.
14-10.2
Where the chassis engine drives the pump and electric or electronic engine throttle controls are
provided, an interlock shall prevent advancement of the engine speed at the pump operator's
panel unless the parking brake is engaged and the chassis transmission is in neutral; or the
parking brake is engaged, the water pump is engaged and the chassis transmission is in pumping
gear. The indicator lights located on the pump operator's panel that are specified in 14-9.5 and
14-9.6(b) are not required.
14-11 Gauges and Instruments.
14-11.1
A master discharge pressure indicating device shall be provided at the pump operator's
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position. It shall read from 30 in. Hg (110 kPa) vacuum to 200 psig (1380 kPag).
14-11.1.1 Where an analog pressure gauge is used, it shall have a minimum accuracy of Grade B
as defined in ASME B40.1, Gauges — Pressure Indicating Dial Type — Elastic Element.
Numerals for master gauges shall be a minimum 5/32 in. (4 mm) high. There shall be graduation
lines of at least every 10 psi (69 kPa), with major and intermediate graduation lines emphasized
and minimum figure intervals every 100 psi (690 kPa). Analog pressure gauges shall be
vibration and pressure pulsation dampened; resistant to corrosion, condensation, and shock; and
have internal mechanisms that do not require periodic lubrication.
14-11.1.2 If a digital pressure indicating device is used, the digits shall be at least 0.25 in. (6.4
mm) high. Digital pressure indicating devices shall display pressure in increments of not more
than 10 psi (69 kPa).
14-11.2
All pressure indicating devices and flow meters shall be mounted and attached so they are
protected from accidental damage and excessive vibration.
14-11.3
All pressure indicating devices and flow meters shall be capable of continuous operation to
−40°F (−40°C) without damage.
14-12 Manufacturer's Predelivery Tests.
14-12.1* Pump Certification Tests.
The apparatus shall be tested at the manufacturer's approved facility and certified by the
contractor. The certification shall include at least the pumping test (see 14-12.2), the priming
device tests (see 14-12.3), the vacuum test (see 14-12.4), the piping hydrostatic test (see
14-12.5), and the water tank to pump flow test (see 14-12.6).
14-12.2 Pumping Tests.
14-12.2.1 Conditions for Test.
14-12.2.1.1 The test site shall be adjacent to a supply of clear water at least 4 ft (1.2 m) deep,
with the water level not more than 10 ft (3 m) below the center of the pump intake, and close
enough to allow the suction strainer to be submerged at least 2 ft (0.6 m) below the surface of the
water when connected to the pump by 20 ft (6 m) of suction hose.
14-12.2.1.2* Tests shall be performed when conditions are as follows:
Air temperature:
0°F to 100°F (−18°C to 38°C)
Water temperature:
35°F to 90°F (2°C to 32°C)
Barometric pressure:
29 in. Hg (98.2 kPa), minimum
(corrected to sea level)
14-12.2.1.3 Engine-driven accessories shall not be functionally disconnected or otherwise
rendered inoperative during the tests. If the chassis engine drives the pump, the electrical loads
and conditions specified in 9-14.3.3 shall be applied during the pumping portion of this test.
14-12.2.1.4 All structural enclosures, such as floorboards, gratings, grills, and heat shields, not
furnished with a means for opening them in normal service shall be kept in place during the tests.
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14-12.2.2 Equipment.
14-12.2.2.1 Suction hose shall be of the appropriate size for the rated capacity of the pump.
14-12.2.2.2 A suction strainer that will allow flow with total friction and entrance loss not
greater than that specified in Table 12-2.4.1(b) shall be attached to the suction hose.
14-12.2.2.3 Sufficient fire hose shall be provided to allow discharge of rated capacity to the
nozzles or other flow measuring equipment without exceeding a flow velocity of 35 fps (10.7
mps) [approximately 500 gpm (1900 L/min) for 21/2-in. (65-mm) hose].
14-12.2.2.4 Where nozzles are used they shall be smoothbore; inside diameters shall be from 3/4
in. to 21/2 in. (19 mm to 65 mm).
14-12.2.2.5 All test gauges shall meet the requirements for Grade A gauges as defined in ASME
B40.1, Gauges — Pressure Indicating Dial Type — Elastic Element, and shall be at least size
31/2 per ASME B40.1, paragraph 3.1. The intake gauge shall have a range of 30 in. Hg (100 kPa)
vacuum to zero for a vacuum gauge, or 30 in. Hg (100 kPa) vacuum to 150 psig (1035 kPag) for
a compound gauge. The discharge pressure gauge shall have a range of 0 psig to 400 psig (0
kPag to 2758 kPag). Pitot gauges shall have a range of at least 0 psig to 160 psig (0 kPag to 1103
kPag). A mercury manometer shall be permitted to be used in lieu of a intake gauge. All gauges
shall have been calibrated in the month preceding the tests. Calibrating equipment shall consist
of a dead weight gauge tester or a master gauge meeting the requirements for Grade 3A or 4A
gauges as defined in ASME B40.1 that has been calibrated by its manufacturer within the
preceding year.
14-12.2.2.6 All test gauge connections shall include "snubbing" means, such as needle valves to
damp out rapid needle movements.
14-12.2.2.7 Speed measuring means other than the engine speed tachometers in the driving
compartment (see 10-2.4) shall be used to measure the rotational speed of the pump drive system
such that the pump impeller shaft speed can be calculated. Such speed measuring means shall be
accurate to within ± 50 rpm of actual speed.
14-12.2.3 Procedure.
14-12.2.3.1* The ambient air temperature, water temperature, vertical lift, elevation of test site,
and atmospheric pressure (corrected to sea level) shall be determined and recorded prior to and
after each pump test. The engine, pump, transmission, and all parts of the apparatus shall exhibit
no undue heating, loss of power, overspeed, or other defect during the entire test.
14-12.2.3.2 The pump shall be subjected to a 20-minute pumping test consisting of continuous
pumping at rated capacity at 50 psi (345 kPa) net pump pressure. The pump shall not be stopped,
unless it becomes necessary to clean the suction strainer. The pump capacity, discharge pressure,
intake pressure, and engine speed shall be recorded every 10 minutes with a minimum of three
readings. The average net pump pressure shall be calculated and recorded based on the average
values for discharge and intake pressure.
14-12.3 Priming Device Tests.
14-12.3.1 With all openings to the pump closed, the primer shall be operated in accordance with
the manufacturer's instructions. The maximum vacuum attained shall be at least 18 in. Hg (61
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kPa). At altitudes above 2000 ft (610 m), the vacuum attained shall be permitted to be less than
18 in. Hg (61 kPa) by 1 in. Hg (3.4 kPa) for each 1000 ft (305 m) of altitude above 2000 ft (610
m).
14-12.3.2 With the apparatus set up for the pumping test, the primer shall be operated in
accordance with the manufacturer's instructions until the pump has been primed and is
discharging water. The interval from the time the primer is started until the time the pump is
discharging water shall not exceed 45 seconds. This test shall be permitted to be performed in
connection with priming the pump for the pumping test.
14-12.4 Vacuum Test.
A vacuum test shall be performed and shall consist of subjecting the interior of the pump, with
capped intake and uncapped discharge outlets, to a vacuum of 18 in. Hg (61 kPa) by means of
the pump priming device. The vacuum shall not drop more than 10 in. Hg (33.9 kPa) in 5
minutes. The primer shall not be used after the 5-minute test period has begun. The engine shall
not be operated at any speed greater than the no-load governed speed during this test.
14-12.5 Piping Hydrostatic Test.
The pump and its connected piping system shall be hydrostatically tested to 250 psi (1725
kPa). The hydrostatic test shall be conducted with the tank fill line valve, the by-pass line valve,
and the tank to pump valve closed. All discharge valves shall be open and the outlets capped. All
intake valves shall be closed, and non-valved intakes shall be capped. This pressure shall be
maintained for 3 minutes.
14-12.6 Water Tank to Pump Flow Test.
A water tank to pump flow test shall be conducted as follows:
(a) The water tank shall be filled until it overflows.
(b) All intakes to the pump shall be closed.
(c) The tank fill line and by-pass cooling line shall be closed.
(d) Hose lines and nozzles suitable for discharging water at the rated tank to pump flow rate
shall be connected to one or more discharge outlets.
(e) The tank to pump valve and the discharge valves leading to the hose lines and nozzles shall
be fully opened.
(f) The engine throttle shall be adjusted until the required flow rate −0/+ 5 percent is
established (see 15-3.2). The discharge pressure shall be recorded.
(g) The discharge valves shall be closed and the water tank refilled. The by-pass line shall be
permitted to be opened temporarily if needed to keep the water temperature in the pump within
acceptable limits.
(h) The discharge valves shall be reopened fully and the time noted. If necessary, the engine
throttle shall be adjusted to maintain the discharge pressure recorded as noted in (f).
(i) When the discharge pressure drops by 5 psi (34 kPa) or more, the time shall be noted and
the elapsed time from the opening of the discharge valves calculated and recorded.
The rated tank to pump flow rate shall be maintained until 80 percent of the rated capacity of
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the tank has been discharged. The volume discharged shall be calculated by multiplying the rate
of discharge in gpm times the time in minutes elapsed from the opening of the discharge valves
until the discharge pressure drops by at least 5 psi (34 kPa).
Chapter 15 Water Tanks
15-1 Application.
If the fire apparatus is equipped with a water tank, the provisions of this chapter shall apply.
15-2 Tank Construction.
15-2.1*
All water tanks shall be constructed of noncorrosive material or other materials that are
protected against corrosion and deterioration. They shall have a means to permit complete
cleaning of the tank.
15-2.2*
All water tanks, except those on mobile water supply fire apparatus, shall be constructed to be
independent of the body and compartments and shall be equipped with a method for lifting the
tanks out of the body.
15-2.3
Tanks shall be securely restrained and cradled, or cushioned and spring-loaded, to avoid stress
when traveling over uneven terrain.
15-2.4*
All water tanks shall be provided with baffles or swash partitions to form a containment or
dynamic method of water movement control.
15-2.4.1 If a containment method of baffling is used, a minimum of two transverse or
longitudinal vertical baffles shall be provided. There shall be a maximum distance of 48 in.
(1220 mm) between any combination of tank vertical walls and baffles. Each baffle shall cover
at least 75 percent of the area of the plane that contains the baffle.
15-2.4.2
If a dynamic method of partitioning is used, the tank shall contain vertical transverse and
longitudinal partitions. The vertical partitions shall be secured to the top and bottom of the tank.
The longitudinal partitions shall extend a minimum of 75 percent of the tank length. The
partitions shall be arranged in such a manner that a vertical plane passed through each partition
shall create cells for which no dimension shall exceed 48 in. (1220 mm).
15-2.5
One or more clean-out sumps that extend below the bottom of the tank with a 3-in. (76-mm) or
larger removable pipe plug shall be provided.
15-2.6
An indicator shall be provided that shows the level or amount of water in the tank(s). If the
apparatus is not equipped with a pump, the indicator shall be visible at the inlet valve position.
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15-3 Tank to Pump Intake Line.
15-3.1
If the apparatus is equipped with a pump, the water tank shall be connected to the intake side
of the pump with a valve controlled at the pump operator's position.
15-3.2*
If the water tank has a certified capacity of less than 500 gal (1900 L), the piping and valve
arrangement shall be capable of delivering water to the pump at a minimum rate of 250 gpm
(950 L/min). If the water tank has a certified capacity of 500 gal (1900 L) or greater, the piping
and valve arrangement shall be capable of delivering water to the pump at a minimum rate of
500 gpm (1900 L/min) or the rated capacity of the pump, whichever is less. This flow shall be
sustainable while pumping a minimum of 80 percent of the certified tank capacity with the
apparatus on level ground.
15-3.3*
An automatic means shall be provided in the tank to pump line that prevents unintentional
back-filling of the water tank through the line.
15-3.4
Connections or outlets from the tank(s) to the pump shall be designed to prevent air from being
entrained while pumping water from the tank. If the sump is used for the tank to pump line
connection, the design shall prevent sludge or debris in the sump from entering the pump.
15-4 Filling and Venting.
15-4.1*
A convenient, covered fill opening designed to prevent spillage shall be provided and designed
to allow the insertion of a 21/2-in. (65-mm) hose with coupling. The cover shall be marked
"Water Fill." An easily removable, readily cleaned screen shall be installed in the opening. The
cover, or another device, shall open as a vent to release pressure buildup in the tank of more than
1 psig (6.9 kPag).
15-4.2*
Adequate venting of the tanks shall be provided to allow water to be drawn from the tank at a
rate at least equal to that required in 15-3.2. The overflow outlet shall be designed to direct any
water to behind the rear axle so as not to interfere with rear tire traction.
15-4.3*
If the apparatus is equipped with a pump, a valved tank fill line of at least 1 in. (25 mm)
nominal inside diameter shall be provided. Where the tank is greater than 1000 gal (3785 L), the
fill line shall be at least 2 in. (51 mm) nominal inside diameter. The valve shall be capable of
regulating flow and controllable at the pump operator's position.
15-4.4*
If the apparatus is designed to be a mobile water supply apparatus, an external fill connection
directly to the tank shall be provided. This connection shall permit a minimum filling rate of
1000 gpm (3785 L/min) from sources external to the unit. This fill connection shall be provided
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with a removable or accessible strainer, a shutoff valve capable of being throttled, a minimum
30-degree sweep elbow positioned downward, and a closure cap or plug. Any 3-in. (76-mm) or
larger valve shall be a slow operating valve.
15-5* Water Transfer.
If the apparatus is designed to be a mobile water supply apparatus, single or multiple tank
connections capable of allowing water to be transferred to the right, left, and rear of the vehicle
from the tank to an external use shall be supplied. Each outlet shall be capable of emptying 90
percent of the tank capacity at a minimum average rate of 1000 gpm (3785 L/min) with the
apparatus on level ground.
15-6* Water Tank Capacity Certification.
The manufacturer shall certify the capacity of the water tank prior to delivery of the apparatus.
This capacity shall be recorded on the manufacturer's record of construction (see Section 2-14),
and the certification shall be provided to the purchaser when the apparatus is delivered.
Chapter 16 Aerial Devices
16-1* General Requirements.
16-1.1
If the apparatus is equipped with an aerial ladder, the aerial device and apparatus shall meet
the requirements of Sections 16-2 through 16-6 and Sections 16-17 through 16-25.
16-1.2
If the apparatus is equipped with an elevating platform, the aerial device and apparatus shall
meet the requirements of Sections 16-7 through 16-13 and Sections 16-17 through 16-25.
16-1.3
If the apparatus is equipped with a water tower, the aerial device and apparatus shall meet the
requirements of Sections 16-13 through 16-25.
16-2 Aerial Ladder Requirements.
16-2.1
The aerial ladder shall consist of two or more ladder sections that, together with the steps and
platforms on the apparatus body, provide continuous egress for fire fighters and civilians from an
elevated position to the ground.
16-2.2
The rated vertical height of an aerial ladder shall be at least 50 ft (15 m) and shall be measured
in a vertical plane with the ladder at maximum elevation and extension from the outermost rung
of the outermost fly section to the ground.
16-2.3
The rated horizontal reach of an aerial ladder shall be measured in a horizontal plane from the
centerline of the turntable rotation to the outermost rung on the outermost fly section with the
aerial ladder extended to its maximum horizontal reach.
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16-2.4
Height and reach dimensions shall be taken with the aerial ladder mounted on a chassis
meeting the aerial manufacturer's minimum recommended vehicle specifications, the vehicle on
level ground, and the stabilizers deployed per manufacturer's instructions.
16-2.5
The ladder rungs shall be spaced on 14-in. (356-mm) centers and shall have a skid-resistant
surface or covering. Where covering is provided, it shall be attached in such a manner as to be
secure from twisting and shall cover at least 60 percent of the length of each rung. Where round
rungs are furnished, the rungs shall have a minimum outside diameter of 11/4 in. (32 mm)
including the skid-resistant surface or covering. Where rungs other than round are furnished,
they shall have a cross-sectional area not less than 1.2 in.2 (775 mm2), maximum outside
dimensions of the cross-sectional area (height or width) of 3.2 in. (81 mm), including the
skid-resistant surface or covering, and they shall have a minimum outside dimension of 3/4 in.
(19 mm), including the skid-resistant surface or covering. The minimum design load per rung
shall be 500 lb (227 kg) distributed over a 31/2-in. (89-mm) wide area at the center of the length
of the rung with the rung oriented in its weakest position.
16-2.6
There shall be a minimum of 18 in. (457 mm) width inside the aerial ladder between the rails
measured at the narrowest point, excluding any mounted equipment.
16-2.7
Where a solid obstruction below the ladder is wider than 12 in. (305 mm), a minimum
clearance of 7 in. (178 mm) between the centerline of the rung and the obstruction shall be
provided. Where the solid obstruction below the centerline of the ladder is 12 in. (305 mm) or
less in width, the standoff between the centerline of the rung and the obstruction shall be
permitted to be less than 7 in. (178 mm), provided there is at least 6 in. (152 mm) of rung width
and 7 in. (178 mm) of depth below the centerline of the rung on each side of the obstruction.
16-2.8
Top rails shall be provided on the ladder, shall have a minimum width of 1 in. (25 mm), and
shall be at a minimum height of 12 in. (305 mm) above the centerline of the rungs.
16-2.9
Two folding steps with skid-resistant surfaces shall be provided on the ladder for the use of the
ladder pipe-monitor operator. Each folding step shall have a minimum design load of 500 lb (227
kg) and shall be a minimum of 35 in.2 (225 cm2) in area. A single step that has a minimum
design load of 500 lb (227 kg) and a minimum area of 100 in.2 (645 cm2) shall be permitted to
be used in place of the two steps.
16-2.10
Provisions shall be made so that the personnel working on the ladder can attach fall protection
harnesses.
16-2.11
The apparatus shall be equipped with skid-resistant steps or rungs that provide a path at any
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degree of elevation from the bottom rung of the aerial ladder to the ground. Steps, with the
exception of the ground to the first step, shall be spaced on no more than 18-in. (366-mm)
centers. Handrails shall also be provided within convenient reach at each step location.
16-2.12
The aerial ladder with a rated vertical height of 110 ft (34 m) or less, with stabilizers set, shall
be capable of being raised from the bedded position to maximum elevation and extension and
rotated 90 degrees in not over 120 seconds. Two or more of these functions shall be permitted to
be performed simultaneously. Aerial ladders over 110 ft (34 m) in rated vertical height shall
meet these requirements in not over 180 seconds.
16-3 Aerial Ladder Rated Capacity.
16-3.1
The rated capacity of the aerial ladder shall be a minimum load of 250 lb (114 kg) carried on
the outermost rung of the outermost fly section with the aerial ladder placed in the horizontal
position at maximum extension. The aerial ladder shall be capable of operating in any position
while carrying its rated capacity on the outermost rung of the outermost fly section. If the aerial
ladder has a permanently mounted water delivery system, the 250 lb (114 kg) rated capacity shall
be determined without water in the system.
16-3.2
The rated capacity of the aerial ladder shall be a minimum load of 250 lb (114 kg) carried on
the outermost rung of the outermost fly section with the aerial ladder at 45 degrees to the
horizontal and at maximum extension while discharging water at rated capacity through the full
range of monitor or nozzle movements as permitted by the aerial manufacturer.
16-3.3
Rated capacities in excess of 250 lb (114 kg) shall be stated in increments of 250 lb (114 kg)
and shall be in addition to any fire-fighting equipment installed on the aerial ladder by the
manufacturer.
16-3.4*
If the aerial ladder is rated in multiple configurations, the manufacturer shall clearly describe
these configurations, including the rated capacity of each, in both the operations manual and on a
sign at the operator's control station.
16-4 Aerial Ladder Operating Position.
16-4.1*
An aerial ladder operator's position shall be provided on the apparatus so that the operator is
not in contact with the ground. A sign(s) shall be placed to warn the operator(s) of electrocution
hazards.
16-4.2
Indicating devices that are suitably lighted, clearly marked, and conveniently arranged shall be
visible from the operator's position to:
(a) Indicate rungs are aligned for climbing;
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(b) Indicate the alignment of the aerial ladder with the travel bed; and
(c) Indicate elevation, extension, and rated capacities, or provide an equivalent load indicating
system.
16-4.3*
A weather-resistant two-way voice communication system shall be provided between the
aerial ladder operator's position and the tip of the ladder. The speaker/microphone at the tip shall
allow for hands-free operation.
16-5 Aerial Ladder Operating Mechanisms.
16-5.1 Elevation.
16-5.1.1 A power-operated system for elevating and lowering the aerial ladder under all the rated
conditions of loading shall be provided. Where hydraulic components are utilized, they shall
meet the requirements of Section 16-19. Provisions shall be made to prevent damage at the top
and bottom limits.
16-5.1.2 An automatic locking device(s) shall be provided so that the desired elevated position
can be maintained.
16-5.1.3 A locking device shall be provided that will retain the aerial ladder in the bed when the
vehicle is in motion and will dampen the impact of the aerial ladder's base section on the ladder
rest.
16-5.2 Rotation.
16-5.2.1* A power-operated turntable shall be provided that shall allow continuous rotation in
either direction under all the rated conditions of loading. The turntable rotation bearing shall be
accessible for lubrication and retorquing of bolts.
16-5.2.2 The turntable rotation mechanism shall be provided with an automatically applied brake
or self-locking drive. It shall provide braking capacity with all power systems nonfunctioning to
prevent turntable rotation under all rated conditions of loading.
16-5.3 Extension.
16-5.3.1 A power-operated system for extending and retracting the fly section(s) under all the
rated conditions of loading shall be provided. Where hydraulic components are utilized, they
shall meet the requirements of Section 16-19. An automatic locking device shall be provided so
that the desired position of extension can be maintained.
16-5.3.2 Where a winch-type extension system or an extension system with a single extension
cylinder and single set of extension cables is provided, ladder rung lock pawls shall be provided
to prevent retraction movement of the sections in the event of power loss. These lock pawls shall
align the rungs between sections. The control for the pawls shall be at the base of the ladder
adjacent to the operator and shall allow the operator to clearly determine the on and off position
without it being necessary to see the pawls.
16-5.3.2.1 To prevent damage to the ladder caused by application of power when the pawls are
locked, an automatic device shall be provided to prevent retraction of the ladder sections until
the pawls have been released.
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16-5.3.2.2 Provisions shall be made to prevent damage at full retraction or extension. Stops shall
be provided to properly align the sections without damage to the ladder or to the cable
mechanism when the ladder is retracted.
16-5.3.2.3 An automatic locking device shall be provided, in addition to pawls, so that the
desired position of extension can be maintained.
16-5.4*
If a secondary aerial ladder operator's position is located at the tip of the outermost fly section,
the following shall apply:
(a) The lower control shall override the aerial tip control station.
(b) The lower control station shall have a momentary switch that enables the tip controls when
closed, and disables the tip controls when opened or released.
(c) The maximum speed of the ladder functions measured at the tip shall be as follows when
operated from the tip control station:
1. Rotation at 2 ft/sec (0.6 m/sec), when fully extended at 0 degrees elevation;
2. Elevation and lowering at 1 ft/sec (0.3 m/sec);
3. Extension and retraction at 1/2 ft/sec (0.15 m/sec).
(d) The step(s) for the tip operator shall be designed to keep the operator's feet from protruding
through the outermost fly section. The fold-down step(s) shall be weight supporting before the
tip controls are activated.
16-6 Aerial Ladder Water Delivery System.
16-6.1*
Where a prepiped waterway is provided, the following shall be furnished:
(a) A telescoping pipe to a fly section or a nontelescoping pipe to the tip of the base section;
(b) A permanently attached monitor capable of flowing 1000 gpm (3785 L/min). If a
power-operated monitor is provided, controls shall be at the aerial operator's position. Where
more than one set of controls are provided, the set at the aerial operator's position shall be
capable of overriding all others;
(c) A 1000-gpm (3785-L/min) nozzle;
(d) A preset relief valve capable of protecting the waterway system by relieving pressure
through the dumping of water to the environment;
(e) flow meter, installed in the waterway, with a display on either the pump operator's panel or
the aerial ladder operator's control panel;
(f) A 11/2-in. (38-mm) minimum drain valve at the low point of the waterway inlet system.
16-6.1.1 The monitor shall be capable of swiveling 135 degrees from a line parallel to the ladder
and down. The horizontal traverse of the monitor shall be at least 45 degrees from each side of
center but shall not exceed the aerial ladder manufacturer's recommendation.
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16-6.1.2 The aerial ladder and its waterway system shall be capable of flowing 1000 gpm (3785
L/min) at 100 psi (690 kPa) nozzle pressure at full elevation and extension. For ladders with a
rated vertical height of 110 ft (34 m) or less, the friction loss (total system loss less head loss)
between the monitor outlet and at a point below the waterway swivel shall not exceed 100 psi
(690 kPa) at 1000 gpm (3785 L/min) flow with ladder at full horizontal extension.
16-6.1.3* The water system shall be supplied at ground level through an external inlet suitable to
deliver the system flow. If the apparatus is equipped with a fire pump capable of supplying the
required flow and pressure, a permanent valved connection shall be provided between the pump
and the waterway system.
16-6.1.4* A permanently installed monitor/nozzle shall not present an obstacle to easy access to
or from the tip of the ladder.
16-6.2*
Where a prepiped waterway is not provided, the following equipment shall be furnished:
(a) A ladder pipe suitable for quickly attaching to the aerial ladder with 11/4-in. (32-mm),
13/8-in. (35-mm), and 11/2-in. (38-mm) tips;
(b) A suitable length(s) of 3-in. (76-mm) attack hose complying with the requirements of
NFPA 1961, Standard for Fire Hose, to reach between the installed ladder pipe and the ground
with at least 10 ft (3 m) of hose available at the ground with the ladder at full extension;
(c) One hose strap per ladder section;
(d) Halyards to control the ladder pipe from ground level.
16-6.2.1 A bracket for carrying the detachable ladder pipe shall be provided on the apparatus.
This bracket shall have two metal rungs of the same spacing as the ladder rungs so that the
ladder pipe clamps will not have to be readjusted to secure the pipe to the aerial ladder.
16-6.2.2* The horizontal traverse of the detachable ladder pipe shall not exceed the aerial ladder
manufacturer's recommendations. The ladder pipe shall be capable of swiveling 135 degrees
from a line parallel to the ladder and down.
16-7 Elevating Platform Requirements.
16-7.1
The elevating platform shall consist of an elevated tower of two or more booms or sections
equipped with a passenger-carrying platform(s) assembly.
16-7.2
The rated vertical height of the elevating platform assembly shall be measured in a vertical
plane from the top surface of the platform handrail to the ground, with the platform raised to its
position of maximum elevation.
16-7.3
The rated horizontal reach of the elevating platform shall be measured in a horizontal plane
from the centerline of the turntable rotation to the outer edge of the platform handrail, with the
elevating platform extended to its maximum horizontal reach.
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16-7.4
Height and reach dimensions shall be taken with the elevating platforms mounted on a chassis
meeting the elevating platforms manufacturer's minimum recommended vehicle specifications,
the vehicle on level ground, and the stabilizers deployed per manufacturer's instructions.
16-7.5
Where the rated vertical height of the elevated platform is 110 ft (34 m) or less, the elevating
platform, with stabilizers set, shall be capable of being raised from the bedded position to
maximum elevation and extension and rotated 90 degrees in not over 150 seconds. Two or more
of these functions shall be permitted to be performed simultaneously.
16-7.6
The platform shall have a minimum floor area of 14 ft2 (1.3 m2) and shall be provided with a
continuous guard railing, a minimum of 42 in. (1069 mm) and a maximum of 44 in. (1118 mm)
high, on all sides. The railing shall be constructed so there are no horizontal or vertical openings
below it greater than 24 in. (610 mm) in either dimension. There shall be a minimum of two
gates providing access to the platform. Each gate shall be provided with a self-engaging latch.
The use of a vertical-opening or inward-opening, self-closing gate or door for access to and from
the platform shall be considered as meeting the continuous railing intent.
16-7.6.1 A kick plate of not less than 4 in. (100 mm) high shall be provided around the floor and
shall be permitted to swing with the gate.
16-7.6.2 Steps and the floor of the platform shall be provided with skid-resistant surfaces.
16-7.6.3 Drain openings shall be provided to prevent water accumulation on the platform floor.
16-7.6.4 A heat reflective shield shall be provided on the front, sides, and bottom of the platform.
If necessary, openings for the movement and operation of the water monitor shall be permitted in
the front heat shield.
16-7.6.5 A water curtain system capable of providing a cooling spray under the entire floor of
the platform and flowing a minimum of 75 gpm (284 L/min) shall be provided. The system shall
be controlled by a single, quick acting valve with an actuator accessible from the platform.
16-7.6.6 Provisions shall be made so that the personnel working on the platform can attach fall
protection harnesses.
16-7.7
Where a breathing air system is provided, it shall supply breathing air for a minimum of two
persons on the platform and shall meet the requirements of 16-7.7.1 through 16-7.7.7.
16-7.7.1 The system shall include storage for at least 400 ft3 (11.3 m3) of breathing air. The
cylinder(s) shall be manufactured, installed, and used in accordance with the U.S. Department of
Transportation (DOT) requirements as defined in Title 49, Code of Federal Regulations (CFR),
Part 178, Subpart C, "Specifications for Cylinders."
16-7.7.2 All components of the piping system shall be designed for a pressure rating of three
times the working pressure that they are expected to carry. The piping system shall be arranged
with a high pressure regulator at the air supply that shall limit the air pressure in the piping up
the aerial device to the pressure required to supply 125 psi (862 kPa) at the outlet point. All
piping, valves, and components shall be fabricated of corrosion-resistant materials and shall be
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sized to ensure an adequate supply of air at the platform. A pressure relief valve set to relieve the
pressure at 11/2 times the working pressure of the piping system in the event of regulator failure
shall be provided on the downstream side of the high pressure regulator.
16-7.7.3 All valves, pressure regulators, and gauges shall be protected from accidental damage
that could occur through normal fire service use of the aerial device. The piping or hose system
between the air cylinder(s) and the platform shall be installed so as to prevent damage due to
abrasion, bending, pinching, or exposure to excessive heat.
16-7.7.4 Suitable holders shall be provided for the storage of the breathing air equipment when it
is not in use.
16-7.7.5 A low air warning system shall be provided that shall monitor the air volume and shall
provide an audible warning at both the upper and lower control stations when the air volume is at
or below 20 percent.
16-7.7.6 The quality of the breathing air shall meet the requirements of NFPA 1500, Standard on
Fire Department Occupational Safety and Health Program.
16-7.7.7 All components of the system that the breathing air will be in contact with shall be
cleaned of oil, grease, contaminants, and foreign material.
16-8 Elevating Platform Rated Capacity.
16-8.1
The rated capacity of the elevating platform shall be a minimum of 750 lb (340 kg), with no
water in the water delivery system, in any position of operation. The rated capacity of the
elevating platform shall be a minimum of 500 lb (227 kg), with the water delivery system full of
water but not discharging, in any position of operation.
16-8.2
The elevating platform shall be capable of delivering a minimum of 1000 gpm (3785 L/min)
from the platform with the booms or sections, and the monitors and nozzles positioned in any
configuration allowed by the manufacturer while carrying a minimum load of 500 lb (227 kg) on
the platform.
16-8.3
All rated capacities shall be stated in increments of 250 lb (114 kg) and shall be in addition to
any fire-fighting equipment installed on the elevating platform by the manufacturer.
16-8.4
If the elevating platform is rated in multiple configurations, the manufacturer shall clearly
describe these configurations, including the rated capacity of each, in the operations manual and
on the signs at the operator's control stations.
16-9 Elevating Platform Operating Positions.
16-9.1
There shall be two control stations, one to be known as the platform control station, and the
other as the lower control station. All operational controls shall be operable from both of these
positions. The lower control station shall be located so as to facilitate observation of the platform
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while operating the controls.
16-9.2*
Provisions shall be made so the lower control station operator is not in contact with the
ground. A sign(s) shall be placed to warn the operator(s) of electrocution hazards.
16-9.3
Provisions shall be made for lower station controls to override the platform station controls.
16-9.4*
A weather-resistant two-way voice communication system shall be provided between the
platform control station and the lower control station. The speaker/microphone at the platform
control station shall allow for hands-free operation.
16-10 Elevating Platform Operating Mechanisms.
16-10.1
Power-operated elevating and extending devices shall be provided. They shall be so designed
and provided with adequate power to allow multiple movements of the elevating platform booms
or sections simultaneously under all rated conditions of loading. Where hydraulic components
are utilized, they shall meet the requirements of Section 16-19. An automatic locking device(s)
shall be provided so that the desired elevated position can be maintained. Provisions shall be
made to prevent damage at top and bottom limits.
16-10.2
An automatic platform-leveling system shall be provided so that the platform, together with its
rated load, is supported and maintained level in relation to the turntable or horizontal regardless
of the positions of the booms or sections.
16-10.3 Turntable.
16-10.3.1 A power-operated turntable shall be provided that shall allow continuous rotation in
either direction under all the rated conditions of loading. The turntable rotation bearing shall be
accessible for lubrication and retorquing of bolts.
16-10.3.2 The turntable rotation mechanism shall be provided with an automatically applied
brake or self-locking drive. It shall provide braking capacity with all power systems
nonfunctioning to prevent turntable rotation under all rated conditions of loading.
16-10.4
A locking device shall be provided that will retain the elevating platform booms or sections in
the bed when the vehicle is in motion.
16-11 Ladders on the Elevating Platform.
16-11.1
If the raising and extending booms or sections incorporate a ladder or ladder sections, the
ladder shall meet the requirements of 16-2.1, 16-2.5 through 16-2.8, 16-2.10, 16-2.11, and
16-4.2.
16-11.2
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The transition step between the top rung of the ladder and the platform shall not be greater
than 18 in. (457 mm).
16-12 Elevating Platform Water Delivery System.
On elevating platforms of 110 ft (34 m) or less rated vertical height, a permanent water
delivery system shall be installed.
16-12.1
The water delivery system shall be capable of delivering 1000 gpm (3785 L/min) at 100 psi
(690 kPa) nozzle pressure with the elevating platform at rated vertical height. Friction loss (total
system loss less head loss) between the monitor outlet and a point below the waterway swivel
shall not exceed 100 psi (690 kPa) at 1000 gpm (3785 L/min) flow.
16-12.2
One or more permanently installed monitors with nozzles capable of discharging 1000 gpm
(3785 L/min) shall be provided on the platform. They shall be supplied by the permanent water
system. The monitors shall allow the operator to control the aimed direction of the nozzle
through a rotation of at least 45 degrees on either side of center and at least 45 degrees above and
below horizontal. The horizontal and vertical traverse of the monitors shall not exceed the
elevating platform manufacturer's recommendation.
16-12.2.1* A slow operating valve shall be provided at the base of any monitor.
16-12.2.2 If a hose connection is provided, it shall be a minimum 21/2-in. (65-mm) nominal
diameter valved connection.
16-12.3*
The water system shall be supplied at ground level through an external inlet suitable to deliver
the system flow requirement. If the apparatus is equipped with a fire pump capable of supplying
the required flow and pressure, a permanent valved connection shall be provided between the
pump and the waterway system.
16-12.4
A flow meter shall be installed in the waterway with at least one display on the pump
operator's panel or at the elevating platform operator's position.
16-12.5
A preset relief valve capable of protecting the waterway system by relieving pressure through
the dumping of water to the environment shall be provided.
16-12.6*
A 11/2-in. (38-mm) minimum drain valve shall be provided at the low point of the waterway
system. Additional drains shall be provided to drain any portions of the waterway that do not
drain to the low point of the system.
16-13 Water Tower Requirements.
16-13.1
The water tower shall consist of two or more booms designed to telescope, articulate, or both,
and a waterway designed to supply a large capacity elevated water stream.
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16-13.2
The rated vertical height of the water tower assembly shall be measured in a vertical plane
from the discharge end of the nozzle to the ground, with the nozzle raised to its position of
maximum elevation.
16-13.3
The rated horizontal reach of the water tower shall be measured in a horizontal plane from the
centerline of the turntable rotation to the end of the nozzle with the water tower extended to its
maximum horizontal reach.
16-13.4
Height and reach dimensions shall be taken with the water tower mounted on a chassis
meeting the water tower manufacturer's minimum recommended vehicle specifications, the
vehicle on level ground, and stabilizers deployed in accordance with the manufacturer's
instructions.
16-14 Water Tower Rated Capacity.
16-14.1
The water tower shall be capable of delivering a minimum water stream of 1000 gpm (3785
L/min) at 100 psi (690 kPa) from the tower nozzle with the booms or sections and nozzle
positioned in any configuration permitted by the manufacturer. The rated capacity shall include
the weight of the charged waterway and the manufacturer's maximum nozzle reaction force.
16-14.2
If the water tower is rated in multiple configurations, the manufacturer shall clearly describe
these configurations, including the rated capacity of each, in the operations manual and on the
sign at the operator's control station.
16-14.3
The water tower, with stabilizers set if required, shall be capable of being raised from the
bedded position to maximum elevation and extension and rotated 90 degrees in not over 105
seconds. Two or more of these functions shall be permitted to be performed simultaneously.
16-15 Water Tower Operating Mechanisms.
16-15.1
Power-operated elevating and extending devices shall be provided. They shall be so designed
and provided with adequate power to allow multiple movements of the water tower booms or
sections simultaneously under all rated conditions of loading. Where hydraulic components are
utilized, they shall meet the requirements of Section 16-19. An automatic locking device(s) shall
be provided so that the desired elevated position can be maintained. Provisions shall be made to
prevent damage at top and bottom limits.
16-15.2
A lock shall be provided that will retain the water tower booms or sections in the bed when the
vehicle is in motion.
16-15.3
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A power-operated turntable shall be provided that shall allow continuous rotation in either
direction under all the rated conditions of loading. The turntable rotation bearing shall be
accessible for lubrication and retorquing of bolts.
16-15.4
The turntable rotation mechanism shall be provided with an automatically applied brake or
self-locking drive. It shall provide braking capacity with all power systems nonfunctioning to
prevent turntable rotation under all rated conditions of loading.
16-16 Water Tower Water Delivery System.
16-16.1
A permanently installed monitor with an automatic variable flow nozzle capable of a discharge
range of at least 300 gpm to 1000 gpm (1136 L/min to 3785 L/min) shall be provided at the top
of the water tower and supplied by a permanent water system. The monitor shall be powered so
as to allow the operator(s) to control its aimed direction. The monitor, as distinct from the
supporting boom, shall provide for rotation through at least 45 degrees either side of center. The
monitor shall also provide for elevation and depression of the nozzle through at least 30 degrees
above and 135 degrees below the centerline of the boom. The horizontal and vertical traverse of
the monitor shall not exceed the water tower manufacturer's recommendation. If a variable
pattern spray nozzle is provided, a control shall be provided at the operator's position to select
the desired stream pattern.
16-16.2
A permanent water system shall be installed capable of delivering 1000 gpm (3785 L/min) at
100 psi (690 kPa) nozzle pressure with the water tower and nozzle positioned in any
configuration permitted by the manufacturer. For water towers with a rated vertical height of
110°ft (33.5 m) or less, the friction loss (total system loss less head loss) between the monitor
outlet and a point below the waterway swivel shall not exceed 100 psi (690 kPa) at a flow of
1000 gpm (3785 L/min). A flow meter shall be installed in the water delivery system with the
display on either the pump operator's panel or the water tower operator's control panel.
16-16.3*
The water system shall be supplied at ground level through an external inlet suitable to deliver
the system flow requirement. If the apparatus is equipped with a fire pump capable of supplying
the required flow and pressure, a permanent valved connection shall be provided between the
pump and the waterway system.
16-16.4
A preset relief valve capable of protecting the waterway system by relieving pressure, through
the dumping of water to the environment, shall be provided. Such dumping shall be via a system
of piping terminating in an area facing away from the operator's position. The discharge end of
the piping shall not have a threaded connection.
16-16.5*
A 11/2-in. (38-mm) minimum drain valve shall be provided at the low point of the waterway
system.
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16-17 Control Devices.
16-17.1
Controls shall be provided at the driver's position to transfer power to the aerial device. A
visual signal shall be provided at the driver's position to indicate when the operating mechanisms
are engaged.
16-17.2
An interlock shall be provided that prevents operation of the aerial device until the chassis
spring brakes have been set; and the transmission has been placed in neutral, or the transmission
is in the drive position with the driveline to the rear axle disengaged.
16-17.3
A power-operated governed engine speed control shall be provided to limit the operating speed
of the aerial device apparatus engine to within normal operating parameters as determined by the
manufacturer and this standard.
16-17.3.1 An interlock shall be provided that allows operation of the engine speed control only
after the chassis spring brakes have been set and the transmission is in neutral.
16-17.3.2 Where the apparatus is equipped with a fire pump, any high idle speed control shall be
automatically disengaged when the fire pump is operating.
16-17.4*
An interlock system shall be provided to prevent rotating the aerial device until the
stabilizer(s) is in a configuration to meet the stability requirements of Section 16-21. The
interlock system shall also prevent the movement of the stabilizers unless the aerial device is in
the travel position.
16-17.5
Controls, suitably lighted, clearly marked, and conveniently arranged shall be provided at the
operator's position in order to:
(a) Elevate and lower the aerial device;
(b) Extend and retract the aerial device, if applicable;
(c) Rotate the aerial device in either direction; and
(d) Operate the intercom.
16-17.5.1 A method shall be provided to prevent unintentional movement of the aerial device.
16-17.5.2 Controls shall allow the operator to regulate the speed of elevation, extension, and
rotation of the aerial device within the limits determined by the manufacturer and this standard.
16-17.5.3 All controls shall be arranged so they can be easily operated by an operator with a
gloved hand without disturbing any other control(s).
16-17.6
Where a three-lever system is used to control the basic functions of the aerial device, the levers
shall be distinctively different from the other controls on the panel and arranged adjacent to each
other with the extension control being the left lever, the rotation control being the center lever,
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and the elevation control being the right lever. (See Figure 16-17.6.)

Figure 16-17.6 Control lever arrangement.

16-17.6.1 The aerial device shall extend when the extension control is pushed up or forward
(away from the operator).
16-17.6.2 If the rotation control has a forward/backward orientation or an up/down orientation,
the turntable shall rotate clockwise when the rotation control is pushed up or forward (away from
the operator). Otherwise, the rotational control handle shall move in the direction of rotation.
16-17.6.3 The aerial device shall lower when the elevation control is pushed up or forward
(away from the operator).
16-17.7
Where a multifunction control lever is furnished, it shall move in the direction of the function
it controls where possible.
16-17.8
All controls regulating the movement of the aerial device shall automatically return to the
neutral position upon release by the operator.
16-17.9
When electric over hydraulic aerial device controls are incorporated, a readily accessible,
manual means of overriding the electric controls shall be provided.
16-18 Safety.
16-18.1*
If the operator's position is on the turntable, the turntable platform shall be provided with a
railing at least 42 in. (1067 mm) high. The railing design shall be capable of withstanding a
225-lb (102-kg) force applied at any point from any direction without permanent deformation.
16-18.2
Where the aerial device includes moving cylinders or other moving parts, these shall be
arranged so as to provide adequate hand clearance, or suitable hand guards shall be provided to
prevent injury to the operator.
16-18.3
Lighting shall be provided at the base of the aerial device and shall be arranged to illuminate
the aerial device in any position of operation.
16-18.4
A spotlight of not less than 75,000 candlepower shall be provided on the apparatus by which
the operator shall be able to observe the effect of the stream from the ladder pipe or monitor
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nozzle.
16-18.5
Provisions shall be made so that in the event of failure of the normal operating power source,
an auxiliary source of power shall be readily available. The auxiliary power source shall be
capable of returning the aerial device to a road travel position.
16-18.6
Where the operation of the aerial device is accomplished by hydraulic means, the system shall
be equipped with appropriate devices to prevent motion of the aerial device in the event of any
hydraulic hose failure.
16-18.7
Where the operation of the aerial device is accomplished by other than hydraulic means, the
system shall be designed to prevent motion of the aerial device in the event of a power failure.
16-18.8
All components used to stabilize the apparatus that the aerial device is mounted on shall be
designed to prevent instability in the event of a hydraulic hose failure or a power failure.
16-18.9
Where the design of the aerial device incorporates a "knuckle," the knuckle shall either be
equipped with position lights or continuously illuminated by boom lights. The knuckle shall be
painted with reflective paint or provided with reflective striping.
16-19 Hydraulic System.
16-19.1
The nonsealing moving parts of all hydraulic components whose failure could result in motion
of the aerial device shall have a minimum bursting strength of four times the maximum operating
pressure to which the component is subjected.
16-19.1.1 Dynamic sealing parts of all hydraulic components whose failure could result in
motion of the aerial device shall not begin to extrude or otherwise fail at pressures at or below
two times the maximum operating pressure to which the component is subjected.
16-19.1.2 Static sealing parts of all hydraulic components whose failure could result in motion of
the aerial device shall have a minimum bursting strength of four times the maximum operating
pressure to which the component is subjected.
16-19.2
All hydraulic hoses, tubing, and fittings, shall have a minimum bursting strength of at least
three times the maximum operating pressure to which the components are subjected.
16-19.3
All other hydraulic components shall have a minimum bursting strength of at least two times
the maximum operating pressure to which the components are subjected.
16-19.4
The hydraulic system shall be provided with an oil pressure gauge at the lower operating
position.
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16-19.5
A means shall be provided for readily checking and filling the hydraulic reservoir. The fill
location shall be conspicuously marked "Hydraulic Oil Only." The manufacturer shall provide
proper instructions for checking and filling the hydraulic reservoir.
16-19.6
The hydraulic system components shall be capable of maintaining, under all operating
conditions, proper oil cleanliness and temperature to comply with the component manufacturer's
recommendations. The system shall have adequate cooling for continuous water pump operation
of not less than 21/2 hours.
16-19.7
An hourmeter shall be provided that records any time the aerial device hydraulic system is
engaged.
16-20 Structure.
16-20.1*
All structural load supporting elements of the aerial device that are made of a ductile material
shall have a design stress of not more than 50 percent of the minimum yield strength of the
material based on the combination of the rated capacity and the dead load. This is equivalent to
a 2:1 safety factor.
16-20.2
All structural load supporting elements of the aerial device that are made of a nonductile
material shall have a design stress of not more than 20 percent of the minimum ultimate strength
of the material, based on the combination of the rated capacity and the dead load. This is
equivalent to a 5:1 safety factor.
16-20.3
Wire ropes, chains, and attaching systems used to extend and retract the fly sections or booms
shall have a 5:1 safety factor based on ultimate strength under normal operating conditions. The
factor of safety for the wire rope shall remain above 2:1 during any extension or retraction
system stall. The minimum ratio of the diameter of wire rope used to the diameter of the sheave
used shall be 1:12.
16-21 Stabilization.
16-21.1*
The following stability requirements shall be met by the apparatus that the aerial device is
mounted on when that apparatus is in a service ready condition, but with all normally removable
items such as water, hose, ground ladders, loose equipment, etc., removed. Items mounted on the
aerial device by the manufacturer shall remain mounted.
16-21.1.1 The aerial device shall be capable of sustaining a static load 11/2 times its rated
capacity in every position in which the aerial device can be placed when the apparatus is on a
firm and level surface. If having stabilizers extended to a firm footing is part of the definition of
the configuration, they shall be extended for the purpose of determining whether the apparatus
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meets this stability requirement.
16-21.1.2 The aerial device shall be capable of sustaining a static load 11/3 times its rated
capacity in every position in which the aerial device can be placed when the apparatus is on a
slope of 5 degrees downward in the direction most likely to cause overturning. If having the
stabilizers extended to a firm footing is part of the definition of the configuration, they shall be
extended to provide leveling for the purpose of determining whether the apparatus meets this
stability requirement. If other facilities, such as a means of turntable leveling, are provided to
minimize the effect of the sloping surface, then those facilities shall be permitted to be utilized
for the purpose of determining whether the apparatus meets this stability requirement.
16-21.1.3* None of the stability tests shall produce instability of the apparatus or cause
permanent deformation of any components.
16-21.2
Stabilizers shall be provided, if required to meet the stability requirements of 16-21.1.
16-21.2.1 If the stabilizer system is power operated, the controls shall be arranged so that the
operator can view the stabilizers in motion. An audible alarm of not less than 87 dba at any
position the stabilizer can be in, shall sound when a stabilizer is moving.
16-21.2.2 Where the rated vertical height of the elevating platform is 110 ft (34 m) or less, the
stabilizers shall be deployed in not more than 90 seconds from the stored position to the
operating position.
16-21.2.3 The ground contact area for each stabilizer shall be such that a unit pressure of not
greater than 75 psi (517 kPa) will be exerted over the ground contact area when the apparatus is
fully loaded and the aerial device is carrying its rated capacity in every position permitted by the
manufacturer. This shall be permitted to be accomplished with stabilizer pads in conjunction
with the permanently mounted stabilizer shoes to meet the loading requirement of 75 psi (517
kPa). The stabilizer shoe shall be capable of swiveling in at least one direction. If the shoe
swivels in one direction only, it shall swivel on an axis parallel to the longitudinal axis of the
apparatus.
16-21.2.4 All stabilizers that protrude beyond the body of the apparatus shall be striped or
painted with reflective material so as to indicate a hazard or obstruction.
16-21.2.5 All stabilizers that protrude beyond the body of the apparatus shall be provided with
one or more red warning lights located either on the stabilizer or in the body panel above the
stabilizer visible on the side of the apparatus where the stabilizer is located.
16-22 Quality Control.
16-22.1
The manufacturer and installer shall have in effect a complete and documented quality control
program that will ensure complete compliance with the requirements of this standard.
16-22.2
The quality control program shall include 100 percent nondestructive testing of all critical
structural components of the aerial device. The manufacturer shall determine the types of
nondestructive testing (NDT) to be conducted. The procedures used for NDT shall comply with
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the appropriate standards defined in 16-22.4. All NDT procedures shall be fully documented
with respect to the extent of the examination, the method of testing, and the inspection
techniques. All testing shall be performed by ASNT Level II NDT technicians certified in the
test methods used, or by ASNT Level I technicians under the supervision of an on-site Level II
technician, all of whom have been certified in the test methods used. All NDT testing shall be
done in accordance with ASNT CP-189, Standard for Qualification and Certification of
Nondestructive Testing Personnel.
16-22.3
Welds for all structural load supporting elements shall be performed by certified welders under
the guidelines of AWS D1.1, Structural Welding Code — Steel; AWS D1.3, Structural Welding
Code — Sheet Steel; and AWS D1.2, Structural Welding Code — Aluminum. Welding performed
by machines shall be considered equivalent to welding performed by certified welders.
16-22.4
The manufacturer and the installer shall establish applicable welding quality assurance
procedures for all weldments. Methods of nondestructive testing shall be described in the
manufacturer's quality assurance procedures and shall be as recommended by AWS B1.10,
Guide for the Nondestructive Inspection of Welds. The manufacturer shall designate the welds to
be examined, the extent of examination, and the type of testing.
16-22.5 Nondestructive Testing Procedure.
16-22.5.1 All ultrasonic inspections shall be conducted in accordance with the following ASTM
standards:
(a) ASTM E 114, Standard Practice for Ultrasonic Pulse-Echo Straight-Beam Examination by
the Contact Method;
(b) ASTM E 797, Standard Practice for Measuring Thickness by Manual Ultrasonic
Pulse-Echo Contact Method.
16-22.5.2 All magnetic particle inspections shall be conducted in accordance with ASTM E 709,
Standard Guide for Magnetic Particle Examination.
16-22.5.3 All liquid penetrant inspections shall be conducted in accordance with ASTM E 165,
Standard Test Method for Liquid Penetrant Examinations.
16-22.5.4 All radiographic inspections shall be conducted in accordance with ASTM E 1032,
Standard Method for Radiographic Examination of Weldments.
16-22.5.5 All electrical conductivity measurements shall be conducted in accordance with
ASTM E 1004, Standard Test Method for Electromagnetic (Eddy-Current) Measurements of
Electrical Conductivity.
16-22.5.6 All hardness readings shall be conducted in accordance with the following ASTM
standards:
(a) ASTM E 6, Standard Terminology Relating to Methods of Mechanical Testing;
(b) ASTM E 10, Standard Test Method for Brinell Hardness of Metallic Materials;
(c) ASTM E 18, Standard Test Methods for Rockwell Hardness and Rockwell Superficial
Hardness of Metallic Materials;
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(d) ASTM E 92, Standard Test Method for Vickers Hardness of Metallic Materials;
(e) ASTM B 647, Standard Test Method for Indentation Hardness of Aluminum Alloys by
Means of a Webster Hardness Gauge;
(f) ASTM B 648, Standard Test Method for Indentation Hardness of Aluminum Alloys by
Means of a Barcol Impressor.
16-22.5.7 All acoustic emission inspections shall be conducted in accordance with the following
ASTM standards:
(a) ASTM E 569, Standard Practice for Acoustic Emission Monitoring of Structures During
Controlled Stimulation;
(b) ASTM E 650, Standard Guide for Mounting Piezoelectric Acoustic Emission Sensors.
16-23 Signs.
16-23.1
Legible, permanent signs that provide operational directions, warnings, and cautions shall be
installed in positions readily visible to the operator(s).
16-23.1.1 Operational direction signs shall describe the function of each control and provide
operating instructions.
16-23.1.2 Warning and caution signs shall indicate hazards inherent in the operation of the aerial
device. These hazards shall include, but shall not be limited to:
(a) Electrical hazards involved where the aerial device does not provide protection to the
personnel from contact with, or near proximity to, an electrically charged conductor;
(b) Electrical hazards involved where the aerial device does not provide protection to ground
personnel who might contact the vehicle when in contact with energized electrically charged
conductors;
(c) Hazards from stabilizer motion;
(d) Hazards that can result from failure to follow manufacturer's operating instructions.
16-23.2
Permanent labels shall disclose the following information relative to the aerial device:
(a) Make;
(b) Model;
(c) Insulated or noninsulated;
(d) Serial number;
(e) Date of manufacture;
(f) Rated capacity;
(g) Rated vertical height;
(h) Rated horizontal reach;
Copyright 1996 NFPA

(i) Maximum hydraulic system pressure, if applicable;
(j) Hydraulic oil requirements (change quantity and type), if applicable.
16-24 Certification Tests.
The completed apparatus with the aerial device shall be tested at the manufacturer's approved
facility and certified by an independent testing organization approved by the purchaser.
16-24.1
The aerial device shall be inspected and tested in accordance with the requirements of NFPA
1914, Standard for Testing Fire Department Aerial Devices, including all nondestructive testing,
prior to being subjected to the tests defined in 16-24.2 through 16-24.4.
16-24.2
The apparatus the aerial device is mounted on shall be placed on a firm, level surface. If
having the stabilizers extended is part of the configuration, the stabilizers shall be deployed in
accordance with the manufacturer's recommendations. A load of 11/2 times the rated capacity as
specified by the manufacturer shall be suspended from the tip of the aerial ladder, or the platform
of the elevating platform, when it is in the position of least stability. If the manufacturer specifies
a rated capacity while flowing water, then one times the water load and the worst case nozzle
reaction shall be added to the stability test weights. The apparatus shall show no signs of
instability. For a water tower, the stability test shall include 11/2 times the weight of the water in
the system and 11/2 times the maximum nozzle reaction force when it is in the position of least
stability.
16-24.3
The apparatus the aerial device is mounted on shall be placed on a firm surface sloping
downward at 5 degrees in the direction most likely to cause overturning. If having the stabilizers
extended is part of the configuration, the stabilizers shall be deployed in accordance with the
manufacturer's recommendations. A load of 11/3 times the rated capacity shall be suspended
from the tip of the aerial ladder, the platform of the elevating platform, or the tip of the water
tower when it is in the position of least stability. The apparatus shall show no signs of
instability.
16-24.4 Aerial Device Water System Test.
16-24.4.1 If the aerial device is equipped with a permanent water system and has a rated vertical
height of 110 ft (34 m) or less, standard model flow test data shall be provided to the purchaser.
If the water system has been modified from the standard model configuration, a new flow test
shall be conducted to determine that the friction loss in the water system between the base of the
swivel and the monitor outlet does not exceed 100 psi (690 kPa) with 1000 gpm (3785 L/min)
flowing and the water system at full extension.
16-24.4.2 A flow test shall be conducted to determine that the water system is capable of flowing
1000 gpm (3785 L/min) at 100 psi (690 kPa) nozzle pressure with the aerial device at full
elevation and extension. Where the apparatus is equipped with a fire pump designed to supply
the water system, the test shall be conducted using the onboard fire pump. The intake pressure to
the fire pump shall not exceed 20 psi (138 kPa).
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16-25* Manufacturer's Predelivery Test.
If the aerial device is equipped with a permanent water delivery system, the manufacturer shall
conduct the following test prior to delivery of the apparatus. The piping for the waterway
system, including the monitor, shall be hydrostatically tested at the maximum operating pressure
required to flow 1000 gpm (3785 L/min) at 100 psi (690 kPa) nozzle pressure at maximum
elevation and extension.
Chapter 17 Foam Proportioning Systems
17-1* Application.
If the fire apparatus is equipped with a foam proportioning system, it shall comply with the
applicable sections of this chapter.
17-2* Requirements by Type of Foam Proportioning System.
17-2.1* Eductor System.
An eductor foam proportioning system shall meet the requirements of 17-3.1 through 17-3.6,
17-3.8, 17-3.9, and Sections 17-4, 17-5, 17-6, 17-9, and 17-10.
17-2.2* Self-Educting Master Stream Nozzle.
A self-educting master stream nozzle shall meet the requirements of Sections 17-3, 17-4, 17-6,
17-9, and 17-10.
17-2.3* Intake-Side System.
An intake-side foam proportioning system shall meet the requirements of Sections 17-3, 17-4,
17-5, 17-6, 17-9, and 17-10.
17-2.4* Around-the-Pump System.
An around-the-pump foam proportioning system shall meet the requirements of Sections 17-3,
17-4, 17-5, 17-6, 17-9, and 17-10.
17-2.5* Balanced Pressure System.
A balanced pressure foam proportioning system shall meet the requirements of Sections 17-3
through 17-10.
17-2.6* Direct Injection Systems.
A direct injection foam proportioning system shall meet the requirements of Sections 17-3,
17-4, 17-5, 17-6, 17-7, 17-9, and 17-10.
17-2.7* Water Powered Direct Injection Foam Proportioning System.
A water motor or water turbine foam proportioning system shall meet the requirements of
Sections 17-3, 17-4, 17-5, 17-6, 17-7, 17-9, and 17-10.
17-3 Design and Performance Requirements of a Foam System.
17-3.1
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The proportioning system shall be capable of proportioning foam concentrate(s) in accordance
with the foam concentrate manufacturer's recommendations for the type of foam concentrate
used in the system over the system's design range of flow and pressures. The foam proportioning
system water flow characteristics and the range of proportioning ratio(s) shall be specified by the
purchaser.
17-3.2
The apparatus shall be capable of supplying the power required by the foam proportioning
system in addition to the requirements of the other power-dependent systems installed on the
apparatus.
17-3.3*
Components that are continuously wetted with foam concentrate shall be constructed of
materials that will not be damaged in form, fit, or function, when exposed to foam concentrates,
including the adverse effects of corrosion, formation of harmful solids, deterioration of gaskets
and seals, binding of moving parts, and the deterioration of the foam concentrate caused by
contact with incompatible materials.
17-3.4
The foam proportioning components that can be flushed with water after use shall be
constructed of materials that do not corrode after being flushed with water and allowed to dry.
These components shall also be constructed of materials resistant to deterioration by foam
concentrates.
17-3.5
The foam concentrate supply line shall be noncollapsible.
17-3.6
A means shall be provided to prevent water backflow into the foam proportioning system and
the foam concentrate storage tank.
17-3.7
A minimum of one strainer or filter shall be provided on the foam concentrate supply side of
the foam proportioner to prevent any debris that might affect the operation of the foam
proportioning system from entering the system. The strainer assembly shall consist of a
removable straining element, housing, and retainer. The strainer assembly shall allow full flow
capacity of the foam supply line.
17-3.8
If the foam proportioning system injects foam concentrate on the discharge side of the water
pump, a means shall be provided to automatically prevent foam concentrate and foam solution
from flowing back into the water pump or water tank.
17-3.9
A foam concentrate system flush line(s) shall be provided as required by the foam system
manufacturer. A means shall be provided in the flush line(s) to prevent water backflow into the
foam concentrate tank or water tank during the flushing operation. Where the foam
proportioning system is connected to more than one foam concentrate storage tank, provisions
shall be made to flush all common lines to avoid contamination of dissimilar foam concentrates.
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17-4 Controls for Foam Systems.
17-4.1*
The foam proportioning system operating controls shall be located at the pump operator's
position and shall clearly identified.
17-4.2
Foam proportioning systems that require flushing after use shall be provided with readily
accessible controls that enable the operator to completely flush the system with water according
to the manufacturer's instructions.
17-4.3
Foam proportioning systems that incorporate foam concentrate metering valves shall have
each metering valve calibrated and marked to indicate the rate(s) of the foam concentrate
proportioning available as determined by the design of the system.
17-4.4
Foam proportioning systems that incorporate automatic proportioning features shall be
equipped with controls that enable the operator to isolate the automatic feature and operate the
system in a manual mode.
17-5 Foam System Pressure Indicating Devices, Flow Meters, and Indicators.
17-5.1
All pressure indicating devices, flow meter displays, and indicators (e.g., fluid level indicators)
shall be located so that they are readily visible from the pump operator's position. All pressure
indicating devices or flow meter displays shall be mounted in a manner that protects the pressure
indicating device or display from physical damage and excessive vibration.
17-5.2
Where an analog pressure gauge is used, it shall have a minimum accuracy of Grade B as
defined in ASME B40.1, Gauges — Pressure Indicating Dial Type — Elastic Element.
Numerals for master gauges shall be a minimum of 5/32 in. (4 mm) high. There shall be
graduation lines of at least every 10 psi (69 kPa), with major and intermediate graduation lines
emphasized and minimum figure intervals every 100 psi (690 kPa). Analog pressure gauges
shall be vibration and pressure pulsation dampened; resistant to corrosion, condensation and
shock; and have internal mechanisms that do not require periodic lubrication.
17-5.3
If digital pressure indicating devices are used, the digits shall be at least 0.25 in. (6.4 mm)
high. Digital pressure indicating devices shall display pressure in increments of not more than
10 psi (69 kPa).
17-5.4
All pressure indicating devices and flow meters shall be capable of continuous operation to
−40°F (−40°C) without damage.
17-5.5
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A gauge(s) shall be provided for balanced pressure foam proportioning systems that
simultaneously indicates water pressure and foam concentrate pressure.
17-6 Atmospheric Foam Concentrate Tank.
If the foam proportioning system incorporates an atmospheric foam concentrate tank, 17-6.1
through 17-6.12 shall apply.
17-6.1
The foam concentrate tank or tanks shall be constructed of noncorrosive materials or other
materials that are protected against corrosion or deterioration and that will not be adversely
affected by the foam concentrate to be stored in the tank.
17-6.2
All foam concentrate tanks shall be provided with sufficient swash partitions so that the
maximum dimension perpendicular to the plane of any partition shall not exceed 36 in. (915
mm). The swash partition(s) shall extend from wall to wall and cover at least 75 percent of the
area of the plane of the partition.
17-6.3*
The foam concentrate tank shall be provided with a fill tower or expansion compartment
having a minimum area of 12 in.2 (7742 mm2) and having a volume of not less than 2 percent of
the total tank volume. The fill tower opening shall be protected by a completely sealed airtight
cover. The cover shall be attached to the fill tower by mechanical means. The fill opening shall
be designed to incorporate a 1/4-in. (6-mm) removable screen and shall be located so that foam
concentrate from a 5-gal (19-L) container can be dumped directly to the bottom of the tank to
minimize aeration without the use of funnels or other special devices.
17-6.4
The fill tower shall be equipped with a pressure/vacuum vent that enables the tank to
compensate for changes in pressure or vacuum when filling or withdrawing foam concentrate
from the tank. The pressure/vacuum vent shall not allow atmospheric air to enter the foam tank
except during operation or to compensate for thermal fluctuations. The vent shall be protected to
prevent foam concentrate from escaping or directly contacting the vent at any time. The vent
shall be of sufficient size to prevent tank damage during filling or foam withdrawal.
17-6.5
The foam concentrate tank shall not be equipped with an overflow pipe or any direct opening
to the atmosphere.
17-6.6*
The foam concentrate tank(s) shall be designed and constructed to facilitate complete interior
flushing and cleaning as required.
17-6.7
A minimum 1/2-in. (13-mm) valved drain shall be provided at the lowest point of any foam
concentrate tank. The drain shall be piped to drain directly to the surface beneath the apparatus
without contacting other body or chassis components.
17-6.8*
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The foam concentrate tank shall be constructed and installed to be independent of the
apparatus body.
17-6.9
The foam concentrate discharge system design shall prevent the siphoning of foam.
17-6.10*
A label or visible permanent marking that reads "Foam Tank Fill" shall be placed at or near
any foam concentrate tank fill opening. A label shall be placed at or near any foam concentrate
tank fill opening that specifies the type(s) of foam concentrate the system is designed to use, any
restrictions on the types of foam concentrate that can be used with the system, and a warning
message that reads "Warning: Do Not Mix Brands and Types of Foam."
17-6.11
The foam concentrate tank outlet connection shall be designed and located to prevent aeration
of the foam concentrate and shall allow withdrawal of 80 percent of the foam concentrate tank
storage capacity under all operating conditions with the vehicle level.
17-6.12
The foam concentrate tank inlet connection, if provided, shall prevent aeration of the foam
concentrate under all operating conditions.
17-7* Foam Concentrate Pump.
If the foam proportioning system is equipped with a foam concentrate pump, 17-7.1 through
17-7.5 shall apply.
17-7.1
The foam concentrate pump shall operate without cavitation when delivering maximum rated
flow.
17-7.2
The materials of construction for the foam concentrate pump shall be corrosion resistant and
compatible with the type of foam concentrate(s) listed on the label required in 17-9.3.
17-7.3
Drive train components that transmit power to the foam concentrate pump shall be in
accordance with the apparatus manufacturer's design performance provided on the rating plate
required in 17-9.3.
17-7.4
A means to relieve excess pressure in the foam concentrate pumping system shall be provided
to protect the foam concentrate pump from damage.
17-7.5*
Foam concentrate pumps that are intended to be supplied from an external source of foam
concentrate shall be provided with an external valved intake and discharge connection.
17-8 Pressure Vessel Foam Concentrate or Foam Solution Tanks.
If the foam proportioning system incorporates a pressure vessel foam concentrate tank, or the
foam solution is contained in a pressure vessel, 17-8.1 through 17-8.8 shall apply.
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17-8.1
If the tank is charged with a compressed gas, the tank shall be of welded construction and
designed, fabricated, and stamped in accordance with the requirements of the ASME Boiler and
Pressure Vessel Code, Section VIII, Division 1, for the rated pressure.
17-8.2
All pressure tanks and associated piping shall be designed to a minimum of 11/2 times
maximum working pressure and shall be tested to the design pressure after installation.
17-8.3
The pressure vessel tank shall be protected against corrosion from the foam concentrate or
water stored in the tank.
17-8.4
If the tank is equipped with a gravity fill (has a fill cap), the fill opening shall be a minimum
2-in. (51-mm) inside diameter.
17-8.4.1 The fill cap shall be equipped with nontapered threads and a compressible gasket.
17-8.4.2 Special wrenches or tools required to tighten the fill cap shall be supplied by the
manufacturer and shall be securely mounted adjacent to the fill cap.
17-8.4.3 A safety vent hole shall be located in the fill cap so that it vents the tank pressure while
at least 31/2 threads remain engaged.
17-8.5
A minimum 1/2-in. (13-mm), manually operated, valved vent shall be provided on all pressure
vessel tanks.
17-8.6
If the tank is charged with a compressed gas, an approved ASME relief valve, properly set,
shall be furnished on the tank to prevent tank pressure from exceeding 110 percent of the
maximum allowable working pressure.
17-8.7
A minimum 1/2-in. (13-mm), manually operated, valved drain connection shall be provided on
all pressure vessel tanks.
17-8.8
A gauge indicating the internal pressure of the pressure vessel shall be provided and located at
the operator's position.
17-9 Labels, Nameplates, and Instructions.
17-9.1
An instruction plate shall be provided for the foam proportioning system that includes, at a
minimum, a piping schematic of the system and basic operating instructions.
17-9.2
A nameplate that is marked clearly with the identification and function shall be provided for
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each control, gauge, and indicator related to the foam proportioning system.
17-9.3*
A label shall be provided on the pump operator's panel that identifies the type(s) of foam
concentrate(s) that the foam proportioning system is designed to use. It shall also state the
minimum/maximum foam proportioning rate(s) at the minimum/maximum rated system flow and
pressure.
17-9.4
Two copies of an operations and maintenance manual shall be provided. They shall include a
complete diagram of the system together with operating instructions and details outlining all
recommended maintenance procedures.
17-10* Foam Proportioning System Accuracy.
The accuracy of the foam proportioning system shall be tested by the apparatus manufacturer
prior to delivery of the apparatus. If the manufacturer's rated proportioning ratio is below 3
percent, the foam system shall proportion foam concentrate within −0 percent/+40 percent of the
manufacturer's rated proportioning ratio across the manufacturer's stated range of water flow and
pressure. If the manufacturer's rated proportioning ratio is at or above 3 percent, the foam
system shall proportion foam concentrate within −0 percent/+40 percent of the manufacturer's
rated proportioning ratio or 1 percentage point, whichever is less, across the manufacturer's
stated range of water flow and pressure.
Chapter 18 Compressed Air Foam Systems (CAFS)
18-1* Application.
If the fire apparatus is equipped with a compressed air foam system (CAFS), it shall comply
with the applicable sections of this chapter.
18-2 General Requirements.
18-2.1*
A foam proportioning system shall be used and shall comply with the applicable requirements
of Chapter 17.
18-2.2
The total CAFS rating shall be expressed in terms of matched air and water flow. The air shall
be expressed in standard cubic feet per minute (SCFM) and shall be based on the continuous
flow capacity of the compressed air source(s) at a minimum of 125 psig (862 kPag).
18-2.3
The design of a CAFS on a fire apparatus shall allow the operator to engage the CAFS and
produce the desired consistency of foam in the same relative time and ease as it takes to engage
the water pump and begin flowing water.
18-2.4
The apparatus shall be capable of supplying power for operating the CAFS at its rated capacity
in addition to all other power-dependent systems installed on the apparatus.
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18-2.5*
On CAFS, the water pump and air pressures shall be automatically balanced up to the rated
pressure of the air compressor within ± 5 percent.
18-3 Compressed Air Source.
18-3.1
The compressed air source operating in clean environment conditions shall be designed to
provide a continuous rated supply for 6 hours duration without needing adjustment, addition of
lubrication, or changing of air filters.
18-3.2
The compressed air source shall be equipped with an air pressure relief valve that meets the
requirements of the ASME Boiler and Pressure Vessel Code, Section VIII, Division 2. The
outlet of the relief device shall be routed to an area that does not expose personnel to air blasts or
cause the creation of dust.
18-3.3
The compressed air source shall be equipped with moisture drain valves.
18-3.4
If a holding, surge, or separator tank is provided, it shall be designed, fabricated, and stamped
in accordance with the requirements of the ASME Boiler and Pressure Vessel Code, Section
VIII, Division 1, for the required pressure.
18-4* Air Mixing.
18-4.1
The proportioning system's air to foam solution ratio shall be accurate within ± 10 percent of
the desired air ratio at the rated flow and pressure.
18-4.2
An automatic means shall be provided to prevent the backflow of all liquids and gases. This
shall include the backflow of water or foam solution into the compressed air source, air into the
water pump, and both water and air into the foam proportioning equipment.
18-4.3
A means of mixing air and foam solution shall be provided on CAFS. The air and foam
solution mixing system shall provide homogeneous mixing of the compressed air and foam
solution.
18-5* Compressed Air System Piping.
The discharge plumbing shall be configured to minimize the use of elbows or abrupt turns.
18-6 Air Source Controls.
18-6.1
All compressed air source controls shall be located at the pump operator's position and shall be
clearly identified.
Copyright 1996 NFPA

18-6.2
Air compressor systems that require flushing after use shall be provided with readily
accessible controls that allow the operator to completely flush the system with water according
to the manufacturer's instructions.
18-7 Foam System Pressure Indicating Devices, Flow Meters, and Indicators.
18-7.1
The displays of all pressure indicating devices, flow meters, and indicators shall be located so
they are readily visible from the pump operator's position. All pressure indicating devices or
flow meters shall be mounted in a manner that protects the pressure indicating devices or display
from physical damage and excessive vibration.
18-7.2
Where an analog pressure gauge is used, it shall have a minimum accuracy of Grade B as
defined in ASME B40.1, Gauges — Pressure Indicating Dial Type — Elastic Element.
Numerals for master gauges shall be a minimum of 5/32 in. (4 mm) high. There shall be
graduation lines of at least every 10 psi (69 kPa), with major and intermediate graduation lines
emphasized and minimum figure intervals every 100 psi (690 kPa). Analog pressure gauges
shall be vibration and pressure pulsation dampened; resistant to corrosion, condensation and
shock; and have internal mechanisms that do not require periodic lubrication.
18-7.3
If digital pressure indicating devices are used, the digits shall be at least 0.25 in. (6.4 mm)
high. Digital pressure indicating devices shall display pressure in increments of not more than
10 psi (69 kPa).
18-7.4
All pressure indicating devices and flow meters shall be capable of continuous operation to
−40°F (−40°C) without damage.
18-7.5
Flow meter displays shall be located at the pump operator's position and shall indicate the
airflow in standard cubic feet per minute and indicate the water flow in gallons per minute. Flow
meters shall be rated to 500 psig (3447 kPag) hydrostatic burst pressure if located on the pressure
side of the system.
18-7.6*
A pressure indicating device shall be provided for the compressed air source.
18-8 Nameplates and Instruction Plates.
18-8.1
A nameplate that is marked clearly with the identification and function of each control, gauge,
and indicator related to the compressed air foam system shall be provided.
18-8.2
A rating plate shall be provided at the pump operator's position that gives the rated continuous
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flow capacity of the compressed air source at 125 psig (862 kPag).
18-8.3
An instruction plate shall be provided at the pump operator's position that states:
(a) Open and close valves slowly.
(b) Do not run with just air/water.
(c) Shut off air when foam tank is empty.
(d) Be prepared for high nozzle reactions — open nozzle slowly.
18-9* Manufacturer's Predelivery Tests.
The manufacturer shall conduct the following tests prior to delivery of the apparatus.
18-9.1 Capacity Rating Test.
18-9.1.1 The operation of the water pump and the compressed air source shall be tested
simultaneously to determine the integrity of the system and to ensure that there is adequate
power available to operate these components of the CAFS. The compressed air source shall be
operated at its flow capacity at a minimum 125 psig (862 kPag), and the water pump shall
discharge 2 gal (7.6 L) of water at 125 psi (862 kPa) net pump pressure for every one SCFM of
compressed air discharge. The discharge shall be through at least two separate discharge
openings, one discharging air only and the other discharging water only.
18-9.1.2 One or more lines of fire hose of sufficient diameter shall be provided to allow
discharge of the required amount of water from the pump to a nozzle or other flow-measuring
equipment without exceeding a flow velocity of 35 ft/sec (10.7 m/sec) [approximately 500 gpm
(1900 L/min) for 21/2-in. (65-mm) hose]. The discharge shall be measured using a smoothbore
nozzle and pitot tube or other equipment such as flow meters, volumetric tanks, or weigh tanks.
Test gauges shall meet the requirements of 12-13.2.2.4, and all test gauge connections shall
include "snubbing" means, such as needle valves to damp out rapid needle movements, unless
the gauges are liquid-filled.
18-9.1.3* The airflow rate shall be measured using a pressure and temperature compensated
flow-measuring device. The airflow shall be measured in standard cubic feet per minute
(SCFM) at a minimum of 125 psig (862 kPag). The airflow-measuring device shall have been
calibrated for accuracy within the previous 3 months. The air discharge outlet shall have nothing
attached directly to it except the test device(s).
18-9.1.4 The water pump and the compressed air source shall be started and the rated flows and
pressures as specified in 18-9.1.1 shall be maintained. The system shall be run for 1 hour.
Readings of the airflow rate and pressure, and the water pump pressure and discharge rate shall
be taken at least every 10 minutes.
18-9.1.5 Failure of any component of the CAFS to maintain air and water pressures and
discharge volumes at or above the system rating shall constitute failure of the test.
18-9.2* Standby Run Test.
One 200-ft (61-m) line of 11/2-in (38-mm) hose shall be connected to the discharge of the
CAFS and shall be stretched out on level ground. A quarter-turn valve of the same nominal size
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as the hose shall be installed at the discharge end. The hose shall be secured immediately behind
the valve at the discharge end to prevent uncontrollable movement when the valve is opened.
Operating as a CAFS, with gauge air output at 125 psig (862 kPag), a foam flow shall be
established in the hose line. With the water tank at the 1/2 full level, the valve at the discharge
end of the hose shall be shut no faster than in 3 seconds and no slower than in 10 seconds. The
engine(s) speed shall be maintained for 10 minutes without discharging water, air, or foam
solution from the CAFS and without operator intervention. A by-pass line shall be permitted to
be opened temporarily if needed to keep the water temperature in the pump within acceptable
limits. At the end of 10 minutes, the valve shall be reopened no faster than in 3 seconds and no
slower than in 10 seconds. Any damage to the system that affects its rated performance
characteristics or the lack of a fire stream immediately upon opening the hose line shall
constitute failure of this test.
Chapter 19 Line Voltage Electrical Systems
19-1* Application.
Where any part of a line voltage electrical system is provided as a fixed installation, the
applicable requirements of this chapter shall apply.
19-2 General Requirements.
19-2.1*
The maximum voltage between any conductor and any other conductor or an earth ground
shall not exceed 250 volts ± 10 percent.
19-2.2
Any fixed line voltage power source producing alternating current (ac) line voltage shall
produce electric power at 60 cycles ± 5 cycles.
19-2.3
Except where superseded by the requirements of this chapter, all components, equipment, and
installation procedures shall conform to NFPA 70, National Electrical Code® (herein referred
to as the NEC). Where the requirements of this chapter differ from those in the NEC, the
requirements in this chapter shall apply.
19-2.4*
Line voltage electrical system equipment and materials included on the apparatus shall be
listed and installed in accordance with the manufacturer's instructions. All products shall be
used only in the manner for which they have been listed.
19-2.5 Location Ratings.
19-2.5.1 Any equipment used in a dry location shall be listed for dry locations.
19-2.5.2 Any equipment used in a wet location shall be listed for wet locations.
19-2.5.3 Any equipment used in an under-body or under-chassis location that is subject to road
spray shall be either listed as Type 4 or mounted in an enclosure that is listed as Type 4.
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19-3 Grounding and Bonding.
19-3.1* Grounding.
Grounding shall be in accordance with Section 250-6 (Portable and Vehicle Mounted
Generators) of the NEC. Ungrounded systems shall not be used. Only stranded or braided
copper conductors shall be used for grounding and bonding.
19-3.1.1 An equipment grounding means shall be provided in accordance with Section 250-91
(Grounding Conductor Material) of the NEC.
19-3.1.2 The grounded current-carrying conductor (neutral) shall be insulated from the
equipment grounding conductors and from the equipment enclosures and other grounded parts.
The neutral conductor shall be colored white or gray in accordance with Section 200-6 (Means of
Identifying Grounding Conductors) of the NEC.
19-3.1.3 Any bonding screws, straps, or buses in the distribution panel board or in other system
components between the neutral and equipment grounding conductor shall be removed and
discarded.
19-3.2 Bonding.
19-3.2.1 The neutral conductor of the power source shall be bonded to the vehicle frame. The
neutral bonding connection shall only occur at the power source.
19-3.2.2 In addition to the bonding required for the low voltage return current, each body and
driving or crew compartment enclosure shall be bonded to the vehicle frame by a copper
conductor. This conductor shall have a minimum amperage rating of 115 percent of the name
plate current rating of the power source specification label as defined in Section 310-15
(Ampacities) of the NEC. A single conductor, properly sized to meet the low voltage and line
voltage requirements shall be permitted to be used.
19-4 Power Source General Requirements.
The following requirements shall apply to all line voltage power sources.
19-4.1
All power source system mechanical and electrical components shall be sized to support the
continuous duty nameplate rating of the power source.
19-4.2
The power source shall be shielded from contamination that will prevent the power source
from operating within its design specifications.
19-4.3
Guards shall be provided to protect personnel from moving parts and any surface with a
temperature of 131°F (55°C) or more.
19-4.4
The power source shall have adequate ventilation to prevent heating of the system above the
manufacturer's recommended limits.
19-4.5

Copyright 1996 NFPA

Access shall be provided to permit both routine maintenance and removal of the power source
for major servicing. The mounting brackets and power source shall not interfere with the routine
maintenance of the apparatus.
19-4.6
The instrumentation shall be permanently mounted at an operator's panel. The instruments
shall be located in a plane facing the operator so they are readily visible under normal operating
conditions. Gauges, switches, or other instruments on this panel shall be labeled to indicate their
function.
19-4.7 Instrumentation.
19-4.7.1 If the power source is rated at less than 8 kW, a "power on" indicator light shall be
provided.
19-4.7.2* If the power source is rated at 8 kW or larger, the following instrumentation shall be
provided at the operator's panel:
(a) Voltmeter;
(b) Amperage meters for each leg;
(c) Frequency (cycle) meter;
(d) Power source hourmeter.
19-4.8
Instructions that provide the operator with the essential power source operating instructions,
including the power-up and power-down sequence shall be permanently attached to the
apparatus at any point where such operations can take place.
19-4.9 Operation.
19-4.9.1 Provisions shall be made for quickly and easily placing the power source into operation.
The control shall be marked to indicate when it is correctly positioned for power source
operation.
19-4.9.2 Any control device used in the drive train shall be equipped with a means to prevent the
unintentional movement of the control device from its set position.
19-4.10
A power source specification label shall be permanently attached to the apparatus near the
operator's control station. The label shall provide the operator with the information detailed in
Figure 19-4.10.
Operational Category

Nominal Rating

Rated Voltage(s) and Type (ac or dc)
Phase
Rated Frequency
[at rated voltage(s)]
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Rated Amperage
Continuous Rated Watts
Power Source Engine Speed

Figure 19-4.10 Power source system specification label.

19-4.11
The power source, at any load, shall not produce a noise level that exceeds 90 dba in any
driving compartment, crew compartment, or onboard command area with windows and doors
closed, or at any operator's station on the apparatus.
19-5 Additional Power Source Requirements.
The following requirements are specific to the defined type of line voltage power source.
19-5.1* Direct Drive (PTO) Generators.
The generator shall comply with Article 445 (Generators) of the NEC.
19-5.1.1* The main propulsion engine shall have a governor capable of maintaining the engine
speed within the limits required by the generator to meet the frequency control specifications.
19-5.1.2* An interlock shall prevent PTO engagement unless the parking brake is engaged.
Where the chassis engine drives the generator and electronic engine throttle controls are
provided, an interlock shall prevent engine speed control from any other source while the
generator is operating.
19-5.1.3 The transmission's PTO port and PTO, or the split shaft PTO, and all associated drive
shaft components shall be rated to support the continuous duty torque requirements of the
generator's full rated load as defined on the power source specification label.
19-5.1.4 A nameplate indicating the chassis transmission shift selector position to be used for
generator operation shall be provided in the driving compartment and located so that it can easily
be read from the driver's position.
19-5.1.5 Where the generator is driven by a split shaft PTO, a green indicator light shall be
located in the driving compartment. This indicator light shall be energized when the PTO shift
has been completed and shall be marked "PTO Engaged." Where an automatic chassis
transmission is provided, a second green indicator light located in the driving compartment and a
green indicator light located on the operator's panel shall be energized when both the PTO shift
has been completed and the chassis transmission is engaged in the correct gear. The light in the
driving compartment shall be marked "Generator PTO Operational." The light at the operator
panel shall be marked "Generator PTO Engaged."
19-5.1.6 Where an automatic chassis transmission is provided and the generator is driven by a
transmission-mounted (SAE) PTO, front-of-engine crankshaft PTO, or engine flywheel PTO and
is used for power generation with the chassis transmission in neutral, shift indicator lights shall
be provided as defined in (a) and (b) below:
(a) A green indicator light shall be located in the driving compartment. The light shall be
energized when the PTO drive has been engaged and shall be marked "Generator PTO
Engaged."
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(b) A green indicator light shall be located on the operator's panel. The green light shall be
energized when both the PTO drive has been engaged and the chassis transmission is in neutral.
The green light shall be marked "Generator PTO Engaged."
19-5.1.7 Where the chassis engine drives the generator through a converter driven transmission
mounted (SAE) PTO and is used for power generation with the chassis transmission in neutral,
the transmission torque converter shall be in the converter lock-up mode when the PTO
generator is engaged.
19-5.1.8 Where a manual chassis transmission is provided and the generator is driven by a
transmission-mounted (SAE) PTO, front-of-engine crankshaft PTO, or engine flywheel PTO, a
green indicator light shall be located in the driving compartment. The light shall be energized
when the PTO drive has been engaged and shall be marked "Generator PTO Engaged."
19-5.2* Hydraulically Driven Generators.
The generator shall comply with Article 445 (Generators) of the NEC.
19-5.2.1* A means shall be provided to activate the hydraulic generator system.
19-5.2.2 If the hydraulic pump is to be supported by or mounted to any structural member or if
the mounting brackets are attached to the structural members of the vehicle, vibration isolators
shall be provided.
19-5.2.3 If the engine speed is not automatically controlled, a system shall be provided to
automatically disconnect the power supply if the system voltage falls below 90 percent of the
name plate voltage measured at the terminals of the power source.
19-5.2.4 Hydraulic Components.
19-5.2.4.1 A hydraulic system filter and strainer shall be provided. They shall be located in a
readily accessible area.
19-5.2.4.2 Hydraulic hoses shall meet the hydraulic pump manufacturer's recommendations for
pressure, size, vacuum, and abrasion resistance.
19-5.2.4.3* Hydraulic fittings shall meet the hydraulic pump manufacturer's recommendations
for pressure, size, and the type of hose used.
19-5.2.4.4* Where the hydraulic hose comes into contact with other surfaces, the hose shall be
protected from chaffing.
19-5.3* Fixed, Auxiliary Engine-Driven Generators.
The generator shall comply with Article 445 (Generators) of the NEC.
19-5.3.1 Fixed, auxiliary engine-driven generators shall:
(a) Be installed so fumes, vapors, heat, and vibrations do not enter the interior passenger
compartment;
(b) Have the exhaust outlet piped to the exterior and located so exhaust is directed away from
any operator positions.
19-5.3.2 Fuel System.
19-5.3.2.1 Fuel lines shall be protected from chaffing at all wear points.
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19-5.3.2.2 If the fuel source is shared with the apparatus engine, a separate fuel pickup system
shall be provided. The pickup tube arrangement shall ensure that the generator cannot utilize
more than 75 percent of the fuel tank's capacity.
19-5.3.3 Exhaust System.
19-5.3.3.1* The exhaust piping and discharge shall be located or shielded to prevent thermal
damage to the apparatus or equipment. Where parts of the exhaust system are exposed so that
they are likely to cause injury to operating personnel, suitable protective guards shall be
provided.
19-5.3.3.2 Silencing devices shall be provided and shall not create exhaust backpressure that
exceeds the limits specified by the engine manufacturer.
19-5.4* Belt-Driven Generators or Alternators Supplying a Dedicated Invertor.
19-5.4.1 A means shall be provided to engage and disengage the generator.
19-5.4.2 A voltmeter shall be provided at the operator's panel for all sizes of systems of this type.
19-5.4.3 The belt drive system shall be rated to drive the generator or alternator at the system
performance label rating.
19-5.5 Line Voltage Systems Derived from Apparatus Low Voltage Power Supply Systems.
19-5.5.1* Where a line voltage power source derives its input energy from the apparatus low
voltage electrical system, the system shall be installed in strict compliance with the requirements
of Chapter 9.
19-5.5.2 A means shall be provided to advance engine speed to obtain the power stated on the
power source nameplate rating. This control shall work in coordination with other engine speed
controls and interlocks as required in this standard.
19-6* Portable Generator Installations.
The generator shall comply with Article 445 (Generators) of the NEC.
19-6.1
Any portable generator that can be operated while mounted on the vehicle shall:
(a) Be installed so fumes, vapors, heat, excessive noise, and vibrations do not enter interior
driving or crew compartments or damage the generator during operation;
(b) Have the exhaust outlet located so exhaust is directed away from any operator station
located on the apparatus and shall be properly guarded to protect the operator.
19-6.2
If the portable generator is remotely mounted, it shall have a remote operator's control station
that shall provide for starting and stopping the generator and monitoring the same
instrumentation as is required for fixed power sources.
19-6.3 Wiring for Portable Generator Installations.
Wiring installed for the purpose of facilitating the distribution of power from a portable
generator installation shall conform to the following additional requirements.
19-6.3.1 Circuit conductors shall be appropriately sized in relation to the system performance
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specification label rating and shall be protected by an overcurrent device commensurate with
their amp capacities.
19-6.3.2 There shall be a single output connector cable with all of the conductors in the cable
sized to carry a minimum of 115 percent of the nameplate amperage. If there is not an
overcurrent protection device at the power source, this cable shall not exceed 72 in. (1830 mm)
in length and shall be connected to an overcurrent protection device. The size of the main
overcurrent protection device shall equal the nameplate amperage rating on the power source
specification label or the rating of the next larger available size overcurrent protection device
where so recommended by the power source manufacturer.
19-6.4
If a connecting plug is required, it shall be appropriately sized and conform to NEMA
configurations for plugs.
19-7 Line Voltage Supplied from an External Source.
19-7.1*
If the apparatus is equipped with a fixed power inlet (shoreline inlet), it shall be a permanently
mounted, flanged surface inlet (male-recessed-type receptacle with cover) sized in accordance
with the anticipated load and wired directly to the system or device to be powered, or to a
transfer switch where required by 19-7.2.
19-7.2 Transfer Switch Applications.
19-7.2.1 A transfer switch shall be required to isolate one power source from the other where a
circuit(s) is intended to be supplied from more than one power source.
19-7.2.2* Transfer equipment, including transfer switches, shall operate such that all ungrounded
conductors of one source of supply are disconnected before any ungrounded conductors of the
second source are connected.
19-7.3
The apparatus shall have a label permanently affixed at or near the power inlet that indicates
the following:
Shore Power Inlet
Type of Line Voltage (120/240) ____________________
Current Rating in Amps __________________________
NOTE: If the power inlet is for dc or other than single-phase ac, it shall be so marked.

19-8 Overcurrent Protection.
Manually resetable over-current devices shall be installed to protect the line voltage electrical
system components.
19-8.1 Power Source Protection.
A main overcurrent protection device shall be provided that is either incorporated in the power
source or is connected to the power source by a power supply assembly.
19-8.1.1 The size of the main overcurrent protection device shall not exceed 100 percent of the
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nameplate amperage rating on the power source specification label or the rating of the next
larger available size overcurrent protection device where so recommended by the power source
manufacturer.
19-8.1.2 If the main overcurrent protection device is subject to road spray, the unit shall be
housed in a Type 4 rated enclosure.
19-8.2 Power Supply Assembly.
The conductors used in the power supply assembly between the output terminals of the power
source and the main overcurrent protection device shall not exceed 144 in. (3658 mm) in length.
19-8.2.1 All power supply assembly conductors, including neutral and grounding conductors,
shall have an equivalent amperage rating and shall be sized to carry not less than 115 percent of
the amperage of the nameplate current rating of the power source.
19-8.2.2 For fixed power supplies, all conductors in the power supply assembly shall be Type
THHW, THW, or USE stranded conductors enclosed in nonmetallic liquidtight flexible conduit
rated for a minimum of 194°F (90°C).
19-8.2.3 For portable power supplies, conductors located between the power source and the line
side of the main overcurrent protection device shall be Type SO or Type SEO with suffix WA
flexible cord, rated for 600 volts at 194°F (90°C).
19-8.3 Branch Circuit Overcurrent Protection.
Overcurrent protection devices shall be provided for each individual circuit and shall be sized
at not less than 15 amps in accordance with Section 240-3 (Protection of Conductors) of the
NEC.
19-8.3.1 Any panelboard shall have a main breaker when the panel has six or more individual
branch circuits.
19-8.3.2 Each overcurrent protection device shall be marked to identify the function of the
circuit it protects.
19-8.3.3 Dedicated circuits shall be provided for any large appliance or device (air conditioning
units, large motors, etc.) that require 60 percent or more of the rated capacity of the circuit to
which it is connected. The circuit shall serve no other purpose.
19-8.4 Panel Boards.
Unless all line voltage power connections are made through receptacles on the power source
with integrated overcurrent protection, all fixed power sources shall be hardwired to a
permanently mounted panelboard.
19-8.4.1
The panel shall be readily visible and located so that there is unimpeded access to the
panelboard controls.
19-8.4.2
All panelboards shall be suitable for use in their intended location.
19-9 Wiring Methods.
Fixed wiring systems shall be limited to the following:
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(a) Metallic or nonmetallic liquidtight flexible conduit rated at not less than 194°F (90°C); or
(b) Type SO or Type SEO cord with a WA suffix, rated at 600 volts at not less than 194°F
(90°C).
19-9.1
Electrical cord or conduit shall not be attached to chassis suspension components, water or fuel
lines, air or air brake lines, fire pump piping, hydraulic lines, exhaust system components, or low
voltage wiring and shall be:
(a) Separated by a minimum of 12 in. (305 mm) from exhaust piping or properly shielded; and
(b) Separated from fuel lines by a minimum of 6 in. (152 mm) distance.
19-9.2
A means shall be provided to allow "flexing" between the cab, body, and other areas or
equipment whose movement would stress the wiring.
19-9.3
Electrical cord or conduit shall be supported within 6 in. (152 mm) of any junction box and at
a minimum of every 24 in. (610 mm) of run. Supports shall be made of nonmetallic materials or
corrosion protected metal. All supports shall be of a design that does not cut or abrade the
conduit or cable and shall be mechanically fastened to the vehicle.
19-9.4
Only fittings and components listed for the type of cable or conduit being installed shall be
used.
19-9.5
Splices shall be made only in a listed junction box.
19-9.6 Additional Requirements for Type SO or Type SEO Cable Installations.
19-9.6.1 Where Type SO or Type SEO cable is installed in a compartment, it shall be installed
on the ceiling surface, or shall be enclosed in a minimum of 16 MSG metal conduit or enclosure.
19-9.6.2 Where Type SO or Type SEO cable is installed in areas other than a compartment, it
shall be provided with a polymeric convoluted wire loom to help prevent mechanical abrasion.
The loom shall have a flammability rating of VW-1 as defined in UL 62, Standard for Flexible
Cord and Fixture Wire, have a minimum temperature rating of 289°F (143°C) and be made from
a nonabsorbent material.
19-9.6.3 Where Type SO or Type SEO cable penetrates a metal surface, rubber or plastic
grommets or bushings shall be installed.
19-9.7 Wiring Identification.
19-9.7.1 All line voltage conductors located in the main panel board shall be individually and
permanently identified. The identification shall reference the wiring schematic or indicate the
final termination point.
19-9.7.2 When prewiring for future power sources or devices, the unterminated ends shall be
labeled showing function and wire size.
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19-10 Wiring System Components.
19-10.1
Only stranded copper conductors with an insulation rated for at least 194°F (90°C) shall be
used. Conductors in Type SO or Type SEO cord shall be sized in accordance with Table
400-5(A) of the NEC. Conductors used in conduit shall be sized in accordance with Section
310-15 (Ampacities), of the NEC. Aluminum or copper-clad aluminum conductors shall not be
used.
19-10.2 Boxes.
All boxes shall conform to and be mounted in accordance with Article 370 (Outlet, Device,
Pull and Junction Boxes, Conduit Bodies and Fittings) of the NEC.
19-10.2.1 All boxes shall be accessible using ordinary hand tools. Boxes shall not be permitted
behind welded or pop-riveted panels.
19-10.2.2 The maximum number of conductors permitted in any box shall be in accordance with
Section 370-16 (Number of Conductors in Outlet, Device, and Junction Boxes, and Conduit
Bodies) of the NEC.
19-10.3*
All wiring connections and terminations shall provide a positive mechanical and electrical
connection. Connectors shall be installed in accordance with the manufacturer's instructions.
Wire nuts or insulation displacement and insulation piercing connectors shall not be used.
19-10.4* Switches.
Each switch shall indicate the position of its contact points (i.e., open or closed) and shall be
rated for the continuous operation of the load being controlled.
19-10.4.1 All switches shall be marked with the function of the switch.
19-10.4.2* Circuit breakers used as switches shall be "switch rated" (SWD) or better.
19-10.4.3 Switches shall simultaneously open all associated line voltage conductors.
19-10.4.4 Switching of the neutral conductor alone shall not be permitted.
19-10.4.5 Line voltage circuits controlled by low voltage circuits shall be wired through properly
rated relays in listed enclosures. All nongrounded current-carrying conductors shall be
controlled by the relay.
19-10.5 Receptacles and Inlet Devices.
19-10.5.1 Wet Locations.
19-10.5.1.1* All wet location receptacle outlets and inlet devices including those on hardwired,
remote power distribution boxes, shall be of the grounding type, provided with a wet location
cover, and installed in accordance with Section 210-7 (Receptacles and Cord Connections) of
the NEC.
19-10.5.1.2* All receptacles located in a wet location shall be not less than 24 in. (610 mm) from
the ground. Receptacles on "off-road" vehicles shall be a minimum of 30 in. (762 mm) from the
ground.
19-10.5.2 All receptacles located in a dry location shall be of the grounding type. Receptacles
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shall be not less than 30 in. (762 mm) above the interior floor height.
19-10.5.3 The face of any wet location receptacle shall be installed in a plane from vertical to not
more than 45 degrees off vertical. No receptacle shall be installed in a face-up position.
19-10.5.4 All receptacles shall be marked with the type of line voltage (120 volts or 240 volts)
and the current rating in amps. If the receptacles are dc or other than single phase, they shall be
so marked.
19-10.5.5* Listing. All receptacles and electrical inlet devices shall be listed to UL 498,
Standard for Safety Attachment Plugs and Receptacles, or other appropriate performance
standards. Receptacles used for dc voltages shall be rated for the appropriate dc service.
19-11 Cable Reels.
All cable reels shall be rated for continuous duty and installed to be easily accessible for
removal, cord access, maintenance, and servicing.
19-11.1
The power rewind cable reel spool area shall be visible to the operator during the rewind
operation, or the reel spool shall be encapsulated to prevent cable from spooling off the reel.
19-11.2
Rollers shall be provided, where required, to prevent damage to the cable at reel spools or
compartment openings.
19-11.3 Rewind Provision.
19-11.3.1 Manually operated reels shall have a hand crank.
19-11.3.2 Power rewind type reels shall have the control in a position where the operator can
safely observe the rewinding operation.
19-11.3.3 The rewind control or crank shall not be over 72 in. (1830 mm) above the operator's
standing position. The rewind control shall be marked for function and shall be guarded to
prevent accidental operation.
19-11.4*
The reel shall be designed to hold 110 percent of the capacity needed for the intended cable
length. The wire size shall be in accordance with NEC Table 400-5(A), "Allowable Ampacity
for Flexible Cords and Cables."
19-11.5*
Electrical cable shall be Type SO or Type SEO with a WA suffix or equivalent.
19-11.6* Labeling.
A label shall be provided in a readily visible location adjacent to any permanently connected
reel. It shall indicate the following:
(a) Current rating;
(b) Current type;
(c) Phase;
(d) Voltage;
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(e) Total cable length.
19-11.7 Remote Power Distribution Box.
Where a power distribution box is hardwired to the end of a cable stored on a fixed cable reel
or other fixed storage means, the following requirements shall apply.
19-11.7.1 The remote power distribution box shall be listed for use in a wet location.
19-11.7.2* The distribution box shall be:
(a) Protected from corrosion;
(b) Capable of being carried with a gloved hand; and
(c) Designed to keep the exterior electrical components above 2 in. (51 mm) of standing water.
19-11.7.3* Inlets, receptacles, circuit breakers, or GFCI devices shall not be mounted on the top
surface of the horizontal plane.
19-11.7.4 Branch circuit breakers shall be installed in the remote power distribution box if the
overcurrent device protecting the feed cable to the box is too large to protect the wiring
supplying the devices plugged onto the distribution box.
19-11.7.5* Remote power distribution boxes shall have a light on the box to indicate the power
is on. The light shall be visible in a 360-degree plane from a minimum of 200 ft (61 m) in
complete darkness. The light shall be mechanically protected to prevent damage.
19-11.7.6 The hardwired portable cord connection to the box shall have strain relief and meet the
intended usage requirements.
19-12 Scene Lighting Systems.
Where fixed scene lights are supplied, the following requirements shall apply.
19-12.1
All scene lights shall be provided with a lens or equivalent means to prevent damage from
water spray and shall be listed for wet location usage.
19-12.2
If the light is adjustable, a handle shall be provided. The design of the light shall not allow the
temperature of the handle to exceed 131°F (55°C).
19-12.3
The manufacturer of the device shall type certify that the scene light has been tested and
complies with the vibration testing requirements of SAE J575, Test Methods and Equipment for
Lighting Devices and Components for Use on Vehicles Less Than 2032 mm in Overall Width.
19-13 Power-Operated Light Mast.
19-13.1* General.
19-13.1.1 The mast shall be designed to sustain the intended tip load with at least a 125 percent
safety factor.
19-13.1.2 The mast shall withstand a minimum of a 50-mph (81-kmph) wind in a raised,
unguyed position.
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19-13.2 Installation and Operational Requirements.
19-13.2.1 The mast shall be capable of being raised in not over 2 minutes.
19-13.2.2 Where the installation precludes the operator from visually seeing the light in its
nested position, a means shall be provided to allow the operator to properly align the light for
nesting when the operator is at the operator's position.
19-13.2.3* A means shall be provided to reduce the likelihood of electrocution of the operator
due to contact with power lines.
19-13.2.4 A means shall be provided to prevent operations that could cause damage to the power
supply conductors.
19-13.2.5 In the event of a failure of the light tower's raising system while the tower is deployed
or being deployed, a means shall be provided to limit the rate of descent to prevent injury to
equipment or personnel.
19-13.2.6 A secondary means of control shall be provided to allow for emergency lowering of
the mast.
19-13.2.7 Where the tower is powered by the vehicle air brake supply, the air supply reservoir
and piping shall comply with the requirements of the Federal Motor Vehicle Safety Standard
(FMVSS) No. 121, Air brake systems.
19-13.2.8* An automatic deenergizing means shall be provided so there is no electrical power to
the mast, or to the light wiring when the mast is in a stowed position.
19-13.2.9 The hazard warning light required in Section 9-11 shall be illuminated whenever the
light tower is not in the stowed position.
19-13.2.10 The operational envelope of the mast shall be automatically illuminated whenever the
mast assembly is being raised, lowered, or rotated.
19-13.3 Labeling.
19-13.3.1 Essential mast operational instructions and warning labels shall be provided at the
operator's position.
19-13.3.2 A label shall be provided at the operator's position to indicate:
(a) Extended tower height from the ground;
(b) Bulb replacement data.
19-14 Electrical System Testing.
19-14.1*
The wiring and associated equipment shall be tested by the apparatus manufacturer or the
installer of the line voltage system.
19-14.2
The wiring and permanently connected devices and equipment shall be subjected to a
dielectric voltage withstand test of 900 volts for 1 minute. The test shall be conducted between
live parts and the neutral conductor, and between live parts and the vehicle frame with any
switches in the circuit(s) closed. This test shall be conducted after all body work has been
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completed. The dielectric tester shall have a 500 VA or larger transformer, with a sinusoidal
output voltage that can be verified.
19-14.3*
Electrical polarity verification shall be made of all permanently wired equipment and
receptacles to determine that connections have been properly made.
19-14.4 Operational Test.
The apparatus manufacturer shall perform the following operation test and shall certify that the
power source and any devices that are attached to the line voltage electrical system are properly
connected and in working order.
19-14.4.1* The prime mover shall be started from a cold start condition and the line voltage
electrical system loaded to 100 percent of the nameplate rating. The following information shall
be recorded:
(a) The cranking time until the prime mover starts and runs, if applicable;
(b) The voltage, frequency, and amperes at continuous full rated load;
(c) The prime mover oil pressure, water temperature, transmission temperature, hydraulic
temperature, and the battery charge rate, as applicable;
(d) The ambient temperature and altitude.
19-14.4.2* The power source shall be operated at 100 percent of its nameplate voltage for a
minimum of 2 hours. Testing at unity power factor is acceptable, provided that rated load tests
at rated power factor have been conducted and certified by the power source manufacturer. The
conditions specified in 19-14.4.1(b) and (c) shall be recorded at least every 1/2 hour during the
test.
Exception: Line voltage electrical systems that are category certified in accordance with 19-14.5
shall be permitted to be operationally tested for a minimum of 15 minutes with data collected at
the start, the midpoint, and the end of the test.
19-14.4.3 Where the line voltage power is derived from the vehicle's low voltage system, the
minimum continuous electrical load as defined in Chapter 9 shall be applied to the low voltage
electrical system during the operational test. Any termination of line voltage power by the low
voltage load management system shall be noted and the duration of the periods of line voltage
power source shutdown shall be recorded.
19-14.4.4 Vehicle support systems that are required to maintain the power source in operation
shall remain within their required operational parameters.
19-14.4.5 The results of the tests listed in this section shall be supplied to the purchaser at the
time of delivery.
19-14.5 Category Certification of Line Voltage Electrical Systems.
Apparatus manufacturers installing multiple systems of the same design shall be permitted to
category certify their system. To be so certified, systems shall be required to be substantially
identical in all major respects including that they are the same in construction and load, are
installed in the same volume compartment, and have the same volume of airflow over the unit.
The manufacturer shall indicate that such system has been previously tested and is category
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certified in the test report given to the purchaser.
Chapter 20 Command and Communications
20-1 General.
If the apparatus is equipped with a separate communications area, or if it is used as a totally
dedicated command vehicle, it shall meet the requirements of this chapter.
20-2* Location.
20-2.1*
The command center shall be enclosed within a vehicle crew area or body.
20-2.2*
The size of the command center located in a body shall be a minimum of 25 ft2 (2.3 m2) of
floor space.
20-2.3
If there is only a single access door, there shall be a secondary means of escape.
20-3* Climate Control.
The command area shall be provided with a heater capable of maintaining the temperature at a
minimum of 60°F (16°C) with the vehicle's doors closed. If an air conditioner is provided, it
shall be capable of maintaining a minimum temperature of 20°F (11°C) below ambient down to
72°F (22°C) with the vehicle's doors closed.
20-4* Noise Levels.
When the vehicle is stopped with major operational components in operation, the noise levels
in the command area shall not exceed 80 dba.
20-5 Lighting Levels.
20-5.1
The command area shall have a switch control at the door entry area for general entry lighting
or automatic dome lighting.
20-5.2*
Lighting levels during command operations shall provide a continuous 100 lumens per square
foot in the command area.
20-6 Command Working Surfaces and Countertop.
20-6.1*
Horizontal working surfaces shall be smooth, with corners and edges provided that will not
cause injury or damage when rubbed up against. The surface shall be supported or constructed
to support the weight of a person.
20-6.2
Chair level work surfaces shall be 28 in. to 30 in. (711 mm to 762 mm) above the floor.
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Stand-up work surfaces shall be 36 in. to 40 in. (914 mm to 1016 mm) above the floor.
20-7 Seating in Command Center.
20-7.1*
If seating is provided in the command center and that same seating is used during mobile
operations (moving over the highway), the seat(s) shall comply with Section 10-1.
20-7.2
Storage shall be provided for all seating that is not permanently mounted in the vehicle so the
seating can be stored in such a way as to protect all passengers while the vehicle is in motion. A
clearly visible label shall be attached to each nonpermanently mounted seat indicating the seat is
not to be used while the vehicle is in transit and is to be properly stored during that time.
20-8* Cabinets and Equipment Storage.
Cabinets for the storage of equipment shall be designed and engineered to properly contain the
equipment during periods of transit.
20-9 Wall, Ceiling, and Floor Surfaces.
20-9.1*
The interior surfaces of command areas shall be free of sharp corners, projections, and edges.
The interior surfaces shall be designed to sustain normal usage expected in a command area.
20-9.2
Floor surfaces shall be capable of being routinely cleaned. Floor mats or coverings shall be
durable and removable for cleaning.
20-9.3
Dry-type grease boards, cork boards, chalk-type boards, or similar bulletin- or command-type
wall surfaces shall be securely bolted in place, easily maintainable, and replaceable.
20-10 Communications and Electrical Consoles.
20-10.1*
The communications equipment shall be installed in accordance with the component
manufacturer's instructions and manuals.
20-10.2
Installation of radio and communications equipment shall conform to Federal Communications
Commission (FCC) standards and requirements.
20-10.3
If a radio or electrical console is provided, it shall be enclosed on all sides to afford protection
to equipment mounted in it. The front surface shall be hinged or bolted in place. Additional
hinged or removable panels shall be provided for as required for access to equipment.
20-11* Computer Equipment and Installation.
20-11.1
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All computer equipment shall be installed in a manner to reduce shock, vibration, and
mechanical injury. During transit, computer equipment shall be stored in cabinets or securely
mounted on work surfaces with quick release straps or other means.
20-11.2
Outlets specifically for computer use, whether 12 volt or 120 volt, shall be tested by the
manufacturer to ensure they meet the computer manufacturer's requirements and shall be
specially labeled for their usage and power output.
20-12 Video Equipment and Installation.
20-12.1
The purchaser shall detail the exact video equipment that is to be mounted on, and used with,
the apparatus.
20-12.2
The storage of video equipment shall be in enclosed cabinets, with appropriate padding to
prevent mechanical injury. Quick release straps shall hold the equipment in its designated
storage area.
20-12.3
If a monitor is provided, it shall be securely mounted to prevent damage during transit.
20-12.4
If the equipment is to be externally mounted, appropriate mounting bracket(s) and outlet plugs
shall be installed as necessary to accommodate the outside mounting of video equipment. Roof
access ladders, steps, and safety railings shall be installed as required by Chapter 11.
Chapter 21 Air Systems
21-1 Application.
Where a breathing air system or a utility air system is mounted on fire apparatus, the following
shall apply. This chapter does not apply to compressed air foam systems (CAFS).
21-2* Provisions Applying to All Air Systems.
21-2.1
Compressor and booster supplied systems shall be capable of operating in any ambient
temperature between 32°F and 110°F (0°C and 43°C). Cascade systems shall be capable of
operating in any ambient temperature between 0°F and 125°F (−18°C and 52°C).
21-2.2
The air system shall be capable of withstanding storage at temperatures between 0°F and
125°F (−18°C and 52°C) without damage.
21-2.3
The air system shall be designed so it can be stored and operated in environments with relative
humidity up to and including 100 percent.
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21-2.4
All materials used in the air system shall be corrosion resistant or treated to resist corrosion
unless the finished product will be in continual contact with a noncorrosive lubricant.
21-2.5 Assembly and Installation Practices.
21-2.5.1 Installation of low voltage electrical components shall meet the requirements of Chapter
9, and installation of line voltage electrical components shall meet the requirements of Chapter
19.
21-2.5.2 Surfaces over 142°F (61°C) shall be covered with a thermal insulating material or
suitably guarded to protect the operator unless such protection affects the operation of the
component. In those cases, a label shall be provided that states "Caution: Hot Surfaces When
Operating."
21-2.5.3 The air system shall be designed and constructed to withstand the stresses, vibrations,
and other conditions incident to being mounted on a fire apparatus and being used in mobile
service.
21-2.5.4 All screws, pins, bolts, or other fasteners whose failure would create a hazardous
condition for personnel or equipment shall be equipped with locking devices. Safety wire,
self-locking nuts, cotter pins, lock-washers, and liquid-locking compounds shall be acceptable.
21-2.6 Breathing Air Systems.
21-2.6.1 Each part utilized in the fabrication of the air system and its components shall be
designed for use in compressed breathing air service at pressures, temperatures, and flow rates to
be encountered during actual air system operation.
21-2.6.2 Discharge air from a compressor shall pass through a purification system prior to
distribution.
21-2.6.3 Prior to the initial air quality test and commissioning, the breathing air system shall be
purged with sufficient quantities of pure air or nitrogen to remove moisture and other
contaminants.
21-2.7 General Piping and Installation.
21-2.7.1 All pneumatic fittings, tubing, and hoses shall be rated for the maximum allowable
working pressure that could be encountered, with a test safety factor of not less than 3 to 1.
21-2.7.2 All pneumatic fittings, tubing, and hoses shall be corrosion resistant or treated to resist
corrosion.
21-2.7.3 No threaded close nipples shall be used. Plugs shall be bar stock type with hex heads.
21-2.7.4 All piping and tubing shall be blown clean with clean, dry air before it is installed.
21-2.7.5 When making up threaded piping joints, the sealant shall be applied to the thread in a
manner that will prohibit entry of the sealant into the piping system.
21-2.7.6 Pipes or tubes installed, but not connected, shall have the ends closed with threaded
caps or plugs to prevent the entry of foreign material.
21-2.7.7 All rigid piping compressed air lines shall be secured to a rigid body or chassis
component at a minimum of every 16 in. (400 mm) and within 4 in. (100 mm) on each side of a
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coupling or elbow. Rigid piping shall run in an orderly manner with a minimum of bends and
elbows. The piping installation shall provide room for maintenance and repairs with easy access
panels provided where applicable.
21-2.8
Flexible hose shall be installed in such a manner as to prevent cuts, abrasions, exposure to
damage, excessive temperatures, damage from loose equipment, and excessive bending. The
hose shall be installed in a manner that permits removal of the hose without removal of major
vehicle components or vehicle mounted equipment.
21-2.9 Parts.
21-2.9.1 Gauges, instruments, and valves shall be located and oriented for maximum visibility.
Any instrument that is to be used as a basis for manual control shall be visible from the manual
controlling device.
21-2.9.2 Pressure gauges or other devices shall not be mounted directly on lines where excessive
vibration is likely to be present. With the exception of direct connected process instruments
(e.g., pressure gauges), instruments shall not use instrument piping or electrical conduit for
support.
21-2.9.3 Any gauge shall be capable of reading at least 10 percent but not greater than 50 percent
higher than any safety relief valve settings on lines supplying those gauges.
21-2.10 Maintainability.
The design of the air system shall provide for maintainability by including, but not necessarily
being limited to, the following maintainability objectives and technical and operational
constraints:
(a) The design shall be such that faults can be isolated to access removable assemblies or
components.
(b) Fuses, if used, shall be readily accessible.
(c) The physical arrangement of components shall be such that they can be inspected, serviced,
calibrated, and, if necessary, adjusted without removing them and with minimum disturbance to
other parts.
(d) The design shall be such that inspection, service, and replacement can be accomplished
using a minimum of special tools and support equipment. If special tools are required, they shall
be supplied by the manufacturer.
(e) Adequate test points shall be provided to facilitate malfunction isolation and the connection
of calibration instrumentation.
21-2.11 Instructions, Labeling, and Manuals.
21-2.11.1 All major components and accessories shall be clearly identified and labeled.
Appropriate caution and warning labels shall be affixed where necessary to advise the users how
to safely operate and adjust the equipment.
21-2.11.2 Knobs, gauges, valves, and other equipment shall be clearly marked as to function and
operation.
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21-2.11.3 The manufacturer of the air system shall provide schematics or drawings that
document the system and its operation. Any symbols used shall be described in a key chart on
the drawing. All schematics and drawings shall be delivered with the fire apparatus. The
following information shall be shown:
(a) The general arrangement of the system;
(b) The electrical wiring and controls;
(c) The air control panel surface showing all controls, gauges, valves, outlets, and other
specified equipment;
(d) The piping system showing all valves, gauges, controls, cylinders or vessels, piping, and
specified equipment.
21-2.11.4 Two complete manuals that document the operation and maintenance of the system
shall be provided. Nomenclature for switches, controls, and indicators shall be consistent with
that used on the schematics and diagrams required in 21-2.11.3 and on equipment nameplates.
The manuals shall include, but not necessarily be limited to, the following:
(a) An illustrated parts lists;
(b) A schedule of maintenance and adjustment checks;
(c) A lubrication schedule;
(d) Troubleshooting information to enable a technician to locate trouble and to make repairs or
adjustments to the equipment;
(e) Step-by-step procedures for starting, operating, and stopping the equipment.
21-3* Breathing Air Compressor.
21-3.1
The purchaser shall determine the working pressure and capacity required from the compressor
and state those requirements in the purchase specifications.
21-3.2 Compressor Intake.
21-3.2.1* The air intake shall be located where it will not be contaminated by the exhaust of the
vehicle or the exhaust of the gasoline or diesel engines used to power the compressor or other
components on the apparatus.
21-3.2.2 If an extended air intake pipe is used, it shall be installed in accordance with the
compressor manufacturer's specifications.
21-3.3 Cooling.
21-3.3.1 The compressor shall be installed in the vehicle in accordance with the compressor
manufacturer's specifications and in a manner that does not inhibit cooling efficiency.
21-3.3.2 The compressor shall be either air-cooled or water-cooled.
21-3.3.3 The temperature of the compressed air shall not exceed 25°F (14°C) above ambient
when measured at the discharge nozzle of the compressor aftercooler.
21-3.4
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A relief valve shall be provided after each stage of compression.
21-3.5
If interstage condensate traps are provided by the compressor manufacturer, they shall be
plumbed to a common automatic drain system.
21-3.6 Compressor Controls.
21-3.6.1 All compressors shall have switches that activate audible and visual alarms, shut down
the compressor, and prevent automatic restart when any of the following conditions occur:
(a) Low oil level or low oil pressure;
(b) Discharge air temperature is higher than recommended by the manufacturer;
(c) Moisture in the compressed air at the purification system outlet exceeds 24 ppm;
(d) Carbon monoxide level within the processed air exceeds 10 ppm.
21-3.6.2 All compressors shall be equipped with:
(a) An air pressure switch that controls the maximum operating pressure;
(b) Interstage pressure gauges after each compression stage;
(c) Final stage pressure gauge;
(d) An oil pressure gauge on pressure lubricated compressors or an oil level indicator or device
on nonpressure oil-type compressors;
(e) An electric, nonresettable hourmeter(s).
21-3.6.3 Compressors with electric motors shall be equipped with:
(a) Magnetic motor starter with motor overload protection;
(b) Protective control to prevent automatic restart after power loss has been restored.
21-3.6.4 Compressors with gasoline and diesel engines shall be equipped with:
(a) A means to allow the engine to be started, idled, and run with the compressor disengaged
or unloaded;
(b) An electric, nonresettable hour meter to record engine operating hours.
21-3.7
The compressor and driver assembly shall be mounted to a subassembly with shock mounts to
provide vibration-dampening. The compressor frame shall have provision for safe handling or
lifting. Frames for compressors with vee belt drives shall include a means to adjust the vee belt
tension.
21-3.8
The air compressor shall have a standard nameplate, securely affixed in a conspicuous
location, showing the name and address of the manufacturer, serial number and model number,
the date of manufacture, and the rated capacity.
21-4 Purification System.
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If the compressed air system is to supply breathing air, a purification system that meets the
requirements of 21-4.1 through 21-4.7 shall be installed.
21-4.1
If the processed air is to be used for fire fighting, the purification system shall produce
breathing air that meets the requirements of Grade D breathing air as specified by CGA G-7.1,
Commodity Specification for Air, and NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program.
21-4.2
If the processed air to be used for underwater diving, the purification system shall produce
breathing air that meets the requirements of Grade E breathing air as specified by CGA G-7.1,
Commodity Specification for Air.
21-4.3
The purification system shall be capable of producing the required air quality at full capacity
of the compressor for a minimum of 50 hours with inlet air of 80°F (27°C) at saturation. The
purification system shall be equipped with purifier cartridges and filter elements. The design of
the purification system shall permit replacement of the mechanical separator filter and the
purifier cartridges without disconnecting piping or other components.
21-4.4
A relief valve shall be provided in the purification system, set no higher than 10 percent above
the maximum allowable working pressure.
21-4.5
A mechanical separator shall be provided and shall be piped to the automatic drain system. A
check valve shall be installed between the mechanical separator and the remainder of the
purification system.
21-4.6
The mechanical separator and the purifier housings shall be designed for a 3:1 safety factor at
their maximum allowable working pressure. The mechanical separator and the purifier housings
shall be corrosion resistant or treated to resist corrosion. An upstream valve and pressure gauge
shall be installed ahead of the purifier to control and monitor depressurization before service.
21-4.7
A pressure regulator valve (back pressure regulator or minimum pressure valve) with a
minimum setting of 2000 psi (13,790 kPa) shall be installed in the purification system
downstream of the mechanical separator and purifier housings. A piping connection shall be
provided downstream of the pressure regulator valve to provide an air sample for the air quality
monitors. A line valve shall be installed on the purifier outlet to isolate the purifier from the
remainder of the system during inspection, maintenance, and repairs.
21-5 Air Storage Systems.
21-5.1
Air tanks (DOT tanks or ASME pressure vessels) shall comply with Title 29, Code of Federal
Regulations (CFR), paragraph 1910.169, "Air Receivers."
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21-5.2
Transportable air tanks shall comply with Title 49, Code of Federal Regulations (CFR),
paragraph 178.37, or Title 29, Code of Federal Regulations (CFR), paragraph 1910.169. Relief
valves shall be furnished in compliance with ASME Boiler and Pressure Vessel Code, Section
VIII.
21-5.3
Valves installed on air tanks shall meet the requirements of the Compressed Gas Association
regarding pressure and usage with compressed air.
21-5.4
Air tanks shall be permanently stamped or identified in accordance with DOT or ASME
regulations.
21-5.5
The manufacturer's test date (month and year) identified on each air tank shall be current
within 12 months of the apparatus delivery date.
21-5.6
Air tanks shall be clearly marked "High Pressure ____ PSI Breathing Air."
21-5.7 Air Tank Mounting.
21-5.7.1 Air tanks shall be securely mounted in an arrangement that will hold the tanks in all
types of mobile use, including rough roads and terrain. A protective device(s) shall be provided
to protect the air tank valve(s) and associated piping from damage as a result of accidental
impact. The protective device(s) shall not prevent access for operation and inspection.
21-5.7.2 The air tank mounting shall facilitate removal of air tanks for inspection, testing, or
service. Under no circumstances is an air tank to be located in an inaccessible location. Air
tanks shall be so installed that all openings and associated piping are accessible. Air tanks shall
be supported with sufficient clearance to permit a complete inspection of external surfaces. The
air tank location shall be away from any heat-producing devices such as the generator engine or
exhaust.
21-5.8 Air Tank Valve Control and Monitoring.
21-5.8.1 A valve(s) shall be provided to control airflow into and out of the storage system (if
applicable).
21-5.8.2 A separate inlet connection shall be provided to permit refilling the storage system from
a remote source. The inlet connection fitting shall be compatible with the rated pressure of the
storage system as specified by CGA G-7, Compressed Air for Human Respiration, and shall be
equipped with a dust cap with chain and "pin hole" to release leaking pressure when not in use.
A check valve or a line valve shall be provided on the inlet connection.
21-5.8.3 Gauges shall be provided for monitoring pressures from the air storage system or
individual air tanks specified by the authority having jurisdiction.
21-6* Air Booster Systems.
21-6.1
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Line valves shall be provided at the air control panel or on air booster to control the booster
inlet air supply line and the booster discharge airflow. A pressure gauge shall be provided on the
supply line and the discharge line from the booster.
21-6.2
A safety valve or high pressure switch shall be installed on the discharge side of the air
booster. The pressure setting on this valve or switch shall not exceed the maximum allowable
working pressure of the booster, the booster's distribution piping, or the air system components.
21-7 Air Supply Regulation.
21-7.1*
The following arrangement shall be provided at any location in the air system where the air
pressure is over 300 psig (2068 kPag) and it is necessary to regulate the air pressure.
(a) One air pressure gauge marked "Supply Pressure" between the air supply line valve and the
pressure regulator;
(b) One slow operating air supply valve on the intake supply line;
(c) One adjustable pressure regulator equipped with a device to prevent inadvertent or
accidental adjustment;
(d) One air pressure gauge downstream of the pressure regulator;
(e) One pressure relief valve preset at not over 10 percent above the pressure regulator output
setting;
(f) A warning label shall be installed next to the pressure regulator to indicate the setting of the
relief valve.
21-7.2
Controls and instruments shall be located on an air control panel.
21-7.3
A label that warns against setting the regulator to an excessive pressure shall be installed
adjacent to any hand-adjustable regulator.
21-8 Air Control Panel.
21-8.1
The air control panel and system piping arrangement for a compressor supplied breathing air
system shall allow the operator to perform the following functions:
(a) Fill the storage system directly from the compressor/purification system.
(b) Fill SCBA cylinders directly from the compressor/purification system.
(c) Fill SCBA cylinders directly from the storage system/air booster.
(d) Utilize the "cascade method" or "bulk fill method" of filling SCBA cylinders, as desired.
(e) By-pass filling of the storage system to "top-off" SCBAs directly from the
compressor/purification system.
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(f) Regulate the maximum SCBA fill pressure.
(g) Meter airflow to control the SCBA fill rate.
(h) Take an air sample to check air quality (at panel or at end of air reel hose, if applicable).
21-8.2
The air control panel and system piping arrangement for a cascade system shall allow the
operator to perform the following functions:
(a) Fill the storage system directly from a remote air compressor.
(b) Fill SCBA cylinders directly from a remote air compressor.
(c) Fill SCBA cylinders directly from the storage system/air booster.
(d) Utilize the "cascade method" of filling SCBA cylinders.
(e) Regulate the maximum SCBA fill pressure.
(f) Meter airflow to control the SCBA fill rate.
(g) Take an air sample to check air quality (at panel or at end of air reel hose, if applicable).
21-8.3
Gauges, valves, and other controls shall be marked to indicate their use, normal pressure, and
operating instructions.
21-9 SCBA Fill Station.
21-9.1
An area shall be provided to retain SCBA cylinders during refilling. If a fragmentation tube is
provided, it shall be designed to direct all material away from operator in the event of a cylinder
failure.
21-9.2
Pressure gauges, pressure regulating devices, and controls shall be provided to allow the
operator to control the SCBA cylinder fill pressure and fill rate on each SCBA fill hose. A
valve(s) on a fill line(s) shall be a slow operating valve. The SCBA fill hose shall have a
retaining device on the system to prevent injury to the operator if the fill valve is opened when
the fill line is not connected to a cylinder.
21-9.3
A separate bleeder and flow restriction device shall be provided on each SCBA fill hose.
21-10 Air Hose Reels.
21-10.1*
Any permanently mounted air hose reel shall be certified by the reel manufacturer for use at
the maximum expected working pressure with a safety factor of at least 3 to 1.
21-10.2
The air reel swivel joint, connecting feed hose, check valve, and air supply equipment shall be
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rated for the maximum working pressure with a safety factor of at least 3 to 1.
21-10.3
The air hose reel shall be designed to hold at least 110 percent of the intended hose length with
a minimum capacity of 100 ft (30 m).
21-10.4
The air hose reel shall have a minimum of 1/2 in. (13 mm) I.D. fluid path with a full flow style
swivel joint and an appropriate hose connection sized to match the intended hose size.
21-10.5
The reel shall be labeled for its intended use and indicate the following:
(a) Utility air or breathing air;
(b) Operating pressure;
(c) Total hose length;
(d) Hose size (ID).
21-10.6 Air Supply to Air Reel.
21-10.6.1 The following equipment shall be provided on the intake air supply line to the reel
where the air supply pressure is up to 150 psig (1034 kPag):
(a) One air pressure gauge;
(b) One slow operating air supply valve;
(c) One check valve.
21-10.6.2 The following equipment shall be provided on the intake air supply line to the reel
where the air supply pressure is between 151 psig (1041 kPag) and 300 psig (2068 kPag):
(a) One air pressure gauge upstream of the air pressure regulating device;
(b) One slow operating air supply valve;
(c) One adjustable pressure regulator equipped with a device to prevent inadvertent or
accidental adjustment;
(d) One downstream pressure gauge [0 psi to 500 psi (0 kPa to 3448 kPa) range].
21-10.6.3 The following equipment shall be provided on the intake air supply line to the reel
where the air supply pressure is over 300 psig (2068 kPag):
(a) One air pressure gauge upstream of the air pressure regulating device;
(b) One slow operating air supply valve;
(c) One adjustable pressure regulator equipped with a device to prevent inadvertent or
accidental adjustment;
(d) One downstream pressure gauge;
(e) One preset pressure relief valve set at not over 10 percent above maximum working
pressure.
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21-10.7
The inlet to an air hose reel with an operating pressure of over 300 psig (2068 kPag) shall have
a flow limiting device, such as a velocity type valve, or a manually adjustable orifice type valve.
The device shall be adjusted to restrict excessive flow and located or covered to prevent
readjustment. The metering device shall not be used for normal shutoff valve purposes.
21-10.8
The final assembler of the air hose reel assembly and installation shall test the completed
system to determine the actual airflow (cfm), air pressure (psi), and duration at the noted
pressure and airflow. A permanent label shall be installed adjacent to the air reel controls to
indicate the maximum airflow (cfm), air pressure range (psi), and duration.
21-10.9 Air Reel Installation.
21-10.9.1 Reels installed in concealed locations shall be easily accessible for maintenance and
servicing, hose access, and reel removal.
21-10.9.2 The hose reel spool area shall be visible to the rewind operator.
21-10.9.3 Rollers and guides shall be installed, where necessary to prevent damage to the hose at
the reel spool or compartment openings, and to allow easy deployment and rewinding of the
hose.
21-10.9.4 Reels shall be installed in such a manner as not to expose the operator to the rewind
components.
21-10.9.5 Manually operated reels shall have an operable hand crank with its central midpoint or
centerline located not over 72 in. (1830 mm) above the ground or platform that is designed to
serve as the operator's standing position.
21-10.9.6 Switches for power rewind type reels shall be located in a position that allows the
operator to safely rewind the hose. The rewind control shall be not over 72 in. (1830 mm) above
the operator's standing position. The rewind control shall be labeled for function and suitably
guarded to prevent accidental activation.
21-10.10* Low Pressure Breathing Air Reel.
21-10.10.1 The regulation of the output pressure from the breathing air reel shall be at the reel or
at an air control panel.
21-10.10.2 No shutoff valves or flow control valves shall be installed downstream of the
pressure regulator except at the end of the hose.
21-10.10.3 The low pressure breathing air supply shall be equipped with a low air pressure
audible warning device on the air supply.
21-11 Air Hose.
21-11.1*
All air hose and couplings shall be certified by the hose manufacturer for its intended use and
shall have a pressure rating equal to or greater than the highest pressure expected to be
encountered as input to the hose with a test safety factor of at least 3 to 1.
21-11.2
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Where the hose is attached to an air reel, it shall be done in a manner that allows for its
removal.
21-11.3
The discharge end of any high pressure breathing air hose shall have a slow operating valve
with a right-hand female thread appropriate for the air cylinders to be refilled and a removable
threaded dust plug attached with a chain. The discharge end of other types of air hose shall have
a slow operating valve and a threaded connection or a quick disconnect type connection.
21-11.4
The ends of the hose shall be color coded or labeled to designate the operating pressure of the
hose. If color coding is used, coding shall be as follows:
Blue — utility air hose up to 300 psig (2068 kPag);
White — breathing air hose up to 300 psig (2068 kPag);
Yellow — breathing air hose from 301 psig to 3000 psig (2075 kPag to 20 685 kPag);
Red — breathing air hose over 3000 psig (20 685 kPag).
21-11.5
Low pressure breathing air hose shall be a minimum 1/4 in. (6 mm) inside diameter with a
maximum hose length of not more than 300 ft (91 m).
21-11.6
Utility air hose shall be of a flexible type, with a scuff abrasion-resistant outer covering. The
hose shall be oil resistant and shall be compatible with oil, alkalis, kerosene, paraffin, grease, and
salt solutions.
21-11.7
The hose connections for utility air hose shall not be the same as for low pressure breathing air
hose or high pressure air hose.
21-12* Low Pressure Utility Air Supply.
Where the air reel or air outlets are supplied by the chassis air brake system, the air supply
shall be from an auxiliary air circuit that is equipped with a pressure protection valve (PPV) and
auxiliary air tanks.
21-13 Remote Breathing Air Systems.
Remote breathing air systems for aerial ladders, elevating platforms, pump panels, or other
remote locations shall comply with 21-13.1 through 21-13.7.
21-13.1
A breathing air system shall be designed to supply breathing air for a minimum of two
personnel at the specified location.
21-13.2
The system shall include storage for at least 400 ft3 (11.3 m3) of breathing air. The cylinder(s)
shall be manufactured, installed, and used in accordance with the U.S. Department of
Transportation (DOT) requirements as defined in Title 49, Code of Federal Regulations, Section
178, Subpart C.
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21-13.3
All components of the piping system shall be designed for a pressure rating of three times the
working pressure that they are expected to carry. The piping system shall be arranged with a
high pressure regulator at the air supply that shall limit the air pressure in the piping to that
required to produce 125 psig (862 kPag) at the outlet point. All piping, valves, and components
shall be fabricated of corrosion-resistant materials and shall be sized to ensure an adequate
supply at the point of use. A pressure relief valve set to relieve the pressure at 11/2 times the
working pressure of the piping system in the event of regulator failure shall be provided on the
downstream side of the high pressure regulator.
21-13.4
All valves, pressure regulators, and gauges shall be protected from accidental damage. The
piping or hose system between the air cylinder(s) and point of use shall be installed to prevent
damage due to abrasion, bending, or pinching.
21-13.5
Suitable holders shall be provided for the storage of the breathing air equipment when it is not
in use.
21-13.6
A low air warning system shall be provided that monitors the air volume and provides an
audible warning when the air volume is at or below 20 percent. On aerial devices, this shall be
provided at both the upper and lower control stations.
21-13.7
The contractor shall deliver the apparatus with air at least 100 psig (690 kPag) of breathing air
in the system.
21-14* Testing.
The complete system shall be tested by the installer. Test results shall be submitted to
purchaser at the time of delivery.
21-14.1
If the air system includes a compressor, the system shall be tested to ensure it meets or exceeds
the requirements for air quality and output.
21-14.2
If the air system has an air purification component, the discharge air shall be tested to ensure it
is of the proper grade and that the following contaminants are within acceptable levels:
(a) Carbon monoxide;
(b) Carbon dioxide;
(c) Moisture;
(d) Oil;
(e) Odor.
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Chapter 22 Winches
22-1 General.
If a chassis mounted winch is installed on the apparatus, it shall meet the requirements of this
chapter and SAE J706, Rating of Winches.
22-2 Rating.
22-2.1*
The winch shall have a minimum single line pull rating of 6000 lb (26.7 kN).
22-2.2
The winch shall have a minimum wire rope length of 100 ft (30 m). The wire rope shall be of
a type and size recommended by the winch manufacturer. The wire rope assembly, including all
hardware such as clevises, hooks, and snatch blocks provided for attachment to the winch, shall
have a breaking strength greater than the line pull capacity of the winch.
22-3 Electric Powered Winches.
22-3.1 Controls.
22-3.1.1* Control of the electric motor shall be by means of a handheld switch with forward,
neutral and reverse positions. The switch shall be located at the end of a minimum 25 ft (7.6 m)
electrical cord that plugs into a receptacle near the winch location. Alternately, the switch shall
be permitted to be located on a handheld transmitter of a Federal Communications Commission
approved radio frequency winch control device.
22-3.1.2 A free-spooling clutch shall be provided in addition to the remote-control device if the
winch is not visible to the operator.
22-3.2 Power Supply.
Dedicated power and ground circuits shall be utilized. Wiring shall be sized in accordance
with the manufacturer's installation instructions and 9-2.1 of this standard.
22-4 Hydraulic Winches.
22-4.1
All hydraulic hoses shall be designed for hydraulic pressures encountered for the specified
hydraulic components. Hoses shall be wire-braided type, with a female swivel on one end.
22-4.2 Hydraulic Tanks.
22-4.2.1 The hydraulic fluid tank shall be of sufficient size to prevent overheating of the fluid or
cavitation of the hydraulic pump at its maximum output level.
22-4.2.2 The tank shall permit visual checking of the fluid level and easy refilling. The fill point
shall have a label permanently attached near the fill point stating the hydraulic oil quantity and
type.
22-4.2.3 A drain plug shall be installed to permit complete draining of the tank.
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22-4.2.4 A tank return line diffuser shall be installed in the tank. A tank swash partition shall be
installed in the tank between the suction and return lines.
22-4.2.5 A vent shall be supplied and shall be designed to prevent dirt and moisture from
entering the tank.
22-4.3
The system shall be equipped with necessary filters and strainers to keep the hydraulic fluid
within the cleanliness requirements necessary for good operation of the hydraulic system.
22-4.4*
The winch shall be equipped with clutch assembly to permit free-spooling and quick removal
of cable. This control shall be easily accessible, without reaching under the apparatus. If the
winch is installed under the vehicle, it shall be remotely controlled.
22-4.5 Driving Compartment Controls.
22-4.5.1 The hydraulic pump engagement controls shall be located in the driving compartment
and shall be labeled as to their purpose and use.
22-4.5.2 A red light shall be installed in the driving compartment to indicate when the winch
drive system is engaged.
Chapter 23 Referenced Publications
23-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
23-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 70, National Electrical Code, 1996 edition.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1914, Standard for Testing Fire Department Aerial Devices, 1991 edition.
NFPA 1931, Standard on Design of and Design Verification Tests for Fire Department
Ground Ladders, 1994 edition.
NFPA 1961, Standard for Fire Hose, 1992 edition.
NFPA 1963, Standard for Fire Hose Connections, 1993 edition.
NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters,
1992 edition.
NFPA 1983, Standard on Fire Service Life Safety Rope and System Components, 1995 edition.
23-1.2 Other Publications.
23-1.2.1 ANSI Publication. American National Standards Institute, Inc., 1430 Broadway, New
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York, NY 10018.
ANSI Z535.4, Product Safety Signs and Labels, 1991.
23-1.2.2 ASME Publications. American Society of Mechanical Engineers, 345 East 47th Street,
New York, NY 10017.
ASME Boiler and Pressure Vessel Code, Section VIII, Division 1 and Division 2, 1995.
ASME B40.1, Gauges — Pressure Indicating Dial Type — Elastic Element, 1991.
23-1.2.3 ASNT Publication. American Society for Nondestructive Testing, Inc., 4153 Arlingate
Plaza, Columbus, OH 43228.
ASNT CP-189, Standard for Qualification and Certification of Nondestructive Testing
Personnel, 1991.
23-1.2.4 ASTM Publications. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM B 647, Standard Test Method for Indentation Hardness of Aluminum Alloys by Means
of a Webster Hardness Gauge, 1984.
ASTM B 648, Standard Test Method for Indentation Hardness of Aluminum Alloys by Means
of a Barcol Impressor, 1978.
ASTM D 4956, Standard Specification for Retroreflective Sheeting for Traffic Control, 1995.
ASTM E 6, Standard Terminology Relating to Methods of Mechanical Testing, 1989.
ASTM E 10, Standard Test Method for Brinell Hardness of Metallic Materials, 1993.
ASTM E 18, Standard Test Methods for Rockwell Hardness and Rockwell Superficial
Hardness of Metallic Materials, 1994.
ASTM E 92, Standard Test Method for Vickers Hardness of Metallic Materials, 1982.
ASTM E 114, Standard Practice for Ultrasonic Pulse-Echo Straight-Beam Examination by the
Contact Method, 1995.
ASTM E 165, Standard Test Method for Liquid Penetrant Examinations, 1995.
ASTM E 569, Standard Practice for Acoustic Emission Monitoring of Structures During
Controlled Stimulation, 1985.
ASTM E 650, Standard Guide for Mounting Piezoelectric Acoustic Emission Sensors, 1985.
ASTM E 709, Standard Guide for Magnetic Particle Examination, 1995.
ASTM E 797, Standard Practice for Measuring Thickness by Manual Ultrasonic Pulse-Echo
Contact Method, 1994.
ASTM E 1004, Standard Test Method for Electromagnetic (Eddy-Current) Measurements of
Electrical Conductivity, 1991.
ASTM E 1032, Standard Method for Radiographic Examination of Weldments, 1992.
23-1.2.5 AWS Publications. American Welding Society, Inc., 550 N.W. Lejunne Road, P.O.
Box 351040, Miami, FL 33135.
AWS B1.10, Guide for Nondestructive Inspection of Welds, 1986.
AWS D1.1, Structural Welding Code — Steel, 1994.
AWS D1.2, Structural Welding Code — Aluminum, 1990.
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AWS D1.3, Structural Welding Code — Sheet Steel, 1989.
23-1.2.6 Compressed Gas Association Publications. Crystal Gateway 1, Suite 501, 1235
Jefferson Davis Highway, Arlington, VA 22202.
G-7, Compressed Air For Human Respiration, 1990.
G-7.1, Commodity Specification for Air, 1989.
23-1.2.7 SAE Publications. Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale, PA 15096.
SAE J156, Fusible Links, 1994.
SAE J348, Standard for Wheel Chocks, 1990.
SAE J541, Voltage Drop for Starting Motor Circuits, 1989.
SAE J551, Performance Levels and Methods of Measurement of Electromagnetic Radiation
from Vehicles and Devices (30-1000 MHZ), 1990.
SAE J553, Circuit Breakers, 1992.
SAE J554, Electric Fuses (Cartridge Type), 1987.
SAE J575, Test Methods and Equipment for Lighting Devices and Components for Use on
Vehicles Less than 2032 mm in Overall Width, 1992.
SAE J578, Color Specification, 1995.
SAE J595, Flashing Warning Lamps for Authorized Emergency, Maintenance, and Service
Vehicles, 1983.
SAE J683, Tire Chain Clearance — Trucks, Buses (except Suburban, Intercity, and Transit
Buses), and Combinations of Vehicles, 1985.
SAE J690, Certificates of Maximum Net Horsepower for Motor Trucks and Truck Tractors,
1965.
SAE J706, Rating of Winches, 1990.
SAE J833, Human Physical Dimensions, 1989.
SAE J845, 360 Degree Warning Devices for Authorized Emergency, Maintenance, and Service
Vehicles, 1992.
SAE J994, Alarm — Backup — Electric, Laboratory Performance Testing, 1993.
SAE J1054, Warning Lamp Alternating Flashers, 1994.
SAE J1127, Battery Cable, 1995.
SAE J1128, Low Tension Primary Cable, 1995.
SAE J1292, Automobile, Truck, Truck-Tractor, Trailer, and Motor Coach Wiring, 1981.
SAE J1318, Gaseous Discharge Warning Lamp for Authorized Emergency, Maintenance, and
Service Vehicles, 1986.
SAE J1330, Photometry Laboratory Accuracy Guidelines, 1994.
SAE J1517, Driver Selected Seat Position, 1990.
SAE J1560, Low Tension Thin Wall Primary Cable, 1992
SAE J1849, Emergency Vehicle Sirens, 1989.
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SAE J1888, High Current Time Lag Electric Fuses, 1990.
SAE J2077, Miniature Blade Type Electrical Fuses, 1990.
23-1.2.8 UL Publications. Underwriters Laboratories Inc., 333 Pfingsten Road, Northbrook, IL
60062.
UL 62, Standard for Safety Flexible Cord and Fixture Wire, 1991.
UL 498, Standard for Safety Attachment Plugs and Receptacles, 1991.
23-1.2.9 U.S. Government Publications. Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402.
Title 29, Code of Federal Regulations, 1910.169, "Air Receivers."
Title 49, Code of Federal Regulations, Part 571, Federal Motor Vehicle Safety Standards
(FMVSS).
No. 108, Lamps, reflective devices, and associated equipment.
No. 121, Air brake systems.
No. 206, Door locks and door retention components.
No. 209, Seat belt assemblies.
No. 210, Seat belt assembly anchorages.
No. 302, Flammability of interior materials.
Title 49, Code of Federal Regulations, Part 178C, "Specifications for Cylinders."
Title 49, Code of Federal Regulations, 178.37, Specification 3AA, "Seamless Steel Cylinders
Made of Definitely Prescribed Steels"; or 3AAX, "Seamless Steel Cylinders Made of Definitely
Prescribed Steels of Capacity over 1000 Pounds of Water Volume."
Title 49, Code of Federal Regulations, 393.94(c), "Test Procedure for Vehicle Interior Noise
Levels."
23-1.2.10 TRA Publication. The Tire and Rim Association, Inc., 3200 West Market Street,
Akron, OH 44313.
TRA Yearbook.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1 The term "new" as applied in this standard is intended to refer to the original construction
of a fire apparatus. It is not intended that this standard be applied retroactively to existing
apparatus. However, if major renovations are made to an existing piece of apparatus, it is
suggested that the apparatus be brought into line with this standard as closely as possible.
A-1-3 The purchase of new fire apparatus involves a major investment and should be treated as
such. Fire apparatus are complex mechanical equipment that should not be purchased in a
haphazard manner. A purchase should be made only after a detailed study of the fire
department's apparatus needs, taking into consideration other equipment the department owns or
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plans to buy.
The local fire chief and fire department staff know the conditions under which the apparatus
will be used. However, competent advice should also be obtained from knowledgeable and
informed sources such as other experienced fire service personnel, trade journals, training
instructors, maintenance personnel, and fire equipment and component manufacturers. The fire
insurance rating authority should also be consulted.
The study should look not only at current operations and risks protected but also at how these
might change over the life of the fire apparatus.
Writing the Specifications. This standard provides the minimum technical requirements that
new fire apparatus are expected to meet. It is recognized that many purchasers will desire
additional features of operation over and above these minimum requirements. The requirements
in this standard, together with the appendix material, should be carefully studied. Details, such
as anywhere that the apparatus being specified must exceed the minimum requirements or where
a specific arrangement is desired, should be carefully defined in the specifications for the
apparatus. This might include special performance requirements, defining the number of seats
and the seating arrangement for fire fighters riding on the apparatus, or the provision of space for
extra hose or equipment the apparatus will be required to carry.
The first consideration in the design of a fire apparatus are the "fixed equipment" components.
These major "support function" components could represent the concentrated and heaviest load
elements of the vehicle. It is vital these elements be laid out in the early initial designs and
situated on the vehicle to provide for the following:
(a) Good load distribution;
(b) Balance (both front to rear, and right to left);
(c) Low center of gravity.
These fixed components could be located in exterior compartments or the interior of the
vehicle to be "functional" and organized in a layout to be "user friendly" in emergency
applications. Specifically, the following fixed equipment are examples of this:
(a) Electrical generators;
(b) Water tanks, fire pumps, and other fire-fighting equipment;
(c) Air cascade or compressors;
(d) Reels of all types.
A major support function of any fire apparatus, no matter the type, is the "portable equipment."
This is why this document places so much emphasis on final GVWR and carrying capacity of the
completed vehicle, which includes both fixed and portable equipment.
The listings of portable and fixed equipment is so variable, depending upon the mission of the
vehicle, the fire department must measure and weigh their "specific" equipment.
The fire department should classify the equipment as follows:
(a) "Existing" equipment to be carried;
(b) "Proposed" new equipment to be carried;
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(c) "Future expansion" equipment that might be carried in the future.
In this way, an adequate GVWR of the chassis can be provided to ensure the vehicle will not
be overloaded in the future.
After determining the list of present, proposed, and future portable equipment, the fire
department should analyze the "actual" cubic foot space necessary for the portable equipment.
The following factors that will increase required cubic foot of storage and size of body should be
considered:
(a) Compartment door and box pan interference;
(b) Mounting implications;
(c) Compartment shelving;
(d) Slide trays;
(e) Components of body as compartment flanges, notches, and other interferences that affect
removal of equipment from body;
(f) Ventilation of generator, air compressor, or other equipment.
The actual usable space in compartments also should be considered, in addition to the
individual cubic feet for each item of equipment to be carried.
Where local operating conditions necessitate apparatus of unusual design, the purchaser needs
to define carefully the special requirements in the specifications. Height, width, under-vehicle
clearance, wheel base, turning radius, length, etc., might occasionally need special attention. For
example, a community with many narrow, winding streets should have apparatus capable of
readily negotiating switchbacks without delay.
This standard is designed to ensure sound equipment that is capable of good performance, with
inclusion of restrictive features only where needed to specify minimum requirements. The tests
are an important feature and the results should be carefully analyzed to ensure that the completed
apparatus meets the specified performance.
Since the passage of Public Law 89-563, the National Traffic and Motor Vehicle Safety Act of
1966, the federal government has adopted certain motor vehicle safety standards applicable to all
manufacturers of trucks, including fire apparatus. It is unlawful for a manufacturer to deliver a
truck not in compliance with these federal standards. These federal safety standards are
frequently changed, and their provisions make the incorporation of certain features and devices
mandatory. Apparatus manufacturers face substantial penalties for infraction of these rules and,
therefore, cannot build to specifications that would require them to perform unlawfully or to
delete required items or to include any that are illegal.
Additional requirements are placed on both apparatus and engine manufacturers by the Clean
Air Act, which is enforced by the Environmental Protection Agency. These EPA standards have
resulted in major changes in the performance of many engines. Neither the engine manufacturer
nor the apparatus manufacturer are permitted to modify engines once they are certified to EPA
standards. Because of the EPA standards, it is often necessary to install larger engines than might
have been previously used in order to obtain the same apparatus performance.
Many apparatus purchasers find it desirable to provide for an interim inspection at the
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apparatus assembly plant. The advantages of such a provision include the opportunity to evaluate
construction prior to final assembly and painting. The specifications should detail the particulars
of such an inspection trip.
The chief of the fire department (or a designated representative) normally exercises the
acceptance authority following satisfactory completion of tests and inspections for compliance
with purchase specifications. The specifications should provide details of delivery expectations,
including the desired training, the required acceptance tests, and who is responsible for the
various costs associated with the delivery and acceptance.
Training of designated fire department personnel is essential to ensure that the purchaser and
user are aware of, and instructed in, the proper operation, care, and maintenance of the apparatus
acquired. This training should provide the initial instruction on the new apparatus. The training
is typically delivered by a qualified representative of the contractor in the user's community. The
specifications should clearly identify the arrangement for furnishing the training, including
where it is to be provided, its duration, and what training aids, such as video tapes or training
manuals, are to be furnished.
The purchaser should also define in the specifications, the warranty desired for the completed
apparatus. The warranty is a written guarantee of the integrity of the apparatus or its components
that defines the manufacturer's responsibility within a given time period. The warranty is
sometimes extended for a second warranty period beyond the terms of the basic warranty for
specific components, such as the engine, pump, frame, water tank, etc. If a secondary
manufacturer is involved in modifying components that are warranted by the original
manufacturer, the responsibility for warranty work should be clearly understood by the original
manufacturer, the secondary manufacturer, the contractor, and the purchaser.
The purchaser might want a warranty bond to ensure that any warranty work will be
performed, even if the apparatus manufacturer should go out of business. A warranty bond is a
third-party secured bond established by the manufacturer before delivery of a vehicle to
guarantee workmanship, quality of material, or other stated performance of the vehicle
components.
Finally, it is recommended that the fire chief, fire department staff, or committee assigned to
develop the specifications consult with the purchaser's attorney, engineer, and other appropriate
officials for assistance in developing the detailed specifications.
Obtaining and Studying Proposals. When the specifications are complete, they should be
distributed to apparatus manufacturers and contractors with a request for bids or proposals to
furnish the specified apparatus. The request should specify a date, time, and place for the formal
opening of the bids. This date should allow at least one month for the engineering departments of
apparatus manufacturers to study the specifications and estimate the cost of the apparatus. More
time could be required if engineering drawings of the proposed apparatus are required.
The request also should state the time period during which the purchaser expects the bidder to
honor the bid price and whether a bid bond is required. A bid bond guarantees that if a contract is
offered to the bidder within the defined time period, the bidder will enter into the contract under
the terms of the bid.
It is recommended that a pre-bid meeting be held between the purchaser of a piece of fire
apparatus and the apparatus manufacturers or their agents prior to the official release of the
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apparatus specifications. Such a meeting is designed to allow for a detailed review of the draft
specifications by all present at the meeting. Problems with the specifications, ideas on how to
provide the purchaser with the desired apparatus in other ways, clarification of the purchaser's
intent, and other questions can be resolved prior to the formal bid process. The meeting can often
solve misunderstandings or problems prior to their occurrence.
With a performance specification, it is usually possible to obtain more favorable bids, since
there is genuine competition and the specifications are not overly restrictive. The bid should be
accompanied by a detailed description of the apparatus, a list of equipment to be furnished, and
other construction and performance details, including, but not limited to, estimated weight,
wheel base, principal dimensions, transmission, and axle ratios. The purpose of the contractor's
specifications is to define what the contractor intends to furnish and deliver to the purchaser.
Manufacturers' proposals might include amendments and exceptions. Frequently, these
changes are offered to meet price requirements or because individual manufacturers prefer to
build apparatus in a manner more convenient to them. If the intent of the original specification is
not changed and the bid is favorable, the purchaser should consider accepting these amendments
with the approval of the purchasing authority. On the other hand, extreme care should be taken to
avoid allowing exceptions that merely devalue the apparatus and give one bidder an advantage.
The purchaser should study the proposals, look for deviations from the specifications, and
obtain clarification where necessary. If the purchaser has specifically provided for alternatives
when calling for bids, extra care should be exercised when evaluating the proposals as
combinations of complicated bid information will need careful analysis. The financial
arrangements, a delivery date, and the method of delivery should be stipulated and agreed to by
the purchasing authority.
Awarding the Contract. With the award of a contract, it is important for the purchasing
authority to understand exactly who the contract is with and the nature of the relationship with
the apparatus manufacturer. Some apparatus manufacturers work through a dealer network
where the dealer purchases the apparatus from a manufacturer, including taking title, and then
resells the apparatus to the purchasing authority. Other manufacturers work through sales agents
or representatives who solicit and negotiate a contract between a purchasing authority and a
manufacturer but who never take title to the apparatus. This difference can affect where the
responsibility lies for the proper fulfillment of the contract.
Some purchasing authorities require a performance bond as part of the contract. A
performance bond is a bond executed in connection with a contract that guarantees that the
contractor will fulfill all of the undertakings, covenants, terms, conditions, and agreements
contained in the contract. Should the contractor fail to meet the terms of the contract, the
bonding company will be responsible for the difference in cost between the original contract
price and the new price of the apparatus when it has to be supplied by another contractor.
Before signing a contract, the purchaser should make certain that the successful bidder has a
complete and thorough understanding of the specifications. If there are any disagreements, these
should be resolved in writing and made part of the contract. If any changes are agreed upon, they
should be stated in writing and be signed by both parties. The contract should not be signed until
the fire chief (or a designee) and the purchasing authority are satisfied.
Acceptance. When the apparatus is ready for delivery and acceptance, the purchaser has a
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responsibility to check the completed apparatus carefully against the specifications and contract
to ensure all that was required is being delivered. This includes witnessing any required
acceptance tests and verifying that the gross vehicle weight and the axle weight distribution are
within the chassis and axle ratings.
The purchaser also should arrange for any training included as part of the delivery and ensure
that it is properly delivered.
Only when the purchaser is totally satisfied that the contract has been fulfilled should payment
be authorized.
A-1-5 Approved. The National Fire Protection Association does not approve, inspect, or certify
any installations, procedures, equipment, or materials; nor does it approve or evaluate testing
laboratories. In determining the acceptability of installations, procedures, equipment, or
materials, the authority having jurisdiction may base acceptance on compliance with NFPA or
other appropriate standards. In the absence of such standards, said authority may require
evidence of proper installation, procedure, or use. The authority having jurisdiction may also
refer to the listings or labeling practices of an organization concerned with product evaluations
that is in a position to determine compliance with appropriate standards for the current
production of listed items.
A-1-5 Authority Having Jurisdiction. The phrase "authority having jurisdiction" is used in
NFPA documents in a broad manner, since jurisdictions and approval agencies vary, as do their
responsibilities. Where public safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or individual such as a fire chief; fire marshal;
chief of a fire prevention bureau, labor department, or health department; building official;
electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the
authority having jurisdiction. In many circumstances, the property owner or his or her
designated agent assumes the role of the authority having jurisdiction; at government
installations, the commanding officer or departmental official may be the authority having
jurisdiction.
A-1-5 Listed. The means for identifying listed equipment may vary for each organization
concerned with product evaluation, some of which do not recognize equipment as listed unless it
is also labeled. The authority having jurisdiction should utilize the system employed by the
listing organization to identify a listed product.
A-1-5 Net Pump Pressure. Where operating from a hydrant, the net pump pressure is typically
less than the discharge pressure. For example, if the discharge pressure gauge reads 150 psig
(1034 kPag) and the intake (suction) gauge reads 20 psig (138 kPag), the net pump pressure
equals 130 psi (896 kPa). Where operating from draft, the net pump pressure will be above the
discharge pressure. For example, if the discharge pressure gauge reads 145 psig (1000 kPag) and
the intake (suction) gauge reads 10 in. of mercury (Hg) (34 kPag) vacuum, the net pump pressure
will be 150 psi (1034 kPa) (1 in. Hg = 0.5 psi = 3.38 kPa).
A-2-5.1 The engine compartment and the underside of the vehicle are not considered areas of
normal nonmaintenance operation.
A-2-8.2 The distribution of the weight between the front and rear wheels should be a major
Copyright 1996 NFPA

consideration, as improper design will seriously affect the handling characteristics of the vehicle.
Too little weight on the front wheels can cause a front-end skid and, over bumpy roads, could
cause the front of the vehicle to veer from side to side. At the very least, it will be difficult to
keep the vehicle under control. Too much weight on the front wheels will reduce the traction of
the rear wheels and may result in a rear-end skid or difficulty in traveling over unpaved roads or
in mud.
A-2-9 The temperature conditions, either hot or cold, within which the vehicle will be used or
stored should be considered in the design of the vehicle. If the vehicle will be used in conditions
that exceed 110°F (43°C), additional cooling of the engine, pump, and other components might
be necessary. Likewise, if the unit is to be used or stored in subfreezing conditions, special
system drains, engine heaters, or other special components might be required to prevent damage
or to allow continued use.
A-2-9.1 The power generated by internal combustion engines can decrease with an increase in
altitude. The loss varies with the type of engine, the fuel it uses, and the amount of air inlet
supercharging. If the apparatus is going to be regularly used at elevations above 2000 ft (610
m), the manufacturer needs to know the operating elevation to provide an engine that will deliver
proper performance. (See Section 1-3.)
A-2-9.2 Although the purchaser must specify grades in excess of 6 percent (see Section 1-3), the
fire department should evaluate where the apparatus will be expected to operate in a stationary
position on such grades. The occasional exposure to excessive grades while moving over
roadways is different than prolonged stationary operations. Apparatus might require special
lubrication systems for engines and other modification to ensure the apparatus will not be
damaged by operation on the increased grades.
A-2-10(b) Although this standard recognizes the need for the vehicle to be able to accelerate to
high speed while traveling on public roads, caution should be taken as to how fast the vehicle
will travel. Consideration should be given to limiting the maximum speed the vehicle can obtain
for safety.
Where fire apparatus has to operate off paved roads, all-wheel drive, a two-speed rear axle, an
auxiliary transmission or an automatic transmission, or any combination of these, might be
desirable.
A-2-10(c) The purchaser should specify the performance required on grades in excess of 6
percent. The occasional exposure to excessive grades is different than if it is an everyday
occurrence. A combination of steep grades and narrow, winding roads might require consultation
with manufacturers prior to finalizing the apparatus specifications and then the designation of
special road tests. If apparatus will be subjected to a class of service not normally encountered, a
manufacturer cannot be expected to anticipate the need without sufficient specification details.
A-2-11.1 Purchasers might want to specify that all routine lubricant and fluid level checks be
performed from ground level to reduce the risks of injury from falling from apparatus.
A-2-11.5 Suppliers of components and equipment installed or supplied by the contractor often
supply operations and maintenance documents with those components or equipment. This
standard requires that the contractor pass along these documents to the purchaser. The purchaser
should specify if multiple copies of these documents are required.
A-2-13 Where the point of delivery is over 2000 ft (610 m) of elevation and a fire pump is
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provided, the pumping engine overload test described in 12-13.3 should be performed to ensure
that the engine will develop adequate power at point of delivery. This test should be performed
with the pump supplied from draft per Table 12-2.4.1(a), with the net pressure maintained at 165
psi (1138 kPa).
A-3-5 Additional compartmentation might be required to accommodate the size, shape, and
weight of special equipment. Any special equipment to be carried on the apparatus should be
identified in the specifications so the apparatus manufacturer can ensure the equipment will be
properly accommodated within the design of the apparatus.
A-3-6 The purchaser should consider specifying some type of cover for the hose compartment.
Hinged or removable covers might be desirable.
A-3-7.1 Where there are no ladder trucks in service, pumpers should normally be equipped with
a 35-ft (10.7-m) extension ladder instead of the minimum 24-ft (7.3-m) extension ladder. It
might be desirable to standardize on the 35-ft (10.7-m) extension ladder, regardless of available
ladder truck service.
A-3-7.2 The size of the suction hose specified in Table 12-2.4.1(a) relates to pump certification
only. Other sizes of suction hose, compatible with local operations, could be used and should be
specified if they are desired.
A-3-8.1 Many departments now find it useful to use large diameter supply hose [4 in. (100 mm)
or 5 in. (125 mm)] to effectively move water from its source to the fire scene. Fire departments
serving areas with wide hydrant spacing or areas with no hydrants often find it desirable to carry
additional hose.
It is recommended that the department carry at least 200 ft (61 m) of 21/2-in. (65-mm) hose for
handline operation. If the operations of the department are geared to using multiple large
handlines from single apparatus, the department should consider carrying more 21/2-in. (65-mm)
hose and additional nozzles. Likewise, the amount and size of hose used to supply large stream
devices should be considered in planning the amount and size of hose to be carried.
The department should evaluate its needs and choose the size and amount of hose that will best
support its operation and then discuss those hose storage needs with the contractor to ensure the
fire apparatus hose storage space will be properly laid out and of sufficient size to accommodate
the departments needs.
A-3-8.2 The requirements of service in different communities will necessitate additions to the
equipment required. The operational objective is to arrive at the scene of the emergency with the
necessary equipment for immediate life safety operations and emergency control.
The mandatory equipment required to be carried on the pumper fire apparatus weighs
approximately 600 lb (272 kg). This leaves a remaining capacity of approximately 1400 lb (635
kg) for storage of optional equipment while staying within the allowance of 2000 lb (908 kg).
The purchaser should advise the contractor if equipment in excess of 2000 lb (908 kg) is to be
carried so the contractor can provide a chassis of sufficient size. (See Sections 1-3 and 8-1.)
The following list of additional equipment is recommended to be carried on pumper fire
apparatus. The equipment list provided does not detail each item sufficiently for purchasing
purpose. The purchaser should clarify the detailed specifications for these items.
One fire service claw tool;
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One smoke ejector, 5000 ft3/min (142 m3/min) minimum capacity. If electrically driven,
suitable adapter cord should be supplied to fit standard house "U" ground outlets and extension
cords and outlets on generators used in fire departments;
One crowbar [36 in. (1 m) minimum] with brackets;
One pair insulated bolt cutters with 7/16-in. (11-mm) minimum cut;
One Halligan-type tool with brackets;
One 21/2-in. (65-mm) hydrant valve (screw-type gate);
One double-gated reducing leader wye, sized to fit hose used in department;
Two shovels (1 pointed and 1 scoop);
Four hose straps;
One 125-ft (38-m) length of utility rope having a breaking strength of at least 5000 lb (2268
kg);
One 3000-W (minimum) portable generator;
Two 500-W portable lights;
Two cord reels with minimum 200-ft (61-m) cord on each, connections compatible with lights,
generator, and smoke ejector;
One portable pump;
Toolbox with hammers, wrenches, screwdrivers, and other assorted tools;
Master stream appliance; 1000 gpm (3785 L/min) minimum;
Foam delivery equipment compatible with onboard foam system;
One hose clamp.
A-4-4 Additional compartmentation might be required to accommodate the size, shape, and
weight of special equipment. Any special equipment to be carried on the apparatus should be
identified in the specifications so the apparatus manufacturer can ensure the equipment will be
properly accommodated within the design of the apparatus.
A-4-5 It should be recognized that apparatus of 500 gpm (1900 L/min) rated pump capacity or
more normally require more than 300 ft (91 m) of 21/2-in. (65-mm) hose to utilize their pumping
capacity and their 21/2-in. (65-mm) (or larger) discharge connections. For example, the 300-ft
(91-m) load provides only 150-ft (46-m) lines from the two outlets of a 500-gpm (1900-L/min)
apparatus. Experience has shown that, with large capacity pumps, 600 ft to 1000 ft (183 m to 305
m) of hose might be desirable to utilize the available pumping capacity. Additional hose capacity
might also be desirable for pumps rated at less than 500 gpm (1900 L/min).
The purchaser should consider specifying some type of cover for the hose compartment.
Hinged or removable covers might be desirable.
A-4-6.2 The size of the suction hose specified in Table 12-2.4.1(a) relates to pump certification
only. Other sizes of suction hose, compatible with local operations, could be used and should be
specified if they are desired.
A-4-7.2 The requirements of service in different communities will necessitate additions to the
equipment required. The operational objective is to arrive at the scene of the emergency with the
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necessary equipment for immediate life safety operations and emergency control.
The mandatory equipment required to be carried on the initial attack fire apparatus weighs
approximately 350 lb (159 kg). This leaves a remaining capacity of approximately 550 lb (249
kg) for storage of optional equipment while staying within the allowance of 900 lb (408 kg) for
the smallest GVWR chassis. The purchaser should advise the contractor if equipment in excess
of the allowance in Table 8-1 is to be carried so the contractor can provide a chassis of sufficient
size. (See Sections 1-3 and 8-1.)
The following list of additional equipment is recommended to be carried on initial attack fire
apparatus. The equipment list provided does not detail each item sufficiently for purchasing
purpose. The purchaser should clarify the detailed specifications for these items.
One 6-lb (2.7-kg) flathead axe;
One fire service claw tool;
One 8-ft (2.4-m) or longer pike pole;
One smoke ejector, 5000 ft3/min (142 m3/min) minimum capacity. If electrically driven,
suitable adapter cord should be supplied to fit standard house "U" ground outlets and extension
cords and outlets on generators used in fire departments;
One 10-ft (3-m) folding ladder and mounting brackets; The ladder should meet the
requirements of NFPA 1931, Standard on Design of and Design Verification Tests for Fire
Department Ground Ladders;
One crowbar [36 in. (1 m) minimum] with brackets;
One pair insulated bolt cutters with 7/16-in. (11-mm) minimum cut;
One Halligan-type tool with brackets;
One 21/2-in. (65-mm) hydrant valve (screw-type gate);
Two shovels (1 pointed and 1 scoop);
Two hose straps;
One 125-ft (38-m) length of utility rope having a breaking strength of at least 5000 lb (2268
kg);
One 3000-W (minimum) portable generator;
Two 500-W portable lights;
Two cord reels with minimum 200-ft (61-m) cord on each, connections compatible with lights,
generator, and smoke ejector;
Toolbox with hammers, wrenches, screwdrivers, and other assorted tools;
Foam delivery equipment compatible with onboard foam system;
One hose clamp.
A-5-4 Additional compartmentation might be required to accommodate the size, shape, and
weight of special equipment. Any special equipment to be carried on the apparatus should be
identified in the specifications so the apparatus manufacturer can ensure the equipment will be
properly accommodated within the design of the apparatus.
A-5-5.1 The purchaser might want to specify the location and the arrangement of the hose
storage area to allow carrying the hose preconnected to the tank inlet.
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The purchaser should consider specifying some type of cover for the hose compartment.
Hinged or removable covers might be desirable.
A-5-6 The size of the suction hose specified in Table 12-2.4.1(a) relates to pump certification
only. Other sizes of suction hose, compatible with local operations, could be used and should be
specified if they are desired.
A-5-6.1 It might be desirable to use other than screw couplings with mobile water supply
apparatus operations. Several types of quick connect couplings are available. If such couplings
are used, sufficient adapters should be specified by the purchaser. If a floating or low level-type
strainer is desired, it should be specified by the purchaser to fit the suction hose normally used to
draft from a portable tank.
A-5-7.1.2 The purpose of a mobile water supply apparatus does not include attack fire fighting.
However, if a pump is provided, the provisions of handlines will allow limited fire-fighting
capability, particularly in protecting the apparatus if this becomes necessary.
A-5-7.2.1 The requirements of service in different communities will necessitate additions to the
equipment required. The operational objective is to arrive at the scene of the emergency with the
necessary equipment for immediate life safety operations and emergency control.
The mandatory equipment required to be carried on the mobile water supply fire apparatus
weighs approximately 700 lb (318 kg). This leaves a remaining capacity of approximately 300 lb
(136 kg) for storage of optional equipment while staying within the allowance of 1000 lb (454
kg). The purchaser should advise the contractor if equipment in excess of 1000 lb (454 kg) is to
be carried so the contractor can provide a chassis of sufficient size. (See Sections 1-3 and 8-1.)
The following list of additional equipment is recommended to be carried on mobile water
supply apparatus. The equipment list provided does not detail each item sufficiently for
purchasing purpose. The purchaser should clarify the detailed specifications for these items.
One fire service claw tool;
One crowbar [36 in. (1 m) minimum] with brackets;
One pair insulated bolt cutters with 7/16-in. (11-mm) minimum cut;
One Halligan-type tool with brackets;
One 21/2-in. (65-mm) hydrant valve (screw-type gate);
Two shovels (pointed long handle);
Four hose straps;
One 125-ft (38-m) length of utility rope having a breaking strength of at least 5000 lb (2268
kg);
One portable pump;
One low level strainer for use with portable tanks;
Toolbox with hammers, wrenches, screwdrivers, and other assorted tools;
One 1500-gal (5678-L) minimum collapsible, portable tank;
One water transfer device to be used between portable tanks.
A-6-5 Additional compartmentation may be required to accommodate the size, shape, and
weight of special equipment. Any special equipment to be carried on the apparatus should be
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identified in the specifications so the apparatus manufacturer can properly accommodate the
equipment within the design of the apparatus.
A-6-6.1 If the aerial fire apparatus is to carry hose, the purchaser needs to specify the amount
and size of hose to be carried, and any special requirements for the location in which it is to be
carried.
A-6-7 The fire department should study its needs for ground ladders, evaluating which ladders
will be arriving at a fire scene with pumpers as well as aerial fire apparatus. This standard
provides for only one 35-ft (10.7-m) and one 24-ft (7.3-m) extension ladder. Many communities
have multiple three- and four-story buildings around which a power-operated aerial device
cannot be positioned and that require longer or additional extension ladders to support
fire-fighting operations. It should be recognized, however, that as requirements for additional
ground ladders are added, space for other equipment can become limited.
A-6-8.1 Axes and pike poles are now available with wood, fiberglass, or plastic handles. The fire
department should specify which material it desires the handle to be made of.
The requirements of service in different communities will necessitate additions to the
equipment required. The operational objective is to arrive at the scene of the emergency with the
necessary equipment for immediate life safety operations and emergency control.
The mandatory equipment required to be carried on the aerial fire apparatus weighs
approximately 1000 lb (454 kg). This leaves a remaining capacity of approximately 1500 lb (681
kg) for storage of optional equipment while staying within the allowance of 2500 lb (1135 kg).
The purchaser should advise the contractor if equipment in excess of 2500 lb (1135 kg) is to be
carried so the contractor can provide a chassis of sufficient size. (See Sections 1-3 and 8-1.)
The following list of additional equipment is recommended to be carried on aerial fire
apparatus. The equipment list provided does not detail each item sufficiently for purchasing
purpose. The purchaser should clarify the detailed specifications for these items.
Three portable floodlights (500 W);
Two shovels (round point);
Two electric cord reels with 200 ft (61 m) of 12-gauge, 3-wire cable. Connectors should be
compatible with lights, smoke ejectors, and onboard generators;
Three 2-wire to 3-wire adapters;
One smoke ejector, 5000 ft3/min (142 m3/min) minimum capacity. If electrically driven,
suitable adapter cord should be supplied to fit standard house "U" ground outlets and extension
cords and outlets on generators used in fire departments;
Two 10-ton (9072-kg) hydraulic jacks;
Two 20-ton (18 144-kg) hydraulic jacks;
One pair insulated wire cutters capable of cutting No. 6 gauge wire;
Four additional salvage covers, at least 12 ft × 18 ft (3.6 m × 5.5 m);
Two floor runners, at least 3 ft × 18 ft (1 m × 5.5 m);
Four mops;
Four brooms;
Four squeegees with handles;
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Two mop wringers, with buckets;
One roll 15-lb (6.8-kg) tar paper or plastic sheeting at least 8 mil thick;
Twelve (12) standard sprinkler heads (assorted temperatures and types);
Two claw hammers, each with assorted nails.
One heavy-duty stapler;
Six sprinkler stops or wedges;
One set of sprinkler head wrenches for the type of heads carried;
Two pairs safety goggles;
One power saw (chain or heavy-duty rotary type);
Four assorted hand saws;
One portable thermal cutting unit designed for cutting metal;
One rescue-type tool with extension rams and assorted lengths of chain;
One set air bags;
One deodorizer unit, power operated;
One water pickup vacuum;
Assorted rolls of tape (duct tape, electrical tape, cellophane tape, etc.);
One pneumatic rescue cushion;
One stokes basket;
One gas shutoff wrench;
One submersible-type pump;
Two pair lineman's gloves with leather glove protectors;
Four bale/mattress hooks;
Two four-tine forks;
Two blankets;
One block and tackle;
One life gun with ammunition;
One water shutoff wrench.
A-7-3 Additional compartmentation might be required to accommodate the size, shape, and
weight of special equipment. Any special equipment to be carried on the apparatus should be
identified in the specifications so the apparatus manufacturer can ensure the equipment will be
properly accommodated within the design of the apparatus.
A-7-4.2 The size of the suction hose specified in Table 12-2.4.1(a) relates to pump certification
only. Other sizes of suction hose, compatible with local operations could be used and should be
specified if they are desired.
A-7-5 The mandatory equipment required to be carried on a special service fire apparatus weighs
approximately 200 lb (91 kg). This leaves a remaining capacity of approximately 1800 lb (817
kg) for storage of optional equipment while staying within the allowance of 2000 lb (908 kg) for
the smallest GVWR chassis. The purchaser should advise the contractor if equipment in excess
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of the allowance in Table 8-1 is to be carried so the contractor can provide a chassis of sufficient
size. (See Sections 1-3 and 8-1.)
Special service fire apparatus can be designed to provide a wide variety of support functions
(rescue, command, hazardous material containment, air services, electrical generation and
floodlighting, and transportation of support equipment and personnel). Because of this variety,
the required list of equipment is minimal and the purchaser needs to review the functions and
operations the apparatus will be expected to support and develop an appropriate equipment list.
Two lists below are provided for consideration where a vehicle is to support rescue operations
and hazardous materials containment operations. The equipment lists provided do not detail
each item sufficiently for purchasing purpose. Purchaser should clarify the detailed
specifications for these items.
The equipment on the following list should be considered when deciding what to carry on a
rescue apparatus.
500 ft (150 m) of plastic "emergency scene" or equal crowd control tape;
Forty-eight (48) 30-minute road flares;
Twelve (12) road hazards traffic control devices;
One 6-lb (2.7-kg) flathead axe;
One 6-lb (2.7-kg) pickhead axe;
One 6-ft (2-m) pike pole or plaster hook;
One 8-ft (2.4-m) or longer nonconductive pike pole;
One crowbar [36 in. (1 m) minimum] with brackets;
One pair insulated bolt cutters with 7/16-in. (11-mm) minimum cut;
One Halligan-type tool with brackets;
Two shovels (1 pointed and 1 scoop);
Two 12-lb (5.4-kg) sledgehammers;
Two Class I life safety harnesses meeting the requirements of NFPA 1983, Standard on Fire
Service Life Safety Rope and System Components;
150 ft (46 m) of two-person life safety rope meeting the requirements of NFPA 1983;
150 ft (46 m) of one-person life safety rope meeting the requirements of NFPA 1983;
One 150-ft (46-m) length of utility rope having a breaking strength of at least 5000 lb (2268
kg);
One box of tools to include the following:
One hacksaw with three blades;
One keyhole saw;
One 18-in. (457-mm) pipe wrench;
One hammer;
One pair tin snips;
One pair pliers;
One pair lineman's pliers;
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Assorted types and sizes of screwdrivers;
Assorted adjustable wrenches;
Assorted combination wrenches;
Two salvage covers, each a minimum of 12 ft × 14 ft (3.7 m × 4.3 m);
One 4000-W (minimum) portable generator;
Two 500-W portable lights;
Two cord reels with minimum 125 ft (38 m) of 10-gauge, 3-wire cable on each with
connections that are compatible with lights and generator;
One smoke ejector, 5000 ft3/min (142 m3/min) minimum capacity. If electrically driven,
suitable adapter cord should be supplied to fit standard house "U" ground outlets and extension
cords and outlets on generators used in fire departments;
Two 10-ton (9072-kg) hydraulic jacks;
Two 20-ton (18 144-kg) hydraulic jacks;
One roll 15-lb (6.8-kg) tar paper or plastic sheeting at least 8 mil thick;
Two pairs safety goggles;
One power saw (chain or heavy-duty rotary type);
Four assorted hand saws;
One portable cutting device;
Resuscitator equipment with oxygen administration capability and spare cylinders. The
equipment should be compatible with the performance of cardiopulmonary resuscitation;
One powered rescue tool capable of cutting and spreading with associated accessory
equipment;
Shoring of various sizes and lengths;
One 10-ft (3-m) and one 15-ft (4.5-m) log chain with hooks;
One minimum 4-ton (3629-kg) hydraulic porta-power kit;
One set air bags;
Assorted rolls of tape (duct tape, electrical tape, cellophane tape, etc.);
One stokes basket;
One gas shutoff wrench;
Two pair lineman's gloves with leather glove protectors;
Two blankets;
One block and tackle.
Equipment on the following list should be considered if the primary mission of the apparatus is
hazardous material containment.
One U.S. DOT Emergency Response Guidebook (current edition);
One U.S. Coast Guard "CHRIS" manual or equivalent reference guide;
One American Association of Railroads/B.O.E Emergency Action Guide or equivalent
reference guide;
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One NFPA Hazardous Materials Guide or equivalent reference guide;
Two pairs of binoculars;
One gas detection instrument per OSHA standards;
One radiation monitoring instrument;
One pH test kit;
One colorometric chemical detector tube kit with 20-chemical minimum detection capability;
Six vapor-protective suits meeting the requirements of NFPA 1991, Standard on
Vapor-Protective Suits for Hazardous Chemical Emergencies;
Twelve (12) liquid splash-protective suits meeting the requirements of NFPA 1992, Standard
on Liquid Splash-Protective Suits for Hazardous Chemical Emergencies;
Twenty-four (24) pairs of disposable boot covers;
Twenty-four (24) pairs of disposable glove liners or inner gloves;
Forty-eight (48) pairs of disposable chemical protective gloves — gloves should be of three
different materials as a minimum;
Six additional self-contained breathing apparatus complying with NFPA 1981, Standard on
Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters;
One spare SCBA cylinder for each SCBA;
Ten traffic cones, 18 in. (0.5 m) minimum height;
Four rolls 1000-ft × 3-in. (305-m × 76-mm) banner tape;
Two rolls 6-mil minimum 10-ft × 100-ft (3-m × 31-m) plastic sheeting;
Two rolls 2-in. (51-mm) wide duct tape;
Two decontamination containment pools;
One decontamination shower;
Two 50-ft (15-m) lengths of heavy-duty garden hose with adapters for connection to a fire
pump;
Two spray nozzles with garden hose thread;
Four 30-gal (114-L) open top containers, with sealed covers;
Four long-handle scrub brushes;
Twenty 50-gal (190-L) capacity, heavy-duty garbage bags;
One assortment decontamination solution;
Four round point shovels;
Four portable explosionproof hand lights with mounting brackets;
Four non-spark, plastic, square point shovels;
One 6-lb (2.7-kg) flathead axe or forcible entry tool;
Two street brooms;
Two floor squeegees with handles;
One 6-lb (2.7-kg) sledge hammer;
Two non-spark bung wrenches;
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One gas shutoff wrench;
One pair 24-in. (610-mm) bolt cutters;
One drum upender;
One non-spark 28-in. (710-mm) crowbar;
One plug and patch kit;
One tool box (wrenches, sockets, screwdrivers; minimum 100 units);
Six MC #306/DOT #406 dome clamps;
400 pads 18 in. × 18 in. × 3/8 in. (457 mm × 457 mm × 9.5 mm) hydrophobic
polypropylene-type absorbents;
150 lb (68 kg) of dry granular or loose absorbent in ruptureproof 5-gal (19-L) containers that
can be disposed of by approved methods;
Four 10-ft (3-m) sorbent booms;
50 lb (22.7 kg) dry "lime" in ruptureproof 5-gal (19-L) containers;
One manually operated product transfer pump with minimum 15-gpm (57-L/min) capacity and
appropriate hoses;
One 55-gal (208-L) drum (UN-1A2);
One 85-gal (322-L) drum (UN-1A2).
A-8-1 The carrying capacity of a vehicle is one of the least understood features of design and
one of the most important. All vehicles are designed for a maximum GVWR or maximum total
weight, which should not be exceeded by the apparatus manufacturer or by the purchaser after
the vehicle has been placed in service. For tractor-drawn vehicles, the in service weight of the
apparatus should not exceed the GCWR. There are many factors that make up the rated GVWR,
including the design of the springs or suspension system, the rated axle capacity, the rated tire
and wheel loading, and the distribution of the weight between the front and rear wheels.
One of the most critical factors is the size of the water tank. Water weighs approximately 81/3
lb/gal (1 kg/L). A value of 10 lb/gal (1.2 kg/L) can be used when estimating the weight of the
tank and its water, making a 500-gal (1900-L) tank and its water about 21/2 tons (2268 kg).
If the finished apparatus is not to be overloaded, the purchaser should provide the contractor
with the weight of equipment to be carried if it is in excess of the allowance shown in Table 8-1.
(See Section 1-3.)
Overloading the vehicle by the manufacturer through design, or by the purchaser adding a
great deal of equipment after the vehicle is in service will materially reduce the life of the
vehicle and will undoubtedly result in increased maintenance costs, particularly with respect to
the transmissions, clutches, and brakes. Overloading can also seriously affect handling
characteristics, making steering particularly difficult.
Fire apparatus should be able to perform its intended service under adverse conditions that
may require operation off paved streets or roads. Chassis components should be selected with the
rigors of service in mind.
A-8-1.1 A weight of 250 lb (114 kg) for a fully equipped fire fighter is used elsewhere in NFPA
standards. The 200 lb (91 kg) per person used here does not include the weight of SCBA and
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tools carried by a fire fighter, as the weight of this equipment is accounted for elsewhere.
A-8-2.1 The standard does not contain any minimum for size of engine as the size of the engine
must be chosen to correspond with the conditions of design and service.
Many fire departments have favored high torque low-speed engines for fire department service
because such engines have good performance characteristics both when powering the apparatus
through city traffic and when driving the pump. However, high-speed engines are frequently
employed for fire apparatus, particularly in the case of commercial vehicle chassis. Where
high-speed gasoline engines are selected for use in fire apparatus that may have to operate off
paved highways, it is recommended that one of the following components be specified:
two-speed rear axle with high numerical ratio in low range, or an auxiliary transmission.
A-8-2.1.1 The maximum no-load governed speed is established by the engine manufacturer as a
safe limit of engine speed. The governor or electronic fuel control system should prevent the
engine from exceeding the safe speed. Most engine manufacturers allow a plus tolerance of 2
percent for maximum no-load governed speed.
A-8-2.1.3 A shutdown beyond the control of the pump operator during fire-fighting operations
can result in loss of water flow from the pump that could severely endanger personnel.
Automatic fuel line safety shutoff as required by DOT regulations is not considered an automatic
engine shutdown.
A-8-2.1.4 An increase in engine speed provides increased alternator output, increased engine
cooling, increased air conditioner output, and increased output or performance from other
devices which derive their power from the chassis engine. The intent of the interlock is to ensure
that the chassis engine speed cannot be advanced without disengaging the driving wheels of the
apparatus either at the transmission (having it in park or neutral) or by having a split shaft PTO
fully engaged in the correct position to drive the component.
A-8-2.2.1 Where a regular production model commercial chassis is used, it is recommended that
the heavy-duty radiator option be included when such is available. Radiators with bolted top and
bottom tanks and removable side braces, if available, are considered preferable. Optional
features that might be desirable include a coolant conditioner, radiator sight gauges, and
automatic radiator shutters any of which if used should be of a type approved by the engine
manufacturer.
Where local environmental extremes exist, i.e., high humidity and temperature or extreme low
temperatures, the purchaser should specifically state under what environmental conditions the
apparatus is expected to operate.
A-8-2.3.1 Full flow oil filters are mandatory with some diesel engines.
A-8-2.4.1 A manual emergency engine shutdown might be provided, in addition to the normal
engine shutoff switch. It could be of the type that will close off either the air supply or the
exhaust gas flow of the engine. The activation mechanism should be provided with a guard and
marked "Emergency Shutdown." Provisions to prevent restarting of the engine without a special
reset procedure should be included.
A-8-2.4.1.1 The extent to which air inlet protection is required could depend on specific fire
department operations. Caution must be used as air intake filters might affect the engine
manufacturer's air restriction requirements.
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A-8-2.4.1.2 To prevent engine shutdown due to fuel contamination, dual filters in parallel, with
proper valving so that each filter can be used separately, might be desired. The purchaser should
specify if dual filters are desired. Installation of two or more pumps should be designed so that
failure of one pump will not nullify the performance of the others. It should be remembered that
commercial vehicles are designed for over-the-road operation, and the fuel system and battery
are at least partially cooled by the flow of air resulting from the motion.
A-8-2.4.1.3 With the use of diesel engines, the concern for vapor lock common with gasoline
engines does not exist, and electric fuel pumps are not usually compatible for connection in
series with a diesel engine fuel system. As a result, when an electric fuel pump is specified with
a diesel engine it is arranged as a fuel priming pump only. When not properly labeled or when
the control valves are not properly set, the auxiliary priming system can cause the diesel engine
to lose its prime. In addition, operation of a priming pump during diesel engine operation can
boost fuel inlet pressure to the engine's fuel system. This could cause erratic engine behavior and
loss of engine speed control. Control systems for priming pumps should allow only momentary
operation and prevent the operation of the pump while the engine is operating.
A-8-2.5 Emissions from exhaust discharge pipes should be directed away from any fire-fighting
tools since such emissions contain an oily substance that could make the tools difficult to handle
and possibly dangerous to use.
A-8-3.1.2 Service brake and parking brake systems are required to be independent and separate
systems so that any failure of one braking system will not prevent stoppage of the vehicle
through use of the other system.
A-8-3.1.4 Adequate braking capacity is essential for the safe operation of fire apparatus. While
this subject is normally covered in state highway regulations, it should be noted that fire
apparatus might have a special problem as compared with normal vehicles of the same gross
vehicle weight. Fire apparatus could be required to make successive brake applications in a short
period of time when attempting to respond to alarms with minimum loss of time. Thus, the
problem of brake "fade" and braking capacity could be critical unless the brakes provided take
into account the service requirements. Air actuated brakes are recommended for fire service
vehicles of over 25,000 lb (11,350 kg) GVWR.
Where air brakes are provided, it is important that they be of a quick buildup type with dual
tanks and a pressure regulating valve. The rated compressor capacity should be not less than 12
ft3/min (0.34 m3/min) for this class of service. Air brakes require attention to guard against
condensation in the air lines, such as might occur in areas subject to changes in climate affecting
the moisture content of the air. Automatic moisture ejection of suitable nonfreezing type is
recommended. Air pressure drop should be limited to normal air losses. The presence of the
following conditions indicates the need for immediate service:
(a) Air brake pressure drop of more than 2 psi (13.8 kPa) in 1 minute for single vehicles or
more than 3 psi (20.7 kPa) in 1 minute for vehicle combinations, with the engine stopped and the
service brakes released.
(b) Air pressure drop of more than 3 psi (20.7 kPa) in 1 minute for single vehicles or more than
4 psi (27.6 kPa) in 1 minute for vehicle combinations, with the engine stopped and the service
brakes fully applied.
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A-8-3.1.5 There have been occurrences of the driver becoming disabled while driving a fire
apparatus. The purchasers might want to specify the placement of the parking brake control to a
location where it can be reached from the officers seat or require a second control so the officer
could stop the vehicle if the driver becomes disabled.
A-8-3.1.7 Purchasers of apparatus with a GVWR of 31,000 lb (14,061 kg) or greater should
consider equipping the apparatus with an auxiliary braking system. Fire apparatus commonly
make repeated stops from high speeds which cause rapid brake lining wear and brake fade
sometimes leading to accidents. Auxiliary braking systems are recommended on apparatus that
are exposed regularly to steep or long grades, are operating in congested areas where repeated
stops are normal, or respond to a high number of emergencies. Examples of auxiliary braking
systems include: engine retarders, transmission retarders, exhaust retarders, and drive-line
retarders. Some auxiliary braking devices should be disconnected when the apparatus is
operated on slippery surfaces. Follow the auxiliary braking device manufacturers
recommendations for proper instructions.
A-8-3.2.1 Fire departments with vehicles that could be subject to continuous long mileage
driving need to specify tire rating for continuous operation in place of intermittent operation.
A-8-3.2.3 The angle of approach or departure affects the road clearance of the vehicle when
going over short steep grades such as would be found in a driveway entrance, crossing a
high-crowned road at right angles, or in off-road service. Too low an angle of approach or
departure will result in scraping the apparatus body. In those cases where equipment is stored
below the body, the angle of approach or departure should be measured to a line below the
equipment.
A-8-3.3 Where automatic transmissions are used, the power takeoff applications could present
problems, especially when dual PTO drives are required. In some instances, the PTO drive can
only be engaged in torque converter range with resultant chances of overheating with prolonged
use. If high engine rpm occurs, there is the possibility, if the vehicle is accidentally left in gear,
of the output torque overcoming the parking brake and moving the vehicle. Proper operational
instructions are essential with automatic transmissions.
A-8-3.4.1 Where a large capacity fuel tank is desired, as in the case of apparatus designed for
rural service, the capacity should be specified by the purchaser.
A-8-3.4.2 It is not a recommended practice to add a second tank to a commercial vehicle where
the original tank is too small, since such tanks are seldom designed for dual tank use. Where
large fuel capacity is required, over 50 gal (190 L), dual tanks designed for the purpose are
acceptable. In such circumstances, it is undesirable for a pump operator to be required to open or
close valves manually to provide additional fuel supply to the engine, and, further, there should
be a free flow from both tanks so that fuel will not remain unused in any tank for long periods.
The tanks should be arranged with check valves in the line with free flow to a mutual feed line. It
is also desirable that the fuel gauge be so installed that the operator can immediately determine
the amount of fuel still remaining in the fuel system without mental addition of various fuel tank
capacities.
A-8-3.5 If the purchaser wants the hooks or rings to be accessible without having to open
compartment doors, the specifications should state that fact.
A-9-1 This chapter defines the requirements for alternators, batteries, load management, and
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instrumentation to detect incipient electrical system failure. The intent is to require an electrical
system that will operate the apparatus using power supplied by the alternator, shed nonessential
electrical loads where necessary, and provide early warning of electrical failure in time to permit
corrective action.
A-9-2.1 The 125 percent requirement for wiring and circuits is intended to provide end users a
minimum amount of extra electrical circuit capacity. It is not the intent to have the final stage
manufacturer replace the standard OEM chassis manufacturer's wiring to meet the 125 percent
requirement. It is also not the intent of this requirement to have electrical accessories purchased
by the apparatus manufacturer rewired to meet the 125 percent requirement. Electrical device
manufacturer supplied wiring can be used to the point where it connects to apparatus
manufacturer's installed wiring.
A-9-2.6 It is the intent of this section to provide a unique means of identifying a wire or circuit to
prevent confusing it with another wire or circuit if electrical system repairs become necessary. If
a color coding scheme is used instead of some other unique identification, that color should not
be reused for a wire in any unrelated circuits within the same harness. However, this section
covers low voltage wiring only and does not apply to shielded cables commonly used for
communication purposes or wiring used in line voltage circuits.
A-9-3.1 The minimum alternator size is developed using the loads required to meet the minimum
continuous electrical load. Most apparatus will actually have loads exceeding the minimum
requirements of this standard. The purchaser should review the maximum current output of the
alternator verses the load study supplied for the apparatus from the manufacturer for on-scene
and responding modes.
A-9-3.2(g) The purchaser needs to analyze the electrical loads that must be maintained to fulfill
the mission of the apparatus and to define those loads for the manufacturer of the apparatus. The
purchaser needs to understand, however, that there is a limit to the output capacity of an
alternator system on the apparatus's engine and this standard requires that the apparatus be
capable of maintaining the minimum continuous electrical load under the conditions defined in
9-3.1. When that load is exceeded and larger alternators are not available, the purchaser and the
manufacturer need to work together to determine how to reduce the minimum continuous
electrical load to that which can be sustained under the conditions defined in 9-3.1.
A-9-3.3 The unexpected shutdown of a fire apparatus at a fire can place fire fighters in mortal
danger and seriously impact the fire attack. With computer controlled engines and transmissions
as well as electric valves and other controls, an electrical system failure could result in an
immediate and total shutdown of the apparatus. The low voltage monitoring system is intended
to provide an early warning of an impending electrical failure and provide enough time to permit
operator intervention.
A-9-3.5.1 Reduced crew sizes have forced the apparatus operator to assume many new fire
ground tasks besides that of operating apparatus. Even if the operator is at the apparatus, he is
too busy with higher priority tasks to pay much attention to monitoring the condition of the
electrical system.
Electrical loads on modern fire apparatus frequently exceed the alternator capacity and can be
supplied only by the deep discharge of the apparatus batteries. The high cycle batteries that are
designed to provide the large amount of amperage to crank modern diesel engines are severely
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damaged when deeply discharged. The automatic load management is intended to protect the
electrical system from needless damage while maintaining the operation of essential devices.
It is important that the priority of all managed loads be specified by the purchaser so that, as
electrical loads are disconnected from the apparatus' electrical system, they are shed in an order
least likely to affect emergency operations. Optical warning devices in excess of the minimum
required in this standard can and should be load managed.
A-9-4 Batteries on fire apparatus should be larger than those used on commercial vehicles
because in addition to starting the vehicle, they must provide the supplemental energy to power
high amperage, intermittent operation devices such as mechanical sirens and electric rewind hose
reels.
Batteries usually have two ratings: "Cold Cranking Amperes," which determines the size
engine that can be started, and "Reserve Capacity," which provides a measure of the total power
that can be provided at a much lower, constant rate of discharge. Fire apparatus batteries should
be sized to have enough cold cranking amperage and reserve capacity to restart the engine after
being substantially discharged.
A-9-4.4.2 Overheating of a battery will cause rapid deterioration and early failure; evaporation
of the water in the battery electrolyte can also be expected. Batteries in commercial chassis are
often installed to take advantage of the cooling effect of the flow of air from motion in
over-the-road operation and could be subject to overheating when the apparatus is operated in a
stationary position, such as during pumping operations.
A-9-4.5 The power cord from the onboard charger or battery conditioner should only be plugged
into a receptacle protected by a ground-fault circuit-interrupter (GFCI) at the shoreline
origination point.
A-9-4.6.2 The purchaser might want to consider a second "battery on" pilot light on the outside
of the apparatus to warn that the batteries are on when the apparatus is parked in the fire station.
A-9-7 SAE J551, Performance Levels and Methods of Measurement of Electromagnetic
Radiation from Vehicles and Devices (30-1000 MHZ), provides test procedures and
recommended levels to assist engineers in the control of broad band electromagnetic radiation
and in the control of radio interference resulting from equipment installed on the apparatus.
Adherence to the recommended levels will minimize the degradation effects of potential
interference sources on fire ground communication equipment or other devices susceptible to
magnetic radiation.
Procedures are included to measure the radiation from a single device or the entire apparatus.
Compliance could be determined through actual tests on the completed apparatus or predictions
based on tests previously conducted on similarly equipped apparatus. If compliance certification
is required, it should be so indicated in the apparatus specifications.
A-9-8.1 The upper level optical warning devices provide warning at a distance from the
apparatus and the lower level optical warning devices provide warning in close proximity to the
apparatus. (See Figure A-9-8.1.)
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Figure A-9-8.1 Upper and lower optical warning zones.

A-9-8.6 Under typical conditions, the specified optical warning system provides effective,
balanced warning. In some situations, however, the safety of the apparatus can be increased by
turning off some warning devices. For example, if other vehicles must pass within close
proximity to the parked apparatus, the possibility of distracting other drivers can be reduced if
the headlights and lower level warning lights are turned off. When responding in snow or fog, it
could be desirable to turn off forward facing strobes or oscillating lights to reduce visual
disorientation of the apparatus driver.
The intent of the warning light system is to provide full coverage signals when either
responding or blocking the right-of-way by the operation of a single master switch. There is no
intent to prevent the use of lower levels of warning when the apparatus driver believes such
reductions are appropriate, given the vehicle's mission, the weather, or other operational factors.
Additional switches downstream of the master switch can be specified by the purchaser to
control individual devices or groups of devices.
A-9-8.12.3 (See Figures A-9-8.12.3(a) and A-9-8.12.3(b).)
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Figure A-9-8.12.3(a) Sample illustration showing the front and left sides of an apparatus using an optical
warning system
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Figure A-9-8.12.3(b) Sample illustration showing the rear and right sides of an apparatus using an optical
warning system.

A-9-8.12.4 The zone totals reflect the combined performance of the individual optical warning
devices oriented as intended on the apparatus when viewed along the perimeter of a circle of 100
ft (30.5 m) radius from the geometric center of the apparatus.
The zone total is the sum of the optical power of all optical sources projecting signals of
permissible color into the zone as measured at 5 degree increments along the horizontal plane
passing through the optical center H throughout the 90 degrees included in the zone (19 data
points). The calculation of zone totals assumes that all optical sources are mounted at the
geometric center of the apparatus. With the optical center of each optical source oriented as
installed, the optical power contributed by every optical source at a given point is taken from the
test report and added together to determine the total optical power at that point. The zone total is
the sum of the optical power at the 19 measurement points in the zone. The upper and lower
level optical sources are calculated independently.
The engineering basis of this section permits both the design and certification of an optical
warning system by mathematical combination of the individual test reports for any number of
optical warning devices of different color, flash rate, optical source, and manufacturer.
Using the test reports provided by the device manufacturer, the contribution of optical energy
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from each optical source is determined for every data point. The total candela-seconds/minute of
optical energy is determined at each point and then the zone totals are calculated and compared
to Table 9-8.12.4.
A-9-8.12.6 Optical warning systems drawing more than 45 amps might necessitate modification
of the electrical system specified in Section 9-3 to supply the additional power required.
A-9-8.15 Sample Measurement Certification Procedure. In a few cases, a manufacturer might
wish to type certify by actual measurement of the optical warning system on an apparatus.
Certification of the actual measurement of the performance of the optical warning system is
made with each optical source either mounted on the apparatus or on a frame duplicating the
mounting of the device on the apparatus. The performance of the system can be directly
measured along the perimeter of a circle of 100 ft (30.5 m) radius about the geometric center of
the apparatus. Each optical warning device used shall be certified by its manufacturer as
conforming to all of the requirements of this standard pertaining to mechanical and
environmental testing. Photometric testing of the system should be performed by qualified
personnel in a laboratory for such optical measurements.
The test voltages and other details should be as called for in this standard for the photometric
testing of individual optical warning devices. The elevation of the photometer, however, could
be set at the elevation that maximizes the performance of the upper level devices and at a second,
different elevation that maximizes the performance of the lower level devices.
With the optical center of each device oriented as installed, the sum of the actual value of the
optical power contributed by every optical source is then determined at each measurement point.
The zone total is the sum of the optical power at the 19 measurement points in the zone.
Measurements are made to determine all of the optical requirements of this standard including
the optical power at each of the required measurement points, the zone totals at the horizontal
plane passing through the optical center, and the zone totals at 5 degrees above and below the
horizontal plane passing through the optical center. Any upper level warning devices mounted
above the maximum height specified by the manufacture should be tested to demonstrate that at
4 ft (1.2 m) above grade and 100 ft (30.5 m) from the mounted device, the optical energy
exceeds 50 percent of the minimum required at the horizontal plane passing through the optical
center.
A-9-9.1 If the purchaser wishes to have the siren controls within convenient reach of persons
riding in both the right and left front seat positions, they should specify that. In some apparatus,
multiple control switches might be necessary to achieve convenient reach from the two positions.
If other signal devices, such as an additional siren, bell, air horn(s), or buzzer are desired, the
type of device and its control location should also be specified.
A-9-14.1 The purchaser might desire to have the entire low voltage electrical system and
warning device system certified by an independent testing organization.
A-10-1.1 The purchaser will need to define how many seating positions are required to carry
personnel and might wish to specify the arrangement of the seating positions. Canopy cab
extensions with patio door-type closures or separate telephone booth-type personnel enclosures
are acceptable means to provide fully enclosed seating positions.
A-10-1.6 SCBA units and other equipment stored in the crew compartment could cause injuries
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to occupants of the compartment if they fly around the compartment as the result of an accident
or other impact. All equipment stored within the crew compartment should be provided with
brackets or compartments to minimize the chance of injury.
A-10-2 The purchaser should consider specifying remote controls on the mirrors to facilitate
correct mirror adjustment. Where necessary, heated mirrors should also be considered.
A-10-2.1 With the requirements for fully enclosed driving and crew compartments, the potential
for heat buildup in these areas is greater. The purchaser should be aware of this condition and
might wish to specify ventilation fans or air conditioning to keep the ambient temperature in the
driving and crew compartment(s) lower.
A-10-2.3 The purchaser should realize that local conditions or operating procedures could cause
the passenger to project into the sight pattern of the driver causing vision obstructions. Seats
should be arranged so that SCBA and passengers wearing protective clothing do not cause vision
obstruction. Movement of the passenger should be considered when installing radios,
computers, and other equipment so forward movement or shifting is reduced to a minimum and
does not block the driver's vision.
A-10-3.2 In many areas, the overall height of the vehicle must be restricted in order to clear
bridges, station doors, etc. The tiller driving compartment roof is normally the highest point on
the vehicle. Hence, the height of the tiller driving compartment and the inside headroom might
have to be reduced to achieve the desired overall height.
A-11-1.1 Compartmentation sized to meet the size, shape, and weight requirements of special
equipment might be required. Any special equipment to be carried on the apparatus should be
identified in the specifications so the apparatus manufacturer can ensure the equipment will be
properly accommodated within the design of the apparatus.
A-11-2 The purchaser needs to provide the apparatus manufacturer with the details of and any
special needs for communication equipment such as radio size, power consumption and
location(s) for communication equipment.
A-11-3 Where equipment other than that originally mounted on the apparatus is to be carried, the
user of the vehicle should ensure that the equipment is securely attached to the vehicle with
appropriate holders.
A-11-5 SCBA units are typically stored in crew seats, behind bench seats, and on walls, doors, or
shelves of storage compartments.
The area where the complete SCBA unit is to be mounted should be arranged to prevent
damage to hoses, straps, belts, facepiece, regulator, and other attachments. This should include
prevention of wear and tear on the delicate facepiece due to vehicle movement. The facepiece
should be stored in a nylon or plastic bag to prevent such abrasion.
Storage of spare hose assemblies, facepieces, regulators, and other SCBA pack accessories
should be in a clean and dry area, away from heat-producing devices or mechanical damage.
Preferably, the equipment should be stored individually in plastic or noncorrosive bins with dust
free covers. The contents of each bin should be marked on the exterior.
A-11-5.5 SCBA cylinders should always be stored with valve assemblies atop the cylinder.
A-11-5.6 SCBA cylinders should be stored with valve assemblies exposed to the compartment
opening or storage area to permit inspection of valves or gauges.
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A-11-7.1 The intent of step size and placement requirements is to ensure that the fire fighter's
foot will be supported 7 in. to 8 in. (178 mm to 203 mm) from the toe when the foot is placed on
the step in the normal climbing position. The leading edge is not necessarily the side opposite
the fastening location.
Ascending into and descending from certain types of driving and crew compartments is
ergonomically difficult and has resulted in falls and subsequent fire fighter injuries. When
designing and specifying apparatus, it is strongly suggested that chassis and apparatus
manufacturers be consulted concerning available alternatives in order to make driving and crew
compartment access as ergonomically convenient and as safe as possible.
A-11-8 Handrails should be mounted in a way to minimize the chances of damage or removal
from brushing by objects such as trees.
A-11-9.1 Corrosion protection, commonly known as undercoating, might be desired in areas
where climatic conditions or road treatment will corrode vehicle components. The material, its
application method, and the areas to be protected should be carefully specified so the corrosion
protection will adequately protect the vehicle's cab and body sheet metal components subject to
corrosive conditions that could be encountered in the user's area.
The purchaser should give consideration to the choice of paint color(s) as it relates to the total
vehicle conspicuousness.
A-11-10 Apparatus provided with booster hose and reel assemblies should have power rewind
capability. However, if a manual rewind is provided, attention should be paid to the location of
the hand crank. It should be placed in a location that allows the operator to rewind the hose onto
the reel without having to climb onto the apparatus.
If the apparatus is to be used or stored in subfreezing conditions, the reel should be equipped
with an air chuck mechanism to allow connection of an external source of compressed air to
facilitate removal of water within the booster hose assembly. This mechanism should be located
on the discharge side of the booster reel valve.
A-11-10.1 The purchaser should specify whether a single or split hose bed is desired, and any
special arrangements desired for preconnected hose lines. It is also recommended that the
purchaser consider specifying some type of cover for the hose compartment. Hinged or
removable covers might be desirable.
A-11-11.1 If the unit is going to be moved onto and off a chassis periodically, the purchaser
might wish to specify lifting eyes or forklift slots to facilitate its movement.
A-12-2.3.2 Parallel operation can be referred to as "volume," and series operation can be referred
to as "pressure."
A-12-2.4.1 The values given in Table 12-2.4.1(b) are representative values of pressure losses due
to flow entrance, velocity, and friction sources through 20 ft (6 m) of suction hose (including
strainer) of the diameter indicated.
A-12-2.4.2 Where the community to which the apparatus is to be delivered is at a considerably
higher altitude than the factory or other test location, sufficient excess power should be provided
to compensate for the fact that the power of a naturally aspirated internal combustion engine
decreases with elevation above sea level.
A-12-3.4 A separate pumping engine could use the vehicle chassis battery system, or it could
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have a separate set of dedicated batteries. Battery charging and electrical supply should be
designed to meet this standard, whichever system is used.
A-12-5.1 Pumps and piping frequently required to pump salt water, water with additives, or
other corrosive waters should be bronze or other corrosion-resistant materials. For occasional
pumping of such water, pumps of other materials are satisfactory if properly flushed out with
fresh water after such use.
The term "all bronze" indicates that the pump's main casing, impeller, intake and discharge
manifolds, and other principal components exposed to the water to be pumped, with the
exception of the shaft bearings and seals, are of a high-copper alloy material. It is desirable to
use like materials for the pump and piping.
Corrosion effects are proportional to the mass relationship of bronze to iron. It is, therefore,
desirable to use like materials for the pump and piping, and where both iron and bronze are used,
to keep the mass of the iron larger than that of the bronze.
A-12-6.1 Intakes can be larger than the size of the suction hose specified in Table 12-2.4.1(a).
Where a larger size is desired, it should be specified by the purchaser. It might be desirable to
have one or more of the intakes valved. If this is desired, the purchaser should specify which
intakes are to be valved.
Intakes at the front or rear of the apparatus, or otherwise specially situated, might not allow
drafting rated capacity and pressure. The purchaser should specify the flow rates required from
auxiliary intakes, especially front and rear intakes or other intakes located 10 ft (3 m) or more
away from the pump.
A-12-7.1 The flows listed for each outlet size are minimum and are for rating purposes only. If
piping and valving are sufficient, much higher flows for a given outlet size might be achievable.
A-12-7.1.3 In order to provide standardization, National Hose threads are required. Adapters
can then be used to adapt to locally used hose connections.
A-12-7.2 If flows greater than 200 gpm (757 L/min) through preconnected lines are desired,
piping from the pump to preconnected hose lines should be larger than 2 in. (51 mm) in order to
keep the friction loss to a reasonable level. If additional preconnected lines are desired, the
location and hose size should be specified.
A-12-7.7 Where possible, discharge outlets should be positioned in an area away from the
normal pump operator's position.
A-12-9.1 Ideally, having no intake or discharge connections at the operator's position would
simplify and improve safety for the operator. If complete removal of these connections is
impractical, the reduction and careful placement of these connections, with operator safety in
mind, would improve the situation considerably.
A-12-9.4 Many fire departments have found it useful to color code the labels used to identify the
various discharge and intake controls. While this process can simplify pump operations, it can
also create confusion if a pattern is not followed on all apparatus in the department. For
standardization, the following color coding scheme is recommended for all new apparatus labels
as applicable:
Preconnect #1 or front bumper
Orange (see note)
jump line
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Preconnect #2

Red (see note)

Preconnect #3 or discharge #1

Yellow (see note)

Preconnect #4 or discharge #2

White (see note)

Discharge #3

Blue

Discharge #4

Black

Discharge #5

Green

Deluge/deck gun

Silver

Water tower

Purple

Large-diameter hose

Yellow with white border

Foam line(s)

Red with white border

Booster reel(s)

Gray

Inlets

Burgundy

NOTE: Since the vast majority of fires are extinguished using preconnected lines, a fire department should
give consideration to matching the hose jacket color to the color of these labels. Fire departments using this
system have reported that an improvement in fire ground operations was achieved.

A-12-10 The indicator lights and interlocks specified in this section are minimum. Some
manufacturers or users might choose to add additional indicator lights or interlocks.
A-12-10.2 Pumps are operated from the side, top, front, or rear of the vehicle, and the design is
such that there is no power applied to the wheels while pumping. Dislocation, through vibration
or accidental jarring, of any levers used to prevent power from being applied to the wheels could
result in a serious accident. Therefore it is essential that any pumping system controls, which
shift the vehicle out of road mode of operation to place the pumping system into operation, be
equipped with a means to prevent dislocation of the control.
A-12-10.9 The purpose of a pressure control system is to control the discharge pressures to
protect fire fighters who are operating hose streams as well as to protect discharge hose from
damage in the event attack hose streams are shut off or other valves are closed, reducing flow
rates.
The system could consist of a discharge relief valve, a pressure regulator that controls the
speed of the pump, an intake relief valve, or any combination of these devices. Pressure control
systems will relieve excess pressure when valves are closed in a normal manner, but some water
hammer conditions could occur due to valves being closed so quickly that the system cannot
respond fast enough to eliminate damage to equipment. Proper fire ground procedures are still
required.
A-12-10.9.4 Pressure control systems can be supplied in the following forms:
(a) Integral with the pump and supplied by the pump manufacturer;
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(b) As an external system of components supplied by the apparatus manufacturer;
(c) As an external control system provided by a pressure control manufacturer.
The pressure control system should be certified by the appropriate manufacturer or an
independent testing organization approved by the authority having jurisdiction. Due to the
importance of these systems, the authority having jurisdiction might wish to have performance
tests conducted on the installed system.
A-12-11.1 The electronic throttle control systems that are currently available will provide greater
flexibility for the operator because they can be set like a traditional throttle or a pressure
governor.
A-12-12.1 A pumping engine fuel level indicator or red warning light indicating when the fuel
level falls below 1/4 of the tank(s') capacity should be provided on the pump operator's panel.
A-12-12.3 The rated operating pressure of large-diameter hose (LDH) is substantially less than
that of standard fire hose. Therefore, an individual pressure gauge is required to allow the
operator to control the discharge pressure even where a flowmeter is provided.
A-12-13.2.1.2 Where tests are performed inside a structure or elsewhere having limited air
circulation, carbon monoxide monitoring equipment should be used. Such equipment should be
checked and calibrated regularly and should include a suitable warning device.
A-12-13.2.3 Some test data blanks for recording the test readings and other necessary data
should be provided.
Where a pump is pumping at or near full engine power while stationary, the heat generated
could raise the temperature of certain chassis or pumping system components above the level
that can be touched without extreme discomfort or injury; however, as long as the apparatus can
be operated and used satisfactorily for the required duration of the test under such conditions, it
should be considered acceptable.
The suction lift can be determined by either measuring the negative pressure (vacuum) in the
pump intake manifold by means of a manometer (or other suitable test gauge that measures
vacuum accurately) or by adding the vertical lift and the value of friction and entrance loss from
Table 12-2.4.1(b). To be accurate, gauge readings should be corrected for the difference between
the height of the gauge and the centerline of the pump intake, but usually this is not a significant
amount and might be ignored. Thus, the net pump pressure can be calculated by one of the
following formulas:
(a) If intake pressure is positive, i.e., pumping from a hydrant:
P = D − S;
(b) If intake pressure is negative, i.e., pumping from draft:
P = D + (H × 0.5) or P = D + 0.43 (L + F)
where:
P = net pump pressure, psi;
D = discharge pressure, psig;
S = intake pressure, psig;
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H = manometer reading, in. Hg;
L = vertical lift, ft;
F = friction and entrance loss, ft of water.
A-12-13.2.3.2 The purchaser might wish to have an independent testing organization certify the
test results, particularly where the pump is required to meet extended continuous duty pumping
applications.
A-12-13.8 If the tests of some components of the apparatus are being certified by an independent
testing organization, the purchaser might wish to specify that these tests also be certified by the
independent testing organization.
A-13-1 Auxiliary pumps come in a variety of different styles; gear, piston, and centrifugal
designs are available. Where centrifugal designs are specified, the purchaser also has to select if
it is to be a single stage, series only multistage, or series/parallel multistage-type pump.
The purchaser should indicate the type of operation and performance required from the
auxiliary pump. Auxiliary pumps are predominantly for fighting grass fires, or other small
blazes. Low capacity with high pressure through 3/4-in. (19-mm) or 1-in. (25-mm) booster hose
is commonly used for these fires. Pump and roll is often required. Common capacities range up
to 200 gpm (757 L/min), and pressures range up to 1000 psig (6895 kPag).
A-13-2 Various types of pump drive systems are available. These pumps are often driven by
power takeoff units attached to SAE PTO openings on the chassis transmission. There are also
front of engine PTO systems, flywheel PTO systems, split driveline PTO systems, and separate
engine drive systems.
A-13-2.1 The volume and pressure that can be obtained safely depends on the torque capacity of
the apparatus's transmission or transfer case, power takeoff, and pump driveline. In most cases,
the torque rating of the PTO will determine the maximum pump performance. Power takeoff
manufacturers assign a torque rating to their products. This torque rating is based on intermittent
service, as in operating the PTO at the full torque limit for a period of 5 minutes or less. For
continuous duty, the intermittent torque rating is devalued 30 percent.
A-13-2.2 Sustained operations at either high volume, high pressure, or both high volume and
high pressure could cause excessive heating of the transmission lubricant. In order to maintain
lubricant temperatures below the component manufacturer's published limits, it might be
necessary to employ oil-to-oil or oil-to-water heat exchangers. The latter should be of a type that
will not trap water, causing serious damage if the water is subsequently frozen.
A-13-4.1 The purchaser should indicate the number, size, and location of the pump intake
connections or combination of connections desired. The types of pump intake connections are:
(a) External intake;
(b) Direct supply line from the water tank;
(c) Supply line from the discharge side of the fire pump.
A-13-5 The purchaser should indicate the size, number, and location of the pump discharge
connections desired. The types of pump discharge connections are as follows:
(a) Discharge line(s) for nonpreconnected hose lines;
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(b) Discharge line(s) to preconnected hose lines;
(c) Discharge line(s) to booster reel(s) (if provided).
A-13-5.3 In order to provide standardization, National Hose threads are required. Adapters can
then be used to adapt to locally used hose connections.
A-13-8.4 A separate pumping engine could use the vehicle chassis battery system or it could
have a separate set of dedicated batteries. Battery charging and electrical supply should be
designed to meet this standard, whichever system is used.
A-14-1 This chapter does not address foam concentrate transfer pumps. Flow rates for foam
concentrate transfer pumps are typically less than 250 gpm (946 L/min), and the pumps are
usually positive displacement-type pumps.
A-14-2.1 It might be desirable to arrange the pump so it can be disconnected and removed from
the apparatus for use in filling fire apparatus water tanks from a pond or river during an
emergency incident.
A-14-2.4 Where the community to which the apparatus is to be delivered is at a considerably
higher altitude than the factory or other test location, sufficient excess power should be provided
to compensate for the fact that the power of a naturally aspirated internal combustion engine
decreases with elevation above sea level.
Where the local elevation exceeds 2000 ft (610 m) above sea level, or the purchaser desires to
use the pump with suction lifts in excess of 10 ft (3 m), or through more than 20 ft (6 m) of
suction hose, the conditions under which the pump is to be used should be specified so the
manufacturer can design the pumping system to ensure proper performance under those
conditions.
A-14-4.1 Pumps and piping frequently required to pump salt water, water with additives, or
other corrosive waters should be of bronze or other corrosion-resistant materials. For occasional
pumping of such water, pumps of other materials are satisfactory if properly flushed out with
fresh water after such use.
The term "all bronze" indicates that the pump main casing, impellers, intake and discharge
manifolds, and other principal components exposed to the water to be pumped, with the
exception of the shaft, bearings, and seals, are of a high-copper alloy material.
Corrosion effects are proportional to the mass relationship of bronze to iron. It is, therefore,
desirable to use like materials for the pump and piping, and where both iron and bronze are used,
to keep the mass of the iron larger than that of the bronze.
A-14-5.1 Intakes can be larger than the size of the suction hose required. When a larger size is
desired, it should be specified by the purchaser.
It might be desirable to have at least one valved intake. If this is desired, the purchaser should
specify which intakes are to be valved.
A-14-9.2 Pumps are operated from the side, top, front, or rear of the vehicle, and the design is
such that there is no power applied to the wheels while pumping. Dislocation, through vibration
or accidental jarring, of any levers used to prevent power from being applied to the wheels could
result in a serious accident. Therefore it is essential that any pumping system controls, which
shift the vehicle out of road mode of operation to place the pumping system into operation, be
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equipped with a means to prevent dislocation of the control.
A-14-12.1 If the tests of some components of the apparatus are being certified by an independent
testing organization, the purchaser might wish to specify that these tests also be certified by the
independent testing organization.
A-14-12.2.1.2 Where tests are performed inside a structure or elsewhere having limited air
circulation, carbon monoxide monitoring equipment should be used. Such equipment should be
checked and calibrated regularly and should include a suitable warning device.
A-14-12.2.3.1 Some test data blanks for recording the test readings and other necessary data
should be provided.
Where a pump is pumping at or near full engine power while stationary, the heat generated
could raise the temperature of certain chassis or pumping system components above the level
that can be touched without extreme discomfort or injury; however, as long as the apparatus can
be operated and used satisfactorily for the required duration of the test under such conditions, it
should be considered acceptable.
The suction lift can be determined by either measuring the negative pressure (vacuum) in the
pump intake manifold by means of a manometer (or other suitable test gauge that measures
vacuum accurately) or by adding the vertical lift and the value of friction and entrance loss from
Table 12-2.4.1(b). To be accurate, gauge readings should be corrected for the difference between
the height of the gauge and the centerline of the pump intake, but usually this is not a significant
amount and might be ignored. Thus, the net pump pressure can be calculated by one of the
following formulas:
(a) If intake pressure is positive, i.e., pumping from a hydrant:
P = D − S;
(b) If intake pressure is negative, i.e., pumping from draft:
P = D + (H × 0.5) or P = D + 0.43 (L + F)
where:
P = net pump pressure, psi;
H = manometer reading, in. Hg;
D = discharge pressure, psig;
L = vertical lift, ft;
S = intake pressure, psig;
F = friction and entrance loss, ft of water.
A-15-2.1 Water tanks should have provisions that would allow for complete inside cleaning for
flushing. The purchaser should indicate in the specifications if access to the interior of the tank
is required.
A-15-2.2 Water tanks can appear in several different configurations (round, elliptical,
rectangular, T-shaped). Handling characteristics of the apparatus can be greatly affected by its
vertical and horizontal center of gravity. The purchaser should indicate the filling and dumping
rates required if they exceed the requirements of this standard and any other local needs and let
the apparatus manufacturer design the tank shape to best meet the axle loading and center of
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gravity requirements.
A-15-2.4 The design of a water tank can be a very critical factor in the handling characteristics
of fire apparatus. If water is free to travel either longitudinally or laterally in a tank, as would be
the case if the tank were half full, a tremendous amount of inertia can be built up that will tend to
force the vehicle in the direction the water has been traveling. When the water reaches the end of
the tank, this sudden application of force can throw the vehicle out of control and has been
known to cause fire apparatus to turn over or skid when going around a curve or coming to a
sudden stop. The only methods of preventing such an accident is to restrict or disrupt the
movement of the water so that the inertia will not build up in one direction. This is done with
the installation of swash partitions in a manner to either contain the water in smaller spaces
within the tank (containment method) or disrupt its momentum by changing its direction of
motion (dynamic method). The partitions in a containment system create compartments that are
interconnected by openings between them so that air and water can flow at the specified rate
when filling and emptying the tank. The partitions in a dynamic system are often staggered in an
arrangement designed to change the direction of the water and turn it into a turbulent motion
which absorbs much of its own energy.
A-15-3.2 For a pumper, this standard provides for a minimum flow of 500 gpm (1900 L/min)
from the water tank. This is to permit the supplying of two 11/2-in. (38-mm) or 13/4-in. (44-mm)
hose lines or one 21/2-in. (65-mm) hose line from the tank for an initial attack on the fire.
For an initial attack fire apparatus, this standard provides for a minimum tank to pump flow of
250 gpm (950 L/min). This permits the supplying of at least two good handlines from the tank
for an initial attack on the fire.
Fire departments that desire a greater tank to pump rate of flow than these minimums should
specify the greater rate of flow.
A-15-3.3 A check valve installed in the tank to pump line is the most common method used to
prevent water from back flowing into the tank at an excessive rate if the pump is being supplied
from a hydrant or relay pumper and the tank to pump line valve has been inadvertently left in the
open position.
A-15-4.1 An excessive flow rate when filling a tank could result in a pressure buildup in the tank
that could cause permanent damage or failure.
A-15-4.2 A vent/overflow outlet is necessary so that over pressurization does not occur within
the tank while filling it. However, water is likely to spill out of the vent/overflow while the
vehicle is moving, (e.g., accelerating, decelerating, or cornering). The fill tower and
vent/overflow outlet should be arranged so that spilling of water is minimized and is directed
behind the rear tires.
A-15-4.3 It is necessary to design the tank for adequate venting and overflow for the maximum
fill rate. A locking-type ball valve, globe valve, needle valve, or other type capable of regulating
flows should be used. A gate valve is not recommended. If a larger fill line is desired, the buyer
should consult with the manufacturer on construction of the tank inlet location and any required
reinforcement or alternation of the tank baffles.
Consideration should be given to providing an additional pump cooling/recirculation line that
is automatic in operation, as pumps on fire apparatus are often left unattended and a line that is
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automatic in operation will ensure the pump does not overheat.
A-15-4.4 Where rapid filling of the water tank on another type of apparatus from an external use
is desired, the purchaser should consider an inlet directly into the tank which is capable of
allowing the tank to be filled at a rate of 1000 gpm (3785 L/min). Where such a fill connection
is provided, it should conform to the requirements of 15-4.4.
Where large filling rates are used, fill connections should be equipped with a diffuser inside
the tank to minimize potential structural damage. It is important that the purchaser evaluate how
the apparatus will be used and define the location and type of fittings desired on this tank fill.
A-15-5 It is important that the purchaser evaluate how the apparatus will be used and define the
location(s) and types of fittings desired on these outlets.
Where rapid dumping of the water tank to an external use is desired on other types of
apparatus, the purchaser should consider an outlet directly into the tank which is capable of
allowing water to be transferred from the tank at an average rate of 1000 gpm (3785 L/min).
Additional methods might be desired to improve the off-loading rate of gravity dumps. These
include a jet assist or a pneumatic pump. Control should be from the pump operator's position.
Two types of jet assist can be used, one directed into the throat of the gravity dump and the other
a peripheral jet system. Figure A-15-5(a) shows how the traditional jet is installed. A
smooth-tipped "jet" nozzle is supplied by a pump capable of delivering at least 250 gpm (946
L/min) at 150 psig (1034 kPag). Nozzle jets range in size from 3/4 in. to 11/4 in. (19 mm to 33
mm). The diameter of the tip will be determined by the capacity of the pump being used and the
diameter of the discharge piping and dump valve.
The peripheral application of jet assist nozzles has proven highly effective. This approach
utilizes two or more jets installed in the sides of the discharge piping just outside the quick dump
valve. In addition to the reported discharge advantages of peripheral discharge streams, the
externally fed system is easier to plumb and has fewer maintenance problems. The jets, installed
25 degrees to 30 degrees from the piping wall, contact more surface area of the discharging
water, thereby increasing water discharge efficiency. Because the water is drawn through the
dump valve, less turbulence is created and the eddy effect often present with traditional in-line
jets is overcome. Nozzles made by welding reducer pipe fittings work very effectively as jets.
Flow rates of 2000 gpm (7570 L/min) have been obtained using a 300-gpm (1136-L/min) pump
to supply two 3/4-in. (19-mm) nozzles in a 6-in. (152-mm) dump valve configuration. Figure
A-15-5(b) shows a diagram of a peripheral jet assist arrangement.
A pneumatic system can be used to pressurize a tank and assist in expelling water. The
vacuum pumps can also be used for filling the tank.
On other apparatus where rapid filling from an external water source is desired, the purchaser
should consider an outlet directly into the tank to allow the tank to be filled at an average rate of
1000 gpm (3785 L/min).
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Figure A-15-5(a) Traditional internal jet dump.
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Figure A-15-5(b) Peripheral jet assist arrangement.

A-15-6 If the tests of some components of the apparatus are being certified by an independent
testing organization, the purchaser might wish to specify that the water tank capacity also be
certified by the independent testing organization.
A-16-1 If the purchaser intends to suspend personnel or equipment from the aerial device using
ropers, cables, or chains, the purchaser should inform the manufacturer of the intended use in
order to determine proper mounting devices and locations as well as associated capacities.
Equipment users have the potential to overload the aerial device components if improper
methods are used.
A-16-3.4 Ladder capacity ratings are established in many different operating positions other than
full extension and zero degrees elevation. Ladders are often rated at higher tip capacities as
elevation angles increase or when the ladder is not fully extended. Most manufacturers provide
distributed load capacities (several persons) dependent on the ladder's extension and elevation.
Combination ratings that include capacity at the tip while discharging water are normally
provided. These can vary with elevation and extension and are examples of multiple
configurations. It is important that the manufacturer clearly define for the user the ladder's rated
capacity in various positions and operation modes.
A-16-4.1 Aerial ladder operational controls should be located such that the operator can see the
tip of the aerial ladder in all operating positions. The operator's position is often located on the
turntable. The operator's space on the turntable should be at least 5 ft2 (0.46 m2) exclusive of
other space required. The purchaser should specify any special requirements for the operator's
position or for other space required on the turntable for personnel to stand or work.
A-16-4.3 A two-way communication system at two positions on the apparatus is considered a
minimum. Depending on the configuration of the apparatus, communication systems at
additional positions, such as at a pump panel or at the monitor operating position on the ladder,
might be desirable.
A-16-5.2.1 Turntable bearing bolts are required to be checked and retorqued at regular intervals.
The apparatus body should be constructed to make this task relatively simple by unbolting access
panels, ladder slides, and other obstructions. Sufficient space should be provided for checking
and torquing the bearing bolts above and below the turntable using the appropriate tools.
A-16-5.4 The controls located at the tip of an aerial ladder are primarily intended to perform the
final positioning of the aerial ladder in rescue or other fire-fighting operations. These controls
are not intended to replace the lower control position as the primary operating position for the
aerial ladder. Where the tip control is used, the operator(s) must use caution due to the following
potential problems:
(a) Tip control operators must be aware of personnel who are on the ladder sections behind
them.
(b) Lower control operators must remain in position and deactivate the tip controls when
anyone is moving on the ladder.
(c) Tip control operators must take care to place their feet on the steps at the tip to avoid injury
to their feet from the moving ladder sections below.
(d) Tip control operators must be securely belted in position to protect against abrupt or
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unexpected ladder movements.
A-16-6.1 Where freezing conditions are expected, an automatic drain valve should be specified
in order to drain the waterway when water is not flowing.
A-16-6.1.3 The arrangement of the external inlet should be specified by the purchaser based on
the intended local operation in supplying water to the waterway. If the apparatus has a pump and
normal operations are to supply the waterway through the pump, a suitable cap might be
sufficient on the external inlet.
If the normal operations are to supply the waterway through the external inlet, a valve should
be provided where large diameter hose is to be used. A valved three- or four-inlet siamese should
be provided when 21/2-in. or 3-in. (65-mm or 76-mm) supply lines are used. Attention should be
given to the inlet arrangement to limit friction loss. Also, if the apparatus is equipped with a fire
pump and the purchaser desires to use the auxiliary inlet as a discharge, a slow-acting valve must
be installed in the riser to the swivel.
A-16-6.1.4 The tip of an aerial ladder should be capable of being positioned up to a window or
other location to allow fire fighters and civilians to climb onto the aerial ladder easily. It might
be desirable to keep the monitor behind the last rung of the fly section to protect it in the road
position.
A-16-6.2 If the purchaser desires extra length on the hose, a two- or three-inlet siamese, or a
shutoff at the base of the ladder, these should be specified. The purchaser might also wish to
specify a 500-gpm (1900-L/min) minimum fog nozzle.
The size of hose used to supply the ladder pipe has been considered by the aerial ladder
manufacturer in the design of the ladder. Use of larger size hose could overload the ladder with
excessive weight and should be avoided without consulting the aerial ladder manufacturer first.
The hose should be fastened in a straight line up the middle of the aerial ladder. Hose straps
not only secure the hose in place but take the strain off couplings and fittings that might
otherwise fail and cause injury.
A-16-6.2.2 Where pulleys and cables for vertical control of the stream from the turntable are
desired, the purchaser should specify these.
A-16-9.2 Position lights might be desirable on the outer corners of the platform to provide
increased visibility of the platform's location from the ground operator's position.
A-16-9.4 A two-way communication system at two positions on the apparatus is considered a
minimum. Depending on the configuration of the apparatus, communication systems at
additional positions such as the pump panel might be desirable.
A-16-12.2.1 Because the water system can be closed at both the top and bottom of the waterway,
the purchaser might want to require a vacuum relief valve.
A-16-12.3 See A-16-6.1.3.
A-16-12.6 Where freezing conditions are expected, an automatic drain valve should be specified
in order to drain the waterway when water is not flowing.
A-16-16.3 The arrangement of the auxiliary inlet should be specified by the purchaser based on
local operations in supplying water to the waterway. If normal operations are to supply the
waterway with large-diameter hose, a valve should be provided. A valved three- or four-inlet
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siamese should be provided when 21/2-in. or 3-in. (65-mm or 76-mm) supply lines are used.
Attention should be given to the inlet arrangement to limit friction loss. Also, if the purchaser
desires to use the auxiliary inlet as a discharge, a slow acting valve must be installed in the riser
to the swivel.
A-16-16.5 Where freezing conditions are expected, an automatic drain valve should be specified
in order to drain the waterway when water is not flowing.
A-16-17.4 It might be desirable to provide an override system to deactivate the interlocks when
it is necessary to operate the device with reduced payload or reach. Where an override system is
specified, it should require the action of a person in addition to the operator to deactivate the
interlock system. Where an override system is provided, it is also advisable to provide an
indicator at all aerial device operating positions to warn the operator that the override controls
have been activated.
A-16-18.1 If the operator's position is located on the turntable, the operator should have at least 5
ft2 (0.46 m2) of standing and work space exclusive of other space required. The purchaser should
specify any special requirements for the operator's position or for other space required on the
turntable for personnel to stand or work.
A-16-20.1 Structural safety factors are widely recognized terms in engineering practice, but can
be unfamiliar to those using this standard. The following combination of loads should be
evaluated to determine compliance with this standard. To clarify, the terms are defined follows:
DL = Dead Load Stress. Stress produced by the aerial device structure and all materials,
components, mechanisms, or equipment permanently fastened thereto. If this equipment is
installed by the manufacturer before delivery, it is included in the dead load. Equipment added
to the aerial device by the fire department that exceeds the manufacturer's recommendations
must be subtracted from the rated capacity.
RL = Rated Capacity Stress. Stress produced by the rated capacity of the aerial device applied
at the tip of the fly section for an aerial ladder [minimum 250 lb (114 kg) at an elevation of zero
degrees and full extension] or on the platform of an elevating platform apparatus [minimum 750
lb (340 kg) at an elevation of zero degrees and full extension].
WL = Water Reaction Stress. Stress produced by nozzle reaction force and the weight of the
water in the water delivery system.
FY = Material Yield Strength. The stress at which a material exhibits a specified permanent
distortion or set.
(a) With no water in the system, the aerial device positioned at full extension, zero-degree
elevation and loaded at the rated capacity, the criteria for structural safety is as follows: the stress
produced by two times the dead load stress (DL) plus the stress produced by two times the rated
capacity stress (RL) should not exceed the material yield strength (FY) (see formula that
follows). This is a 2 to 1 safety factor.
2 × DL + 2 × RL < FY
(b) With water flowing in the system and the aerial device in the position that creates the
highest stress, the criteria for structural safety is as follows: the stress produced by two times the
dead load stress (DL) plus the stress produced by two times the rated capacity stress (RL) plus
the stress produced by the water reaction stress (WL) should not exceed the material yield
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strength (FY). (See formula that follows.)
2 × DL + 2 × RL + WL < FY
Other combinations of loading including wind loads, ice loads, and impact loads can be
included as additional live loads in determining structural safety factors and rated capacities.
A-16-21.1 Water, hose, ground ladders, and equipment on the apparatus all provide stability
when they are in place. However, at a fire, this equipment and water is often removed. Therefore,
stability needs to be measured under worst conditions, which is with the equipment removed.
A-16-21.1.3 The lifting of a tire or stabilizer on the opposite side of the vehicle from the load
does not necessarily indicate a condition of instability.
A-16-25 If the tests of some components of the apparatus are being certified by an independent
testing organization, the purchaser might wish to specify that these tests also be certified by the
independent testing organization.
A-17-1 It is important for the purchaser to understand the types and properties of mechanical
foam and its application to specify a foam proportioning system properly. Specific information
regarding foam concentrates and their application is available in NFPA 11, Standard for
Low-Expansion Foam, and NFPA 11A, Standard for Medium- and High-Expansion Foam
Systems. Information on foam concentrates for Class A fires is available in NFPA 298, Standard
on Fire Fighting Foam Chemicals for Class A Fuels in Rural, Suburban, and Vegetated Areas.
The following terms are not used in this document but are associated with foam systems and
are included here to aid understanding.
Aerated Foam. The end product of a discharge of foam solution and air.
Aspirate. To draw in air; nozzle aspirating systems draw air into the nozzle to mix with the
agent solution.
Aspirated Foam. The end product of a mechanically induced air stream that is drawn into the
foam solution at atmospheric pressure to create foam. The aeration is generated by the energy of
the foam solution stream.
Automatic Regulating Proportioning System. A proportioning system that automatically
adjusts the flow of foam concentrate into the water stream to maintain the desired proportioning
ratio. These automatic adjustments are made based on changes in water flow or conductivity.
Batch Mix. The manual addition of foam concentrate to a water storage container or tank to
make foam solution.
Foam Blanket. A body of foam used for fuel protection that forms an insulating and reflective
layer from heat.
Injector. A device used in a discharge or intake line to force foam concentrate into the water
stream.
Manually Regulated Proportioning System. A proportioning system that requires manual
adjustment to maintain the proportioning ratio when there is a change of flow or pressure
through the foam proportioner.
Proportioning Ratio. The ratio of foam concentrate to water, usually expressed as a percentage.
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Surface Tension. The elastic-like force in the surface of a liquid that tends to bring droplets
together to form a surface.
Wetting Agent. A chemical that reduces the surface tension of water and causes it to spread
and penetrate more effectively than plain water, but does not foam.
A-17-2 Foam proportioning systems can be designed with the following features:
(a) The ability to proportion different types of foam concentrate including Class A and Class B
foam concentrates;
(b) The ability to proportion foam concentrate at fixed or variable proportioning ratios;
(c) The ability to proportion foam concentrate into single or multiple discharge outlets;
(d) The ability to proportion foam solution and water simultaneously from a multiple discharge
outlet foam proportioning system;
(e) Manual or automatic foam proportioning system operation.
A-17-2.1 In-line eductor foam proportioning systems are installed in the water pump discharge
as a permanently installed device or as a portable device. Water is forced through the eductor
venturi by water pump discharge pressure, creating a vacuum that causes foam concentrate to be
drawn into the eductor (into the water stream) at the design rate of the device [see Figure
A-17-2.1(a)]. By design, a nonrecoverable pressure drop of 30 percent or greater is required for
eductor operation. The maximum recovered pressure, including friction loss and static head
pressure, is nominally 65 percent of the inlet pressure to the eductor. The in-line eductor is a
manually regulated proportioning system.
(a) A variable flow by-pass eductor system is a modification of the in-line eductor foam
proportioning system. An eductor is placed in a by-pass line around the mainline water flow
control valve so that when the valve is adjusted to produce water flow through the by-pass
eductor, foam concentrate is drawn into the eductor (into the water stream) [see Figure
A-17-2.1(b)]. The foam solution in the by-pass line is then joined with the mainline water flow
downstream of the water flow control valve. The variable flow by-pass eductor is a manually
regulated proportioning system.
(b) Variable pressure eductors are a modification of the in-line eductor foam proportioning
system. This type of eductor is designed to automatically adjust the area of the eductor venturi
to compensate for changes in water pressure at the inlet of the device. The variable pressure
eductor is a manually regulated proportioning system.
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Figure A-17-2.1(a) In-line eductor foam proportioning system.
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Figure A-17-2.1(b) Variable flow by-pass eductor system.

A-17-2.2 Self-educting master stream nozzles are mounted on the discharge side of the pump.
These devices comprise a complete foam proportioning system, consisting of a foam
proportioner and application device (nozzle). Self-educting master stream nozzles have the
following operating characteristics:
(a) Operator-adjustable foam solution rates of 3 percent or 6 percent;
(b) Minimal pressure drop, approximately 1 percent to 21/2 percent of inlet pressure.
A-17-2.3 An intake-side foam proportioning system is a manually regulated system. An in-line
device, installed in the water pump intake line provides a connection through a foam concentrate
metering valve to the foam concentrate tank. The vacuum created by the water pump draws
foam concentrate directly into the pump intake. Hydrant or relay operation is not possible with
this type of foam proportioning system.
A-17-2.4 Around-the-pump proportioning systems operate with an eductor installed between the
water pump discharge and the intake. A small flow of water from the water pump discharge
passes through the eductor, which creates a vacuum that causes foam concentrate to be drawn
into the eductor and discharged into the pump intake. Around-the-pump foam proportioning
systems require a pressure differential of 30 percent to 50 percent of inlet pressure for efficient
operation.
(a) A manual around-the-pump proportioning system utilizes a manually adjustable foam
concentrate metering valve to control the proportioning ratio. [See Figure A-17-2.4(a).]
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Figure A-17-2.4(a) Manual around-the-pump proportioning system.

(b) A flow meter sensing around-the-pump proportioning system utilizes a flow meter sensing
system to monitor total solution flow and foam concentrate flow. The flow data is transmitted to
an electronic control that controls the proportioning ratio through a foam concentrate metering
valve. [See Figure A-17-2.4(b).]

Figure A-17-2.4(b) Flow meter sensing around-the-pump proportioning system.

(c) A conductivity sensing automatic variable metering around-the-pump proportioning system
utilizes electrical conductivity meters to sense the foam solution percentage and provide
feedback from the control sample module. Data from the electrical conductivity meters is
transmitted to an electronic control that controls the proportioning ratio through a foam
concentrate metering valve. [See Figure A-17-2.4(c).]
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Figure A-17-2.4(c) Conductivity sensing automatic variable metering around-the-pump proportioning system.

A-17-2.5 Balanced pressure foam proportioning systems are installed on the discharge side of
the water pump. Two orifices discharge water and foam concentrate into a common ratio
controller (proportioner) located in the water pump discharge. By adjusting the area of the
orifices to a particular ratio, the percent of injection can be controlled if the intake pressures are
equal. The method of controlling or balancing the foam concentrate pressure with the water
pressure varies with different balanced pressure system designs. The two basic types of balanced
pressure systems are systems without a foam concentrate pump and systems with a concentrate
pump. Balanced pressure foam proportioning systems are generally automatic regulating
proportioning systems.
Balanced pressure systems without a foam concentrate pump are referred to as "pressure
proportioning systems" [see Figure A-17-2.5(a)]. These systems utilize a pressure vessel with an
internal bladder to contain the foam concentrate. When in operation, water pump pressure is
allowed to enter the pressure vessel between the shell and the internal bladder to exert pressure
on the internal bladder. The foam concentrate is forced out of the bladder to the foam
proportioner at a pressure equal to the water pump pressure.
There are two basic types of balanced pressure foam proportioning systems that utilize a foam
concentrate pump. Foam proportioning system operation is not affected by water pump intake
pressure or interrupted while refilling the foam concentrate tank in these types of foam
proportioning systems.
(a) A by-pass system utilizes a valve in the foam concentrate pump recirculating line that
balances the foam concentrate and water pressure by by-passing excess foam concentrate. [See
Figure A-17-2.5(b).]
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(b) A demand system is designed to control the speed of the foam concentrate pump resulting
in control of the pump discharge pressure to achieve a balance of foam concentrate and water
pressure within the system. [See Figure A-17-2.5(c).]

Figure A-17-2.5(a) Pressure proportioning balanced pressure proportioning system.

Figure A-17-2.5(b) By-pass balanced pressure proportioning system.
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Figure A-17-2.5(c) Demand balanced pressure proportioning system.

A-17-2.6 Direct injection foam proportioning systems utilize a foam concentrate pump to inject
foam concentrate directly into the water pump discharge. Foam proportioning system operation
is not affected by water pump intake pressure or interrupted while refilling the foam concentrate
tank. Direct injection foam proportioning systems are generally automatic regulating
proportioning systems.
Automatic flow sensing direct injection foam proportioning systems utilize an in-line flow
meter(s) to monitor the system operating conditions. System operating data is transmitted to an
electronic control, which controls the proportioning ratio. Two different flow sensing systems
are available.
(a) An electronic control receives electronic signals corresponding to the proportioning ratio
from the control panel and water flow data from the flow meter. The electronic control then
commands the foam concentrate pump module to deliver foam concentrate at the proportional
rate. [See Figure A-17-2.6(a).]
(b) An electronic control receives electronic signals corresponding to the foam concentrate
flow from a foam concentrate flow meter, the proportioning ratio from the control panel, and
water flow data from the water flow meter. The electronic control controls the proportioning
ratio through a foam concentrate metering valve. [See Figure A-17-2.6(b).]
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Figure A-17-2.6(a) Single meter flow sensing direct injection foam proportioning system.

Figure A-17-2.6(b) Dual meter flow sensing direct injection foam proportioning system.

A conductivity sensing direct injection foam proportioning system utilizes an electrical
conductivity meter(s) to sense the proportioning ratio at the water pump discharge(s) and
transmits this information to an electronic control that controls the proportioning ratio through a
metering valve. A second electrical conductivity meter provides feedback from the control
sample module to the electronic control. Foam pump pressure is maintained at a pressure higher
than water pump pressure to ensure injection of the concentrate. [See Figure A-17-2.6(c).]
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Figure A-17-2.6(c) Conductivity sensing direct injection foam proportioning system.

A-17-2.7 In a water motor-type foam proportioning system, a water motor drives a positive
displacement foam concentrate pump. The water motor can be of either a positive displacement
type or a turbine type. Water motor foam proportioning system are automatic regulating
proportioning systems.
Where a positive displacement type water motor drives the foam concentrate pump, the ratio of
the water motor displacement to the displacement of the foam concentrate pump is the ratio of
the desired foam solution. A positive displacement water motor proportioning system requires
no external power. [See Figure A-17-2.7(a).]
A water turbine powered type of foam proportioning system uses a water turbine to power a
positive displacement foam concentrate pump. Flow meters sense the foam concentrate pump
output and the water flow, sending signals to an electronic control which controls the
proportioning ratio by adjusting the water turbine speed. [See Figure A-17-2.7(b).]
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Figure A-17-2.7(a) Water motor foam proportioning system.

Figure A-17-2.7(b) Water turbine driven flow sensing direct injection foam proportioning system.

A-17-3.3 Most foam concentrate manufacturers differentiate in the materials they recommend
between those foam-proportioning system components that are designed to be flushed with water
after operation and those components that are intended to be continuously wetted with foam
concentrate.
A-17-4.1 It is desirable to have a visual indicator at the operator's position that shows that the
foam proportioning system is in the "operating" or the "off" position. A visual means of
indicating positive foam concentrate flow at the operator's position is also desirable.
A-17-6.3 Suitable means to attach the cover to the fill tower could include use of a threaded cap
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or a hinged cover with a mechanical latching device.
A-17-6.6 On vehicles where a single foam storage tank is used, provisions should be made to
flush the tank and all foam concentrate plumbing to avoid contamination of dissimilar foam
concentrates when switching types or brands.
A-17-6.8
The foam concentrate tank(s) can be an integral part of the water tank.
A-17-6.10 Different types and brands of concentrates can be incompatible with each other and
should not be mixed in storage. Concentrate viscosity varies with different types of products and
temperatures.
A-17-7 The foam concentrate pump is a very critical component of both balanced pressure and
direct injection foam proportioning systems. Positive displacement pumps are recommended for
several reasons. Positive displacement pumps are relatively slow speed when compared to
centrifugal pumps, which is desirable with viscous foam concentrates that are difficult to shear.
Centrifugal pumps can become air bound when trying to pump viscous foam concentrates, which
results in a complete shutdown of the system. The self-priming feature of positive displacement
pumps allows them to draw foam concentrate from drums or any external source without priming
the pump.
A-17-7.5 A suitable suction device is required to operate from an external source such as 5-gal
(19-L) pails, 55-gal (208-L) drums, and portable tanks or containers.
A-17-9.3 It is desirable for in-line eductor systems to have a label that indicates the system flow
rate, the maximum usable hose length, the hose size required, the nozzle type, and allowable
elevation changes.
A-17-10 If the tests of some components of the apparatus are being certified by an independent
testing organization, the purchaser might wish to specify that these tests also be certified by the
independent testing organization.
There are four methods for testing a foam proportioning system for calibration accuracy:
Test Method 1. Water is substituted for foam concentrate.
Test Method 2. Foam percent is determined by use of a refractometer.
Test Method 3. Foam concentrate pump output is measured directly.
Test Method 4. Foam percent is determined by use of a conductivity meter.
Test Method 1. Water Is Substituted for Foam Concentrate. The foam system is operated
at the water flow rates at which the system is to be tested. Water is used as a substitute for foam
concentrate. The substitute water for foam concentrate is drawn from a calibrated tank instead of
foam concentrate from the foam concentrate tank. The volume of water drawn from the
calibrated tank divided by the volume of water pumped over the same time period times 100
represents the percentage of foam the foam proportioner is producing.
Test Method 2. Foam Percent Is Determined by Use of a Refractometer. With the foam
system in operation at a given flow, a solution sample is collected from each outlet. The foam
concentration solution is measured using a refractometer to measure the refractive index of the
collected foam solution sample. This method might not be accurate for AFFF or alcohol-resistant
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foam and certain other types of foam that typically exhibit very low refractive index readings.
Also the refractometer method should not be used when testing foam percentages of 1 percent or
lower because the accuracy, at best, for determining the percent of foam concentrate in a foam
solution when using a refractometer is ± 0.1 percent. For this reason, the conductivity method
could be a preferable test method where AFFF, alcohol-resistant foam, or foam in 1 percent or
less concentration (Class A foams) is to be tested.
To use a refractometer to determine percent of foam solution, a base calibration curve must be
prepared using the following equipment:
Equipment Required:
(a) Four 100-ml or larger plastic bottles with caps;
(b) One measuring pipette (l0 ml) or syringe (10 cc);
(c) One 100-ml or larger graduated cylinder;
(d) Three plastic-coated magnetic stirring bars;
(e) A refractometer;
(f) Standard graph paper;
(g) A ruler or other straight edge.
Procedure. Using the water and foam concentrate from the system to be tested, three known
foam solution samples are made up using the 100-ml or larger graduated cylinder. These known
foam solution samples should include:
(a) The nominal intended percentage;
(b) The nominal intended percentage plus 1 percent; and
(c) The nominal intended percentage minus 1 percent.
If the nominal intended percent is one percent or less, the three samples should be:
(a) The nominal intended percentage;
(b) The nominal intended percentage plus 0.3 percent; and,
(c) The nominal intended percentage minus 0.3 percent.
The water required is placed in the 100-ml or larger graduated cylinder leaving space for the
foam concentrate. Using the pipette or syringe, the required foam concentrate samples are
carefully added to the water. Each measured foam solution is poured from the 100-ml or larger
graduated cylinder into a 100-ml or larger plastic bottle. Each bottle should be marked with the
percent solution it contains. A plastic stirring bar is added to the bottle. The bottle is capped and
shaken thoroughly to mix the foam solution.
An alternate method of making up three foam solution samples is to use a very accurate scale.
When a very accurate scale is used, only small amounts of water and foam concentrate are
required. To use the scale method, the density of the foam concentrate must be known. Look at
the data sheet or the MSDS for the foam product density. For example, to make 100 ml of a 3
percent foam solution using a foam concentrate with a density of 1.04, measure 97 g of water
into a beaker and add 3.12 g of foam concentrate to the beaker (1.04 × 3 g = 3.12 g).
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After the foam solution samples are thoroughly mixed, a refractive index reading is taken of
each percentage foam solution sample. This is done by placing a few drops of the solution on the
refractometer prism, closing the cover plate, and observing the scale reading at the dark field
intersection. Since the refractometer is temperature compensated, it could take 10 seconds to 20
seconds for the sample to be read properly. It is important to take all refractometer readings at
ambient temperatures of 50°F (10°C) or above.
Using standard graph paper, the refractive index readings are plotted on one axis and the
percent of concentration on the other. This plotted curve serves as the known baseline for the test
series. The solution samples should be set aside in the event the measurements need to be
checked.
Sampling and Analysis. Foam solution samples are collected from the proportioning system
using care to make certain that the samples are taken at an adequate distance downstream from
the foam proportioner being tested. Refractive index readings of the samples are taken and
compared to the plotted curve to determine the percentage of the collected test samples.
Test Method 3. Foam Concentrate Pump Output Is Measured Directly. With some direct
injection systems, it is possible to directly measure foam concentrate pump output. With the
foam system in operation at a given water flow rate, either using foam concentrate or water as a
substitute for foam concentrate, the output of the foam concentrate pump is measured by
diverting that output into a calibrated container for direct measurement over a measured period
of time. An alternative is to measure the foam concentrate flow or water substitute with a
calibrated meter.
Test Method 4. Foam Percent Is Determined by Use of a Conductivity Meter. The
conductivity test method is based on changes in electrical conductivity as foam concentrate is
added to water. Conductivity is a very accurate method provided there are substantial changes in
conductivity as foam concentrate is added to the water in relatively low percentages. Since salt
or brackish water is very conductive, this method might not be suitable due to small conductivity
changes as foam concentrate is added to salt or brackish water. It is necessary to make foam and
water solutions in advance to determine if adequate changes in conductivity can be detected if
the water source is salty or brackish. This method cannot be used when the water base has more
total solids than the foam concentrate. Three methods can be used to determine the foam
percentage by the conductivity method.
1. Direct Reading Conductivity Test Method
Equipment Required:
(a) Two 100-ml or larger containers;
(b) One direct reading foam solution conductivity meter.
Procedure. A sample of the water to be used in the test is obtained using one of the 100-ml or
larger containers. The conductivity meter head is immersed in the water sample and the meter
display set at zero. If the direct reading foam solution conductivity meter is mounted in a
discharge line, the meter should be set at zero with plain water flowing.
If the conductivity meter manufacturer does not indicate that the percentage of foam solution
can be read directly for the foam concentrate being used, a calibration curve must be developed.
The calibration curve might show that the direct meter readings are correct for the foam
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concentrate being used or it might indicate that the calibration curve must be used when that
foam concentrate is used.
The foam proportioning system is operated and a sample of the foam solution produced by the
system is collected using the other 100-ml or larger container. The conductivity meter head is
immersed in the foam solution sample and the percentage of the foam solution is read on the
meter display. If the conductivity meter is mounted in a discharge line, the percentage of the
foam solution is read on the meter display while foam solution is being discharged.
2. Conductivity Comparison Method
Equipment Required:
(a) Two 100-ml or larger containers;
(b) Conductivity meter reading in ms/cm (microsiemens per centimeter).
Procedure. A sample of the water to be used in the test is obtained using one of the 100-ml or
larger containers. Using the conductivity meter, the conductivity valve of the water sample is
determined.
The foam proportioning system is operated and a sample of the foam solution produced by the
system is obtained using the other 100-ml or larger container. Using the conductivity meter, the
conductivity value of the foam solution sample is measured.
The conductivity value of the water sample is subtracted from the conductivity value of the
foam solution sample and the result is divided by 500 to obtain the percent of foam concentrate
in the foam solution.

NOTE: 500 is used as the divisor assuming that the conductivity meter units are ms/cm (microsiemens per
centimeter). Other units of conductivity can be used but will require the value of the divisor (500) to be
adjusted.

3. Conductivity Calibration Curve Method
A hand-held conductivity meter is used to measure the conductivity of foam solutions in
microsiemen units.
Equipment Required:
(a) Four 100-ml or larger plastic bottles with caps;
(b) One measuring pipette (10 ml) or syringe (10 cc);
(c) One 100-ml or larger graduated cylinder;
(d) Three plastic-coated magnetic stirring bars;
(e) A portable temperature-compensated conductivity meter — Omega Model CDH-70, VWR
Scientific Model 23198-014, or equivalent;
(f) Standard graph paper;
(g) A ruler or other straight edge.
Procedure. A base calibration curve is prepared using the water and foam concentrate from the
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system to be tested. Three standard solutions are made using the 100-ml or larger graduate.
These known foam solution samples should include:
(a) The nominal intended percentage;
(b) The nominal intended percentage plus 1 percent; and
(c) The nominal intended percentage minus 1 percent.
If the nominal intended percent is one percent or less, the three samples should be:
(a) the nominal intended percentage;
(b) the nominal intended percentage plus 0.3 percent; and
(c) the nominal intended percentage minus 0.3 percent.
The water required is placed in the 100-ml or larger graduated cylinder leaving space for the
foam concentrate. Using the pipette or syringe, the required foam concentrate samples are
carefully added to the water. Each measured foam solution is poured from the 100-ml or larger
graduated cylinder into a 100-ml or larger plastic bottle. Each bottle should be marked with the
percent solution it contains. A plastic stirring bar is added to the bottle. The bottle is capped and
shaken thoroughly to mix the foam solution.
An alternate method of making up three foam solution samples is to use a very accurate scale.
When a very accurate scale is used, only small amounts of water and foam concentrate are
required. To use the scale method, the density of the foam concentrate must be known. Look at
the data sheet or the MSDS for the foam product density. For example, to make 100 ml of a 3
percent foam solution using a foam concentrate with a density of 1.04, measure 97 g of water
into a beaker and add 3.12 g of foam concentrate to the beaker (1.04 × 3 g = 3.12 g).
After the foam solution samples are thoroughly mixed, the conductivity of each solution is
measured. The instructions that come with the conductivity meter should be consulted to
determine proper procedures for taking readings. It is necessary to switch the meter to the correct
conductivity range setting in order to obtain a proper reading. Most synthetic-based foams used
with fresh water result in foam solution conductivity readings of less than 2000 ms/cm.
Protein-based foams generally produce conductivity readings in excess of 2000 ms/cm when
fresh water is used to make the foam solution. Due to the temperature-compensation feature of
the conductivity meter it could take a short time to obtain a consistent reading.
Once the solution samples have been measured and recorded, the bottles should be set aside
for control samples reference. The conductivity readings then should be plotted on the graph
paper. It is most convenient to place the foam solution percentage on the horizontal axis and the
conductivity readings on the vertical axis.
A ruler or straight edge can be used to draw a line that approximates connecting all three
points. While it might not be possible to connect all three points with a straight line, they should
be very close. If not, the conductivity measurements should be repeated and, if necessary, new
control sample solutions should be made until all three points plot in a nearly straight line. This
plot serves as the known base (calibration) curve to be used for the test series.
Sampling and Analysis. Foam solution samples are collected from the proportioning system
using care to be sure the sample is taken at an adequate distance downstream from the foam
proportioner being tested. Using foam solution samples that have been allowed to drain from
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expanded foam can produce misleading conductivity readings; therefore this type of sample
should not be used to determine percent of foam solution.
When test samples have been collected, their conductivity is measured and the percent of foam
solution is determined from the base curve prepared from the control sample foam solutions.
A-18-1 The following terms are not used in this document but are associated with compressed air
foam systems and are included here to aid in understanding.
Chatter. An unacceptable flow condition wherein air is not fully mixed with the foam
solution.
High-Energy Foam Generator. A foam generator that uses a large amount of external energy
to aerate the foam.
Low-Energy Foam Generator. A foam generator that uses energy of the foam stream to
aerate the foam.
Mixing Chamber. A device used to produce fine, uniform bubbles in a short distance as foam
solution and air flow through it.
Scrubbing. The process of agitating foam solution and air in a confined space such as a hose,
pipe, or mixing chamber to produce tiny, uniform bubbles.
Slug Flow. The discharge of distinct pockets of water and air due to the insufficient mixing of
foam concentrate, water, and air in a compressed air foam system.
Surge. The sudden decompression of a discharge line caused by the rapid opening of the
discharge appliance.
A-18-2.1 It is desirable that the concentrate proportioning system be automatic, inject into the
discharge side of the pump, and proportion at a minimum water flow of 2 gpm (8 L/min).
A-18-2.5 It is recommended that compressed air not be injected into the water/foam discharge
piping until the flow of water/foam solution has been established in the discharge piping. The
nozzle reaction at the end of a hose can be quite high if just air or air and water with no foam
solution is flowing in the discharge line. The nozzle reaction could be a safety issue with an
operator that is not expecting or not properly braced to withstand this reaction force. The
reaction force is substantially reduced when a foam solution is flowing in the discharge hose.
A-18-4 If it is desired to test the expansion ratio, the following test is recommended.
Equipment Required:
(a) Gram scale, 1500-g capacity accurate to 0.1 g;
(b) One 1000-ml container that can be struck at 1000 ml (a 1000-ml graduated cylinder cut off
at 1000 ml works well).
The empty container is placed on the scale and the scale is set to zero. Using the container, a
full sample of foam is collected and the foam is struck at the 1000-ml level. The container is
placed on the scale and the mass is read in grams.
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1This assumes that 1 g of foam solution occupies 1 ml of volume.

A-18-5 Any components of the piping system exposed to pressurized air from the CAFS should
be designed for at least 500 psig (344 kPag) burst pressure.
A-18-7.6 Some systems provide automatic regulation of the water flow, however,
instrumentation is still useful to the operator. Even automatic systems have adjustments and
performance limits which warrant instrumentation. Where the system design does not allow for
such automatic regulation, or where the operator has the ability to control water flow or airflow,
air and water flow meters are necessary for the operator to monitor the operational performance
of the CAFS where the nozzle person cannot be seen. Where pumping long hose lays or
pumping to great heights, the operator must know what is flowing in order to be certain the
proper product is being delivered.
A-18-9 If the tests of some components of the apparatus are being certified by an independent
testing organization, the purchaser might wish to specify that these tests also be certified by the
independent testing organization.
A-18-9.1.3 Care should be taken to avoid injuries to personnel from the discharging airstream.
Only those persons actually conducting the tests should be in the test area, and they should wear
hearing, eye, and dust protection during the airflow test.
A-18-9.2 The person conducting the test should check with the manufacturer of the hose being
used to ensure the hose has been approved for use with CAFS.
A-19-1 A typical electrical system might consist of a generator system that is bonded to the
chassis frame rail. Conductors making up the power supply assembly include the neutral
conductor (N), grounding conductor (G), and line voltage conductors (L1, L2, L3). The power
supply assembly also includes a manually resetable, main power source overcurrent protective
device.
The neutral conductor of the power supply assembly is grounded to the generator frame. This
is the only location that the neutral is grounded in the entire system. The power supply assembly
terminates at the panelboard for distribution to the rest of the system. Figure A-19-1 shows a
typical system on a fire apparatus.
It is the responsibility of the purchaser to provide the contractor with sufficient information to
enable the contractor to supply an electrical system that will meet the needs of the fire
department.
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Figure A-19-1 Typical line voltage electrical system.

For each piece of line voltage electrical equipment installed on the apparatus or operated using
the apparatus line voltage electrical system, the purchaser should provide the following
information:
(a) The type of electrical current required, i.e., direct current (dc), alternating current (ac), or
either ac or dc.
(b) If ac, the nominal operating voltage, the maximum amperage, and whether single-phase or
three-phase. For electronic equipment and some motors, the required quality of the alternating
current should also be stated, including the upper and lower limits of voltage and the allowable
variation of frequency and wave form.
(c) If dc, the nominal operating voltage and the maximum operating current. For special
equipment, the required quality of the direct current should also be stated, including the upper
and lower limits of voltage and the amount of ripple voltage.
(d) The required minimum continuous output wattage of the electrical source or sources that
power the system, or if more than one type of current or voltage is required, the maximum output
wattage for each type of current or voltage.
(e) If an earth grounded system is required, the details of grounding rods, plates, clamps, or
other means to establish bonding of the vehicle and the power source to the earth.
Generally, the line voltage electrical system should be sized based on the total amount of fixed
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and portable equipment that is likely to be operated at the same time. In view of the increasing
use of line voltage devices on apparatus, the provision of a line voltage electrical system of
sufficient capacity is strongly recommended. Where line voltage equipment use is extensive, a
separately driven generator is recommended.
Where only incandescent lighting is involved, ac or dc power can be used. Where other
electrical devices such as motor driven equipment or electronic equipment are involved, single
phase ac power at 60 cycles is normally required. However, because of the substantial reduction
of size and cost that results from three-phase operation, ac motors larger than 5 horsepower are
usually designed to operate on three-phase ac current. Attempting to operate electrical
equipment using the wrong type of electrical power will almost always damage the electrical
equipment.
If premises wiring or other fixed wiring systems are to be powered by the generator, the
installation should be preplan0ned and in accordance with NFPA 70, National Electrical Code,
for that intended purpose. Grounding of the system should comply with Section 250-5
(Alternating-Current Circuits and Systems to Be Grounded) and other applicable sections of the
NEC.
A-19-2.1 On certain unregulated-voltage generators, (other than engine speed regulation) the
voltage range might exceed 250 volts until saturation is reached or sufficient load is applied.
A-19-2.4 Portable line voltage electrical equipment added by the fire department should also be
listed and utilized only in accordance with the manufacturer's instructions.
A-19-3.1 Because of the non-earth grounded nature of apparatus mounted line voltage equipment
and the wet environment in which it operates, great care should be taken in the use and
maintenance of such line voltage circuits and equipment. Ground fault protection for personnel
should be furnished through an assured equipment grounding conductor program in accordance
with Section 305-6(b) (Assured Equipment Grounding Conductor Program) of the NEC. All
cord sets, receptacles, and electrical equipment should be maintained in accordance with NFPA
70B, Recommended Practice for Electrical Equipment Maintenance.
This protection can be supplemented by the use of ground-fault circuit-interrupters. These
GFCIs should be attached to the end of distribution cords and located close enough to the
equipment being operated that the GFCI can be conveniently reset in the event it trips. Locating
GFCI devices as close as possible to the end of a cord will reduce tripping caused by stray
capacitance and leakage associated with long cord lengths and multiple connections.
While this arrangement is desirable for fire service operating conditions and does protect fire
fighters who are operating tools and lights downstream of the GFCI, it should be realized that no
ground fault protection is provided between the electrical source and the GFCI.
A-19-4.7.2 The purchaser should consider the following additional remote instruments where a
prime mover, other than the propulsion engine, is used to drive a generator.
(a) Prime mover tachometer;
(b) Oil pressure gauge and low pressure indicator light and audible alarm;
(c) Engine temperature gauge and high temperature indicator light and audible alarm.
The instrumentation should be protected from vibration that can lead to false readings.
Particular attention should be paid to reed type cycle indicators. Digital electronic
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instrumentation should be selected that incorporates sample times and intervals that accurately
report system performance under varying conditions.
A-19-5.1 A PTO generator system typically consists of a propulsion engine, a controller to
regulate the propulsion engine's speed, an appropriate PTO arrangement, drive train components,
a generator, and other miscellaneous parts.
A-19-5.1.1 Where possible, the generator PTO system should be prevented from engaging if
engine speed is above idle.
PTO gear ratios and engine governor components should be selected and matched to provide
an engine speed high enough to maintain adequate performance of the alternator and air
conditioning system (if provided). Engine speed should be high enough to maintain adequate
performance of the low voltage electrical system. Continuous excessive engine speed will result
in premature generator drive train component failure and unnecessary fuel consumption.
The purchaser should consider the specification of a means to automatically disconnect the
generator or reduce engine speed to idle in the event of engine overspeed.
A-19-5.1.2 Operations in conjunction with a fire pump, aerial device, or other component driven
off the vehicle's engine could require special or alternate interlock systems.
A-19-5.2 A hydraulic generator system generally consists of a variable displacement hydraulic
pump deriving its power from the propulsion engine, a controller to regulate the hydraulic fluid
flow rate, a hydraulic motor driving the generator, hydraulic fluid cooler, reservoir, and other
miscellaneous parts.
All hydraulic generator systems have a window of operation (speed range). When selecting
the power output of the hydraulic generator system, its speed range should be compared to the
operating window of the vehicle's engine and the PTO ratios available. By selecting the
hydraulic generator system and PTO ratio to match the application, electrical power can be
provided over a wide operating range.
The selected PTO should have a gear ratio that will allow the widest possible range of engine
speeds without over speeding the hydraulic pump.
Where possible, engagement of the generator PTO system should be prevented if engine speed
is above idle.
A-19-5.2.1 This means may be either a mechanical or hydraulic device.
A-19-5.2.4.3 The use of 90-degree fittings should be avoided.
A-19-5.2.4.4 Hose runs should not include "S" turns that would allow air to be trapped.
A-19-5.3 Engine-driven generator systems use an internal combustion engine close coupled to a
generator. Some installations are capable of producing power while the vehicle is in motion.
Generators used in these applications should be specifically designed for mobile applications.
Remote generator controls should be considered and specified if desired.
A-19-5.3.3.1 Emissions from exhaust discharge pipes should be directed away from any
fire-fighting tools since such emissions contain an oily substance that could make the tools
difficult to handle and possibly dangerous to use.
A-19-5.4 Belt-driven generator systems use a voltage regulator and a generator driven off the
propulsion engine. The complexity of modern engine drive belt configurations limit power
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output to about 6000 watts. This system will generally maintain acceptable voltage, but the
frequency will vary with engine speed. Motor loads should not be powered by this type of
power supply.
An alternative system uses a separately driven alternator to supply electrical energy to an
invertor which in turn produces line voltage electrical power. These systems are separate from,
and do not effect, the performance of the low voltage electrical system. These systems are
voltage regulated and provide ample power for scene lighting. Due to belt-driven configuration,
the system is still subject to low voltage at idle conditions which could damage motors.
A-19-5.5.1 A brief description of several different types of systems follows. All of these
systems can overload the low voltage electrical system and cause the load management system to
terminate the generation of line voltage. As a result, the amount of line voltage power that can
be supplied, at any given time, is totally dependent on the other, higher priority demands placed
on the low voltage system.
Dynamic Power Inverter. A dynamic power inverter converts alternator output power to 120
volts ac (or 120/240 volts ac). Power is electronically inverted to ac. Usually the largest system
of this type is 7500 watts. Voltage and frequency control are typically very good.
Static Power Inverter. A static power inverter converts 12-volt to 14-volt dc power to
120-volt ac (or 120/240 volts ac) power. Power is electronically inverted to ac. Usually the
largest system of this type is 2000 watts. Voltage and frequency control are typically very good.
Motor-Driven Generators. A motor-driven generator system converts 12-volt dc power to
120-volt ac (or 120/240 volts ac) power. The 12-volt dc motor drives an ac generator. Typical
power ratings are less than 1600 watts. Voltage and frequency control are less precise than some
of the other systems available. These types of systems are suited to providing electric power
while the apparatus is in motion.
Transformers. Transformer systems convert energy from the alternator that is then rectified to
120-volt dc power. Typical installations provide 1000 watts. Output voltage is directly
dependent upon input voltage. Input voltage is dependent on engine and alternator speed.
A-19-6 Portable generator systems are generally 8 kW or less and designed with an integral fuel
tank and controls in one modular package. This allows the system to be picked up and
transported to a remote location from the vehicle. Generators designed for portable use should
be easily accessible for removal. These generators are generally not suited for "enclosed"
compartment operation.
The generator performance specifications should be evaluated carefully to ensure the required
level of performance can be met. Article 445 (Generators) of the NEC requires that overcurrent
protection be provided on portable generators.
A-19-7.1 The purchaser should specify the location on the apparatus for the power inlet.
Consideration should be given to placement of the power inlet so that it disconnects if the
vehicle is moved forward.
A-19-7.2.2 This paragraph differs from the requirements in the NEC in that this standard does
not permit two sources to be simultaneously connected together.
A-19-10.3 Common connectors and terminations that comply with these requirements include
the following:
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(a) Welded or brazed connectors;
(b) Crimped connectors;
(c) Soldered connections that are mechanically secured before soldering;
(d) Screw-type positive pressure connectors;
(e) Ring terminals;
(f) Hooks;
(g) Upturned spade;
(h) Crimped-on pins;
(i) Other methods providing a positive mechanical and electrical connection that are
acceptable to the authority having jurisdiction.
A-19-10.4 The following switch terminology can be helpful in understanding the different types
of switches.
One Pole (1P) or Single Pole (SP). A switch device that opens, closes, or changes connections
in a single conductor of an electrical circuit.
Two Pole (2P) or Double Pole (DP). A switch device that opens, closes, or changes
connections in both conductors of the same circuit.
Two Circuit (2 CIR). A switch device that opens, closes, or changes connections in a single
conductor of two independent circuits.
Single Throw (ST). A switch that opens, closes, or completes a circuit at only one of the
extreme positions of its actuator.
Double Throw (DT). A switch that opens, closes, or completes a circuit at both extreme
positions of its actuator.
Normally Open (NO). A switch in which one or more circuits are open when the switch
actuator is at its normal or rest position.
Normally Closed (NC). A switch in which one or more circuits are closed when the switch
actuator is at its normal or rest position.
Switch Ratings — Types of Loads
(a) Resistive;
(b) Inductive;
(c) Horsepower (i.e., motor loads);
(d) Tungsten (i.e., incandescent lamp loads);
(e) Alternating current;
(f) Direct current.
The ampere rating of a given switch is dependent on the type of load. In particular, switches
used to control dc circuits should have the appropriate dc rating.
A-19-10.4.2 In lieu of a "switch-rated" circuit breaker, a standard circuit breaker could be used
with a separate switching device.
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A-19-10.5.1.1 The purchaser should specify the number and location of receptacles that are
needed to operate the devices to be powered by the system. The purchaser should specify the
NEMA number (if applicable), manufacturer, and style of the receptacles desired. For other than
NEMA type receptacles, the purchaser should additionally specify the wiring configuration.
A 19-10.5.1.2 If the "off-road" vehicle is to ford water, the receptacle distance should be
increased above 30 in. (762 mm). The purchaser should review the proposed height for any
receptacles on the apparatus and specify a higher mounting height if desired.
A-19-10.5.5 While NEMA configurations as defined in NEMA WD-6, Wiring Devices
Dimensional Requirements, are recommended to promote compatibility of equipment during
mutual aid operations, other configurations are in use and have been adopted by various fire
departments.
Acceptable NEMA-type plug and receptacle configurations for various ac voltage and current
ratings are shown in Figure A-19-10.5.5.
The letter "R" following the configuration number indicates a receptacle, while the letter "P"
denotes a plug. For example, the nonlocking, 15-ampere, grounding receptacle found in most
homes is configuration 5-15R and accepts a three-prong plug in the configuration of 5-15P.
Locking-type plugs and receptacles are designed to prevent accidental disconnection when
subjected to moderate pull apart loads. Neither locking or nonlocking connectors are designed to
withstand the loads that can be created when pulling long cords up buildings and stairs.
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Figure A-19-10.5.5 Common NEMA plug configurations.

A-19-11.4 A suggested minimum capacity of a reel is at least 100 ft (30.5 m) of cable rated to
carry 20 amperes at 120 volts ac. When sizing the reel, extra capacity should be provided when
multiple receptacles are attached to the cable stored on the reel.
A-19-11.5 The cable on the reel should be provided with a disconnect means within 18 in. (457
mm) from the reel for cable removal if the cable is 8 AWG or smaller.
A-19-11.6 The purchaser might want to color code the cable or cable reel to identify the voltage.
A-19-11.7.2 It might be desirable to specify a remote power distribution box that has a provision
for hanging the unit from a door or ladder.
A-19-11.7.3 Consideration should be given to the use of GFCI devices mounted in the remote
power distribution box to provide additional protection to personnel using equipment powered
through the box.
A-19-11.7.5 The lamps used in this application should be "rough service" type. Scene lighting
around the remote power distribution box can be provided with an integral, mechanically
protected light fixture.
For increased visibility, reflective tape can be applied to the distribution box.
A-19-13.1 The purchaser should specify the type of rotation, telescopic, pan and tilt operations,
and other features that are required.
A-19-13.2.3 To reduce the electrocution hazard associated with the operation of masts above the
apparatus, the purchaser should consider specifying one or more of the following:
(a) A slide-out operator's platform;
(b) A raised remote platform on the vehicle;
(c) A wireless remote control;
(d) Appropriate warning labels.
A-19-13.2.8 The lighting assembly should be supported when it is in a "transport mode" to
prevent damage to lighting assembly from vibration.
A-19-14.1 If the tests of some components of the apparatus are being certified by an independent
testing organization, the purchaser might wish to specify that these tests also be certified by the
independent testing organization.
A-19-14.3 The fire department should check the polarity of the wiring in a building prior to
interconnecting the vehicle mounted electrical system to the electrical system in a building.
A-19-14.4.1 The purchaser should consider the range of temperatures in which the power source
is to be operated. If extreme conditions are anticipated, the purchaser should specify any
specific test conditions that are desired.
A-19-14.4.2 Category certified line voltage electrical systems have already been tested and
proven their capability to perform as designed. The shorter test is intended to verify that the
system is correctly wired and that the individual components are operating correctly.
A-20-2 The command center could be an area of the crew compartment, the apparatus body, or a
portion of either of these areas. The environment for the area is subject to wide variations in
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size, noise levels, facilities, and appointments. Command areas in enclosed body areas could be
designed to accommodate several personnel. Normally it is common to separate the crew or
equipment areas from command areas. A separate entry and enclosed area might be required by
the purchaser.
A-20-2.1 If a separately enclosed area is desired, the purchaser should specify the arrangements
desired and whether a locking door is necessary.
A-20-2.2 The exact layout, design, and usage of the command area should be determined by
each purchaser for each vehicle.
A-20-3 If such equipment is to be thermostatically controlled automatically, the purchaser
should so state. Powered or nonpowered ventilation equipment should be provided as required
by the purchaser.
A-20-4 Supplemental floor, wall, and ceiling acoustical material should be added where required
to reduce noise levels below 80 dba.
A-20-5.2 The cab or crew cab command areas should be provided with 120-volt lighting systems
to reduce 12-volt loads.
A-20-6.1 Removable Plexiglas® or wired safety glass-type surfaces can be added to the top of
work surfaces.
A-20-7.1 The seating equipment and arrangement can vary considerably. The equipment could
include swing-down seats, stools, permanent chairs, or portable chairs, as required.
A-20-8 The enclosures for cabinets or storage areas could be roll-up-type doors, hinged doors, or
sliding doors, with protective latches to hold the doors closed in transit. Synthetic netting could
also be used in lieu of cabinet doors.
A-20-9.1 The interior surfaces should be bright and easily cleanable.
A-20-10.1 The purchaser needs to provide the manufacturer of the apparatus with all the details
of the equipment that is to be installed in the communications area regardless of who is to install
the equipment so the area can be laid out properly and appropriate cabinets and consoles can be
provided to house this equipment.
The purchaser should also specify the number, size, and type of conduits for wiring and
antennas from the communications area to the driving compartment, power supply area, exterior
surfaces, or secondary operational or control panels that are necessary to support the installation
of equipment by persons other than the body manufacturer. These conduits should have a pull
wire installed to pull future wiring into place.
A-20-11 Due to the cost of complying with the special power and installation requirements for
most computer equipment, the use of office-type computers and peripherals in mobile
applications is not cost effective. Consideration should be given to the use of "laptop"-type
equipment. This equipment was designed to be transported and used in less than ideal
environments. Laptop computers and printers can be powered from the vehicle's 12-volt dc
power supply or from a 120-volt ac power supply. Laptops run off an internal battery that is
rechargeable by one of these two power resources. The input power purity requirements are not
that difficult to meet.
The purchaser should obtain technical assistance from the manufacturer of the computer
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equipment that is selected. The manufacturer's engineering staff can advise the purchaser and
the builder both in the areas of initial installation and actual start up of the installed computer
system.
A-21-2 Fire Department Breathing Air System Capacity Requirements. The type of fire
department air system and its size is determined by the number of SCBA units that will be used
simultaneously, the number of SCBAs available, and the length of the event requiring the use of
SCBA.
The number of users wearing SCBAs simultaneously should be considered under both peak
demand and continuous demand. Peak demand is the maximum number of simultaneous SCBA
users needed under the worst emergency conditions for which the fire department feels
preparation is necessary to prepare for. Continuous demand is the minimum number of
simultaneous SCBA users necessary to maintain operations for a long-term duration.
To allow a specified number of SCBA users to be deployed without interruption, as many as
three times that number of SCBA units should be available on the scene. That allows for backup
personnel to have their equipment in readiness to immediately relieve those personnel who have
exhausted their air supply as well as providing extra units in the event of failures or equipment
problems.
The resupply rate of SCBA cylinders on the scene could be accomplished by an air compressor
alone, air cascade alone, or a combination of each type of system with a booster system. The
users should determine the supply rate and duration, then determine what system will meet this
requirement.
An analysis of the existing fire department SCBAs and breathing air system should be
performed to determine what needs, if any, exist. This analysis should include:
(a) SCBA units: Type, quantity, design duration;
(b) Extra SCBA cylinders: Type, quantity, design duration;
(c) Air storage system capability;
(d) Air compressor capability.
A-21-3 Selection of the type of drive for a compressor is one of the most important decisions that
has to be made when choosing an air compressor. The compressor drive determines the cost of
the compressor, installation requirements, type of operating controls and procedures, and
frequency and cost of routine service and maintenance. The type of compressor drive also
affects the cost of the vehicle when special generators, hydraulic systems, PTOs, or other
provisions have to be made in order to power the compressor. The following compressor drives
are available:
(a) Electric drive;
(b) Hydraulic drive;
(c) Gasoline or diesel drive;
(d) PTO drive (direct drive);
(e) Dual drives.
Dual drives, such as electric and hydraulic or electric and diesel, are sometimes desirable to
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permit mobile operation using one drive and in-station operation with the electric motor. The
ability to operate in-station with an electric motor prevents leaving a running vehicle outside in
order to refill empty SCBA cylinders and air system storage vessels.
If an air compressor is to be used for refilling SCBA cylinders, the minimum size of the air
compressor system needed can be determined based on the number of SCBA cylinders that must
be refilled per hour to meet incident demand requirements. Table A-21-3 can assist in
determining the compressor size.
Table A-21-3 Compressor Capacity Requirements (FAD)

Desired SCBA
Fills per

Type SCBA
2216 psi

Type SCBA
4500 psi

Type
SCBA
4500 psi

Type SCBA
2250 psi

Type SCBA
3000 psi

Hour

45 cf

45 cf

88 cf

72 cf

80 cf

5

3.8

3.8

7.4

6.0

6.7

10

7.5

7.5

14.7

12.0

13.4

15

11.3

11.3

22.0

18.0

20.0

20

15.0

15.0

29.4

24.0

26.7

25

18.8

18.8

36.7

30.0

33.4

30

22.5

22.5

44.0

36.0

40.0

35

26.5

26.5

51.4

42.0

46.7

40

30.0

30.0

58.7

48.0

53.4

45

33.8

33.8

66.0

54.0

60.0

50

37.5

37.5

73.4

60.0

66.7

55

41.3

41.3

80.7

66.0

73.4

60

45.0

45.0

88.0

72.0

80.0

65

48.8

48.8

95.4

78.0

86.7

70

52.5

52.5

102.7

84.0

93.4

75

56.3

56.3

110.0

90.0

100.0

80

60.0

60.0

117.4

96.0

106.7

85

63.8

63.8

124.7

102.0

113.4

90

67.5

67.5

132.0

108.0

120.0

95

71.3

71.3

139.4

114.0

126.7
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100

75.0

75.0

146.7

120.0

133.4

NOTE: Typically, a single fill station is limited to approximately 40 SCBA cylinder refills per hour (per
operator), normally with two to four fill hoses. An additional fill station should be added for each additional
40 SCBA cylinders that are to be filled per hour.

A-21-3.2.1 To reduce or prevent contaminated air from entering the compressor, consider the
following:
(a) Park the vehicle as far from the scene as is practical and attempt to remain upwind from
smoke or chemical fumes.
(b) Direct or extend vehicle and other engine exhaust outlets away from the point of
compressor intake. Locate the air intake to the compressor as remotely as possible.
A-21-6 Booster-type high pressure air compressors, used in conjunction with air tank storage
arranged for air cascading, serve the purpose of extracting greater quantities of air from high
pressure air storage systems. By adding a high pressure air booster/amplifier to the system, the
yield can be increased by over 100 percent.
A-21-7.1 The pressure gauges provided both upstream and downstream of each regulator
facilitate setting and monitoring the operation of the regulator. The pressure relief valve set at
10 percent above the pressure regulator setting provides protection in the event of regulator
failure or if the regulator is set to an excessive pressure.
A-21-10.1 Generally, reels for use with air tools or air bags will be rated to 300 psig (2068
kPag), while reels for use with high pressure breathing air cascade systems will be rated to 6000
psig (41 370 kPag).
To assist in differentiating different air pressures on reels on the same apparatus or on multiple
apparatus within the fire department, it is suggested the reels be painted distinctive colors.
Suggested colors are:
(a) Blue — reels for utility air hose up to 300 psig (2068 kPag);
(b) White — reels for breathing air hose up to 300 psig (2068 kPag);
(c) Yellow — reels for breathing air hose from 301 psig to 3000 psig (2075 kPag to 20 685
kPag);
(d) Red — reels for breathing air hose over 3000 psig (20 685 kPag).
A-21-10.10 The intent of the low pressure breathing air reel is to supply breathing air through up
to 300 ft (92 m) of breathing air hose at an operating pressure of 125 psig (862 kPag) at the
outlet point for connection to specific types of breathing apparatus. These arrangements provide
for a longer operating duration in toxic or oxygen deficient atmospheres.
A-21-11.1 The purchaser should evaluate conditions under which utility air hose, high pressure
air hose or low pressure breathing air hose could be used and advise the contractor if special
hose is required.
A-21-12 The size of the air supply piping, chassis air compressor cfm rating, and auxiliary air
reservoir(s) cubic foot capacity are of critical importance in supplying utility air equipment for
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emergency or rescue needs. The authority having jurisdiction should specify the required flow
and pressure requirements, and the duration of these rates so an adequate system can be
provided.
A-21-14 If the tests of some components of the apparatus are being certified by an independent
testing organization, the purchaser might wish to specify that these tests also be certified by the
independent testing organization.
A-22-2.1 Most electric (12-volt or 24-volt dc) winches used for commercial/industrial
applications are rated at between 6000 lb (26.7 kN) line pull and 12,000 lb (53.4 kN) line pull.
The winches feature a dc motor and control or "solenoid" box with two to four solenoids that
reverse motor rotation.
Hydraulic driven winches are typically rated for 6000 lb to 30,000 lb (26.7 kN to 133.5 kN)
line pull.
A-22-3.1.1 There is virtually no control over the speed of a single speed electric winch, i.e., the
winch runs at the speed the load dictates, faster with light loads and slower with heavy loads.
"Two-speed" electric winches provide only for pre-selection of the winch gear ratio, i.e., one
gear ratio for pulling heavy loads, a second for light loads, and are not designed for shifting
under load to improve line speed.
A-22-4.4 The forward-neutral-reverse hydraulic control for the winch should be power operated
to permit remote control of the hydraulic winch operations. The remote control device should be
of a design that automatically returns to neutral when released. The remote control should have
at least 25 ft (7.6 m) of cable. Alternately, the remote control could be accomplished by a
Federal Communications Commission-approved radio frequency winch control device.
A fast-idle switch should also be provided. The switch should be interlocked with the neutral
position of the transmission to prevent accidental movement of the apparatus.
Appendix B Purchasing Specification Form
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
It is the responsibility of the purchaser to provide the contractor with sufficient information to
enable the contractor to prepare a bid and a complete description of the apparatus the contractor
proposes to supply. Completion of the following form by the purchaser should provide the
information required in the various sections of this document.
Procurement Issues
Date of bid opening: __________________________________________________________
Purchaser's name & address: ____________________________________________________
__________________________________________________________________________
Contact name & telephone number: ______________________________________________
__________________________________________________________________________
__________________________________________________________________________
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Sealed bid envelope information, address, and identification marking: __________________
__________________________________________________________________________
__________________________________________________________________________
The bidder is to honor the bid price for __________ days.
If an interim inspection trip(s) to the assembly plant is to be provided, indicate the number of
trips ______________________________________________________________________
and number of participants: ____________________________________________________
How many service and operation manuals are to be provided? ________________________
Where is the delivery of the apparatus to occur? ____________________________________
__________________________________________________________________________
__________________________________________________________________________
Where and when is the acceptance to occur? ______________________________________
__________________________________________________________________________
__________________________________________________________________________
The operation and service training is to be conducted at ______________________________
for
persons for
days.
Specify the details of any special payment plan or schedule required: ____________________
__________________________________________________________________________
__________________________________________________________________________
Is an approval drawing required? Yes No
Is a bid bond required? Yes No
What percent of the bid price? __________________________________________________
Is a performance bond required? Yes No
What percent of the bid price? __________________________________________________
If an extended warranty on specific components is required, indicate which components and the
length of the warranty:
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Is a warranty bond required? Yes No
In what amount? ____________________________________________________________
General Requirements Chapter 2
Special design features required on this apparatus: __________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
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What are the maximum allowable dimensions of the apparatus?
Height in inches:
(measured at the highest projection)
Overall length in inches:
(measured at the front and rearmost projections)
Wheel base in inches:
(measured from the center of the front axle to the center of the
rear axle)
Width in inches:
(measured at the outside of the mirrors)
Gross vehicle weight in pounds: ________________________________________________
Maximum weight on the front axle in pounds: ______________________________________
Maximum weight on the rear axle in pounds: ______________________________________
What is the maximum turning radius allowable?
ft measured at tires body
Maximum elevation at which the apparatus will operate if over 2000 ft: ________________
__________________________________________________________________________
Maximum grade that apparatus will climb if over 6 degrees: __________________________
__________________________________________________________________________
Specify the apparatus road performance if it is to exceed the minimum specified in this standard:
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Specify the maximum road speed required: ________________________________________
Specify the minimum and maximum ambient air temperature in which the apparatus is to
operate: ____________________________________________________________________
__________________________________________________________________________
Hose Thread Size Information
(TPI × OD or size and type) (i.e., 21/2-in. NH or 4-in. storz)
1 in. =

11/2 in. =

2 in. =

21/2 in. =

3 in. =

31/2 in. =

4 in. =

41/2 in. =

5 in. =

6 in. =

Hydrant =

Testing and Acceptance
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If independent certification of tests is required for the pump system, aerial device, or other
systems, what independent testing organization is to certify the tests? ____________________
__________________________________________________________________________
__________________________________________________________________________
Is anyone to witness the manufacturer's predelivery tests? ____________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Where are the road tests to be conducted? ________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
What tests will the contractor be required to perform on delivery? ______________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Apparatus Type Chapters 3 through 7

This apparatus is to be used as a:
Pumper (see Chapter 3)
Initial attack apparatus (see Chapter 4)
Mobile water supply apparatus (see Chapter 5)
Aerial fire apparatus (see Chapter 6)
Special service apparatus (see Chapter 7)
Other
What functions or services is this apparatus to perform? ______________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Specify the maximum number of persons to ride on the apparatus: ______________________
__________________________________________________________________________
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Suction Hose (See 3-7.2, 4-6.2, 5-6.1, and 7-3.2.1.)
Is suction hose required?
Yes
No
Soft or hard: ________________________________________________________________
Size and length: ____________________________________________________________
Connection type and size: ____________________________________________________
Mounting arrangement, bracket style, and location:
________________________________
__________________________________________________________________________
__________________________________________________________________________
Ground Ladders (See 3-7.1, 4-6.1, 6-7.1, and 7-3.1.)
Specify the ground ladders to be carried on the apparatus:
Number
Length
Type
Mounting Location and Bracket Type

Indicate if a specific type or brand of ladder is desired: ______________________________
__________________________________________________________________________
__________________________________________________________________________
Breathing Apparatus
Quantity
Make/Model
Mounting Location

The breathing apparatus is to be supplied by the contractor purchaser.
Special requirements for the breathing apparatus or its mounting: ______________________
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__________________________________________________________________________
__________________________________________________________________________
Equipment Carried on Apparatus (See Sections 3-8, 4-7, 5-7, 6-8, and 7-4.)
Miscellaneous equipment allowance if it exceeds the standard's minimum weight: ________
__________________________________________________________________________
Attach a list of equipment and tools to be supplied by the contractor with the apparatus stating
the item, quantity, where it is to be mounted or carried, the weight of each item, and its
dimensions (L × W × D).
Attach a list of equipment and tools to be supplied by the fire department to be carried on the
apparatus stating the item, quantity, where it is to be mounted or carried, contractor's
responsibility for mounting, the weight of each item, and its dimensions (L × W × D).
Attach a list of equipment and tools that might be carried on the apparatus in the future stating
the item, quantity, the desired mounting location or compartment where it is likely to be carried,
the weight of each item, and its dimensions (L × W × D).
Attach a list of fixed and permanent components required on the apparatus showing the item,
quantity, weight of each, and dimensions (L × W × H), as well as the location where it is to be
carried.
Indicate the reserve GAWR required on each axle (from 0 percent to 20 percent).
__________________________________________________________________________
If reserve compartment space is required above, indicate what is necessary to store the
equipment on the attached four lists. ____________________________________________
__________________________________________________________________________
Chassis and Vehicle Components Chapter 8

Desired chassis make and model or style: ________________________________________
__________________________________________________________________________
__________________________________________________________________________
Specify the desired location of the engine: ________________________________________
Type of propulsion engine: ____________________________________________________
Is an electric fuel pump or repriming pump required?
Yes
No
Specify any special lubrication system requirements: ________________________________
__________________________________________________________________________
Specify any special cooling system requirements: __________________________________
__________________________________________________________________________
Type of coolant required: ______________________________________________________
Is a manual emergency engine shutdown required?
Yes
No
Type of fuel filters required: ____________________________________________________
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__________________________________________________________________________
Type of air filters required: ____________________________________________________
__________________________________________________________________________
Specify the exiting location of the exhaust system: __________________________________
Specify the type of brake system required: ________________________________________
__________________________________________________________________________
Is an auxiliary brake system required?
Yes
No
Specify the type: ____________________________________________________________
Specify the style and type of tires required: ________________________________________
__________________________________________________________________________
Indicate whether cast spoke, steel disc, or aluminum wheels are required: ________________
__________________________________________________________________________
Are rear fender liners required?
Yes
No
Are tire chains to be used?
Yes
No
Should the apparatus be designed to operate "off paved roads?"
Yes
No
Specify if an increased underbody clearance is required:
____________________________
__________________________________________________________________________
__________________________________________________________________________
Specify if a greater angle of approach is required: __________________________________
Specify if a greater angle of departure is required: __________________________________
Specify the steering wheel's required angle turning if it exceeds the minimum: ____________
__________________________________________________________________________
Specify if a drive axle traction control or no-spin differential is required: ________________
__________________________________________________________________________
Specify if rear wheel steering is required: ________________________________________
Specify if a special suspension system is required: __________________________________
Is an automatic or manual transmission required? __________________________________
__________________________________________________________________________
Specify the fuel tank capacity required:
gal.
Must tow hooks be accessible without opening compartment doors?
Yes
No
Is a rear license plate bracket and light required?
Yes
No
Special cab trim features: ______________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Low Voltage Electrical Systems and Warning Devices Chapter 9
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Indicate whether a battery charger, conditioner, or a polarized receptacle is to be provided: __
__________________________________________________________________________
If a built-in battery charger or conditioner is provided, indicate the required charging rate: __
Specify the location of the receptacle for the battery charger or conditioner: ______________
__________________________________________________________________________
Is a second "battery on" pilot light on the outside of the vehicle required?
Yes
No
Where? ____________________________________________________________________
Is a dual battery system required?
Yes
No
Specify any electrical loads beyond those defined in the standard that are to be part of the
minimum continuous
electrical load: ______________________________________________________________
__________________________________________________________________________
If a load management system is required, specify the sequence of control (shutdown): ______
__________________________________________________________________________
__________________________________________________________________________
Warning Light Information
Location

Brand and Model

Color

Front of cab lights
Roof lights
Rear lights — upper
Rear lights — lower
Intersection lights
Mid-body lights

Specify the brand and model of the siren: ________________________________________
__________________________________________________________________________
Are air horns required?
Yes
No If yes, specify the type of control and its location: __
Specify any special emergency lighting or warning features or equipment that is required: __
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Are cab hand lights or mounted adjustable spotlights required?
Yes
No
Specify if additional work lighting is required: ____________________________________
__________________________________________________________________________
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__________________________________________________________________________
Specify if additional driving or crew compartment lighting is required: __________________
__________________________________________________________________________
__________________________________________________________________________
Driving and Crew Areas Chapter 10

Specify any special seating requirements or arrangements for the driver: ________________
__________________________________________________________________________
__________________________________________________________________________
Specify any special seating requirements or arrangements for the crew: __________________
__________________________________________________________________________
__________________________________________________________________________
Is a special hearing protection system required?
Yes
No
Make, model, or type: ________________________________________________________
Special requirements: ________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Specify any special arrangements required for carrying tools or equipment within the driving or
crew area: __________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Specify any special step or handrail arrangements required: __________________________
__________________________________________________________________________
__________________________________________________________________________
If a tiller-steered apparatus is to be provided, specify the type of communication system required
between the tiller
operator and the apparatus driver: ______________________________________________
__________________________________________________________________________
Is a tilt or telescoping steering column required? ____________________________________
Specify any extra cab instrument panel features required: ____________________________
__________________________________________________________________________
Specify the type and style of driving compartment mirrors: __________________________
__________________________________________________________________________
Body, Compartments, and Equipment Mounting Chapter 11
Body material: ______________________________________________________________
__________________________________________________________________________
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Compartment capacity required:
ft3
Specify any special compartment features required: ________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Specify if a special compartment floor material or covering is required: ________________
__________________________________________________________________________
__________________________________________________________________________
Specify the type and style of compartment doors required: ____________________________
__________________________________________________________________________
__________________________________________________________________________
Specify the style of door latches, locks, or stays required: ____________________________
__________________________________________________________________________
__________________________________________________________________________
Specify the type of compartment lighting required: __________________________________
__________________________________________________________________________
__________________________________________________________________________
Radio equipment to be used:
Make and model: ____________________________________________________________
Mounting location for radio: __________________________________________________
Mounting location for control(s) and speaker(s): __________________________________
__________________________________________________________________________
Type of body tread plate material required: ________________________________________
__________________________________________________________________________
Type of step and platform material required: ______________________________________
__________________________________________________________________________
Color of apparatus: __________________________________________________________
Striping and decoration required: ________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Miscellaneous body trim: ______________________________________________________
__________________________________________________________________________
Is cab and body rustproof treating required? ______________________________________
Hose to Be Carried for Preconnected Lines (See Sections 3-6, 4-5, 5-5, and 6-6.)
Length
Size
Location
Bed or Reel
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Hose to Be Carried in Hose Bed or on Reels (See Sections 3-6, 4-5, 5-5, and 6-6.)
Length
Size
Location
Bed or Reel

If a hose bed cover(s) is desired, specify type: ______________________________________
__________________________________________________________________________
Is the fire-fighting system to be a slip-on unit?
Yes
No
Specify the lifting arrangement required: __________________________________________
__________________________________________________________________________
Specify the anchoring system required: __________________________________________
__________________________________________________________________________
Fire Pump Chapter 12
Is a fire pump required?
Yes
No
Pump rated capacity:___________ gpm
Number of pump stages required: ________________________________________________
Pump type: ________________________________________________________________
Pump location: ______________________________________________________________
How is the pump to be driven? __________________________________________________
Type of engine to drive pump if other than the chassis propulsion engine: ________________
__________________________________________________________________________
Pump testing authority: ________________________________________________________
__________________________________________________________________________
If pump and roll is required, specify:
Flow
gpm at
psi
Vehicle speed
mph
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Type of primer system: ________________________________________________________
__________________________________________________________________________
Special pump performance requirements:
If altitude over 2000 ft (610 m), specify altitude: __________________________________
If lift over 10 ft (3 m), specify lift: ______________________________________________
If through more than 20 ft (6 m) of suction hose, specify length: ______________________
Do local water conditions require special materials for pump construction and piping?
__________________________________________________________________________
__________________________________________________________________________
Location of pump operator's panel: ______________________________________________
Pump panel and gauge panel material: ____________________________________________
Type of intake and discharge valve controls desired: ________________________________
__________________________________________________________________________
Specify the size of the master gauges: ____________________________________________
__________________________________________________________________________
Are individual line pressure gauges required?
Yes
No
If yes, are there any special requirements? ________________________________________
__________________________________________________________________________
Are individual line flow meters required?
Yes
No
If yes, are there any special requirements? ________________________________________
__________________________________________________________________________
Are any special gauges, instruments, or other features required at the pump operator's
position? __________________________________________________________________
__________________________________________________________________________
Are special pump and piping features required to deal with extremely low
temperatures? ______________________________________________________________
__________________________________________________________________________
Is the intake relief system to be panel adjustable?
Yes
No
If no, where: ________________________________________________________________
__________________________________________________________________________
Is a pump pressure governor or a relief valve to be supplied? __________________________
__________________________________________________________________________
Pump Intakes
Indicate for each pump intake:
Valved
Size
Type of Connection
Location
Y/N
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Are special adapters required on the pump intakes?
________________________________
__________________________________________________________________________
Discharge Outlets
List the 21/2-in. or larger discharge outlets required:
Quantity
Size
Type of Connection
Location
Flow Requirement

Discharge Outlets for Preconnected Hose Lines
Quantity
Size
Type of Connection

Location
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Flow Requirement

If a deck gun is required, indicate:
Type: ____________________________________________________________________
Mounting location: __________________________________________________________
Piping size and arrangement: __________________________________________________
Is pump panel color coding required?
Yes
No
Is a booster reel required?
Yes
No __________________________________________
How many reels? ____________________________________________________________
____________________________________________________________________ Location:
__________________________________________________________________________
Hose size and length: ________________________________________________________
Reel rewind type: ____________________________________________________________
Piping to reel: ______________________________________________________________
Auxiliary Pump Chapter 13
Is an auxiliary pump required?
Yes
No ______________________________________
Type of auxiliary pump operations: ______________________________________________
__________________________________________________________________________
Auxiliary pump performance: __________________________________________________
__________________________________________________________________________
Type of auxiliary pump: ______________________________________________________
__________________________________________________________________________
How is the auxiliary pump to be driven? __________________________________________
__________________________________________________________________________
Auxiliary pump location: ______________________________________________________
__________________________________________________________________________
Is the auxiliary pump to be connected to the fire pump?
Yes
No
Do local water conditions require special materials for pump construction and piping?
Yes
No
Auxiliary Pump Intake Connections
Valved
Size
Type of Connection
Location
Y/N
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Auxiliary Pump Discharge Outlet Connections
Quantity
Size
Type of Connection
Location

Flow Requirement

Where are the auxiliary pump controls to be located? ________________________________
__________________________________________________________________________
Is a booster reel required?
Yes
No __________________________________________
How many reels?
__________________________________________________________
Location: __________________________________________________________________
Hose size and length: ________________________________________________________
Reel rewind type: ____________________________________________________________
Piping to reel: ______________________________________________________________
Transfer Pump Chapter 14
Is a transfer pump required?
Yes
No
Pump size
gpm at
psi
Number of pump stages: ______________________________________________________
Pump type: ________________________________________________________________
Mounting location of pump: ____________________________________________________
How is the pump to be driven? __________________________________________________
__________________________________________________________________________
Type of engine to drive pump if other than the propulsion engine:
__________________________________________________________________________
Pump testing authority: ________________________________________________________
__________________________________________________________________________
Special pump performance requirements:
If altitude over 2000 ft (610 m), specify altitude: ____________________________________
If lift over 10 ft (3 m), specify lift: ______________________________________________
If through more than 20 ft (6 m) of suction hose, specify length: ______________________
Do local water conditions require special materials for pump construction and piping?
__________________________________________________________________________
__________________________________________________________________________
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Location of pump operator's panel: ______________________________________________
__________________________________________________________________________
Pump panel and gauge panel material: ____________________________________________
Type of intake and discharge valve controls desired: ________________________________
__________________________________________________________________________
What size is the master pump gauge to be? ________________________________________
What additional gauges, flow meters, instruments, or other features are required at the pump
operator's position? __________________________________________________________
__________________________________________________________________________
Are special pump and piping features required to deal with extremely low temperatures? ____
__________________________________________________________________________
Transfer Pump Intake Connections
Valved
Size
Type of Connection
Location
Y/N

Are special adapters or valves required on the pump intakes? __________________________
__________________________________________________________________________
List the 21/2-in. or Larger Discharge Outlets Required
Quantity
Size
Type of Connection
Location
Flow Requirement

Water Tank Chapter 15
Is a water tank required?
Yes
No
Water tank capacity (see Sections 3-4, 4-3, 5-3, and 6-4) ______________________________
Tank construction material: ____________________________________________________
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__________________________________________________________________________
Is an internal coating required?
Yes
No
Is a removable tank lid required?
Yes
No ____________________________________
Type of tank level indicator(s): __________________________________________________
Location of additional tank level indicators: ______________________________________
__________________________________________________________________________
Tank to pump flow rate required: ________________________________________________
Pump to tank fill rate required: __________________________________________________
Is a tank dump valve required?
Yes
No If yes:
Style of valve: ______________________________________________________________
Size: ______________________________________________________________________
Performance required: ________________________________________________________
Location: __________________________________________________________________
Type of connector: __________________________________________________________
Is a direct tank fill required?
Yes
No If yes:
Style of valve: ______________________________________________________________
Size: ______________________________________________________________________
Performance required: ________________________________________________________
Location: __________________________________________________________________
Type of connector: __________________________________________________________
Aerial Devices Chapter 16
Is an aerial device required?
Yes
No
Indicate whether the aerial device is to be an aerial ladder, elevating platform, aerial ladder
platform, or water tower:
__________________________________________________________________________
__________________________________________________________________________
Aerial Ladder
Rated vertical height required:
ft
Rated horizontal reach required:
ft
Capacity rating (tip load) required:
lb (250-lb minimum)
Location of any secondary speaker/microphone required on the aerial ladder:
__________________________________________________________________________
Is a prepiped waterway required?
Yes
No If yes, to what ladder section is the pipe to be
extended? __________________________________________________________________
__________________________________________________________________________
What brand and model of monitor is required (must flow at least 1000 gpm at 100 psi)?
__________________________________________________________________________
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If the monitor is power operated, are additional sets of controls beyond those required at the
ladder operator's position required?
Yes
No If yes, where? ______________________
__________________________________________________________________________
What make and model of nozzle is required? ______________________________________
__________________________________________________________________________
Indicate the external inlet arrangement desired, including size, type, and number of inlets, and
valving arrangement:
__________________________________________________________________________
__________________________________________________________________________
Is a three-lever or a single-lever control system required?
__________________________________________________________________________
List any aerial ladder equipment or features required: ________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Elevating Platform and Aerial Ladder Platform
Rated vertical height required:
ft
Rated horizontal reach required:
ft
Capacity rating (tip load) required:
lb (750-lb minimum)
Is a breathing air system to be supplied to the platform?
Yes
No
If yes, are there any special requirements, brands, or models for the components of the breathing
air system desired?
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Specify the number of monitors to be supplied on the platform: ________________________
What brand and model of monitor is required (must flow at least 1000 gpm at 100 psi)?
What make and model of nozzle is required? ______________________________________
__________________________________________________________________________
Is a hose connection to be provided on the platform from the water delivery system?
Yes
No If yes, what size? ________________________________________________
Are any special arrangements to be provided for hose lines from the platform water delivery
system? ____________________________________________________________________
__________________________________________________________________________
Indicate the external inlet arrangement required, including size, type, and number of inlets, and
valving arrangement:
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__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Is a three-lever or a single-lever control system required? ____________________________
__________________________________________________________________________
List any elevating platform equipment or features required: __________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Water Tower
Is the water tower to be telescoping, articulating, or both? ____________________________
__________________________________________________________________________
Rated vertical height required:
ft
Rated horizontal reach required:
ft
Waterway capacity required if in excess of 1000 gpm: ______________________________
__________________________________________________________________________
What brand and model of monitor is required (must flow at least 1000 gpm at 100 psi)?
__________________________________________________________________________
What make and model of nozzle is required? ______________________________________
__________________________________________________________________________
Where are the monitor and nozzle controls to be located? ____________________________
__________________________________________________________________________
Indicate the external inlet arrangement desired, including size, type, and number of inlets, and
valving arrangement:
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Is a three-lever or a single-lever control system required? ____________________________
__________________________________________________________________________
List any water tower equipment or features required: ________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
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Foam System Chapter 17

Is a foam system required?
Yes
No
Type of foam(s) to be used: ____________________________________________________
__________________________________________________________________________
Foam concentrate storage capacity: ______________________________________________
Discharge Outlets to Be Used with Foam and Their Performance
Discharge
Performance

Type of foam system required: __________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Is an outside foam system inlet or pickup required? Yes No
Type: ____________________________________________________________________
Compressed Air Foam System Chapter 18
Is a CAFS required?
Yes
No ______________________________________________
What is the total SCFM required? ______________________________________________
What type of compressor and driver is required? ____________________________________
__________________________________________________________________________
What is the total water pump capacity required? ____________________________________
__________________________________________________________________________
Specify the type of system controls and interlocks required: __________________________
__________________________________________________________________________
__________________________________________________________________________
Discharge Outlets to Be Used with the CAFS and Their Performance
Discharge
Performance
Hose Size and Length
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Specify if automatic water and air pressure tracking is required: ______________________
__________________________________________________________________________
__________________________________________________________________________
Specify if an airflow meter is required (SCFM): ____________________________________
Specify the type of wet/dry control required: ______________________________________
120/240-Volt Electrical System Chapter 19
Is a 120/240-volt system required?
Yes
No
Type of generating source (ac or dc, cycles) ______________________________________
__________________________________________________________________________
__________________________________________________________________________
Capacity of generating source: __________________________________________________
__________________________________________________________________________
Location of generating source: __________________________________________________
__________________________________________________________________________
Mounting of generating source: ________________________________________________
__________________________________________________________________________
Distribution panel location: ____________________________________________________
__________________________________________________________________________
Receptacle Information
Quantity
Amps/Volts
Style of Receptacle
Location

Circuit Remote Control Information
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Controlled Circuit

Switch Location

120/240-Volt Lighting Information
Style/Make
Location

Wattage/Bulb

Type Mounting

Cord Reel Information
Reel #

Reel #

Reel #

Reel #

Mounting location
Amperage
Voltage
Length of cord in feet
Receptacle style
Junction box
Rewind system

Is a power-operated light mast required?
Yes
No
If yes, specify the make and model required: ______________________________________
__________________________________________________________________________
Command and Communications Chapter 20
Is a separate command area required?

Yes

No
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Is the area to be enclosed by walls and doors? ______________________________________
__________________________________________________________________________
Size of the area __________ length __________ width or __________ ft2__________
Number of persons to be seated and able to work in the area: __________________________
Is special lighting required? ____________________________________________________
__________________________________________________________________________
What communications equipment is to be operational in the command and communications area?
__________________________________________________________________________
__________________________________________________________________________
List the make, model, and whether the contractor or purchaser is to provide and install the
equipment: __________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
What computer equipment is to be operational in the command and communications area? __
__________________________________________________________________________
List the make, model, and whether the contractor or purchaser is to provide and install the
equipment: ________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
What other equipment is to be operational in the command and communications area? ______
__________________________________________________________________________
__________________________________________________________________________
List the make, model, and whether the contractor or purchaser is to provide and install the
equipment: __________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Is external video equipment to be used on the apparatus? Yes No
If yes, where is it to be mounted? ________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Air Systems Chapter 21
Is an air system required?
Yes
No
What is the function of the air system?
Refill SCBA cylinders
Supply remote breathing air
Supply high pressure breathing air hose
Supply utility air
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Is a cascade system to be supplied?
Yes
No
How many SCBA cylinders are to be filled? ______________________________________
What is the size of the cylinders to be filled?
ft3
To what pressure are the cylinders to be filled?
psi
Is a compressor required?
Yes
No
If yes, what free air delivery (FAD) rating is required?
ft3 at
psi.
Is a SCBA refill station required?
Yes
No
If yes, what is the location of the refill station? ____________________________________
__________________________________________________________________________
Number of refill lines: ________________________________________________________
Is a fragmentation box required?
Yes
No
Air Hose Requirements
For each air hose required, specify the following:
(a) Discharge flow required in CFM;
(b) Discharge pressure required in psi;
(c) Whether breathing air or utility air is to be supplied;
(d) Length of hose in feet;
(e) Whether hose is to be stored on a reel;
(f) Mounting location of reel, if applicable;
(g) Fitting or device at the end of the hose.
Winches Chapter 22
Is a winch required?
Yes
No
What is the single line pull rating required? ________________________________________
What is the wire rope length required? ____________________________________________
Is the power source for the winch to be electric or hydraulic? __________________________
__________________________________________________________________________
Specify the winch location: ____________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Type of control required: ______________________________________________________
__________________________________________________________________________
Location of control: __________________________________________________________
Appendix C History of NFPA 1901

This Appendix is not a part of the requirements of this NFPA document but is included for
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informational purposes only.
History of Specification. A report of the NFPA Committee on Fire Engines adopted at the
1906 NFPA Annual Meeting included many of the provisions and test procedures since followed
in standards for fire department pumping apparatus.
At the convention of the International Association of Fire Engineers in 1911, the Committee of
Exhibits conducted some performance tests on automobile pumping engines. The following year,
with the assistance of engineers of the National Board of Fire Underwriters, tests were conducted
on pumping engines discharging under net pump pressures of 120 psi, 200 psi, and 250 psi. By
the 1913 convention of the International, the committee had developed a standard test procedure
of specified duration.
The first national specification on municipal fire apparatus was NFPA 19, Automobile Fire
Apparatus, Suggested Specifications for Combination Pumping Engine and Hose Wagon, and
was adopted by the National Fire Protection Association in 1914. This was followed in 1916 by
specifications adopted by the Association covering an automobile combination chemical and
hose wagon and an automobile service ladder truck. These specifications received the
endorsement of the Committee on Fire Department Engineering of the International Association
of Fire Engineers and were adopted and published in 1920 by the National Board of Fire
Underwriters. The work of the original NFPA Committee on Automobile Apparatus was
suspended in 1920.
A new NFPA Committee on Municipal Fire Apparatus was organized in 1938, and the
Association adopted revised editions in 1938, 1939, and 1942. In 1948, the present Committee
on Fire Department Equipment was organized. The scope of the committee was broadened to
include fire department tools and appliances as well as motorized fire apparatus for both
municipal and rural service. There have been numerous revisions of the standard to keep it
abreast of current practice, and editions were issued in 1949, 1950, 1951, 1952, 1954, 1955,
1956, 1957, 1958, 1960, 1961, 1963, and 1965.
The work of this committee has been an outstanding example of cooperation among the
various fire service organizations concerned with standards for fire department apparatus and
equipment. A chief engineer of the former National Board of Fire Underwriters was chairman of
the original committee. A very significant contribution of the National Board over half a century
was the listing of thousands of pump and engine combinations that met the specified pumper
performance requirements. Recognition is also due the various insurance rating and inspection
bureaus, most of which are now part of the Insurance Services Office, whose representatives
have witnessed the acceptance tests of apparatus built under these specifications.
The International Association of Fire Chiefs has actively participated in this work since 1912.
A fire chief has served as chairman of the committee responsible for these specifications since
1938. In 1952, the Technical Committee of the Fire Apparatus Manufacturers Association was
reactivated and has made significant contributions to each subsequent edition of these
specifications.
In 1965, the American Insurance Association (A.I.A.), who replaced the National Board of
Fire Underwriters, decided to terminate its field testing by Rating Bureaus and record-keeping by
the A.I.A. The Fire Department Equipment Committee in conjunction with Underwriters
Laboratories Inc. and the Technical Committee of the Fire Apparatus Manufacturers Association
worked with A.I.A. to transfer the testing program to U.L.I. This program appeared in the
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standard in the 1966 edition and has been an accepted testing program.
Further revisions were completed and editions issued in 1967, 1968, 1969, 1970, 1971, and
1973. In 1975, the numerical designation of the document was changed to NFPA 1901 in a
general renumbering of public fire protection standards, and the name was changed to Standard
on Automotive Fire Apparatus. Partial revisions were made and new editions issued in 1979 and
1985.
The 1991 NFPA 1901 was extensively rewritten and split into four documents. These
documents covered pumper fire apparatus (NFPA 1901), initial attack fire apparatus (NFPA
1902), mobile water supply fire apparatus (NFPA 1903), and aerial ladder and elevating platform
fire apparatus (NFPA 1904).
Significant changes to the 1991 editions of the standards included requiring total enclosure of
driving and crew areas, limiting the maximum stepping height, requiring access handrails, and
requiring additional warning lights and reflective striping. The minimum pump size for a fire
pump on a pumper was raised to 750 gpm, and the minimum water tank size was set at 500
gallons. The documents also addressed line voltage electrical systems and foam systems for the
first time.
The test and delivery data requirements were updated to ensure that more of the performance
requirements of the standards were tested as part of the delivery process and that proper
documentation was provided to the purchaser. Appendix A was expanded to provide more
discussion of the requirements in the standard, and a new appendix was added to provide a form
that a purchaser could use to define the information needed by the contractor to properly design,
build, and deliver the fire apparatus.
Recognizing that much apparatus is multifunctional and the process of maintaining separate
documents for the traditional types of fire apparatus did not always address the need for
nontraditional types or use of fire apparatus, the committee combined the four documents back
into a single fire apparatus standard in 1996 and organized the standard to cover not only the
traditional types of fire apparatus but also multifunctional and nontraditional use apparatus.
Appendix D Referenced Publications
D-1 The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
D-1.1 NFPA Publications. National Fire Protection Association, 1 Batterymarch Park, P.O. Box
9101, Quincy, MA 02269-9101.
NFPA 11, Standard for Low-Expansion Foam, 1994 edition.
NFPA 11A, Standard for Medium- and High-Expansion Foam Systems, 1994 edition.
NFPA 70, National Electrical Code, 1996 edition.
NFPA 70B, Recommended Practice for Electrical Equipment Maintenance, 1994 edition.
NFPA 298, Standard on Fire Fighting Foam Chemicals for Class A Fuels in Rural, Suburban,
and Vegetated Areas, 1994 edition.
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NFPA 1931, Standard on Design of and Design Verification Tests for Fire Department
Ground Ladders, 1994 edition.
NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters,
1992 edition.
NFPA 1983, Standard on Fire Service Life Safety Rope and System Components, 1995 edition.
NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical Emergencies, 1994
edition.
NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous Chemical
Emergencies, 1994 edition.
D-1.2 Other Publications.
D-1.2.1 NEMA Publication. National Electrical Manufacturers Association, 2101 L Street NW,
Suite 300, Washington, DC 20037.
WD-6, Wiring Devices Dimensional Requirements, 1988 edition.
D-1.2.2 SAE Publication. Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale, PA 15096.
SAE J551, Performance Levels and Methods of Measurement of Electromagnetic Radiation
from Vehicles and Devices (30-1000 MHZ), 1990 edition.
Formal Interpretation
NFPA 1901
Automotive Fire Apparatus
1996 Edition
Reference : 16-17.4
FI No.: 1901-96-1
Question: Is it the intent of this paragraph to provide an interlock to prevent rotation over the
"shortjacked" side of an aerial apparatus?
Answer: Yes.
Issue Edition: 1996
Reference: 16-17.4
Issue Date: January 2, 1997
Effective Date: January 22, 1997
Copyright © 1997 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
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Automotive Fire Apparatus
1996 Edition
Reference : 19-2.4
F.I. No.: 1901-96-2
Question: With line voltage electrical equipment, is it necessary to have a piece of equipment
that is comprised of appropriately listed (dry, wet, or type 4) components listed as an assembly
as well?
Answer: No
Issue Edition: 1996
Reference: 19-2.4
Issue Date: January 2, 1997
Effective Date: January 22, 1997
Copyright © 1997 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION

NFPA 1906
1995 Edition
Standard for Wildland Fire Apparatus

Copyright © 1995 NFPA, All Rights Reserved
1995 Edition
This edition of NFPA 1906, Standard for Wildland Fire Apparatus, was prepared by the
Technical Committee on Fire Department Apparatus and acted on by the National Fire
Protection Association, Inc., at its Fall Meeting held November 14-16, 1994, in Toronto,
Ontario, Canada. It was issued by the Standards Council on January 13, 1995, with an effective
date of February 7, 1995.
The 1995 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1906
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This first edition of NFPA 1906, Standard for Wildland Fire Apparatus, was developed by the
Technical Committee on Fire Department Apparatus to provide a standard for apparatus that is
basically designed and deployed to combat fires in the wildland. The apparatus covered by this
document has pumps ranging in size from 20 gpm to 250 gpm (76 Lpm to 950 Lpm) and water
tanks with a capacity of 125 gal (473 L) or more. Units with larger pumping capacity are covered
in other NFPA apparatus standards and typically are not devoted exclusively to wildland fire
suppression. The apparatus covered in this standard includes the built-to-specification apparatus
and the fire-fighting packages designed to be slipped onto a vehicle chassis.
With the emergence of Class A foam as a fire suppressant agent, a chapter on proportioning
systems for Class A foams and another chapter on Compressed Air Foam Systems (CAFS) have
been included in this document.
Technical Committee on Fire Department Apparatus
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City of Fort Worth Fire Dept., TX
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NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 15 and Appendix C.

Chapter 1 Administration
1-1* Scope.
This standard shall apply to new automotive fire apparatus designed for wildland fire
suppression. The apparatus consists of a vehicle equipped with a pump, water tank, limited hose,
and equipment. The vehicle shall be capable of supporting pump and roll operations.
1-2* Purpose.
This standard specifies the minimum requirements for a new automotive wildland fire
apparatus.
1-3 Definitions.
Acceptance. An agreement between the purchasing authority and the contractor that the terms
and conditions of the contract have been met.
Acceptance Tests. Tests performed on behalf of the purchaser at the time of delivery to
determine compliance with the specifications for the fire apparatus.
Angle of Approach. The smallest angle made between the road surface and a line drawn from
the front point of ground contact of the front tire to any projection of the apparatus in front of the
front axle.
Angle of Departure. The smallest angle made between the road surface and a line drawn from
the rear point of ground contact of the rear tire to any projection of the apparatus behind the rear
axle.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Auxiliary Engine-Driven Pumps. Pumps whose power is provided by engines that are
independent of the vehicle engine.
Back-up Alarm. An audible warning alarm device designed to warn that the vehicle is in
reverse gear.
Chassis. The basic vehicle frame consisting of the mainframe rails, reinforcements, cross
members, fasteners, brackets for suspension, suspension members (springs), axles, tires and
wheels, cab, and power train.
Center of Gravity. The point at which the entire weight of the fire apparatus is considered to be
concentrated so that, if supported at this point, the apparatus remains in equilibrium in any
position.
Copyright 1996 NFPA

Compound Gauge. A gauge that indicates pressure both above and below atmospheric
pressure. On most gauges, zero equals atmospheric pressure. Gauges typically measure pressure
above atmospheric pressure in pounds per square inch and below atmospheric pressure in inches
of mercury.
Contractor. The person or company responsible for fulfilling a contract. The contractor is not
necessarily the manufacturer of the vehicle or any portion of the vehicle but is responsible for the
completion, delivery, and acceptance of the entire unit.
Discharge Outlet Size. The nominal size of the first fire hose thread from the pump available to
the pump operator.
Dynamic Suction Lift. The sum of the vertical lift and the friction and entrance loss caused by
the flow through the suction strainers and hose, expressed in feet of water head.
Electric Siren (Electromechanical). An audible warning device that produces sound by the use
of an electric motor with an attached rotating slotted disk or rotating perforated disc. Only one
type of warning sound can be produced, but the level or pitch can be varied by the speed of the
motor.
Electronic Siren. An audible warning device that produces sound electronically through the
use of amplifiers and electromagnetic speakers. Varied types of warning sounds can be
produced, such as a wail, yelp, or simulated air horn.
Enclosed Compartment. An area confined on six sides and equipped with a latching and a
closeable access opening(s) designed to protect stored items from environmental damage
(weather resistant).
Engine PTO. A power takeoff that is driven directly by either the front or rear of the engine
but that is not affected by the drive clutch, transmission, or transfer case.
Fire Apparatus. A vehicle used for fire suppression by a fire department, fire brigade, or other
agency responsible for fire protection.
Fully Enclosed Personnel Area. A driver or passenger compartment on the fire apparatus that
provides total enclosure on all sides, top, and bottom and positive latching on all access doors.
Gallon. United States gallon.
GPM. Gallons per minute.
Grade. A measurement of angle used in road design and expressed as a percentage of elevation
change over distance. A 45-degree slope is equal to a 100 percent grade.
Gross Axle Weight Rating (GAWR). The value specified as the loaded weight rating of a
single axle system, as measured at the tire ground interfaces.
Gross Vehicle Weight Rating (GVWR). The value specified by the chassis manufacturer as the
loaded weight rating of a single vehicle.
Ground Clearance. The clearance under a vehicle at all locations except the axles and drive
shaft connections to the axle.
Intake Connection Size. The nominal size of the first fire hose thread from the pump available
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to the pump operator.
Intersection Lights. Flashing emergency lights designed to provide early warning that an
emergency vehicle is entering an intersection.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
Low-Voltage Circuit, Equipment, or System. The terminology for the standard 12-volt or
24-volt dc electrical system used to start a vehicle and to provide energy for lights, sirens, radios,
and other vehicle accessories.
Manufacturer. The person or persons, company, firm, corporation, partnership, or other
organization responsible for turning raw materials or components into a finished product.
National Standard Hose Thread (NH). A standard thread that has dimensions for inside and
outside fire hose connection screw threads as defined in NFPA 1963, Standard for Fire Hose
Connections.
Net Pump Pressure.* The sum of the discharge pressure and the dynamic suction lift converted
to psi or kPa when pumping at draft, or the difference between the discharge pressure and the
suction pressure when pumping from a hydrant or other source of water under positive pressure.
NPSH. National pipe straight hose thread as specified in ASME B1.20.7, Hose Coupling
Screw Threads (inch).
Off-road Use Vehicle.* A vehicle designed to be used on other than paved or improved roads,
especially in areas where no roads, poor roads, and steep grades exist and where natural hazards,
such as rocks, stumps, and logs, protrude from the ground.
Preconnected Line. A hose line that is stored on the apparatus already connected to an outlet
on a pump and that can be charged by the activation of one discharge valve. Also commonly
called a bucket line, cross lay, or mattydale.
PSI. Pounds per square inch.
PSIG. Pounds per square inch gauge (pressure above atmospheric pressure).
PTO. Power takeoff.
Pump and Roll. The ability of apparatus to pump water while it is moving under its own
power.
Pump Operator’s Panel. The area on a fire apparatus that contains the gauges, controls, and
other instruments designed for primary control of the pump.
Pump Operator’s Position. The location from which the pump operator operates the pump.
Purchaser. The authority having responsibility for the specification and acceptance of the
apparatus.
Purchasing Authority. The agency that has the sole responsibility and authority for negotiating,
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placing, and, where necessary, modifying each and every solicitation, purchase order, or other
award issued by a governing body.
Readily Accessible. Able to be seen, reached, and serviced or removed without removing other
components or parts of the apparatus and without the need to use special tools to open
enclosures.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Slip-on Fire-Fighting Package. A self-contained unit including a pump, piping, a tank, and a
hose reel(s) that is designed to be placed on a truck chassis, utility bed, or flat bed. These units
typically can be placed on and removed from the vehicle with a minimum of time and effort.
Split Shaft PTO. A power takeoff (PTO) drive system that directs the chassis power either to
the pump or to the chassis drive axle. This is accomplished by splitting the chassis driveline that
connects the chassis transmission to the drive axle and inserting the split shaft PTO that has the
shift mechanism necessary to direct the engine power as described above.
Sump. A recessed area of a tank assembly designed primarily to entrap sludge or debris for
easy removal and to serve as a central water collection point.
Swash Partition. A vertical wall within a tank structure designed to help control the unwanted
movement of the fluid within that tank.
Wildland Fire Apparatus. Fire apparatus equipped with a pump having a capacity between 20
gpm and 250 gpm (76 L/min and 950 L/min), a water tank, and equipment that meets or exceeds
the requirements of this standard.
1-4 Conversion Factors.
Metric units of measurement in this standard are in accordance with the modernized metric
system known as the International System of Units (SI). The liter unit is outside of but
recognized by SI and commonly is used in international fire protection. In this standard, values
for measurement are followed by an equivalent in SI units, but only the value that first appears
shall be considered as the requirement, since the value in SI units could be approximate. Table
1-4 provides the conversion factors to be used where SI units are not provided in the text or
where more precision is desired.
Table 1-4 Conversion Factors
One gallon per minute (gpm) =

3.785 liters per minute (L/min)

One gallon per minute (gpm) =

0.833 imperial gallons per minute

One pound per square inch (psi) =

6.895 kilopascals (kPa)

One pound per square inch (psi) =

0.0690 bar (bar)

One pound per square inch (psi) =

2.31 feet of water (ft H2O)

One inch of mercury (in. Hg) =

3.386 kilopascals (kPa)

One inch of mercury (in. Hg) =

0.0340 bar (bar)
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One inch (in.) =

25.40 millimeters (mm)

One foot (ft) =

0.305 meters (m)

One square inch (in.2) =

645.2 square millimeters (mm2)

One mile per hour (mph) =

1.609 kilometers per hour (kmph)

One pound (lb) =

0.454 kilograms (kg)

One horsepower (hp) =

0.746 kilowatts (kW)

Chapter 2 General Requirements
2-1 Legal Requirements.
The apparatus shall comply with all applicable federal and state motor vehicle laws and
regulations.
2-2 Protection of Personnel and Components.
2-2.1
Guards or shields shall be provided where necessary to prevent injury of personnel by hot,
moving, or rotating parts.
2-2.2
All hydraulic lines, air system tubing, control cables, and all electrical lines shall be clipped to
the frame or body structure of the apparatus and, except where a through-the-frame connector is
necessary, shall be furnished with metal protective looms or grommets at each point where they
pass through body panels or structural members.
2-3 Vehicle Stability.
2-3.1
The center of gravity of the fully equipped and loaded vehicle shall be no higher than 75
percent of the rear track width of the vehicle above the flat and level surface upon which the
vehicle rests, with all wheels on that surface. The rear vehicle track shall be measured from the
center of the rear wheel assembly on one side of the vehicle to the center of the rear wheel
assembly on the other side.
2-3.2*
The weight distribution when the vehicle is fully loaded and equipped as defined in Section
3-1 shall not exceed the chassis manufacturer’s recommended maximum limits.
2-3.3
The difference in weight on the end of each axle, from side to side, when the vehicle is fully
loaded and equipped as defined in Section 3-1 shall not exceed 7 percent.
2-4 Apparatus Performance.
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2-4.1*
The apparatus shall meet the requirements of this standard at elevations of 2000 ft (610 m)
above sea level.
2-4.2*
The apparatus shall meet all the requirements of this standard while stationary on a grade of 20
percent in any direction.
2-4.3*
The fire apparatus shall be designed to perform all its functions in an ambient temperature of
33°F to 110°F (1°C to 43°C).
2-5 Road Ability.
2-5.1
The apparatus, when fully equipped and loaded as defined in Section 3-1, shall be capable of
the following performance on dry, paved roads in good condition:
(a) From a standing start, the vehicle shall attain a true speed of 35 mph (56 kmph) within 25
seconds on a level road.
(b)* If the apparatus is designed to respond on public roads as an emergency vehicle, it shall
attain a minimum top speed of 50 mph (80 kmph) on a level road.
(c)* The apparatus shall be able to maintain a speed of at least 20 mph (32 kmph) on any grade
up to and including 6 percent.
2-5.2*
The vehicle shall be capable of maneuvering across a 20-percent grade and up and down a
25-percent grade.
2-6 Serviceability.
2-6.1
The apparatus shall be designed so that all recommended daily maintenance checks can be
performed easily by the operator without the need for hand tools. Apparatus components that
interfere with repair or removal of other major components shall be attached with fasteners, such
as capscrews and nuts, so that the components can be removed and installed with ordinary hand
tools. These components shall not be welded or otherwise permanently secured into place.
2-6.2
Where special tools are required for routine service on any component of the apparatus, such
tools shall be provided with the apparatus.
2-6.3
At least two copies of a complete, detailed operation and service manual for the apparatus shall
be provided. This manual shall include the chassis, pump, wiring diagrams, lubrication charts,
and fire-fighting equipment for that apparatus.
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Chapter 3 Chassis and Vehicle Components
3-1* Carrying Capacity.
3-1.1*
The GAWR and GVWR of the chassis shall be adequate to carry the fully equipped apparatus,
including full water tanks, fuel tanks, and all other reservoirs; the apparatus designed hose load;
the equipped personnel weight; and a miscellaneous and minor equipment allowance. The
miscellaneous and minor equipment allowance shall be at least equal to the weight as shown in
Table 3-1.1.
Table 3-1.1 Minimum Miscellaneous Equipment Allowance
Chassis GVWR
(lb)

Equipment Weight
(kg)

(lb)

(kg)

5000 - 10,000

2268-4536

300

136

10,001 - 15,000

4537-6803

500

227

15,001 - 20,000

6804-9072

1000

454

9073 and up

1500

681

20,001 and up

3-1.2
The unequipped personnel weight shall be calculated at 250 lb (113 kg) per person multiplied
by the number of seating positions on the apparatus.
3-1.3
A final manufacturer’s certification of the GVWR and GAWR shall be supplied on a
nameplate affixed to the vehicle.
3-1.4
A permanent plate shall be affixed to the dash of the driving compartment indicating whether
the apparatus is designed for on-road use only, off-road use only, or for both on-road and
off-road use.
3-2 Engine and Engine System Design.
3-2.1*
The engine supplied shall use a readily available commercial fuel.
3-2.1.1* If the engine is diesel-fuel powered, an engine governor shall be installed to limit the
speed of the engine under all conditions of operation to that speed established by the engine
manufacturer; this speed shall be the maximum no-load governed speed.
3-2.1.2* Automatic engine shutdown systems shall not be permitted unless they are an integral
part of the standard engine management system.
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3-2.1.3 The engine and transmission installation shall meet the engine and transmission
manufacturer’s installation recommendations for the service intended.
3-2.2 Cooling System.
3-2.2.1* The cooling system of the engine shall be adequate to maintain a temperature in the
engine at or below the engine manufacturer’s maximum temperature rating under all conditions
for which the apparatus is designed.
3-2.2.2 Drain valves shall be installed at the lowest point of the cooling system and at other
points necessary to allow complete removal of the coolant from the system. Drain valves shall be
designed so that they do not open accidentally due to vibration.
3-2.2.3 The radiator shall be mounted to prevent the development of leaks caused by twisting or
straining where the apparatus operates over uneven ground. Radiator cores shall be compatible
with commercial antifreeze solutions.
3-2.3 Lubrication System.
3-2.3.1* The engine shall be provided with a replaceable-element oil filter of the type approved
by the engine manufacturer.
3-2.3.2 The engine oil fill-pipe shall be large enough and located so as to allow easy filling.
3-2.3.3 A permanent plate in the driving compartment shall specify the quantity and type of the
following fluids used in the vehicle:
(a) Engine oil;
(b) Engine coolant;
(c) Chassis transmission fluid;
(d) Pump transmission lubrication fluid, if used;
(e) Pump primer fluid, if used;
(f) Drive axle lubrication fluid.
3-2.4 Fuel and Air System.
3-2.4.1 Diesel Engines.
3-2.4.1.1 A dry-type air filter shall be provided. Air inlet restrictions shall not exceed the engine
manufacturer’s recommendations. The air inlet shall be protected to prevent water and burning
embers from entering the air intake system. An air restriction indicator shall be mounted in the
cab and shall be visible to the driver.
3-2.4.1.2* The diesel fuel injection system shall be provided by the engine manufacturer and
shall be of sufficient size to allow development of the rated power. Supply fuel lines and fuel
filters shall be in accordance with the engine manufacturer’s recommendations.
3-2.4.2 Gasoline Engines.
3-2.4.2.1 A dry-type air filter shall be provided. Air inlet restrictions shall not exceed the engine
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manufacturer’s recommendations. The air inlet shall be protected to prevent water and burning
embers from entering the air intake system.
3-2.4.2.2 Fuel lines and filters or strainers that meet the engine manufacturer’s recommendations
shall be of a serviceable type and shall be mounted in an accessible location. Where two or more
fuel lines are installed, separate fuel pumps operating in parallel with suitable check valves and
filtering devices shall be provided. The fuel line(s) shall be located or protected so as not to be
subjected to excessive heating from any portion of a vehicle exhaust system. The line(s) shall be
protected from rocks, stumps, logs, or other objects that might cause mechanical damage.
3-2.5* Exhaust System.
The exhaust piping and discharge outlet shall be located or shielded so as not to expose any
portion of the apparatus or equipment to excessive heating. Exhaust pipe discharge shall be
directed away from the pump operator’s position. Silencing devices shall be provided. Exhaust
back-pressure shall not exceed the limits specified by the engine manufacturer. Where parts of
the exhaust system are exposed in a manner likely to cause injury to operating personnel,
suitable protective guards shall be provided.
3-3 Apparatus Electrical System and Devices.
3-3.1 General.
3-3.1.1 Any alternator, cranking motor, ignition wiring, distributor, or ignition coil shall be
moisture resistant and shall be protected against excessive heat.
3-3.1.2 Electromagnetic interference/suppression shall be provided in accordance with SAE
J551, Performance Levels and Methods of Measurement of Electromagnetic Radiation from
Vehicles and Devices (30-1000 MHz).
3-3.1.3* All electrical circuit feeder wiring supplied and installed by the apparatus manufacturer
shall be stranded copper alloy conductors of a gauge rated to carry 125 percent of the maximum
current for which the circuit is protected. Insulation shall be type SXL or GXL in accordance
with SAE J1128, Low Tension Primary Cable, and wiring shall be in accordance with SAE
J1292, Automobile, Truck, Truck-Tractor, Trailer, and Motor Coach Wiring, for such loading at
the potential employed. The voltage drop in any wiring between the power source and the using
device shall not exceed 10 percent. The overall covering of conductors shall be loom or braid
rated at 280°F (143°C) minimum, and shall be flame retardant and moisture resistant. All
connections shall be made with lugs or terminals mechanically secured to the conductors. Wiring
shall be well-secured in place and shall be protected suitably against heat, oil, and physical
damage. All low-voltage wiring shall be color coded or printed with a circuit function code over
the conductor’s entire length. Wires of the same color and size, without a printed function code,
shall not be used for unrelated circuits within the same harness.
3-3.1.4 Circuits shall be provided with properly rated low-voltage overcurrent protective
devices. Such devices shall be readily accessible and protected against excessive heat, physical
damage, and water spray. Switches, relays, terminals, and connectors shall have a direct current
rating of 125 percent of the maximum current for which the circuit is protected.
3-3.2 Power Supply.
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3-3.2.1* A minimum of one cold-rated, 100-amp, 12-volt (nominal) electric alternator shall be
provided. It shall have an output adequate to meet the continuous anticipated electrical load of
the apparatus as manufactured at 200°F (93°C) ambient temperature in the engine compartment,
and it shall be provided with full automatic regulation. It shall have a 60-amp minimum output at
200°F (93°C) at engine idle speed.
3-3.2.2 A voltmeter shall be provided on the driver’s instrument panel.
3-3.2.3 If automatic throttle devices (high idle) are installed that increase the engine speed when
the apparatus is parked to allow higher levels of power production by the alternator, they shall be
provided with interlocks that prevent their activation when the pump is engaged, when the
apparatus is in any gear other than park or neutral, and when the vehicle’s parking brakes are not
engaged.
3-3.3* Batteries.
3-3.3.1* Batteries shall be of the high-cycle type. They shall be mounted securely and protected
adequately against physical damage and vibration, water spray, and engine and exhaust heat.
Where an enclosed battery compartment is provided, it shall be ventilated adequately to prevent
the buildup of heat and explosive fumes. The batteries shall be readily accessible for
examination, test, and maintenance. If a battery is located in the engine compartment or adjacent
to exhaust system components, heat shields shall be provided. A corrosion-resistant battery
containment base tray shall be provided.
3-3.3.2* If an onboard battery conditioner or charger or a polarized inlet is provided for charging
batteries, the associated line voltage electric power system shall be in accordance with Chapter
11.
3-3.3.3* The battery capacity and all starting circuit wiring and electrical equipment provided,
including the starter switch, shall meet or exceed the engine manufacturer’s minimum
recommendations. The battery system capacity shall be a minimum of 850 cold cranking amps
(CCA).
3-3.4 Starting Device.
An electrical starting device shall be provided for the engine. When operating under maximum
load, the voltage drop of the electrical conductors supplying the starting device shall be in
accordance with SAE J541, Voltage Drop for Starting Motor Circuits.
3-3.5 Lights and Warning Devices.
3-3.5.1* Each apparatus that responds on public roads as an emergency vehicle shall have one or
more rotating, oscillating, or flashing lights, visible through 360 degrees in a horizontal plane,
mounted on the driving compartment roof or as high as practicable. In addition, a pair of
flashing, oscillating, or rotating warning lights shall be affixed on the front of the vehicle. They
shall face forward and be positioned below the windshield level. Another pair shall be affixed at
the rear of the vehicle, facing to the rear. Also, an intersection light shall be affixed as low and as
far forward as practicable between the front wheel and the front of the vehicle on each side.
Intersection lights shall be arranged to emit maximum illumination perpendicular to the sides of
the vehicle.
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3-3.5.2 All required warning lights shall be Class 1 as defined in SAE J595, Flashing Warning
Lamps for Authorized Emergency, Maintenance, and Service Vehicles; SAE J845, 360 Degree
Warning Lamp for Authorized Emergency, Maintenance, and Service Vehicles; or SAE J1318,
Gaseous Discharge Warning Lamp for Authorized Emergency, Maintenance, and Service
Vehicles, for the applicable type of light.
3-3.5.3 A master warning light switch shall be provided.
3-3.5.4* Apparatus that responds on public roads as an emergency vehicle shall have audible
warning equipment in the form of at least one automotive traffic horn and one electric or
electronic siren. The siren shall meet the requirements of SAE J1849, Emergency Vehicle Sirens.
Controls for operating the siren shall be provided within convenient reach for the persons riding
in both the right and left front seat positions.
3-3.5.5 Where furnished, air horns, an electric siren(s), and an electronic siren speaker(s) shall be
mounted as low and as far forward on the apparatus as practicable. Audible warning equipment
shall not be mounted on the roof of the apparatus.
3-3.5.6 Two clear, minimum 5000 candle power lights shall be provided at the rear of the
apparatus for illumination of the work area.
3-3.5.7* Apparatus shall have sufficient lights to properly illuminate the crew compartment(s),
pump operator’s panel, engine compartment, work areas, and steps. Switches shall be
conveniently located. Lights shall be arranged to minimize accidental breakage.
3-3.5.8 An electric or electronic back-up alarm that meets the Type D (87 dba) requirements of
SAE J994, Alarm-Backup-Electric-Performance, Test, and Application, shall be provided.
3-3.5.9 Equipment shall be mounted so that it does not obscure the rear stop, tail, and directional
lights. Directional lights shall be visible from the front, sides, and rear of the vehicle.
3-4 Vehicle Components.
3-4.1* Braking System.
3-4.1.1* Service brakes and parking brakes shall be independent and separate systems. All
brakes shall be readily accessible for adjustment.
3-4.1.2 The vehicle shall be equipped with an all-wheel anti-lock brake system if such a system
is available from the chassis manufacturer.
3-4.1.3* Where air-actuated braking systems are provided, they shall include:
(a) An automatic moisture ejector,
(b) An air drier, and
(c) A pressure protection valve to prevent the use of air horns or other air-operated accessories
when the system air pressure drops below 80 psig (552 kPag).
3-4.1.4* Parking brakes shall control the rear wheels, or all wheels, and shall be of the positive,
mechanically-actuated type. The parking brake system shall hold the fully loaded apparatus on at
least a 20-percent grade. A lockup device to retain applied pressure on hydraulic-actuated
service brake systems, or the use of the “park” position on an automatic transmission, shall not
be substituted for a separate parking brake system.
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3-4.2 Suspension and Wheels.
3-4.2.1 Each load-bearing tire and rim of the apparatus shall not carry a weight in excess of the
recommended load for the operation of truck tires of the size used, as published in the Yearbook
of the Tire and Rim Association, Inc., or as recommended by the tire manufacturer, when the
apparatus is loaded as indicated in Section 3-1. Compliance shall be determined by weighing the
load supported by the tires on each axle, with all movable loads located as they would be with
the apparatus in service.
3-4.2.2* The minimum axle housing clearance and ground clearance shall be as specified in
Table 3-4.2.2.
Table 3-4.2.2 Under-Vehicle Clearance
Axle
Housing
Clearance

Chassis GVWR
(lb)

Ground
Clearance

(kg)

(in.)

(mm)

(in.)

(mm)

5000-10,000

2268-4536

6

152

9

229

10,001-15,000

4537-6803

8

203

12

305

15,001-20,000

6804-9072

9

229

13

330

20,001 and up

9073 and up

10

254

15

381

3-4.2.3* If the apparatus is an on-road vehicle only, an angle of approach of at least 20 degrees
and an angle of departure of at least 20 degrees shall be maintained at the front and rear of the
vehicle when it is loaded normally as indicated in Section 3-1. If the vehicle is designed for
off-road use, the angle of approach shall be at least 30 degrees and the angle of departure shall
be at least 25 degrees when it is loaded normally as indicated in Section 3-1.
3-4.2.4 Fenders and guards shall be braced and firmly secured. Clearance for tire chains shall be
provided in accordance with SAE J683, Tire Chain Clearance-Trucks, Buses, and Combinations
of Vehicles.
3-4.2.5 The steering mechanism shall be capable of turning the front wheels to an angle of at
least 30 degrees to either the right or left for nondriving front axles and at least 28 degrees for
driving front axles. Power steering or power-assisted steering shall be provided.
3-4.3 Transmission.
3-4.3.1* The transmission shall be rated for heavy duty service and shall be designed to match
engine torque and speed to the load demand. The transmission shall provide the driver with the
selection of individual gears or ranges of gears necessary to meet the performance requirements
of this standard.
3-4.3.2 The transmission shall allow the vehicle to function and operate smoothly at 2 mph (3.2
kmph).
Copyright 1996 NFPA

3-4.4 Fuel Tanks.
3-4.4.1* A single fuel tank shall hold at least the capacity shown in Table 3-4.4.1. Additional
fuel tanks shall be permitted.
Table 3-4.4.1 Fuel Tank Capacity
Chassis GVWR
lb

Capacity
(kg)

(gal)

(L)

5000-10,000

2268-4536

16

60

10,001-15,000

4537-6803

19

72

15,001-20,000

6804-9072

38

144

20,001 and up

9073 and up

45

171

3-4.4.2 A conspicuous label near the tank fill opening shall indicate the proper fuel.
3-4.4.3 The fuel gauge shall indicate the proportionate amount of fuel in the tank system at any
time.
3-4.4.4 The tank fill piping shall be positioned so it is protected from mechanical damage during
the normal use of the fire apparatus, and both the tank and the fill piping shall be positioned so
they are not exposed to heat from the exhaust system or other source of ignition. The tank shall
be positioned so it is easily removable for repairs.
3-4.5* Tow Hooks.
Front and rear tow hooks or tow eyes shall be attached to the frame structure to allow towing
(not lifting) of the apparatus without damage.
3-4.6* Driving and Crew Compartment.
3-4.6.1 A fully enclosed driving compartment with seating capacity for not less than two persons
shall be provided.
3-4.6.2 Steps and access handrails that comply with Sections 7-4 and 7-5 shall be provided as
necessary for access to all driving and crew compartments.
3-4.6.3* The maximum number of persons expected to ride in the apparatus shall be specified by
the purchaser. The manufacturer shall provide a seat with an approved seat belt within a fully
enclosed area(s) for the total number of persons specified. Signs that state “Occupants must be
seated and belted when apparatus is in motion” shall be provided. These signs shall be visible
from each seated position. An accident prevention sign that states the number of personnel the
vehicle is designed to carry shall be located in an area visible to the driver.
3-4.6.4 At any seat location, the maximum noise level shall be 90 dba without any warning
devices in operation, as measured by the test procedure defined in the Code of Federal
Regulations (CFR), Title 49, paragraph 393.94(c), except that the test shall be performed with
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the vehicle traveling at a steady speed of 45 mph (72 kmph) on a level, hard, smooth-surfaced
road.
3-4.6.5 All interior crew and driving compartment door handles shall be designed and installed
to protect against accidental or inadvertent opening.
3-4.6.6 Head height at any seat shall be at least 37 in. (940 mm) from the seat to the ceiling with
the seat depressed 1 in. (25 mm). Each seating space shall have a minimum of 22 in. (560 mm) at
the shoulder level. Seat cushions shall be a minimum of 18 in. (458 mm) in width and 15 in. (381
mm) from the front of the cushion to the face of the seat back. A back cushion that extends
vertically from the face of the seat at least 18 in. (458 mm) and that is a minimum of 18 in. (458
mm) wide shall be provided. The back cushion shall be permitted to be split to accommodate a
fully recessed self-contained breathing apparatus (SCBA) and bracket. Where the back cushion
is split, a headrest shall be supplied.
3-4.6.7* Where SCBA units are mounted within the crew compartment, a positive mechanical
means of holding the SCBA device in its stowed position shall be provided. The holding device
shall be designed to minimize injury to crew compartment occupants in the event of rapid
acceleration or deceleration of the apparatus.
3-4.6.8* Controls and switches that are expected to be operated by the driver while the apparatus
is in motion shall be conveniently located within the driver’s reach. The following
instrumentation and controls shall be mounted in the driving compartment and shall be clearly
identified and visible to the driver while seated:
(a) Speedometer;
(b) Odometer;
(c) Oil pressure indicator or gauge;
(d) Coolant temperature indicator or gauge;
(e) Voltmeter;
(f) Brake air pressure gauge(s), if applicable;
(g) Turn signal control and indicator lights;
(h) Headlight/DOT light switch;
(i) High beam headlight switch and indicator;
(j) Fuel level gauge(s);
(k)* Master ignition switch;
(l) Heater/defroster controls;
(m) Warning lights and siren switches, if applicable;
(n) Master electrical load switch;
(o) “Battery on” indicator light;
(p) Windshield wipers and washer.
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Chapter 4 Pumps
4-1* Performance Requirements.
A pump that has a rated capacity at one of the increments shown in Table 4-1 and is capable of
delivering and maintaining its rated capacity at 150 psi (1035 kPa) net pump pressure when
pumping under the conditions specified in Section 4-2 shall be provided.
Table 4-1 Suction Hose Size by Flow Rate
Flow Rate
(gpm)

Hose Size
(L/min)

(in.)

(mm)

20

76

11/2

38

50

190

11/2

38

70

265

2 or 21/2

65

100

379

2 or 21/2

65

120

454

21/2

65

150

568

21/2

65

175

662

21/2

65

200

757

3

76

225

852

3

76

250

950

3

76

4-2* Pumping Conditions.
The pump manufacturer shall certify that the pump can deliver its rated capacity at 150 psi
(1035 kPa) net pump pressure under the following conditions:
(a) At an altitude of 2000 ft (610 m) above sea level;
(b) Through a single, 20-ft (6-m) line of suction hose of the size specified in Table 4-1 and
equipped with a suction hose strainer;
(c) With a lift of 10 ft (3 m);
(d) At 29.9 in. Hg (101.2 kPa) atmospheric pressure (corrected to sea level);
(e) At a water temperature of 60°F (16°C); and
(f) With friction and entrance loss in suction hose and strainer as provided in Table 4-2.
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Table 4-2 Friction and Entrance Loss in 20 ft (6 m) of Suction Hose, Including Strainer
Suction Hose Size (Inside Diameter)
11/2 in.
Flow
Rate
(gpm)

21/2 in.

2 in.

3 in.

Ft
Water

In.
Hg

Ft
Water

In.
Hg

Ft
Water

In.
Hg

Ft
Water

In.
Hg

20

1.3

1.1

0.3

0.3

-

-

-

-

50

7.0

6.2

1.7

1.5

0.5

0.4

-

-

70

-

-

3.3

3.0

1.0

0.9

0.4

0.4

100

-

-

6.3

5.6

2.0

1.7

0.9

0.8

120

-

-

-

-

2.9

2.6

1.2

1.1

150

-

-

-

-

4.5

4.0

1.9

1.7

175

-

-

-

-

-

-

2.6

2.3

200

-

-

-

-

-

-

3.4

3.0

225

-

-

-

-

-

-

4.2

3.7

250

-

-

-

-

-

-

5.2

4.6

4-3 Priming.
4-3.1
When dry, the pump system shall be capable of taking suction and discharging water in not
more than 30 seconds, through 20 ft (6 m) of suction hose of the size specified in Table 4-1 and a
strainer, at a 10-ft (3-m) lift, at any elevation up to 2000 ft (610 m).
4-3.2
The completed pump and any attached piping system shall be capable of developing a vacuum
of 17 in. Hg (57.4 kPa) by means of the priming system and of sustaining the vacuum for at least
5 minutes with a loss not to exceed 10 in. Hg (33.8 kPa). The pump primer shall not be used
during the 5-minute period. This shall be demonstrated with the cap or plug removed from any
valved intake or discharge.
4-4 Pump Construction Requirements.
4-4.1
Suitable means shall be provided for completely draining the pump and all lines and
accessories in cold weather.
4-4.2
The pump body shall be subjected to a hydrostatic pressure test of 100 psi (690 kPa) above the
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maximum rated close-off pressure or 300 psig (2070 kPag), whichever is higher, for 10 minutes.
The pump manufacturer shall provide a certificate of completion for the hydrostatic test.
4-4.3
The pump casing shall be capable of being disassembled for inspection and replacement of
parts.
4-4.4*
The pump impellers, rotors, pistons, vanes, or water contacting gears (if applicable) shall be
constructed of a corrosion-resistant material.
4-4.5
The pump shaft shall be constructed of stainless steel or shall be protected from corrosion.
4-5 Pump Intake Connections.
NOTE: The following requirements do not apply to the intake connection between the water tank and the
pump.

4-5.1*
Intakes of the same or larger size as specified in Table 4-1 for suction hose size shall be
provided.
4-5.1.1 The intakes specified shall have male national standard hose thread (NH). Intakes of 2 in.
(51 mm) or less shall be permitted to have NPSH thread.
4-5.1.2 If the couplings on the suction hose carried on the apparatus are of a different size or
have other means of hose attachments than the threaded connections provided on the intakes,
suitable adapters shall be provided on each appropriate intake.
4-5.2
Each 3-in. (76-mm) or larger intake valve, except the valve in the tank-to-pump intake, shall
have an operating mechanism that does not allow the flow regulating element of the valve to
move from the fully closed position to the fully open position, or vice versa, in less than 3
seconds.
4-5.3
Each 21/2-in. (63-mm) or larger valved intake shall be equipped with a bleeder valve that is
located in close proximity to the intake to bleed off air (or pressure) from a hose connected to the
intake.
4-5.4
Each intake shall be provided with a suitable closure that is capable of withstanding 100 psi
(690 kPa) over the maximum rated pump close-off pressure or 300 psig (2070 kPag), whichever
is higher. Each intake that has male threads shall be equipped with a cap; each intake that has
female threads shall be equipped with a plug. Where an adapter for special threads or other
means for hose attachment is provided on the intake, a closure shall be provided for the adapter
in lieu of a cap or plug.
4-5.5
Where a cap, plug, or other closure is provided for a 31/2-in. (89-mm) or smaller intake, it shall
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be secured to the pumping unit with a suitable chain or cable.
4-6 Pump Discharge.
4-6.1*
Sufficient discharge outlets, in addition to any discharge outlets located in hose storage areas,
shall be provided to discharge the rated capacity of the pump at the flow rates as shown in Table
4-6.1.
Table 4-6.1 Flow Rates for Various Outlet Sizes
Outlet Size
(in.)

Flow Rates

(mm)

(gpm)

(L/min)

1

25

50

189

11/2

38

125

473

2

51

175

663

21/2

65

250

950

3

76

375

1420

31/2

89

500

1900

4-6.2
Each discharge outlet over 1 in. (25 mm) in size shall be equipped with male national standard
hose thread (NH). Adapter couplings with special threads or other means for hose attachment
shall be permitted to be furnished on any or all outlets. Discharge outlets 11/2 in. (38 mm) or less
in size shall be permitted to have NPSH thread.
4-6.3
Each discharge outlet, except an outlet to which a hose is to be preconnected, shall be
equipped with a suitable cap or closure that is capable of withstanding 100 psi (690 kPa) over the
maximum rated pump close-off pressure or 300 psig (2070 kPag), whichever is higher. Where an
adapter is provided on a discharge outlet, the closures shall fit on the adapter. If a cap or closure
is provided for an outlet 31/2 in. (89 mm) or smaller in size, it shall be secured to the pumping
unit with a suitable chain or cable.
4-6.4*
Each discharge outlet shall be valved individually. All valves shall be capable of being opened
and closed smoothly and readily at the flows shown in Table 4-6.1 for the outlet size at the rated
pressure of the pump.
4-6.5
Each 3-in. (76-mm) or larger discharge valve shall have an operating mechanism that does not
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allow the flow regulating element of the valve to move from the fully closed position to the fully
open position, or vice versa, in less than 3 seconds.
4-6.6
All 11/2-in. (38-mm) or larger discharge outlets not readily relieved through the pump’s main
drain(s) shall be equipped with a drain or bleed-off valves for draining or bleeding off pressure
from a hose connected to the outlet.
4-6.7
Any 2-in. (51-mm) or larger discharge outlet that normally is located more than 42 in. (1067
mm) above the ground and to which a hose is to be connected, but which is not in a hose storage
area, shall be supplied with a sweep elbow of at least 30 degrees downward.
4-6.8*
A pump cooling/recirculation line of sufficient size to prevent the pump from overheating
when no discharge lines are open shall be provided between the pump discharge and the water
tank. Where a foam system is provided, this line shall be plumbed so the water returning to the
water tank is free of foam solution.
4-6.9
If the apparatus is equipped with a booster reel, the piping, valves, and swivel between the
pump and booster reel shall be nominally the same size or larger than the nominal inside
diameter of the hose to be carried on the reel. A shutoff valve shall be provided between the
pump and the reel. High pressure booster hose of the same nominal size shall be permitted to be
used in place of piping.
4-6.10
Where the valve operating mechanism does not indicate the position of the valve, an indicator
shall be provided to show when the valve is open.
4-7 Pump Operator’s Position.
4-7.1
The pump panel and other pump controls, gauges, and instruments shall be located at a single
pump operator’s position.
4-7.2
A minimum level of 5 foot-candles of illumination shall be provided to illuminate all gauges,
discharge outlets, pump intakes, and controls.
4-7.3
All required markings shall be of a permanent type, capable of withstanding the effects of
weather and temperature extremes, and shall be attached securely.
4-7.4
The midpoint or centerline of any valve control shall be not more than 72 in. (1829 mm)
vertically above the ground or platform that normally serves as the operator’s standing position.
4-8 Gauges and Instruments.
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4-8.1
A master pump discharge gauge shall be provided on the pump panel. If a round gauge is used,
it shall be at least size 21/2 in accordance with ASME B40.1, Gauges — Pressure Indicating
Dial Type — Elastic Element, paragraph 3.1. If a digital gauge is used, the digits shall be at least
5/ in. (16 mm) high. It shall read from 30 in. Hg (101.6 kPa) vacuum to at least 100 psi (690
8
kPa) higher than the maximum pump-rated pressure. The accuracy of the gauge shall be a
minimum of Grade B as defined in ASME B40.1.
4-8.2
Where one or more 21/2-in. (65-mm) or larger external valved pump inlets are provided, a
pump intake gauge shall be provided on the pump panel and shall be located to the left of the
pump discharge gauge. If a round gauge is used, it shall be at least size 21/2 in accordance with
ASME B40.1, Gauges — Pressure Indicating Dial Type — Elastic Element, paragraph 3.1. If
digital gauges are used, the digits shall be at least 5/8 in. (16 mm) high. The gauge shall read
from 30 in. Hg (101.6 kPa) vacuum to at least 100 psi (690 kPa) higher than the maximum
pump-rated pressure. The accuracy of the gauge shall be a minimum of Grade B as defined in
ASME B40.1.
4-8.3
If both an intake gauge and a master discharge gauge are provided, a label at the intake gauge
shall read “Pump Intake” and a label at the master discharge gauge shall read “Pump Discharge.”
4-8.4
All gauges and instruments shall be mounted and attached so they are protected from
accidental damage and excessive vibration. All analog water pressure gauges shall be liquid
filled, vibration dampened, and capable of continuous operation to –40°F (–40°C) without
damage.
4-8.5
All instruments shall be located so that they are readily visible at the pump operator’s position.
Chapter 5 Pump Engines
5-1 Application.
5-1.1
Sections 5-2 through 5-13 shall apply to auxiliary engine-driven pumps.
5-1.2
Sections 5-14 through 5-16 shall apply to vehicle engine-driven pumps.
5-2 Fuel.
The fuel for the engine shall be commercially available.
5-3 Engine Running Indicator.
A green light shall be located in the driving compartment and shall be illuminated when the
Copyright 1996 NFPA

pump engine is running. A label at the light shall read “Pump Engine Operating.”
5-4 Engine Shutdown.
5-4.1*
A nonlocking switch to stop the engine shall be furnished and shall be located at the pump
operator’s position.
5-4.2*
An automatic engine shutdown system shall not be permitted, except for an automatic
shutdown that is activated only when the water pump is running out of water.
5-5* Engine Speed Control.
The engine speed shall be permitted to be controlled by an automatic speed controller or a
manually adjustable throttle and an independent governor that limits the engine speed, at no load,
to the engine manufacturer’s recommended maximum no-load governed speed for the
application. An automatic speed controller shall automatically adjust the engine throttle as
necessary to maintain the desired engine speed and shall limit the engine speed, at no load, to the
engine manufacturer’s recommended maximum speed for the application.
5-6 Cooling System.
5-6.1
The engine shall be air-cooled or liquid-cooled, with a self-contained cooling system that does
not pump cooling system water directly onto the ground during normal operating conditions.
5-6.2
The cooling system shall be adequate to maintain the engine at or below the engine
manufacturer’s maximum temperature rating under all conditions of operation for which the unit
is designed.
5-6.3
If a liquid cooling system is provided, an adequate and readily accessible means to drain the
cooling system shall be installed at the lowest point of the system and at other such points as are
necessary to allow complete removal of the coolant from the system. Drain valves shall be
designed so that they do not open accidentally due to vibration.
5-6.4
Any radiator or heat exchanger shall be mounted to prevent the development of leaks due to
twisting or straining when the wildland fire apparatus traverses uneven ground. Radiator cores
shall be compatible with commercial antifreeze solutions.
5-6.5
If the pump drive engine has a liquid cooling system, a coolant temperature gauge or
high-temperature indicator light shall be provided on the pump panel.
5-7 Lubrication System.
5-7.1
The engine oil-fill pipe shall be large enough and located so as to allow easy filling.
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5-7.2
If the pump drive engine has a positive pressure lubrication system, a low oil pressure
indicator or oil pressure gauge shall be provided on the pump panel.
5-8 Fuel and Air Systems.
5-8.1 Diesel Engines.
5-8.1.1 A dry-type air filter shall be provided. Air inlet restrictions shall not exceed the engine
manufacturer’s recommendations. The air inlet shall be protected to prevent incidental water and
burning embers from entering the air intake system.
5-8.1.2* The diesel fuel system shall be of sufficient size to develop the rated power. The supply
fuel lines and fuel filters shall be in accordance with the engine manufacturer’s
recommendations.
5-8.2 Gasoline Engines.
5-8.2.1 A dry-type air filter shall be provided. Air inlet restrictions shall not exceed the engine
manufacturer’s recommendations. The air inlet shall be protected to prevent the entry of
incidental water and burning embers from entering the air intake system.
5-8.2.2 Fuel lines, and filters or strainers that meet the engine manufacturer’s recommendations
shall be provided. The fuel filters or fuel strainers shall be of a serviceable type and mounted in
an accessible location. The fuel line(s) shall be located or protected so as not to be subjected to
excessive heating from any portion of an engine’s exhaust system. The line(s) shall be protected
from mechanical damage.
5-8.2.3 Where a carburetor(s) is supplied, it shall be of sufficient size to develop the rated power
and shall be located so as not to be subjected to pocketing of vapor or excessive heating. A
manual or automatic choke shall be provided.
5-9* Exhaust System.
The exhaust piping and discharge outlet shall be located so as not to expose any portion of the
unit to excessive heating. Exhaust pipe discharge shall be directed away from the pump
operator’s position. The silencing devices shall be provided with a USDA Forest
Service-approved spark arrestor or shall be water-cooled to reduce the exhaust temperature to
below the ignition point of carbon particles. Exhaust back-pressure shall not exceed the limits
specified by the engine manufacturer. Where parts of the exhaust system are exposed in a
manner likely to cause injury to operating personnel, suitable protective guards shall be
provided.
5-10 Service Accessibility.
The unit shall be designed so that all recommended daily engine maintenance checks can be
performed easily by the operator without the need for hand tools. Pumping unit components that
interfere with engine repair or removal shall be attached with fasteners, such as cap screws and
nuts, so that the components can be removed and installed with ordinary hand tools. These
components shall not be welded or otherwise permanently secured in place.
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5-11 Electrical System and Devices.
5-11.1
Any alternator, cranking motor, ignition wiring, distributor, or ignition coil shall be moisture
resistant and shall be protected against excessive heat.
5-11.2
Electromagnetic interference/suppression shall be provided in accordance with SAE J551,
Performance Levels and Methods of Measurement of Electromagnetic Radiation from Vehicles
and Devices (30-1000 MHz).
5-11.3*
All electrical circuit wiring not supplied by the original electrical component or engine
manufacturer shall be stranded copper alloy conductors of a gauge rated to carry 125 percent of
the maximum current for which the circuit is protected. Insulation shall be type SXL or GXL in
accordance with SAE J1128, Low Tension Primary Cable, and wiring shall be in accordance
with SAE J1292, Automobile, Truck, Truck-Tractor, Trailer, and Motor Coach Wiring, for such
loading at the potential employed. Voltage drops in all wiring from the power source to the using
device shall not exceed 10 percent. The overall covering of conductors shall be loom or braid
rated at 280°F (143°C) minimum, and shall be flame retardant and moisture resistant. All
connections shall be made with lugs or terminals mechanically secured to the conductors. Wiring
shall be secured in place thoroughly and protected suitably against heat, oil, and physical
damage. Wiring shall be color coded or printed with a circuit function code over the entire length
of each conductor.
5-11.4
Switches, relays, terminals, and connectors shall have a direct current rating of 125 percent of
the maximum current for which the circuit is protected.
5-11.5
Where a separate battery(s) is provided, a built-in means to charge the battery(s) shall be
provided. The charging system shall have an output adequate to meet the continuous anticipated
electrical load of the engine and starting system as manufactured, at 200°F (93°C) operating
temperature (within any engine enclosure, if applicable), and shall be provided with full
automatic regulation.
5-11.6 Batteries.
5-11.6.1* Where electric starting is provided, batteries shall be mounted securely and protected
adequately against physical damage and vibration, water spray, and engine and exhaust heat.
Where an enclosed battery compartment is provided, it shall be ventilated adequately to prevent
the buildup of heat and explosive fumes, and the batteries shall be readily accessible for
examination, test, and maintenance. If the battery is located adjacent to exhaust system
components, heat shields shall be provided.
5-11.6.2* Battery power for the pump engine shall be permitted to be supplied from the chassis
battery(s).
5-11.6.3 The battery capacity and wiring circuits provided, including the starter switch and
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circuit and the starter to battery connections, shall meet or exceed the pump engine
manufacturer’s recommendations.
5-12 Starting Device.
Where an electrical starting device is provided, its characteristics shall be such that, when
operating under maximum load, the voltage drop of the conductors shall be in accordance with
SAE J541, Voltage Drop for Starting Motor Circuits. An accessible mechanical means of
starting the engine shall be provided in addition to any electrical starting device that might be
supplied.
5-13 Fuel Tanks.
5-13.1*
The fuel tank(s) shall be of sufficient size to permit operation of the pump at its rated capacity
and pressure for at least 2 hours without refilling.
5-13.2*
The pump engine shall be permitted to be tied into the chassis fuel system.
5-14 Pump Controls.
5-14.1
Provisions shall be made for quickly and easily placing the pump in operation. All pump
controls and devices shall be installed so as to be protected against mechanical injury or the
effects of adverse weather conditions upon their operation.
5-14.2*
Any control device used in the pumping system power train between the engine and the pump
shall be equipped with a means to prevent unintentional movement of the control device from its
set position.
5-14.3
A nameplate indicating the chassis transmission shift selector position to be used for pumping
shall be provided in the driving compartment and shall be located so that it can be read easily
from the driver’s position.
5-14.4
Where the pump is driven by a split shaft PTO, a green indicator light shall be located in the
driving compartment. This indicator light shall be illuminated when the pump shift has been
completed. It shall have a label that reads “Pump Engaged.” Where an automatic chassis
transmission is provided, a second green indicator light in the driving compartment and a green
indicator light located at the pump operator’s position shall be provided and illuminated when
both the pump shift has been completed and the chassis transmission is engaged in pump gear. A
label at the light in the driving compartment shall read “OK to Pump.” The light on the pump
operator’s panel shall be positioned adjacent to and preferably above the throttle control. It shall
have a label that reads “Warning: Do Not Open Throttle Unless Light Is On.” The green light on
the pump operator’s panel shall be permitted to be illuminated when the pump is not engaged
and the transmission is in the neutral position.
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5-14.5
Where an automatic chassis transmission is provided and where the pump is driven by a
transmission-mounted (SAE) PTO, front-of-engine crankshaft PTO, or engine flywheel PTO and
is used for stationary pumping with the chassis transmission in neutral, or is used for pump and
roll with the chassis transmission in any forward or reverse gear, shift indicator lights shall be
provided as specified in 5-14.5.1 and 5-14.5.2.
5-14.5.1 Two Green Indicator Lights in the Driving Compartment. One of the lights shall be
illuminated when the pump drive has been engaged. It shall have a label that reads “Pump
Engaged.” The second light shall be illuminated when both the pump drive has been engaged
and the chassis transmission is in neutral; it shall have a label that reads “OK to Pump.”
5-14.5.2 One Green and One Red Indicator Light on the Pump Operator’s Panel. The green
light shall be illuminated when both the pump drive has been engaged and the chassis
transmission is in neutral. The green light shall be positioned adjacent to and preferably above
the throttle. It shall have a label that reads “Warning: Do Not Open Throttle Unless Light Is On.”
The red light shall be illuminated when the chassis transmission is not in neutral and the ignition
switch is activated. It shall be located adjacent to and preferably above the throttle. It shall have
a label that reads “Danger: Do Not Open Throttle.”
5-14.6
Where a manual chassis transmission is provided and where the pump is driven by a
transmission-mounted (SAE) PTO, front-of-engine crankshaft PTO, or engine flywheel PTO and
is used for stationary pumping, a pump-engaged green indicator light shall be provided in the
driving compartment; it shall have a label that reads “Pump Engaged.”
5-14.7
Where the pump is driven by a chassis transmission-mounted (SAE) PTO, a visible or audible
warning device that is actuated when the temperature of the lubricant in the chassis transmission
exceeds the transmission manufacturer’s recommended maximum temperature shall be provided
and located at the operator’s position.
5-14.8
Where the pump is driven by a split shaft PTO, the chassis cab speedometer shall register
when the split shaft PTO is in pump gear.
5-14.9
When the maximum rated speed of the pump driving source exceeds the maximum rated speed
for which the pump was designed, an automatic means shall be provided to limit the pump
driving source to the maximum designed speed of the pump.
5-15 Pump and Roll Performance.
The vehicle drive engine and drive train shall be arranged so that the pump can deliver at least
20 gpm (76 L/min) at 100 psi (690 kPa) while the apparatus is moving at 2 mph (3.2 kmph) or
less.
5-16 Engine Controls.
A hand throttle of a type that holds its set position shall be provided where the pump drive
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engine is not equipped with an automatic throttle control system to control the engine speed. It
shall be located so that it can be manipulated from the pump operator’s position with all
instrumentation in full view.
Chapter 6 Water Tanks
6-1* Tank Capacity.
A water tank with a minimum capacity of 125 gal (473 L) shall be provided.
6-2 Tank Construction.
6-2.1*
The water tank shall be constructed of noncorrosive material or other materials that are
protected against corrosion and deterioration. It shall have readily accessible clean-out holes or
other means that allow complete cleaning of the tank.
6-2.2*
Any water tank shall be provided with sufficient swash partitions(s) so that the maximum
dimension perpendicular to the plane of any partition shall not exceed 36 in. (915 mm).
6-2.3
The swash partition(s) shall extend from wall to wall and cover at least 75 percent of the area
of the plane of the partition. Swash partitions shall have suitable vents or openings at both the
top and bottom to allow the movement of air and water between spaces, as necessary, to meet the
flow requirements.
6-3 Tank Connections.
6-3.1
A convenient, covered fill opening designed to prevent spillage shall be provided and designed
to permit the insertion of a 21/2-in. (65-mm) hose with coupling. A label on the cover shall read
“Water Fill.” An easily removable, readily cleaned screen shall be installed in the opening. The
cover or another device shall open as a vent to release pressure buildup in the tank of more than
2 psig (13.8 kPag).
6-3.2*
Adequate venting of the tanks shall be provided to allow water to be drawn from the tank at a
rate at least equal to the capacity of the pump.
6-3.3
A valved tank-to-pump connection shall be provided and shall be capable of flowing water
from the tank at the rated capacity of the pump. The valve control shall be located at the pump
operator’s position.
6-3.4*
A valved tank fill line of at least 1 in. (25 mm) nominal inside diameter shall be provided. The
valve control shall be located at the pump operator’s position.
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Chapter 7 Body and Compartmentation
7-1 Compartmentation.
7-1.1*
Any enclosed external compartments that are larger than 21/2 ft3 (0.07 m3) in size or have an
opening in excess of 144 in.2 (92 903 mm2) in size shall be weather resistant, ventilated, and
have provision for drainage of moisture.
7-1.2
All electrical junctions or wiring within compartments shall be protected from mechanical
damage resulting from equipment stored in the compartment. All terminal strips shall have
protective covers.
7-2* Radio Space.
Suitably protected space or a compartment shall be provided for the installation of radio
equipment.
7-3* Equipment Containment.
Equipment holders or compartments shall be provided for all tools, equipment, and other items
that are on the apparatus. Equipment holders shall be attached firmly and shall be designed so
that equipment remains in place under all vehicle operating conditions. All tools and equipment
shall be readily accessible.
7-4 Stepping Surfaces.
7-4.1*
Steps, platforms, or secure ladders shall be provided so fire fighters have access to all working
and storage areas of the apparatus. The maximum stepping height shall not exceed 18 in. (458
mm), with the exception of the stepping height from the ground to the first step, which shall not
exceed 24 in. (610 mm). All steps, platforms, or ladders shall sustain a minimum static load of
500 lb (227 kg) without deformation and shall have skid-resistant surfaces. All steps shall have a
minimum area of 35 in.2 (22 582 mm2), shall be of such a shape that a 5-in. (127-mm) diameter
disk does not overlap any side when placed on the step, and shall be arranged to provide at least
8 in. (203 mm) of clearance between the leading edge of the step and any obstruction. All
platforms shall have a minimum depth of 8 in. (203 mm) from the leading edge of the platform to
any obstruction. All ladders shall have at least 7 in. (178 mm) of clearance between any rung and
the body or other obstruction.
7-4.2
An accident prevention sign(s) shall be located on the vehicle at the rear step areas, and at
front bumper extensions and cross walkways, if they exist. The sign(s) shall warn personnel that
standing on these areas while the vehicle is in motion is prohibited.
7-5* Access Handrails.
Access handrails shall be provided at all entrances to the driving or crew compartment and at
Copyright 1996 NFPA

any location where a fire fighter is expected to climb up onto the apparatus for access to
equipment. Access handrails shall be constructed of or covered with a slip-resistant,
noncorrosive material. Handrails shall be between 1 in. and 15/8 in. (25 mm and 41 mm) in
diameter and have a minimum clearance between the handrails and any surface of at least 2 in.
(51 mm). All handrails shall be designed and mounted to reduce the possibility of hand slippage
and to avoid snagging of hose, equipment, or clothing.
7-6 Metal Finish.
7-6.1*
All exposed ferrous metal surfaces that are not plated or stainless steel shall be cleaned and
prepared thoroughly and shall be painted or coated. The paint or coating, including any primer,
shall be applied in accordance with the paint or coating manufacturer’s recommendation.
7-6.2
Each apparatus that responds on public roads as an emergency vehicle shall have a reflective
stripe(s) affixed to the perimeter of the apparatus. The stripe or combination of stripes shall be a
minimum of 4 in. (100 mm) in total width and shall conform to ASTM D4956, Standard
Specifications for Retroreflective Sheeting for Traffic Control, Type III, Class 1 or 3. At least 50
percent of the perimeter length of each side, at least 50 percent of the perimeter width of the rear,
and at least 25 percent of the perimeter width of the front of the apparatus shall have the
reflective material affixed to it. A graphic design meeting the requirements of this paragraph for
reflective material shall be permitted to replace all or part of the required striping if the design or
combination thereof covers at least the required perimeter lengths specified above.
7-7 Hose Storage.
7-7.1
If a hose storage area(s) is provided, the area(s) shall be reinforced at the corners. The bottom
shall be made of removable sections fabricated from noncorrosive materials. The bottom shall be
constructed to prevent the accumulation of water and allow ventilation to aid in drying the hose.
The interior shall be smooth and free from all projections, such as nuts, sharp angles, or brackets,
that might injure the hose. Reels, handrails, ladders, and equipment holders shall not be placed to
obstruct the laying or removal of hose from the storage area.
7-7.2*
If a hose reel is provided, it shall have a capacity of not less than 100 ft (30 m) of 3/4-in.
(19-mm) booster hose.
7-8 Slip-on Fire-Fighting Module.
If the pump, piping, and tank are built as a slip-on, self-contained unit, the unit shall meet the
requirements of this section.
7-8.1
Intake and discharge piping shall not interfere with the routine maintenance of the pump,
engine, or auxiliary systems and shall not unduly restrict the servicing of these components.
7-8.2 Mounting.
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7-8.2.1 The slip-on unit shall be mounted in a manner that allows access to the engine, pump,
and auxiliary systems for routine maintenance. The slip-on unit shall not be welded or otherwise
permanently secured to other components.
7-8.2.2 The slip-on unit shall be mounted in a manner to prevent damage by vibration.
7-8.2.3 Special anchorage shall be provided on the vehicle chassis and on the slip-on
fire-fighting module to secure the skid-mounted fire-fighting module to the vehicle chassis. This
anchorage shall be designed to prevent movement of the unit during rapid acceleration, or during
side-hill operation.
Chapter 8 Equipment Carried on Wildland Fire Apparatus
8-1* Suction Hose.
If suction hose is provided, the hose shall comply with NFPA 1961, Standard for Fire Hose,
and a suitable suction strainer shall be furnished.
8-2 Minor Equipment.
Equipment on the following list shall be available on the wildland apparatus before it is placed
in service. Brackets or compartments shall be furnished to mount or contain the equipment
properly. Any equipment that is carried in the driving or crew compartment(s) shall be secured in
brackets or shall be suitably tied down to minimize injury to the occupants in the event of a rapid
acceleration or deceleration of the apparatus.
(a) One axe of any type.
(b) One round point shovel.
(c) Two portable hand lights.
(d) One approved, portable fire extinguisher suitable for use on Class B and Class C fires with
mounting brackets. The minimum size shall be 40 B:C rating.
(e) Two spanner wrenches.
(f)* 200 ft (61 m) of fire hose.
(g) One nozzle sized to the pump and hose carried.
(h) One first-aid kit.
(i) One hand pump water extinguisher.
(j) Two wheel chocks mounted in readily accessible locations. Wheel chocks shall meet or
exceed the requirements of SAE J348, Standard for Wheel Chocks, for the wheel diameter on
which the chocks are to be used.
Chapter 9 Class A Foam Concentrate Proportioning Systems
9-1* Application.
If the wildland fire apparatus is equipped with a foam concentrate proportioning system for
Copyright 1996 NFPA

Class A foam, it shall comply with the applicable sections of this chapter.
9-2* Definitions.
For the purpose of this chapter, these terms shall be defined as follows:
Bubble. The building block of foam composed of a film of fluid enclosing a parcel of air.
Class A Fire. A fire in ordinary combustible solids (e.g., grass, wood, paper, cloth, rubber,
plastics).
Class A Foam. Foam intended for use on Class A fires.
Drain Time. The rate at which the foam solution is released by the bubble structure.
Eductor. A device that uses the Venturi principle to introduce a proportionate quantity of foam
concentrate into a water stream. The pressure at the throat is below atmospheric pressure,
allowing concentrate at atmospheric pressure in storage to flow into the water stream.
Foam. An aerated fire extinguishing solution created by mixing air into foam solution to form
bubbles that, upon application, adhere to fuels and reduce combustion by cooling, wetting,
suppressing vapors, and excluding oxygen.
Foam Concentrate. The fire chemical product, as received from the supplier that, when diluted
with water, becomes foam solution.
Foam Concentrate Proportioning System. The apparatus and techniques used to mix
concentrate with water to make foam solution.
Foam Solution. A foam concentrate and water mixture to which air is added to produce foam.
Proportioner. A device or method to add foam concentrate to the water to make foam solution.
9-3 Types of Class A Foam Proportioning Systems.
9-3.1* Eductor System.
An eductor foam proportioning system shall meet the requirements of Sections 9-4, 9-5, 9-6,
9-7, and 9-10, as applicable.
9-3.2* Intake-side System.
An intake-side foam proportioning system shall meet the requirements of Sections 9-4, 9-5,
9-6, 9-7, and 9-10, as applicable.
9-3.3* Around-the-Pump System.
An around-the-pump foam proportioning system shall meet the requirements of Sections 9-4,
9-5, 9-6, 9-7, and 9-10, as applicable.
9-3.4* Balanced Pressure System.
A balanced pressure foam proportioning system shall meet the requirements of Sections 9-4
through 9-10, as applicable.
9-3.5* Direct Injection System.
A direct injection foam proportioning system shall meet the requirements of Sections 9-4, 9-5,
9-6, 9-7, 9-8, and 9-10, as applicable.
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9-3.6* Water Motor Meter Foam Proportioning System.
A water motor meter foam proportioning system shall meet the requirements of Sections 9-4,
9-5, 9-6, 9-7, 9-8, and 9-10, as applicable.
9-4 Design and Performance Requirements of a Foam System.
9-4.1
The proportioning system shall be capable of proportioning Class A foam concentrate(s) at a
mix rate(s) selected from the range of 0.1 percent to 1 percent over the design range of flow and
operating pressures.
9-4.2
The apparatus shall be capable of supplying the power required by the foam proportioning
system in addition to the requirements of the other power-dependent systems installed on the
apparatus.
9-4.3
The apparatus manufacturer shall certify the design performance of the foam proportioning
system to be operable as an integral part of the water delivery system. The following shall be
provided:
(a) The maximum capacity of foam solution capable of being discharged from the foam unit in
percentage of injection rate at an expressed gpm (L/min).
Example: 1 percent solution at 250 gpm (946 L/min).
(b) The maximum pressure at which the foam proportioning unit will operate.
(c) The pressure drop across each individual proportioning device at the device manufacturer’s
25 percent, 50 percent, 75 percent, and 100 percent maximum designed flow rate.
(d) The performance accuracy of the foam proportioning system across its range of flows and
pressures in percentage of concentrate flow rate.
(e) If so equipped, the concentrate pump drive source shall be capable of delivering the power
necessary to provide rated pump capacity at maximum system pressure continuously for 24
hours without failure (see 9-8.3).
9-4.4
Continuously wetted components shall be constructed of materials that provide reasonable
service life when exposed to foam concentrates, including the adverse effects of corrosion,
formation of harmful solids, deterioration of gaskets and seals, binding of moving parts, and the
deterioration of the foam concentrate caused by contact with incompatible materials.
9-4.5
Components that can be flushed with water after use shall be constructed of materials that are
resistant to corrosion after being flushed with water and allowed to dry. These components also
shall be constructed of materials resistant to deterioration by foam concentrates.
9-4.6
The foam concentrate supply hose shall be noncollapsible at 23 in. Hg (77.7 kPa) vacuum.
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9-4.7
A means shall be provided to automatically prevent water from flowing back from the foam
proportioner to the foam concentrate storage tank. This non-return device shall allow the full
flow of foam concentrate.
9-4.8
A minimum of one strainer or filter shall be provided on the foam concentrate supply side of
the proportioner to prevent any debris that might affect the operation of the foam proportioning
system from entering the system. The strainer assembly shall consist of a removable straining
screen, housing, and retainer. The strainer assembly shall allow full flow capacity of the foam
supply line.
9-4.9
If the foam proportioning system injects foam concentrate on the discharge side of the water
pump, a means shall be provided to automatically prevent foam concentrate and foam solution
from flowing back into the water pump or water tank.
9-4.10
A concentrate system flush line(s) shall be provided as required by the proportioner
manufacturer. The flush line(s) shall not allow back-flow into the foam tank or water tank.
9-5 Controls for Foam Systems.
9-5.1*
All foam proportioning system operating controls shall be located at the pump operator’s
position and shall be identified clearly.
9-5.2
Foam proportioning systems that require flushing after use shall be provided with readily
accessible controls that allow the operator to completely flush the system with water according
to the manufacturer’s instructions.
9-5.3
All foam systems shall incorporate features that introduce foam concentrate into the water
stream only when a flow condition exists.
9-5.4
Foam proportioning systems that incorporate foam concentrate metering valves shall have
each metering valve calibrated and marked to indicate the range of the foam concentrate
injection rate(s) available as determined by the design of the system.
9-6 Gauges, Flow Meters, and Indicators of Foam Systems.
9-6.1
All gauges, flow meter displays, and indicators shall be located so they are readily visible from
the pump operator’s position. All gauges or flow meters shall be mounted in a manner that
protects the gauge from physical damage and excessive vibration.
9-6.2
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All analog pressure gauges shall be liquid filled, vibration dampened, and capable of
continuous operation to –40°F (–40°C) without damage.
9-6.3
All analog pressure gauges shall be at least size 21/2 in accordance with ASME B40.1, Gauges
— Pressure Indicating Dial Type — Elastic Element, paragraph 3.1. The accuracy of the gauges
shall be a minimum of Grade B, as defined in ASME B40.1.
9-7 Atmospheric Foam Concentrate Tank.
If the foam proportioning system incorporates an atmospheric foam concentrate tank, 9-7.1
through 9-7.12 shall apply.
9-7.1
The foam concentrate tank shall be provided with a fill tower with an area of at least 12 in.2
(7742 mm2) and a minimum volume of not less than 2 percent of the total tank volume. The tank
opening shall be protected by a removable cover. The cover shall be attached to the tank fill by
mechanical means such as a threaded cap or a hinged cover with a mechanical latching device.
9-7.2
The fill opening shall be designed and located so that foam concentrate from a 5-gal (19-L)
container can be dumped into the tank without the use of funnels or other special devices.
9-7.3
An expansion compartment shall be provided on the foam concentrate tank that is of sufficient
volume to allow expansion and contraction of the foam concentrate caused by changes in
ambient temperature. The surface area of the expansion compartment shall not exceed 1 percent
of the surface area of the foam concentrate tank.
9-7.4
The foam concentrate tank shall be equipped with a pressure/vacuum vent that allows the tank
to compensate for changes in pressure or vacuum when filling or withdrawing foam concentrate
from the tank. The pressure/vacuum vent shall not allow atmospheric air to enter the foam tank
except during operation or to compensate for thermal fluctuations. The vent shall not allow
liquid concentrate to escape. The vent shall be of a size to prevent tank damage during filling or
foam withdrawal.
9-7.5
The foam concentrate tank shall not be equipped with an overflow pipe or any direct opening
to the atmosphere.
9-7.6
The foam concentrate tank shall be designed and constructed to facilitate cleaning the inside of
the tank as required.
9-7.7
A minimum 1/2-in. (13-mm) valved drain shall be provided at the lowest point of any foam
concentrate tank. The drain shall be piped to drain directly to the surface beneath the apparatus
without contacting other body or chassis components.
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9-7.8
The foam concentrate tank shall be constructed to be independent of the apparatus body.
9-7.9
The foam concentrate discharge system design shall prevent the siphoning of foam.
9-7.10*
A label or visible permanent marking that reads “Foam Tank Fill” shall be placed at or near
any foam concentrate tank fill opening. The label or marking shall specify the class or type of
foam to be used, the maximum foam viscosity the foam concentrate system is designed to use,
any restrictions on the types of foam concentrate that can be used with the system, and a warning
message that reads “Warning: Do not mix brands and types of foam.”
9-7.11
The foam concentrate tank outlet connection shall be designed or located to prevent aeration of
the foam concentrate and shall allow withdrawal of 95 percent of the foam concentrate tank
storage capacity under all operating conditions.
9-7.12
The foam concentrate tank inlet connection, if provided, shall be installed in a manner that
prevents air entrainment of the foam concentrate from agitation when the foam concentrate level
in the tank is below the inlet connection discharge.
9-8 Foam Concentrate Pump.
If the foam proportioning system is equipped with a foam concentrate pump, 9-8.1 through
9-8.4 shall apply.
9-8.1
The foam concentrate pump shall operate at a design speed that prevents cavitation and
foaming in the concentrate system when delivering maximum design flow.
9-8.2
Drive-train components that transmit power to the foam concentrate pump shall be capable of
transmitting the power required by the pump under the maximum designed operating condition.
9-8.3
The concentrate pump drive source shall be capable of delivering the power necessary to
provide rated pump capacity at maximum system pressure continuously for a minimum of 24
hours without failure.
9-8.4
A relief valve or other excess-pressure device shall be provided to protect the foam concentrate
pump from damage.
9-9 Pressure Vessel Foam Concentrate or Foam Solution Tanks.
If the foam proportioning system incorporates a pressure vessel foam concentrate tank, or if
the foam solution is contained in a pressure vessel, 9-9.1 through 9-9.7 shall apply.
9-9.1
If the tank is charged with a compressed gas, the tank shall be of welded construction and
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designed, fabricated, and stamped in accordance with the requirements of the ASME Boiler and
Pressure Vessel Code, Section VIII, Division 1, for the required pressure.
9-9.2
All pressure tanks and associated piping shall be designed to a minimum of 11/2 times
maximum working pressure and shall be tested to the design pressure after installation.
9-9.3
The pressure vessel tank shall be protected against corrosion from the foam concentrate or
water stored in the tank.
9-9.4
If the tank is equipped with a gravity fill (has a fill cap), the fill opening shall be a minimum
2-in. (51-mm) inside diameter.
9-9.4.1 The fill cap shall be equipped with nontapered threads and a compressible gasket.
9-9.4.2 Special wrenches or tools required to tighten the fill cap shall be supplied by the
manufacturer and shall be securely mounted adjacent to the fill cap.
9-9.4.3 A safety vent hole shall be located in the fill cap so that it vents the tank pressure while
at least 31/2 threads remain engaged.
9-9.5
A minimum 1/2-in. (13-mm) valved vent shall be provided on all pressure vessel tanks.
9-9.6
If the tank is charged with a compressed gas, an approved ASME relief valve, properly set,
shall be furnished on the tank to prevent tank pressure from exceeding 110 percent of the
maximum permitted working pressure.
9-9.7
A minimum 1/2-in. (13-mm) valved drain connection shall be provided on all pressure vessel
tanks.
9-10 Labels, Nameplates, and Instructions.
9-10.1
All labels and marking shall be permanent in nature, capable of withstanding the effects of
extremes of weather and temperature, and attached in a manner that requires mechanical means
to effect removal.
9-10.2
A nameplate that is marked clearly with the identification and function of each control, gauge,
and indicator related to the foam proportioning system shall be provided.
9-10.3
Two copies of an operations and maintenance manual shall be provided. They shall include a
complete diagram of the system together with operating instructions and a manual outlining all
recommended maintenance procedures.
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9-10.4
Eductor systems shall have a nameplate that indicates the system flow rate, the maximum
usable hose length, the hose size required, the nozzle type, and the permitted elevation changes.
Chapter 10 Compressed Air Foam Systems (CAFS)
10-1 Application.
If the wildland fire apparatus is equipped with a compressed air foam system (CAFS), it shall
comply with the applicable sections of this chapter.
10-2* Definitions.
For the purpose of this chapter, these terms shall be defined as follows:
Compressed Air Foam System (CAFS). A foam system that combines air under pressure with
foam solution to create foam in the hose or mixing chamber. A CAFS system consists of an air
source, a water pump, a means to apply the foam, and a source of foam solution.
Expansion Ratio. The ratio of the volume of the foam in its aerated state to the original volume
of nonaerated foam solution.
SCFM (Standard Cubic Feet per Minute). An expression of air flow rate in which the air flow
rate is corrected to standard temperature and pressure. The metric conversion is shown as SCMS
(Standard Cubic Meters per Second).
10-3 General Requirements.
10-3.1
An automatic-regulating proportioning system shall be used and shall comply with the
applicable requirements of Chapter 9.
10-3.2
The total CAFS rating shall be expressed in terms of matched air and water flow. The air shall
be expressed in standard cubic feet per minute (SCFM) and shall be based on the continuous
flow capacity of the compressed air source(s) at 100 psig (689 kPag).
10-3.3*
The water pump supplying the CAFS shall have a rating in gpm (L/min) at 100 psig (689
kPag) of at least the rating of the air source in SCFM (SCMS) [e.g., a 125-gpm (473 L/min)
pump and a 125-SCFM (0.06 SCMS) compressor].
10-3.4
The apparatus shall be capable of supplying power for operating the CAFS at its rated capacity
in addition to all other power-dependent systems installed on the apparatus.
10-3.5
On a balanced pressure CAFS of 50 cfm (1.4 m3/s) and over, the water pump discharge
pressure shall automatically regulate the air pressure to balance the air and water pressures.
10-4 Compressed Air Source.
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10-4.1
The compressed air source operating in clean environment conditions shall be capable of
providing a continuous rated supply for 6 hours duration without needing adjustment, addition of
lubrication, or changing of air filters.
10-4.2
The compressed air source shall be equipped with an air pressure relief valve that meets the
requirements of the ASME Boiler and Pressure Vessel Code, Section VIII, Division 2. The
outlet of the relief device shall be routed to an area that does not expose personnel to air blasts or
cause the creation of dust.
10-4.3
The compressed air source shall be equipped with moisture drain valves.
10-4.4
If a holding, surge, or separator tank is provided, it shall be designed, fabricated, and stamped
in accordance with the requirements of the ASME Boiler and Pressure Vessel Code, Section
VIII, Division 1, for the required pressure.
10-5* Air Mixing.
10-5.1
The proportion system’s air to foam solution shall be accurate within 10 percent of the desired
air ratio at the rated flow and pressure.
10-5.2
An automatic means shall be provided to prevent the back-flow of all liquids and gases. This
shall include the back-flow of water or foam solution into the compressed air source, air into the
water pump, and both water and air into the foam proportioning equipment.
10-5.3
A mixer shall be provided on all CAFS outlets, or a label near the outlet shall state the
minimum hose length required. The air and foam solution mixer(s) shall provide homogeneous
mixing of the compressed air and foam solution.
10-6* Foam Discharge.
10-6.1
Any components of the piping system exposed to pressurized air from the CAFS shall be
designed for at least 500 psig (3447 kPag) burst pressure.
10-6.2
The discharge plumbing shall be configured to minimize the use of elbows or abrupt turns.
10-6.3*
If a master stream device is provided, it shall consist of a full-flow, long turn monitor with a
stream straightener. The stream straightener shall be at least five pipe diameters in length beyond
the monitor. The master stream device shall be anchored securely to the apparatus and shall be
capable of withstanding the initial surge pulse when the total horsepower of air and water are
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discharged without complete mixing occurring in the system. No shutoff valve shall be installed
between the monitor and the tip.
10-7 Air Source Controls.
10-7.1
All compressed air source controls shall be located at the pump operator’s position and shall
be identified clearly. They shall include a means for adjusting the air pressure.
10-7.2
Air compressor systems that require flushing after use shall be provided with readily
accessible controls that allow the operator to completely flush the system with water according
to the manufacturer’s instructions.
10-8 Gauges, Flow Meters, and Indicators of Foam Systems.
10-8.1
All gauges, flow meters, and indicators shall be located so they are readily visible from the
pump operator’s position. All gauges or flow meters shall be mounted in a manner that protects
the gauge from physical damage and excessive vibration.
10-8.2
All analog pressure gauges shall be liquid filled, vibration dampened, and capable of
continuous operation to –40°F (–40°C) without damage.
10-8.3
All analog pressure gauges shall be at least size 21/2 in accordance with ASME B40.1, Gauges
— Pressure Indicating Dial Type — Elastic Element, paragraph 3.1. The accuracy of the gauges
shall be a minimum of Grade B, as defined in ASME B40.1.
10-8.4
Flow meters located at the pump operator’s position shall indicate the air flow in standard
cubic feet per minute and indicate the water flow in gallons per minute. Flow meters shall be
rated to 500 psig (3447 kPag) burst pressure if located on the pressure side of the system.
10-8.5*
Instrumentation shall be installed to provide indication of the system’s operating condition.
The instrumentation shall include the following:
(a) A pressure gauge on the discharge of the compressed air source.
(b) A foam flow indicator to indicate positive foam concentrate flow.
10-9 Nameplates and Instruction Plates.
10-9.1
All labels and markings shall be permanent in nature, capable of withstanding the effects of
extremes of weather and temperature, and attached in a manner that requires mechanical means
to effect removal.
10-9.2
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A nameplate that is marked clearly with the identification and function of each control, gauge,
and indicator related to the compressed air foam system shall be provided.
Chapter 11 Line Voltage Electrical Systems
11-1* Application.
If a line voltage (120-volt or 240-volt, or both) electrical system is provided, it shall meet the
requirements of this chapter.
11-2 National Electrical Code.
Except where superseded by the requirements of this chapter, all components, equipment, and
installation procedures shall conform to NFPA 70, National Electrical Code® (NEC). Where the
requirements of this chapter differ from NFPA 70, the requirements of this standard shall apply.
11-3 Electrical Safety.
11-3.1 Listed Equipment.
The electrical equipment and material on the fire apparatus shall be listed. No ungrounded
systems shall be used. All products shall be used only in the manner in which they have been
tested and found suitable for the intended use.
11-3.2* Grounding.
11-3.2.1 Grounding shall be in accordance with Section 250-6 of the NEC.
11-3.2.2 An equipment grounding means shall always be provided in accordance with Section
250-91 of the NEC. Equipment grounding shall be accomplished with conductors that are green
or green with yellow stripe or continuous rigid metal conduit.
11-3.2.3 The grounded circuit conductor (neutral) shall be insulated from the equipment
grounding conductors and from the equipment enclosures and other grounded parts. The neutral
conductor shall be colored white or gray in accordance with Section 200-6 of the NEC. The
grounded circuit (neutral) terminals in the distribution panel board and in appliances shall be
insulated from the equipment enclosure. Bonding screws, straps, or buses in the distribution
panel board or on appliances between the neutral and the equipment grounding conductor shall
be removed and discarded.
11-3.2.4* The neutral shall be bonded to the frame at the generator set.
11-3.2.5 All exposed, noncurrent-carrying, metal parts that might become energized shall be
effectively bonded to the equipment grounding terminal or the enclosure of the distribution panel
board. A bonding conductor shall connect any distribution panel board to an accessible terminal
point on the chassis using a stranded copper conductor of the proper size.
11-3.3 Water Resistance.
Except for devices and components mounted in the interior of a passenger compartment or in
other weatherproof compartments, all devices and components of the line voltage electrical
system shall be suitable for use in wet locations.
11-3.4 Maximum Voltage.
Copyright 1996 NFPA

The maximum voltage between any conductor and any other conductor or an earth ground
shall not exceed 250 volts.
11-4 Power Source.
11-4.1*
The power source shall be installed and vented in accordance with the manufacturer’s
instructions and shall be bonded effectively to the apparatus chassis. Adequate access shall be
provided to allow both routine maintenance and removal for major servicing.
11-4.2
Any gasoline or diesel-powered generator, whether fixed or portable, that can be operated
while mounted on the vehicle shall:
(a) Be installed so fumes, vapors, heat, excessive noise, and vibrations do not enter the interior
of any passenger compartment;
(b) Have the exhaust outlet located so it is away from any area in which personnel normally
would be expected to be operating the vehicle or its associated components or equipment; and
(c) Comply with Article 445 of the NEC.
11-5 Distribution Panels.
11-5.1
All permanently mounted electrical sources shall be hard-wired to a permanently mounted
distribution panel. Individual circuit breakers shall be provided for each circuit and shall be sized
for the intended circuit use in accordance with Section 240-3 of the NEC. Individual breakers
shall be easily accessible. A permanent-type nameplate shall indicate the circuit that each
breaker protects.
11-5.2
Portable electrical sources shall be permitted to be connected to circuits and devices using the
outlet receptacles with which they are supplied by their manufacturer.
11-6 Wiring Methods.
11-6.1
Line voltage electrical wiring systems shall be limited to the following methods:
(a) Conduit; and
(b) Type SO cord [600 V, 90°C (194°F) minimum] in exposed areas, which is covered with
minimum 150°C (302°F), flame-retardant, moisture-resistant loom.
11-6.2
Only stranded copper conductors shall be used. Conductors shall be sized in accordance with
Table 310-16 of the NEC. Aluminum or coppered aluminum conductors shall not be used.
11-6.3
Boxes shall conform to and be mounted in accordance with Article 370 of the NEC. The
maximum number of conductors permitted in the boxes shall be in accordance with Section
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370-16 of the NEC.
11-6.4
Where subject to physical damage, exposed cable shall be protected by guard strips, grommets,
raceways, or other means.
11-6.5
Conductor splices and connections at terminals shall be in accordance with Section 110-14 of
the NEC.
11-7* Plugs and Receptacles.
11-7.1
All exterior receptacle outlets and interior receptacles used to power external devices shall be
of the grounding, weatherproof type and shall be installed in accordance with Section 210-7 of
the NEC.
11-7.2
Receptacles that are permanently mounted in the interior of a passenger compartment and used
only to power devices operated in that compartment shall be permitted to be of the grounding,
non-weatherproof type.
11-7.3
No receptacle shall be installed in a face-up position. Plugs and receptacles shall be permitted
to be of locking or nonlocking design.
11-7.4*
When severe loads are applied to connector terminals, external load transfer from jacket to
jacket shall be provided to avoid disconnection or placing excess strain on connector terminals.
11-7.5
All single-phase plugs and receptacles rated at 30 amperes or less shall be of the NEMA
configuration appropriate for their intended service (see Table 11-7.5 for appropriate
configurations). For alternating current voltages and amperages other than those in Table 11-7.5,
the correct configuration shall be selected from NEMA WD 6, Dimensional Requirements for
Wiring Devices. For direct current voltages, the plugs and receptacles shall be rated for the
appropriate direct current service.
Table 11-7.5 Single-Phase AC Voltage
Amperage
15A

20A

30A

Blade Type

125V

125/250V

250V

Locking

L5-15

None

L6-15

Nonlocking

5-15

14-15

6-15

Locking

L5-20

L14-20

L6-20

Nonlocking

5-20

14-20

6-20

Locking

L5-30

L14-30

L6-30
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Nonlocking

5-30

14-30

6-30

NOTE: The letter “R” following a configuration number indicates a receptacle, while the letter “P” denotes
a plug. For example, the nonlocking 15-ampere, grounding receptacle found in most homes is configuration
5-15R and accepts a 3-prong plug in the configuration of 5-15P.

11-7.6
Plugs and receptacles used in the low-voltage (12-volt or 24-volt dc) system shall not mate in
any fashion with the connectors incorporated in the line voltage electrical system. No plug or
receptacle of any permitted configuration for use with line voltage systems shall be used in the
low-voltage system of the vehicle. All low-voltage plugs and receptacles shall be of the Milspec
MS3112E12-3P type or shall be cigarette lighter-type receptacles. Cigarette lighter receptacles
shall be limited to a maximum of 10-ampere service.
11-7.7
A permanent nameplate at each receptacle shall indicate the voltage, type of current, phase,
and ampere rating.
11-8* Switches.
11-8.1
All switches shall be sized to handle the intended load and, if located on the exterior of the
vehicle, shall be of a weatherproof design. A label at each switch shall indicate what function
that switch controls.
11-8.2
If the circuit is to be controlled by a 12-volt or 24-volt control circuit (low-voltage circuit), it
shall be wired through an appropriately rated relay(s) mounted in a weatherproof enclosure. All
power wires shall be controlled by the relay(s). The neutral and ground conductor(s) shall not be
interrupted.
11-8.3
Switches used to control direct current voltage shall have an appropriate direct current load
rating.
Chapter 12 Winches
12-1 General.
If a winch is installed on the apparatus, it shall meet the requirements of this chapter and SAE
J706, Rating of Winches.
12-2 Rating.
12-2.1*
The winch shall have a minimum single-line pull rating of 6000 lb (26.7 kN).
12-2.2
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The winch shall have a minimum wire rope length of 100 ft (30 m). The wire rope shall be of a
type and size recommended by the winch manufacturer. The wire rope assembly, including all
hardware such as clevises, hooks, and snatch blocks provided for attachment to the winch, shall
have a breaking strength greater than the line pull capacity of the winch.
12-3 Electric Powered Winches.
12-3.1 Controls.
12-3.1.1* Control of the electric motor shall be by means of a hand-held switch with forward,
neutral, and reverse positions. The switch shall be located at the end of a minimum 25-ft (7.6-m)
electrical cord that plugs into a receptacle near the winch location. Alternately, the switch shall
be permitted to be located on a hand-held transmitter of a Federal Communications Commission
approved radio frequency winch control device.
12-3.1.2 A free-spooling clutch shall be provided in addition to the remote-control device if the
winch is not visible to the operator.
12-3.2 Installation.
Electric winches shall be installed with the “hot” wire of the power solenoid connected to the
positive terminal on the vehicle battery(s) and a ground wire connected to the negative battery
terminal. It shall be permitted to ground the winch to the frame instead of running a wire to the
negative battery terminal.
12-3.3 Batteries.
12-3.3.1 A minimum of a 1700 cold-cranking amp (CCA) battery system shall be provided for
an electric winch installation. Wiring shall be arranged to use both batteries and shall bypass any
master switches and other electrical devices.
12-3.3.2 The batteries shall be mounted as close as possible to the winch, and, or extra-size
battery-type electric cable shall be used as necessary to avoid voltage drop to the winch.
12-3.3.3 A fast-idle switch shall be provided to ensure full alternator output. The switch shall be
interlocked with the neutral position of the transmission to prevent accidental movement of the
apparatus.
12-4 Hydraulic Winches.
12-4.1 Hydraulic Hoses.
All hydraulic hoses shall be designed for hydraulic pressures encountered for the specified
hydraulic components. Hoses shall be of the wire-braided type, with a female swivel on one end.
12-4.2 Hydraulic Tanks.
12-4.2.1 The hydraulic fluid tank shall be of sufficient size to prevent overheating of the fluid or
cavitation of the hydraulic pump at its maximum output level.
12-4.2.2 The tank shall allow visual checking of the fluid level and easy refilling. The fill point
shall have a label permanently attached near the fill point stating the hydraulic oil quantity and
type.
12-4.2.3 A drain plug shall be installed to permit complete draining of the tank.
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12.4.2.4 A return line diffuser shall be installed in the tank. A swash partition shall be installed
in the tank between the suction and return lines.
12-4.2.5 A vent shall be supplied and shall be designed to prevent dirt and moisture from
entering the tank.
12-4.3 Hydraulic Filters and Strainers.
The system shall be equipped with necessary filters and strainers to keep the hydraulic fluid
within the cleanliness requirements necessary for good operation of the hydraulic system.
12-4.4* Hydraulic Winch Operational Controls.
The winch shall be equipped with a clutch assembly to permit free-spooling and quick removal
of cable. This control shall be easily accessible without reaching under the apparatus. If the
winch is installed under the vehicle, it shall be remotely controlled.
12-4.5 Driving Compartment Controls.
12-4.5.1 The hydraulic pump engagement controls shall be located in the driving compartment.
A label shall indicate their purpose and use.
12-4.5.2 A red light shall be installed in the driving compartment to indicate when the winch
drive system is engaged.
Chapter 13 Vehicle Protection Systems
13-1 Brush Rails.
If brush rails are installed on the apparatus, they shall meet the requirements of 13-1.1 through
13-1.3.
13-1.1
Rails shall be supported directly by members attached to the vehicle chassis frame. The rails
shall be designed for replacement, if damaged, or for removal for servicing or repairing the
vehicle chassis or body without the use of welding or cutting equipment.
13-1.2
The rails shall not impede the normal opening of engine enclosures, access to the driving and
crew compartment(s), access to body storage compartments, or access to fire-fighting equipment.
13-1.3
The rails shall not block the full function of any of the vehicle lighting systems, whether
normal travel lights, warning lights, or work area lights on the vehicle.
13-2 Grill Guard.
If a grill guard is installed on the apparatus, it shall meet the requirements of 13-2.1 through
13-2.4.
13-2.1
The grill guard shall protect the front of the cab, including the headlights and radiator air inlet.
13-2.2
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The grill guard shall be supported directly by the bumper at the front of the cab or by members
attached to the vehicle chassis frame. The guard shall be designed for replacement, if damaged,
or for removal for servicing or repairing the vehicle chassis without the use of welding or cutting
equipment.
13-2.3
The guard shall not impede the normal opening of the engine enclosures.
13-2.4
The guard shall not block the full function of any of the vehicle lighting systems, whether
normal travel lights, warning lights, or work area lights on the vehicle.
13-3* Skid Plates.
If skid plates are installed on the apparatus, they shall meet the requirements of 13-3.1 through
13-3.4.
13-3.1
Skid plates shall be installed on nonmovable components that protrude below the normal truck
chassis parts.
13-3.2
Skid plates shall be supported directly by the component they are protecting or the chassis
frame and shall be removable without the use of welding or cutting equipment.
13-3.3
Skid plates shall not impede the normal function of the vehicle or any of its systems.
13-3.4
Skid plates shall be designed, located, and installed in a manner that minimizes the trapping of
vegetative material between the plate and the component it guards or other components.
Chapter 14 Test and Delivery Data Requirements
14-1 Apparatus Certification Tests.
14-1.1*
The completed apparatus shall be tested and certified. The certification shall include at least
the pumping tests (Section 14-2), the priming device test (Section 14-3), the vacuum test
(Section 14-4), the water tank-to-pump flow test (Section 14-5), the water tank capacity test
(Section 14-6), and the piping integrity test (Section 14-7).
14-1.2
If the apparatus has a foam system, the foam system shall be tested in accordance with Section
14-8.
14-1.3
If the apparatus has a compressed air foam system, that system shall be tested in accordance
with Sections 14-8 and 14-9.
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14-2 Pumping Tests.
14-2.1 Conditions for Tests.
14-2.1.1 The test site shall be adjacent to a supply of clear water at least 4 ft (1.2 m) deep, with
the water level not more than 10 ft (3 m) below the center of the pump intake and close enough
to allow the suction strainer to be submerged at least 2 ft (0.6 m) below the surface of the water
when connected to the pump by 20 ft (6 m) of suction hose.
14-2.1.2* Tests shall be performed under the following conditions:
Air temperature:
0°F to 100°F (–18°C to 38°C)
Water temperature:
45°F to 100°F (7°C to 38°C)
Barometric pressure:
(corrected to sea level) 29 in. Hg
(98.2 kPa), minimum
14-2.1.3 Engine-driven accessories shall not be functionally disconnected or otherwise rendered
inoperative during the tests.
14-2.1.4 All structural enclosures, such as gratings, grills, and heat shields, not furnished with a
means for opening in normal service shall be kept in place during the tests.
14-2.2 Equipment.
14-2.2.1 Suction hose shall be of the size specified in Table 4-1 for the rated capacity of the
pump.
14-2.2.2 A suction strainer that allows flow with total friction and entrance loss not greater than
that specified in Table 4-2 shall be used.
14-2.2.3 One or more lines of fire hose of sufficient diameter shall be provided to allow
discharge of the rated capacity of the pump to the nozzles or other flow-measuring equipment
without exceeding a flow velocity of 35 ft/sec (10.7 m/sec) [approximately 500 gpm (1900
L/min) for 21/2-in. (65-mm) hose].
14-2.2.4 Discharge shall be measured using a smoothbore nozzle and pitot tube or other
equipment such as flow meters, volumetric tanks, or weigh tanks.
14-2.2.5 All test gauges shall meet the requirements for Grade A gauges as defined in ASME
B40.1, Gauges — Pressure Indicating Dial Type — Elastic Element, and shall be at least size
31/2 in accordance with ASME B40.1, Paragraph 3.1. The suction gauge shall have a range of 30
in. Hg (100 kPa) vacuum to zero for a vacuum gauge or 30 in. Hg (100 kPa) vacuum to 150 psig
(1035 kPag) for a compound gauge. The discharge pressure gauge shall have a range of zero to
400 psig (0 to 2758 kPag). Pitot gauges shall have a range of at least zero to 160 psig (1103
kPag). A mercury manometer shall be permitted to be used in lieu of a suction gauge. All gauges
shall have been calibrated in the month preceding the tests. Calibrating equipment shall consist
of a dead-weight gauge tester or a master gauge meeting the requirements for Grade 3A or Grade
4A gauges as defined in ASME B40.1 that has been calibrated by its manufacturer within the
preceding year.
14-2.2.6 All test gauge connections shall include “snubbing” means such as needle valves to
damp out rapid needle movements, unless the gauges are liquid filled.
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14-2.2.7 Speed-measuring equipment shall consist of a tachometer or other device for measuring
revolutions per minute.
14-2.3* Procedure.
The ambient air temperature, water temperature, vertical lift, elevation of test site, and
atmospheric pressure (corrected to sea level) shall be determined and recorded prior to the pump
test.
14-2.3.1 The pump shall be subjected to a 30-minute pumping test consisting of continuous
pumping at rated capacity at rated net pump pressure. If the pump is stopped before the test is
completed, the entire pump test shall be repeated.
14-2.3.2 The discharge volume, discharge pressure, suction pressure, and engine speed shall be
recorded at least three times at approximately 15-minute intervals. The average net pump
pressure shall be calculated and recorded based on the average values for discharge and suction
pressure.
14-2.3.3 The engine, pump, transmission, and all parts of the apparatus shall exhibit no undue
heating, loss of power, overspeed, or other defect during the entire test.
14-3 Priming Device Test.
14-3.1
With all openings to the pump closed, the primer shall be operated in accordance with the
manufacturer’s instructions. The maximum vacuum attained shall be at least 17 in. Hg (57.4
kPa). At altitudes above 2000 ft (610 m), the vacuum attained shall be permitted to be less than
17 in. Hg (57.4 kPa) by 1 in. Hg (3.4 kPa) per 1000 ft (305 m) of altitude above 2000 ft (610 m).
14-3.2
With the pumping unit set up for the pumping test, the primer shall be operated in accordance
with the manufacturer’s instruction until the pump has been primed and is discharging water.
The interval from the time the primer is started to the time the pump discharges water shall be
recorded. This test shall be permitted to be performed in connection with priming the pump for
the pumping test. The time required to prime the pump shall not exceed 30 seconds.
14-4 Vacuum Test.
A vacuum test shall be performed and shall consist of subjecting the interior of the pump, with
capped intake and capped discharge outlets, to a vacuum of 17 in. Hg (57.4 kPa) by means of the
pump’s priming device. The vacuum shall not drop more than 10 in. Hg (33.9 kPa) in 5 minutes.
The primer shall not be used after the 5-minute test period has begun. The engine shall not be
operated at any speed greater than the no-load governed speed during this test.
14-5 Water Tank-to-Pump Flow Test.
A water tank-to-pump flow test shall be conducted. The required flow shall be the rated
capacity of the pump.
(a) The water tank shall be filled until it overflows.
(b) All intakes to the pump shall be closed.
(c) The tank fill and bypass cooling line shall be closed.
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(d) A hose line(s) and nozzle(s) suitable for discharging water at the required flow rate shall be
connected to one or more discharge outlets.
(e) The tank-to-pump valve and the discharge valves leading to the hose lines and nozzles shall
be opened fully.
(f) The engine throttle shall be adjusted until the required flow rate, -0, +5 percent, is
established. The discharge pressure shall be recorded.
(g) The discharge valves shall be closed and the water tank refilled. The bypass line shall be
permitted to be opened temporarily if needed to keep the water temperature in the pump within
acceptable limits.
(h) The discharge valves shall be reopened fully and the time recorded. If necessary, the
engine throttle shall be adjusted to maintain the discharge pressure recorded as noted in 14-5(f).
(i) When the discharge pressure drops by 5 psi (34 kPa) or more, the time shall be recorded
and the elapsed time from the opening of the discharge valves calculated and recorded.
The required tank-to-pump flow rate shall be maintained until 80 percent of the rated capacity
of the tank has been discharged. The volume discharged shall be calculated by multiplying the
rate of discharge in gpm by the time in minutes elapsed from the opening of the discharge valves
until the discharge pressure drops by at least 5 psi (34 kPa).
14-6 Water Tank Capacity Test.
A water tank capacity test shall be conducted as follows:
(a) The tank shall be filled until water exits the top fill opening or the tank overflows.
(b) The pumping unit shall be weighed to determine the tank full weight (TFW).
(c) The water tank shall be emptied.
(d) The pumping unit shall be weighed to determine the tank empty weight (TEW).
(e) The rated tank capacity shall be calculated as
(TFW - TEW)/8.34
A tolerance of ±2 percent shall be acceptable to compensate for measurement tolerances of
commercial scales.
14-7 Piping Integrity Test.
The pump and its connected piping system shall be tested hydrostatically to 250 psig (1725
kPag). The hydrostatic test shall be conducted with the tank fill line valve and the tank-to-pump
valve closed. All discharge valves shall be open and the outlets capped. All intake valves shall
be closed, and nonvalved intakes shall be capped. This pressure shall be maintained for 3
minutes.
14-8* Foam Proportioning Tests.
The accuracy of the foam proportioning system shall be tested. The foam system shall
proportion foam concentrate within ±25 percent at 0.5 concentration across the manufacturer’s
stated range of water flow and pressure.
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14-9 CAFS System Tests.
14-9.1 Capacity Rating Test.
14-9.1.1 The operation of the water pump and the compressed air source shall be tested
simultaneously to determine the integrity of the system and to ensure that there is adequate
power available to operate these components of the CAFS. The compressed air source shall be
operated at its flow capacity at 100 psig (689 kPag), and the water pump shall discharge 1 gal
(3.8 L) of water at 100 psi (689 kPa) net pump pressure for every one SCFM of air discharged.
The discharge shall be through at least two separate discharge openings, one discharging air only
and the other discharging water only.
14-9.1.2* One or more lines of fire hose of sufficient diameter shall be provided to allow
discharge of the required amount of water from the pump to a nozzle or other flow-measuring
equipment without exceeding a flow velocity of 35 ft/sec (10.7 m/sec) [approximately 500 gpm
(1900 L/min) for 21/2-in. (65-mm) hose]. The discharge shall be measured using a smoothbore
nozzle and pitot tube or other equipment such as flow meters, volumetric tanks, or weigh tanks.
Test gauges shall meet the requirements of 14-2.2.5 and all test gauge connections shall include
“snubbing” means such as needle valves to damp out rapid needle movements, unless the gauges
are liquid filled.
14-9.1.3* The air flow rate shall be measured using a pressure- and temperature-compensated
flow-measuring device. The air flow shall be measured in SCFM at 100 psig (689 kPag). The air
flow-measuring device shall have been calibrated for accuracy within the previous 3 months.
The air discharge outlet shall have nothing attached directly to it except the test device(s).
14-9.1.4 The water pump and the compressed air source shall be started and the rated flows and
pressures established. The system shall be run for 11/2 hours. Reading of the air flow rate and
pressure and the water pump net pump pressure and discharge rate shall be taken at least every
10 minutes.
14-9.1.5 Failure of any component of the CAFS to maintain air and water pressures and
discharge volumes at or above the system rating shall constitute failure of the test.
14-9.2* Standby Run Test.
One or more 200-ft (61-m) lines of hose of a size adequate to discharge the maximum output
of the CAFS shall be connected to the discharge of the CAFS and shall be stretched out on level
ground. A quarter-turn valve of the same size as the hose shall be installed at the discharge end.
The hose shall be secured immediately behind the valve at the discharge end to prevent
uncontrollable movement when the valve is opened. The CAFS shall be operated, and maximum
output at 100 psig (689 kPag) shall be established in the hose line. With the water tank at the
one-quarter full level, the valve at the discharge end of the hose shall be shut, and the engine(s)
speed shall be maintained for 15 minutes without discharging water, air, or foam solution from
the unit and without operator intervention. At the end of 15 minutes, the valve shall be reopened
and a fire stream shall be available immediately. Any damage to the system that affects its rated
performance characteristics or the lack of a fire stream immediately upon opening the hose line
shall constitute failure of this test.
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14-10 Road Tests.
14-10.1
Road tests shall be conducted as follows to verify that the completed apparatus is capable of
compliance with 2-6.1. The tests shall be conducted at such locations and in such a manner so as
not to violate local, state, or federal traffic laws.
14-10.2
The apparatus shall be fully equipped and loaded as required in 3-1.1. The tests shall be
conducted on dry, level, paved roads that are in good condition. The engine shall not operate in
excess of the maximum no-load governed speed.
14-10.3
Acceleration tests shall consist of two runs in opposite directions over the same route.
14-10.3.1 The vehicle shall attain a true speed of 35 mph (56 kmph) from a standing start within
25 seconds.
14-10.3.2 If the apparatus is designed to respond on public roads as an emergency vehicle, it
shall attain a minimum top speed of 50 mph (80 kmph).
14-10.4
The service brakes shall bring the fully laden apparatus to a complete stop from an initial
speed of 20 mph (32 kmph) in a distance not exceeding 35 ft (10.7 m) by actual measurement on
a substantially hard, level surface road that is free of loose material, oil, or grease.
14-11 Data Required of the Contractor.
The contractor shall supply, at the time of delivery, at least one copy of:
(a) The pump manufacturer’s certification of suction capability.
(b) The pump manufacturer’s certification of hydrostatic test.
(c) The certification of inspection and test by the pump manufacturer or contractor.
(d)* The manufacturer’s record of apparatus construction.
(e) Weight documents from a certified scale showing actual loading on the front axle, rear
axle(s), and overall vehicle (with the water tank full but without personnel, equipment, and hose)
shall be supplied with the completed vehicle except when a slip-on unit is supplied without a
chassis.
(f) Certification from the foam proportioning unit manufacturer that the foam proportioning
system operates as an integral part of the water delivery system.
(g) The ASME certification for any pressure vessels or receiving tanks and a certificate from
the air compressor manufacturer stating the maximum capacity of the compressor at the rated
pressure and the maximum rated pressure, if the apparatus is equipped with a CAFS.
Chapter 15 Referenced Publications
15-1
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The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
15-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 70, National Electric Code, 1993 edition.
NFPA 1961, Standard for Fire Hose, 1992 edition.
NFPA 1963, Standard for Fire Hose Connections, 1993 edition.
15-1.2 Other Publications.
15-1.2.1 ASME Publications. American Society of Mechanical Engineers, 345 E. 47th Street,
New York, NY 10017.
ASME B1.20.7, Hose Coupling Screw Threads, 1991.
ASME B40.1, Gauges — Pressure Indicating Dial Type — Elastic Element, 1991.
ASME Boiler and Pressure Vessel Code, Section VIII, Division 1 and Division 2.
15-1.2.2 ASTM Publication. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM D4956, Standard Specifications for Retroreflective Sheeting for Traffic Control, 1993.
15-1.2.3 NEMA Publication. National Electrical Manufacturers Association, 2101 L Street NW,
Suite 300, Washington, DC 20037.
NEMA WD 6, Dimensional Requirements for Wiring Devices, 1988.
15-1.2.4 SAE Publications. Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale, PA 15096.
SAE J348, Standard for Wheel Chocks, 1990.
SAE J541, Voltage Drop for Starting Motor Circuits, 1989.
SAE J551, Performance Levels and Methods of Measurement of Electromagnetic Radiation
from Vehicles and Devices (30-1000 MHz), 1990.
SAE J595, Flashing Warning Lamps for Authorized Emergency, Maintenance, and Service
Vehicles, 1990.
SAE J683, Tire Chain Clearance-Trucks, Buses, and Combinations of Vehicles, 1985.
SAE J706, Rating of Winches, 1985.
SAE J845, 360 Degree Warning Lamp for Authorized Emergency, Maintenance, and Service
Vehicles, 1992.
SAE J994, Alarm-Backup-Electric-Performance, Test, and Application, 1993.
SAE J1128, Low Tension Primary Cable, 1988.
SAE J1292, Automobile, Truck, Truck-Tractor, Trailer, and Motor Coach Wiring, 1981.
SAE J1318, Gaseous Discharge Warning Lamp for Authorized Emergency, Maintenance, and
Service Vehicles, 1986.
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SAE J1849, Emergency Vehicle Sirens, 1989.
15-1.2.5 TRA Publication. Tire and Rim Association, Inc., 175 Montrose Avenue, W. Copley,
OH 44321.
TRA Yearbook
15-1.2.6 U.S. Government Publication. Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402.
Code of Federal Regulations, Title 49 CFR, 393.94(c) “Test Procedure for Vehicle Interior
Noise Levels”.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1
This standard is designed to cover new automotive fire apparatus used to fight wildland fires at
both on-road or off-road locations. To a limited degree, this apparatus may be used to protect
exposures or fight structure fires from the exterior. The apparatus covered by this standard is not
intended to replace or supersede the function of a pumper or initial attack fire apparatus.
The term “new” as used in this standard is intended to apply to the original construction of a
fire apparatus. It is not intended that this standard be applied retroactively to existing apparatus.
However, if major renovations are made to an existing piece of apparatus, it is recommended that
the apparatus be brought into line with this standard to the degree possible.
A-1-2
The purchase of new fire apparatus involves a major investment and should be treated as such.
Fire apparatus are complex mechanical equipment that should not be purchased in a haphazard
manner. Purchase should be made only after a detailed study of the fire department’s apparatus
needs, taking into consideration other equipment the department owns or plans to buy.
The local fire chief and fire department staff know the conditions under which the apparatus is
to be used. However, competent advice also should be obtained from knowledgeable and
informed sources such as more experienced fire service personnel, wildland fire agencies, trade
journals, training instructors, maintenance personnel, and fire equipment and component
manufacturers. The fire insurance rating authority also should be consulted.
The study should look not only at current operations and risks protected but also at how these
could change over the life of the fire apparatus.
Writing the Specifications. This standard provides the minimum technical requirements that
new wildland fire apparatus are expected to meet. It is recognized that many purchasers desire
features of operation over and above these minimum requirements. The requirements in the
standard, together with the appendix material, should be studied carefully. It is important to
define carefully in the specifications for the apparatus requirements such as those that detail
where the apparatus must exceed the minimum requirements or where a specific arrangement is
needed. These might include special performance requirements, defining the number of seats and
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the seating arrangement for fire fighters riding on the apparatus, or the provision of space for
extra hose or equipment the apparatus will be required to carry.
Where local operating conditions necessitate apparatus of unusual design, the purchaser needs
to define carefully the special requirements within the specifications. Height, width,
under-vehicle clearance, wheel base, turning radius, and length, occasionally need special
attention. For example, a community with many narrow winding streets needs apparatus capable
of readily negotiating switchbacks without delay.
The equipment list provided in this standard relates to the operations to which a wildland fire
apparatus is normally assigned. Since new apparatus should be fully equipped in order to provide
effective service, it is recommended that new equipment be provided along with the apparatus.
This standard is designed to ensure sound equipment that is capable of good performance, with
the inclusion of restrictive features only where needed to specify minimum requirements. The
tests are an important feature, and the results should be analyzed carefully to ensure that the
completed apparatus meets the specified performance.
Since the passage of Public Law 89-563, the National Traffic and Motor Vehicle Safety Act of
1966, the federal government has adopted certain motor vehicle safety standards that apply to all
manufacturers of trucks, including fire trucks. It is unlawful for a manufacturer to deliver a truck
not in compliance with these federal standards. These federal safety standards change frequently,
and their provisions make the incorporation of certain features and devices mandatory.
Apparatus manufacturers face substantial penalties for infraction of these rules and, therefore,
cannot build to specifications that would require them to perform unlawfully or to delete
required items or to include any that are illegal.
Additional requirements are placed on both apparatus and engine manufacturers by the Clean
Air Act, which is enforced by the Environmental Protection Agency. These standards have
resulted in major changes in the performance of many engines. Neither the engine manufacturer
nor the apparatus manufacturer may modify engines once they are certified to EPA standards.
Because of the EPA standards, it often is necessary to install larger engines than might have been
used previously in order to obtain the same apparatus performance.
Many apparatus purchasers find it desirable to provide for an interim inspection at the
apparatus assembly plant. The advantages of such a provision include the opportunity to evaluate
construction prior to final assembly and painting. The specifications should detail the particulars
of such an inspection trip.
The chief of the fire department (or a designated representative) normally exercises the
acceptance authority following satisfactory completion of tests and inspections for compliance
with purchase specifications. The specifications should provide details of delivery expectations,
including the desired training, the required acceptance tests, and identification of who is
responsible for the various costs associated with the delivery and acceptance.
Training of designated fire department personnel is essential to ensure that the purchaser and
user are aware of, and instructed in, the proper operation, care, and maintenance of the apparatus
acquired. This training should provide the initial instruction on the new apparatus. The training
typically is delivered by a qualified representative of the contractor in the user’s community. The
specifications should identify clearly the arrangement for furnishing the training, including
where it is to be provided, its duration, and what training aids, such as video tapes or training
manuals, are to be furnished.
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The purchaser also should define in the specifications the warranty desired for the completed
apparatus. The warranty is a written guarantee of the integrity of the apparatus or its components
that defines the manufacturer’s responsibility within a given time period. The warranty
sometimes is extended for a second warranty period beyond the terms of the basic warranty for
specific components, such as the engine, pump, frame, and water tank. If a secondary
manufacturer is involved in modifying components that are warranted by the original
manufacturer, the responsibility for warranty work should be understood clearly by the original
manufacturer, the secondary manufacturer, the contractor, and the purchaser.
The purchaser might want a warranty bond to ensure that any warranty work will be
performed, even if the apparatus manufacturer goes out of business. A warranty bond is a
third-party secured bond established by the manufacturer before delivery of a vehicle to
guarantee workmanship, quality of material, or other stated performance of the vehicle
components.
Finally, it is recommended that the fire chief, fire department staff, or the committee assigned
to develop the specifications consult with the purchaser’s attorney, engineer, and other
appropriate officials for assistance in developing the detailed specifications.
Obtaining and Studying Proposals. When the specifications are complete, they should be
distributed to apparatus manufacturers and contractors with a request for bids or proposals to
furnish the specified apparatus. The request should specify a date, time, and place for the formal
opening of the bids. This date should allow at least one month for the engineering departments of
apparatus manufacturers to study the specifications and estimate the cost of the apparatus. More
time might be required if engineering drawings of the proposed apparatus are required.
The request also should state the time period during which the purchaser expects the bidder to
honor the bid price and whether a bid bond is required. A bid bond guarantees that if a contract is
offered to the bidder within the defined time period, the bidder will enter into the contract under
the terms of the bid.
It is recommended that a pre-bid meeting be held between the purchaser of a piece of fire
apparatus and the apparatus manufacturers or their agents prior to the official release of the
apparatus specifications. This meeting is designed to allow for a detailed review of the draft
specifications by all present. Problems with the specifications, ideas on how to provide the
purchaser with the desired apparatus in alternate ways, clarification of the purchaser’s intent, and
other questions can be resolved prior to the formal bid process. Such meetings often can solve
misunderstandings or problems prior to their development.
With a performance specification, it usually is possible to obtain more favorable bids, since
there is genuine competition and the specifications are not overly restrictive. The bid should be
accompanied by a detailed description of the apparatus, a list of equipment to be furnished, and
other construction and performance details including, but not limited to, estimated weight, wheel
base, principal dimensions, transmission, and axle ratios. The purpose of the contractor’s
specifications is to define the apparatus the contractor intends to furnish and deliver to the
purchaser.
Manufacturers’ proposals can include amendments and exceptions. Frequently, these changes
are offered to meet price restrictions or because individual manufacturers prefer to build
apparatus in a manner more convenient to them. If the intent of the original specification is not
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changed and the bid is favorable, the purchaser should consider accepting these amendments
with the approval of the purchasing authority. On the other hand, extreme care should be taken to
avoid exceptions that merely devalue the apparatus and give a particular bidder an advantage.
The purchaser should study the proposals, look for deviations from the specifications, and
obtain clarification where necessary. If the purchaser has specifically provided for alternatives
when seeking bids, extra care should be exercised when evaluating the proposals, as
combinations of complicated bid information need careful analysis. The financial arrangements,
a delivery date, and the method of delivery should be stipulated and agreed to by the purchasing
authority.
Awarding the Contract. With the award of a contract, it is important for the purchasing
authority to understand the exact identity of the contractor and the nature of the contractor’s
relationship with the apparatus manufacturer. Some apparatus manufacturers work through a
dealer network where the dealer purchases the apparatus from a manufacturer, including taking
title, and then resells the apparatus to the purchasing authority. Other manufacturers work
through sales agents or representatives who solicit and negotiate a contract between a purchasing
authority and a manufacturer but who never take title to the apparatus. This difference can affect
where the responsibility lies for the proper fulfillment of the contract.
Some purchasing authorities require a performance bond as part of the contract. A
performance bond is a bond executed in connection with a contract that guarantees that the
contractor will fulfill all of the undertakings, covenants, terms, conditions, and agreements
contained in the contract. If the contractor fails to meet the terms of the contract, the bonding
company is responsible for the difference in cost between the original contract price and the new
price of the apparatus where it has to be supplied by another contractor.
Before signing a contract, the purchaser should make certain that the successful bidder has a
complete and thorough understanding of the specifications. If there are any disagreements, these
should be resolved in writing and made part of the contract. If any changes are agreed upon, they
should be stated in writing and be signed by both parties. The contract should not be signed until
the fire chief (or a designee) and the purchasing authority are satisfied.
Acceptance. When the apparatus is ready for delivery and acceptance, the purchaser has a
responsibility to check the completed apparatus carefully against the specifications and contract
to ensure that the apparatus contracted for has been delivered. This includes witnessing any
required acceptance tests and verifying that the gross vehicle weight and the axle weight
distribution are within the chassis and axle ratings.
The purchaser also should arrange for any training included as part of the delivery and ensure
that it is properly carried out.
Only when the purchaser is totally satisfied that the contract has been fulfilled should payment
be authorized.
A-1-3 Definitions.
Approved. The National Fire Protection Association does not approve, inspect, or certify any
installations, procedures, equipment, or materials; nor does it approve or evaluate testing
laboratories. In determining the acceptability of installations, procedures, equipment, or
materials, the authority having jurisdiction may base acceptance on compliance with NFPA or
Copyright 1996 NFPA

other appropriate standards. In the absence of such standards, said authority may require
evidence of proper installation, procedure, or use. The authority having jurisdiction may also
refer to the listings or labeling practices of an organization concerned with product evaluations
that is in a position to determine compliance with appropriate standards for the current
production of listed items.
Authority Having Jurisdiction. The phrase “authority having jurisdiction” is used in NFPA
documents in a broad manner, since jurisdictions and approval agencies vary, as do their
responsibilities. Where public safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or individual such as a fire chief; fire marshal;
chief of a fire prevention bureau, labor department, or health department; building official;
electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the
authority having jurisdiction. In many circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at government installations, the
commanding officer or departmental official may be the authority having jurisdiction.
Listed. The means for identifying listed equipment may vary for each organization concerned
with product evaluation, some of which do not recognize equipment as listed unless it is also
labeled. The authority having jurisdiction should utilize the system employed by the listing
organization to identify a listed product.
Net Pump Pressure. When operating from a hydrant, the net pump pressure typically is less
than the discharge pressure. For example, if the discharge pressure gauge reads 150 psig and the
intake (suction) gauge reads 20 psig, the net pump pressure equals 130 psi. When operating from
draft, the net pump pressure will be above the discharge pressure. For example, if the discharge
pressure gauge is reading 145 psig and the intake (suction) gauge is reading 10 in. of mercury
(Hg) vacuum, the net pump pressure will be 150 psi (1 in. Hg = 0.5 psi).
Off-road Use Vehicle. An off-road use vehicle is not automatically an all-wheel drive vehicle.
Off-road vehicles are just as susceptible as on-road vehicles to becoming stuck if they are driven
in areas where the ground does not support the vehicle weight.
A-2-3.2
The distribution of the weight between the front and rear wheels should be a major
consideration, as improper design seriously affects the handling characteristics of the vehicle.
Too little weight on the front wheels can cause a front-end skid and, over bumpy roads, can
cause the front of the vehicle to veer from side to side. At the very least, it is difficult to keep the
vehicle under control. Too much weight on the front wheels reduces the traction of the rear
wheels and can result in a rear-end skid or difficulty in traveling over unpaved roads or in mud.
Further, overloading of either the front or rear wheels might necessitate that the tires be of
different sizes.
A-2-4.1
The power generated by internal combustion engines might decrease with an increase in
altitude. The loss varies with the type of engine, the fuel it uses, and the amount of air inlet
supercharging. If the apparatus is to be used regularly at elevations above 2000 ft (610 m), the
manufacturer needs to know the operating elevation to provide an engine that can deliver proper
performance.
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A-2-4.2
Paragraph 2-5.2 imposes more stringent requirements on the apparatus for maneuvering. If the
purchaser wishes to have the whole apparatus perform to these more stringent requirements
while pumping or for stationary operations, these requirements should be detailed in the
specifications for the apparatus.
A-2-4.3
The temperature conditions, either hot or cold, within which the vehicle is to be used or stored
should be considered in the design of the vehicle. If the vehicle is to be used in conditions that
exceed 110°F (43°C), additional cooling of the engine, pump, and other components could be
necessary. Likewise, if the unit is to be used or stored in subfreezing conditions, special system
drains, engine heaters, or other special components might be needed to prevent damage or to
allow continued use.
A-2-5.1(b) Although this standard recognizes the need for the vehicle to be able to accelerate to
a high speed while traveling on public roads, caution should be taken with regard to how fast the
vehicle can travel. Consideration should be given to limiting the maximum speed the vehicle can
obtain for safety.
A-2-5.1(c) The purchaser should specify the performance required on grades in excess of 6
percent. Occasional exposure to excessive grades is different than if it is an everyday occurrence.
A combination of steep grades and narrow, winding roads might necessitate consultation with
manufacturers prior to finalizing the apparatus specifications followed by the designation of
special road tests. If apparatus is to be subjected to a class of service not normally encountered, a
manufacturer cannot be expected to anticipate the need without sufficient specification details.
A-2-5.2
Where fire apparatus might have to operate off paved roads, all-wheel drive, a two-speed rear
axle, an auxiliary transmission or an automatic transmission, or any combination of these, might
be desirable.
A-3-1
The carrying capacity of a vehicle is one of the least understood features of design and one of
the most important. All vehicles are designed for “rated GVWR” or maximum total weight,
which should not be exceeded by the apparatus manufacturer or by the purchaser after the
vehicle has been accepted. There are many factors that make up the rated GVWR, including the
design of the springs or suspension system, the rated axle capacity, the rated tire loading, and the
distribution of the weight between the front and rear wheels.
One of the most critical factors is the size of the water tank. Water weighs approximately 81/3
lb per gal (1 kg per liter). A value of 10 lb per gal (1.2 kg per liter) may be used when estimating
the weight of the tank and its water, making a 500-gal (1900-L) tank and its water weigh about
21/2 tons (2270 kg).
Overloading of the vehicle by the manufacturer through design, or by the purchaser by adding
a great deal of equipment after the vehicle is in service, materially reduces the life of the vehicle
and undoubtedly will result in increased maintenance costs, particularly with respect to the
transmission, clutch, and brakes. Overloading also can seriously affect handling characteristics,
making steering particularly difficult.
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Fire apparatus must be able to perform its intended service under adverse conditions. Wildland
apparatus often is required to operate off paved streets or roads. Chassis components should be
selected with the rigors of service in mind.
A-3-1.1
The purchaser should specify the weight of the equipment to be carried if it is in excess of the
allowance for miscellaneous and minor equipment. This allows a chassis with an adequate
GAWR and GVWR to be supplied. Specific additional equipment often necessary to meet the
operational requirements of the department could include additional hose, chain saws, rations,
tow chains, tire chains, drinking water containers, ice chests, additional hand tools, and
additional containers of foam concentrate.
If the apparatus is designed for off-road use, it is recommended that the fully equipped
apparatus, including full water tanks, agent tanks, and all other reservoirs; the apparatus
designed hose load; the equipped personnel weight; and a miscellaneous equipment allowance
not exceed 80 percent of the chassis gross vehicle weight rating. In addition, the axle loads
should not exceed 80 percent of the appropriate gross axle weight rating. If the vehicle chassis
manufacturer certifies the GVWR and GAWR for 50 percent minimum off-road use, the full
weight ratings can be utilized. The miscellaneous equipment allowance should be at least equal
to the weights as shown in Table 3-1.1.
A-3-2.1
The standard does not specify any minimum size engines, as the size of the engine should be
chosen to correspond with the conditions of design and service.
Many fire departments have favored high torque, low-speed engines for fire department
service because such engines have good performance characteristics both when powering the
apparatus through city traffic and when driving the pump. However, high-speed engines
frequently are employed for fire apparatus, particularly in the case of commercial vehicle
chassis. Where high-speed gasoline engines are selected for use in fire apparatus that might have
to operate off paved highways, it is recommended that one of the following components be
specified: two-speed rear axle (two-wheel drive) with a high numerical ratio in low range or an
auxiliary transmission.
The use of a gasoline engine should be discouraged, as refueling in open areas with ambient
fire potential can be extremely dangerous due to the low flash point of gasoline as opposed to
diesel fuel or a pressurized fuel such as liquefied natural gas, propane, or other pressurized tank
fuels that need to be transferred through sealed systems.
A-3-2.1.1 The maximum no-load governed speed is established by the engine manufacturer as a
safe limit of engine speed. The governor prevents the engine from exceeding the safe speed.
Most engine manufacturers allow a plus tolerance of 2 percent for maximum no-load governed
speed.
A-3-2.1.2 Automatic fuel line safety shutoff as required by DOT regulations is not considered an
automatic engine shutdown. Some engines are provided with automatic engine shutdown
systems as part of the engine management system, although certain chassis are available without
engine shutdown systems. The purchaser should try to use an engine without a shutdown system
where possible.
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A-3-2.2.1 Where a regular production model commercial chassis is used, it is recommended that
the heavy-duty radiator option be included where available. Radiators with bolted top and
bottom tanks and removable side braces, if available, are recommended. Optional features that
might be desirable include a coolant conditioner, radiator sight gauge, and automatic radiator
shutters, any of which, if used, should be of a type approved by the engine manufacturer.
Where local environmental extremes exist, i.e., high humidity and temperature or extreme low
temperatures, the purchaser should state specifically those environmental conditions under which
the apparatus is expected to operate.
A-3-2.3.1 Full-flow oil filters are mandatory with some diesel engines.
A-3-2.4.1.2 To prevent engine shutdown due to fuel contamination, dual filters in parallel, with
proper valving so that each filter can be used separately, might be desired. The purchaser should
specify if dual filters are desired. Installation of two or more pumps should be designed so that
failure of one pump does not nullify the performance of the other(s). It should be noted that
commercial vehicles are designed for over-the-road operation, and the fuel system and battery
are at least partially cooled by the flow of air resulting from the motion.
A-3-2.5
Emissions from exhaust discharge pipes should be directed away from any fire-fighting tools,
since such emissions contain an oily substance that could make the tools difficult to handle and
possibly dangerous to use.
Vehicle exhaust systems often are hung low on the undercarriage. They are susceptible to
damage from objects such as rocks, logs, and stumps. Likewise, vertical-type diesel exhaust
pipes often are exposed to tree limbs. The purchaser should specify special requirements for
protecting the exhaust system if off-road use or other conditions warrant.
A-3-3.1.3 The 125-percent requirement for wiring and circuits is intended to provide end users
with a minimum amount of extra electrical circuit capacity to cover the addition of some
user-added accessories. It is not the intent to have the final stage manufacturer replace standard
OEM chassis manufacturer’s wiring to meet the 125-percent requirement. It also is not the intent
of this requirement to have electrical accessories purchased by the apparatus manufacturer
rewired to meet the 125-percent requirement. Electrical device manufacturer-supplied wiring can
be used to the point where it connects to the apparatus manufacturer’s installed wiring.
A-3-3.2.1 An alternator normally is the permanent source of electric power on fire apparatus.
Alternators produce 12-volt (nominal) direct current at minimum speeds of 800 rpm to 1600
rpm.
Problems develop where the purchaser specifies electrical equipment, such as emergency
lighting and scene lighting, that draws large amounts of current that is beyond the alternator’s
capacity.
Where voltage other than 12 volts (nominal) is desired, transformers need to be used. Any
equipment driven by the current from the transformer should be equipped with a rectifier, or the
transformer should be provided with a rectifier to prevent the burnout of electric motors.
Another method of producing 120-volt power is through the use of a power invertor that
produces 120-volt alternating current at a constant frequency of 60 Hz. Power invertors take
power directly from the alternator at a higher voltage or directly from the battery system.
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A-3-3.3
It is recommended that a master load disconnect switch be provided between the starter
solenoid(s) and the remainder of the electrical loads, with the batteries connected directly to the
starter solenoid(s). The alternator should be wired directly to the batteries through the ammeter
shunt(s), if one is provided, and should not be wired through the master load disconnect switch.
A green “battery on” pilot light that is visible from the driver’s position should be provided, and
the purchaser might want to consider a second “battery on” pilot light on the outside of the
vehicle to warn that the batteries are on when the apparatus is parked in the fire station.
A-3-3.3.1 Overheating of a battery causes rapid deterioration and early failure; evaporation of
the water in the battery electrolyte also could be expected. Batteries in commercial vehicle
chassis often are installed to take advantage of the cooling effect of the flow of air from motion
in over-the-road operation and can be subject to overheating when the vehicle is stationary, such
as during pumping operations.
The battery capacity is a very important and frequently overlooked factor in vehicle
performance. A fire apparatus needs a much higher capacity battery than does a commercial
vehicle because of the large number of lights and other power-consuming devices. Where a
radio, a large siren, various flashing or rotating lights, spotlights, electric hose reels, and other
power-consuming devices are installed, the total current needed for short periods might be more
than that provided by an alternator, particularly with the engine idling, and the battery must be of
ample size to carry the load.
The prime function of the battery in modern vehicles is to furnish sufficient power to crank the
engine. The Society of Automotive Engineers (SAE) has developed a new rating system to
enable the user to specify a battery that meets the cranking requirements of the engine. The new
“cold-cranking test” specifies the minimum amperes available at 0°F (–18°C) and –20°F (–28°C)
for cranking. This rating specifies the amperes the battery delivers for 30 seconds with a
minimum voltage of 1.2 volts per cell. The 1.2 volts per cell requirement for new, fully charged
batteries represents the voltage required for cranking the vehicle. Thirty seconds represents the
maximum cranking time for an engine in an acceptable state of maintenance. With engine
manufacturers specifying the cold-cranking amperes for satisfactory cold-cranking performance,
the user can specify the proper capacity battery for the application.
Batteries also have a “reserve capacity rating” that represents the approximate time in minutes
that it is possible to travel at night with an inoperative alternator and minimum electrical load.
This rating, in minutes, is the time required to discharge a fully charged battery at 25 amperes at
80°F (27°C) to a terminal voltage of 1.7 volts per cell (10.2 volts for a 12-volt battery).
A-3-3.3.2 When an apparatus returns to the station, the batteries often are not charged to full
capacity due to large demands on the electrical system during the emergency. An onboard
battery conditioner, charger, or polarized inlet should be provided for charging all batteries. The
power cord from an onboard charger or battery conditioner should only be plugged into a
receptacle protected by a ground-fault circuit-interrupter (GFCI).
A-3-3.3.3 With the adoption of diesel engines for use in fire apparatus, the traditional dual
battery system that previously had been developed for use with gasoline engines was modified to
provide only a partial dual system. Because the diesel engine needed much greater cranking
effort, it became common practice in the industry to connect the starter switches in parallel,
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thereby using both battery systems for engine cranking. Together, both batteries or battery
systems met the engine manufacturer’s recommendations for minimum battery size, but neither
system alone could crank the engine when the engine was either up to operating temperature or
below 45°F (7°C) for any length of time.
The dual battery system is complicated further by the fact that it needs regular switching to
maintain a full charge in each battery system. Although the partial system provides some ability
to operate lights and accessories if one system should fail or lose its charge, the modified dual
system does not provide the ability to start or restart the diesel engine under many circumstances.
A truly functional dual battery system for larger engines necessitates the storage of batteries in
additional compartments normally used for fire-fighting equipment. A single battery system
arranged in accordance with the engine manufacturer’s recommendations provides the user with
the most reliable vehicle electrical system. Maintenance of the system is simplified, and
numerous components and circuits associated with dual systems are eliminated.
A-3-3.5.1 The purchaser needs to specify the color of emergency lights that are to be installed on
the apparatus. The purchaser should consider seriously the use of a combination of red and blue
warning lights where such combinations are permitted by state or local law. With lights of equal
intensity, the color red is more effective in daylight, and the color blue is more effective at night.
A-3-3.5.4 In some vehicles, multiple control switches might be necessary to achieve convenient
reach from the two positions. If other signal devices, such as an additional siren, bell, air horn(s),
buzzer, or lights, are desired, they should be specified.
A-3-3.5.7 A red flashing or rotating light located in the driving compartment that is illuminated
automatically whenever any passenger or equipment compartment door is open is recommended.
Additional lighting should be considered for the pump compartment, if enclosed, and for each
enclosed tool and equipment compartment.
A-3-4.1
Brake components, such as brake cans, slack adjusters, and air and fluid lines should be
positioned in a manner that protects them from damage from rocks, stumps, logs, or other
objects. If this is not possible, they should be suitably protected.
Auxiliary braking devices such as transmission retarders and exhaust restriction devices should
be disconnected when the apparatus is operated on slippery surfaces. These devices can cause
skids on these surfaces.
A-3-4.1.1 Service brake systems and parking brake systems are required to be independent and
separate systems so that any failure of one braking system does not prevent stopping of the
vehicle through the use of the other system.
A-3-4.1.3 Adequate braking capacity is essential for the safe operation of fire apparatus. While
this subject normally is covered in state highway regulations, it should be noted that fire
apparatus can have a special problem as compared with other vehicles of the same gross vehicle
weight. Fire apparatus might need to make successive brake applications in a short period of
time when attempting to respond to alarms in a minimum amount of time. Thus, the problem of
brake “fade” and braking capacity can be critical unless the brakes provided take into account
the service provided by the apparatus. Air-actuated brakes are recommended for fire service
vehicles of over 25,000 lb (11 350 kg) GVWR.
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Where air brakes are provided, it is important that they be of a quick-buildup type with dual
tanks and a pressure regulating valve. The rated compressor capacity should be not less than 12
ft3/min(0.34 m3/min) for this class of service. Air brakes need attention to guard against
condensation in the air lines, such as can occur in areas subject to changes in climate that affect
the moisture content of the air. Air pressure drop should be limited to normal air losses. The
presence of the following conditions indicates the need for immediate service:
(a) Air brake pressure drop of more than 2 psi (13.8 kPa) in 1 minute with the engine stopped
and service brakes released.
(b) Air pressure drop of more than 3 psi (20.7 kPa) in 1 minute with the engine stopped and
service brakes fully applied.
The fire department should consider providing one of the following options to maintain air in
the air brake system:
(a) A quick-buildup section in the air reservoir system arranged so that the apparatus is able to
move within 30 seconds of start-up from a completely discharged air system. The quick-buildup
system should provide sufficient air pressure so that the apparatus has no brake drag and is able
to stop under the intended operating conditions within the 30-second buildup time.
(b) An onboard automatic electric compressor with an automatically ejected electric shoreline.
(c) A fire station compressed air shoreline hookup to maintain full operating air pressure while
the vehicle is not running.
A-3-4.1.4 Paragraph 2-5.2 requires that the apparatus be able to traverse areas at grades of 25
percent. If there is a need to park the apparatus on such grades and get out of the vehicles, this
capability will have to be designed into the parking brake system.
A-3-4.2.2 Ground clearance dimensions are not intended to include the drive shaft(s)
connections to an axle(s) that should meet the axle housing clearance requirements. All-wheel
drive or off-road vehicles normally require greater ground clearance. The purchaser should
consider the terrain over which the vehicle is to be used where specifying the desired ground
clearance.
A-3-4.2.3 The angle of approach or departure affects the road clearance of the vehicle where
driving over short steep grades such as are found in a driveway entrance, crossing a
high-crowned road at right angles, or in off-road service. Too low an angle of approach or
departure results in scraping the apparatus body. In those cases where equipment is stored below
the body, the angle of approach or departure should be measured to a line below the equipment.
A-3-4.3.1 Where automatic transmissions are used, the power takeoff applications can present
problems, especially where dual PTO drives are required. In some instances, the PTO drive can
be engaged only in torque converter range with a probability of overheating with prolonged use.
If engine rpm is high, there is the possibility, if the vehicle is accidentally left in gear, of the
output torque overcoming the parking brake and moving the vehicle. Proper operational
instructions are essential with automatic transmissions.
A-3-4.4.1 The addition of fuel tanks or modification of fuel systems could be limited by safety
regulations. This is particularly true for vehicles rated at less than 15,000 lb (6803 kg) GVWR. A
single fuel tank is desirable unless fuel capacity needs cannot be met by a single tank. Where a
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second tank is used, it should include its own fill spout to ensure rapid refilling capability. Where
different tank sizes are available, the largest single tank capacity should be provided.
Requiring the operator to operate valves manually to provide additional fuel supply to the
engine is not recommended. Free flow from both tanks generally is recommended to prevent
unused fuel from being “stored” in a tank for long periods. However, fuel equalization lines
between fuel tanks often are located in a vulnerable position underneath the chassis. This should
be recognized, particularly where the vehicle is designed for off-road use.
A-3-4.5
If the purchaser wants the hooks or rings to be accessible without having to open compartment
doors, the specifications should state this fact.
A-3-4.6
The purchaser should consider specifying a style of mirror that swings when making contact
with branches and trees.
A-3-4.6.3 The purchaser should define how many seating positions are needed to carry personnel
and might wish to specify the arrangement of the seating positions. Canopy cab extensions with
patio door-type closures or separate telephone booth-type personnel enclosures are acceptable
means to provide fully enclosed seating positions. The use of three-point seat belts, where
available, is encouraged.
A-3-4.6.7 SCBA units and other equipment stored in the crew compartment can cause injuries to
occupants of the compartment if they fly around the compartment as the result of an accident or
other impact. All equipment stored within the crew compartment should be provided with
brackets and safety restraining straps or should be in special equipment compartments to
minimize the chance of injury.
A-3-4.6.8 Consideration should be given to providing a tachometer and an automatic
transmission temperature indicator or gauge.
A-3-4.6.8(k) If an ignition key is required to start the apparatus, it is recommended that the key
be attached to the cab interior to prevent its accidental removal.
A-4-1
The ability to pump at a minimum pressure of 150 psi (1035 kPa) is required to produce
sufficient fire-fighting nozzle performance when using 1-in. to 21/2-in. (25-mm to 65-mm) fire
hose. Modern fire-fighting hand line nozzles may require 100 psig (690 kPag) at their tip to
function at full potential in throw and pattern. In addition, the fire hose itself causes losses in
pressure, so a sufficient pump pressure is necessary to overcome this hose friction loss and still
have 100 psig (690 kPag) at the nozzle tip. A typical example is a pump that produces 100 gpm
(380 L/min) at 150 psi (1035 kPa) and is feeding 200 ft (61 m) of 11/2-in. (38-mm) fire hose. The
friction loss in the hose is approximately 50 psi (345 kPa), thereby leaving 100 psi (690 kPa) to
operate the nozzle.
Pumps capable of producing their rated capacity at 150 psi (1035 kPa) net pump pressure can
vary in their other flow characteristics. Some pumps are capable of producing significantly
higher flows at lower net pump pressure but cannot produce pressures much above their rating
pressure. Others can produce lower flows at significantly higher pressures but perform poorly at
flows above their rated capacity.
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When studying the capabilities needed from the pump, the performance to operate each
anticipated discharge hose line should be taken into account. Three-quarter-in. (19-mm) or 1-in.
(25-mm) booster hose lines might at times require greater than 150 psi (1035 kPa). Also, a rise in
elevation will require more pump pressure to maintain the same nozzle pressure. Approximately
1/ psi (3.5 kPa) should be added to the pump pressure for each 1 ft (0.3 m) of elevation increase
2
between the pump and the nozzle.
Table A-4-1(a) Discharge Pressure Required for 50 ft (15 m) of Preconnected Hose
Requiring 100 psi (690 kPa) Nozzle Pressure
Hose diameter (in.)
3/

4

1
1 /2

1

10 gpm

107

102

20 gpm

125

106

101

30 gpm

112

102

40 gpm

122

103

50 gpm

135

105

13/4

2

21/2

75 gpm

110

100 gpm

117

125 gpm

125

150 gpm

137

112

106

102

175 gpm

150

117

108

104

200 gpm

123

110

105

225 gpm

126

111

107

250 gpm

131

114

108

Table A-4-1(b) Discharge Pressure Required for 100 ft (30 m) of Preconnected Hose
Requiring 100 psi (690 kPa) Nozzle Pressure
Hose diameter (in.)
3/

4

1

10 gpm

114

104

20 gpm

150

112

30 gpm

123

1
1 /2

13/4

2

104

Copyright 1996 NFPA

21/2

40 gpm

144

106

50 gpm

166

109

75 gpm

120

100 gpm

134

125 gpm

150

150 gpm

171

123

111

105

175 gpm

134

116

107

200 gpm

146

120

109

225 gpm

152

122

111

250 gpm

161

128

113

Table A-4-1(c) Discharge Pressure Required for 150 ft (46 m) of Preconnected Hose
Requiring 100 psi (690 kPa) Nozzle Pressure
Hose diameter (in.)
3/

13/4

2

21/2

134

117

109

175 gpm

151

125

111

200 gpm

169

130

113

225 gpm

133

117

250 gpm

143

120

4

1

10 gpm

121

105

20 gpm

175

118

11/2

30 gpm

139

106

40 gpm

168

109

50 gpm

199

114

75 gpm

130

100 gpm

151

125 gpm

175

150 gpm

205

For conversion, 1 gpm = 3.785 L/min and 1 psi = 6.895 kPa
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Table A-4-1(d) Discharge Pressure Required for 200 ft (61 m) of Preconnected Hose
Requiring 100 psi (690 kPa) Nozzle Pressure
Hose diameter (in.)
3/

13/4

2

21/2

150 gpm

146

122

110

175 gpm

168

132

114

200 gpm

140

118

225 gpm

144

122

250 gpm

156

126

1

4

10 gpm

128

108

20 gpm

200

124

30 gpm

146

40 gpm

188

50 gpm

232

11/2

119

75 gpm

140

100 gpm

168

125 gpm

200

Table A-4-1(e) Discharge Pressure Required for 250 ft (76 m) of Preconnected Hose
Requiring 100 psi (690 kPa) Nozzle Pressure
Hose diameter (in.)
3/

4

1

10 gpm

135

110

20 gpm

225

130

30 gpm

158

40 gpm

210

50 gpm

267

11/2

13/4

2

123

75 gpm

150

100 gpm

185

125 gpm

225
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21/2

150 gpm

158

128

112

175 gpm

185

140

118

200 gpm

150

123

225 gpm

155

129

250 gpm

170

134

Table A-4-1(f) Discharge Pressure Required for 300 ft (91 m) of Preconnected Hose
Requiring 100 psi (690 kPa) Nozzle Pressure
Hose diameter (in.)
3/

13/4

2

21/2

150 gpm

169

133

115

175 gpm

202

148

121

200 gpm

160

127

225 gpm

166

133

4

1

10 gpm

142

112

20 gpm

250

136

11/2

30 gpm

169

112

40 gpm

232

118

50 gpm

298

127

75 gpm

160

100 gpm

202

125 gpm

250

250 gpm

149

A-4-2
If the pump is expected to operate above 2000 ft (610 m) or at lifts of more than 10 ft (3 m) or
through more than 20 ft (6 m) of suction hose, the apparatus manufacturer needs to be made
aware of this fact in order to compensate for the fact that the power of a naturally aspirated
internal combustion engine decreases with elevation above sea level or that additional head loss
will be encountered on the intake side of the pump. The purchaser should seek certification from
the pump manufacturer that the pump meets the necessary performance requirements under these
more strenuous conditions.
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Under some conditions, the engine/pump combination is not able to perform at higher
elevations. When this occurs, it is necessary to either increase the engine horsepower or derate
the pump. Pumps should not be derated below the minimums specified in this standard.
The suction hose size shown in Table 4-1 is for pump rating purposes, only and other sizes of
suction hose may be carried for use in the field.
A-4-4.4
Pumps and piping frequently required to pump salt water, water with additives, or other
corrosive waters should be built of bronze or other corrosion-resistant materials. For occasional
pumping of such water, pumps built of other materials are satisfactory if properly flushed out
with fresh water after such use.
The term “all bronze” indicates that the pump’s main casing, impeller, intake and discharge
manifolds, and other principal components exposed to the water to be pumped, with the
exception of the shaft bearings and seals, are of a high-copper alloy material. Use of like
materials for the pump and piping is recommended.
A-4-5.1
Where larger size intakes or adapters are desired, they should be specified by the purchaser.
A-4-6.1
It is recognized that outlets of the size shown in Table 4-6.1 are capable of significantly greater
discharge. The intent is to provide sufficient outlets to make the apparatus usable.
A-4-6.4
This standard does not specify where the valves should be located on discharge lines. Based on
local operations, the purchaser should specify whether discharge valves are to be centralized at
the pump operators position or installed at the hose connection point. If the apparatus is designed
for pump and roll, additional control might be desired inside the driving compartment.
A-4-6.8
Consideration should be given to providing a pump cooling/recirculation line that is automatic
in operation, as pumps on wildland fire apparatus often are left unattended and a line that is
automatic in operation ensures that the pump does not overheat.
A-5-4.1
If a switch to stop the engine is provided in the driving compartment, it should be a momentary
switch and should be within convenient reach of the driver.
A-5-4.2
A shutdown not controlled by the pump operator during the fire-fighting operations can result
in loss of water flow from the pump, which could severely endanger personnel.
A-5-5
The maximum no-load governed speed is established by the engine manufacturer as a safe
limit of engine speed for the engine application. The governor prevents the engine from
exceeding the safe speed. Most engine manufacturers allow a plus tolerance of 2 percent for
maximum no-load governed speed.
A-5-8.1.2 To prevent engine shutdown due to fuel contamination, dual filters in parallel, with
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proper valving so that each filter can be used separately, might be desired. The purchaser should
specify if dual filters are desired. Installation of two or more pumps should be designed so that
failure of one pump does not nullify the performance of the other(s).
A-5-9
Emissions from exhaust discharge pipes should be directed away from any fire-fighting tools,
since such emissions contain an oily substance that could make the tools difficult to handle and
possibly dangerous to use.
A-5-11.3
It is not the intent of this requirement that electrical devices not manufactured by the wildland
fire apparatus manufacturer or contractor, but that are mounted on the unit by the wildland fire
apparatus manufacturer or contractor, be rewired to meet this requirement. Wiring supplied by
the electrical device manufacturer can be used to the point where it connects to the wildland fire
apparatus manufacturer’s or contractor’s installed wiring.
A-5-11.6.1 Overheating of a battery causes rapid deterioration and early failure; evaporation of
the water in the battery electrolyte also can be expected.
A-5-11.6.2 If the vehicle batteries are used, the electrical requirements of the pump engine need
to be considered when sizing the vehicle’s charging system. (See 3-3.2 and 3-3.3.)
A-5-13.1
A pumping engine fuel level gauge or red warning light indicating when the fuel level falls
below one quarter of the tank’s capacity should be provided at the pump operator’s position.
A-5-13.2
It is recommended that the pump engine use the same type of fuel as the chassis engine.
A-5-14.2
During stationary pumping operations, pumps may be operated from the side, top, front, or
rear of the vehicle, and the design should be such that no power is applied to the wheels while
pumping. Dislocation, through vibration or accidental jarring, of any levers that could transfer
power to the wheels could result in a serious accident. Therefore, it is essential that any controls
that shift the vehicle out of road mode and into stationary pumping operation be equipped with a
means to prevent dislocation of the control.
A-6-1
While this standard does not set an upper limit on the size of a water tank, if the function of the
vehicle is to shuttle water for supplying other pumps or apparatus on the fire scene, the purchaser
should use NFPA 1903, Standard for Mobile Water Supply Fire Apparatus, as the basis of
design for the vehicle.
A-6-2.1
Tanks should be capable of being completely cleaned out. The purchaser should indicate in the
specifications whether a removable tank lid is required.
A-6-2.2
The design of a water tank can be a very critical factor in the handling characteristics of the
carrying vehicle. If water is free to travel either longitudinally or horizontally in a tank, as is the
case if the tank is half full, a tremendous amount of inertia can be built up, which tends to force
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the vehicle in the direction the water has been traveling. When the water reaches the end of the
tank, this sudden application of force can throw the vehicle out of control and has been known to
cause fire apparatus to turn over or skid when going around a curve or coming to a sudden stop.
The only method of preventing such an accident is to impede the motion of the water so that the
inertia does not build up; this is done through the installation of swash partitions designed so that
the water is contained in small spaces within the tank. These spaces are interconnected by
openings at the top and bottom so that air and water can flow between compartments at the
desired rate when filling and emptying the tank.
A-6-3.2
If operations require filling or draining of the tank at rates in excess of the rated capacity of the
pump, increased venting capability might be needed. The required rate of filling or draining the
tank should be specified by the purchaser.
A-6-3.4
Larger size tank fill lines might be desirable where using larger size pumps. They allow the
tank to be refilled faster. Table A-6-3.4 can be used as a guide.
Table A-6-3.4
Pump Size

Tank Fill Line Size

20 - 50 gpm (76-190 L/min)

1 in. (25 mm)

70 - 175 gpm (265-662 L/min)

11/2 in. (38 mm)

200 gpm (757 L/min) or larger

2 in. (51 mm)

It is necessary to design the tank for adequate venting and overflow for the maximum fill rate.
A locking-type ball valve, globe valve, needle valve, or other type suitable for throttling service
should be used. A gate valve is not recommended. When designing fire apparatus plumbing,
electrolysis protection for dissimilar metals should be provided.
A-7-1.1
Compartmentation sized to meet the size, shape, and weight of special equipment might be
required. Any special equipment to be carried on the apparatus should be identified in the
specifications so the apparatus manufacturer can ensure that the equipment is accommodated
properly within the design of the apparatus.
A-7-2
The purchaser should provide the apparatus manufacturer with the details of any special needs
for communication equipment or its location.
A-7-3
Where equipment other than that originally mounted on the apparatus is to be carried, the user
of the vehicle should ensure that the equipment is attached securely to the vehicle with
appropriate holders.
A-7-4.1
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The intent of step size and placement requirements is to ensure that the fire fighter’s foot is
supported 7 in. to 8 in. (178 mm to 203 mm) from the toe when the foot is placed on the step in
the normal climbing position. The leading edge is not necessarily the side opposite the fastening
location.
A-7-5
Handrails should be mounted to minimize the chances of damage or removal from contact with
objects such as trees.
A-7-6.1
Corrosion protection, commonly known as undercoating, might be desired in areas where
climatic conditions or road treatment corrodes vehicle components. The material, its application
method, and the areas to be protected should be specified carefully so the corrosion protection
adequately protects the vehicle’s cab and body sheet metal components subject to corrosive
conditions that could be encountered in the user’s area.
The purchaser should give consideration to the choice of paint color(s) as it relates to the total
conspicuousness of the vehicle. In addition, the purchaser needs to specify if nonferrous body
components are to be painted and any lettering, numbering, or decorative striping to be
furnished.
A-7-7.2
Booster hose on the apparatus reel assemblies should have power rewind capability. However,
if a manual rewind is provided, attention should be paid to the location of the hand crank. It
should be placed in a location that allows the operator to rewind the hose onto the reel without
having to climb onto the apparatus.
If the apparatus is to be used or stored in subfreezing conditions, the reel should be equipped
with an air chuck mechanism to allow connection of an external source of compressed air to
facilitate removal of water within the booster hose assembly. This mechanism should be located
on the discharge side of the booster reel valve.
A-8-1
The purchaser should specify the total feet of suction hose required, the diameter, the length of
each section, and the size of the couplings. The size of the suction hose specified in Table 4-2(a)
relates to pump certification only. Other sizes of suction hose, compatible with local operations,
might be specified.
A-8-2(f) If the hose is intended to be used with a compressed air foam system (CAFS), the user
should check with the manufacturer of the hose to ensure that the hose has been approved for use
with CAFS.
A-9-1
It is important for the purchaser to understand the types and properties of mechanical foam and
its application to specify a foam proportioning system properly. Specific information regarding
foam concentrates and their application is available in NFPA 11, Standard for Low-Expansion
Foam. Information on foam concentrates for Class A fires is available in NFPA 298, Standard
on Fire Fighting Foam Chemicals for Class A Fuels in Rural, Suburban, and Vegetated Areas.
A-9-2
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The following terms are not used in this document but are associated with foam systems and
are included here to aid understanding.
Aerated Foam. The end product of a discharge of foam solution and air.
Aspirate. To draw in air; nozzle-aspirating systems draw air into the nozzle to mix with the
agent solution.
Aspirated Foam. The end product of a mechanically induced air stream that is drawn into the
foam solution at atmospheric pressure to create foam. The aeration is generated by the energy of
the foam solution stream.
Automatic Regulating Proportioning System. A proportioner system that automatically adjusts
the flow of foam concentrate into the water stream to maintain the desired mix ratio. These
automatic adjustments are made based on changes in water flow.
Batch Mix. The manual addition of foam concentrate to a water storage container or tank to
make foam solution.
Foam Blanket. A body of foam used for fuel protection that forms an insulating and reflective
layer from heat.
Injector. A device used in a discharge or suction line to force foam concentrate into the water
stream.
Manually Regulated Proportioning System. A proportioner system that requires manual
adjustment to maintain the mix ratio when there is a change of flow or pressure through the
proportioner.
Proportioning Ratio. The ratio of foam concentrate to water, usually expressed as a percentage.
Surface Tension. The elastic-like force in the surface of a liquid that tends to bring droplets
together to form a surface.
Wetting Agent. A chemical that reduces the surface tension of water and causes it to spread
and penetrate more effectively than plain water, but does not foam.
A-9-3.1
In-line eductor foam proportioning systems are installed in the water pump discharge as a
permanently installed device or as a portable device. Water is forced through the eductor venturi
by water pump discharge pressure, creating a vacuum that causes foam concentrate to be drawn
into the eductor (into the water stream) at the design rate of the device [see Figure A-9-3.1(a)].
By design, a nonrecoverable pressure drop of 30 percent or greater is required for eductor
operation. The maximum recovered pressure, including friction loss and static head pressure, is
nominally 65 percent of the inlet pressure to the eductor. Eductors are available with fixed or
variable rate foam solution mix ratios.
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Figure A-9-3.1(a) In-line eductor foam proportioning system.

(a) A variable flow bypass eductor system is a modification of the in-line eductor foam
proportioning system. An eductor is placed in a bypass line around the mainline water flow
control valve so that when the valve is adjusted to produce water flow through the bypass
eductor, foam concentrate is drawn into the eductor (into the water stream) [see Figure
A-9-3.1(b)]. The foam solution in the bypass line then is joined with the mainline water flow
downstream of the water flow control valve. Proportioning is controlled by the use of a metering
valve in the foam concentrate line together with adjustments of the water flow control valve.
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Figure A-9-3.1(b) Variable flow bypass eductor system.

(b) Variable pressure eductors are a modification of the in-line eductor foam proportioning
system. This type of eductor is designed to automatically adjust the area of the eductor venturi to
compensate for changes in water pressure at the inlet of the device.
A-9-3.2
An intake-side foam proportioning system is a manually regulated system. An in-line device,
installed in the water pump intake or suction, provides a connection through a foam concentrate
metering valve to the foam concentrate tank. The vacuum created by the water pump draws foam
concentrate directly into the pump intake. Hydrant or relay operation is not possible with this
type of foam proportioning system.
A-9-3.3
Around-the-pump proportioning systems operate with an eductor installed between the water
pump discharge and the intake. A small flow of water from the water pump discharge passes
through the eductor, which creates a vacuum that causes foam concentrate to be drawn into the
eductor and discharged into the pump intake. Around-the-pump foam proportioning systems do
not operate properly at a water pump intake pressure greater than 10 psi (69 kPa). These systems
produce foam solution at all water pump discharge outlets when the system is operating.
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(a) A manual around-the-pump proportioning system utilizes a manually adjustable foam
concentrate metering valve to control the mix ratio. [See Figure A-9-3.3(a).]

Figure A-9-3.3(a) Manual around-the-pump proportioning system.

(b) A flow meter sensing around-the-pump proportioning system utilizes a flow meter sensing
system to monitor total solution flow and foam concentrate flow. The flow data is transmitted to
a microprocessor that controls the mix ratio through a foam concentrate metering valve. [See
Figure A-9-3.3(b).]
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Figure A-9-3.3(b) Flow meter sensing around-the-pump proportioning system.

(c) A conductivity sensing automatic variable metering around-the-pump proportioning system
utilizes electrical conductivity meters to sense the foam solution percentage and provide
feedback from the control sample module. Data from the electrical conductivity meters is
transmitted to a microprocessor that controls the mix ratio through a foam concentrate metering
valve. [See Figure A-9-3.3(c).]
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Figure A-9-3.3(c) Conductivity sensing automatic variable metering around-the-pump proportioning system.

A-9-3.4
Balanced pressure foam proportioning systems are installed on the discharge side of the water
pump. Two orifices discharge water and foam concentrate into a common ratio controller
(proportioner) located in the water pump discharge. By adjusting the area of the orifices to a
particular ratio, the percent of injection can be controlled if the intake pressures are equal. The
method of controlling or balancing the foam concentrate pressure with the water pressure varies
with different balanced pressure system designs. The two basic types of balanced pressure
systems are systems without a foam concentrate pump and systems with a foam concentrate
pump.
Balanced pressure systems without a foam concentrate pump are referred to as “pressure
proportioning systems.” [See Figure A-9-3.4(a)]. These systems utilize a pressure vessel with an
internal bladder to contain the foam concentrate. When in operation, water pump pressure is
allowed to enter the pressure vessel and exert pressure on the internal bladder. The foam
concentrate is forced out of the bladder to the proportioner at a pressure equal to the water pump
pressure. These systems are available with fixed or variable rate proportioning.
There are two basic types of balanced pressure foam proportioning systems that utilize a foam
concentrate pump. These systems can discharge water and foam solution simultaneously from
the water pump discharge outlets. The foam solution mix ratio is variable at each water pump
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discharge outlet connected to the foam proportioning system. This system is capable of
proportioning different types of foam concentrate where more than one foam concentrate storage
tank is linked to the foam concentrate pump by a selector valve system. Foam proportioning
system operation is not affected by water pump intake pressure or interrupted while refilling the
foam concentrate tank.
(a) A “bypass” system utilizes a diaphragm valve in the foam concentrate pump-to-tank line
that automatically balances the foam concentrate and water pressure by bypassing excess foam
concentrate back to the tank. [See Figure A-9-3.4(b)].
(b) A “demand” system is designed to automatically control the speed (rpm) of the foam
concentrate pump to balance foam concentrate and water pressure within the system. [See Figure
A-9-3.4(c)].

Figure A-9-3.4(a) Pressure proportioning balanced pressure proportioning system.
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Figure A-9-3.4(b) Bypass balanced pressure proportioning system.

Figure A-9-3.4(c) Demand balanced pressure proportioning system.

A-9-3.5
Direct injection foam proportioning systems utilize a foam concentrate pump to inject foam
concentrate directly into the water pump discharge. Water and foam solution can be discharged
simultaneously from the water pump where individual injection points are provided for more
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than one water pump discharge. This system is capable of proportioning different types of foam
concentrate where more than one foam concentrate storage tank is linked to the foam concentrate
pump by a selector valve system. The foam solution mix ratio can be fixed or variable depending
upon the system design. Foam proportioning system operation is not affected by water pump
intake pressure or interrupted while refilling the foam concentrate tank.
Flow sensing direct injection foam proportioning systems utilize an in-line flow meter(s) to
monitor the system operating conditions. System operating data is transmitted to a
microprocessor, which controls the mix ratio. Two different flow sensing systems are available.
(a) A microprocessor receives electronic signals corresponding to the mix ratio from the
control panel and water flow data from the flow meter. The microprocessor then commands the
foam concentrate pump module to deliver foam concentrate at the proportional rate. [See Figure
A-9-3.5(a).]

Figure A-9-3.5(a) Single meter flow sensing direct injection foam proportioning system.

(b) A microprocessor receives electronic signals corresponding to the foam concentrate flow
from a foam concentrate flow meter, the mix ratio from the control panel, and water flow data
from the water flow meter. The microprocessor controls the mix ratio through a foam
concentrate metering valve. [See Figure A-9-3.5(b).]
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Figure A-9-3.5(b) Dual meter flow sensing direct injection foam proportioning system.

A conductivity sensing direct injection foam proportioning system utilizes an electrical
conductivity meter(s) to sense the mix ratio at the water pump discharge(s) and transmits this
information to a microprocessor that controls the mix ratio through an electromechanical foam
concentrate metering valve. A second electrical conductivity meter provides feedback from the
control sample module to the microprocessor. Foam pump pressure is maintained at a pressure
higher than water pump pressure to ensure injection of the concentrate. [See Figure A-9-3.5(c).]
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Figure A-9-3.5(c) Conductivity sensing direct injection foam proportioning system.

A-9-3.6
In a water motor meter proportioning system, a positive displacement water motor drives a
positive displacement foam concentrate metering pump. The ratio of displacement by the water
motor to the displacement by the metering pump is the ratio of the desired foam solution. Hence,
the displacement by the metering pump is 0.005 of the displacement by the water motor where a
0.5 percent foam solution is desired. In practice, the displacement ratio is higher to compensate
for volumetric losses. The water motor meter proportioning system requires no external power.
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Figure A-9-3.6 Water motor meter proportioning system.

A-9-5.1
It is desirable to have a visual indicator at the pump operator’s position that shows that the
foam injection system is in the “operating” or the “off” position. A visual means of indicating
positive foam concentrate flow at the pump operator’s position also is desirable.
A-9-7.10
Different types and brands of concentrates can be incompatible with each other and should not
be mixed in storage. Concentrate viscosity varies with different types of products and
temperatures.
A-10-2
The following terms are not used in this document but are associated with foam systems and
are included here to aid in understanding.
Chatter. An unacceptable flow condition wherein air is not fully mixed with the foam solution.
High-Energy Foam Generator. A foam generator that uses a large amount of external energy to
aerate the foam.
Low-Energy Foam Generator. A foam generator that uses the energy of the foam stream to
aerate the foam.
Mixing Chamber. A device used to produce fine, uniform bubbles in a short distance as foam
solution and air flow through it.
Scrubbing. The process of agitating foam solution and air in a confined space such as a hose,
pipe, or mixing chamber to produce tiny, uniform bubbles.
Slug Flow. The discharge of distinct pockets of water and air due to the insufficient mixing of
foam concentrate, water, and air in a compressed air foam system.
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Surge. The sudden decompression of a discharge line caused by the rapid opening of the
discharge appliance.
A-10-3.3
It is recommended that the apparatus have the capability of supplying 2 gpm (7.6 L/min) of
water per 1 SCFM (0.028 m3) of air production to provide fire-fighting capability using both
water and compressed air foam simultaneously.
A-10-5
If it is desired to test the expansion ratio, the following test is recommended.
Equipment:
Gram scale, 1500-gram capacity accurate to 0.1 gram
One 1000-ml container that can be struck at 1000 ml (a 1000-ml graduated cylinder cut off at
1000 ml works well.
The empty container is placed on the scale and the scale is zeroed. Using the container, a full
sample of foam is collected and the foam is struck at the 1000-ml level. The container is placed
on the scale and the mass is read in grams.
100
Expansion ratio = ----------------------Foam mass in grams*
* Note: This assumes that 1 gram of foam solution occupies 1 ml of volume.

A-10-6
The design of a CAFS on a wildland fire apparatus should allow the operator to engage the
system and pump the desired consistency of foam in the same relative time and with the same
ease as is needed to engage the water pump and begin flowing water.
A-10-6.3
A shutoff valve located between the monitor and the tip can cause damage to the equipment
and injury to personnel.
A-10-8.5
On systems sensitive to back-pressure caused by the length of the hose lay or changes in
elevation, a pressure gauge should be installed to measure the pressure at the point of
convergence of air and foam solution, particularly where there are multiple discharge points on
the same apparatus.
Some systems provide automatic regulation of the water flow; however, instrumentation is still
useful to the operator. Even automatic systems have adjustments and performance limits that
warrant instrumentation. Where the system design does not allow for such automatic regulation
or where the operator has the ability to control water flow or air flow, air and water flow meters
are necessary for the operator to monitor the operational performance of the CAFS where the
nozzle person cannot be seen. Where pumping long hose lays or pumping to great heights, the
operator must know what is flowing in order to be certain the proper product is being delivered.
A-11-1
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In view of the increasing use of line voltage devices on apparatus, the provision of a line
voltage electrical system of sufficient capacity is strongly recommended. Where line voltage
equipment use is extensive, a separately driven generator is recommended.
Where only incandescent lighting is involved, alternating current or direct current power may
be used. Where other electrical devices such as motor-driven equipment or electronic equipment
are involved, single-phase ac power at 60 cycles normally is required. However, because of the
substantial reduction of size and cost that results from 3-phase operation, ac motors larger than
one horsepower usually are designed to operate on 3-phase ac current.
Attempting to operate electrical equipment using the wrong type of electrical power almost
always damages electrical equipment.
Line voltage (120-, 120/240-, or 240-volt) electrical systems are a combination of several
distinct subsystems. First, there is a power source (see Figure A-11-1). This device produces the
line voltage power. The power then is sent to a distribution panelboard that distributes the power
through overcurrent devices to wiring systems. Loads that are either permanently mounted or
portable then are connected to the system through either receptacles or switches.

Figure A-11-1 Schematic of line voltage electrical system.

Portable generators combine the power source, distribution panelboard, overcurrent devices,
wiring systems, and receptacles into one piece of equipment. (See Figure A-11-1.)
The system should be sized based on the total amount of fixed and portable equipment that is
likely to be operated at the same time. Fixed and portable equipment includes lights, power tools,
fans, and any other power-consuming equipment.
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To properly design and install the system, there is a lot of information the manufacturer needs
to know. The following information should be defined for each piece of line voltage equipment
to be operated from the electrical system.
(a) The type of electrical current required, i.e., direct current (dc), alternating current (ac), or
both ac or dc.
(b) If ac, the nominal operating voltage, the maximum amperage, and whether single-phase or
3-phase. For electronic equipment and some motors, the required quality of the alternating
current also needs to be known, including the upper and lower limits of voltage and the
allowable variation of frequency and wave form.
(c) If dc, the nominal operating voltage and the maximum operating current. For special
equipment, the required quality of the direct current also needs to be known, including the upper
and lower limits of voltage and the amount of ripple voltage.
(d) Whether the device is to be permanently mounted on the vehicle, carried on the vehicle but
removable, or not a part of the vehicle but only powered by the line voltage system.
Where line voltage lighting is to be provided, the purchaser should define the following:
(a) Location and quantity of lights.
(b) Wattage of each light.
(c) Type of light mounting.
(d) Type of light bulb.
Where a permanently-mounted line voltage electric cord reel is to be provided, the purchaser
should define the following:
(a) Location.
(b) Ampere rating and voltage of the device and cord.
(c) Quantity and type of cord.
(d) Type of connector body or junction box provided at end of cord.
(e) Type of reel rewind system desired.
A-11-3.2
Because of the non-earth grounded nature of apparatus-mounted line voltage equipment and
the wet environment in which it operates, great care should be taken in the use and maintenance
of such line voltage circuits and equipment. (See NFPA 70B, Recommended Practice for
Electrical Equipment Maintenance.)
Ground-fault protection for personnel should be furnished through an assured equipment
grounding conductor program in accordance with Section 305-6(b) of NFPA 70, National
Electrical Code. All cord sets, receptacles, and electrical equipment should be maintained in
accordance with NFPA 70B, Recommended Practice for Electrical Equipment Maintenance.
This protection can be supplemented by the use of portable ground-fault circuit interrupters.
These GFCIs should be attached to the end of distribution cords and located close enough to the
point of operation so that they can be reset conveniently in the event of trips.
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While this arrangement is desirable for fire service operating conditions and does protect fire
fighters who are operating tools and lights downstream of the GFCI, it should be understood that
no protection is provided between the source and the GFCI.
If premises wiring or other fixed wiring systems are to be powered by the generator, grounding
of the system should comply with Section 250-5 of the NEC. If grounding rods, plates, clamps,
or other means of bonding the vehicle and the source to an earth ground are desired, this
equipment should be specified by the purchaser.
A-11-3.2.4 The internal bonding of the neutral wire to the frame of the power source is provided
by the manufacturer of the power source on most single-phase, portable generator sets. On larger
generator sets, the installer should bond the neutral at the generator set.
A-11-4.1
While the selection of the power source for the line voltage system is determined largely by
the type and quantity of current desired, in many cases there are alternative choices. If the
purchaser has a specific preference, that preference needs to be defined in the specifications for
the apparatus.
The most common types of line voltage power sources are as follows:
(a) Gasoline-Powered Generator. A separate engine-driven device commonly used on fire
apparatus.
(b) Diesel-Powered Generator. A separate engine-driven device commonly used for fire
apparatus.
(c) Hydraulic-Powered Generator. A device in which the vehicle propulsion engine is used to
drive a hydraulic pump, which, in turn, drives the hydraulic motor that powers the generator.
Normally used to power larger generators, it generally is not used on pumping apparatus.
(d) PTO-Powered Generator or Fan Belt-Driven Generator. A device that also is driven by
the vehicle propulsion engine; the need to maintain a constant engine speed tends to make these
arrangements unsuitable for pumping apparatus.
(e) 12/24-Volt (Low-Voltage), Motor-Powered Generator. A device powered directly from the
vehicle’s electrical system. These systems are limited by the alternator and battery set to about
1600 watts.
(f) Transformer Connected to the Vehicle’s 12/24-Volt-Alternator. The normal output of 120
volts dc is usable only for work lights. The output wattage is limited by the alternator and battery
set.
(g) Converter/Invertor Connected to the Vehicle’s 12/24-Volt Alternator. These devices are
subject to the same output limitation as the transformer and dc motor-driven systems, but they do
produce alternating current suitable for operating motors as well as lights.
A-11-7
If receptacles are desired in certain locations, the purchaser needs to define the number and
location of the receptacles and switches that are needed. The purchaser also should specify the
NEMA number and style if a specific plug or receptacle is desired.
A-11-7.4
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Locking-type plugs and receptacles are designed to prevent accidental disconnection when
subjected to moderate pull-apart loads. Neither locking or nonlocking connectors are designed to
withstand the loads that can be created when pulling long cords up buildings and stairs.
A-11-8
If switches to control certain circuits or equipment are desired in certain locations, the
purchaser needs to define the location of the switch and the devices to be controlled by the
switch. The purchaser also should specify the NEMA number and style if a specific switch is
desired.
A-12-2.1
Most electric (direct current, 12-volt or 24-volt) winches used for commercial/industrial
applications are rated at between 6000 lb (26.7 kN) line pull and 12,000 lb (53.4 kN) line pull.
The winches feature a dc motor and control or “solenoid” box with two to four solenoids that
reverse motor rotation.
Hydraulic-driven winches typically are rated for 6000 lb (26.7 kN) line pull to 30,000 lb
(133.5 kN) line pull.
A-12-3.1.1 There is virtually no control over the speed of a single-speed electric winch, i.e., the
winch runs at the speed the load dictates, faster with light loads and slower with heavy loads.
“Two-speed” electric winches provide only for preselection of the winch gear ratio, i.e., one
gear ratio for pulling heavy loads, a second for light loads. They are not designed for shifting
under load to improve line speed.
A-12-4.4
The forward neutral reverse hydraulic control for the winch should be power-operated to allow
remote control of the hydraulic winch operations. The remote-control device should be of a
design that automatically returns to neutral when released. The remote control should have at
least 25 ft (7.6 m) of cable or a Federal Communications Commission-approved radio frequency
winch control device.
A fast idle switch should also be provided. The switch should be interlocked with the neutral
position of the transmission to prevent accidental movement of the apparatus.
A-13-3
Skid plates may be used to protect the transfer case, gear box, pump, engine oil pan, radiator,
auxiliary coolers, exhaust components, brake lines or components, fuel tank, steering gear, and
axle differential.
A-14-1.1
If acceptance tests are desired at the point of delivery, they should be run in accordance with
the provisions of Chapter 14 and should duplicate the portions of the tests that the purchaser
specifies. Where the point of delivery is over 2000 ft (610 m) of elevation, it is important to test
the pump and pumping engine performance to ensure that the engine can develop adequate
power at point of delivery. This test may be performed with the pump supplied from a suitable
fire hydrant, or at draft, with the net pressure maintained at 150 psi (1065 kPa). The net pressure
(P), when the pump is supplied from a hydrant with positive intake pressure, is the discharge
pressure (D) in psig minus the intake pressure (S) in psig.
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A-14-2.1.2 Where tests are performed inside a structure or other location having limited air
circulation, carbon monoxide monitoring equipment should be used. Such equipment should be
checked and calibrated regularly and should include a suitable warning device.
A-14-2.3
Some blank test data forms for recording the test readings and other necessary data should be
provided.
Where an apparatus is pumping at or near full engine power while stationary, the heat
generated can raise the temperature of certain chassis or pumping system components above the
level that can be touched without extreme discomfort or injury; however, as long as the
apparatus can be operated and used satisfactorily for the required duration of the test under such
conditions, the test should be considered acceptable.
The dynamic suction lift can be determined either by measuring the negative pressure
(vacuum) in the pump intake manifold by means of a manometer (or other suitable test gauge
that measures vacuum accurately) or by adding the vertical lift and the value of friction and
entrance loss from Table 4-2. To be accurate, gauge readings should be corrected for the
difference between the height of the gauge and the centerline of the pump intake, but usually this
distance is not significant and can be ignored. Thus, the net pump pressure can be calculated by
one of the following formulas:
(a) If intake pressure is positive, i.e., pumping from a hydrant: P = D - S
(b) If intake pressure is negative, i.e., pumping from draft: P = D + (H × 0.5) or P = D + 0.43
(L + F),
where:
P = Net pump pressure (psi)
D = Discharge pressure (psig)
S = Intake pressure (psig)
H = Manometer reading (in. Hg)
L = Vertical lift (ft)
F = Friction and entrance loss (ft of water).
A-14-8
There are four methods for testing a foam proportioning system for calibration accuracy.
Test Method 1. The foam system is operated at a given flow using water as a substitute for foam
concentrate. The water is drawn from a calibrated tank instead of foam concentrate. The volume
of water drawn from the calibrated tank represents the percentage of foam concentrate used by
the system over a measured period of time.
Test Method 2. With the foam system in operation at a given flow, a solution sample is
collected from each outlet and the concentration measured using a refractometer to measure the
refractive index of the foam solution samples. This method might not be particularly accurate for
AFFF or alcohol-resistant foam and certain other types of foam that typically exhibit very low
refractive index readings. For this reason the conductivity method might be preferable where
these products are used.
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Equipment Required.
(a) Four 100-ml or larger plastic bottles with caps.
(b) One measuring pipette (l0 ml) or syringe (10 cc).
(c) One 100-ml or larger graduated cylinder.
(d) Three plastic-coated magnetic stirring bars.
(e) A refractometer.
(f) Standard graph paper.
(g) A ruler or other straight edge.
Procedure. A base calibration curve is prepared using the water and foam concentrate from the
system to be tested. Three standard solutions are made using the 100-ml or larger graduate.
These samples should include the nominal intended percentage of injection, the nominal
percentage plus 0.3 percent, and the nominal percentage minus 0.3 percent. The water is placed
in the 100-ml or larger graduate (leaving adequate space for the foam concentrate) and then the
foam concentrate samples are carefully measured into the water using the pipette or syringe.
Care should be used to avoid picking up air in the foam concentrate samples. Each measured
foam solution is poured from the 100-ml or larger graduate into a 100-ml or larger plastic bottle.
Each bottle should be marked with the percent solution it contains. A plastic stirring bar is added
to the bottle, and the bottle is capped and shaken thoroughly to mix the foam solution.
After the foam solution samples are thoroughly mixed, a refractive index reading is taken of
each percentage foam solution sample. This is done by placing a few drops of the solution on the
refractometer prism, closing the cover plate, and observing the scale reading at the dark field
intersection. Since the refractometer is temperature compensated, it could take 10 seconds to 20
seconds for the sample to be read properly. It is important to take all refractometer readings at
ambient temperatures of 50°F (10°C) or above.
Using standard graph paper, the refractive index readings are plotted on one axis and the
percent of concentration on the other. This plotted curve serves as the known baseline for the test
series. The solution samples should be set aside in the event the measurements need to be
checked.
Sampling and Analysis. Foam solution samples are collected from the proportioning system
using care to make certain that the samples are taken at an adequate distance downstream from
the proportioner being tested. Refractive index readings of the samples are taken and compared
to the plotted curve to determine the percentage of the samples.
Test Method 3. With some direct injection systems, it is possible to directly measure foam
concentrate pump output. With the foam system in operation at a given water flow, the
concentrate pump discharge substituting water for foam concentrate can be diverted into a
calibrated container for direct measurement over a measured period of time.
Test Method 4. Conductivity Test Method. The conductivity test method is based on changes
in electrical conductivity as foam concentrate is added to water. Conductivity is a very accurate
method provided there are substantial changes in conductivity as foam concentrate is added to
the water in relatively low percentages. Since salt or brackish water is very conductive, this
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method might not be suitable due to small conductivity changes as foam concentrate is added. It
is necessary to make foam and water solutions in advance to determine if adequate changes in
conductivity can be detected if the water source is salty or brackish. Three methods can be used
to determine the percentage of foam solution by the conductivity method.
A. Direct Reading Conductivity Test Method.
Equipment Required:
(a) Two 100 ml or larger containers.
(b) One direct reading foam solution conductivity meter.
Procedure. A sample of the water to be used in the test is obtained using one of the 100-ml or
larger containers. The conductivity meter head is immersed in the water sample and the meter
display zeroed. If the direct reading foam solution conductivity meter mounts directly in a
discharge line, the meter should be zeroed with plain water flowing.
If the conductivity meter manufacturer does not indicate that the percentage of foam solution
can be read directly for the foam concentrate being used, a calibration curve must be developed.
The calibration curve might show that the direct meter readings are correct for the foam
concentrate being used or it might indicate that the calibration curve must be used when that
foam concentrate is used.
The foam proportioning system is operated and a sample of the solution produced by the
system is obtained using the other 100-ml or larger container. The conductivity meter head is
immersed in the foam solution sample and the percentage of the foam solution is read from on
the meter display. If the conductivity meter mounts directly in a discharge line, read the
percentage of the foam solution on the meter display while foam is being discharged.
B. Conductivity Comparison Method.
Equipment Required:
(a) Two 100-ml or larger containers.
(b) Conductivity meter reading in μs/cm (microsiemens per centimeter).
Procedure. A sample of the water to be used in the test is obtained using one of the 100-ml or
larger containers. Using the conductivity meter, the conductivity valve of the water sample is
determined.
The foam proportioning system is operated and a sample of the foam solution produced by the
system is obtained using the other 100-ml or larger container. Using the conductivity meter, the
conductivity value of the foam solution sample is determined.
The conductivity value of the water sample is subtracted from the conductivity value of the
foam solution sample and the result is divided by 500 to obtain the percent of foam.
Conductivity of foam solution -conductivity of water = % of foam
500
Note: 500 is used as the divisor assuming that the conductivity meter units are μs/cm (microsiemens per
centimeter). Other units of conductivity can be used but will require the value of the divisor (500) to be
adjusted.

C. Conductivity Calibration Curve Method. A hand-held conductivity meter is used to measure
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the conductivity of foam solutions in microsiemen units.
Equipment Required:
(a) Four 100 ml or larger plastic bottles with caps.
(b) One measuring pipette (10 ml) or syringe (10 cc).
(c) One 100 ml or larger graduated cylinder.
(d) Three plastic-coated magnetic stirring bars.
(e) A portable temperature-compensated conductivity meter — Omega Model CDH-70, VWR
Scientific Model 23198-014, or equivalent.
(f) Standard graph paper.
(g) A ruler or other straight edge.
Procedure. A base calibration curve is prepared using the water and foam concentrate from the
system to be tested. Three standard solutions are made using the 100-ml or larger graduate.
These samples should include the nominal intended percentage of injection, the nominal
percentage plus 0.3 percent, and the nominal percentage minus 0.3 percent. The water is placed
in the 100-ml or larger graduate (leaving adequate space for the foam concentrate) and then the
foam concentrate samples are carefully measured into the water using the pipette or syringe.
Care should be used to avoid picking up air in the foam concentrate samples. Each measured
foam solution is poured from the 100-ml or larger graduate into a 100-ml or larger plastic bottle.
Each bottle should be marked with the percent solution it contains. A plastic stirring bar is added
to the bottle, and the bottle is capped and shaken thoroughly to mix the foam solution.
After the foam solution samples are thoroughly mixed, the conductivity of each solution is
measured. The instructions that come with the conductivity meter should be consulted to
determine proper procedures for taking readings. It is necessary to switch the meter to the correct
conductivity range setting in order to obtain a proper reading. Most synthetic-based foams used
with fresh water result in foam solution conductivity readings of less than 2000 μs. Protein-based
foams generally produce conductivity readings in excess of 2000 μs in fresh water solutions.
Due to the temperature-compensation feature of the conductivity meter it could take a short time
to obtain a consistent reading.
Once the solution samples have been measured and recorded, the bottles should be set aside
for control sample references. The conductivity readings then should be plotted on the graph
paper. It is most convenient to place the foam solution percentage on the horizontal axis and the
conductivity readings on the vertical axis.
A ruler or straight edge can be used to draw a line that approximates connecting all three
points. While it might not be possible to connect all three points with a straight line, they should
be very close. If not, the conductivity measurements should be repeated and, if necessary, new
control sample solutions should be made until all three points plot in a nearly straight line. This
plot serves as the known base (calibration) curve to be used for the test series.
Sampling and Analysis. Foam solution samples are collected from the proportioning system
using care to be sure the sample is taken at an adequate distance downstream from the
proportioner being tested. Using foam solution samples that are allowed to drain from expanded
foam can produce misleading conductivity readings, and, therefore, this procedure is not
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recommended.
Once one or more samples have been collected, their conductivity is read and the
corresponding percentage is determined from the base curve prepared from the control sample
solutions.
A-14-9.1.2 The person conducting the test should check with the manufacturer of the hose being
used to ensure the hose has been approved for use with compressed air foam systems.
A-14-9.1.3 Care should be taken to avoid injuries to personnel from the discharging air stream.
Only those persons actually conducting the tests should be in the test area, and they should wear
hearing protection during the air flow test.
A-14-9.2
The person conducting the test should check with the manufacturer of the hose being used to
ensure the hose has been approved for use with compressed air foam systems.
Date ______________________________________________________________________
1. Owner __________________________________________________________________
2. Address ________________________________________________________________
__________________________________________________________________________
3. Manufacturer ____________________________________________________________
Model ____________________
Serial No. ____________________________
4. Chassis engine make ______________________________________________________
Model ____________________
Serial No. ____________________________
No. cyls. __________
Bore ______
Stroke ______
Displ. ________
Cu in.
Rate HP ____________ at rpm No-load governed speed ________________________
Comp. ratio ______________ :1 Type
______________________________________
5. System voltage ________ vs. Alternator output ________ Amps
6. Battery: Single or dual ____________ Capacity ______ CCA
7. Battery: Make and model ____________________________________________________
8. Chassis fuel tank capacity ________ gal Type of feed ________________________
9. Transmission: Make __________________ Model ________ Type
__________
10. Drive to pump through transmission? __________________________________________
11. Pump engine make ________________________________________________________
Model ____________________
Serial No. ____________________________
No. cyls. __________
Bore ______
Stroke ______
Displ.
______
Cu in.
Rate HP ____________ at rpm No-load governed speed ________________________
Comp. ratio
____________ :1 Type ________________________________________
12. Pump engine fuel tank capacity ____________________ gal
13. Gear ratio engine to pump ______________________ :1

Copyright 1996 NFPA

Trans. gear ratio used ________________________________________________________
14. Pump make ____________ Model ____________
Serial no. ______________ Rated capacity ________________ gmp
No. stages ____________ Impeller dia. __________________ in.
15. Priming device type ______________________________________________________
16. Foam system type ______________ Make __________ Model ____________
17. Air compressor type ____________ Make __________ Model ____________
18. Water tank capacity ____________ gal
19. Chassis make ________________ Model ______________
VIN
____________________________________________________________________
20. GAWR front __________ lb Rear ____________ lb
21. Tires front size __________ Rated capacity total ______________ lb
22. Tires rear size ____________ Rated capacity total ______________ lb
23. Chassis Weight Distribution with Water and Equipment
Front __________________ lb Rear ____________ lb
24. Paint # ________________ Paint # ____________
25. Company ________________________________________________________________
26. Signed by ______________________________________________________________
Figure A-14-11(d) Manufacturer’s record of wildland fire construction details.

Appendix B
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
It is the responsibility of the purchaser to provide the contractor with sufficient information to
enable the contractor to prepare a bid and a complete description of the apparatus to be supplied.
Completion of the following questionnaire by the purchaser provides the information required in
the various sections of this document. The column titled “Section” indicates where in the
document the requirement or recommendation is stated.
Type of Information
General
Date of bid opening

Section
A-1-2

Purchaser’s name & address
Contact name & telephone number

Sealed bid envelope information, address, and identification marking
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The bidder is to honor the bid price for

days.

A-1-2

If an interim inspection trip(s) to the assembly plant is to be provided, indicate the number of trips and
number of participants.

A-1-2

Where is the apparatus to be delivered?

A-1-2

The operation and service training is to be conducted
at
for
persons for
days.

A-1-2

Specify details of any special payment plan or schedule required

A-1-2

Is a bid bond required?

A-1-2

What percent of the bid price?

Is a performance bond required?

%

What percent of the bid price?

%

A-1-2

If an extended warranty on specific components is required, indicate which components and the length of the
warranty.

A-1-2

Is a warranty bond required?

A-1-2

In what amount?
List any special design features required on this apparatus:

Maximum elevation at which the apparatus will operate if over 2000 ft (610 m)

2-4.1

Maximum stationary operational grade if over 20 percent

2-4.2

Minimum and maximum ambient temperature the apparatus is to operate at

2-4.3

Specify the apparatus road performance if it is to exceed the minimum specified in this standard

2-5.1

Maximum grade that apparatus will climb at 20 mph (32 kmph) if over 6 percent
How many service and operation manuals are to be provided?

2-5.1.(c)
2-6.3

Type of InformationSection
Chassis and Vehicle Components
Desired chassis make/model or style
Will apparatus operate off paved roads?

3-1.4

Type of propulsion engine

3-2.1

Is an electric fuel pump or repriming pump required?
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Special cooling system features

A-3-2.2.1

Special lube, coolant, fuel, or air filters required
Is an automatic throttle control device required?

3-3.2.3

Indicate whether a battery charger, conditioner, or a polarized receptacle is to be provided

3-3.3.2

Is a second “battery on” pilot light on the outside of the vehicle required?

A-3-3.3

Where?
Is a dual battery system required?

A-3-3.3.3

Is the apparatus to respond on public roads as an emergency vehicle?

3-3.5.1

Specify specific warning light information
Location

Brand and Model

Color

Front of cab lights
Roof light
Rear lights
Intersection lights

Specify the brand, model, and capacity of the siren

3-3.5.4

Are air horns required?

3-3.5.5

Are cab hand lights or mounted, adjustable spot lights required?
Special lighting or warning features or equipment required
Indicate the type of brake system required

3-4.1.1

Indicate if an auxiliary brake system is required

Type of Information

Section

Indicate the style/type of tires required

3-4.2.1

Indicate whether cast spoke, steel disc, or aluminum wheels are required

3-4.2.1
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Are rear fender liners required?
Indicate if tire chains are going to be used
Indicate the minimum axle housing and ground clearance required

3-4.2.2

Indicate the minimum angle of approach and departure required

3-4.2.3

Is an automatic or manual transmission required?

3-4.3.1

Indicate fuel tank capacity required

3-4.4.1

gallons

Must tow hooks be accessible without opening compartment doors?

A-3-4.5

Are a rear license plate bracket and light required?
Special cab trim features
Maximum number of fire fighters to ride on the apparatus

3-4.6.3

Is a tachometer required on the instrument panel in the driving compartment?

A-3-4.6.8

Is an automatic transmission temperature indicator or gauge required on the instrument panel in the driving
compartment?

A-3-4.6.8

Water Pump
Pump size

Pump stages

Pump type

Pump location

4-1

Pump drive type
Is pump and roll capability required?
Indicate pump and roll requirements if they exceed 23 gpm at 150 psi at 4 mph vehicle speed
Is pump to perform at 100 percent at altitude over 2000 ft (610 m), at lifts over
10 ft (3 m), or through more than 20 ft (6 m) of suction hose?

Type of primer system required

A-4-2

4-3

Do local water conditions require special materials for pump construction and piping?

A-4.4.4

Pump Intakes and Discharge Outlets
Are special adapters or valves required on the pump intakes?

Are pump intakes desired in addition to those required in this standard?
Are pump intakes larger than those required in this standard desired?
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4-5.1.2

Type of Information
Quantity

Size

Section

Thread

Location

______________

________________

______________

________________

______________

________________

______________

________________

______________

________________

______________

________________

______________

________________

______________

________________

Gated

List the combination of 1-in. (25-mm) or larger discharge outlets
required to equal or exceed 100 percent capacity of the pump.
Quantity

Size

4-6.1

Thread

______________

________________

______________

______________

________________

______________

______________

________________

______________

______________

________________

______________

Location

Are discharge outlets for preconnected hose lines desired?
Quantity

Size

Thread

Location

______________

________________

______________

________________

______________

________________

______________

________________

______________

________________

______________

________________

______________

________________

______________

________________

Deck gun-type, mounting location, and piping
Hose Thread Size Information

(TPI × OD or size and type) (i.e., 21/2-in. [65 mm] NH or 4-in. [100 mm] storz)
1 in. (25 mm) =

, 11/2 in. (38 mm) =

,

2 in. (51 mm) =

, 21/2 in. (65 mm) =

,

3 in. (76 mm) =

, 31/2 in. (89 mm) =

,

4 in. (100 mm) =

, Hydrant =

.

Pump Operator’s Position
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Flow
Requirements

Location of pump operator’s position

4-7

Pump panel and gauge panel material
Type of intake and discharge valve controls desired

Are the master gauges to be a different size than the minimum in the standard?

4-8.1
4-8.2

Are individual pressure gauges or flow meters required for individual discharges?

Are any special gauges, instruments, or features required at the pump operator’s position?

Type of Information

Section

Hose Thread Size Information
Are special pump and piping features required to deal with extremely low temperatures?

Is a pump pressure governor or a relief valve to be supplied?

Type of engine to drive pump, if other than the propulsion engine

5-1

Water Tank
Water tank capacity

6-1

Tank construction material and coating

6-2.1

Indicate if a tank level indicator is required
Type
Is a removable tank lid required?
Tank dump valve information, style valve, size, performance level, locations, and connector
Tank outside direct fill information, style valve, size, performance level, location, and connector
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Apparatus Body
Body material

7-1

Compartment capacity or special features desired

7-1.1

Compartment floor material or slatted or plastic covering

Type/style of compartment doors
Miscellaneous body trim

Type of Information

Section

Apparatus Body
List radio equipment to be used, type of mounting, and its desired location:

Indicate type of body tread plate material
Indicate type of step and platform material
Color of apparatus

7-6.1

Is cab and body rustproof treating required?

A-7-6.1

Striping and decoration

7-6.2

Hose load to be carried for preconnected lines

7-7.1

Length

Size

Location

______________

________________

______________

______________

________________

______________

______________

________________

______________

______________

________________

______________

Bed or Reel

Hose load to be carried in hose bed or on reels

7-7.2
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Length

Size

Location

______________

________________

______________

______________

________________

______________

______________

________________

______________

______________

________________

______________

Bed or Reel

If hose bed cover(s) is desired, specify type
Booster Reel
Is a booster reel required?

7-7.2

How many reels?
Location
Hose size and length
Reel rewind type
Piping to reel
Is this apparatus to have the fire-fighting package built as a slip-on module?

Type of Information

7-8

Section

Equipment
Suction Hose
Indicate if the suction hose is to be soft or hard

8-1

Specify brand, type, size, length, connections, mounting arrangement, style, and location of suction hose
Equipment to be carried on apparatus

8-2
A-8-2

Miscellaneous equipment allowance, if it exceeds the standard’s minimum weight

3-1.1

Attach a list of equipment and tools to be supplied by the contractor with the apparatus stating the item, quantity, where it is to be mounted or
carried, the weight of each item, and the item’s dimensions (L × W × D).
Attach a list of equipment and tools to be supplied by the fire department to be carried on the apparatus stating the item, quantity, where it is to
be mounted or carried, contractor’s responsibility for mounting, the weight of each item, and the item’s dimensions (L × W × D).
Attach a list of equipment and tools that might be carried on the apparatus in the future, stating the item, quantity, the desired mounting
location or compartment where it is likely to be carried, the weight of each item and the item’s dimensions (L × W × D).
Attach a list of fixed and permanent components required on the apparatus, stating the item, quantity, weight of each, dimensions (L × W ×
H), and the location where it is to be carried.

Copyright 1996 NFPA

Indicate the vehicle duty cycle (total GVWR additional allowance from 0 percent to 20 percent).
Foam Concentrate Proportioning System
Is a foam system required?

9-1

Type of foam to be used
Is the system to be an automatic or manually regulated proportioning system?
Type of foam proportioning system

9-3.1
through
9-3.6

Foam concentrate storage capacity
Specify if a low foam level indicator is required
Indicate which discharge outlets are to be used with the foam system and their performance
Discharge Outlet

Performance

Hose Size and Lengths

Specify whether single or multiple foam injection points are required.

Specify if a water supply flow meter is required.

Type of Information

Section

Compressed Air Foam System
Is a CAFS required?

10-3.1

What is the total SCFM required?

10-3.2

What type of compressor and driver are required?
What is the total water pump capacity required?
Specify the type of compressor control system required

Indicate which discharge outlets are to be used with the CAFS and their performance
Discharge Outlet

Performance

Hose Size and Lengths
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10-3.3

Specify if automatic water and air pressure tracking is required
Specify if an air flow meter is required (SCFM)
Specify if a wet/dry controlis required
120/240-Volt Electrical System
Is a 120/240-volt system required?

11-1

Type of generating source (ac or dc, cycles)

11-4.1
A-11-4.1

Capacity of generating source
Location of generating source
Mounting of generating source
Master distribution panel location
Outlet Receptacle Information
Quantity

11-7
A-11-7

AMP/Volts

NEMA-Style Receptacle

______________

________________

________________________

______________

________________

________________________

______________

________________

________________________

Location

Type of Information

Section

Circuit Remote-Control Information

11-8.2

Circuit to be controlled

Switch Location

__________________________________________
__________________________________________
__________________________________________
120/240-Volt Lighting Information
Quantity
__________________

A-11-1
Location

Wattage/Bulb

____________________

____________________
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Type Mounting

__________________

____________________

____________________

__________________

____________________

____________________

Cord Reel Information

A-11-1

Location, amp, voltage, quantity, junction box, rewind system,
length of cord, and receptacle style

Winches
Is a winch required?

12-1

What is the single-line pull rating required?

12-2.1

What is the wire rope length required?

12-2.2

Is the power source for the winch to be electric or hydraulic?

Specify the winch location
Vehicle Protection System
Are brush rails required?

13-1

Is a grill guard required?

13-2

Are skid plates required?

13-3

What components are to be protected?

Testing
Where are the tests to be conducted?

What tests will the contractor be required to perform on delivery?

Where and when is the acceptance to occur?
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Appendix C Referenced Publications
C-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
C-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 11, Standard for Low-Expansion Foam, 1994 edition.
NFPA 70B, Recommended Practice for Electrical Equipment Maintenance, 1994 edition.
NFPA 298, Standard on Fire Fighting Foam Chemicals for Class A Fuels in Rural, Suburban,
and Vegetated Areas, 1994 edition.
NFPA 1903, Standard for Mobile Water Supply Fire Apparatus, 1991 edition.

NFPA 1911
1991 Edition
Standard for Service Tests of Pumps on Fire Department
Apparatus

Copyright © 1991 NFPA, All Rights Reserved
1991 Edition
This edition of NFPA 1911, Standard for Service Tests of Pumps on Fire Department
Apparatus, was prepared by the Technical Committee on Fire Department Equipment and acted
on by the National Fire Protection Association, Inc. at its Fall Meeting held November 12-14,
1990 in Miami, FL. It was issued by the Standards Council on January 11, 1991, with an
effective date of February 8, 1991, and supersedes all previous editions.
The 1991 edition of this document has been approved by the American National Standards
Institute.
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Origin and Development of NFPA 1911
The first edition of NFPA 1911 was issued in 1987 and was titled Acceptance and Service
Tests of Fire Department Pumping Apparatus. It incorporated much of the material formerly
included in the pamphlet Fire Department Pumper Tests and Fire Stream Tables, published by
the National Board of Fire Underwriters and later the Insurance Services Office. In 1981 all
publishing rights were transferred to the NFPA.
This 1991 edition deleted the requirements for acceptance tests of new apparatus from this
document as those requirements are now contained in the individual fire apparatus standards.
Material previously referenced from other documents was added to make this document
self-contained. The requirements were changed to include pumps of 250 gpm (950 L/min) and
larger rated at 150 psi (1035 kPa). Requirements were added for an engine speed test, a vacuum
test, a pressure control test, a check for the proper operation of the transfer valve, and a check for
the accuracy of the gauges and flow meters. The provision allowing testing from a hydrant or
other positive pressure source was deleted.
Technical Committee on Fire Department Equipment
Chief Howard L. McMillen, Chairman
City of Fort Worth Fire Dept.
Robert J. Barraclough, Vice Chairman
Span Instruments
Kenneth L. Koch, Secretary
Sutphen Corp.
William H. Barnes, Akron Brass Co.
Paul L. Blankenship, California Dept. of Forestry and Fire Protection
David R. Bouchard, Fire Consulting Assoc. Inc.
Jeffrey Bowman, Anaheim Fire Dept., CA
Bernard R. Burns, Pittsburgh Fire Dept.
Rep. IAFF
Patrick M. Ciangiola, Underwriters Laboratories Inc.
Samuel C. Cramer, Aluminum Ladder Co.
W. J. Darley, W. S. Darley & Co.
Rep. NTEA
William F. Foley, Orland Park, IL
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J. A. Foster, ISO Commercial Risk Services Inc.
Robert E. Gibson, Phoenix Fire Dept., AZ
Gary Handwerk, American Godiva, Inc.
George F. Hill, W. Paris Fire Dept., ME
Rep. NVFC
W. Kenneth Menke, Fire Service Research Inst.
John P. Morello, New York City Fire Dept.
Heinz E. Otte, Waterous Co.
Carl E. Punkay, Champaign Fire Dept., IL
A. K. Rosenhan, Mississippi State University
Roger A. Ruth, Nat’l Foam System Inc.
Rep. FAMA
Joseph P. Shovlin, Security Fire Protection Dist. Co.
Stephen L. Smith, Fairfax County Fire & Rescue Dept., VA
Terry M. Sutphen, University of Illinois
Rep. IFSI
Harry K. Tompkins, Pierce Mfg., Inc.
Alan D. Van Guilder, Reno Fire Dept., NV
Zane K. Webster, U.S. General Services Administration
Automotive Commodity Center (FCAE)
James T. Wooters, DeKalb County Fire Services
Rep. NFPA Forest & Rural Fire Protection Comm.
William von Zehle, Jr., Wilton Fire Dept., CT
Rep. IAFC
Alternates
Dennis N. Gage, ISO Commercial Risk Services, Inc.
(Alternate to J. A. Foster)
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Gary A. Mesaris, Fairfax County Fire & Rescue Dept., VA
(Alternate to S. L. Smith)
Richard B. Mills, Akron Brass Co.
(Alternate to W. H. Barnes)
Kevin M. Roche, Phoenix Fire Dept., AZ
(Alternate to R. E. Gibson)
Bradley J. Schmidt, Underwriters Laboratories Inc.
(Alternate to P. M. Ciangiola)
Herbert J. Scull, Grumman Emergency Products, Inc.
(Alternate to R. A. Ruth)
Charles C. Soros, Seattle Fire Dept.
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James T. Steffens, Southern Manatee Fire and Rescue District, FL
(Alternate to W. von Zehle, Jr.)
Nonvoting
David F. Thomas, W. St. Paul, MN
(Member Emeritus)
Carl E. Peterson, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.

NFPA 1911
Standard for
Service Tests of Pumps on
Fire Department Apparatus
1991 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 4 and Appendix D.

Chapter 1 Administration
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1-1 Scope.
This standard shall cover the service testing of fire pumps and attack pumps on fire department
automotive apparatus. It does not apply to apparatus equipped solely with pumps rated at less
than 250 gpm (950 L/min).
1-2 Purpose.
This standard establishes the site, environmental, and equipment requirements for proper
testing and the procedures to be followed in performing tests.
1-3* Application.
This standard applies to the conduct of in-service tests of fire pumps and attack pumps on fire
department apparatus to ensure that the pump continues to be capable of the performance for
which it was designed.
1-4 Definitions.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Attack Pump. A centrifugal water pump permanently mounted on the apparatus with a rated
capacity of 250 gpm (950 L/min) or more but less than 750 gpm (2850 L/min), at 150 psi (1035
kPa) net pump pressure and used for fire fighting.
Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or departmental official
may be the “authority having jurisdiction.”

Compound Gauge. A gauge reading pressure from 0 to maximum in lb per sq in. (psi) and
vacuum from 0 to 30 in. of mercury (Hg) (100 kPa).
Discharge Pressure. The pressure at the point of gauge attachment on the discharge manifold
of the fire pump or attack pump, as determined by the gauge when corrected for any gauge error.
Dynamic Suction Lift. The sum of the vertical lift and the friction and entrance loss due to the
flow through the suction strainers and hose, expressed in ft. Divide by 2.31 to get psi.
Fire Pump. A centrifugal water pump permanently mounted on the apparatus with a rated
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capacity of 750 gpm (2850 L/min) or more at 150 psi (1035 kPa) net pump pressure and used for
fire fighting.
Gallons. United States gallons.
GPM. Gallons per minute.
Intake Pressure. The pressure at the point of gauge attachment on the intake passageway of the
pump, as determined by the gauge, and corrected for any gauge error.
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Lift. The height that water must be raised during a drafting operation, as measured from the
surface of a static source of water to the centerline of the pump.
Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The “authority having
jurisdiction” should utilize the system employed by the listing organization to identify a listed product.

Negative Pressure. Pressure less than atmospheric pressure.
Net Pump Pressure.* The sum of the discharge pressure and the dynamic suction lift converted
to psi when pumping at draft, or the difference between the discharge pressure and the intake
pressure when pumping from a hydrant or other source of water under positive pressure.
PSI. Pounds pressure per square inch.
PSIG. Gauge pressure in pounds per square inch (pressure above atmospheric pressure).
Service Tests. Tests made after a fire pump or an attack pump has been put into service to
determine if its performance is still acceptable.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Suction Pressure. See Intake Pressure.
Vacuum. The reduction in atmospheric pressure inside a pump or suction hose. Vacuum is
typically expressed in inches of mercury.
Vertical Lift. The vertical distance from the surface of the water to the center of the pump
intake.
1-5 Units.
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Metric units of measurement in this standard are in accordance with the modernized metric
system known as the International System of Units (SI). The unit “liter” is outside of but
recognized by SI and is commonly used in international fire protection. In this standard, values
for measurement are followed by an equivalent in SI units, but only the first stated value shall be
considered as the requirement, as the value in SI units may be approximate. Table 1-5 shows the
actual conversion factors that can be used where SI units are not shown in the text or where more
precision is desired.
Table 1-5
1 ft = 0.3048 meters (m)
1 in. = 25.4 millimeters (mm)
1 sq in.= 645.2 sq millimeters (sq mm)
1 gal = 3.785 liters (L)
1 in. of mercury (Hg) = 3.386 kilopascals (kPa)
1 in. of mercury (Hg) = .0340 bar
1 psi = 6.895 kilopascals (kPa)
1 psi = .0690 bar
1 gal per min = 3.785 liters per min (L/min)
1 gal per min = 0.833 imperial gal per min

Chapter 2 Equipment and Site Requirements
2-1* Test Site.
The test site shall be adjacent to a supply of clear water at least 4 ft (1.2 m) deep, with the
water level not more than 10 ft (3 m) below the center of the pump intake and close enough to
allow the suction strainer to be submerged at least 2 ft (0.6 m) below the surface of the water
when connected to the pump by 20 ft (6 m) of suction hose.
2-2* Environmental Conditions.
Pump tests shall be performed when conditions are as follows:
Air temperature:

0° to 100°F (–18° to 38°C)

Water temperature:

35° to 90°F (2° to 32°C)

Barometric pressure:

(corrected to sea level)
29 in. Hg (98.2 kPa), minimum
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2-3 Equipment.
2-3.1 Suction Hose and Strainer.
When testing a pump, 20 ft (6.1 m) of suction hose of the appropriate size for the rated
capacity of the pump as shown in Table 2-3.1(a) shall be used. A suction strainer that will allow
flow with total friction and entrance loss not greater than specified in Table 2-3.1(b) shall be
furnished.
Table 2-3.1(a)
Suction
Hose Size
(in.)

No. of
Suction Lines

Maximum
Lift
(ft)

250 - 300

3

1

10

350 - 500

4

1

10

600 - 750

4 1/2

1

10

1000

5

1

10

1250

6

1

10

1500

6

1 or 2

10

1750

6

2

8

2000 - 2500

6

2

6

Rated Capacity
(gpm)

2-3.2* Discharge Hose.
Sufficient fire hose shall be provided to allow discharge of rated capacity to the nozzles or
other flow-measuring equipment without exceeding a flow velocity of 35 ft per sec (10.7 m/sec)
(approximately 500 gpm for 21/2-in. hose).
2-3.3 Flow-Measuring Equipment.
2-3.3.1* Nozzles. Where nozzles are used for flow measurements, they shall be smoothbore and
of a size sufficient for the anticipated flows. Pitot tubes of a type approved by the authority
having jurisdiction shall be used to measure the flow. (See Appendix B, Tables B-1(a), (b), (c),
and (d), for information on determination of flow rates with nozzles.)
2-3.3.2 Other Flow-Measuring Equipment. Other equipment, such as flow meters, volumetric
tanks, or weigh tanks, may be used for measuring the flow if approved by the authority having
jurisdiction.
2-3.4 Pressure-Measuring Equipment.
2-3.4.1* Intake and discharge pressure gauges used for testing shall be designed to ANSI B40.1,
Gauges—Pressure Indicating Dial Type—Elastic Element, Grade A, and shall be at least size
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31/2 per ANSI B40.1, Figure 6. The intake gauge shall have a range of 0 to 30 in. Hg vacuum (0
to -100 kPa). The discharge gauge shall have a range of 0 to 400 psig (0 to 2500 kPa). The intake
gauge may consist of a mercury manometer.
2-3.4.2 Pitot gauges used for testing shall be designed to ANSI B40.1, Gauges—Pressure
Indicating Dial Type—Elastic Element, Grade A, and shall be at least size 21/2 per ANSI B40.1,
Figure 6, with a range sufficient to have the anticipated pressures within the middle third of the
dial (see A-2-3.4.1).
Table 2-3.1(b) Friction and Entrance Loss in 20 ft (6 m) of Suction Hose, Including
Strainer
Suction Hose Size (Inside Diameter)
31/2 in.

3 in.
Flow
Rate gpm

ft
water

in.
Hg

250

5.2 (1.2)

4.6

175

2.6 (0.6)

2.3

125

1.4 (0.3)

1.2

300

7.5 (1.7)

210
150

41/2 in.

4 in.

ft
water

in.
Hg

6.6

3.5 (0.8)

3.1

3.8 (0.8)

3.4

1.8 (0.4)

1.6

1.9 (0.4)

1.7

0.9 (0.2)

0.8

350

4.8 (1.1)

245
175

ft
water

5 in.

ft
water

in Hg

4.2

2.5 (0.7)

2.1

2.4 (0.5)

2.1

1.2 (0.3)

1.1

1.2 (0.3)

1.1

0.7 (0.1)

0.6

450

4.1 (1.0)

3.6

2.7 (0.4)

2.6

315

2.0 (0.5)

1.8

1.2 (0.2)

1.1

225

1.0 (0.2)

0.9

0.6 (0.1)

0.5

500

5.0 (1.3)

4.4

3.6 (0.8)

3.2

350

2.5 (0.7)

2.1

1.8 (0.4)

1.6

250

1.3 (0.4)

1.1

0.9 (0.3)

0.8

600

7.2 (1.8)

6.4

5.3 (1.0)

4.7

3.1 (0.6)

2.7

420

3.5 (1.0)

3.1

2.5 (0.5)

2.2

1.6 (0.3)

1.4

300

1.8 (0.4)

1.6

1.3 (0.2)

1.0

0.6 (0.1)

0.5

700

9.7 (2.7)

8.6

7.3 (1.3)

6.4

4.3 (0.8)

3.8

490

4.9 (1.1)

4.3

3.5 (0.7)

3.1

2.0 (0.4)

1.8
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in
Hg

ft
water

6 in.
in. Hg

ft
water

2-4
in. Hg

ft
water

350

2.5 (0.7)

2.2

1.6 (0.3)

1.4

0.9 (0.2)

0.8

750

11.4 (2.9)

9.8

8.0 (1.6)

7.1

4.7 (0.9)

4.2

1.9 (0.4)

1.7

525

5.5 (1.5)

4.9

3.9 (0.8)

3.4

2.3 (0.5)

2.0

0.9 (0.2)

0.8

375

2.8 (0.7)

2.5

2.0 (0.4)

1.8

1.2 (0.2)

1.1

0.5 (0.1)

0.5

1000

14.5 (2.8)

12.5

8.4 (1.6)

7.4

3.4 (0.6)

3.0

700

7.0 (1.4)

6.2

4.1 (0.8)

3.7

1.7 (0.3)

1.5

500

3.6 (0.8)

3.2

2.1 (0.4)

1.9

0.9 (0.2)

0.8

1250

13.0 (2.4)

11.5

5.2 (0.9)

4.7

5.5 (1.2

875

6.5 (1.2)

5.7

2.6 (0.5)

2.3

2.8 (0.7

625

3.3 (0.7)

2.9

1.3 (0.3)

1.1

1.4 (0.3

7.6 (1.4)

6.7

8.0 (1.6

1500

1050

3.7 (0.7) 3.3 3.9 (0.8

750

1.9 (0.4) 1.7 2.0 (0.4

1750

10.4 (1.8) 9.3 11.0 (2.

1225

5.0 (0.9) 4.6 5.3 (1.1

875

2.6 (0.5) 2.3 2.8 (0.6

2000

14.5 (2.

1400

7.0 (1.4

1000

3.6 (0.8

2250
1575
1125
2500
1750
1250

NOTE: Figures in parentheses indicate increment to be added or subtracted for each 10 ft of hose less than
or greater than 20 ft.

2-3.4.3 All gauges shall have been calibrated within the week preceding the tests. Calibrating
equipment shall consist of a dead weight gauge tester or a master gauge meeting ANSI B40.1,
Copyright 1996 NFPA

Gauges—Pressure Indicating Dial Type—Elastic Element, Grade 3A or 4A, that has been
calibrated by its manufacturer within the preceding year.
2-3.4.4 All gauge connections to the pump shall include “snubbing” means, such as a needle
valve, that can be used to damp out rapid gauge needle movements unless the gauges are liquid
filled.
2-3.5
Speed-measuring equipment shall consist of either a tachometer, measuring revolutions per
minute, or a revolution counter and stopwatch used on a checking shaft outlet. When a
tachometer is used, it shall be of a type approved by the authority having jurisdiction. When a
revolution counter and stopwatch are used, the stopwatch shall be equipped with a full sweep
second hand or shall be of a digital reading type.
2-3.6
Where tests are performed inside a structure or anywhere having limited air circulation, carbon
monoxide monitoring equipment shall be used. Such equipment shall be checked and calibrated
regularly and shall include a suitable warning device.
Chapter 3 Service Tests
3-1* Frequency.
Service tests shall be conducted at least annually and whenever major repairs or modifications
to the pump or any component of the apparatus that is used in pump operations have been made.
3-2 Conditions for Test.
3-2.1
Service tests shall be conducted at a site meeting the conditions outlined in Section 2-1 and
when the environmental conditions are as defined in Section 2-2. All tests requiring the flowing
of water shall be conducted with the pump drafting. If it is impractical to provide all specified
conditions, the authority having jurisdiction may authorize tests under other conditions.
3-2.2
Engine driven accessories shall not be functionally disconnected or otherwise rendered
inoperative during the tests. If the chassis engine drives the pump, all headlights, running lights,
warning lights, and air conditioner(s), if provided, shall be operating during the pumping portion
of this test.
3-3 Procedure.
3-3.1 Engine Speed Check.
A check of the no load governed engine speed shall be made. If the engine speed does not
equal the no load governed engine speed at the time the apparatus was new, the reason for the
discrepancy shall be determined and corrected prior to starting any testing.
3-3.2 Vacuum Test.
A vacuum test shall be conducted on the pump. With all intakes capped and all discharge
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valves closed and uncapped, a vacuum of at least 22 in. Hg (74.5 kPa) shall be developed using
the pump priming device. The vacuum shall not drop more than 10 in. Hg (33.9 kPa) in 5 min.
The pump priming device shall not be operated once the 5-min test has begun.
3-3.2.1 The maximum vacuum attained may be reduced by 1 in. Hg (3.4 kPa) for each 1000 ft
(305 m) of elevation of the test site above 1000 ft (305 m).
3-3.3* Pumping Test.
The pump shall be subjected to a pumping test of at least 40 min duration, consisting of at least
20 min pumping rated capacity at 150 psi (1035 kPa) net pump pressure, at least 10 min
pumping 70 percent of rated capacity at 200 psi (1380 kPa) net pump pressure, and at least 10
min pumping 50 percent of rated capacity at 250 psi (1725 kPa) net pump pressure. The pump
shall not be stopped except when discharges are closed to permit changing hose or nozzle.
3-3.3.1* If the pump is a two-stage parallel/series type pump, the test at 100 percent of capacity
shall be run with the pump in parallel mode, the test at 70 percent of capacity may be run with
the pump in either series or parallel mode, and the 50 percent of capacity test shall be run with
the pump in series mode.
3-3.4* Pressure Control Test.
The pressure control device on the pump shall be tested as follows.
(a) The pump shall be operated at draft, delivering rated capacity at 150 psig (1035 kPag)
discharge pressure. The pressure control device shall be set in accordance with the
manufacturer’s instructions to maintain the discharge at 150 psig (1035 kPag). All discharge
valves shall be closed no more rapidly than in 3 sec time and no more slowly than in 10 sec time.
The rise in discharge pressure shall not exceed 30 psi (207 kPa).
(b) The original conditions of pumping rated capacity at 150 psig (1035 kPag) discharge
pressure shall be reestablished. The discharge pressure shall be reduced to 90 psig (620 kPag) by
throttling the engine fuel supply, with no change to the discharge valve setting, hose, or nozzles.
The pressure control device shall be set in accordance with the manufacturer’s instructions to
maintain the discharge at 90 psig (620 kPag). All discharge valves shall be closed no more
rapidly than in 3 sec time and no more slowly than in 10 sec time. The rise in discharge pressure
shall not exceed 30 psi (207 kPa).
(c) The pump shall be operated at draft, delivering 50 percent of rated capacity at 250 psig
(1725 kPag) discharge pressure. The pressure control device shall be set in accordance with the
manufacturer’s instructions to maintain the discharge at 250 psig (1725 kPag). All discharge
valves shall be closed no more rapidly than in 3 sec time and no more slowly than in 10 sec time.
The rise in discharge pressure shall not exceed 30 psi (207 kPa).
3-3.5* Gauge and Flow Meter Test.
Each water pressure gauge or flow meter shall be checked for accuracy. Pressure gauges shall
be checked at at least 3 points including 150 psi (1035 kPa), 200 psi (1380 kPa), and 250 psi
(1725 kPa). Any gauge that reads off by more than 10 psi (69 kPa) shall be recalibrated,
repaired, or replaced. Flow meters shall be tested at the test flows shown in Table 3-3.5. Any
meter that reads off by more than 10 percent shall be recalibrated or repaired.
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Table 3-3.5 Flow Measuring Points for Flow Meters
Pipe size
in.

mm

Test Flow
gpm

11/2

38

120

454

2

51

180

682

21/2

65

300

1135

3

76

700

2650

4

100

1000

3785

L/min

3-3.6* Other Tests.
Other tests shall be conducted at the direction of the authority having jurisdiction.
3-4* Test Results.
3-4.1*
The ambient air temperature, water temperature, vertical lift, elevation of test site, and
atmospheric pressure (corrected to sea level) shall be determined and recorded prior to the pump
test. Any significant changes in these conditions during the test should be noted on the test
record.
3-4.2*
The engine, pump, transmission, and all parts of the apparatus shall exhibit no undue heating,
loss of power, overspeed, or other defect during the entire test. The average flow rate, discharge
pressure, intake pressure, and engine speed shall be calculated and recorded at the end of each
phase of the pumping test and the records placed on file.
3-4.3
Results of other tests shall be satisfactory to the authority having jurisdiction and shall be
recorded and placed on file.
3-4.4
Data submitted at the time of the delivery test and all results of service tests shall be
maintained in a permanent file so that the condition of the pump can be compared over years of
operation.
Chapter 4 Referenced Publications
4-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
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4-1.1 ANSI Publication.
American National Standards Institute, 1403 Broadway, New York, NY 10018.
ANSI B40.1-1985, Gauges—Pressure Indicating Dial Type—Elastic Element
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-3
Investigation has shown that where regular and systematic tests of pumps are not made,
defects often exist and may continue undetected for considerable periods under the light
demands at ordinary fires and only become apparent at a large fire where the pump is called on
to perform at or near rated capacity. Furthermore, regular tests are valuable training for pump
operators in operating pumps at draft. The breakdown of a pump at a fire or the inability of the
crew to operate it properly may cause needless loss of life and property.
Environmental concerns and other considerations or circumstances (such as water shortages)
should not relieve a fire department from the requirements set forth herein. Where such
circumstances make it difficult to comply, alternative means for complying should be found (i.e.,
drafting pits, etc.)
A-1-4 Net Pump Pressure.
When operating from a hydrant the net pump pressure is typically less than the discharge
pressure. For example, if the discharge pressure gauge reads 150 psi and the intake (suction)
gauge reads 20 psi, the net pump pressure equals 130 psi. When operating from draft, the net
pump pressure will be above the discharge pressure. For example, if the discharge pressure
gauge is reading 145 psi and the intake (suction) gauge is reading 10 in. of mercury (Hg), the net
pump pressure will be 150 psi (1 in. Hg = .5 psi).
A-2-1
Apparatus should be tested at draft and the vertical lift, i.e., the vertical distance from the
surface of the water to the center of the pump intake, should not be more than 10 ft (3 m). It is
important that a proper site be selected for the testing.
The site should, if possible, be located along an improved roadway or on solid ground where
the water is from 4 to 8 ft (1.2 to 2.4 m) below the grade. It should be possible to reach the water
from the pump intake with not more than 20 ft (6 m) of hard suction hose with the strainer
submerged at least 2 ft (.6 m) and with no humps in the hose. The water should be at least 4 ft
(1.2 m) deep where the strainer is located to provide clearance below the strainer and sufficient
depth above it. If drafting from shallow water is necessary, a special basket or container should
be used to prevent the action of the water moving into the hose from drawing in particles from
the stream bed. Clean fresh water is desirable, but where salt water is drafted, the pump, piping,
fittings, and pressure regulating governors should be thoroughly flushed out after testing.
The apparatus should be parked as close as possible to the water’s edge. It is usually more
convenient to have the pump control panel side away from the water. Front or rear intakes
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should be avoided, as the piping between the pump and inlet is usually more restrictive than the
side intakes.
The size of the suction hose to be used will depend on the altitude and the lift, as well as the
rated capacity of the pump to be tested. Chafing pads should be provided to prevent injury to the
suction hose when the hose is in contact with sharp edges of docks, manholes, walls, and rocks.
A-2-2
If conditions are not within the limits specified, the test should be delayed until they are
satisfactory, or the tests performed and the results confirmed by another test at a later date. It is
particularly important that the water supply be nonaerated and not over 90°F (32°C). Otherwise
the pump performance may be affected seriously.
A-2-3.2
The discharge hose layout consists of 21/2-in. (65-mm) or larger hose lines to one or more
smoothbore nozzles of suitable size. The hose performs two functions: carrying the water from
the pump to the nozzle and providing enough total friction loss to reduce the pressure from the
pump discharge pressure required to the nozzle pressure desired. If only a relatively short length
of hose is required to perform the first function, the second function can be performed by
increasing friction loss through partially closing the discharge valves on the apparatus.
Discharge hose lines should be securely fastened to the pump outlets to avoid injury to
personnel should the hose come loose from the coupling during the test. In most cases a rope
hose tool is adequate for this purpose.
The size of nozzle used is usually chosen to give the desired discharge at a nozzle pressure
between 60 and 70 psi (414 and 483 kPa). This pressure is neither so high that the pitot is
difficult to handle in the stream nor so low that the normal inaccuracies of a gauge used at low
pressure would come into play. Nozzle (pitot) pressures less than 50 psi (345 kPa) or higher than
100 psi (690 kPa) should be avoided. The nozzle should always be securely tied; never allow a
test to be made while depending on any person(s) to hold the nozzle. Failure to abide by this
precaution has caused serious injuries.
For the protection of the operator, wherever possible, the 250-psi (1725-kPa) test should be
conducted using the pump discharge outlets on the opposite side of the apparatus from the pump
control panel.
Table A-2-3.2 shows suggested hose and nozzle layouts using 21/2-in. (65-mm) hose. Where
two or more lines are indicated for use with one nozzle, they are to be siamesed into a heavy
stream appliance. The hose used should be attack hose as defined by NFPA 1961, Standard for
Fire Hose, and should have been recently tested in accordance with NFPA 1962, Standard for
the Care, Use, and Maintenance of Fire Hose Including Couplings and Nozzles. Other layouts
with combinations of hose and nozzles are not intended to be precluded from use by these
suggested layouts.
Table A-2-3.2 Hose and Nozzle Layout Suggestions

Discharge

Copyright 1996 NFPA

gpm
2500

Three 100-ft lines into 21/4-in. nozzle, in duplicate

2250

Three 100-ft lines into 21/4-in. nozzle, in duplicate

2000

Two 100-ft lines into 2-in. nozzle, in duplicate

1750

Two 100-ft lines into 2-in. nozzle, in duplicate

1500

Three 100-ft lines into 2-in. nozzle and one 50-ft line into 13/8-in. or 11/2-in. nozzle

1250

Three 100-ft lines and one 50-ft line into 2 1/4-in. nozzle; or two 100-ft lines, into 1 3/4-in. nozzle and one 50-ft
line into 11/2-in. nozzle

1000

Two or three 100-ft lines into 2-in. nozzle

600-750

Two 100-ft lines into 11/2-in. or 13/4-in. nozzle

400-500

One 50-ft line into 13/8-in. or 11/2-in. nozzle

250-350

One 50-ft line into 11/8-in. or 11/4-in. nozzle

A-2-3.3.1 Nozzles suitable for testing usually may be found in the regular equipment of a fire
department. However, the actual coefficient of discharge of each nozzle should be known;
otherwise, test results may be erroneous. The actual coefficient of discharge must be determined
by tests conducted by competent persons using equipment such as weigh tanks or calibrated flow
meters. Nozzles should be used with portable or mounted monitors. Hand held nozzles should
not be used.
Only smoothbore nozzles should be used. Care should be taken that washers or gaskets do not
protrude into the nozzle because a perfectly smooth waterway is essential. Nozzle tips from
3/ -in. (19-mm) to 21/ -in. (57-mm) inside diameter are desirable for use during various capacity
4
4
and pressure tests. They should be free of nicks and scratches to ensure a smooth stream. Tips
should be measured, preferably after being attached and ready for the test, to ensure that there is
no mistake about the size of the tip used.
A pitot tube with air chamber and pressure gauge is necessary for determining the velocity
pressure of the water at the nozzle. The pitot tube may be of several suitable types; the type
shown in Figure A-2-3.3.1(a) may be readily constructed. It should be connected by brass or
other nonferrous metal pipe fittings to an air chamber and pressure gauge as shown in Figure
A-2-3.3.1(b). A typical commercially available style is shown in Figure A-2-3.3.1(c). The pitot
tube should be kept free of dirt and the air chamber free of water. Any water that accumulates in
the air chamber should be removed after each test. The knife edges, indicated in Figure
A-2-3.3.1(a), will get battered in service and must be kept sharp to reduce as much spray as
possible caused by inserting the pitot into the stream.
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To ensure accurate and consistent readings, pitot tubes should be fixed in the proper position.
A mechanical device may be desirable to hold the pitot tube rather than holding it by hand [see
Figure A-2-3.3.1(d)]. The proper position is in the center of the stream with the end of the tube a
distance equal to half of the nozzle diameter away from the end of the nozzle.

Figure A-2-3.3.1(a) Nozzle stream pitot tube.
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Figure A-2-3.3.1(b) Pitot tube assembly.
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Figure A-2-3.3.1(c) Commercial pitot tube.
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Figure A-2-3.3.1(d) Pitot tube attached to nozzle.

A-2-3.4.1 It is important that gauges be sufficiently accurate to ensure that test results are
reliable. Grade A gauges per ANSI B40.1 must be accurate within 2 percent of the span over the
entire scale and within 1 percent over the middle half of the scale. This means that a 0-400 psi
(0-2750 kPa) gauge will be accurate within 4 psi (28 kPa) from 100 to 300 psi (690-2070 kPa).
Grade 3A or 4A gauges, which are used for calibrating other gauges, must be accurate within
0.25 percent or 0.10 percent, respectively, over the entire span.
While 0-400 psi (0-2750 kPa) is not a preferred range per ANSI B40.1, such gauges are readily
available. Graduation increments should be no greater than twice the allowable error in the
middle of the scale (8 psi maximum on a 0-400 psi Grade A gauge or 28 kPa maximum on a
0-2750 kPa Grade A gauge), and smaller increments are recommended. Many variations and
special constructions are available, and gauge manufacturers may be contacted for their
recommendations.
A-3-1
Major repair does not necessarily refer to the length of time that a repair takes but rather
whether or not a repair affects a major component of the pump assembly so as to require
assurance after the repair that the pump is still operating properly.
A-3-3.3
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The test should not be officially started until the pump pressure and the discharge quantity are
satisfactory. Readings should be taken on the pitot gauge with sufficient frequency to obtain a
good average. If the pressure varies, readings need to be taken with greater frequency than if the
pressure holds steady.
A-3-3.3.1 If the pump is a two-stage (series/parallel) unit, operation of the transfer (change-over)
valve should be checked thoroughly. Conducting the pumping test with the transfer valve
positioned as specified in 3-3.3.1 will ensure the valve is exercised. If a comparison with the
original engine speeds shows a significant difference for any of the test, one of the problems
could be with the transfer valve.
A-3-3.4
Closing all discharges in less than 3 sec may cause instantaneous pressure rises that the
pressure control device may not be able to respond to rapidly enough to avoid damage to the
pumping system. Taking more than 10 sec to close the discharges is not a reasonable test of the
pressure control device response capability. Controlling closure of the discharges may be done
manually or otherwise.
A-3-3.5
Pressure gauges can be quickly checked against the test gauges for accuracy. Individual
discharge lines with gauges should be capped and the discharge valve opened slightly. The test
gauge, the master discharge gauge, and the discharge gauges should all read the same.
Flow meters need to be checked individually using a hose stream with a smoothbore tip and a
pitot tube to measure the actual flow.
A-3-3.6
If the apparatus is equipped with a water tank, the tank-to-pump flow rate also should be
checked. A procedure for testing the water tank-to-pump flow rate is as follows:
(a) The water tank should be filled until it overflows.
(b) All intakes to the pump should be closed.
(c) The tank fill line and/or the by-pass cooling line should be closed.
(d) Hose lines and nozzles suitable for discharging water at the manufacturer’s designated flow
rate should be connected to one or more of the discharge outlets.
(e) The tank-to-pump valve and the discharge valve(s) leading to the hose lines and nozzles
should be fully opened.
(f) The engine throttle should be adjusted until the maximum consistent pressure reading on
the discharge pressure gauge is obtained.
(g) The discharge valve(s) should be closed and the tank refilled. The by-pass line may be
opened temporarily if needed to keep the water temperature in the pump within acceptable limits.
(h) The discharge valves should be reopened fully and a pitot reading or other flow
measurement taken while the water is being discharged. If necessary the engine throttle should
be adjusted to maintain the discharge pressure noted in (f).
(i) The flow rate should be compared with the rate designated by the manufacturer when the
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apparatus was new. Rates less than the rate when the apparatus was new indicate problems in the
tank-to-pump line or tank sump.
A-3-4
Some test data forms for recording the test readings and other necessary data should be
provided. Figure A-3-4 is an example of a suitable form. The use of such a form will help to
ensure that all needed data are obtained.
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Figure A-3-4 Service test results.

A-3-4.1
Other data that should be obtained are indicated on the test form. The layout of the hose and
nozzle and data about the pump and engine should be recorded.
A-3-4.2
When a pump is operating at or near full engine power while stationary, the heat generated
may raise the temperature of certain chassis and/or pumping system components above the level
that can be touched without extreme discomfort or injury; however, as long as the apparatus can
be operated and used satisfactorily for the required duration of the test under such conditions,
and the engine coolant temperature is within normal range, it should be considered acceptable.
Appendix B Conducting Pumping Tests
Test Parameters
At the start of the test, attention should be paid to the ease with which the pump can develop a
vacuum (take suction). Before starting to prime the pump, close all discharge, drain, and booster
tank valves and petcocks; make sure that the gaskets in the suction hose are in place and free of
foreign matter; and tighten all intake caps and couplings.
Start the priming mechanism, noting the starting time and the time after prime is obtained. The
priming device should be able to create the necessary vacuum (take suction) through 20 ft (6 m)
of suction hose of the appropriate size and with up to 10 ft (3 m) of lift in 30 to 45 sec,
depending upon the rated capacity of the pump. Operate the controls as necessary to develop
pressure, and then open one discharge valve to permit the flow of water.
In testing a pump there are three variable factors, interrelated in that a change in one factor
will always produce a change in at least one of the others. The three variables are pump speed,
net pump pressure, and pump discharge rate. For example, an increase in speed of the pump will
increase the discharge or the pressure or both. Adjustments of variables through changing the
position of the engine throttle (modifies pump speed), changing the hose layout or discharge
valve positions (modifies pump pressure), or changing the nozzle size (modifies discharge) are
the only ways to reach the standard test condition desired.
The pump should be operated at reduced capacity and pressure for several minutes to allow the
engine and transmission to warm up. The pump speed is gradually increased until the desired
pressure at the pump is reached. If the desired pressure is not attained, a length or two of hose
may have to be added, a smaller nozzle used, or a discharge valve throttled. When the desired
pressure is obtained at the pump, the pitot should be read to see if the required amount of water
is being delivered.
If the discharge is not as great as desired and it is believed that the pump will deliver a greater
quantity of water, the discharge may be increased by further speeding up the pump, but if
speeding up the pump increases the pump pressure more than 5 or 10 psi (34 or 68 kPa), a length
of hose should be taken out, a discharge valve opened slightly, or a larger nozzle used.
A speed reading should be taken at frequent intervals, corresponding to the time the pressure
readings were taken. Counting the revolutions for one minute generally gives readings of
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sufficient accuracy.
When using a stopwatch, the best and most accurate method is to leave the stopwatch running
at all times, engaging the revolution counter at a chosen instant and disengaging when the hand
of the stopwatch passes the same point on the dial one minute later.
After the engine has warmed up, there should be little change in the engine speed. It should be
realized that any change in engine speed must, of necessity, produce a corresponding change in
pump discharge pressure and hence in pitot reading and that other things being equal, any change
in pitot reading indicates a change in engine speed. A change in pump speed will also cause a
change in discharge pressure so that whenever pump speed, discharge pressure, and pitot
readings do not show corresponding changes, it is safe to say that some reading is in error or
some condition has arisen that affects the readings and needs correction. Engine speeds can be
changed by working the hand throttle at the operator’s position.
Automatic relief valves or pressure regulators controlling the speed of the pump should be
disengaged during the test.
It is common but faulty practice to read a pressure gauge at the highest point in the swing of its
needle; the center of the needle swing should always be read, as this is the average pressure. A
needle valve in the line to the gauge (a “snubber”) may be throttled to prevent excessive
vibration, but if throttled too much the gauge pointer will no longer indicate the pressure
correctly; never attempt to eliminate all of the pointer movements. Any leaks in the line to the
test gauge will result in an incorrect gauge reading.
Special care should be taken in reading the pitot pressure; the pitot tube should be held in the
center of the stream with the tip about half the nozzle diameter away from the end of the nozzle.
If the pitot is brought closer to the nozzle, the reading will be erroneously increased.
Short lines of hose are always more convenient for a test layout than long ones. It is generally
better to use a single line of 100 ft (305 m) for the pressure tests and restrict the discharge at the
pump discharge valve enough to increase the friction loss so that the desired discharge pressure
will be obtained. By closely watching the pitot reading, the valve can be gradually closed as the
engine speed is increased until the discharge pressure and pitot pressure readings are both as
desired. Care should be taken to make sure that the valve does not jar either open or closed as, in
either case, both the capacity and discharge pressure will be affected.
When operating a pump it is important that the engine temperature be kept within the proper
range; neither a cold engine nor an excessively hot engine will give as good service as one run at
the proper temperature.
The oil pressure on the engine should be watched to see that the engine is being properly
lubricated. The transmission gears should be watched for overheating. Any unusual vibration of
the engine or the pump or any leak in the pump casing or connections should be noted and taken
care of. Centrifugal pumps are not self-priming and could lose their prime if there was a leak in
the suction line.
Other defects in the performance of the engine or the pump should be recorded. Minor defects
should be corrected immediately if possible.
Trouble Shooting
Most tests are conducted without incident. Nevertheless, trouble does develop during some
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tests, and an effort should be made to locate the source of trouble while the apparatus remains at
the test site. Some difficulties that may be experienced, and suggestions on how to trace and
correct them, are discussed in the following paragraphs.
Failure to prime a centrifugal pump is a frequent source of trouble, and the usual cause is an
air leak in the suction hose or pump. One way to trace this trouble is to remove all discharge
hose lines, cap all discharge openings and the suction hose, and operate the priming mechanism
in accordance with the manufacturer’s recommendations. Study the intake gauge to determine
maximum vacuum developed, which should be at least 22 in. (560 mm) of mercury at altitudes
of less than 1000 ft (305 m). Stop the primer. If the vacuum drops 10 or more in. (254 mm) in
less than 5 min, there is a leak in the suction hose or pump assembly; it may be in a valve, drain
cock, piping, casing, or pump packing. The leakage may be located by listening for air
movement. Another method is to connect the pump to a convenient hydrant, cap the pump
discharge outlets, open the hydrant, and watch for water leaks. A leak can usually be corrected at
the test site.
Two possible causes for failure of the pump to deliver the desired capacity and/or pressure are
insufficient power and restrictions in the suction arrangement. Insufficient power is indicated by
the inability of the engine to reach the required speed for the desired pumping condition. The
operator may have failed to advance the throttle far enough, may be using the wrong
transmission gear position, the engine may be in need of a tune-up, the grade of fuel may be
improper for adequate combustion, or there may be vaporization in the fuel line.
Restriction in the suction arrangement is indicated if the pump speed is too high for the
capacity and pressure levels attained and may be the result of any one or combination of the
following conditions: suction hose too small, high altitude, suction lift too high, improper type of
strainer, clogged suction strainer at the pump or at the end of the suction hose, aerated water,
water too warm (over 90°F or 32°C), collapsed or defective suction hose, or foreign material in
pump. An air leak in the suction hose connections or the pump intake manifold will also result in
excessive pump speed and eventually may cause loss of prime and complete cessation of flow.
Insufficient pressure when operating a centrifugal pump may be the result of pumping too
much water for the power available and, in multistage pumps, pumping in “volume” position
instead of required “pressure” position. This can be checked by partially closing off all discharge
valves until only a small flow is observed and then opening the throttle until the desired pressure
is reached, followed by slowly opening discharge valves and increasing engine speed as
necessary to maintain pressure until the desired capacity is obtained. An improperly adjusted or
inoperative transfer valve may prevent building up of adequate pressure. Likewise, the automatic
pressure control may be set too low or be defective.
Excessive engine speed may be the result of operating the apparatus with the wrong
transmission gear in use, stuck throttle control cable, restrictions in the suction arrangement, not
having the suction hose under a sufficient depth of water, or an air leak on the intake side of the
pump. Of course, it may be the result of pump wear, in which case repairs must be made and
another test performed subsequently.
A slip of the revolution counter or its fitting will show an apparently decreased speed, and
frequent checks should be made with the apparatus tachometer to verify a change in speed. A
clogged pitot tube will cause a drop in the gauge reading.

Copyright 1996 NFPA

Calculating the Results
If nozzles and pitot tubes have been used to measure pump capacity, the values of capacity are
determined by the following formula:

where d= diameter of nozzle in inches
p = pressure of pitot gauge, psi
c = coefficient of discharge of the nozzle used.
The pitot pressure should be the average of several readings and corrected for gauge error.
For nozzles sized from 1/4 in. (6.3 mm) to 21/4 in. (57 mm), values of capacity may be
approximated from Tables B-1 (a), (b), (c), and (d); however, as these values are based on
certain assumed coefficients of discharge, they may be considerably at variance with the actual
values. For nozzles larger than 21/4 in. (57 mm), approximate values of capacity may be obtained
from Table B-4.
Lift
The lift is the difference in elevation between the water level and the center of the pump intake
when an apparatus is drafting water. The maximum lift is the greatest difference in elevation at
which the apparatus can draft the required quantity of water under the established physical
characteristics of operation; these include the design of the pump, the adequacy of the engine,
the condition of pump and engine, the size and condition of suction hose and strainers, the
elevation of the pumping site above sea level, atmospheric pressure, and temperature of the
water. The theoretical values of lift and maximum lift must be reduced by the entrance and
friction losses in the suction hose equipment to obtain the actual or measurable lift.
The vacuum, or negative pressure, on the intake side of a pump is measured in inches of
mercury, usually written as in. Hg or "Hg (Hg is the chemical symbol for mercury). A vacuum of
one in. of mercury is equal to a negative pressure of 0.49 lb per sq in.; or 1 in. Hg = 0.49 psi. A
positive pressure of 0.49 psi at the bottom of a 1-sq in. container will support a column of water
1.13 ft high; therefore, a negative pressure of 0.49 psi at the top of the container will support the
same column of water. This means 1 in. Hg = 0.49 psi = 1.13 ft of water head.
Table B-1(a) Discharge Table for Smooth Nozzles
Nozzle Pressure Measured by Pitot Gauge
Nozzle
Pressure
in
psi

Nozzle diam. in inches.
1/

4

5/

3/

16
gpm

8

Nozzle
7/

16

Pressure
in
psi
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Nozzle diam. in inches.
1/

4

5/

3/

16
gpm

8

7/

16

5

4

6

9

13

60

14

22

31

43

6

4

6

10

14

62

14

22

32

44

7

4

7

11

15

64

14

22

32

45

8

5

7

11

16

66

14

23

33

46

9

5

8

12

17

68

14

23

33

46

10

6

9

13

18

70

15

24

34

47

12

6

10

15

19

72

15

24

34

48

14

7

11

15

21

74

15

24

35

48

16

7

12

16

22

76

15

24

35

49

18

7

12

17

24

78

15

24

36

50

20

8

13

18

25

80

16

25

36

50

22

8

13

19

26

82

16

25

37

51

24

8

13

20

27

84

16

25

37

51

26

9

14

21

29

86

16

26

37

52

28

9

14

21

30

88

16

26

38

53

30

10

15

22

31

90

17

27

39

53

32

10

15

23

32

92

17

27

39

54

34

11

16

23

33

94

17

27

39

54

36

11

16

24

34

96

17

27

40

55

38

11

17

25

35

98

17

27

40

55

40

11

18

26

35

100

18

28

41

56

42

11

18

26

36

105

18

29

42

57

44

12

18

27

37

110

19

29

43

59

46

12

19

28

38

115

19

30

43

60

48

12

19

28

39

120

19

31

44

61

50

13

20

29

40

125

20

31

45

63

52

13

20

29

40

130

20

32

46

64

54

13

20

30

41

135

21

33

47

65

56

13

21

30

42

140

21

33

48

66

58

13

21

31

43

145

21

34

49

68

60

14

22

31

43

150

22

34

50

69
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Assumed coefficient of discharge = 0.981/4 0.981/4 0.981/2 0.981/2

Table B-1(b) Discharge Table for Smooth Nozzles
Nozzle Pressure Measured by Pitot Gauge
Nozzle
Pressure

Nozzle diam. in inches.
1/

2

5/

3/

8

in
psi

4

Nozzle
7/

8

Pressure

Nozzle diam. in inches.
1/

2

5/

in
psi

gpm

3/

8

4

7/

8

gpm

5

16

26

37

50

60

57

89

130

174

6

18

28

41

55

62

58

90

132

177

7

19

30

44

59

64

59

92

134

180

8

21

32

47

64

66

60

93

136

182

9

22

34

50

67

68

60

95

138

185

10

23

36

53

71

70

61

96

140

188

12

25

40

58

78

72

62

97

142

191

14

27

43

63

84

74

63

99

144

193

16

29

46

67

90

76

64

100

146

196

18

31

49

71

95

78

65

101

148

198

20

33

51

75

101

80

66

103

150

201

22

34

54

79

105

82

66

104

152

204

24

36

56

82

110

84

67

105

154

206

26

37

59

85

115

86

68

107

155

208

28

39

61

89

119

88

69

108

157

211

30

40

63

92

123

90

70

109

159

213

32

41

65

95

127

92

70

110

161

215

34

43

67

98

131

94

71

111

162

218

36

44

69

100

135

96

72

113

164

220

38

45

71

103

138

98

73

114

166

223

40

46

73

106

142

100

73

115

168

225

42

47

74

109

146

105

75

118

172

230

Copyright 1996 NFPA

44

49

76

111

149

110

77

121

176

236

46

50

78

114

152

115

79

123

180

241

48

51

80

116

156

120

80

126

183

246

50

52

81

118

159

125

82

129

187

251

52

53

83

121

162

130

84

131

191

256

54

54

84

123

165

135

85

134

195

262

56

55

86

125

168

140

87

136

198

266

58

56

87

128

171

145

88

139

202

271

60

57

89

130

174

150

90

141

205

275

Assumed coefficient of discharge = 0.981/2 0.983/4 0.983/4 0.983/4

Table B-1(c) Discharge Table for Smooth Nozzles
Nozzle Pressure Measured by Pitot Gauge
Nozzle
Pressure

Nozzle diam. in inches.
1

11/8

in
psi

11/4

13/8

Nozzle
11/2

Pressure

Nozzle diam. in inches.
1

11/8

in
psi

gpm

11/4

13/8

11/2

gpm

5

66

84

103

125

149

60

229

290

357

434

517

6

72

92

113

137

163

62

233

295

363

441

525

7

78

99

122

148

176

64

237

299

369

448

533

8

84

106

131

158

188

66

240

304

375

455

542

9

89

112

139

168

200

68

244

308

381

462

550

10

93

118

146

177

211

70

247

313

386

469

558

12

102

130

160

194

231

72

251

318

391

475

566

14

110

140

173

210

249

74

254

322

397

482

574

16

118

150

185

224

267

76

258

326

402

488

582

18

125

159

196

237

283

78

261

330

407

494

589

20

132

167

206

250

298

80

264

335

413

500

596

22

139

175

216

263

313

82

268

339

418

507

604
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24

145

183

226

275

327

84

271

343

423

513

611

26

151

191

235

286

340

86

274

347

428

519

618

28

157

198

244

297

353

88

277

351

433

525

626

30

162

205

253

307

365

90

280

355

438

531

633

32

167

212

261

317

377

92

283

359

443

537

640

34

172

218

269

327

389

94

286

363

447

543

647

36

177

224

277

336

400

96

289

367

452

549

654

38

182

231

285

345

411

98

292

370

456

554

660

40

187

237

292

354

422

100

295

374

461

560

667

42

192

243

299

363

432

105

303

383

473

574

683

44

196

248

306

372

442

110

310

392

484

588

699

46

200

254

313

380

452

115

317

401

495

600

715

48

205

259

320

388

462

120

324

410

505

613

730

50

209

265

326

396

472

125

331

418

516

626

745

52

213

270

333

404

481

130

337

427

526

638

760

54

217

275

339

412

490

135

343

435

536

650

775

56

221

280

345

419

499

140

350

443

546

662

789

58

225

285

351

426

508

145

356

450

556

674

803

60

229

290

357

434

517

150

362

458

565

686

817

Assumed coefficient of discharge = 0.99 0.99 0.99 0.991/4 0.991/2

Table B-1(d) Discharge Table for Smooth Nozzles
Nozzle Pressure Measured by Pitot Gauge
Nozzle
Pressure

Nozzle diam. in inches.
15/8

13/4

in
psi

17/8

2

Nozzle
21/4

Pressure

Nozzle diam. in inches.
15/8

13/4

in
psi

gpm

17/8

2

21/4

gpm

5

175

203

234

266

337

60

607

704

810

920

1167

6

192

223

256

292

369

62

617

716

823

936

1187

7

207

241

277

315

399

64

627

727

836

951

1206
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8

222

257

296

336

427

66

636

738

850

965

1224

9

235

273

314

357

452

68

646

750

862

980

1242

10

248

288

330

376

477

70

655

761

875

994

1260

12

271

315

362

412

522

72

665

771

887

1008

1278

14

293

340

391

445

564

74

674

782

900

1023

1296

16

313

364

418

475

603

76

683

792

911

1036

1313

18

332

386

444

504

640

78

692

803

924

1050

1330

20

350

407

468

532

674

80

700

813

935

1063

1347

22

367

427

490

557

707

82

709

823

946

1076

1364

24

384

446

512

582

739

84

718

833

959

1089

1380

26

400

464

533

606

769

86

726

843

970

1102

1396

28

415

481

554

629

799

88

735

853

981

1115

1412

30

429

498

572

651

826

90

743

862

992

1128

1429

32

443

514

591

673

854

92

751

872

1002

1140

1445

34

457

530

610

693

880

94

759

881

1012

1152

1460

36

470

546

627

713

905

96

767

890

1022

1164

1476

38

483

561

645

733

930

98

775

900

1032

1176

1491

40

496

575

661

752

954

100

783

909

1043

1189

1506

42

508

589

678

770

978

105

803

932

1070

1218

1542

44

520

603

694

788

1000

110

822

954

1095

1247

1579

46

531

617

710

806

1021

115

840

975

1120

1275

1615

48

543

630

725

824

1043

120

858

996

1144

1303

1649

50

554

643

740

841

1065

125

876

1016

1168

1329

1683

52

565

656

754

857

1087

130

893

1036

1191

1356

1717

54

576

668

769

873

1108

135

910

1056

1213

1382

1750

56

586

680

782

889

1129

140

927

1076

1235

1407

1780

58

596

692

796

905

1149

145

944

1095

1257

1432

1812

60

607

704

810

920

1168

150

960

1114

1279

1456

1843

Assumed coefficient of discharge = 0.995 0.995 0.996 0.997 0.997

Effect of Altitude
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When drafting water, the pump produces a partial vacuum in the suction hose, and the
atmospheric pressure on the surface of the water forces water into the suction hose and the pump.
As the elevation above sea level of the pumping site increases, the atmospheric pressure
decreases. The loss of lift at various elevations is given in Table B-2.
The data in Table B-2 assume that the engine of the apparatus is adequate at all elevations.
However, the power available for driving a pump from naturally aspirated gasoline engines
decreases about 4 percent (up to 3 percent for diesel engines that are naturally aspirated) for each
1000 ft (305 m) of elevation. Therefore, a gasoline engine that was just adequate at sea level
would be about 35 percent deficient at 7000 ft (2135 m) altitude.
A difference in barometric pressure due to weather conditions will have the same result as a
change in altitude. The difference in barometric pressure due to operation on a rainy day instead
of a cool, clear day could easily mean a 1 ft (0.3m) difference in lift.
Table B-2 Loss of Lift at Various Elevations
Elevation above sea level

Loss of lift

feet

meters

feet of water

meters

1000

305

1.22

.37

2000

610

2.38

.73

3000

915

3.50

1.07

4000

1220

4.75

1.45

5000

1525

5.80

1.77

6000

1830

6.80

2.07

7000

2135

7.70

2.35

Pump Design and Suction Hose
At the time of purchase, a pump must be able to develop a vacuum of 22 in. of mercury (Hg)
(74.5 kPa) with a capped suction hose and must hold the vacuum with a drop not in excess of 10
in. Hg (33.9 kPa) in 5 min. This is basically a test of the priming system and the tightness of the
pump and fittings, not a test of the ability to maintain a vacuum while pumping water. The latter
is an entirely different pump design problem.
The number of suction hoses, length and condition of hose, as well as altitude, water
temperature, barometric pressure, and lift are all factors that affect pumping from draft.
The suction hose and lift are the two most common factors that affect pumping from draft.
Table B-3 illustrates this effect on capacity. This table is for the purpose of illustration. Actual
tests should be made on your pump to determine its maximum capacity, which in most cases will
exceed the capacities shown in the table.
Table B-3 illustrates:
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(a) The rated pump capacity increases below 10-ft (3-m) lift and decreases above 10-ft (3-m)
lift.
(b) Larger diameter suction hose or dual suction hoses increase the capacity.
(c) When required to pump at higher lifts or elevation, capacity can be increased by using a
bigger pump, larger diameter suction hose, or dual suction hoses.
Table B-3 Minimum Discharge Expected of a Pump in Good Condition Operating at Draft
at Various Lifts

Example: Effect of larger suction hose
1000 gpm capacity
10-ft lift with 5-in. suction hose 1000 gpm
10-ft lift with 6-in. suction hose 1170 gpm
minimum increase most pumps
170 gpm
From Table 2-3.1(b) for suction hose and strainer loss
1000 gpm through 5-in. hose and strainer 8.4 ft
1000 gpm through 6-in. hose and strainer 3.4 ft
Difference 5.0 ft
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This 5 ft of difference has the potential to compensate for either 5 ft of additional lift or the
ability to pump rated capacity to 4250 ft of elevation (see Table B-2).
Table B-4 Nozzle Factors
Diameter of the
nozzle in inches

Factors
Fresh Water

2

119

117

21/4

150

148

21/2

186

183

23/4

225

222

3

267

264

31/4

314

310

31/2

364

359

33/4

418

413

4

476

470

41/4

537

530

41/2

602

594

43/4

671

662

5

743

734

6

1070

1057

Capacity in gallons per minute is determined by the following formula:

F = factor from the table
p = pressure at pitot gauge, psi
Appendix C
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Salt (sea) Water

History
A pamphlet entitled Fire Department Pumper Tests and Fire Stream Tables, published in
1910, described the methods of testing steam fire engines, which had been in use for years, and
stated that these tests had been found practicable, exact, and of great value. Until then, the
character of tests made in many cities, and especially those for acceptance, were usually more
spectacular than exact.
At the convention of the International Association of Fire Engineers in Milwaukee in 1911, the
Committee on Exhibits conducted some performance tests on automobile pumping engines. The
following year at Denver, the Committee on Exhibits, with the assistance of engineers of the
National Board of Fire Underwriters, conducted tests on 7 pumping engines discharging under
net pumping pressures of 120 psi, 200 psi, and 250 psi; duration of various runs was from 3 to 11
min. By the next convention of the IAFE in New York City in 1913, the Committee had
developed the test procedure that consisted of 6 hr running at capacity at 120 psi, 3 hr running at
1/ capacity at 200 psi, and 3 hr running at 1/ capacity at 250 psi. This test procedure was used
2
3
for many years.
The 1939 and 1941 editions of the Suggested Specifications for Motor Fire Apparatus, issued
by the National Board of Fire Underwriters, outlined the above-mentioned tests, which were
later termed “Class B” requirements; the “Class A” requirements, delivery of capacity at 150 psi,
70 percent of capacity at 200 psi, and delivery of 50 percent of capacity at 250 psi, were noted as
an optional specification. The 1947 edition defined the two classes, and the 1956 edition
eliminated the Class B designation.
As a result of this gradual change, most pumpers built prior to 1939 were Class B, those built
from 1939 through 1956 were Class A or B, and those built from 1957 on are Class A.
The fifth edition of Fire Department Pumper Tests and Fire Stream Tables (1950) described
the test for what had been established as Class A pumpers, which specified the delivery of rated
capacity at 150 psi, 70 percent of capacity at 200 psi, and 50 percent of capacity at 250 psi. This
is the test now in use; Class B pumpers are no longer recognized for original purchase.
In January 1981, the Insurance Services Office, successor to the former National Board of Fire
Underwriters, transferred all publishing rights of this pamphlet to the National Fire Protection
Association. In the NFPA publication, SPP-67, several changes were made, including:
1. A modification of the description of the type of tests performed to correlate with
requirements contained in NFPA 1901, Standard on Automotive Fire Apparatus.
2. Reduction in the test dealing with testing of positive displacement pumps, especially rotary
gear pumps.
3. Insertion of additional cautionary statements and increased emphasis on safety precautions
that should be followed during tests.
4. A new table showing the relative carrying capacity of hose from 63 to 150 mm in diameter.
In 1982, the NFPA Technical Committee on Fire Department Equipment began the
development of this standard, which incorporates much of the material formerly included in the
pamphlet but presents it in proper form for incorporation in purchase specifications and other
formal documents. This standard was adopted by the NFPA in 1987.
In 1991, the NFPA adopted revisions to NFPA 1901, Automotive Fire Apparatus, which split
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the document into four documents. The four documents cover the construction and equipping of
Pumpers, Initial Attack Fire Apparatus, Mobile Water Supply Fire Apparatus, and Aerial Ladder
and Elevating Platform Fire Apparatus. These documents contain requirements for fire pumps
and attack pumps. The requirements for the acceptance testing of these pumps was included in
the four documents, and NFPA 1911 was rewritten as necessary to cover the periodic service
testing. The requirements were expanded to include attack pumps, and the title was changed to
the current title.
This edition brings all the material previously referenced to NFPA 1901 into the document so
the document is freestanding. The previously allowed alternative of testing from a hydrant or
positive pressure source of water was deleted. Requirements were added for an engine speed
check, a vacuum test, a pressure control test, checking the proper operation of the transfer valve,
and checking the accuracy of the gauges and flow meters.
Appendix D Referenced Publications
D-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
D-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1961, Standard on Fire Hose, 1987 edition
NFPA 1962, Standard for the Care, Use, and Maintenance of Fire Hose Including Couplings
and Nozzles, 1988 edition.
D-1.2 ANSI Publication.
American National Standards Institute, 1403 Broadway, New York, NY 10018.
ANSI B40.1-1985, Gauges—Pressure Indicating Dial Type—Elastic Element

NFPA 1914
1991 Edition
Standard for Testing Fire Department Aerial Devices
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1991 Edition
This edition of NFPA 1914, Standard for Testing Fire Department Aerial Devices, was
prepared by the Technical Committee on Fire Department Equipment and acted on by the
National Fire Protection Association, Inc. at its Annual Meeting held May 19-23, 1991 in
Boston, MA. It was issued by the Standards Council on July 19, 1991, with an effective date of
August 16, 1991, and supersedes all previous editions.
The 1991 edition of this standard has been approved by the American National Standards
Institute.
Changes other than editorial are indicated by a vertical rule in the margin of the pages on
which they appear. These lines are included as an aid to the user in identifying changes from the
previous edition.
Origin and Development of NFPA 1914
NFPA 193, Standard on Fire Department Ladders, Ground and Aerial, was first presented to
the Association in 1954 and was tentatively adopted as a standard on aerial ladder testing. In
1955 it received final adoption.
In 1957 a subcommittee of the NFPA Committee on Fire Department Equipment prepared new
material covering recommendations for portable ladders, ground ladders, and aerial ladders; their
use, maintenance, and testing. In addition, revision was made in the section pertaining to testing
aerial ladders. These changes were approved at the 1958 Annual Meeting.
In 1959, a new section covering specifications for aluminum ground ladders for fire
department use was adopted by the Association. No other change was made.
In May 1972, a complete revision of the 1959 edition of NFPA 193 was approved. During
1974 and 1975, NFPA 193 was studied in detail by a subcommittee of the Technical Committee
on Fire Department Equipment, and it was felt that NFPA 193 should be separated into two
documents since the conditions of use of ground ladders and aerial ladders were so widely
divergent. The new Recommended Practice for the Maintenance, Care, Testing, and Use of Fire
Department Aerial Ladders and Elevating Platforms was designated as NFPA 1904 and
approved by the NFPA membership at the 1975 NFPA Fall Meeting.
During 1978 and 1979 the subcommittee studied NFPA 1904 and decided that the document
would better serve the fire service as a standard. A complete revision was undertaken and the
document renamed NFPA 1904, Standard for Testing Fire Department Aerial Ladders and
Elevating Platforms. This edition was approved at the 1980 Fall Meeting.
The 1988 edition was again a complete revision to add more detail on required inspection, to
require nondestructive testing of critical components on a periodic basis, and to include testing
for water towers. The document was renumbered NFPA 1914 and renamed Testing Fire
Department Aerial Devices to better describe its broader scope.
This 1991 edition is a partial revision that added some clarification to the acceptance criteria
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for weld and other nondestructive testing inspections, revised the requirements for water system
tests, and included for testing some additional components of the aerial devices. In addition,
references and terminology were changed where necessary to correspond with the new editions
of NFPA 1901, Standard for Pumper Fire Apparatus (which has the requirements for water
towers), and NFPA 1904, Standard for Aerial Ladder and Elevating Platform Fire Apparatus.
Technical Committee on Fire Department Equipment
Howard L. McMillen, Chairman
City of Fort Worth Fire Dept., TX
Robert J. Barraclough, Vice Chairman
Span Instruments
Kenneth L. Koch, Secretary
Sutphen Corp.
William H. Barnes, Akron Brass Co.
Paul L. Blankenship, California Dept. of Forestry and Fire Protection
David R. Bouchard, Fire Consulting Associates Inc.
Jeffrey Bowman, Anaheim Fire Dept., CA
Patrick M. Ciangiola, Underwriters Laboratories Inc.
Samuel C. Cramer, Aluminum Ladder Co.
W. J. Darley, W. S. Darley & Co.
Rep. National Truck Equipment Assoc.
Wm F. Foley, Orland Park, IL
J. A. Foster, ISO Commercial Risk Services Inc.
Robert E. (Hoot) Gibson, Phoenix Fire Dept., AZ
Gary Handwerk, American Godiva Inc.
George F. Hill, Paris Fire Dept., ME
Rep. National Volunteer Fire Council
W. Kenneth Menke, Fire Service Research Institute
John P. Morello, New York Fire Dept., NY
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Rep. Illinois Fire Service Institute
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Richard B. Mills, Akron Brass Co.
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Richard D. Singer, American Fire Equipment
(Alternate to R. J. Barraclough)
James T. Steffens, Southern Manatee Fire/Rescue District
(Alternate to W. von Zehle, Jr.)
Rep. International Association of Fire Chiefs
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This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.

NFPA 1914
Standard for
Testing Fire Department Aerial Devices
1991 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 5 and Appendix B.

Chapter 1 Administration
1-1* Scope.
This standard shall apply to the examination and testing of all fire apparatus, regardless of year
of manufacture, equipped with aerial ladders, elevating platforms, and water towers as specified
in the applicable NFPA standards.
1-2 Purpose.
This standard specifies minimum inspection and testing requirements for aerial devices in an
effort to ensure at least a minimum degree of safety under continued use. Because aerial devices
may be misused and thereby overstressed, all aerial devices shall be periodically inspected and
tested to determine continued serviceability.
1-3 Definitions.
Acoustic Emission Testing. A method of nondestructive testing (NDT) that utilizes acoustic or
sound waves.
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Aerial Device. An aerial ladder, elevating platform, aerial ladder platform, or water tower that
is designed to position personnel, handle materials, provide egress, and discharge water.
Aerial Ladder. A self-supporting, turntable mounted power operated ladder of two or more
sections permanently attached to a self-propelled automotive fire apparatus and designed to
provide a continuous egress route from an elevated position to the ground.
Aerial Ladder Platform. A type of elevating platform that includes the continuous escape
capabilities of an aerial ladder.
Aerial Ladder Sections. The structural members consisting of the base and fly sections of
aerial ladders.
Ambient Temperature. The temperature of the surrounding atmosphere.
American Society for Nondestructive Testing (ASNT). A professional organization devoted to
promoting knowledge of nondestructive testing.
American Welding Society (AWS). An association that provides codes, guidelines, and
standards utilized to evaluate weld structures and components in welded structures.
Ancillary Boom Ladder. A ladder or ladders affixed to a telescoping or articulating boom
section.
Approved.* Acceptable to the “authority having jurisdiction.”
Articulating Boom. An aerial device consisting of two or more folding boom sections whose
extension and retraction modes are accomplished by adjusting the angle of knuckle joints.
Authority Having Jurisdiction.* The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
Authorized Person. A person approved or assigned to perform specific types of duty or to be at
a specific location at the job site.
Auxiliary Hydraulic Power. A small gasoline or diesel engine or electrically driven hydraulic
pump used to operate aerial devices in an emergency or in lieu of the main hydraulic system.
Base Rail. The lower chord (rail) of an aerial ladder to which rungs and reinforcements are
attached.
Base Section. The first or bottom section of an aerial device.
Bearing Raceway. The track in which the bearings are held between the upper and lower
halves of a turntable rotation bearing.
Boom. An assembled section of an aerial device. The boom construction can be of the
stressed-skin box beam-type, the truss-lattice-type, or the open ‘U’ truss-type design.
Boom Boost Cylinders. The hydraulic cylinders located on the upper boom of an articulating
boom aerial device that help lift the upper boom from the lower boom.
Boom Support. A structural component attached to the chassis frame and used to support the
aerial device when it is in the cradled position.
Bow. The distance the end of an aerial ladder or boom deviates from a straight line extension
Copyright 1996 NFPA

of the base section.
Cable. A wire rope used to transmit forces from one component to another for the purpose of
extending or retracting an aerial device.
Cable Separation Guide. The mechanism that aligns and separates the cable when it is wound
on the drum of the extension winch of an aerial ladder.
Chassis. The basic vehicle frame consisting of main frame rails, reinforcements,
crossmembers, fasteners, bracket for suspension, suspension members (springs), axles, tires and
wheels, cab, and power train.
Collector Rings. A means of transmitting electrical power to the turntable from the main power
supply; usually concentric rings made of brass that are contacted by brushes to make the transfer
to the specific electrical functions.
Cylinder Links. The mechanisms that may be used in connecting an articulating boom to the
end of the upper elevating cylinders or to the lower and upper booms.
Defect. A discontinuity in a part or a failure to function that interferes with the service or
reliability for which the device was intended.
Deflection. The deviation from a straight course or fixed direction.
Discontinuity. A change in the normal physical structure of a material that may affect its
serviceability.
Diverter Valve. A valve that, when actuated, diverts hydraulic fluid to one function or another
or from one hydraulic system to another; in aerial devices, it is one valve that diverts oil from the
stabilizers when the aerial device is in use and vice versa.
Drift. A time-dependent movement away from an established position.
Drip. A flow of liquid that lacks sufficient quantity or pressure to form a continuous stream.
Elevating Platform. A self-supporting, turntable mounted device consisting of a
personnel-carrying platform attached to the uppermost boom of a series of power operated
booms that articulate, telescope, or both.
Elevating Platform Apparatus. A fire apparatus equipped with permanently mounted,
power-operated booms of articulating or telescoping construction, or a combination thereof, and
with a passenger carrying platform attached to the uppermost boom.
Elevation Cylinder. The hydraulic components consisting of a cylinder barrel, cylinder rod,
and related hardware that are used to vary the angle of the ladder or booms.
Elevation Indicator. An instrument on an aerial device that shows the angle of elevation of the
aerial ladder or boom.
Elevation Lock. A manual or positive locking device (holding valve) that can be actuated to
indefinitely maintain a desired angle or elevation without dependence upon engine power.
Manufacturers may utilize the locks to make the ladder a rigid structure.
Emergency Hand-Crank Control. An auxiliary or supplemental control with which the operator
can manually operate select functions of the aerial device.
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Extension Cylinders. The hydraulic components consisting of a cylinder barrel, cylinder rod,
and related hardware that are used to vary the length of extension of a telescoping aerial device.
Extension Indicator. A device on an aerial ladder or extensible boom aerial device that
indicates the number of feet the device has been extended.
Extension Sheave. A pulley through which an extension cable operates.
Fastener. A mechanical device, such as a rivet, bolt, screw, or pin, used to fasten two or more
components securely together.
Ferromagnetic Materials. Materials that can be magnetized and strongly attracted to a
magnetic field such as iron, steel, cobalt, and nickel.
Fly Locks. See Ladder Locks.
Fly Section. Any section of an aerial telescoping device beyond the base section.
Fracture. A type of defect found in welds that has a large length to width ratio and travels
through or adjacent to the metal grain boundaries. This type of defect is commonly referred to as
a crack.
Hinge Pins. Pins used at either the swivel or point of articulation of an aerial device.
Holding Valve. A one-way valve that maintains hydraulic pressure in a cylinder until it is
activated to release.
Instability. A condition of a mobile unit in which the sum of the moments tending to overturn
the unit exceeds the sum of the moments tending to resist overturning.
Interlock. A device or arrangement by means of which the functioning of one part is controlled
by the functioning of another as a safety.
Ironing. A term used for the damage caused to the bottom of a base rail by misalignment or
malfunction of the rollers, which causes wear or indentation of the base rail material.
Knuckle. A point of connection between upper and lower booms of an articulating device; the
point at which lower and upper booms are hinged together.
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Ladder Cradle. A structural component that supports an aerial ladder when it is bedded.
Ladder Locks. The mechanical locks or pawls that prevent movement of the sections of an
aerial device when the power is shut off or in the event of loss of pressure in hydraulic circuits;
some manufacturers utilize the locks to make the aerial device act as a rigid structure.
Leak. A continuous stream of liquid escaping from a hose, pipe, coupling, connection, or other
confining structure at any point where the escape should not occur.
Level. An indicating device that is affixed to a turntable or truck body and is used to verify the
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levelness of a turntable prior to operating an aerial device.
Level II (ASNT). A tested and experienced level of proficiency for a nondestructive testing
technician.
Leveling Linkages. The components and controls for achieving a level position of the
elevating platform basket.
Liquid Penetrant Inspection. A nondestructive inspection method used to locate and determine
the severity of surface discontinuities in materials based on the ability of a liquid to penetrate
into small openings, such as cracks.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the “authority having jurisdiction” and concerned with product evaluation, that maintains
periodic inspection of production of listed equipment or materials and whose listing states either
that the equipment or material meets appropriate standards or has been tested and found suitable
for use in a specified manner.
Live Load. Forces acting on the aerial device from personnel, portable equipment, water, and
nozzle reaction.
Load Limit Indicator. A load indicator or an instruction plate visible from the operator’s
station that shows the recommended safe load at any condition of ladder elevation and extension.
Magnetic Particle Inspection. A nondestructive inspection method used to locate
discontinuities in ferromagnetic materials by magnetizing the material and then applying an iron
powder in order to mark and interpret the patterns that form.
May. Used to state a permissive use of an alternative method to a specified requirement.
Mobile Unit. A combination of an aerial device, its vehicle, and related equipment.
Monitor Nozzle. A water stream nozzle mounted on an aerial device and permanently
connected to the waterway.
NDT. Nondestructive Testing. One of several methods used to inspect a structural component
without physically altering or damaging the materials.
Neutral Position. The position of operating controls where the controls are not engaged.
Operator. A person qualified to operate an aerial device.
Override. The takeover of all aerial device movement control functions by an operator at the
lower control station.
Payload. The weight specified by the manufacturer that can be safely supported and moved via
the aerial device.
Platform. The structure attached to the tip of a boom or aerial ladder for carrying personnel
and equipment. The platform is comprised of a support structure, floor, railings, and an operator
control station for controlling the aerial device from the platform position.
Platform Load Capacity. The amount of weight that the platform can safely support. Load
capacity is dependent upon added equipment weight on the platform, personnel, and the nozzle
reaction force when the water system is discharging water.
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Pneumatic Lines. The lines that supply air, normally for a breathing system or for pneumatic
power tools, to an elevating platform or the tip of an aerial ladder.
Properly. As recommended by the manufacturer.
PTO (Power Takeoff). A separate gearbox attached to the transmission to divert a portion of
the main engine power to operate an aerial device or other equipment.
Qualified Person. A person who, by possession of a recognized degree, certificate, professional
standing, or skill, and who, by knowledge, training, and experience, has demonstrated the ability
to deal with problems relating to the subject matter, the work, or the project.
Radiography. A nondestructive inspection method that uses X-rays, nuclear radiation, or both
to detect discontinuities in material and to present their images on a recording medium.
Rated Capacity. The live load specified by the manufacturer under which the aerial device can
support and operate.
Rated Vertical Height. The vertical distance measured by a plumb line from the rated working
height to the ground. For an aerial ladder, it is measured from the top rung of the fly section; for
an aerial with an elevating platform, it is measured from the top of the platform handrails to the
ground; and for a water tower, it is measured from the discharge end of the water monitor nozzle.
All measurements are taken at the maximum elevation allowed by the OEM and published in the
operator’s manual.
Relief Valve. A pressure controlling device that allows the bypass of hydraulic fluids to limit
the hydraulic pressures in a hydraulic system.
Rotation Gear. The main gear of an aerial device that is used for the rotation of the turntable.
Rotation Gear Reduction Box. The mechanism of an aerial device that transfers hydraulic or
electric power to the rotation gear creating the torque necessary to actuate the rotational
movement of the turntable.
Rotation Lock. A strong friction or other positive locking device (holding valve) that retains
the turntable in any desired position.
Rung Cap Casting. A casting that may be riveted to the outside of the base rail over the ends of
each rung on an aerial ladder.
Safety Stop Mechanism. A device located on the aerial device that prevents raising elevating
platform booms or sections beyond safe operating horizontal or vertical angles.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Slide Blocks. Blocks made of a variety of materials (i.e., brass, nylatron) that act as spacing
devices, wear strips, or wear pads.
Stability. The truck is considered to be in a state of stability when no sign of overturning is
evident with the aerial ladder or elevating platform in operation. The lifting of a tire or stabilizer
on the opposite side of the vehicle from the load does not necessarily indicate a condition of
instability. Instability occurs when an aerial device can no longer support a given load and
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overturning is imminent.
Stabilizer. A device that is used to prevent the aerial apparatus from overturning.
Stabilizer Pad. A heavy metal or wood plate inserted beneath a stabilizer shoe to give greater
surface bearing area.
Stabilizer Shoe. A shoe permanently mounted on a stabilizer to provide a ground surface area.
Stressed-Skin-Type Boom Section. A boom framework fabricated by the welding of metal into
full box sections with internal torsional members.
Telescopic. Extended or retracted by sliding of the overlapping sections.
Top Rail. The top chord (rail) of an aerial ladder to which reinforcements are attached.
Torque Box (also known as Torsion Box or Mainframe). A structural component placed
between the turntable and the chassis of an aerial device to absorb the stresses of operation. It
may be integrated into the chassis frame design.
Torque Value. A measure of tightness or the amount of stress that is put on a fastening device
(bolt) to secure it properly.
Truss-Lattice-Type Boom Section. An open truss boom framework with vertical and diagonal
braces fastened to horizontal beams of the frame.
Turntable. A rotating structural component that allows rotation of an aerial device through a
rotating bearing and that connects the aerial device to the chassis and stabilization system. It is
normally designed to permit continuous 360-degree rotation and may or may not contain an
operator’s control station.
Turntable Alignment Indicator. An indicator that facilitates alignment of the aerial device with
the cradle for bedding purposes.
Twist. The degree of rotational movement from a given position.
Ultrasonic Inspection. A nondestructive method of inspection in which high frequency
vibrations are injected through the surface of the test material and bounced back to their source
from the opposite surface; if a flaw exists, signals return in a different pattern, revealing the
location and extent of the flaw.
Visual Inspection. Inspection by the eye without recourse to any optical devices, except
prescription eyeglasses.
Watertower. An articulating or telescoping boom with a fixed waterway capable of providing a
minimum 500-gpm (1900-L/min) elevated stream.
Weldment. A structure that is formed by the welding together of several components.
1-4 General.
1-4.1
The visual inspections, operational tests, and load tests specified in this standard shall be
conducted at least annually; after major repairs or overhaul; following the use of the aerial
device when the aerial device may have been subjected to unusual operating conditions of stress
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or load; or when there is reason to believe that usage has exceeded the manufacturer’s
recommended aerial device operating procedures.
1-4.2*
The complete inspections and tests including the nondestructive testing (NDT) defined in this
standard shall be done at least every 5 years. Nondestructive testing shall be conducted whenever
visual inspection or load testing indicates a potential problem or there is a desire to further
confirm continued operational safety.
1-4.3
If the aerial device is involved in a situation that produces any structural damage, the aerial
device shall be placed out of service, and the condition shall be reported, in writing, to the
manufacturer. The aerial device shall be repaired to an acceptance level in accordance with the
manufacturer’s standard and tested to the full operational load and NDT of this standard before it
is placed back in service.
1-4.4*
The inspections and tests specified herein shall be considered the minimum service test
requirements for all aerial devices. Since each manufacturer’s unit will be somewhat different,
specific attention shall be given to the manufacturer’s instructions concerning periodic
maintenance and inspection checks.
1-4.5*
Only qualified persons, acceptable to the authority having jurisdiction, shall be allowed to
operate the apparatus during testing procedures or to conduct any load tests.
1-4.6
Tests of aerial ladders specified in Chapter 2 of this standard shall apply only to metal aerial
ladders.
1-5 Inspection Personnel.
Most of the inspections and tests outlined in this standard are intended to be performed by
qualified fire department personnel. However, if the department prefers, the inspections and tests
may be performed by a third-party testing company or the manufacturer. The person actually
performing the nondestructive test work shall be certified as an ASNT Level II NDT technician
in the test method used, as specified in the American Society for Nondestructive Testing (ASNT)
Recommended Practice, SNT-TC-1A.
If a third-party test company is employed to do NDT, that company shall comply with the
American Society for Testing and Materials Standard ASTM E543, Standard Practice for
Determining the Qualification for Nondestructive Testing Agencies.
1-6 Visual Inspection.
A visual inspection, prior to any operational or load testing, is a very important part of this
procedure and shall be carried out in a systematic sequence with proper attention to detail. This
visual inspection of the equipment shall be for the detection of any visible defects, damage, or
improperly secured parts.
1-7 Weld Inspection.
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When the inspections as required by 1-4.1 are performed, all accessible structural welds shall
be visually inspected for fractures. When the nondestructive testing as required by 1-4.2 is
performed, all accessible structural welds shall be inspected by ASNT Level II NDT technicians
certified in the test methods used.
1-7.1
All accessible structural welds on steel shall be inspected in accordance with the appropriate
provisions of the American Welding Society (AWS) Standard AWS D1.1, Structural Welding
Code—Steel. All structural welds shall comply with the weld quality as defined in paragraph
10.17.1 (Visual Inspection) of AWS D1.1.
1-7.2
All accessible structural welds on aluminum shall be inspected in accordance with the
appropriate provisions of the American Welding Society (AWS) Standard AWS D1.2, Structural
Welding Code—Aluminum. All structural welds shall comply with the weld quality as outlined in
Table 10.15.1 of AWS D1.2.
1-7.3
The application of a particular nondestructive weld inspection technique shall be as
recommended by the American Welding Society (AWS) Standard AWS B1.10, Guide for the
Nondestructive Inspection of Welds.
1-8 Bolt, Pin, and Washer Inspection.
Bolts and pins subjected to ultrasonic testing shall contain no ultrasonic CRT indications that
can be interpreted as cracks or elongated material. All washers shall be inspected for correct
installation.
1-9 Nondestructive Testing Procedure.
1-9.1
All ultrasonic inspections shall be conducted in accordance with the following American
Society for Testing and Materials (ASTM) standards:
(a) ASTM E114, Practice for Ultrasonic Pulse-Echo Straight-Beam Examination by the
Contact Method
(b) ASTM E797, Standard Practice for Measuring Thickness by Manual Ultrasonic
Pulse-Echo Contact Method
(c) ASTM E500, Standard Terminology Relating to Ultrasonic Examination
1-9.2
All magnetic particle inspections shall be conducted in accordance with the following
American Society for Testing and Material (ASTM) standards:
(a) ASTM E709, Practice for Magnetic Particle Examination
(b) ASTM E269, Definitions of Terms Relating to Magnetic Particle Examination
1-9.3
All liquid penetrant inspections shall be conducted in accordance with the following American
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Society for Testing and Materials (ASTM) standards:
(a) ASTM E165, Practice for Liquid Penetrant Inspection Method
(b) ASTM E270, Definitions of Terms Relating to Liquid Penetrant Inspection
1-9.4
All radiographic inspection shall be conducted in accordance with the following American
Society for Testing and Materials (ASTM) standards:
(a) ASTM E1032, Method for Radiographic Examination of Weldments
(b) ASTM E586, Standard Definitions of Terms Relating to Gamma and X-Radiography
1-9.5
All hardness readings shall be conducted in accordance with the following American Society
for Testing and Materials (ASTM) standards:
(a) ASTM E6, Standard Definitions of Terms Relating to Methods of Mechanical Testing
(b) ASTM E10, Test Method for Brinell Hardness of Metallic Materials
(c) ASTM E18, Test Methods for Rockwell Hardness and Rockwell Superficial Hardness of
Metallic Materials
(d) ASTM E92, Test Method for Vickers Hardness of Metallic Materials
(e) ASTM B647, Test Method for Indentation Hardness of Aluminum Alloys by Means of a
Webster Hardness Gauge
(f) ASTM B648, Test Method for Indentation Hardness of Aluminum Alloys by Means of a
Barcol Impressor
Chapter 2 Testing Metal Aerial Ladders
2-1 General.
In addition to the manufacturer’s recommendations, the inspections and tests detailed below
shall be performed. An inspection preceded by a plus sign (+) indicates that an appropriate
nondestructive test (NDT) shall be conducted as required by 1-4.2 of this standard.
Problems that affect the structural integrity of the aerial ladder shall be called immediately to
the attention of the manufacturer or the manufacturer’s authorized representative. Hydraulic
components shall show no signs of hydraulic fluid leakage. A component shall be considered
leaking if oil droplets are forming on the component. A film of oil on the component shall not be
considered severe enough to categorize the component as leaking.
2-2 Service Records.
The aerial ladder’s service records shall be checked for any reports that may indicate defective
conditions.
2-3 Turntable and Torque Box Inspection and Test.
The turntable and torque box components, where applicable, shall be inspected on all aerial
ladders in accordance with 2-3.1 through 2-3.28.
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2-3.1 Rotation Bearing Mounting Bolts.
The rotation bearing mounting bolts shall be inspected as follows:
(a) Inspect all accessible bolts for proper grade and installation as specified by the apparatus
manufacturer.
(b) Using a properly calibrated torque wrench, verify that the bolt torque on all accessible bolts
meets the apparatus manufacturer’s specifications.
(c) (+) Inspect all accessible bolts for internal flaws.
2-3.2 Torque Box Mounting to Frame.
The torque box mounting to frame shall be inspected as follows:
(a) If the torque box is bolted to the frame, inspect all accessible bolts for proper grade and
installation as specified by the apparatus manufacturer.
(b) Using a properly calibrated torque wrench, verify that the torque on all accessible bolts
meets the apparatus manufacturer’s specification, if the torque box is bolted to the frame.
(c) If the torque box is welded to the frame, visually inspect all accessible attaching welds for
fractures.
(d) (+) If the torque box is bolted to the frame, inspect all bolts for internal flaws.
(e) (+) If the torque box is welded to the frame, inspect all accessible attaching welds.
2-3.3 Rotation Gear and Bearing.
The rotation gear and bearing shall be inspected as follows:
(a) Inspect the rotation gear for missing or damaged teeth, pinion-to-gear alignment, proper
lubrication, and backlash.
(b) Record the inner bearing race to outer bearing race clearance, if accessible, in accordance
with the bearing manufacturer’s procedures, and compare the clearance to the bearing
manufacturer’s specifications.
2-3.4 Rotation Gear Reduction Box Mounting.
The rotation gear reduction box mounting shall be inspected as follows:
(a) If the reduction box is bolted to the turntable, inspect all bolts for proper grade and
installation as specified by the apparatus manufacturer.
(b) Using a calibrated torque wrench, verify that the torque on all bolts meets the apparatus
manufacturer’s specification, if the reduction box is bolted to the turntable.
(c) Visually inspect all accessible weldments for defects and welds for fractures.
(d) (+) If the reduction box is bolted to the turntable, inspect all bolts for internal flaws.
(e) (+) If the reduction box is welded to the turntable, inspect all reduction box attaching
welds.
2-3.5 Turntable Structural Components.
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The turntable structural components shall be inspected as follows:
(a) Visually inspect all accessible turntable structural weldments for defects and welds for
fractures.
(b) (+) Inspect all accessible turntable structural component welds.
2-3.6 Rotation Hydraulic Swivel.
Inspect the swivel for external hydraulic fluid leakage.
2-3.7 Hydraulic Lines and Hoses in Turntable.
Inspect all hydraulic lines and hoses for kinks, cuts and abrasions, and hydraulic fluid leakage
at connectors and fittings.
2-3.8 Elevation, Extension, and Rotation Lock.
The elevation, extension, and rotation lock shall be inspected as follows:
(a) Inspect the manual valve elevation, extension, and rotation lock for external hydraulic fluid
leakage.
(b) Test the manual valve elevation lock for proper operation by engaging the lock and then
attempting to raise and lower the ladder with the main hydraulic system operating. No detectable
movement shall occur as determined by visual inspection.
(c) Test the manual valve extension lock for proper operation by engaging the lock and then
attempting to extend or retract the ladder with the main hydraulic system operating. No
detectable movement shall occur as determined by visual inspection.
(d) Test the manual valve rotation lock for proper operation by engaging the lock and
attempting to rotate the turntable clockwise and counterclockwise with the main hydraulic
system. The movement shall not exceed the manufacturer’s specification.
2-3.9* Hydraulic Oil.
After the operational tests have been performed, remove a sample of the hydraulic oil from the
hydraulic reservoir and subject the sample of the hydraulic oil to spectrochemical analysis.
2-3.10 Power Takeoff.
Inspect the power takeoff for external hydraulic fluid leakage and proper operation
(engagement and disengagement).
2-3.11 Hydraulic Pump.
Inspect the hydraulic pump for external hydraulic fluid leakage.
2-3.12 Collector Rings.
The collector rings shall be inspected as follows:
(a) Inspect the collector rings for foreign material buildup on rings, if accessible.
(b) If accessible, inspect the collector ring terminals for damage.
(c) Conduct tests to ensure the proper operation of the collector rings by rotating the aerial
device while electric-powered devices are in operation.
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2-3.13 Elevation Cylinder Anchor Ears and Plates.
The elevation cylinder anchor ears and plates shall be inspected as follows:
(a) Visually inspect the elevation cylinder anchor ears and plates for defects and attaching
welds for fractures.
(b) (+) Inspect the elevation cylinder anchor ears and plate attaching welds.
2-3.14 Elevation Cylinder Pins.
The elevation cylinder pins shall be inspected as follows:
(a) Inspect cylinder pins for alignment, proper installation, lubrication, operation, and
retention.
(b) (+) Inspect cylinder pins for internal flaws.
2-3.15 Elevation Cylinders.
The elevation cylinders shall be inspected as follows:
(a) Inspect the cylinder rods for pitting, scoring, and other defects.
(b) Inspect the cylinder rod to barrel seal and the end gland seal for excessive external fluid
leakage.
(c)* With the hydraulic oil at ambient temperature, subject the cylinders to a drift test by
placing the aerial device at a 60-degree elevation, full extension, marking the cylinder position,
closing manually operated locking valves, and allowing the device to stand for 1 hr with the
engine off. The results of such a test shall not exceed the manufacturer’s specifications for
allowable cylinder drift.
2-3.16 Holding Valves on Elevation Cylinders.
Inspect the holding valves for external hydraulic fluid leakage.
2-3.17 Operating Controls.
The operating controls shall be inspected as follows:
(a) Inspect the operating controls for missing or damaged control handles, proper
identification, and hydraulic fluid leakage.
(b) Verify that the controls operate smoothly, return to neutral position when released, and do
not bind during operation.
2-3.18 Load Limit Indicators.
Inspect the load limit indicators for proper operation and legibility.
2-3.19 Emergency Hand Crank Controls.
Inspect the hand crank control for proper operation.
2-3.20 Auxiliary Hydraulic Power.
Inspect the auxiliary hydraulic power for proper operation.
2-3.21 Turntable Alignment Indicator.
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Verify the presence of a turntable alignment indicator.
2-3.22 Throttle Control.
Verify that the throttle control is operable, and record the operating RPM using a tachometer
or a revolution counter (if so equipped) and a stopwatch.
2-3.23 Communication System.
Inspect the communication system for proper installation and proper operation.
2-3.24 Relief Hydraulic Pressure
Verify that the main pump relief hydraulic pressure does not exceed the manufacturer’s
specifications.
2-3.25 Unit Main Frame.
The unit main frame shall be inspected as follows:
(a) Visually inspect the main frame for any cracks, bends, dents, twists, or other weldment
defects and any welds for fractures.
(b) (+) Inspect all main frame welds.
2-3.26 Transmission/Aerial Device Interlocks.
If interlocks are provided that prevent operation of the aerial device until the chassis spring
brakes have been set and the transmission is properly disengaged, verify that the interlocks are
operating properly.
2-3.27 Engine Speed Interlocks.
If interlocks are provided that allow operation of the engine speed control only after the spring
brakes have been set and the transmission is properly positioned, verify that the interlocks are
operating properly.
2-3.28 Breathing Air Systems.
If a breathing air system is provided, the system shall be inspected as follows:
(a) Verify that the breathing air system is properly installed including the integrity of the air
cylinder mounting, the regulator, and the air lines from the air cylinder(s) to the top of the aerial
device.
(b) Verify that all the component parts of the system are present and in serviceable condition.
(c) Visually inspect the air cylinder mounting brackets for defects and welds for fractures.
(d) (+) Inspect all welds on air cylinder mounting brackets.
(e) Check that the air pressure regulator is set at the apparatus manufacturer’s recommended
pressure.
2-4 Stabilizer Examination and Test.
The stabilizer components, where applicable, shall be inspected on all aerial ladder apparatus
in accordance with 2-4.1 through 2-4.14.
2-4.1 Stabilizer Structural Components.
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The stabilizer structural components shall be inspected as follows:
(a) Visually inspect all stabilizer components for defects and welds for fractures.
(b) (+) Inspect all stabilizer structural component welds.
2-4.2 Stabilizer Pads.
Verify that the stabilizer pads are present, of proper construction, and in serviceable condition.
2-4.3 Stabilizer Mounting to Frame or Torque Box.
The stabilizer mounting to the frame or torque box shall be inspected as follows:
(a) Visually inspect the stabilizer to frame or torque box attachment for defects such as weld
cracks, dents, and bends.
(b) (+) If welded, inspect the stabilizer to frame or torque box mounting welds.
(c) If bolted, inspect all bolts for proper fastener grade and installation as specified by the
apparatus manufacturer.
(d) Verify that the torque on all bolts meets the apparatus manufacturer’s specification using a
properly calibrated torque wrench.
(e) (+) Inspect all bolts for internal flaws.
2-4.4 Hydraulic Lines and Hoses in Stabilizer System.
Inspect the hydraulic hose lines for kinks, cuts and abrasions, and leakage at connectors and
fittings.
2-4.5 Stabilizer Interlock and Warning Device.
Verify that the interlock system is operating properly.
2-4.6 Stabilizer Extension Cylinder Pins and Hinge Pins.
The extension cylinder pins and hinge pins shall be inspected as follows:
(a) Inspect all stabilizer cylinder pins and hinge pins for proper installation, lubrication,
operation, and retention.
(b) (+) Inspect all stabilizer pins and hinge pins for internal flaws.
2-4.7 Stabilizer Extension Cylinder.
The stabilizer extension cylinder shall be inspected as follows:
(a) Inspect the stabilizer extension cylinder rods for pitting and scoring and other defects.
(b) Inspect the cylinder rod to barrel seal and the end gland seal for excessive external fluid
leakage.
(c) With the hydraulic oil at ambient temperature, and with the stabilizer’s cylinders properly
set, measurements shall be taken to determine the amount of drift present in 1 hr with the engine
off. The results shall not exceed the manufacturer’s specifications for allowable stabilizer
cylinder drift.
2-4.8 Holding Valves on Extension Cylinders.
Copyright 1996 NFPA

Inspect the holding valves for external leakage of hydraulic fluid.
2-4.9 Operating Controls.
Verify that the controls operate smoothly, return to the neutral position (if designed to do so)
when released, do not bind during operation, and are free of hydraulic fluid leakage.
2-4.10 Diverter Valve.
Inspect the diverter valve for external hydraulic fluid leakage.
2-4.11 Positive Stops and Alignment.
Inspect the mechanical stabilizers for proper operation of the positive stops to prevent
overextension.
2-4.12 Stabilizer Deployment.
If the stabilizer system is hydraulically operated, verify that the system can be deployed within
the time frame designated by the aerial device manufacturer.
2-4.13 Manual Spring Locks.
Inspect the condition and operation of stabilizer manual spring locks for stowed position.
2-4.14 Tractor Spring Lockout Device.
Inspect the spring lockout device for any discontinuities and for proper operation.
2-5 Aerial Ladder Inspection and Test.
The aerial ladder shall be inspected in accordance with 2-5.1 through 2-5.28.
2-5.1 Aerial Ladder Weldments.
All aerial ladder weldments shall be inspected as follows:
(a) Visually inspect all accessible aerial ladder weldments for defects and welds for fractures.
(b) (+) Inspect all accessible welds on the ladder.
2-5.2 Aerial Ladder Fasteners.
All aerial ladder structural fasteners and fastened connections shall be visually inspected for
cracked fasteners and material cracks around the fasteners.
2-5.3 Ladder Section Alignment.
Measurements shall be taken to determine the amount of ladder section twist or bow in the
aerial ladder. Results shall not exceed manufacturer’s specifications for allowable ladder section
twist or bow.
2-5.4 Hydraulic, Pneumatic, and Electrical Lines in Ladder Sections.
Inspect all lines for proper mounting, wear, cracking, kinks, and abrasions.
2-5.5 Modifications or Unauthorized Repairs.
Inspect the aerial ladder for modifications or repairs unauthorized by the manufacturer.
2-5.6 Top Rails.
The top rails shall be inspected as follows:
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(a) Inspect the top rails for straightness or any signs of misalignment.
(b) (+) Hardness readings shall be taken at intervals of 28 in. (710 mm) or less along the entire
length of both top rails of aluminum ladders. Results of this test shall be compared with the
manufacturer’s specifications for the hardness of the material used for construction of the top
rail.
2-5.7* Base Rails.
The base rails shall be inspected as follows:
(a) Inspect the base rail for straightness and any signs of wear, ironing, dents, and corrosion.
(b) (+) Inspect the bottom of all hollow I-beam base rails to determine the thickness of the rail.
Results shall be not less than the manufacturer’s minimum specifications.
(c) (+) Hardness readings shall be taken at intervals of 28 in. (710 mm) or less along the entire
length of both base rails of aluminum ladders. Results of this test shall be compared with the
manufacturer’s specifications for the hardness of the material used for construction of the base
rail.
2-5.8 Rungs.
Inspect all rungs of the aerial ladder for straightness, signs of fly lock damage, damaged or
loose rung covers and rung cap castings, and signs of cracks or missing rivets, if applicable.
2-5.9 Folding Steps.
The folding steps on the ladder shall be inspected as follows:
(a) Visually inspect the folding steps and folding step mounting brackets for defects and welds
for fractures.
(b) (+) Inspect all welds on the folding step(s) and folding step mounting brackets.
2-5.10 Rollers.
Inspect all rollers for proper lubrication, operation, and any signs of wear.
2-5.11 Guides, Babbits, Wear Strips, Pads, and Slide Blocks.
Visually inspect the guides for cracked welds, loose rivets, alignment, and any irregularities.
Inspect babbits for signs of wear. Inspect wear strips, pads, and slide blocks for wear, gouging,
and proper mounting.
2-5.12 Extension Sheaves.
The extension sheaves shall be inspected as follows:
(a) Inspect extension sheaves for signs of wear, free movement during operation, proper
retainers, and lubrication.
(b) Visually inspect all extension sheave mounting brackets for defects and welds for fractures.
(c) (+) Inspect all welds of extension sheave mounting brackets.
2-5.13 Extensions Cables.
Inspect extension cables for compliance with Appendix A of the Society of Automotive
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Engineers Standard SAE J959, Lifting Crane, Wire-Rope Strength Factors.
2-5.14 Extension/Retraction Motor.
Inspect the extension/retraction motor for signs of external hydraulic fluid leakage and, where
applicable, brake wear and brake alignment with the shaft.
2-5.15 Cable Separation Guide.
During operation of the aerial ladder, visually inspect the cable separation guide for free travel
and any signs of misalignment.
2-5.16 Winch Holding Capacity.
Inspect the winch for holding capacity by fully elevating the aerial ladder and extending it 10
ft (3 m). Winch slippage shall be measured for a 5-min period. Slippage shall not exceed the
manufacturer’s specification.
2-5.17 Brake Holding Capacity.
Inspect the brake holding capacity of the extension motor by fully elevating the aerial ladder
and extending it 10 ft (3 m). Brake slippage shall be measured for a 5-min period. Slippage shall
not exceed the manufacturer’s specification.
2-5.18 Extension and Elevation Indicators.
Inspect the elevation and extension indicators for legibility, clarity, and accuracy.
2-5.19 Fly Locks.
Inspect the fly lock mechanisms for proper mounting, alignment, lubrication, and operation.
2-5.20 Ladder Cradle.
Inspect the aerial ladder cradle for wear and proper alignment.
2-5.21 Ladder Bed Lock.
Inspect the ladder bed lock mechanism and hydraulic lines for proper mounting, signs of wear,
and hydraulic fluid leakage at fittings.
2-5.22 Stop Mechanism.
Inspect the stop mechanisms to ensure that they prevent overextension or overretraction of the
aerial ladder.
2-5.23 Maximum Extension Warning Device.
During operation of the aerial ladder, verify the proper operation of the audible device to warn
of the approach to maximum extension.
2-5.24 Ladder Illumination.
Inspect the operation of the lights that are used to illuminate the ladder.
2-5.25 Extension Cylinder Anchor Ears and Plates.
The extension cylinder anchor ears and plates shall be inspected as follows:
(a) Visually inspect the extension cylinder anchor ears and plates for defects and the attaching
welds for fractures.
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(b) (+) Inspect the attaching welds of the extension cylinder anchor ears and plates.
2-5.26 Extension Cylinder Pins.
The extension cylinder pins shall be inspected as follows:
(a) Inspect the cylinder pins for proper installation and retention.
(b) (+) Inspect the cylinder pins for internal flaws.
2-5.27 Extension Cylinder.
The extension cylinders shall be inspected as follows:
(a) Inspect the cylinder rods for pitting, scoring, and other defects.
(b) Inspect the cylinder rod to barrel seal and the end gland seal for excessive external fluid
leakage.
(c) With the hydraulic oil at ambient temperature, subject the cylinder(s) to drift by placing the
aerial device at full elevation, 10-ft (3 m) extension, marking the cylinder piston or the second
section in relation to the base section, and allowing the ladder to stand for 1 hr with the engine
off. The results shall not exceed the manufacturer’s specifications for allowable cylinder drift.
2-5.28 Holding Valves on Extension Cylinder.
Inspect the holding valves for external and internal hydraulic fluid leakage.
2-6 Operating Test.
2-6.1
A complete cycle of aerial ladder operation shall be carried out after starting the engine,
setting the stabilizers, and transmitting power to the ladder. The ladder shall be fully elevated out
of the bed, rotated 90 degrees, and extended to full extension.
2-6.2
The ladder shall complete this test smoothly and without jerking or undue vibration within the
time allowed by the standard in effect at the time of manufacture.
2-6.3
The ladder shall be retracted, the turntable rotation completed through 360 degrees, and then
the ladder lowered to its bed, after which a thorough inspection shall be made of all moving
parts. Special attention shall be given to the security and adjustment of the ladder cables or
chains.
2-6.4
The test shall demonstrate successful operation of all ladder controls.
2-7 Load Testing.
2-7.1*
Tests shall be conducted when wind velocity is less than 10 mph (16 kmph).
2-7.2
A close watch shall be maintained during all load tests. Only those personnel essential to
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conduct the test shall be permitted near the apparatus during the test. If the ladder shows any
excessive twist at any time, the test shall be discontinued immediately and the aerial ladder shall
be placed out of service, and the condition shall be reported in writing to the manufacturer. The
aerial ladder shall be repaired in accordance with the manufacturer’s written recommendations
and fully tested before it is placed back in service.
2-7.3 Horizontal Load Test.
2-7.3.1 The aerial turntable shall be level. The aerial apparatus vehicle shall be on a firm, level
surface or road. All stabilizers shall be down and have a firm footing on the ground.
2-7.3.2* A test cable hanger shall be attached to the top rung of the top ladder section and
properly centered. (See Figure A-2-7.3.2.)
2-7.3.3 The maximum rated live load in the horizontal position shall be determined from the
manufacturer’s load chart or operator’s manual. If full extension is not permitted in the
horizontal position with a specified live load, then the maximum permissible extension with a
specified live load shall be used for the purpose of this test.
2-7.3.4 For single chassis apparatus, the ladder shall be rotated, if necessary, until the ladder is
positioned over the rear and parallel to the vehicle centerline. For tractor-drawn apparatus, the
ladder shall be positioned in the most stable position as recommended by the manufacturer.
2-7.3.5 The ladder shall be placed in the horizontal position and extended to full extension or
maximum permitted extension as determined in 2-7.3.3. The base section shall not be allowed to
rest in the bed.
2-7.3.6 The ladder section locks, either manual pawls or hydraulic holding valves, shall be
properly applied.
2-7.3.7 The elevation cylinder integral holding valve or shutoff safety valve shall be properly
closed or applied.
2-7.3.8 The ladder section twist shall not exceed the manufacturer’s tolerance.
2-7.3.9* A weight equal to the manufacturer’s specified rated live load, determined in 2-7.3.3,
shall be gradually applied to the top rung of the aerial ladder by utilizing the test weight
container or other suitable means of applying the weight.
NOTE: The total weight of the supporting hangers, containers, etc., and test weight shall be taken as a whole
and shall not exceed the rated live load. Dropping the weights and shock loading the ladder shall not be
permitted.

2-7.3.10 The test weight shall be sustained by the unsupported aerial ladder for 5 min.
2-7.3.11 The test weight shall hang freely from the tip of the aerial ladder. If the test weight
hanger and ladder deflection are such that the test weight comes to rest on the ground, it shall be
permissible to raise the ladder elevation slightly above the horizontal position.
WARNING: At no time during the load test shall the ladder be moved with the test
weight applied.
2-7.3.12 After removal of the test weight, a complete visual inspection shall be made of all
load-supporting elements. Any visually detectable signs of damage, permanent deformation, or
twist exceeding the manufacturer’s allowance shall constitute noncompliance with the load test
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requirements. The aerial device shall also meet the requirements of Section 2-6 after the load
test.
2-7.4 Maximum Elevation Load Test.
2-7.4.1 The aerial turntable shall be level. The aerial apparatus vehicle shall be on a firm, level
surface or road. All ground stabilizers shall be down and have a firm footing on the ground.
2-7.4.2 A test cable hanger shall be attached to the top rung of the top ladder section and
properly centered. (See Figure A-2-7.3.2.)
2-7.4.3 The maximum rated live load in the maximum elevated position at full extension shall be
determined from the manufacturer’s load chart or operator’s manuals.
2-7.4.4 The ladder shall be rotated, if necessary, until the ladder is positioned over the rear and
parallel to the vehicle centerline. Midship mounted devices may have to be rotated slightly off of
the vehicle centerline in order to apply the test load without interference with the body of the
apparatus.
2-7.4.5 The ladder shall be elevated to maximum elevation and fully extended.
2-7.4.6 The ladder section locks, either manual pawls or hydraulic holding valves, shall be
properly applied.
2-7.4.7 The elevation cylinder integral holding valve or shutoff safety valve shall be properly
closed or applied.
2-7.4.8 The ladder section twist shall not exceed the manufacturer’s tolerance.
2-7.4.9 A weight equal to the manufacturer’s specified rated live load, determined in 2-7.4.3,
shall be gradually applied to the top rung of the aerial ladder by utilizing a test weight container
or other suitable means of applying the weight. The weight shall be suspended by cable and shall
be not more than 3 ft (1 m) above the ground.
NOTE: The total weight of the supporting hangers, containers, etc., and test weight shall be taken as a whole
and shall not exceed the rated live load. Dropping the weights and shock loading the ladder shall not be
permitted.

2-7.4.10 The test weight shall be sustained by the unsupported aerial ladder for 5 min.
2-7.4.11 The test weight shall hang freely from the tip of the aerial ladder.
WARNING: At no time during the load test shall the ladder be moved with the test
weight applied.
2-7.4.12 After removal of the test weight, a complete visual inspection shall be made of all load
supporting elements. Any visually detectable signs of damage, permanent deformation, or twist
exceeding the manufacturer’s allowance shall constitute noncompliance with the load test
requirements. The aerial device shall also meet the requirements of Section 2-6 after the load
test.
2-8 Water System Test.
2-8.1
The following examination and test shall apply only to permanently piped aerial ladder pipes.
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2-8.2
The waterway system shall be inspected for proper operation of all components. It shall be free
of rust, corrosion, other defects, or blockage.
2-8.3
The waterway attaching brackets shall be inspected as follows:
(a) Inspect the brackets for loose bolts, weld fractures or other defects.
(b) (+) Inspect all attaching welds.
2-8.4 Pressure Test.
The water system shall be pressure tested.
2-8.4.1* The aerial ladder shall be positioned between 0 and 10 degrees elevation and fully
retracted. The water system shall be filled with water and the valve at the discharge end closed.
If there is not a valve at the discharge end, a valve shall be attached for the purpose of this test.
NOTE: For safety reasons, all air must be removed from the system.

The pressure on the system shall be raised to the water system manufacturer’s maximum rated
working pressure and maintained for the duration of the test. The aerial ladder shall be raised to
full elevation and rotated 360 degrees. The water system, including the turntable swivel, shall be
checked for leaks. Care shall be taken not to overheat the water pump.
2-8.4.2* The aerial ladder shall be positioned between 0 and 10 degrees elevation and extended
to its maximum permissible limit. The water system shall be filled with water and the valve at
the discharge end closed. If there is not a valve at the discharge end, a valve shall be attached for
the purpose of this test.
NOTE: For safety reasons, all air must be removed from the system.

The pressure on the system shall be raised to the water system manufacturer’s maximum rated
working pressure and maintained for the duration of the test. The entire length of the water
system shall be checked for leaks. Care shall be taken to not overheat the water pump
2-8.4.3* The water system shall operate properly and with an absence of leaks during these tests.
2-8.5
If the waterway system is equipped with a flow meter, the flow meter shall be checked for
accuracy. Flow meters shall be tested at the water system manufacturer’s maximum rated water
system flow. Any meter that reads off by more than 10 percent shall be recalibrated or repaired.
2-8.6
If the waterway system is equipped with a water pressure gauge(s), each water pressure gauge
shall be checked for accuracy. Pressure gauges shall be checked at at least 3 points, including
150 psi (1034 kPa), 200 psi (1379 kPa), and 250 psi (1723 kPa). Any gauge that reads off by
more than 10 psi shall be replaced.
2-8.7
If the waterway system is equipped with a relief valve, this relief valve shall be checked to
verify that it is operational at the waterway manufacturer’s recommended pressure setting.
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2-9 Signs.
Ensure that all signs are in place and legible.
2-10* Records.
A proper record shall be completed for all tests of the aerial ladder by the person responsible
for the test. The test record shall include the following:
(a) When the torque verification of mounting bolts, as required by this standard, is performed,
the bolt size, grade, and torque specification shall be recorded.
(b) When NDT is conducted, the test record shall indicate the NDT method used in each area
inspected.
(c) Where this standard requires measurements be taken such as bearing clearance and
backlash, cylinder drift, relief pressure, ladder section twist, hardness readings, base rail
thickness, extension brake drift, winch drift, and the like, these measurements shall be recorded
in the test record in order that a year-to-year comparison can be made.
Chapter 3 Testing Elevating Platforms
3-1 General.
In addition to the manufacturer’s recommendations, the inspections and tests detailed below
shall be performed. An inspection preceded by a plus sign (+) indicates an appropriate
nondestructive test (NDT) shall be conducted as required by 1-4.2 of this standard.
Problems that affect the structural integrity of the elevating platform shall be called
immediately to the attention of the manufacturer or the manufacturer’s authorized representative.
Hydraulic components shall show no signs of hydraulic fluid leakage. A component shall be
considered leaking if oil droplets are forming on the component. A film of oil on the component
shall not be considered severe enough to categorize the component as leaking.
3-2 Service Records.
The elevating platform’s service records shall be checked for any reports that may indicate
defective conditions.
3-3 Turntable and Torque Box Inspection and Test.
The turntable and torque box components, where applicable, shall be inspected on all elevating
platforms in accordance with 2-3.1 through 2-3.12 and 2-3.17 through 2-3.28.
3-4 Stabilizer Examination and Test.
The stabilizer components, where applicable, shall be inspected on all elevating platform
apparatus in accordance with 2-4.1 through 2-4.14.
3-5 Elevating Platform and Boom Inspection and Test.
All platforms and booms shall be inspected in accordance with 3-5.1 through 3-5.12.
3-5.1 Platform Mounting Brackets.
The platform mounting brackets shall be inspected as follows:
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(a) Visually inspect all platform mounting brackets for defects such as weld cracks, dents, or
bends.
(b) (+) Inspect all welds in the platform mounting brackets.
(c) (+) Inspect all bolts and pins structurally involved with the platform mounting to the ladder
or boom for internal flaws.
3-5.2 Platform.
The platform shall be inspected as follows:
(a) Visually inspect platform for defects, such as weld cracks, dents, or bends.
(b) (+) Inspect all welds on platforms.
3-5.3 Hydraulic, Pneumatic, and Electrical Lines in Platform.
Inspect all lines for proper mounting, wear, cracking, kinks, and abrasions.
3-5.4 Auxiliary Winch Mounting.
The auxiliary winch mounting shall be inspected as follows:
(a) Inspect all mounting bolts for proper grade and installation as specified by the apparatus
manufacturer.
(b) Using a calibrated torque wrench, verify that the torque on all winch mounting bolts meets
the apparatus manufacturer’s specifications.
(c) If welded, visually inspect the winch mounting for weld fractures.
(d) (+) Inspect the mounting bolts for internal flaws.
(e) (+) If brackets are welded, inspect all welds on mounting brackets.
3-5.5 Winch Controls.
The winch controls shall be inspected as follows:
(a) Inspect controls for proper identification as to function and operation.
(b) Verify smooth operation of the winch controls.
3-5.6 Platform Load Capacity Identification.
Verify that the proper platform capacity identification plate exists and is legible.
3-5.7 Platform Gate Latches and Hinge Points.
Inspect the platform gate latches for proper alignment and the latch and hinges for smooth
operation.
3-5.8 Platform Hinge Pins.
The platform hinge pins shall be inspected as follows:
(a) Inspect platform hinge pins for proper installation, lubrication, and any irregularities.
(b) (+) Inspect the platform’s hinge pins for internal flaws.
3-5.9 Platform Controls.
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The platform controls shall be inspected as follows:
(a) Inspect the platform operating controls for identification of functions, posted operating
instructions, and warnings.
(b) Verify that the controls operate smoothly, return to neutral when released, and do not bind
during operation.
(c) Verify that the turntable or lower controls will override the platform controls.
3-5.10 Unauthorized Modifications and Added Weight.
Verify that no unauthorized modifications or extra equipment have been added to the platform
without subtracting the weight of such from the platform net operating capacity.
3-5.11 Platform Monitor and Nozzle.
The platform monitor and nozzle shall be inspected as follows:
(a) Inspect the complete operation of the platform monitor and nozzle.
(b) Inspect the monitor’s mounting brackets for any defects and welds for fractures.
3-5.12 Boom Illumination.
Verify the operation of spotlights used to illuminate the boom.
3-6 Articulating Boom—Lower Boom Examination and Test.
For apparatus equipment with an articulating boom, the lower boom shall be inspected and
tested in accordance with 3-6.1 through 3-6.14.
3-6.1 Hinge Pins.
The hinge pins shall be inspected as follows:
(a) Inspect the boom hinge pins for proper installation, lubrication, operation, and any
discontinuities.
(b) (+) Inspect the boom hinge pins for internal flaws.
3-6.2 Lower Boom Elevation Cylinder Anchor Ears and Plates.
The lower boom elevation cylinder anchor ears and plates shall be inspected as follows:
(a) Visually inspect the anchor ears and plates for defects and the attaching welds for fractures.
(b) (+) Inspect all welds on the anchor ears and plates.
3-6.3 Lower Boom Elevation Cylinders.
The boom elevation cylinder shall be inspected as follows:
(a) Inspect the cylinder rod(s) for pitting, scoring, or other defects.
(b) Inspect the cylinder rod to barrel seal and the end gland seal for excessive external
hydraulic fluid leakage.
(c) With the hydraulic oil at ambient temperature, measurements shall be taken in accordance
with the manufacturer’s recommendations to determine the amount of drift present in the boom
elevation cylinders. Results of this test shall not exceed the manufacturer’s specifications for
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allowable lower boom cylinder drift.
3-6.4 Holding Valves on Boom Elevation Cylinder.
Inspect the holding valves for signs of external hydraulic fluid leakage.
3-6.5 Boom Assembly.
The lower boom assembly shall be inspected as follows:
(a) Visually inspect the boom for defects such as weld cracks, dents, or bends.
(b) Visually inspect all structural fasteners and fastened connections for cracked fasteners and
material cracks around the fasteners.
(c) (+) Inspect all welds on the boom for any structural discontinuities.
(d) (+) Hardness readings shall be taken at intervals of 28 in. (710 mm) or less on booms
constructed of aluminum. Results of this test shall be compared with the manufacturer’s
specifications for the hardness of the material used for construction of the boom assembly.
3-6.6 Cylinder Link Pins.
The cylinder link pins shall be inspected as follows:
(a) Inspect the cylinder link pins for proper installation, lubrication, operation, and any
fractures.
(b) (+) Inspect the cylinder link pins for internal flaws.
3-6.7 Platform Leveling Linkages.
The platform leveling linkages shall be inspected as follows:
(a) Visually inspect linkages for defects such as weld cracks, dents, and bends.
(b) (+) Inspect all welds of the leveling assembly.
(c) (+) Inspect all leveling linkage pins for any internal flaws.
3-6.8 Hydraulic Lines and Hoses in Lower Boom.
Inspect all hydraulic lines in the lower boom for proper mounting, abrasion, hydraulic fluid
leakage, and wear.
3-6.9 Hydraulic Lines in Knuckle.
Inspect all hydraulic lines in the knuckle for hydraulic fluid leakage, abrasion, and any signs of
wear.
3-6.10 Cables, Chains, and Rods.
Inspect all cables, chains, and rods for signs of wear and for proper adjustment.
3-6.11 Sprockets, Pulleys, and Hooks.
Inspect all sprockets, pulleys, and hooks for proper lubrication, signs of wear, distortion, and
proper operation.
3-6.12 Boom Support.
The boom support shall be inspected as follows:
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(a) Visually inspect the boom support for defects such as weld cracks, dents, or bends.
(b) (+) Inspect the boom support welds and bracket attachment.
3-6.13 Lower Boom Angle Indicator Lights.
Verify the proper operation of the lower boom angle indicator lights.
3-6.14 Pneumatic and Electrical Lines.
Inspect all pneumatic and electrical lines in the lower boom and the knuckle for proper
mounting, wear, cracking, kinks, and abrasions.
3-7 Articulating Boom—Upper Boom Examination and Test.
For apparatus equipment with an articulating boom, the upper boom shall be inspected and
tested in accordance with 3-7.1 through 3-7.15.
3-7.1 Upper Boom for Alignment with Lower Boom.
Verify that the upper boom is aligned with the lower boom.
3-7.2 Platform Leveling Linkages.
The platform leveling linkages shall be inspected as follows:
(a) Visually inspect linkages for defects such as weld cracks, dents, or bends.
(b) (+) Inspect all welds of leveling assemblies.
(c) (+) Inspect all leveling linkage pins for any internal flaws.
3-7.3 Boom Boost Cylinder Brackets.
The boom boost cylinder brackets shall be inspected as follows:
(a) Visually inspect the boom boost cylinder brackets for defects such as weld cracks, dents, or
bends.
(b) (+) Inspect the boom boost cylinder bracket welds.
3-7.4 Boom Boost Cylinders.
Inspect the boom boost cylinders for any external hydraulic fluid leakage.
3-7.5 Cylinder Link Pins.
The cylinder link pins shall be inspected as follows:
(a) Visually inspect the cylinder link pins for proper installation, lubrication, operation, and
any irregularities.
(b) (+) Inspect the cylinder link pins for internal flaws.
3-7.6 Boom Assembly.
The upper boom assembly shall be inspected as follows:
(a) Visually inspect the boom for defects such as weld cracks, dents, or bends.
(b) Visually inspect all structural fasteners and fastener connections for cracked fasteners and
material cracks around the fasteners.
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(c) (+) Inspect all welds on the boom.
(d) (+) Hardness readings shall be taken at intervals of 28 in. (710 mm) or less on booms
constructed of aluminum. Results of this test shall be compared with the manufacturer’s
specifications for the hardness of the material used for construction of the boom assembly.
3-7.7 Hydraulic Lines and Hoses in Upper Boom.
Inspect all hydraulic hoses/lines in the upper boom for proper mounting, abrasions, hydraulic
fluid leakage, and wear.
3-7.8 Cables, Chains, and Rods.
Inspect all cables, chains, and rods for signs of wear and for proper adjustment.
3-7.9 Sprockets, Pulleys, and Hooks.
Inspect all sprockets, pulleys, and hooks for proper lubrication, signs of wear, distortion, and
proper operation.
3-7.10 Upper Boom Hold-Down Device.
The upper boom hold-down device shall be inspected as follows:
(a) Visually inspect the upper boom hold-down device for defects and for proper operation.
(b) (+) Inspect all welds of the upper boom hold-down device.
3-7.11 Safety Stop Mechanism.
Verify that the safety stop mechanism operates properly.
3-7.12 Upper Boom Elevation Cylinder Anchor Ears and Plates.
The upper boom elevation anchor ears and plates shall be inspected as follows:
(a) Visually inspect the anchor ears and plates for defects and welds for fractures.
(b) (+) Inspect all welds on the anchor ears and plates.
3-7.13 Upper Boom Elevation Cylinder(s).
The upper boom elevation cylinder(s) shall be inspected as follows:
(a) Inspect the cylinder rod(s) for pitting, scoring, and other defects.
(b) Inspect the cylinder rod to barrel seal and the end gland seal for excessive external
hydraulic fluid leakage.
(c) With the hydraulic oil at ambient temperature, measurements shall be taken in accordance
with the manufacturer’s recommendations to determine the amount of drift present. Results of
this test shall not exceed the manufacturer’s tolerance for allowable upper boom cylinder drift.
3-7.14 Holding Valves on Upper Boom Elevation Cylinder.
Inspect the holding valve(s) for signs of external hydraulic fluid leakage.
3-7.15 Pneumatic and Electrical Lines.
Inspect all pneumatic and electrical lines in the upper boom for proper mounting, wear,
cracking, kinks, and abrasions.
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3-8 Telescoping Boom Examination and Test.
For platforms equipped with a telescoping boom, the boom shall be inspected and tested in
accordance with 2-3.13 through 2-3.16, 3-6.10 through 3-6.12, and 3-8.1 through 3-8.14.
3-8.1 Boom Assemblies.
The boom assemblies shall be inspected as follows:
(a) Visually inspect booms for defects such as weld cracks, dents, or bends.
(b) Visually inspect all structural fasteners and fastened connections for cracked fasteners and
material cracks around the fasteners.
(c) (+) Inspect all welds on booms.
(d) (+) Hardness readings shall be taken at intervals of 28 in. (710 mm) or less on booms
constructed of aluminum. Results of this test shall be compared with the manufacturer’s
specifications for the hardness of the material used for construction of the boom assembly.
3-8.2 Ancillary Boom Ladder.
The ancillary boom ladder shall be inspected as follows:
(a) Inspect the ancillary boom ladder for any defects and welds for fractures.
(b) Inspect the mounting brackets for loose bolts, weld fractures, or other defects.
(c) (+) Inspect all welds on the ladder and attaching welds.
3-8.3 Guides, Wear Strips and Pads, and Slide Blocks.
Inspect guides, wear strips and pads, and slide blocks for proper installation and signs of wear.
3-8.4 Extension Sheaves.
The extension sheaves shall be inspected as follows:
(a) Inspect the extension sheaves for proper mounting, alignment, and signs of wear.
(b) (+) Inspect all welds of the extension sheave mounting brackets.
(c) (+) Inspect retaining bolt for internal flaws.
3-8.5 Extension Cables.
Inspect extension cables for compliance with Appendix A of the Society of Automotive
Engineers Standard SAE J959, Lifting Crane, Wire-Rope Strength Factors.
3-8.6 Elevation Indicator.
Inspect the elevation cylinder indicator for legibility and clarity.
3-8.7 Maximum Extension Warning.
During operation, verify the proper operation of the audible device to warn of the approach to
maximum extension, if so equipped.
3-8.8 Platform Leveling Cylinders.
The platform leveling cylinders shall be inspected as follows:
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(a) Inspect the cylinder rod(s) for pitting, scoring, and other defects.
(b) Inspect the cylinder rod to barrel seal and the end gland seal for excessive external
hydraulic fluid leakage.
(c) Visually inspect the leveling system for proper installation.
(d) Visually inspect the mounting of the leveling system for defects and welds for fractures.
(e) (+) Inspect all welds for mounting of the leveling system.
(f) (+) Inspect all leveling cylinder pins for any internal flaws.
3-8.9 Hydraulic Lines and Hoses in Boom Assemblies.
Inspect all hydraulic lines and hoses in the boom assemblies for hydraulic fluid leakage,
abrasions, and any signs of wear.
3-8.10 Extension Cylinder Anchor Ears and Plates.
The extension cylinder anchor ears and plates shall be inspected as follows:
(a) Visually inspect the extension cylinder anchor ears and plates for defects and attaching
welds for fractures.
(b) (+) Inspect the extension cylinder anchor ears and plate attaching welds.
3-8.11 Extension Cylinder Pins.
The extension cylinder pins shall be inspected as follows:
(a) Inspect the cylinder pins for proper installation and retention.
(b) (+) Inspect the cylinder pins for internal flaws.
3-8.12 Extension Cylinder.
The extension cylinders shall be inspected as follows:
(a) Inspect the cylinder rods for pitting, scoring, and other defects.
(b) Inspect the cylinder rod to barrel seal and the end gland seal for excessive external
hydraulic fluid leakage.
(c) With the hydraulic oil at ambient temperature, subject the cylinder(s) to drift by placing the
aerial device at full elevation, 10-ft (3-m) extension, marking the cylinder piston or the second
section in relation to the base section, and allowing the ladder to stand for 1 hr with the engine
off. The results shall not exceed the manufacturer’s specifications for allowable cylinder drift.
3-8.13 Holding Valves on Extension Cylinder.
Inspect the holding valves for external hydraulic fluid leakage.
3-8.14 Pneumatic and Electrical Lines.
Inspect all pneumatic and electrical lines in the booms for proper mounting, wear, cracking,
kinks, and abrasions.
3-9 Operational Tests from Lower Controls.
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3-9.1
With engine speed set to allow maximum speed as permitted by the manufacturer, the
elevating platform shall be operated in all positions, as allowed by the manufacturer, using the
lower or ground controls.
3-9.2
The operation of the elevating platform shall include, but not be limited to, movement of the
platform basket from ground to maximum elevation as well as revolving the platform basket 360
degrees to the left and to the right while the unit is at its maximum horizontal reach.
3-9.3
The boom shall operate without any improper or unusual motion or sound.
3-9.4
All safety devices shall operate properly.
3-9.5
All controls shall operate smoothly, return to the neutral position when released, and not bind
during operation.
3-9.6
If equipped with a spirit level, check the level for accuracy and legibility.
3-9.7
For telescoping elevating platforms, rollers, slides, and sheave wheels shall demonstrate proper
alignment, function, and free operation.
3-9.8
A complete cycle of elevating platform operation shall be carried out after starting the engine,
setting the stabilizers, and transmitting power to the platform booms or sections.
3-9.8.1 Operating the machine from the lower control station, the elevating platform shall be
raised out of the bed, extended to full specified height, and rotated through a 90-degree turn.
This shall be completed smoothly and without undue vibration within the manufacturer’s
recommended time.
3-9.8.2 The elevating platform shall be retracted, and the turntable rotation completed through
360 degrees. The elevating platform shall be lowered to its bed and a thorough inspection made
of all moving parts. Special attention shall be given to the platform leveling system.
3-9.8.3 The test shall demonstrate successful operation of all elevating platform controls.
3-10 Operational Tests from Platform Controls.
3-10.1
With engine speed set to allow maximum speed as permitted by the manufacturer, the
elevating platform shall be operated in all positions, as allowed by the manufacturer, with only
one operator in the platform basket operating from the platform control station.
3-10.2
The operation of the elevating platform shall include, but not be limited to, movement of the
Copyright 1996 NFPA

platform basket from ground to maximum elevation, as well as revolving the platform basket 360
degrees to the left and to the right while the unit is at its maximum horizontal reach.
3-10.3
All safety devices shall operate properly.
3-10.4
The platform basket deactivation control, from the ground or lower controls, shall be
demonstrated to operate properly.
3-10.5
The platform basket shall level properly as the booms are moved through all allowable
positions.
3-10.6
The mechanical override on a hydraulically leveled elevating platform basket shall operate
properly during emergency lowering of the boom without hydraulic power.
3-11 Load Test.
3-11.1
With the unit located on a hard level surface and allowing sufficient room for unrestricted
boom movements, a stability and structural test shall be performed. This test shall determine the
elevating platform’s ability to perform properly while carrying rated capacity loads in the
platform basket.
3-11.2
The unit shall be properly stabilized according to the manufacturer’s recommendation.
3-11.3
The platform basket shall be placed near the ground and loaded to the manufacturer’s rated
payload capacity. Care shall be exercised to assure that the weight of equipment added to the
platform basket after delivery is subtracted from the weight of the test load being added. The
platform basket load shall be properly secured.
3-11.4
The unit shall be operated from the lower controls through all allowable phases of operation.
The manufacturer’s operational limits shall not be exceeded.
3-11.5
The stabilizers shall show no evidence of any instability. If instability is observed, testing shall
cease and the apparatus shall be repositioned or the manufacturer notified.
3-11.6
All boom movements shall exhibit no abnormal noise, vibration, or deflection.
3-11.7
The platform basket shall level properly as the booms are moved through all allowable
positions.
3-11.8
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At the conclusion of the load test, weld joints at stabilizer structure, stabilizers, frame, main
frame, frame reinforcements, turntable, cylinder anchors, boom joints, leveling system, platform
basket, and pivot pin bosses shall be inspected and shall show no signs of deterioration.
3-12 Water System Examination and Test.
3-12.1
The waterway and system shall be inspected for proper operation of all components. It shall be
free of rust, corrosion, other defects, or blockage.
3-12.2
The waterway attaching brackets shall be inspected as follows:
(a) Inspect the brackets for loose bolts, weld fractures, or other defects.
(b) (+) Inspect all attaching welds.
3-12.3 Pressure Test.
The water system shall be pressure tested.
3-12.3.1 If the elevating platform has a telescoping boom, the water system shall be tested
following the procedure in 2-8.4.1 and 2-8.4.2.
3-12.3.2* If the elevating platform has an articulating boom, the boom shall be positioned in the
road travel position. The water system shall be filled with water and the valve at the discharge
end closed. If there is not a valve at the discharge end, a valve shall be attached for the purpose
of this test.
NOTE: For safety reasons, all air must be removed from the system.

The pressure on the system shall be raised to the water system manufacturer’s maximum rated
working pressure and maintained while the elevating platform is raised to its rated vertical height
and rotated 360 degrees. The water system, including the turntable swivel, shall be checked for
leaks. Care shall be taken not to overheat the water pump.
3-12.3.3 If the elevating platform has both a telescoping boom and an articulating boom, it shall
be tested in accordance with 3-12.3.1 and 3-12.3.2.
3-12.3.4* The water system shall operate properly and with an absence of leaks during these
tests.
3-12.4
If the waterway system is equipped with a flow meter, the flow meter shall be checked for
accuracy. Flow meters shall be tested at the water system manufacturer’s maximum rated water
system flow. Any meter that reads off by more than 10 percent shall be recalibrated or repaired.
3-12.5
If the waterway system is equipped with a water pressure gauge(s), each water pressure gauge
shall be checked for accuracy. Pressure gauges shall be checked at at least 3 points including 150
psi (1034 kPa), 200 psi (1379 kPa), and 250 psi (1723 kPa). Any gauge that reads off by more
than 10 psi shall be replaced.
3-12.6
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If the waterway system is equipped with a relief valve, this relief valve shall be checked to
verify that it is operational at the waterway manufacturer’s recommended pressure setting.
3-13 Signs.
Ensure that all signs are in place and legible.
3-14* Records.
A proper record shall be completed for all tests of the elevating platform and signed by the
person responsible for the tests. The test record shall include the following:
(a) When the torque verification of mounting bolts, as required by this standard, is performed,
the bolt size, grade, and torque specification shall be recorded.
(b) When NDT is conducted, the test record shall indicate the NDT method used in each area
inspected.
(c) Where this standard requires measurements be taken such as bearing clearance and
backlash, cylinder drift, relief pressure, ladder section twist, hardness readings, base rail
thickness, extension brake drift, winch drift, and the like, these measurements shall be recorded
in the test record in order that a year-to-year comparison can be made.
Chapter 4 Testing Water Towers
4-1 General.
In addition to the manufacturer’s recommendations, the inspections and tests detailed below
shall be performed. An inspection preceded by a plus sign (+) indicates an appropriate
nondestructive test (NDT) shall be conducted as required by 1-4.2 of this standard.
Problems that affect the structural integrity of the elevating platform shall be called
immediately to the attention of the manufacturer or the manufacturer’s authorized representative.
Hydraulic components shall show no signs of hydraulic fluid leakage. A component shall be
considered leaking if oil droplets are forming on the component. A film of oil on the component
shall not be considered severe enough to categorize the component as leaking.
4-2 Service Records.
The water tower’s service records shall be checked for any reports that may indicate defective
condition.
4-3 Turntable and Torque Box Inspection and Test.
The turntable and torque box components, where applicable, shall be inspected on all water
tower apparatus in accordance with 2-3.1 through 2-3.27.
4-4 Stabilizer Examination and Test.
The stabilizer components, where applicable, shall be inspected on all water tower apparatus in
accordance with 2-4.1 through 2-4.13.
4-5 Articulating Boom—Lower Boom Examination and Test.
For water tower apparatus equipped with an articulating boom, the lower boom shall be
inspected and tested in accordance with 3-6.1 through 3-6.6 and 3-6.8 through 3-6.14, as
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applicable.
4-6 Articulating Boom—Upper Boom Examination and Test.
For water tower apparatus equipped with an articulating boom, the upper boom shall be
inspected and tested in accordance with 3-7.1 and 3-7.3 through 3-7.15, as applicable.
4-7 Telescoping Boom Examination and Test.
For water tower apparatus equipped with a telescoping boom, the booms shall be inspected
and tested in accordance with 3-6.10 through 3-6.14, 3-8.1 through 3-8.7, and 3-8.9 through
3-8.14, as applicable.
4-8 Operating Test.
4-8.1
A complete cycle of water tower operation shall be carried out after starting the engine, setting
the stabilizers, and transmitting power to the water tower. The water tower shall be fully elevated
out of the bed, rotated 90 degrees, and extended to full extension.
4-8.2
A water tower shall complete this test smoothly and without undue vibration within the time
allowed by the standard in effect at the time of manufacture.
4-8.3
The water tower shall be retracted, the turntable rotation completed through 360 degrees, and
then the water tower lowered to its bed, after which a thorough inspection shall be made of all
moving parts.
4-8.4
The test shall demonstrate successful operation of all water tower controls.
4-9 Water System Examination and Test.
4-9.1
The waterway and system shall be inspected for proper operation of all components. It shall be
free of rust, corrosion, other defects, or blockage.
4-9.2
The waterway attaching brackets shall be inspected as follows:
(a) Inspect the brackets for loose bolts, weld fractures, or other defects.
(b) (+) Inspect all attaching welds.
4-9.3 Pressure Test.
The water system shall be pressure tested.
4-9.3.1 If the water tower has a telescoping boom, the water system shall be tested following the
procedure in 2-8.4.1 and 2-8.4.2.
4-9.3.2 If the water tower has an articulating boom, the water system shall be tested following
the procedure in 3-12.3.2.
4-9.3.3 If the water tower has both a telescoping boom and an articulating boom, it shall be
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tested in accordance with 4-9.3.1 and 4-9.3.2.
4-9.3.4* The water system shall operate properly and with an absence of leaks during these tests.
4-9.4
If the waterway system is equipped with a flow meter, the flow meter shall be checked for
accuracy. Flow meters shall be tested at the water system manufacturer’s maximum rated water
system flow. Any meter that reads off by more than 10 percent shall be recalibrated or repaired.
4-9.5
If the waterway system is equipped with a water pressure gauge(s), each water pressure gauge
shall be checked for accuracy. Pressure gauges shall be checked at at least 3 points including 150
psi (1034 kPa), 200 psi (1379 kPa), and 250 psi (1723 kPa). Any gauge that reads off by more
than 10 psi shall be replaced.
4-9.6
If the waterway system is equipped with a relief valve, this relief valve shall be checked to
verify that it is operational at the waterway manufacturer’s recommended pressure setting.
4-10 Signs.
Ensure that all signs are in place and legible.
4-11* Records.
A proper record shall be completed for all tests of the water tower by the person responsible
for the test. The test record shall include the following:
(a) When the torque verification of mounting bolts, as required by this standard, is performed,
the bolt size, grade, and torque specification shall be recorded.
(b) When NDT is conducted, the test record shall indicate the NDT method used in each area
inspected.
(c) Where this standard requires measurements be taken such as bearing clearance and
backlash, cylinder drift, relief pressure, ladder section twist, hardness readings, base rail
thickness, extension brake drift, winch drift, and the like, these measurements shall be recorded
in the test record in order that a year-to-year comparison can be made.
Chapter 5 Referenced Publications
5-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document.The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
5-1.1 ASTM Publications.
American Society for Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.
ASTM B647-1984, Test Method for Indentation Hardness of Aluminum Alloys by Means of a
Webster Hardness Gauge
ASTM B648-1978, Test Method for Indentation Hardness of Aluminum Alloys by Means of a
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Barcol Impressor
ASTM E6-1989, Standard Definitions of Terms Relating to Methods of Mechanical Testing
ASTM E10-1984, Test Method for Brinell Hardness of Metallic Materials
ASTM E18-1989, Test Methods for Rockwell Hardness and Rockwell Superficial Hardness of
Metallic Materials
ASTM E92-1982, Test Method for Vickers Hardness of Metallic Materials
ASTM E114-1990, Practice for Ultrasonic Pulse-Echo Straight-Beam Examination by the
Contact Method
ASTM E165-1980, Practice for Liquid Penetrant Inspection Method
ASTM E269-1988, Definitions of Terms Relating to Magnetic Particle Examination
ASTM E270-1990, Definitions of Terms Relating to Liquid Penetrant Inspection
ASTM E500-1989, Standard Terminology Relating to Ultrasonic Examination
ASTM E543-1989, Standard Practice for Determining the Qualification of Nondestructive
Testing Agencies
ASTM E586-1990, Standard Definitions of Terms Relating to Gamma and X-Radiography
ASTM E709-1980, Practice for Magnetic Particle Examination
ASTM E797-1990, Standard Practice for Measuring Thickness by Manual Ultrasonic
Pulse-Echo Contact Method
ASTM E1032-1985, Method for Radiographic Examination of Weldments
5-1.2 ASNT Publication.
American Society for Nondestructive Testing, Inc., 4153 Arlingate Plaza, Columbus, OH
43228.
ASNT SNT-TC-1A-1984, Recommended Practice
5-1.3 AWS Publications.
American Welding Society, Inc., 550 NW LeJeune Road, P.O. Box 351040, Miami, FL 33135.
AWS B1.10-1986, Guide for Nondestructive Inspection of Welds
AWS D1.1-1990, Structural Welding Code—Steel
AWS D1.2-1983, Structural Welding Code—Aluminum
5-1.4 SAE Publication.
Society of Automotive Engineers, 400 Commonwealth Drive, Warrendale, PA 15096.
SAE J959-1980, Lifting Crane, Wire-Rope Strength Factors.
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-1
Prior to 1991, all requirements for aerial ladders, elevating platforms, and water towers were
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covered in NFPA 1901, Standard on Automotive Fire Apparatus. Starting in 1991, NFPA 1901,
Standard for Pumper Fire Apparatus, covers the requirements for water towers, and NFPA
1904, Standard for Aerial Ladder and Elevating Platform Fire Apparatus, covers the
requirements for aerial ladders and elevating platforms.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations or procedures, equipment or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations which is in a position to
determine compliance with appropriate standards for the current production of listed items.
Authority Having Jurisdiction. The phrase “authority having jurisdiction” is used in NFPA
documents in a broad manner since jurisdictions and “approval” agencies vary as do their
responsibilities. Where public safety is primary, the “authority having jurisdiction” may be a
federal, state, local or other regional department or individual such as a fire chief, fire marshal,
chief of a fire prevention bureau, labor department, health department, building official,
electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the
“authority having jurisdiction.” In many circumstances the property owner or his designated
agent assumes the role of the “authority having jurisdiction”; at government installations, the
commanding officer or departmental official may be the “authority having jurisdiction.”
Listed The means for identifying listed equipment may vary for each organization concerned
with product evaluation, some of which do not recognize equipment as listed unless it is also
labeled. The “authority having jurisdiction” should utilize the system employed by the listing
organization to identify a listed product.
A-1-4.2
Full nondestructive testing may be desirable on a more frequent basis than every 5 years
depending on the service the aerial device is subject to. Extensive use of the aerial device in
urban environments would be a reason for more frequent testing. Many departments have found
aerial devices damaged not by use but by transport over rough roads that rack the device in its
bed.
A-1-4.4
Specific written checklists should be developed by each fire department for their style and
brand of apparatus, combining the manufacturer’s recommended checks with the inspection
procedures of this standard and any other checks found desirable by the department, to ensure a
systematic and complete inspection.
A-1-4.5
Qualified vehicle operators are those who have been schooled in the operation of the vehicle
by the manufacturer or fire department instructors who have received special training in all
phases of vehicle operations. Operators of fire department apparatus should complete a course in
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driver training and aerial ladder or elevating platform operational procedures, including
positioning on the fireground. Specific training should be given in procedures to be followed
should the hydraulic system fail. A thorough understanding of safe load capacity, stabilizing
procedures, and operational limits is paramount. Safety procedures and proper shutdown and
boom lowering procedures are also critical. Operators should be tested upon completion of
training. Periodic retraining and retesting should also be required.
A-2-3.9
Spectrochemical analysis of the hydraulic oil is intended to identify contaminants in the
hydraulic system. Typically the analysis will identify contaminants in parts per million (PPM) or
by percent. Many laboratories that perform analysis will provide service recommendations with
their oil analysis report. In most cases, recommendations are limited unless a reference analysis
has been performed. The reference analysis is an analysis of new oil from the oil
manufacturer/supplier prior to being put into the aerial hydraulic system. Subsequent oil analyses
are then compared to the reference analysis. By comparing the contaminant levels, trends can be
identified and specific service recommendations given by the analyzing laboratory.
Typical recommendations are:
1. Service oil filters
2. Drain and replace oil
3. Excessive wear metal present.
A-2-3.15
(c) If the aerial device is operated for a considerable time period prior to the drift test, the
hydraulic oil temperature will be elevated. During the 1-hr test, the oil will cool to ambient and
can change in volume by 3 to 4 percent leading to erroneous test results.
A-2-5.7
Some hollow I-beam aerial ladders’ base rails have an additional layer of sheet metal spot
welded to the bottom of the base rail on the bed ladder section. This additional metal is
commonly known as a “glove.” Base rails constructed in this manner are susceptible to corrosion
between the inside of the glove and the outside of the base rail when water is trapped in this area.
This corrosion is not readily detectable, as the area inside the glove cannot be visually inspected
unless the glove is removed. If any corrosion or rust can be seen bleeding from the glove, the
manufacturer should be contracted and the glove removed in order to determine whether
corrosion has weakened the base rail.
A-2-7.1
A strong wind action on the long cable and test load will introduce a pendulum action that will
potentially add load to the ladder far beyond the test weight.
A-2-7.3.2. See Figure A-2-7.3.2.
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Figure A-2-7.3.2 Hanger for test cable.

A-2-7.3.9 See Figure A-2-7.3.9.

Figure A-2-7.3.9 Test weight container.

A-2-8.4.1 It is recommended that a valve or restricting orifice plate be placed in the hose line
where it connects to the ladder pipe intake to throttle the water entering the system. This allows
only a controlled flow if something breaks during the test.
The purpose of this test is primarily to detect water leaks in the turntable center swivel area.
However, leaks in other areas may also be detected during this test.
A-2-8.4.2 The purpose of this test is primarily to detect water leaks in the seals between the
telescoping water pipes. However, leaks in other areas may also be detected during this test.
A-2-8.4.3 It is recognized that fittings may drip slightly during the test, and such dripping is
acceptable. However, any steady leak is a sign of a developing problem that should be corrected.
A-2-10 Report Form.
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Aerial Ladder Examination and Test Record
Test date
Fire department company number
Manufacturer’s name
Manufacturer’s serial number
Aerial ladder first placed in service (date)
Ladder material
Rated vertical height
Reason for test
Test location
Weather conditions at time of test
Temperature
°F.
Wind Velocity (estimate)
Remarks
A. Visual Examination (attach copy of checklist)
Disposition of any problems:
B. Operational Examination
Disposition of any problems:
C. Load Test
Disposition of any problems:
D. Water System Test
Disposition of any problems:

MPH

Signed
A-3-12.3.2 It is recommended that a valve or restricting orifice plate be placed in the hose line
where it connects to the elevating platform intake to throttle the water entering the system. This
allows only a controlled flow if something breaks during the test.
A-3-12.3.4 It is recognized that fittings may drip slightly during the test, and such dripping is
acceptable. However, any steady leak is a sign of a developing problem that should be corrected.
A-3-14 Report Form.
Elevating Platform Examination and Test Record
Test date
Fire department company number
Manufacturer’s name
Manufacturer’s serial number
Elevating platform first placed in service (date)
Rated vertical height
Reason for test
Test location
Weather conditions at time of test
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Temperature
°F.
Wind Velocity (estimate)
Results:
A. Visual Examination (attach copy of checklist)
Disposition of any problems:
B. Operational Examination
Disposition of any problems:
C. Stability and Structural Examination
Platform Basket Load Lb
Disposition of any problems:
D. Water System Test Disposition of any problems:

MPH

Signed
A-4-9.3.4 It is recognized that fittings may drip slightly during the test, and such dripping is
acceptable. However, any steady leak is a sign of a developing problem that should be corrected.
A-4-11 Report Form.
Water Tower Examination and Test Record
Test date
Fire department company number
Manufacturer’s name
Manufacturer’s serial number
Water tower first placed in service (date)
Rated vertical height
Reason for test
Test location
Weather conditions at time of test
Temperature
°F.
Wind Velocity (estimate)
A. Visual Examination (attach copy of checklist)
Disposition of any problems:
B. Operational Examination
Disposition of any problems:
C. Water System Test
Disposition of any problems:

MPH

Signed
Appendix B Referenced Publications
B-1 The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
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NFPA issuance of this document.
B-1.1 NFPA Publications. National Fire Protection Association, 1 Batterymarch Park, P.O. Box
9101, Quincy, MA 02269-9101.
NFPA 1901, Standard for Pumper Fire Apparatus, 1991 edition
NFPA 1904, Standard for Aerial Ladder and Elevating Platform Fire Apparatus, 1991 edition
Tentative Interim Amendment
NFPA 1914
Testing Fire Department Aerial Devices
1991 Edition

Reference: 1-4.3*, A-1-4.3, 2-1, 2-5.5, 2-7.2, 3-1, 3-11.5, 4-1
TIA 91-1
Pursuant to Section 15 of the NFPA Regulations Governing Committee Projects, the National
Fire Protection Association has issued the following Tentative Interim Amendment to NFPA
1914, Standard for Testing Fire Department Aerial Devices, 1991 edition. The TIA was
processed by the Fire Department Apparatus Committee and was issued by the Standards
Council on April 14, 1993.
A Tentative Interim Amendment is tentative because it has not been processed through the entire
standards-making procedures. It is interim because it is effective only between editions of the
standard. A TIA automatically becomes a Proposal of the proponent for the next edition of the
standard; as such, it then is subject to all of the procedures of the standards-making process.
1. Revise 1-4.3 to read as follows:
1-4.3*
If the aerial device is involved in a situation that produces any structural damage, or if the
inspections and tests required in this standard reveal any problems that affect the structural
integrity of the aerial device, the aerial device shall be placed out of service. The aerial device
shall be repaired to an acceptance level in accordance with the manufacturer’s standard. If the
manufacturer is no longer in business and therefore cannot be consulted with regard to repair of
the aerial device, the repairs shall be performed by a repair facility acceptable to the authority
having jurisdiction. The aerial device shall be tested to the full operational load and NDT of this
standard before it is placed back in service.
2. Add an Appendix item to 1-4.3 to read as follows:
A-1-4.3
If possible, the manufacturer of the aerial device should be consulted when structural defects
are revealed by the service test in this standard. The recommendations for repair made by the
manufacturer should be strictly adhered to. However, situations can arise in which the
manufacturer cannot be consulted because the company is no longer in business. In these cases,
the authority having jurisdiction must choose a repair facility to conduct the repair work.
Choosing a repair facility to perform structural repair on an aerial apparatus is a process that
requires a great deal of research and careful thought. Some of the items that should be
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considered are:
(a) Does the facility have past experience with the same structural repair as your aerial device
needs and will the facility provide a reference list?
(b) Does the facility have the original design, construction, and operation specifications for the
make and model of your aerial device?
(c) Does the facility have in its possession written procedures for structural repair that were
previously developed by the manufacturer of your aerial device?
(d) Does the facility employ an engineering staff to analyze structures and recommend
structural repair methods?
(e) Will the facility provide you with the engineering analysis used to substantiate the
structural repair method recommended?
(f) Will the facility provide an independent certification by a professional engineer of the
analysis used to substantiate the recommended structural repair method?
(g) Will the facility warrant the work performed?
3. Delete the first sentence of the second paragraph of Section 2-1.
4. Delete 2-5.5 and renumber 2-5.6 through 2-5.28 as 2-5.5 through 2-5.27.
5. Revise 2-7.2 by deleting the wording starting with “and the condition shall be reported ...”
through the remainder of the paragraph.
6. Delete the second paragraph of Section 3-1.
7. In 3-11.5 delete the words “or the manufacturer notified.”
8. Delete the second paragraph of Section 4-1.
Copyright © 1993 All Rights Reserved
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NFPA 1921
1993 Edition
Standard for Fire Department Portable Pumping Units

Copyright © 1993 NFPA, All Rights Reserved
1993 Edition
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This edition of NFPA 1921, Standard for Fire Department Portable Pumping Units, was
prepared by the Technical Committee on Fire Department Equipment and acted on by the
National Fire Protection Association, Inc. at its Fall Meeting held November 16-18, 1992, in
Dallas, TX. It was issued by the Standards Council on January 15, 1993, with an effective date of
February 12, 1993, and supersedes all previous editions.
The 1993 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1921
The first NFPA document dealing solely with portable pumping units was NFPA 191,
Specifications for Portable Pumping Units for Fire Department Service, which appeared in
January 1954. It incorporated portions of NFPA 19, Specifications for Motor Fire Apparatus,
and NFPA 192, Volunteer Fire Departments for Rural and Suburban Community Service.
The document was partially revised in 1959. In 1975 the document was completely revised.
The title was changed to Specifications for Fire Department Portable Pumping Units, and the
number designation was changed to NFPA 1921. In 1980 it was completely revised again, and
the title was changed to Standard for Fire Department Portable Pumping Units. The 1987
edition was a reconfirmation of the 1980 edition.
The 1993 edition is a complete revision that is structured around five types of portable pumps
that are in general use, as opposed to the three classifications previously defined. This edition
also establishes minimum requirements for portable pumps designed to be carried by 1, 2, and 4
persons. The discussion in the appendix has been increased to give a purchaser guidance and
options in the selection of a portable pump.
Technical Committee on Fire Department Equipment
Howard L. McMillen, Chairman
City of Fort Worth Fire Dept., TX
Robert J. Barraclough, Vice Chairman
Span Instruments, TX
Kenneth L. Koch, Secretary
Sutphen Corp., OH
William H. Barnes, Akron Brass Co., OH
David R. Bouchard, Fire Consulting Assoc. Inc., RI
Jeffrey Bowman, Anaheim Fire Dept., CA
Patrick M. Ciangiola, Underwriters Laboratories Inc., IL
Samuel C. Cramer, Aluminum Ladder Co., SC
Copyright 1996 NFPA

Ralph Craven, Mission College, CA
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NFPA 1921
Standard for
Fire Department Portable Pumping Units
1993 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 6.

Chapter 1 Administration
1-1* Scope.
This standard shall apply to new fire department portable pumping units, including those that
are designed for support of wildland fire fighting or fire ground water supply and that are
transportable by up to 4 fire fighting personnel.
1-2* Purpose.
This standard specifies the minimum requirements for new portable pumping units.
1-3 Definitions.
Acceptance Tests. Tests performed on behalf of the purchaser by the manufacturer’s
representative at the time of delivery to determine compliance to the fire department’s
specifications.
Close-off Pressure. The pressure the pumping unit is capable of developing at zero discharge
flow with the engine throttle full open.
Contractor. The person or company responsible for fulfilling the agreed-upon contract. The
contractor may not necessarily manufacture the pumping unit or any portion of the pumping unit
but is responsible for the completion, delivery, and acceptance of the entire unit.
Dynamic Suction Lift. The sum of the vertical lift and the friction and entrance loss caused by
the flow through the suction strainers and hose, expressed in feet.
Gallons. United States gallons.
GPM. Gallons per minute.
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Manufacturer. The person or persons, company, firm, corporation, partnership, or other
organization responsible for taking raw materials or components and constructing a finished
product.
National Standard Hose Thread. A standard thread that has dimensions for inside and outside
fire hose connection screw threads as defined by NFPA 1963, Standard for Screw Threads and
Gaskets for Fire Hose Connections.
Net Pump Pressure.* The sum of the discharge pressure and the dynamic suction lift converted
to psi when pumping at draft, or the difference between the discharge pressure and the suction
pressure when pumping from a hydrant or other source of water under positive pressure.
Nominal Suction Hose Size. The most common size suction hose used for a particular pump
flow.
Portable Attack Pump. A pumping unit with a defined minimum capacity at 150 psi (1034
kPa) net pump pressure that is used primarily for general overhaul, protecting exposures, and
wildland fire fighting.
Portable Combination Pump. A pumping unit with defined minimum capacities at both 150 psi
(1034 kPa) and 25 psi (172 kPa) net pump pressures that is used for wildland fire fighting, water
supply, and tank filling. This pump is not intended for structural interior fire fighting.
Portable Supply Pump. A pumping unit with a defined minimum capacity at 50 psi (345 kPa)
net pump pressure that is typically used for filling water tanks on fire apparatus from an open
body of water or for supplying water at short distances to the fire ground. This pump is not
intended for direct fire fighting.
Portable Transfer Pump. A pumping unit with a defined minimum capacity at 15 psi (103 kPa)
net pump pressure that is typically used for filling water tanks on fire apparatus from an open
body of water. This pump is not intended for direct fire fighting.
Portable Wildland Pump. A pumping unit with a defined minimum capacity at 150 psi (1034
kPa) net pump pressure that is typically used for wildland fire fighting.
PSI. Pounds per square inch.
PSIG. Gauge pressure in pounds per square inch (pressure above atmospheric pressure).
Pump Operator’s Position. The area on the pumping unit that contains the gauges, controls,
and other instruments designed for primary control of the pump.
Purchaser. The authority having responsibility for the specification and acceptance of the
pumping unit.
Readily Accessible. Able to be seen, reached, and serviced or removed without removing other
components or parts of the pumping unit and without the need to use special tools to open
enclosures.
Shall. This term indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
1-4 Conversion Factors.
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Metric units of measurement in this standard are in accordance with the modernized metric
system known as the International System of Units (SI). The unit “liter” is outside of but
recognized by SI and is commonly used in international fire protection. In this standard, values
for measurement are followed by an equivalent in SI units, but only the first stated value shall be
considered the requirement. Equivalent values in SI units shall not be considered the requirement
as these values may be approximate. Table 1-4 shows the actual conversion factors that can be
used where SI units are not shown in the text or where more precision is desired.
Table 1-4
One gallon per minute = 3.785 liters per minute
One gallon per minute = 0.833 imperial gallon per minute
One pound per square inch = 6.895 kilopascals
One pound per square inch = 0.0690 bar
One inch of mercury = 3.386 kilopascals
One inch = 25.4 millimeters
One foot = 0.3048 meter
One square inch = 645.2 square millimeters
One mile per hour = 1.609 kilometers per hour
One pound = 0.454 kilogram
One horsepower = 0.7457 kilowatt

Chapter 2 General Requirements
2-1* Construction.
The portable pump shall be constructed with due consideration to the nature and distribution of
the load to be sustained and to the general character of the service to which the portable pump is
to be subjected when placed in service. All parts of the portable pump shall be strong enough to
withstand the general service. The portable pump shall be so designed that the various parts are
readily accessible for lubrication, inspection, adjustment, and repair.
2-2 Carrying Capability.
2-2.1
The weight of the complete portable pump package, including attached full fuel tank(s), oil,
and any options provided, shall not exceed 80 lb (36 kg) for a 1-person unit, 160 lb (72 kg) for a
2-person unit, or 320 lb (144 kg) for a 4-person unit.
2-2.2
Carrying means shall be furnished according to the number of people the unit is designed for
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and placed for ease of carrying without impeding personal leg movement.
2-2.3
The entire weight of the portable pump, including a full complement of fuel and oil, shall be
approximately evenly distributed on the handles.
2-3 Frame, Guards, and Shields.
2-3.1
The frame platform or backpack shall be constructed in a manner to prevent damage by
vibration.
2-3.2
Guards, shields, or other protection shall be provided where necessary to prevent injury of
personnel by moving or rotating parts or the hot engine exhaust system.
2-4 Painting.
All exposed ferrous metal surfaces not corrosion resistant, plated, or stainless steel shall be
thoroughly cleaned, prepared, and painted.
2-5 Special Tools.
Where special tools are manufactured or designed by the contractor and are required to provide
routine service on any component of the portable pump built or supplied by the contractor, such
tools shall be provided with the unit.
2-6 Pump Operator’s Position.
There shall be an area in which the pump controls, any gauges, or other instruments are
located. It shall be known as the pump operator’s position or the pump operator’s control panel.
2-7 Pump Controls.
Provisions shall be made for quickly and easily placing the pump in operation. All pump
controls and devices shall be installed so as to be protected against mechanical damage and the
effects of adverse weather conditions on their operation.
2-8 Engine Controls.
A hand throttle of a type that will hold its set position shall be provided when a portable pump
is not equipped with an automatic throttle control system to control the engine speed. It shall be
located such that it can be manipulated from the pump operator’s position, with any
instrumentation in full view.
2-9 Gauges and Instruments.
2-9.1
On any 2-person or 4-person portable pump, a master pump discharge pressure gauge shall be
provided. If a round gauge is used, it shall be not less than 21/2 in. (65 mm) in diameter
measured at the dial face. If a digital gauge is used, the digits shall be at least 5/8 in. (16 mm)
high. The gauge shall read from 0 to at least 100 psi (690 kPa) higher than the maximum pump
manufacturer’s close-off pressure.
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2-9.2
Any gauges and instruments shall be mounted and attached so they are protected from
accidental damage and excessive vibration. All analog water pressure gauges shall be liquid
filled, vibration dampened, and capable of operation to –40°F (–40°C).
2-9.3
Any gauges and instruments shall be located so that they are readily visible at the pump
operator’s position.
2-9.4
If the engine has a positive pressure lubrication system, a low oil pressure indicator or oil
pressure gauge shall be provided.
2-9.5
If the engine has a liquid cooling system, a coolant temperature gauge or high-temperature
indicator light shall be provided at the operator’s position.
2-10 Labels.
All required labels or markings shall be of a type permanent in nature, capable of withstanding
the effects of extremes of weather and temperature, and shall be securely attached.
2-10.1
A label shall be permanently attached to the pumping unit indicating the minimum number of
personnel required to safely transport the unit per the weight restrictions in 2-2.1.
2-10.2
If the pump is a portable attack pump, a label shall be attached that reads: “Portable Attack
Pump.”
2-10.3
If the pump is a portable combination pump, a label shall be attached that reads: “Portable
Combination Pump. This pump is not intended for use in interior structural fire fighting.”
2-10.4
If the pump is a portable supply pump, a label shall be attached that reads: “Portable Supply
Pump. This pump is not intended for direct fire fighting.”
2-10.5
If the pump is a portable transfer pump, a label shall be attached that reads: “Portable Transfer
Pump. This pump is not intended for direct fire fighting.”
2-10.6
If the pump is a portable wildland pump, a label shall be attached that reads: “Portable
Wildland Pump. This pump is not intended for structural fire fighting.”
Chapter 3 Pump Requirements
3-1* Performance Requirements.
Portable pumping units shall have a minimum rated performance level and minimum close-off
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pressure as shown in Table 3-1 and shall be capable of delivering and maintaining their
minimum rated performance level when pumping under the conditions specified in Section 3-2.
Table 3-1* Portable Pump Classifications
Minimum Rated Performance Level
1

2

Net Pressure (psi)

Net Pressure
(psi)

Nominal
Suction
Hose Size
(inches)

Capacity
(gpm)

Transfer

21/2

200

15

60

Transfer

3

300

15

60

Transfer

4

500

15

60

Supply

2

100

50

95

Supply

21/2

250

50

95

Supply

4

500

50

95

Wildland

11/2

35

150

195

Wildland

2

50

150

245

Wildland

2

75

150

245

Combination

11/2

75

25

and

35

150

Combination

2

150

25

and

40

150

Combination

21/2

200

25

and

50

150

Attack

2

75

150

195

Attack

21/2

150

150

195

Attack

3

250

150

195

Type

Capacity
(gpm)

Minimum
Close-off Pressure
(psig)

3-2* Pumping Conditions.
The pump manufacturer shall certify that the pump meets its performance requirements under
the following conditions:
(a) at any altitude up to 2000 ft (610 m) above sea level,
(b) from a lift of 5 ft (1.5 m) through 10 ft (3 m) of suction hose of the size listed on Table 3-1
and equipped with a suction hose strainer,
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(c) at 29.9 in. Hg (101.2 kPa) atmospheric pressure (corrected to sea level),
(d) a water temperature of 60°F (16°C),
(e) friction and entrance loss in suction hose and strainer as given in Table 3-2.
Table 3-2 Friction and Entrance Loss in 10 ft of Suction Hose, Including Couplings
Suction Hose Size (Inside Diameter)
Flow

11/2 in.

21/2 in.

2 in.

Rate (gpm)

ft water

in. Hg

ft water

in. Hg

35

3.2

2.8

0.8

0.7

40

4.1

3.6

1.0

0.9

50

6.2

5.5

1.6

75
100

3 in.

ft water

in. Hg

1.4

0.4

0.4

3.3

2.9

0.7

0.6

5.8

5.1

1.4

1.2

150

3.0

200
250

41/2 in.

4 in.

ft water

in. Hg

ft water

in. Hg

2.7

1.5

1.3

5.5

4.9

2.7

8.5

7.5

2.4

0.7

0.6

4.1

3.6

1.0

0.9

5.9

5.2

1.4

1.2

400

2.6

2.3

2.0

1

500

4.0

3.5

2.8

2

600

4.3

3

750

6.4

5

300

3-3 Priming.
3-3.1
When initially dry, the pumping unit shall be capable of taking suction and discharging water
in not more than 30 sec through 10 ft (3 m) of suction hose and strainer of the size specified in
Table 3-1, at a lift of 5 ft (1.5 m), and at any elevation up to 2000 ft (610 m).
3-3.2
The completed pumping unit shall be capable of developing a vacuum of 17 in. Hg (57.4 kPa)
by means of the installed priming system and sustaining this for at least 5 min with a loss not to
exceed 10 in. Hg (33.8 kPa). This shall be demonstrated with all intakes and discharges capped
or plugged.
3-4 Pump Construction Requirements.
3-4.1
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ft water

in.

Suitable means shall be provided for completely draining water from the pumping unit and all
lines and accessories in cold weather.
3-4.2
The pump body shall be capable of withstanding a hydrostatic pressure 50 psi (345 kPa) above
the close-off pressure or 200 psig (1379 kPag), whichever is higher, for 10 min with no leaks.
3-4.3
The pump casing shall be capable of being easily disassembled for inspection and replacement
of parts.
3-4.4*
The pump impeller shall be constructed of a nonferrous material.
3-4.5
The pump shaft shall be constructed of stainless steel or be suitably protected from corrosion.
3-5 Pump Intake Connections.
3-5.1*
Intake(s) of the nominal size as required in Table 3-1 for suction hose size shall be provided.
3-5.2
The intake(s) specified shall have male National Standard hose threads.
3-5.3
Four-in. (100-mm) or larger intakes shall have a removable or accessible strainer provided
inside each internal intake.
3-5.4
Where any 3-in. (16-mm) or larger intake valve is provided, the valve mechanism shall not
permit changing the position of the flow-regulating element of the valve from full close to full
open, or vice versa, in less than 3 sec.
3-5.5
Any gated intake 21/2 in. (65 mm) or larger not readily relieved through the pump main drain
shall be equipped with a bleeder valve located in close proximity to the intake to bleed off air (or
pressure) from a hose connected to the intake.
3-6 Pump Discharge Outlets.
3-6.1
One or more discharge outlets shall be provided to discharge the rated capacity of the pump at
the flow rates listed below:
Outlet Size

Flow Rates

in.

mm

gpm

Lpm

1

25

50

189
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11/2

38

125

473

2

51

175

663

21/2

65

250

950

3

76

375

1420

31/2

89

500

1900

4

100

625

2365

41/2

113

750

2850

5

125

1000

3785

3-6.2
All outlets shall be equipped with male National Standard hose threads. Adapters shall be
permitted to accommodate local threads that are not National Standard.
3-6.3
All valves on discharge outlets shall be capable of being opened and closed smoothly and
readily at any pressure capable of being developed by the pump.
3-6.4
Each 3-in. (76-mm) or larger discharge valve shall have an operating mechanism that will not
permit changing the position of the flow-regulating element of the valve from full close to full
open, or vice versa, in less than 3 sec.
3-6.5
All 21/2-in. (65-mm) or larger discharge outlets not readily relieved through pump main drain
shall be equipped with a drain or bleed-off valves for draining or bleeding off pressure from a
hose connected to the outlet.
Chapter 4 Engine/Power Source
4-1 Fuel.
The fuel for the engine shall be a commercially available fuel.
4-2 Engine Shutdown.
4-2.1
A nonlocking switch to stop the engine shall be furnished at the pump operator’s position.
4-2.2*
Automatic engine shutdown system shall not be permitted except for an automatic shutdown
that is activated only when a pump is out of water.
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4-3* Engine Speed Control.
The engine speed shall be permitted to be controlled by a manually adjustable throttle and an
independent governor that limits the engine speed, at no load, to the engine manufacturer’s
recommended maximum no-load governed speed for the application, or by an automatic speed
controller. An automatic speed controller shall automatically adjust the engine throttle as
necessary to maintain the desired engine speed and shall limit the engine speed, at no load, to the
engine manufacturer’s recommended maximum speed for the application.
4-4 Cooling System.
4-4.1
The engine shall be air-cooled, or liquid-cooled with a self-contained cooling system that does
not pump cooling system water directly on the ground during normal operating conditions.
4-4.2
The cooling system shall be adequate to maintain the engine at or below the engine
manufacturer’s maximum temperature rating under all conditions of operation for which the unit
is designed.
4-4.3
If a liquid cooling system is provided, an adequate and readily accessible means to drain the
cooling system shall be installed at the lowest point of the system and at other such points as are
necessary to permit complete removal of the coolant from the system. Any drain valve(s) shall
be designed so that it will not open accidentally due to vibration.
4-4.4
Any radiator or heat exchanger shall be mounted so as to prevent the development of leaks due
to twisting or straining when the portable pump is transported over uneven ground. Radiator
cores shall be compatible with commercial antifreeze solutions.
4-5 Lubrication System.
The engine oil fill pipe shall be large enough and so located as to permit easy filling.
4-6 Fuel and Air Systems.
4-6.1 Diesel Engines.
4-6.1.1 A dry-type air filter shall be provided. Air inlet restrictions shall not exceed the engine
manufacturer’s recommendations. The air inlet shall be protected to prevent incidental water and
burning embers from entering the air intake system.
4-6.1.2* The diesel fuel system shall be of sufficient size to develop the rated power. The
contractor shall ensure that supply fuel lines and fuel filters are in accordance with the engine
manufacturer’s recommendations.
4-6.2 Gasoline Engines.
4-6.2.1 A dry-type air filter shall be provided. Air inlet restrictions shall not exceed the engine
manufacturer’s recommendations. The air inlet shall be protected to prevent incidental water and
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burning embers from entering the air intake system.
4-6.2.2 Fuel lines and filters or strainers of an accessible and serviceable type, as recommended
by the engine manufacturer, shall be provided. The fuel line(s) shall be so located or protected as
not to be subjected to excessive heating from any portion of an engine’s exhaust system. The
line(s) shall be protected from mechanical damage. The carburetor(s) of a gasoline engine shall
be of sufficient size to develop the rated power, and so located as not to be subjected to
pocketing of vapor or excessive heating. Where carburetors are supplied, a manual or automatic
choke shall be provided.
4-7* Exhaust System.
The exhaust piping and discharge outlet shall be so located as not to expose any portion of the
unit to excessive heating. Exhaust pipe discharge shall be directed away from the pump
operator’s position. On diesel engines, the silencing devices shall be provided with a U.S.
Forestry Service approved spark arrestor or shall be water cooled to reduce temperature to below
the ignition point of carbon particles. Exhaust back pressure shall not exceed the limits specified
by the engine manufacturer. Where parts of the exhaust system are exposed so that they are
likely to cause injury to operating personnel, suitable protective guards shall be provided.
4-8 Service Accessibility.
The unit shall be designed so that all recommended daily engine maintenance checks can be
easily performed by the operator without the need for hand tools. Pumping unit components that
interfere with engine repair or removal shall be attached with fasteners (capscrews, nuts, etc.) so
that the components can be removed and installed with normal hand tools. These components
shall not be welded or otherwise permanently secured into place.
4-9 Electrical System and Devices.
4-9.1
Any alternator, cranking motor, ignition wiring, distributor, or ignition coil shall be of a
moisture-resistant type and be protected against excessive heat.
4-9.2
Electromagnetic interference/suppression shall be provided in accordance with SAE J551,
Performance Levels and Methods of Measurement of Electromagnetic Radiation from Vehicles
and Devices 30-1000 MHz).
4-9.3*
All electrical circuit wiring supplied and installed by the portable pump manufacturer shall be
stranded copper alloy conductors of a gauge rated to carry 125 percent of the maximum current
for which the circuit is protected. Insulation shall be in accordance with SAE J1128, Low
Tension Primary Cable, type SXL or GXL and wired to SAE J1292, Automobile, Truck,
Truck-Tractor, Trailer, and Motor Coach Wiring, for such loading at the potential employed.
Voltage drops in all wiring from the power source to the using device shall not exceed 10
percent. Overall covering of conductors shall be 280°F (143°C) minimum flame-retardant loom
of moisture-resistant type. All connections shall be made with lugs or terminals mechanically
secured to the conductors. Wiring shall be thoroughly secured in place and suitably protected
against heat, oil, and physical damage. Wiring shall be color coded or printed with a circuit
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function code over each conductor’s entire length.
4-9.4
Switches, relays, terminals, and connectors shall have a direct current rating of 125 percent of
maximum current for which the circuit is protected.
4-9.5
Where electric starting is provided, a built-in means to charge the battery(s) shall be provided.
The charging system shall have an output adequate to meet the continuous anticipated electrical
load of the engine and starting system as manufactured, at 200°F (93°C) operating temperature
(within any engine enclosure, if applicable), and be provided with full automatic regulation.
4-9.6 Batteries.
4-9.6.1* Where electric starting is provided, batteries shall be securely mounted and adequately
protected against physical damage and vibration, water spray, and engine and exhaust heat.
Where an enclosed battery compartment is provided, it shall be adequately ventilated to prevent
the buildup of heat and explosive fumes and the batteries shall be readily accessible for
examination, test, and maintenance. If the battery is located adjacent to exhaust system
components, heat shields shall be provided.
4-9.6.2 The battery capacity and wiring circuits provided, including the starter switch and circuit
and the starter to battery connections, shall meet or exceed the portable pump manufacturer’s
recommendations.
4-10 Starting Device.
Where an electrical starting device is provided, its characteristics shall be such that, when
operating under maximum load, the voltage drop of the conductors shall be in accordance with
SAE J541, Voltage Drop for Starting Motor Circuits. On all portable pumps, a mechanical
means of starting shall be provided in addition to any electrical starting device that may be
supplied.
4-11 Fuel Tank.
One or more fuel tanks of sufficient size shall be furnished to permit operation of the portable
pump at rated capacity(ies) and pressure(s) for at least 1 hr without refilling.
Chapter 5 Test and Delivery Data Requirements for Portable Pumps
5-1* Portable Pump Tests.
The portable pump shall be tested and certified by the manufacturer or contractor.
5-2 Pump Tests.
5-2.1 Conditions for Test.
5-2.1.1 The test site shall be adjacent to a supply of clear water at least 4 ft (1.2 m) deep, with
the water level not more than 5 ft (1.5 m) below the center of the pump intake, and close enough
to allow the suction strainer to be submerged at least 2 ft (0.6 m) below the surface of the water
when connected to the pump by 10 ft (3 m) of suction hose.
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5-2.1.2 Tests shall be performed when conditions are as follows:
Air temperature:

0°F to 100°F (18°C to 38°C)

Water temperature:

35°F to 90°F (2°C to 32°C)

Barometric pressure:

(corrected to sea level)
29 in. Hg (98.2 kPa), minimum

5-2.1.3 Engine-driven accessories shall not be functionally disconnected or otherwise rendered
inoperative during the tests.
5-2.1.4 All structural enclosures such as gratings, grilles, heat shields, etc., not furnished with a
means for being opened in normal service shall be kept in place during the tests.
5-2.2 Equipment.
5-2.2.1 Suction hose shall be of a size listed in Table 3-1 for the rated capacity of the pump.
5-2.2.2 A suction strainer that will allow flow with total friction and entrance loss not greater
than that specified in Table 3-2 shall be provided.
5-2.2.3 Sufficient fire hose shall be provided to allow discharge of rated capacity to the nozzles
or other flow-measuring equipment without exceeding a flow velocity of 35 fps (10.7 mps)
[approximately 500 gpm (1900 L/min) for 21/2-in. (65-mm) hose].
5-2.2.4 Where nozzles are used they shall be smoothbore; inside diameters shall be from 1/2 in.
(13 mm) to 21/2 in. (65 mm).
5-2.2.5 All test gauges shall be at least size 31/2 per ANSI B40.1, Gauges — Pressure Indicating
Dial Type — Elastic Element, Figure 6. The suction gauge shall have a range of 30 in. Hg (100
kPa) vacuum to zero for a vacuum gauge or 30 in. Hg (100 kPa) vacuum to 150 psi (1035 kPa)
for a compound gauge. The discharge pressure gauge shall have a range of zero to 400 psi (0 to
2758 kPa). Pitot gauges shall have a range of at least zero to 160 psi (1103 kPa). A mercury
manometer shall be permitted to be used in lieu of a suction gauge.
5-2.2.6 All test gauge connections shall include “snubbing” means, such as needle valves to
damp out rapid needle movements.
5-2.2.7 Speed-measuring equipment shall consist of a tachometer or other device for measuring
revolutions per min.
5-2.3* Procedure.
The ambient air temperature, water temperature, vertical lift, elevation of test site, and
atmospheric pressure (corrected to sea level) shall be determined and recorded prior to and after
each pump test. The engine, pump, and all parts of the portable pump shall exhibit no undue
heating, loss of power, overspeed, or other malfunction during the entire test.
The pump shall be subjected to a 10-min pumping test consisting of continuous pumping at
rated capacity at rated net pump pressure. If the pump must be stopped for any reason during the
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test, the entire pumping test shall be repeated.
The capacity, discharge pressure, suction pressure, and engine speed shall be recorded at least
3 times at approximately 5-min intervals. The average net pump pressure shall be calculated and
recorded based on the average values for discharge and suction pressure.
5-3 Priming Device Test.
5-3.1
With all openings to the pump closed, the primer shall be operated in accordance with the
manufacturer’s instructions. The maximum vacuum attained shall be at least 17 in. Hg (57.6
kPag). At altitudes above 2000 ft (610 m) the vacuum attained shall be permitted to be less than
17 in. Hg (57.6 kPag) by 1 in. Hg (3.4 kPa) per 1000 ft (305 m) of altitude above 2000 ft (610
m).
5-3.2
With the portable pump set up for the pumping test, the primer shall be operated in accordance
with the manufacturer’s instructions until the pump has been primed and is discharging water.
The interval from the time the primer was started until the time the pump is discharging water
shall be noted. This test may be performed in connection with priming the pump for the pumping
test. The time required to prime the pump shall not exceed 30 sec.
5-4 Data Required of the Contractor.
The contractor shall supply, at the time of delivery, at least one copy of:
(a) The pump manufacturer’s certification of suction capability as defined in 3-2.
(b) The pump manufacturer’s certification of hydrostatic test.
(c) The certification of inspection and test by the pump manufacturer or contractor.
(d)* A copy of a complete operation and service manual covering the portable pump as
delivered and accepted, including but not limited to the engine, pump, wiring diagrams if
applicable, and lubrication charts.
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
6-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1963, Standard for Screw Threads and Gaskets for Fire Hose Connections, 1985
edition
6-1.2 ANSI Publication.
American National Standards Institute, 1430 Broadway, New York, NY 10018.
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ANSI B40.1-1985, Gauges — Pressure Indicating Dial Type — Elastic Element
6-1.3 SAE Publications.
Society of Automotive Engineers, 400 Commonwealth Drive, Warrendale, PA 15096.
SAE J541-1989, Voltage Drop for Starting Motor Circuits
SAE J551-1990, Performance Levels and Methods of Measurement of Electromagnetic
Radiation from Vehicles and Devices 30-1000 MHz)
SAE J1128-1988, Low Tension Primary Cable
SAE J1292-1981, Automobile, Truck, Truck-Tractor, Trailer, and Motor Coach Wiring
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-1
This standard is applicable to a variety of portable pumping units. These portable pumps
include a variety of products used to supply water to the fire ground, fight forestry or brush fires,
dewater basements, fill mobile water supply apparatus, or assist with the protection of exposures.
The portable pumping units covered in this standard are not intended to replace or supersede the
need for a pumper, initial attack, or wildland fire apparatus. These types of apparatus carry the
minimum requirements to do the job. The equipment covered in this standard is intended for
limited, specialized, and support operations.
The purchase of a new portable pump, depending on size and type, may involve a sizable
investment and should be treated as such. Purchase should be made only after a detailed study of
the department’s fire equipment needs, taking into consideration other equipment the department
may own or plan to buy.
The local fire chief and fire department staff know the conditions of use for the equipment.
However, competent advice should also be obtained from knowledgeable and informed sources
including experienced fire chiefs, fire protection engineers, trade journals, training instructors,
maintenance personnel, and fire equipment and component manufacturers. The fire insurance
rating authority may also be consulted.
The study should look at not only current operations and risks protected, but how these may
change over the life of the equipment. The fire department, whether paid or volunteer, tax or
solicitation supported, has an obligation to the citizens it protects to provide equipment that will
best protect people and property.
This standard provides the basic technical requirements new portable pumps are expected to
meet. Fire equipment manufacturers are expected to be familiar with the standard. It is
recognized that many purchasers will desire additional features of operation over and above the
requirements of this basic standard. The Appendix to this standard should be used to assist in the
evaluation and determination of a fire department’s basic needs.
When the equipment is delivered, the purchaser has a responsibility to carefully check the
completed equipment against the specifications to ensure all that was required is being delivered.
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This includes witnessing any desired acceptance tests.
The purchaser should also arrange for any training included as part of the delivery and ensure
that it is properly completed.
Only when the purchaser is totally satisfied that the requirement has been met should payment
be authorized.
A-1-2
This standard is designed to ensure sound equipment capable of good performance, without
inclusion of restrictive features.
A-1-3 Net Pump Pressure.
When operating from a hydrant the net pump pressure is typically less than the discharge
pressure. For example, if the discharge pressure gauge reads 150 psig, and the intake (suction)
gauge reads 20 psig, the net pump pressure equals 130 psi. When operating from draft, the net
pump pressure will be above the discharge pressure. For example, if the discharge pressure
gauge reads 145 psig and the intake (suction) gauge reads 10 in. of mercury (Hg), the net pump
pressure will be 150 psi (1 in. Hg = .5 psi).
A-2-1
Where local operating conditions necessitate portable pumps of unusual design, the purchaser
should carefully define the special requirements in the specifications. Height, width, weight,
length, etc., may occasionally need special attention.
A-3-1
The net pump pressure required for portable transfer or supply pumps is relatively low, and in
many cases the pressure is insufficient to move high flows of water through long hose lines with
significant elevation changes between the pump and the delivery point. Changes in elevation add
to the need for more pump delivery pressure. A good estimate for the amount of additional
pressure needed is 1/2 psi per ft of elevation change. The following friction loss chart is supplied
to help understand what pressures are needed to flow water per 100 ft of hose.
Table A-3-1 Friction Loss in 100 ft of Fire Hose(shown in psi)

3" w/21/2"

Flow
(gpm)

11/2"

100

25.5

21/2"

3"

coupling

200

8.9

250

13.4

6.3

300

18.6

9.0

8.2

350

25.4

12.3

11.0
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31/2"

4"

5"

400

33.5

16.0

14.1

450

40.2

20.3

17.5

500

49.1

25.0

21.2

9.5

45.0

20.1

750

11.4

3.7

For example, for 1000 ft of 21/2-in. hose with a 250 gpm flow, a 20-ft rise in elevation, and
20-psi required at the end of the hose line:

This example shows the need for sufficient pressure to flow water over distance.
Predetermining a normal hose lay or tank-filling lay will allow a fire department to determine
which portable pump is right for the job.
A-Table 3-1 The table shows a minimum close-off pressure. Variations in engine settings,
engine break-in period, and environmental conditions cause variation in close-off pressure. The
minimum close-off pressures shown in Table 3-1 allow for these variations and are therefore
indeed minimums.
A-3-2
Where the pump can be expected to be operated at elevations exceeding 2000 ft (610 m) above
sea level, or where higher than standard suction lifts or longer than standard lengths of suction
hose are to be used, the purchaser must advise the manufacturer so the pump and engine can be
engineered and certified for these conditions. Otherwise, specific performance losses can be
anticipated.
A-3-4.4
Pumps frequently required to pump salt water or other corrosive waters should be all bronze
with suitable shaft material. For occasional pumping of such water, iron pumps, bronze-fitted
pumps, or anodized aluminum pumps are satisfactory if properly flushed out with fresh water
after such use.
The term “all bronze” indicates that the pump main casing, impeller, intake and discharge
manifolds, and other principal components exposed to the water to be pumped, with the
exception of the shaft bearings and seals, are of a high-copper alloy material.
Corrosion effects are proportional to the mass relationship of bronze to iron. It is, therefore,
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desirable to use like materials for the pump and piping, and where both iron and bronze are used,
to keep the mass of the iron larger than that of the bronze.
A-3-5.1
Intakes may be larger than the size of the suction hose specified in Table 3-1. Where a larger
size or adapters are desired, it should be specified by the purchaser.
A-4-2.2
A shutdown not controlled by the pump operator during the fire fighting operations can result
in loss of water flow from the pump, which could severely endanger personnel.
A-4-3
The maximum no-load governed speed is established by the engine manufacturer as a safe
limit of engine speed for the engine application. The governor will prevent the engine from
exceeding the safe speed. Most engine manufacturers allow a plus tolerance of 2 percent for
maximum no-load governed speed.
A-4-6.1.2 To prevent engine shutdown due to fuel contamination, dual filters in parallel, with
proper valving so that each filter can be used separately, may be desired. The purchaser should
specify if dual filters are desired. Installation of 2 or more pumps should be designed so that
failure of 1 pump will not nullify the performance of the others.
A-4-7
Emissions from exhaust discharge pipes should be directed away from any fire fighting tools
since such emissions contain an oily substance that could make the tools difficult to handle and
possibly dangerous to use.
A-4-9.3
It is not the intent of this requirement that electrical devices not manufactured by the portable
pump manufacturer or contractor, but mounted on the unit by the portable pump manufacturer or
contractor, be rewired to meet this requirement. Wiring supplied by the electrical device
manufacturer, can be used to the point where it connects to the portable pump manufacturer’s or
contractor’s installed wiring.
A-4-9.6.1 Overheating of a battery will cause rapid deterioration and early failure; evaporation
of the water in the battery electrolyte may also be expected.
A-5-1
The purchaser should specify what acceptance tests, if any, are desired at the point of delivery.
They should be run in accordance with the provisions of this chapter.
A-5-2.3
Some test data blanks for recording the test readings and other necessary data should be
provided.
When a portable pump is pumping at or near full engine power while stationary, the heat
generated may raise the temperature of certain components above the level that can be touched
without extreme discomfort or injury; however, as long as the portable pump can be operated
and used satisfactorily for the required duration of the test under such conditions, it should be
considered acceptable. The dynamic suction lift can be determined by either measuring the
negative pressure (vacuum) in the pump intake manifold by means of a manometer (or other
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suitable test gauge that measures vacuum accurately) or by adding the vertical lift and the value
of friction and entrance loss from Table 3-2. To be accurate, gauge readings should be corrected
for the difference between the height of the gauge and the center line of the pump intake, but
usually this is not a significant amount and may be ignored. Thus, the net pump pressure can be
calculated by one of the following formulas:
1. If intake pressure is positive, i.e., pumping from a hydrant:
P=D-S
2. If intake pressure is negative, i.e., pumping from draft:
P = D + (H × 0.5) or P = D + 0.43 (L + F), where
P = net pump pressure, psi
D = discharge pressure, psig
S = intake pressure, psig
H = manometer reading, in. Hg
L = vertical lift, ft
F = friction and entrance loss, ft of water.
A-5-4
(d) Depending on the complexity of the pump, training of specified fire department personnel
may be required to ensure that the purchaser and user are aware of and instructed in the proper
operation, care, and maintenance of the equipment acquired. This training is intended to provide
initial instruction to the trainees on the newly delivered equipment.
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Chapter 1 Administration
1-1* Scope.
This standard shall apply to new self-contained pumping units designed for support of fire
fighting or fire ground water supply operations. These units are transportable as a wheeled unit,
liftable unit, or trailer-mounted unit. The pumping units covered in this standard are not intended
to replace or supersede pumpers or initial attack fire apparatus that carry water and equipment
for structural fire fighting.
1-2 Purpose.
This standard specifies the minimum requirements for a new self-contained pumping unit.
1-3 Definitions.
Acceptance. Agreement between the purchasing authority and the contractor that the terms and
conditions of the contract have been met.
Acceptance Tests. Tests performed on behalf of the purchaser at the time of delivery to
determine compliance with the contract and the specifications.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Contractor. The person or company responsible for fulfilling the agreed upon contract. The
contractor may not necessarily manufacture the pumping unit or any portion of the pumping unit
but is responsible for the completion, delivery, and acceptance of the entire unit.
Discharge Outlet Size. The nominal size of the first hose thread from the pump available to the
pump operator.
Dynamic Suction Lift. The sum of the vertical lift and the friction and entrance loss due to the
flow through the suction strainers and hose, expressed in feet of water.
Fire Fighting Support Pump. A pump designed to supplement the pumping capacity of fire
apparatus on a fire ground by providing water pressure for hand lines or master stream devices
used in direct fire fighting operations.
Fire Fighting Supply Pump. A pump designed to be used in supplying high volumes of water
to a fire ground for utilization by other fire-fighting apparatus or high volume discharge devices
other than hand lines.
Gallons. United States gallons.
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GPM. Gallons per minute.
Manufacturer. The person or persons, company, firm, corporation, partnership, or other
organization responsible for taking raw materials or components and constructing a finished
product.
National Standard Hose Thread. A standard thread that has dimensions for inside and outside
fire hose connection screw threads as defined by NFPA 1963, Standard for Fire Hose
Connections.
Net Pump Pressure.* The sum of the discharge pressure and the dynamic suction lift converted
to psi when pumping at draft, or the difference between the discharge pressure and the suction
pressure when pumping from a hydrant or other source of water under positive pressure.
Nominal Suction Hose Size. The most common size of suction hose used for a particular pump
flow.
PSI. Pounds per square inch.
PSIG. Gauge pressure in pounds per square inch (pressure above atmospheric pressure).
Pump Operator’s Position. The area on the pumping unit that contains the gauges, controls,
and other instruments designed for primary control of the pump.
Purchaser. The authority having responsibility for the specification and acceptance of the
pumping unit.
Purchasing Authority. The agency that has the sole responsibility and authority for negotiating,
placing, and, when necessary, modifying each and every solicitation, purchase order, or other
award issued by a governing body.
Readily Accessible. Able to be seen, reached, and serviced or removed without removing other
components or parts of the pumping unit and without the need to use special tools to open
enclosures.
Self-Contained Pumping Unit. A pump and power source package mounted together with the
appropriate accessories to make a self-contained unit that is designed for a specific fire service
pumping application and built to be mobile.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
1-4 Conversion Factors.
Metric units of measurement in this standard are in accordance with the modernized metric
system known as the International System of Units (SI). The unit “liter” is outside of but
recognized by SI and is commonly used in international fire protection. In this standard, values
for measurement are followed by an equivalent in SI units but only the first stated value shall be
considered as the requirement. Equivalent values in SI units shall not be considered as the
requirement as these values may be approximate. Table 1-4 shows the actual conversion factors
to use when SI units are not shown in the text or where more precision is desired.
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Table 1-4

One gallon per minute = 3.785 liters per minute
One pound per square inch = 6.895 kilopascals
One inch of mercury = 3.386 kilopascals
One inch = 25.4 millimeters
One foot = 0.3048 meter
One square inch = 645.2 square millimeters
One pound = 0.454 kilograms
One horse power = 0.7457 kilowatts

Chapter 2 General Requirements
2-1* Design Considerations.
The pumping unit shall be designed and constructed with due consideration to the nature and
distribution of the load to be sustained and to the general character of the service to which the
pumping unit is subjected when placed in service.
2-1.1
The unit shall be designed so that all recommended daily engine maintenance checks are able
to be performed easily by the operator without the need for hand tools. The pumping unit shall
be so designed that the various parts are readily accessible for lubrication, inspection,
adjustment, and repair.
2-1.2
Pumping unit components assembled with the pump and engine unit shall be mounted in a
manner that allows access to the engine and pump for routine maintenance. Components that
interfere with engine repair or removal shall be attached with fasteners (capscrews, nuts, etc.) so
that the components are able to be removed and installed with normal hand tools. The pump and
engine unit shall not be welded or otherwise permanently secured to other components.
2-1.3
Intake and discharge piping shall not interfere with the routine maintenance of the pump or
engine and shall not unduly restrict the servicing of pump impeller, seal rings, seal, and pump
shaft.
2-1.4
The pump and engine shall be mounted in a manner that prevents damage by vibration.
2-1.5*
Guards, shields, or other protection shall be provided where necessary to prevent injury of
personnel by moving or rotating parts or the hot exhaust system.
2-1.6
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All pumping units not permanently mounted inside a shelter shall have an engine hood
assembly.
2-1.7*
The pumping unit shall be designed to perform all its functions in an ambient temperature from
33°F (1°C) to 110°F (43°C).
2-2 Weight Distribution.
The weight of a completed self-contained pumping unit including fuel, oil, and standard
equipment normally carried shall be distributed on the frame to provide a properly balanced unit
when it is lifted or moved.
2-3 Mobility.
2-3.1
Pumping units not permanently mounted on a trailer or equipped with their own wheels shall
be equipped with forklift slots and lifting eyes. The moving and lifting provisions shall be
designed for the unit’s total weight including equipment, fuel, and foam concentrate normally
carried.
2-3.2
Pumping units that are permanently mounted on a trailer or equipped with their own wheels
shall be equipped with lifting eyes. The moving and lifting provisions shall be designed for the
unit’s total weight including equipment, fuel, and foam concentrate normally carried.
2-4 Operation and Service.
2-4.1*
Where special tools are required to provide routine service on any component of the pumping
unit, such tools shall be provided with the unit.
2-4.2*
Two copies of a complete, detailed operation and service manual covering the completed
pumping unit shall be provided. This manual shall cover, at a minimum, the engine, pump,
wiring diagrams, lubrication charts, and fire fighting equipment provided with the pumping unit.
2-5* Trailer-Mounted Pumping Units.
If a pumping unit is mounted on a trailer, the trailer shall comply with all applicable federal
and state motor vehicle laws.
2-5.1
The trailer shall include fenders over or around each wheel and tire assembly, and ground
stabilizer jacks or other devices to provide a stable pumping platform.
2-5.2
Two wheel chocks shall be provided that meet the requirements of SAE J348, Standard for
Wheel Chocks, for the wheel diameter on which the chocks are to be used. They shall be
mounted in a readily accessible location.
2-5.3
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Trailer packages over 2,000 lb (907 kg) shall be equipped with air, hydraulic, electric, or surge
brakes that meet the requirements of the Federal Motor Vehicle Safety Standards and U.S.
Department of Transportation Standards.
2-5.4*
If it is necessary to get onto the trailer to gain access to accessories or to operate the pumping
unit, suitable steps, platforms, or secure ladders shall be provided so fire fighters have access to
all working areas. The maximum stepping height shall not exceed 18 in. (458 mm) with the
exception of the ground to first step, which shall not exceed 24 in. (610 mm). Each step,
platform, or ladder shall sustain a minimum static load of 500 lb (227 kg) without deformation
and shall have skid-resistant surfaces. Each step shall have a minimum area of 35 sq in. (22 582
mm2), be of such a shape that a 5-in. (127-mm) diameter disk will not overlap any side when
placed on the step, and be arranged to provide at least 8 in. (203 mm) of clearance between the
leading edge of the step and any obstruction. Each platform shall have a minimum depth of 8 in.
(203 mm) from the leading edge of the platform to any obstruction. Each ladder shall have at
least 7 in. (178 mm) of clearance between any rung and the body or other obstruction.
2-5.5
Access handrails shall be provided at any location where the operator is expected to climb onto
the trailer. Access handrails shall be constructed of or covered with a slip-resistant, noncorrosive
material. Rails shall be between 1 in. and 15/8 in. (25 mm and 41 mm) in diameter and have a
minimum clearance between the rails and any surface of at least 2 in. (51 mm). Each rail shall be
designed and mounted to reduce the possibility of hand slippage and to avoid snagging of hose,
equipment, or clothing.
2-5.6*
If the trailer responds as an emergency vehicle on public roads, two rotating, oscillating, or
flashing lights, mounted as high as practical and visible through 360 degrees in a horizontal
plane, shall be provided. One light shall be mounted near the front of the main portion of the
trailer, and one light shall be mounted at the rear of the trailer. The warning lights shall be wired
to allow the electrical power to be supplied by the tow vehicle and the pumping unit. A control
switch for the warning lights shall be provided at the pumping unit operator’s position. A means
shall be provided to isolate the tow vehicle and pumping unit electrical power sources feeding
the warning lights. Each warning light shall be SAE Class 1 as defined in J845, 360 Degree
Warning Lamp for Authorized Emergency, Maintenance, and Service Vehicles; or J1318,
Gaseous Discharge Warning Lamp for Authorized Emergency, Maintenance, and Service
Vehicles.
2-5.7 Reflective Striping.
If the pumping unit is trailer-mounted, a 4-in. (100-mm) minimum width reflective stripe shall
be affixed to the perimeter of the trailer. It shall conform to the requirements of ASTM D4956,
Standard Specifications for Retroreflective Sheeting for Traffic Control. At least 50 percent of
the perimeter length of each side and width of the rear and at least 25 percent of the perimeter
width of the front of the trailer shall have the reflective stripe. A graphic design meeting the
requirements of this paragraph shall be permitted to replace all or part of the required striping if
the design or combination thereof covers a minimum of the same perimeter length as required
above. The amount of reflective material shall be not less than that required for a single stripe
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[i.e., 4 in. (100 mm) × 50 percent of trailer length].
2-5.8
An electrical interconnection between the tow vehicle and the trailer shall be provided. A 7-pin
male connector conforming to the requirements of SAE J560B, Seven Conductor Electrical
Connector for Truck-Trailer Cable, shall be mounted on the tow vehicle. A female connector
conforming to the requirements of SAE J560B shall be attached to a 7-conductor cable
conforming to the requirements of SAE J1067, Seven Conductor Jacketed Cable for Truck
Trailer Connections. This cable shall be anchored to the tongue of the trailer. The circuit
assignments shall be as follows:

Pin

Function

White

Ground

Black

Warning lights

Yellow

Left turn signal

Red

Stop light

Green

Right turn signal

Brown

Tail, clearance, and license plate

Blue

Electric brakes, if applicable

2-6 Pump Operator’s Position.
2-6.1*
There shall be an area in which the pump controls, gauges, and other instruments are located.
It shall be known as the pump operator’s position.
2-6.2*
All required markings shall be capable of withstanding the effects of weather and temperature
extremes. They shall be permanent in nature and securely attached.
2-7 Lighting.
Any step, platform, or work area on the pumping unit where personnel need to climb or stand
to operate, connect hoses to, or check the unit shall be adequately lighted. This shall include, but
not necessarily be limited to, all gauges, discharge outlets, pump intakes, pump and engine
controls, and engine or storage compartments that are more than 21/2 ft3 (0.071 m3) in volume or
have an opening greater than 144 sq in. (92 909 mm2).
2-8 Pump Controls.
Provisions shall be made for quickly and easily placing the pump in operation. All pump
controls and devices shall be installed so as to be protected against mechanical injury or the
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effects of adverse weather conditions upon their operation.
2-9* Engine Controls.
A hand throttle that will hold its set position shall be provided to control the engine speed. It
shall be located such that it is able to be manipulated from the pump operator’s position with all
instrumentation in full view.
2-10 Gauges and Instruments.
2-10.1
A master pump intake gauge and a master pump discharge gauge shall be provided on the
pump operator’s panel. They shall be located close to each other with the intake gauge to the left
of the pump discharge gauge. If round gauges are used, they shall be at least size 41/2 per ANSI
B40.1, Gauges-Pressure Indicating Dial Type-Elastic Element, paragraph 3.1. If digital gauges
are used, the digits shall be at least 5/8 in. (16 mm) high. The gauges shall read from 30 in. Hg
(101.6 kPag) vacuum to at least 300 psig (2070 kPag) but not more than 600 psig (4140 kPag).
The accuracy of the gauge shall be a minimum of Grade 1A as defined in ANSI B40.1. Gauges
shall be labeled “pump intake” for the intake gauge and “pump discharge” for the discharge
gauge.
2-10.2
Each discharge outlet 11/2 in. (38 mm) or larger in size that is designed or designated for
handline operations shall be equipped with a flow meter or a pressure gauge. The gauge shall be
labeled as to the outlet to which it is connected. If round gauges are used, they shall be at least
size 21/2 per ANSI B40.1, Gauges-Pressure Indicating Dial Type-Elastic Element, paragraph
3.1. If a digital gauge is used, the digits shall be at least 5/8 in. (16 mm) high. Pressure gauges,
where used, shall be connected to the outlet side of the valve. Gauges or flow meter displays
shall be located as nearly adjacent to the related valve control as practical. The accuracy of the
gauges shall be a minimum of Grade B as defined in ANSI B40.1.
2-10.3
All gauges and instruments shall be mounted and attached so they are protected from
accidental damage and excessive vibration. All analog water pressure gauges shall be
liquid-filled, vibration-dampened, and capable of continuous operation to –40°F (–40°C) without
damage.
2-10.4
Connections for test gauges shall be provided at the pump operator’s position. One shall be
connected to the intake side of the pump, and the other shall be connected to the discharge
manifold of the pump. They shall have a 1/4-in. (6-mm) standard pipe thread, shall be plugged,
and shall be suitably identified.
2-10.5
An instrument panel shall be provided at the pump operator’s position and shall contain the
following instruments:
(a) A voltmeter;
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(b) An engine hour meter;
(c) A weatherproof tachometer to indicate the speed of the pumping engine;
(d) Pumping engine oil pressure and engine-coolant temperature gauges with audible and
visual warnings;
(e) A fuel level gauge.
2-11* Painting.
All exposed ferrous metal surfaces not suitably plated, coated, or of stainless steel shall be
thoroughly cleaned and prepared, and shall be painted.
Chapter 3 Pump
3-1 Performance Requirements.
3-1.1 Fire Fighting Support Pump.
3-1.1.1 If the pumping unit is equipped with a fire-fighting support pump, it shall have a
minimum rated capacity of 500 gpm (1,900 L/min). Larger capacity pumps shall be rated at
capacity at one of the flows listed in Table 3-2(a).
3-1.1.2 The pump manufacturer shall certify that the pump is capable of pumping 100 percent of
rated capacity at 150 psi (1,035 kPa) net pump pressure, 70 percent of rated capacity at 200 psi
(1,380 kPa) net pump pressure, and 50 percent of rated capacity at 250 psi (1,725 kPa) net pump
pressure under the conditions specified in Section 3-2.
3-1.2 Fire-Fighting Supply Pump.
3-1.2.1 If the pumping unit is equipped with a fire-fighting supply pump, it shall have a
minimum rated capacity of 500 gpm (1900 L/min). Larger capacity pumps shall be rated at
capacity at one of the flows listed in Table 3-2(a).
3-1.2.2 The pump manufacturer shall certify that the pump is capable of pumping 100 percent of
rated capacity at 150 psi (1035 kPa) net pump pressure under the conditions specified in Section
3-2.
3-2* Pump Suction Capability.
The pump shall be capable of pumping 100 percent rated capacity at 150 psi (1,035 kPa) net
pump pressure from draft, through 20 ft (6 m) of suction hose with a strainer attached, under the
following conditions:
(a) An altitude of 2000 ft (610 m) above sea level;
(b) Atmospheric pressure of 29.9 in. Hg (101.2 kPa) (corrected to sea level);
(c) Water temperature of 60°F (15.6°C);
(d) Suction hose quantity, size, and lift as indicated in Table 3-2(a);
(e) Friction and entrance loss in suction hose as given in Table 3-2(b).
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Table 3-2(a) Suction Hose Size and Lift

Pumping
Capacity
(gpm)

(L/min)

500

1890

750

Nominal
Quantity
of Hose

Nominal
Hose Size

Lift

(in.)

(mm)

(ft)

(m)

1

4

100

10

3

2850

1

4.5

113

10

3

1000

3785

1

5

125

10

3

1250

4732

1

6

150

10

3

1500

5678

1

6

150

10

3

1750

6624

1 or 2

6

150

8

2.4

2000

7570

1 or 2

6

150

6

1.8

2500

9463

2

6

150

6

1.8

2500

9463

1

8

200

6

1.8

3000

11356

2

6

150

6

1.8

3000

11356

1

8

200

6

1.8

4000

15142

3

6

150

6

1.8

4000

15142

2

8

200

6

1.8

5000

18921

4

6

150

6

1.8

5000

18921

2

8

200

6

1.8

6000

22712

4

6

150

6

1.8

6000

22712

2

8

200

6

1.8

Table 3-2(b) Friction and Entrance Loss in 20 ft (6 m) of Suction Hose Including Strainers
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3-3 Priming.
3-3.1
When dry, the pump system (in both parallel and series operation where pumps are of
parallel-series type) shall be capable of taking suction and discharging water through 20 ft (6 m)
of suction hose of the size, in the quantities, and at the lift specified in Table 3-2(a) within the
time specified in Table 3-3.1.
Table 3-3.1

Pump size
gpm

Time
L/min

500 - 1250

1890 - 4730

30 sec

1500 - 2000

5678 - 7570

45 sec

2500 - 3000

9464 - 11 356

60 sec

3500 - 4500

13 250 - 17035

75 sec

18 927 or greater

90 sec

5000 or greater

3-3.2
The completed pumping system shall be capable of developing a vacuum of 22 in. Hg (74.5
kPa) by means of the pump priming device and sustaining this for at least 5 min with a loss not
to exceed 10 in. Hg (33.9 kPa). This shall be demonstrated with all intakes capped or plugged
and all discharge caps removed.
3-4 Pump Construction Requirements.
3-4.1*
The pump shall be of the centrifugal type, with the impeller(s) constructed of a nonferrous
material.
3-4.2
The pump shaft shall be constructed of stainless steel or shall be suitably protected from
corrosion.
3-4.3
The pump casing shall be capable of being disassembled easily for inspection and replacement
of parts.
3-4.4
The pump manufacturer shall certify the pump’s maximum input speed rating and the
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maximum horsepower rating. These ratings shall be stamped on a permanent label on the main
body of the pumping unit.
3-4.5
Fire-fighting support pumps shall be designed and constructed to withstand a minimum
hydrostatic pressure of 500 psig (3450 kPag). Each pump shall be hydro-statically tested at a
pressure of 500 psig (3450 kPag) minimum for 10 min. A certificate documenting this test shall
be furnished.
3-4.6
Fire-fighting supply pumps shall be designed and constructed to withstand a minimum
hydrostatic pressure of 350 psig (2415 kPag). Each pump shall be hydro- statically tested at a
pressure of 350 psig (2415 kPag) minimum for 10 min. A certificate documenting this test shall
be furnished.
3-5 Pump Intake Connections.
3-5.1*
Intake(s) of the same or larger size and quantity as specified in Table 3-2(a) for suction hose
size and number of lines shall be provided.
3-5.1.1 The intakes specified in 3-5.1, if 6 in. (150 mm) or less, shall have male National
Standard hose threads.
3-5.1.2 If the couplings on the suction hose carried are of a different size or have other means of
hose attachment than the intakes, suitable adapters shall be provided on each appropriate intake.
3-5.2
Intakes shall have a removable or accessible strainer provided inside each external intake.
3-5.3
The speed of the flow control element on any intake valve 3 in. (76 mm) or larger shall be
regulated. The flow control element shall not be capable of operation from full close to full open,
or vice versa, in less than 3 sec for valves 3 in. (76 mm) through 4 in. (100 mm) in size, and in
less than 10 sec for valves over 4 in. (100 mm) in size.
3-5.4
Each valved intake shall be equipped with a bleeder valve having a minimum 3/4-in. (19-mm)
pipe thread connection located in close proximity to the intake to bleed off air or water from a
hose connected to the intake. The valve shall be operational without the operator having to get
under the pumping unit. If a siamese is attached to an intake, it shall be equipped with a bleeder
valve having a minimum 3/4-in. (19-mm) pipe thread connection on each inlet.
3-5.5
Each intake shall be provided with a suitable closure capable of withstanding 500 psig (3450
kPag) pressure. An intake having male threads shall be equipped with a cap; an intake having
female threads shall be equipped with a plug. Where an adapter for special threads or other
means for hose attachment is provided on an intake, the closure shall be provided for the adapter
in lieu of a cap or plug.
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3-5.6
Caps, plugs, and closures for 31/2-in. (89-mm) and smaller intakes shall be secured to the
pump or its enclosure with suitable chains or cables.
3-6 Pump Discharge Outlets.
3-6.1*
Sufficient 21/2-in. (65-mm) or larger discharge outlets shall be provided to discharge the rated
capacity of the pump at the following flow rates:

Outlet Size
in.

Flow Rates
mm

gpm

L/min

21/2

65

250

950

3

76

375

1420

31/2

89

500

1900

4

100

625

2365

41/2

113

750

2850

5

125

1000

3785

6

150

1500

5700

3-6.2
A pumping unit with a support pump shall be equipped with a minimum of two 21/2-in.
(65-mm) outlets. Additional outlets shall be permitted to be larger than 21/2 in. (65 mm).
3-6.3
All 21/2-in. (65-mm) outlets shall be equipped with male National Standard hose threads.
Adapter couplings with special threads or other means for hose attachment shall be permitted to
be furnished on any or all outlets.
3-6.4
Each discharge outlet, except an outlet to which a hose will be preconnected, shall be equipped
with suitable caps or closures capable of withstanding 500 psig (3450 kPag) pressure. Where an
adapter is provided on a discharge outlet, the closures shall fit on the adapters. Caps or closures
for outlets 31/2 in. (89 mm) and smaller shall be secured to the pump or its enclosure with
suitable chains or cables.
3-6.5
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Each outlet shall be equipped with a valve that is able to be opened and closed smoothly and
readily at the flows shown in 3-6.1 for that size outlet provided for the valve. For a support
pump, this shall be accomplished at a pump discharge pressure of 250 psig (1724 kPag). For a
supply pump, this shall be accomplished at a pump discharge pressure of 150 psig (1035 kPag).
The flow regulating element of each valve shall not change its position under any condition of
operation involving discharge pressure to the maximum pressure of the pump; the means to
prevent a change in position shall be incorporated in the operating mechanism and shall be
permitted to be manually or automatically controlled.
3-6.6
The speed of the flow control element on any discharge valve 3 in. (76 mm) or larger shall be
regulated. The flow control element shall not be capable of operation from full close to full open,
or vice versa, in less than 3 sec for valves 3 in. (76 mm) through 4 in. (100 mm) in size, and in
less than 10 sec for valves over 4 in. (100 mm) in size.
3-6.7
Each 21/2-in. (65-mm) or larger discharge outlet shall be equipped with a drain or bleed-off
valve having a minimum 3/4-in. (19-mm) pipe thread connection for draining or bleeding off
pressure from a hose connected to the outlet.
3-6.8
Any 21/2-in. (65-mm) or larger discharge outlet to which hose is to be connected and that is
not in a hose storage area shall be supplied with a sweep elbow of at least 30 degrees downward
if the outlet is more than 32 in. (813 mm) above ground level.
3-7 Pump Drain.
A suitable and readily accessible drain valve(s), arranged so that either the open or closed
position is clearly indicated, shall be provided to permit draining the pump and all
water-carrying lines and accessories.
3-8* Pressure Control System.
3-8.1
If the pumping unit is equipped with a fire-fighting support pump, a system shall be provided
that, when set in accordance with the system manufacturer’s instructions, will automatically
control the discharge and intake pressure to a maximum of 30 psig (207 kPag) pressure rise
above the set pressure(s) when all discharge valves are closed no more rapidly than in 3 sec and
no more slowly than in 10 sec during all of the following conditions:
(a) Over a range of discharge pressures from 90 to 300 psig (620 to 2070 kPag).
(b) Over a range of intake pressures from 10 to 185 psig ( 68 to 1276 kPag). If the system is
adjustable, the range of adjustment shall be at least 30 to 185 psig (207 to 1276 kPag).
(c) Over a range of flows from 150 gpm (568 L/min) to the rated capacity of the pump.
3-8.1.1 The system shall be equipped with an indicator light that illuminates when the system is
operating. The system shall be controllable by one person at the pump operator’s position.
3-8.1.2 If the system discharges water to the atmosphere, the discharge shall be in a manner that
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will not expose personnel to high pressure water streams.
3-8.1.3* The pressure control system shall be certified as meeting the requirements of 3-8.1
3-8.2
If the pumping unit is equipped with a fire-fighting supply pump, a means shall be provided
for controlling the maximum discharge pressure of the pump. The device shall be capable of
limiting the maximum discharge pressure to 185 psig (1276 kPag) at a flow of 150 gpm (568
L/min) over the rated capacity of the pump without exceeding a 30 psi (207 kPag) pressure rise.
Chapter 4 Engine
4-1 Power.
4-1.1*
An engine shall be provided that will develop sufficient horsepower to drive the pump and all
connected accessories when engaged at not over the maximum input speed rating of the pump
and not in excess of the engine’s loaded speed rating.
4-1.2
The engine shall be capable of performing the pumping tests herein specified without
exceeding the maximum no-load governed speed of the engine as shown on a certified brake
horsepower curve of the type of engine used without accessories. This brake horsepower curve
certification shall be signed by a responsible official of the engine manufacturer.
4-1.3
On fire-fighting support pumps the engine shall have enough reserve power to permit the
pump to deliver its rated capacity at 165 psi (1138 kPa) net pump pressure.
4-2* Speed Control.
The engine speed shall be limited to the engine manufacturer’s recommended maximum
no-load governed speed for the application. The engine speed shall be controlled by a manually
adjustable throttle and an independent governor.
4-3* Automatic Shutdown.
An automatic engine shutdown system shall not be permitted except for an automatic
shutdown that is activated only when a pump is out of water or to prevent destructive overspeed
caused by the presence of flammable vapors or gases.
4-4 Shutoff Switch.
4-4.1
A nonlocking switch to shut off the engine shall be furnished at the pump operator’s position.
4-4.2*
If a diesel engine is provided, a manual emergency engine shutoff shall be permitted, in
addition to the normal engine shutoff switch. If furnished, the emergency shutoff shall be
provided with a guard and shall be marked “Emergency Engine Shutoff.”
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4-5 Cooling System.
4-5.1
The engine shall be either air-cooled, or liquid-cooled, with a self-contained cooling system
that does not dump cooling system water directly to the ground during normal operating
conditions.
4-5.2
The cooling system shall be adequate to maintain the engine at or below the engine
manufacturer’s maximum temperature rating under all conditions of operation for which the
pumping unit is designed.
4-5.3
Where automatic radiator shutters are provided, provisions shall be made to return the shutters
to the open position in the event of failure.
4-5.4
If a liquid cooling system is provided, adequate and readily accessible drain valves shall be
installed at the lowest point of the cooling system and at other such points as are necessary to
permit complete removal of the coolant from the system. Drain valves shall be designed to
prevent their accidental opening due to vibration.
4-5.5
Any radiator or heat exchanger shall be mounted so as to prevent the development of leaks due
to twisting or straining when the pumping unit is transported over uneven ground. Radiator cores
shall be compatible with commercial antifreeze solutions.
4-6 Lubrication System.
The engine oil fill pipe shall be large enough and located so as to permit easy filling.
4-7 Fuel and Air Systems.
4-7.1
The engine shall be designed to use a commercially available fuel.
4-7.2
One or more fuel tank(s) shall be furnished and shall be of sufficient size to permit operation
of the pumping unit at rated capacity and pressure for at least 3 hr without refilling on pumping
units of 500 gpm (1893 L/min) through 1,000 gpm (3785L/min), 4 hr on pumping units of 1,250
gpm (4730 L/min) through 2,000 gpm (7570 L/min), and 5 hr on pumping units larger than 2,000
gpm (7570 L/min).
4-7.3
A dry-type air filter shall be provided. Air inlet restrictions shall not exceed the engine
manufacturer’s recommendations. On a diesel engine, an air restriction indicator shall be
provided. The air inlet shall be protected to prevent incidental water and burning embers from
entering the air intake system.
4-7.4 Diesel Engines.
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If the pumping unit is powered by a diesel engine, the following shall apply.
4-7.4.1* The diesel fuel system shall be of the injector type, supplied by the engine
manufacturer, and shall be of sufficient size to develop the rated power. The fuel supply lines
and fuel filters shall meet the engine manufacturer’s recommendations.
4-7.4.2* Where an electric fuel priming system is furnished, the valving and piping shall be
arranged and labeled so that it is only able to be operated to reprime the fuel system. When the
system is not being intentionally operated, it shall be isolated from the normal fuel system and
inoperable.
4-7.5 Gasoline Engine.
If the pumping unit is powered by a gasoline engine, fuel lines and fuel filters or strainers shall
be provided that meet the requirements of the engine manufacturer. They shall be of an
accessible and serviceable type. Where two or more fuel lines are installed, separate fuel pumps
operating in parallel with suitable check valves and filtering devices shall be provided. The fuel
line(s) shall be located or protected so as not to be subjected to excessive heating from any
portion of an engine’s exhaust system. The line(s) shall be protected from mechanical damage.
The gasoline feed system shall be permitted to include an electrically operated fuel pump located
within or adjacent to the fuel tank.
4-8 Exhaust System.
4-8.1
The exhaust piping and discharge outlet shall be located so as to not expose any portion of the
unit or equipment to excessive heating. Exhaust pipe discharge shall be as remote as possible
from the pump operator’s position. A silencing device shall be provided. Exhaust back pressure
shall not exceed the limits specified by the engine manufacturer. Where parts of the exhaust
system are exposed so that they are likely to cause injury to operating personnel, suitable
protective guards shall be provided.
4-8.2
If the noise level exceeds 90 dba at any point where the operator must stand to operate the
pumping unit, visible warning labels shall be provided stating that hearing protection devices
shall be used.
4-9 Electrical System and Devices.
4-9.1
Any alternator, cranking motor, ignition wiring, distributor, or ignition coil shall be of a
moisture-resistant type, and protected against excessive heat.
4-9.2
Electromagnetic interference suppression shall be provided in accordance with the
requirements of SAE J551, Performance Levels and Methods of Measurement of
Electromagnetic Radiation from Vehicles and Devices ( 30-1000 MHZ).
4-9.3*
All electrical circuit wiring beyond wiring supplied by a component manufacturer shall be
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stranded copper alloy conductors of a gauge rated to carry 125 percent of the maximum current
for which the circuit is protected. Insulation shall be in accordance with the requirements of SAE
J1128, Low Tension Primary Cable, type SXL or GXL, and wired to the requirements of SAE
J1292, Automobile, Truck, Truck-Tractor, Trailer, and Motor Coach Wiring, for such loading at
the potential employed. The voltage drop in any wiring from the power source to the using
device shall not exceed 10 percent. The overall covering of conductors shall be loom or braid
rated at 280°F (143°C) minimum and shall be flame retardant and moisture resistant. All
connections shall be made with lugs or terminals mechanically secured to the conductors. Wiring
shall be thoroughly secured in place and suitably protected against heat, oil, and physical injury.
Wiring shall be color coded or printed with a circuit function code over each conductor’s entire
length.
4-9.4
Switches, relays, terminals, and connectors shall have a direct current rating of at least 125
percent of the maximum current for which the circuit is protected.
4-9.5*
The battery capacity and wiring circuits provided, including the starter switch and circuit and
the starter to battery connections, shall meet or exceed the engine manufacturer’s
recommendations.
4-9.5.1* Battery(s) shall be securely mounted and adequately protected against physical damage
and vibration, water spray, and engine and exhaust heat. Where an enclosed battery compartment
is provided, it shall be adequately ventilated to prevent the buildup of heat and explosive fumes.
The battery(s) shall be readily accessible for examination, test, and maintenance. If the battery(s)
is located in an engine compartment or adjacent to exhaust system components, heat shields shall
be provided.
4-9.5.2 A built-in means to charge the battery(s) shall be provided. The charging system shall
have an output adequate to meet the continuous anticipated electrical load of the pumping unit as
manufactured, at 200°F (93°C) operating temperature (within any engine enclosure if provided),
and be provided with full automatic regulation.
4-10 Starting Device.
An electrical starting device shall be provided for the pumping unit’s engine. When the
starting device is operating under maximum load, the voltage drop of the conductors shall be in
accordance with the requirements of SAE J541, Voltage Drop for Starting Motor Circuits.
Chapter 5 Foam Proportioning System
5-1* Foam Proportioning System.
If the self-contained pumping unit is equipped with a foam proportioning system, it shall
comply with the applicable sections of this chapter.
5-1.1* Definitions.
Eductor. A device that uses the Venturi principle to introduce a proportionate quantity of foam
concentrate into a water stream. The pressure at the throat is below atmospheric pressure,
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allowing concentrate at atmospheric pressure in storage to flow into the water stream.
Foam Concentrate.* The liquid foaming agent used for mixing with the recommended amount
of water and air to produce foam.
Foam Solution. A homogeneous mixture of water and foam concentrate in the proper
proportion.
5-2 Types of Systems.
5-2.1*
An in-line eductor foam proportioning system shall meet the requirements of Sections 5-3, 5-4,
5-6, and 5-7.
5-2.2*
A self-educting master stream nozzle shall meet the requirements of Sections 5-3, 5-4, 5-6, and
5-7.
5-2.3*
An around-the-pump foam proportioning system shall meet the requirements of Sections 5-3
through 5-7.
5-2.4*
A balanced pressure foam proportioning system shall meet the requirements of Sections 5-3
through 5-9.
5-2.5*
A direct injection foam proportioning system shall meet the requirements of Sections 5-3
through 5-7 and Section 5-9.
5-3 Design and Performance Requirements.
5-3.1
The pumping unit shall be capable of supplying the power required by the foam proportioning
system in addition to the requirements of the other power-dependent systems installed on the
pumping unit.
5-3.2*
The materials used in the construction of the foam proportioning system shall be compatible
with the foam concentrate the foam system is designed to use.
5-3.3
If the pumping unit has an around-the-pump foam proportioning system meeting the
requirements of 5-2.3, a balanced pressure foam proportioning system meeting the requirements
of 5-2.4, or a direct injection foam proportioning system meeting the requirements of 5-2.5, the
pumping unit manufacturer shall certify the design performance of the foam proportioning
system as an integral part of the water delivery system. This shall include:
(a) The maximum capacity of foam solution capable of being discharged from the pumping
unit, stated in gallons per minute at an expressed percentage of injection rate.
Example: 1,000 gpm (3785 L/min) at the 6 percent rate.
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(b) The maximum operating pressure of the foam proportioning system.
(c) The pressure drop across each individual proportioning device at the device manufacturer’s
maximum design flow rate.
(d) The minimum and maximum rate of foam solution discharge available at each individual
outlet equipped with a foam proportioning device.
5-3.4
Discharge (pressure) lines in the foam proportioning system shall be designed and installed so
that the velocity of the foam concentrate in the lines does not exceed 25 fps (762 cmps) at the
maximum design flow.
5-3.5
Suction lines in the foam proportioning system shall be designed and installed so that the
velocity of the foam concentrate in the lines does not exceed 6 fps (183 cmps) at the maximum
design flow.
5-3.6
The pressure drop for foam proportioning devices installed on the discharge side of the pump,
except in-line eductors, shall not exceed 20 psi (138 kPa), at the maximum design flow of the
device, for outlets 21/2 in. (65 mm) and larger.
5-3.7*
Components that are continuously wetted with foam concentrate shall be constructed of
materials not adversely affected by foam concentrates.
5-3.8
Components that are able to be flushed with water after use shall be constructed of materials
that are resistant to corrosion after being flushed with water and allowed to dry. These
components also shall be constructed of materials resistant to deterioration by foam concentrates
especially with regard to gaskets, seals, and binding of moving parts.
5-4 Controls.
5-4.1
All foam proportioning system controls shall be located at the pump operator’s position and
clearly identified.
5-4.2
Foam proportioning systems that incorporate a foam concentrate pump and tank shall include
controls to allow operation from the tank or from an external source.
5-4.3
Foam proportioning systems that require flushing after use shall include readily accessible
controls that allow the operator to flush the system completely with water according to the
pumping unit manufacturer’s instructions.
5-4.4
Foam proportioning systems that incorporate automatic proportioning features shall be
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equipped with controls that allow the operator to isolate the automatic feature and operate the
system in a manual mode.
5-4.5
For foam proportioning systems that incorporate foam concentrate metering valves, each
metering valve provided shall be calibrated and marked to indicate the range of foam concentrate
injection rate(s) available as determined by the design of the system.
5-5 Gauges, Flow Meters, and Indicators.
5-5.1
All gauges, flow meter displays, and indicators shall be located so that they are readily visible
at the pump operator’s position. All gauges or flow meter displays shall be panel mounted in a
manner to protect the gauge or display from physical damage and from excessive vibration.
5-5.2
All analog pressure gauges shall be liquid-filled, vibration-dampened, and capable of
continuous operation to –40°F (–40°C) without damage.
5-5.3
All analog master pressure gauges shall be at least size 31/2 per ANSI B40.1,
Gauges—Pressure Indicating Dial Type-Elastic Element, paragraph 3.1. The accuracy of the
gauges shall be a minimum of Grade 1A as defined in ANSI B40.1.
5-5.4
A duplex-type pressure gauge shall be provided for balanced pressure foam proportioning
systems with a scale not less than 0 to 400 psig (0 to 2,758 kPag).
5-5.5
A foam concentrate level indicator shall be provided at the pump operator’s panel if an
atmospheric foam concentrate tank over 99 gal (375 L) capacity is provided.
5-6 Nameplates and Instruction Plates.
5-6.1
All required labels and markings shall be capable of withstanding the effects of extremes of
weather and temperature. They shall be permanent in nature and securely attached.
5-6.2
A nameplate that is clearly marked with the identification and function shall be provided for
each control, gauge, and indicator related to the foam proportioning system.
5-6.3
An instruction plate shall be provided for the foam proportioning system that includes, at a
minimum, a piping schematic of the system and basic operating instructions. Foam concentrate
trade names shall not be substituted for foam solution percentage ratios on instruction plates.
5-6.4
A label at the foam system controls shall identify the type(s) of foam that the foam
proportioning system is designed to use.
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5-6.5*
A label or visible permanent marking that reads “Foam Tank Fill” shall be placed at or near
any foam concentrate tank fill opening. The label or marking shall specify the class or type of
foam to be used, the maximum foam viscosity the foam concentrate system is designed to use,
and any restrictions on the types of foam concentrate that are able to be used with the system,
and shall carry a warning message that reads “Warning: Do not mix brands and types of foam.”
5-7 Atmospheric Foam Concentrate Tank.
If the foam proportioning system incorporates an atmospheric foam concentrate tank, the
following shall apply.
5-7.1
The foam concentrate tank and associated piping shall be constructed of materials that will not
be adversely affected by the foam concentrate to be stored in the tank.
5-7.2
The foam concentrate tank shall be provided with a protected fill opening that is designed to
facilitate the operator filling the tank from 5-gal (19-L) foam concentrate containers. The tank
opening shall be protected by a removable cover and screen. The cover shall be attached to the
tank fill by mechanical means such as a threaded cap or a hinged cover with a mechanical
latching device.
5-7.2.1 Foam concentrate tanks larger than 200 gal (757 L) shall incorporate a fill opening with
an area of at least 36 sq in. (23 226 mm2).
5-7.2.2 Foam concentrate tanks of 200 gal (757 L) or less shall incorporate a fill opening with an
area not less than 4 sq in. (2581 mm2). Where a fill opening is less than 36 sq in. (23 226 mm2),
a fill funnel with strainer shall be provided with a neck to fit the fill opening and a minimum
36-sq in. (23 226-mm2) fill cup.
5-7.3
An expansion compartment shall be provided on foam concentrate tanks that is of sufficient
volume to allow expansion and contraction of the foam concentrate caused by changes in
ambient temperature. The surface area of the expansion compartment shall not exceed 1 percent
of the surface area of the foam concentrate tank.
5-7.4
The foam concentrate tank shall be equipped with a pressure/vacuum vent that allows the tank
to adjust automatically for changes in pressure or vacuum when filling or withdrawing foam
concentrate from the tank. The pressure/vacuum vent shall not permit outside air to enter the
tank freely except during operation or for normal changes in volume due to changes in
temperature.
5-7.5
The foam concentrate tank shall not be equipped with an overflow pipe or any direct opening
to the atmosphere that is not gasketed or provided with a check valve device.
5-7.6
The foam concentrate tank shall be designed and constructed to facilitate cleaning the inside of
Copyright 1996 NFPA

the tank as required.
5-7.6.1 Foam concentrate tanks larger than 200 gal (757 L) and with more than one internal
compartment shall incorporate a removable top allowing access to each compartment or a
removable personnel access hatch with a minimum inside diameter of 20 in. (508 mm). Tanks
equipped with a personnel access hatch shall also be equipped with 20-in. (508-mm) minimum
inside diameter manways through any internal baffles to allow personnel access to the entire tank
interior.
5-7.6.2 Single compartment foam concentrate tanks shall incorporate a removable hatch or fill
opening that allows personnel access to the entire interior of the tank.
5-7.7
The foam concentrate tank shall have a sufficient number of swash partitions so that the
maximum dimension of any space in the tank, either transverse or longitudinal, shall not exceed
48 in. (1220 mm) and shall be not less than 23 in. (584 mm). The swash partitions shall have
suitable vents and openings at the top and bottom to permit movement of air and foam
concentrate between compartments to meet the maximum flow requirements of the foam
proportioning system.
5-7.8
The foam concentrate tank outlet connection shall be designed or located to prevent aeration of
the foam concentrate and shall allow withdrawal of not less than 95 percent of the foam
concentrate tank storage capacity under all operating conditions.
5-7.9
The foam concentrate tank inlet connection shall be installed in a manner that prevents air
entrainment of the foam concentrate from agitation when the foam concentrate level in the tank
is below the inlet connection discharge.
5-7.10
A minimum 1-in. (25-mm) valved drain shall be provided in the bottom of any foam
concentrate tank of 20 gal (76 L) or more. A minimum 1/2-in. (13-mm) valved drain shall be
provided in the bottom of any foam concentrate tank of less than 20 gal (76 L). The drain shall
be piped to drain directly to the surface beneath the pumping unit without contacting components
of the pumping unit.
5-7.11
The foam concentrate tank shall be constructed to be independent of the enclosure for the unit
or compartments.
5-8 Pressure Vessel Foam Concentrate Tanks.
If the foam proportioning system incorporates a pressure vessel foam concentrate tank, the
following shall apply.
5-8.1
The tank shall be of welded construction and designed, fabricated, and stamped in accordance
with the requirements of the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1,
for the required pressure. All pressure tanks and associated piping shall be designed to a
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minimum of 11/2 times the working pressure and shall be tested to the design pressure after
installation.
5-8.2
The pressure vessel tank shall be protected against corrosion from the foam concentrate stored
in the tank by one of the following methods:
(a) The tank shall be constructed of alloy steel that is not affected by foam concentrate.
(b) The tank shall be constructed with an internal coating that is not affected by foam
concentrate.
(c) The tank shall be equipped with an internal diaphragm or bladder that is constructed of
materials that will resist attack, breakdown, or loss of flexibility under conditions of prolonged
contact with foam concentrate.
5-8.3
The tank shall be provided with a minimum 2-in. (51-mm) inside diameter fill opening.
5-8.3.1 The fill cap shall be equipped with nontapered threads and a compressible gasket.
5-8.3.2 Special wrenches or tools required to tighten the fill cap shall be securely mounted
adjacent to the fill cap.
5-8.3.3 A safety vent hole shall be located in the fill cap so that it will vent the tank pressure
while at least 31/2 threads are still engaged.
5-8.4
A minimum 1-in. (25-mm) valved vent shall be provided on each pressure vessel tank.
5-8.5
An approved ASME relief valve, properly set, shall be furnished on the tank to prevent tank
pressure from exceeding 110 percent of the maximum allowable working pressure.
5-8.6
A minimum 1-in. (25-mm) valved drain connection shall be provided on each pressure vessel
tank.
5-8.7
A gauge indicating the internal pressure of the pressure vessel shall be provided and located at
the operator’s position.
5-9* Foam Concentrate Pump.
If the foam proportioning system incorporates a foam concentrate pump, the following shall
apply.
5-9.1
The foam concentrate pump shall operate at a design speed that prevents cavitation and
foaming in the concentrate system when delivering maximum design flow.
5-9.2
Drive train components required to transmit power to the foam concentrate pump shall be
capable of transmitting the power required by the pump under the maximum design condition.
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5-9.3
The foam concentrate pump shall have a reserve capacity of at least 10 percent when
delivering the flow and pressure required to operate the system at maximum capacity.
5-9.4
A relief valve or other overpressure limit device shall be provided in the foam proportioning
system to protect the foam concentrate pump.
5-9.5
If the foam concentrate pump is used with a pressure balance system, a minimum of one
1
2 /2-in. (65-mm) external valved intake connection for foam concentrate shall be provided. A
2-in. (51-mm) pickup device with 21/2-in. (65-mm) adapter shall be provided to supply the
system from drums or pails through the external intake connection.
5-9.6
If the foam concentrate pump is used with a pressure balance system, a minimum of one
11/2-in. (36-mm) external valved foam concentrate pump discharge connection shall be provided.
Chapter 6 Test and Delivery Data Requirements
6-1* Pumping Unit Certification Tests.
The pumping unit shall be tested by the manufacturer and the results certified by an
independent testing organization. The testing and certification shall include at least the pumping
test (Section 6-2), the priming device test (Section 6-4), and the vacuum test (Section 6-5). In
addition, if the pumping unit has a fire-fighting support pump, the pressure control device test
(Section 6-3) shall be included in the certification.
6-2 Pumping Tests.
6-2.1 Conditions for Test.
6-2.1.1* The test site shall be adjacent to a supply of clear water at least 4 ft (1.2 m) deep. The
water level below the center of the pump intake shall be not more than the maximum distance
shown in Table 3-2(a) as the lift for the size of pump. The suction strainer shall be submerged at
least 2 ft (0.6 m) below the surface of the water when connected to the pump by 20 ft (6 m) of
suction hose.
6-2.1.2 Tests shall be performed when conditions are as follows:

Air Temperature:

0°F to 100°F (–18°C to 38°C)

Water Temperature:

35°F to 90°F (2°C to 32°C)
(corrected to sea level) 29 in. Hg

Barometric Pressure:

(98.2 kPa), minimum
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6-2.1.3 Engine-driven accessories shall not be functionally disconnected or otherwise rendered
inoperative during the tests.
6-2.1.4 All structural enclosures such as gratings, grills, heat shields, etc., not designed to be
opened in normal service shall be kept in place during the tests.
6-2.2 Equipment.
6-2.2.1 The number and size of suction hose lines defined in Table 3-2(a) for the rated capacity
of the pump shall be used.
6-2.2.2 A suction strainer that will allow flow with total friction and entrance loss not greater
than that specified in Table 3-2(b) shall be used.
6-2.2.3 Sufficient fire hose shall be provided to allow discharge of rated capacity to the nozzles
or other flow measuring equipment without exceeding a flow velocity of 35 fps (10.7 mps)
[approximately 500 gpm (1900 L/min) for 21/2-in. (65-mm) hose].
6-2.2.4 Where nozzles are used they shall be smoothbore; inside diameters shall be from 3/4 in.
(19 mm) to 3 in. (76 mm).
6-2.2.5 All test gauges shall meet the requirements for Grade A gauges as defined in ANSI
B40.1, Gauges-Pressure Indicating Dial Type-Elastic Element, and shall be at least size 31/2 per
ANSI B40.1, paragraph 3.1. The suction gauge shall have a range of 30 in. Hg (100 kPa) vacuum
to zero for a vacuum gauge or 30 in. Hg (100 kPa) vacuum to 150 psig (1035 kPag) for a
compound gauge. The discharge pressure gauge shall have a range of zero to 400 psig (0 to 2758
kPag). Pitot gauges shall have a range of at least zero to 160 psig (0 to 1103 kPag). A mercury
manometer shall be permitted to be used in lieu of a suction gauge. All gauges shall have been
calibrated in the month preceding the tests. Calibrating equipment shall consist of a dead weight
gauge tester or a master gauge meeting the requirements for Grade 3A or 4A gauges as defined
in ANSI B40.1 that has been calibrated by its manufacturer within the preceding year.
6-2.2.6 All test gauge connections shall include “snubbing” means, such as needle valves to
damp out rapid needle movements.
6-2.2.7 Speed measuring equipment shall consist of either a tachometer measuring revolutions
per minute, or a revolution counter and stopwatch. When a revolution counter and stopwatch are
used, the stopwatch shall be equipped with a full sweep second hand or shall be of a digital
reading type.
6-2.3* Procedure.
6-2.3.1 Support Pump Procedure. The ambient air temperature, water temperature, vertical lift,
elevation of test site, and atmospheric pressure (corrected to sea level) shall be determined and
recorded prior to and after each pump test. The engine, pump, transmission, and all parts of the
pumping unit shall exhibit no undue heating, loss of power, overspeed, or other defect during the
entire test.
The pumping unit shall be subjected to a 3-hr pumping test consisting of 2 hr of continuous
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pumping at rated capacity at 150 psi (1035 kPa) net pump pressure, followed by 30 min of
continuous pumping at 70 percent of rated capacity at 200 psi (1380 kPa) net pump pressure, and
30 min of continuous pumping at 50 percent of rated capacity at 250 psi (1725 kPa) net pump
pressure. The pump shall not be stopped unless it becomes necessary to clean the suction strainer
or to change hose or nozzles between tests.
The capacity, discharge pressure, suction pressure, and engine speed shall be recorded at least
every 15 min. The average net pump pressure shall be calculated and recorded based on the
average values for discharge and suction pressure.
The pumping unit shall be subjected to an overload test consisting of pumping rated capacity
at 165 psi (1138 kPa) net pump pressure for at least 10 min. This test shall be permitted to be
performed immediately following the 2-hr pumping test of rated capacity at 150 psi (1035 kPa)
net pump pressure. The capacity, discharge pressure, suction pressure, and engine speed shall be
recorded at least once during the overload test.
6-2.3.2 Supply Pump Procedure. The ambient air temperature, water temperature, vertical lift,
elevation of test site, and atmospheric pressure (corrected to sea level) shall be determined and
recorded prior to and after each pump test. The engine, pump, and all parts of the pumping unit
shall exhibit no undue heating, loss of power, overspeed, or other defect during the entire test.
The pumping unit shall be subjected to a 2-hr pumping test consisting of continuous pumping
at rated capacity at 150 psi (1035 kPa) net pump pressure. The pump shall not be stopped unless
it becomes necessary to clean the suction strainer.
The capacity, discharge pressure, suction pressure, and engine speed shall be recorded at least
every 15 min. The average net pump pressure shall be calculated and recorded based on the
average values for discharge and suction pressure.
6-3 Support Pump Pressure Control Device Test.
The pressure control device on the pump shall be tested as follows:
(a) Pump shall be operated at draft, delivering rated capacity at 150 psig (1035 kPag) discharge
pressure.
(b) The pressure control device shall be set to maintain the discharge pressure at 150 psig
(1035 kPag).
(c) All discharge valves shall be closed no more rapidly than in 3 sec time and no more slowly
than in 10 sec time. The rise in discharge pressure shall not exceed 30 psi (207 kPa) and shall be
recorded.
(d) The original conditions of pumping rated capacity at 150 psig (1035 kPag) shall be
reestablished. The discharge pressure shall be reduced to 90 psig (620 kPag) by throttling the
engine fuel supply, with no change to the discharge valve settings, hose, or nozzles.
(e) The pressure control device shall be set to maintain 90 psig (620 kPag) discharge pressure.
(f) All discharge valves shall be closed no more rapidly than in 3 sec time and no more slowly
than in 10 sec time. The rise in discharge pressure shall not exceed 30 psi (207 kPa) and shall be
recorded.
(g) The pump shall be operated at draft pumping 50 percent of rated capacity at 250 psig (1725
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kPag) discharge pressure.
(h) The pressure control device shall be set to maintain 250 psig (1725 kPag) discharge
pressure.
(i) All discharge valves shall be closed no more rapidly than in 3 sec time and no more slowly
than in 10 sec time. The rise in discharge pressure shall not exceed 30 psi (207 kPa) and shall be
recorded.
6-4 Priming Device Test.
With the pumping unit set up for the pumping test, the primer shall be operated in accordance
with the pumping unit manufacturer’s instruction until the pump has been primed and is
discharging water. The interval from the time the primer was started until the time the pump is
discharging water shall be noted. The time required to prime the pump shall not exceed the times
given in Table 3-3.1. This test shall be permitted to be performed in connection with priming the
pump for the pumping test.
6-5 Vacuum Test.
The pump priming device shall be used to develop a vacuum of 22 in. Hg (74.5 kPa) inside the
pump, with all intakes capped and all discharge outlets uncapped. At altitudes above 2000 ft
(610 m) the vacuum attained shall be permitted to be less than 22 in. Hg (74.5 kPa) by 1 in. Hg
(3.4 kPa) per 1000 ft (305 m) of altitude above 2000 ft (610 m). The vacuum shall not drop more
than 10 in. Hg (33.9 kPa) in 5 min. The primer shall not be used after the 5-min test period has
begun. The engine shall not be operated at any speed greater than the no-load governed speed
during this test.
6-6 Piping Hydrostatic Test.
The pump and its connected piping system shall be hydrostatically tested to 250 psig (1725
kPag). If there is a water tank, the hydrostatic test shall be conducted with the valves in any
plumbing between the pump and the tank closed. All discharge valves shall be open and the
outlets capped. All intake valves shall be closed, and nonvalved intakes shall be capped. This
pressure shall be maintained for 3 min.
6-7* Foam System Tests.
If the pumping unit is equipped with a foam system, the accuracy of the foam proportioning
system shall be tested. The foam system shall proportion foam concentrate into water within plus
or minus 10 percent of the recommended concentration across the range of the design flows.
6-8 Data Required of the Contractor.
6-8.1
The contractor shall supply, at the time of delivery, at least one copy of:
(a) Engine manufacturer’s certified brake horsepower curve for the engine furnished showing
the maximum no-load governed speed.
(b) Pump manufacturer’s certification of suction capability (see Section 3-2).
(c) Pump manufacturer’s certification of hydrostatic test (see 3-4.5 and 3-4.6).
(d) The certification of pumping unit test (see Section 6-1).
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(e) Pump manufacturer’s certification of maximum input speed and horsepower.
(f) The pressure control system certificate (see 3-8.1.3).
6-8.2
A permanent plate shall be attached to the pumping unit at the pump operator’s position that
gives the rated discharges and pressures together with the speed of the engine as determined by
the certification test, the position of parallel-series pump as tested, and the no-load governed
speed of the engine as stated by the engine manufacturer on a certified brake horsepower curve.
Chapter 7 Referenced Publications
7-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
7-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1963, Standard for Fire Hose Connections, 1993 edition.
7-1.2 ANSI Publication.
American National Standards Institute, 1430 Broadway, New York, NY 10018.
ANSI B40.1-1991, Gauges—Pressure Indicating Dial Type-Elastic Element.
7-1.3 ASME Publication.
American Society of Mechanical Engineers, 345 East 47th Street, New York, NY 10017.
ASME Boiler and Pressure Vessel Code, Section VIII, Division 1.
7-1.4 ASTM Publication.
American Society for Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.
ASTM D4956-1993, Standard Specifications for Retroreflective Sheeting for Traffic Control.
7-1.5 SAE Publications.
Society of Automotive Engineers, 400 Commonwealth Drive, Warrendale, PA 15096.
SAE J348-1990, Standard for Wheel Chocks.
SAE J541-1989, Voltage Drop for Starting Motor Circuits.
SAE J551-1990, Performance Levels and Methods of Measurement of Electromagnetic
Radiation from Vehicles and Devices (30-1000 MHZ).
SAE J560B-1974, Seven Conductor Electrical Connector for Truck-Trailer Cable.
SAE J845-1992, 360 Degree Warning Lamp for Authorized Emergency, Maintenance, and
Service Vehicles.
SAE J1067-1973, Seven Conductor Jacketed Cable for Truck Trailer Connections.
SAE J1128-1988, Low Tension Primary Cable.
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SAE J1292-1981, Automobile, Truck, Truck-Tractor, Trailer, and Motor Coach Wiring.
SAE J1318-1986, Gaseous Discharge Warning Lamp for Authorized Emergency,
Maintenance, and Service Vehicles.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1
This standard encompasses a variety of fire-fighting support and fire-fighting supply
self-contained pumping units, other than vehicular fire apparatus. These pumping units include a
variety of products used to supply water to the fire ground or protect exposures, and are intended
for specialized support operations.
A self-contained pumping unit is a complex mechanical device that should not be purchased in
a haphazard manner. A purchase should be made only after a detailed study of the fire equipment
needs, taking into consideration other equipment that is available or planned for purchase.
The local fire chief and fire service staff know the conditions of use for the equipment.
However, competent advice also should be obtained from knowledgeable and informed sources
including more experienced fire chiefs, fire protection engineers, trade journals, training
instructors, maintenance personnel, and fire equipment and component manufacturers. The fire
insurance rating authority also should be consulted.
The study should look at not only current operations and risks protected, but also how these
may change over the life of the equipment. The fire service, whether a career or volunteer
municipal department or an industrial fire brigade, has an obligation to the citizens or company it
protects to provide equipment that will best protect people and property.
Writing the Specifications. This standard is designed to assure sound equipment capable of
good performance, without inclusion of restrictive features. This standard provides the basic
technical requirements that new self-contained pumping units are expected to meet. Written
specifications should require that the self-contained pumping unit meets the requirements of this
standard as a minimum. Many purchasers will desire additional features of operation over and
above the requirements of this standard. This appendix should be used to assist in the evaluation
and determination of the requirements that the pumping unit is expected to meet.
The specification should provide details of delivery expectations, including the desired
training, the required acceptance tests, the party responsible for the various costs associated with
the delivery and acceptance, and the person responsible for acceptance of the unit.
The purchaser also should define within the specifications the warranty desired for the
completed equipment. The warranty is a written guarantee of the integrity of the equipment or its
components that defines the manufacturer’s responsibility within a given time frame. The
warranty sometimes is extended for a second warranty period beyond the terms of the basic
warranty for specific components such as the engine, pump, etc.
Finally, it is recommended that the fire chief, fire service staff, or the committee assigned to
develop the specifications consult with the municipal or company attorney, engineer, and other
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appropriate officials for assistance in developing the detailed specifications.
Obtaining and Studying Proposals. When the specifications have been completed, they should
be distributed to equipment manufacturers and contractors with a request for bids or proposals to
furnish the specified equipment. The request may specify a date, time, and place for the formal
openings of the bids, if required. This date should provide at least one month for the engineering
departments of manufacturers to study the specifications and estimate the cost of the equipment.
The request also should state the time frame within which the purchaser expects the bidder to
honor the bid or proposal price and whether a bid bond is required. The bid bond guarantees that,
if a contract is awarded to the bidder within the allowed time frame, the bidder will enter into the
contract under the terms of the bid. A bid bond may be desirable on very large, high cost,
self-contained pumping units.
A pre-bid meeting can be held between the purchaser of a piece of equipment and
manufacturers or their agents prior to the official release of the specification on larger high cost
units. The meeting is designed to allow for a detailed review of the draft specification by all
present at the meeting. Problems with the specification, ideas on use of alternative components
or systems, clarifications of the purchaser’s intent, and other questions can be resolved prior to
the formal bid process. The meeting often can solve misunderstandings or problems prior to their
occurrence.
With a performance specification, usually it is possible to obtain more favorable bids since
there is genuine competition and the specifications are not overly restrictive. Manufacturers’
proposals may include amendments and exceptions. Frequently, these changes are offered to
meet price requirements or because individual manufacturers may prefer to build equipment in a
manner more convenient to them. If the intent of the original specification is not changed and the
bid is favorable, the purchaser should consider accepting these amendments with the approval of
the purchasing authority. On the other hand, extreme care should be taken not to permit
exceptions that merely devalue the equipment and give a bidder an advantage.
The purchaser should study the proposals and look for deviations from the specifications and
should obtain clarification where necessary. If the purchaser has specifically provided for
alternates when calling for bids, extra care should be exercised when evaluating the proposals
because combinations of complicated bid information will need careful analysis. The financial
arrangements, a delivery date, and the method of delivery should be stipulated and agreed to by
the purchasing authority.
Awarding the Contract. With the award of a contract, it is important for the purchasing
authority to understand exactly who the contract is with and what their relationship is to the
manufacturer. Some manufacturers work through a dealer network where the dealer purchases
the pumping unit from a manufacturer, including taking title, and then resells the pumping unit to
the purchasing authority. Other manufacturers work through sales agents or representatives who
solicit and negotiate a contract between a purchasing authority and a manufacturer, but who
never take title to the pumping unit. This difference can affect where the responsibility lies for
the proper fulfillment of the contract.
Before signing a contract, the purchaser should make certain that the successful bidder has a
complete and thorough understanding of the specifications. If there are any disagreements, these
should be resolved in writing and made part of the contract. If any changes are agreed upon,
these should be stated in writing and be signed by both parties. The contract should not be signed
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until the fire chief (or a designee) and the purchasing authority are satisfied.
Acceptance. When the equipment is ready for delivery and acceptance, the purchaser has a
responsibility to check carefully the completed equipment against the specifications and contract
to ensure all that was required is being delivered. This includes witnessing any required
acceptance tests.
The purchaser also should arrange for any training included as part of the delivery and ensure
that it is properly delivered.
Only when the purchaser is totally satisfied that the contract has been fulfilled should payment
be authorized.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
Authority Having Jurisdiction. The phrase “authority having jurisdiction” is used in NFPA
documents in a broad manner, since jurisdictions and approval agencies vary, as do their
responsibilities. Where public safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or individual such as a fire chief; fire marshal;
chief of a fire prevention bureau, labor department, or health department; building official;
electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the
authority having jurisdiction. In many circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at government installations, the
commanding officer or departmental official may be the authority having jurisdiction.
Net Pump Pressure. When operating from a hydrant the net pump pressure typically is less
than the discharge pressure. For example, if the discharge pressure gauge reads 150 psig, and the
intake (suction) gauge reads 20 psig, the net pump pressure equals 130 psi. When operating from
draft, the net pump pressure will be above the discharge pressure. For example, if the discharge
pressure gauge is reading 145 psig and the intake (suction) gauge is reading 10 in. of mercury
(Hg), the net pump pressure will be 150 psi (1 in. Hg = .5 psi).
A-2-1
Where local operating conditions necessitate pumping units of unusual design, the purchaser
should carefully define the special requirements in the specifications. Height, width, weight,
length, etc., occasionally may need special attention.
A-2-1.5
Guards and shields should include the following:
(a) Alternator and accessory drive components such as belts or drive shafts;
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(b) Engine cooling fan;
(c) Pump drive shaft or coupling;
(d) Exposed engine exhaust components.
A-2-1.7
The temperature conditions, either hot or cold, that the vehicle will be used within or stored at
should be considered in the design of the vehicle. If the vehicle will be used in conditions that
exceed 110°F (43°C), additional cooling of the engine, pump, and other components may be
necessary. Likewise, if the unit is to be used or stored in subfreezing conditions, special system
drains, engine heaters, or other special components may be required to prevent damage or allow
continued use.
A-2-4.1
Special tools are tools that normally are not available through commercial channels but are
unique to the application and generally are designed or manufactured by the pumping unit
manufacturer.
A-2-4.2
Training of specified fire service personnel is essential to ensure that the purchaser and user
are aware of, and instructed in, the proper operation, care, and maintenance of the equipment
acquired. This training is intended to provide initial instruction to the trainees on the newly
delivered equipment. The training typically includes one day of instruction in the user’s location
by a qualified representative of the contractor. An equivalent arrangement for furnishing the
training, including the location where it is provided, its duration, and the provision of suitable
training aids such as video tapes or training manuals, may be specified by the purchaser.
A-2-5
The weight of the pumping unit and its distribution should be taken into account when
designing the trailer and mounting the unit. Particular attention should be paid to the tongue
weight and pulling weight.
A-2-5.4
The intent of step size and placement requirements is to ensure that the fire fighter’s foot will
be supported 7 to 8 in. (178 to 203 mm) from the toe when the foot is placed on the step in the
normal climbing position. The leading edge is not necessarily the side opposite the fastening
location.
A-2-5.6
The purchaser should strongly consider the use of a combination of red and blue warning
lights where such combinations are permitted by state or local law. With lights of equal intensity,
red is more effective in the daylight, and blue is more effective at night.
A-2-6.1
Where possible, discharge outlets should be positioned away from the normal pump operator’s
position.
A-2-6.2
Many fire departments have found it useful to color code the labels used to identify the various
Copyright 1996 NFPA

discharge and intake controls. While this process can simplify pump operations, it can also create
confusion if a pattern is not followed on all apparatus and pumping units in the department. For
standardization, the following color coding scheme is recommended for all new labels.

Preconnect #1

Orange (see note)

Preconnect #2

Red (see note)

Preconnect or Discharge #3

Yellow (see note)

Preconnect or Discharge #4

White (see note)

Discharge #5

Blue

Discharge #6

Black

Discharge #7

Green

Deluge or Deck Gun

Silver

Large Diameter Hose

Yellow with White Border

Foam Line(s)

Red with White Border

Booster Reel(s)

Grey

Inlets

Burgundy

NOTE: Since the vast majority of fires are extinguished using preconnected lines, a fire department should
give consideration to matching the hose jacket color to the color of these labels. Fire departments using this
system have reported that an improvement in fire ground operations was achieved.

A-2-9
When a pressure governor is provided, is set to control pump pressure, and is in the “on”
position, engine speed is controlled by the governor, and the hand throttle may be inactivated.
A-2-11
On self-contained pumping units, it is common practice to leave the engines and other
purchased components painted the color which the specific supplier provides as standard.
Although the purchaser may specify that the pumping unit be painted a specific color, this option
might add to the costs substantially on what otherwise would have been a low cost unit.
A-3-2
The purchaser must define the specific operating conditions under which the pumping unit will
be expected to be used if the elevation exceeds 2,000 ft (610 m) above sea level, if suction lifts
exceed those shown in Table 3-2(a), if more than 20 ft (6 m) of suction hose is to be used, or
where the purchaser desires to pump the rated capacity from a single intake only.
A-3-4.1
Pumps and piping frequently required to pump salt water or other corrosive waters should be
bronze. For occasional pumping of such water, iron pumps, bronze fitted, are satisfactory if
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properly flushed out by fresh water after such use.
The term “all bronze” indicates that the pump main casing, impellers, intake and discharge
manifolds, and other principal components exposed to the water to be pumped, with the
exception of the shaft, bearings, and seals, are of a high-copper alloy material.
Corrosion effects are proportional to the mass relationship of bronze to iron. It is, therefore,
desirable to use like materials for the pump and piping, and where both iron and bronze are used,
to keep the mass of the iron larger than that of the bronze.
A-3-5.1
Intakes may be larger than the size of the suction hose specified in Table 3-2(a). When a larger
size is desired, it should be specified by the purchaser.
A-3-6.1
The flows listed for each outlet size are minimum and are for rating purposes only. If piping
and valving are sufficient, much higher flows for a given outlet size might be achievable.
A-3-8
The purpose of a pressure control system is to control both the intake and discharge pressures
to protect fire fighters who are operating hose streams as well as to protect discharge hose from
damage in the event attack hose streams are shut off or other valves are closed, reducing flow
rates.
The system may consist of a discharge relief valve, a pressure regulator that controls the speed
of the pump, an intake relief valve, or any combination of these devices. Pressure control
systems will relieve excess pressure when valves are closed in a normal manner, but some water
hammer conditions may occur due to valves being closed so quickly that the system cannot
respond fast enough to eliminate damage to equipment. Proper fire ground procedures are still
required.
A-3-8.1.3 Pressure control systems can be supplied in the following forms:
1. Integral with the pump and supplied by the pump manufacturer;
2. As an external system of components supplied by the apparatus manufacturer;
3. As an external control system provided by a pressure control manufacturer.
The pressure control system should be certified by the appropriate manufacturer or an
independent testing organization approved by the authority having jurisdiction. Due to the
importance of these systems, the authority having jurisdiction may wish to have performance
tests conducted on the installed system.
A-4-1.1
Where the location that the pumping unit is to be used is at a considerably higher altitude than
2,000 ft (610 m), sufficient excess power must be provided to compensate for the fact that the
power of a naturally aspirated internal combustion engine decreases with elevation above sea
level.
A-4-2
The maximum no-load governed speed is established by the engine manufacturer as a safe
limit of engine speed. A governor will prevent the engine from exceeding the safe speed. Most
engine manufacturers allow a plus tolerance of 2 percent for maximum no-load governed speed.
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A-4-3
A shutdown beyond the control of the pump operator during the fire-fighting operations can
result in loss of water flow from the pump, which could severely endanger personnel. Automatic
fuel line safety shutoff as required by ICC regulations is not considered an automatic engine
shutdown.
A-4-4.2
The emergency engine shutoff may be of the type that will shut off either the air supply or the
exhaust gas flow of the engine. This emergency shutoff should include a provision to prevent
restarting of the engine without a special reset procedure.
A-4-7.4.1 To prevent engine shutdown due to fuel contamination, dual filters in parallel, with
proper valving so that each filter can be used separately, may be desired. The purchaser should
specify if dual filters are desired. Installation of two or more pumps should be designed so that
failure of one pump will not nullify the performance of the others.
A-4-7.4.2 With the use of diesel engines the concern for vapor lock common with gasoline
engines doesn’t exist, and electric fuel pumps usually are not compatible for connection in series
with a diesel engine fuel system. As a result, where an electric fuel pump is specified with a
diesel engine, it is arranged as a fuel priming pump only. Where not properly labeled or where
the control valves are not properly set, the auxiliary priming system can cause the diesel engine
to lose its prime. In addition, operation of a priming pump during diesel engine operation may
boost fuel inlet pressure to the engine’s fuel system. This may cause erratic engine behavior and
loss of engine speed control. Control systems for priming pumps should allow only momentary
operation and prevent the operation of the pump while the engine is operating.
A-4-9.3
It is not the intent of this requirement that electrical devices not manufactured by the pumping
unit manufacturer or contractor but mounted on the unit by the pumping unit manufacturer or
contractor be rewired to meet this requirement. Electrical device manufacturer-supplied wiring
can be used to the point where it connects to the pumping unit manufacturer’s or contractor’s
installed wiring.
A-4-9.5
The battery capacity is a very important and frequently overlooked factor in performance. Fire
equipment typically needs a much higher capacity battery than does commercial equipment
because of the large number of lights and other power-consuming devices. Where spotlights,
electric hose reels, and other power-consuming devices are installed, the total current needed for
short periods may be more than that provided by the alternator, particularly with the engine
idling, and the battery must be of ample size to carry the load.
The prime function of the battery in modern equipment is to furnish sufficient power to crank
the engine. The Society of Automotive Engineers (SAE) has established a “Cold Cranking Test”
which specifies the minimum amperes available at 0°F (–18°C) and –20°F (–28°C) for cranking.
This rating specifies the amperes that the battery will deliver for 30 sec with a minimum voltage
of 2.1 volts per cell. The 2.1 volts per cell requirement for new, fully charged batteries represents
the voltage required for cranking the vehicle. Thirty seconds represents the maximum cranking
time needed for an engine in an acceptable state of tune.
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With engine manufacturers specifying the cold cranking amperes for satisfactory cold cranking
performance, and the self-contained pumping unit manufacturer determining the intermittent and
continuous electrical loads, a proper capacity battery can be provided for the application.
Batteries also have a “reserve capacity rating,” which represents the approximate time in
minutes it is possible to travel at night with an inoperative alternator and minimum electrical
load. This rating, in minutes, is the time required to discharge a fully charged battery at 25 amp
at 80°F (27°C) to a terminal voltage of 1.7 volts per cell (10.2 volts for a 12-volt battery).
A-4-9.5.1 Overheating of a battery will cause rapid deterioration and early failure; evaporation
of the water in the battery electrolyte also may be expected.
A-5-1
It is necessary for the purchaser to understand the types and properties of mechanical foam and
its application to properly specify a foam proportioning system. Specific information regarding
foam concentrates and their application is available in NFPA 11, Standard for Low-Expansion
Foam.
A-5-1.1 Foam Concentrate.
Foams are defined by expansion and arbitrarily subdivided into 3 ranges of expansion. These
ranges correspond broadly to certain types of usage. The three ranges are: low expansion
foam—expansion up to 20; medium expansion foam—expansion 20 - 200; and high expansion
foam—expansion 200 - 1000.
There are a number of foam concentrates available for use in the low expansion foam systems.
These include:
(a) Protein-foam concentrates consist primarily of products from protein hydrolysate, plus
stabilizing additives and inhibitors to protect against freezing, to prevent corrosion of equipment
and containers, to resist bacterial decomposition, to control viscosity, and to otherwise ensure
readiness for use under emergency conditions. They are diluted with water to form 3-percent to
6-percent solutions depending upon the type. These concentrates are compatible with certain dry
chemicals.
(b) Fluoroprotein-foam concentrates are very similar to protein-foam concentrates as described
above, but with a synthetic fluorinated surfactant additive. In addition to an air-excluding foam
blanket, they may also deposit a vaporization-preventing film on the surface of a liquid fuel.
They are diluted with water to form 3-percent to 6-percent solutions depending on the type.
These concentrates are compatible with certain dry chemicals.
(c) Synthetic foam concentrates are based on foaming agents other than hydrolyzed proteins.
Aqueous film forming foam (AFFF) concentrates are the most common and are based on
fluorinated surfactants plus foam stabilizers. They usually are diluted with water to a 1-percent,
3-percent, or 6-percent solution. The foam formed acts both as a barrier to exclude air or oxygen
and to develop an aqueous film on the fuel surface capable of suppressing the evolution of fuel
vapors. The foam produced with AFFF concentrate is dry-chemical compatible and thus is
suitable for combined use with dry chemicals.
Other hydrocarbon surface active agents are listed as wetting agents or as foaming agents, or
both. In general, their use is limited to portable nozzle foam application to spill fires.
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(d) Alcohol-resistant foam concentrates are used for fighting fires on water-soluble materials
and other fuels destructive to regular or AFFF foams, as well as fires involving hydrocarbons.
There are two general types. One is based on water-soluble natural polymers, such as protein or
fluoroprotein concentrates, and also contains alcohol-insoluble materials that precipitate as an
insoluble barrier in the bubble structure. The other is based on synthetic concentrates and
contains a gelling agent that surrounds the foam bubbles and forms a protective raft on the
surface of water-soluble fuels; these foams may also have film-forming characteristics on
hydrocarbon fuels. Alcohol-resistant foam concentrates generally are used in concentrations of
3-percent to 10-percent solutions depending on the nature of the hazard to be protected and the
type of concentrate.
A-5-2.1
In-line eductors are installed in the water pump discharge either as portable devices or as
permanently installed devices. Water is forced through the eductor venturi by pump pressure
creating a negative atmospheric pressure. Foam concentrate is forced by atmospheric pressure
into the water stream at the design rate of the device. Fixed or variable rate proportioning
devices are available. Eductors have the following limitations:
(a) They have a limited flow and pressure range. For practical fire-fighting purposes, these
devices operate satisfactorily at rated pressure plus or minus 50 percent.
(b) By design, a nonrecoverable pressure drop of 30 percent or greater is required for an
eductor to operate. The maximum recovered pressure, including friction loss and static head, is
about 65 percent of the inlet pressure. For example, at an inlet pressure of 150 psig (1,035 kPag),
the back pressure on the discharge side of the eductor must be less than 100 psi (690 kPa) for
proper proportioning. If the back pressure exceeds 100 psi (690 kPa), such as by the addition of
another length of hose, the eductor will fail to introduce any foam concentrate.
(c) The length and elevation of the pickup system is restricted.
(d) As a rule the discharge device (nozzle) flow must be matched to the rated flow of the
eductor for efficient operation.
Eductors do have the following advantages:
(a) They are inexpensive.
(b) They require minimal maintenance.
(c) They are simple to operate.
(d) They require a minimum amount of storage space.
A-5-2.2
Self-educting master stream nozzles are mounted on the discharge side of the pump. These
devices comprise a complete foam proportioning system, consisting of a foam concentrate
proportioner and application device (nozzle). The advantages of this system are the following:
(a) They have operator-adjustable foam solution rates of 3 or 6 percent.
(b) There is minimal pressure drop, approximately 1 percent to 21/2 percent of inlet pressure.
(c) They are relatively inexpensive
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(d) They require minimal maintenance.
(e) They are simple to operate.
(f) They require a minimum amount of space to store.
A-5-2.3
An around-the-pump proportioning system operates with an eductor installed between the
water pump discharge and intake. A small flow of water from the water pump discharge passes
through the eductor, which creates a vacuum causing foam concentrate to be inducted and
discharged into the pump intake. Around-the-pump systems are available with fixed or variable
rate proportioning. Manual variable proportioning is accomplished by an operator-controlled
metering valve that corresponds to a calibrated rating chart. See Figure A-5-2.3(a). With this
system the operator must determine flow in order to set the metering valve. Automatic variable
proportioning systems rely on a flow meter monitoring system for total solution flow and foam
concentrate flow. The flow data is fed into a microprocessor that provides readout and operator
control of the foam solution percentage. See Figure A-5-2.3(b).

Figure A-5-2.3(a) Manual around-the-pump proportioning system.
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Figure A-5-2.3(b) Flow meter sensing around-the-pump proportioning system.

A conductivity-sensing, around-the-pump proportioning system utilizes electrical conductivity
meters to sense the foam solution percentage and provide feedback from the control sample
module. Data from the electrical conductivity meters is transmitted to a microprocessor that
controls the mix ratio through a foam concentrate metering valve. See Figure A-5-2.3(c).
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Figure A-5-2.3(c) Conductivity-sensing, automatic variable metering around-the-pump proportioning system.

Around-the-pump systems are relatively inexpensive, but they have the following limitations:
(a) Water pump intake pressure cannot exceed approximately 10 psig (69 kPag).
(b) Water and foam solution cannot be discharged simultaneously from the pump. Once
activated, the system produces foam solution from all open pump discharge outlets.
(c) It is difficult to match foam concentrate with the performance desired.
(d) Internal components require frequent maintenance.
A-5-2.4
Balanced pressure, foam-proportioning systems are installed on the discharge side of the water
pump. Two orifices discharge water and foam concentrate into a common ratio controller
(proportioner) located in the water pump discharge. By adjusting the area of the orifices to a
particular ratio, the percent of injection can be adjusted if inlet pressures are equal. The method
of controlling or balancing the foam concentrate pressure with the water pressure varies with
different balanced pressure system designs. The two basic methods of balancing the pressures
are systems without a foam concentrate pump and systems with a concentrate pump.
Balanced pressure systems without a foam concentrate pump are referred to as “pressure
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proportioning systems.” See Figure A-5-2.4(a). These systems utilize a pressure vessel with an
internal bladder to contain the foam concentrate. When in operation, water pump pressure is
allowed to enter the pressure vessel and exert pressure on the internal bladder. The foam
concentrate is forced out of the bladder to the proportioner at a pressure equal to the water
pressure. These systems are easy to operate and offer fixed or variable rate proportioning.

Figure A-5-2.4(a) Pressure-proportioning, balanced pressure proportioning system.

Pressure proportioning systems have the following limitations:
(a) Size and weight of the pressure vessel;
(b) Capacity of the pressure vessel;
(c) Pressure limitation of the pressure vessel; and
(d) The foam concentrate tank cannot be refilled while the system is in operation.
A balanced pressure system with a foam concentrate pump may be one of two basic types. The
first is a “by-pass” system, utilizing a diaphragm valve in the concentrate pump-to-tank line that
automatically controls foam pump pressure by by-passing excess foam concentrate back to the
tank. See Figure A-5-2.4(b). The second type is a “demand” system which controls the pump
speed, and that in turn controls the pump pressure. See Figure A-5-2.4(c).

Copyright 1996 NFPA

Figure A-5-2.4(b) By-pass balanced pressure proportioning system.
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Figure A-5-2.4(c) Demand balanced pressure proportioning system.

Balanced pressure systems have no real operating limitations except by specific design. These
systems have no water intake limitations, and discharge capacity and pressure is limited only by
design. Foam solution can be discharged from any water pump outlet equipped with a
proportioning device, and at various percentage rates up to system design capacity. Water and
foam solution can be discharged simultaneously from the water pump. Accurate foam
proportioning is available over a wide range of flow and pressure. The foam concentrate pump
can be used to refill the foam concentrate tank at any time, even when the system is operating.
Balanced pressure, foam-proportioning systems are more complex than other types of systems
and generally more expensive. However, they have the following advantages:
(a) There is no water inlet pressure limitation.
(b) Discharge capacity is limited only by design.
(c) Foam solution can be discharged from any water pump outlet equipped with a
proportioning device and at various percentage rates up to the system design capacity.
(d) Water and foam solution can be discharged simultaneously.
A-5.2.5 Direct-injection, foam-proportioning systems utilize a foam concentrate pump to inject
foam concentrate directly into the water pump discharge. Direct-injection systems have no real
operating limitations except by specific design. Water and foam solution can be discharged
simultaneously from the water pump. Accurate foam proportioning is available over a wide
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range of flow and pressure. Direct-injection systems:
(a) Do not introduce a pressure loss into the water pump discharge.
(b) Automatically adjust to changing water pump intake or discharge pressure conditions.
(c) Allow the foam concentrate tank to be refilled during operation.
(d) Allow the injection rate to be operator adjustable.
(e) Allow proportioning different types of foam concentrate when more than one foam
concentrate storage tank is linked to the foam concentrate pump via a selector valve system.
Flow-sensing, direct-injection, foam-proportioning systems utilize an in-line flow meter,
installed in the water pump discharge, to monitor the water flow rate. Water flow rate data is
transmitted to a microprocessor that controls the mix ratio. Two different control methods are
available for flow-sensing direct injection systems.
(a) A microprocessor receives electronic signals, corresponding to the mix ratio from the
control panel and water flow data from the flow sensor. The microprocessor then commands the
foam concentrate pump module to deliver foam concentrate at the proportional rate. See Figure
A-5-2.5(a).

Figure A-5-2.5(a) Single meter flow-sensing, direct-injection, foam-proportioning system.

(b) A microprocessor receives electronic signals, corresponding to foam concentrate flow,
from a foam concentrate flow sensor; mix ratio from the control panel; and the water flow data
from the water flow sensor. The microprocessor controls the mix ratio through a foam
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concentrate metering valve. See Figure A-5-2.5(b).

Figure A-5-2.5(b) Dual meter flow-sensing, direct-injection, foam-proportioning system.

Conductivity-sensing, direct-injection, foam-proportioning systems utilize an electrical
conductivity meter(s) to sense the mix ratio at the water pump discharge(s) and transmit this
information to a microprocessor that controls the mix ratio though an electro-mechanical
metering valve. A second electrical conductivity meter provides feedback from the control
sample module to the microprocessor. Foam pump pressure is maintained at a higher pressure
than water pump pressure to assure injection of the concentrate. See Figure A-5-2.5(c).
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Figure A-5-2.5(c) Conductivity-sensing, direct-injection, foam-proportioning system.

A-5-3.2
Most foam concentrate manufacturers differentiate in the materials they recommend between
those foam-proportioning system components that are designed to be flushed with water after
operation and those components that are intended to store the foam concentrate.
A-5-3.7
Adverse reactions with foam concentrates include corrosion, formation of harmful solids,
deterioration of gaskets and seals, binding of moving parts, and the deterioration of the foam
concentrate from contact with noncompatible materials.
A-5-6.5
Different types and brands of concentrates may be incompatible with each other and should
not be mixed in storage. Concentrate viscosities vary with different types of products and
temperatures.
A-5-9
The foam concentrate pump is a very critical component of both balanced pressure and direct
injection foam proportioning systems. Positive displacement pumps are recommended for
several reasons. Positive displacement pumps are relatively slow speed when compared to
centrifugal pumps, which is desirable with viscous foam concentrates that are difficult to shear.
Centrifugal pumps can become air bound when trying to pump viscous foam concentrates, which
results in a complete shutdown of the system. The self-priming feature of positive displacement
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pumps allows them to draw foam concentrate from drums or any external source without priming
the pump.
A-6-1
If acceptance tests are desired at the point of delivery, the purchaser should specify which tests
are required to be run. Acceptance tests that duplicate portions of the certification tests should be
run in accordance with the provisions of Chapter 6.
Where the point of delivery is over 2,000 ft (610 m) of elevation, it is particularly important
that the pumping unit’s engine is able to deliver the power necessary to drive the pump at its
capacity.
A-6-2.1.1 Where tests are performed inside a structure or elsewhere having limited air
circulation, carbon monoxide monitoring equipment should be used. Such equipment should be
checked and calibrated regularly and should include a suitable warning device.
A-6-2.3
Some test data blanks for recording the test readings and other necessary data should be
provided.
When a pumping unit is pumping at or near full engine power while stationary, the heat
generated may raise the temperature of certain components above the level that can be touched
without extreme discomfort or injury; however, as long as the pumping unit can be operated and
used satisfactorily for the required duration of the test under such conditions, it should be
considered acceptable.
The dynamic suction lift can be determined either by measuring the negative pressure
(vacuum) in the pump intake manifold by means of a manometer (or other suitable test gauge
that measures vacuum accurately) or by adding the vertical lift and the value of friction and
entrance loss from Table 3-2(b). To be accurate, gauge readings should be corrected for the
difference between the height of the gauge and the center line of the pump intake, but usually
this is not a significant amount and may be ignored. Thus, the net pump pressure can be
calculated by one of the following formulas:
1. If intake pressure is positive, i.e., pumping from a hydrant:
P=D-S
2. If intake pressure is negative, i.e., pumping from draft:
P = D + (H × 0.5) or P = D + 0.43 (L + F), where
P = net pump pressure, psi
D = discharge pressure, psig
S = intake pressure, psig
H = manometer reading, in. Hg
L = vertical lift, ft
F = friction and entrance loss, ft of water.
A-6-7
There are four methods to test a foam proportioning system for calibration accuracy.
(a) With the foam system in operation at a given flow and using water as a substitute for foam
concentrate, the water is drawn from a calibrated tank instead of foam concentrate. The volume
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of water drawn from the calibrated tank represents the percentage of foam concentrate used by
the system.
(b) With the foam system in operation at a given flow, a solution sample is collected from each
outlet and the concentration measured by refractometer.
A refractometer is used to determine the concentration of foam stabilizer in the water being
used to generate foam and is useful for checking the accuracy of a system’s proportioning
apparatus. If the concentration deviates too widely from the designed level, it will abnormally
influence the expansion and drainage time values. The test is based on the change of refractive
index of the solution with change in concentration as measured by the refractometer.
Apparatus required:
3 - 100-ml graduates
1 - measuring pipette (10-ml capacity)
1 - 100-ml beaker
1 - 500-ml beaker
1 - refractometer (hand juice refractometer) range: 0 to 25 percent sugar content or 1.3330 to
1.3723 index of refraction.
Procedures. The first step is to prepare a calibration curve for the intended use. This has been
found necessary because the source of water and batch of foam concentrate will affect the
results. If the foam liquid in use is of the 6-percent type, standard solutions of 3 percent, 6
percent, and 9 percent are made up from the water and foam liquid identical with the material to
be used in the test. This is done by pipetting 3, 6, and 9 ml of foam concentrate respectively into
three 100-ml graduates and then filling to the 100-ml mark with the water. If the 3-percent type
foam concentrate is being used, then standard solutions of 1.5 percent, 3 percent, and 4.5 percent
concentrations should be made up.
After thorough mixing, a refractive index reading is taken of each standard. A plot is made on
graph paper of the scale readings against the known foam solution concentrates and serves as a
calibration curve for this particular foam test series. Portions of solution drained out during
drainage rate tests are conveniently used as a source of samples for the refractometer analysis.
Refractive readings of the unknown are referred to the calibration curve and the corresponding
foam solution concentration read.
NOTE: The calibration readings and test readings should all be made at the same temperature. Samples taken
for analysis should be stored in tightly stoppered containers and analyzed immediately.

(c) A third test method is available with some direct injection systems. It is possible to directly
measure foam concentrate pump output. With the foam system in operation at a given water
flow, the concentrate pump discharge can be diverted into a calibrated container for direct
measurement over a period of time.
(d) A fourth method is the conductivity method. This method is based on changes in electrical
conductivity as foam concentrate is added to water. A hand-held conductivity meter is used to
measure the conductivity of foam solutions in microsiemen units. Conductivity is a very accurate
method providing there are substantial changes in conductivity as foam concentrate is added to
the water in relatively low percentages. Since salt or brackish water is very conductive, this
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method may not be suitable due to small conductivity changes as foam concentrate is added. It
will be necessary to make foam and water solutions in advance to determine if adequate changes
in conductivity can be detected if the water source is salty or brackish.
Equipment Required. Prepare a base (calibration) curve using the following apparatus:
(a) Four 100-ml (or larger) plastic bottles with caps;
(b) One measuring pipette (10 ml) or syringe (10 cc);
(c) One 100-ml (or larger) graduated cylinder;
(d) Three plastic coated magnetic stirring bars;
(e) Portable temperature-compensated conductivity meter-Omega Model CDH-70, VWR
Scientific Model 23198-014, or equal;
(f) Standard graph paper;
(g) Ruler or other straight edge;
Procedure. Using the water and foam concentrate from the system to be tested, make up three
standard solutions using the 100-ml (or larger) graduate. These samples should include the
nominal intended percentage of injection, the nominal percentage plus 1 percent, and the
nominal percentage minus 1 percent. Place the water in the 100-ml (or larger) graduate (leaving
adequate space for the foam concentrate) and then carefully measure the foam concentrate
samples into the water using the syringe. Use care not to pick up air in the foam concentrate
samples. Pour each measured foam solution from the 100-ml (or larger) graduate into a 100-ml
(or larger) plastic bottle. Each bottle should be marked with the percent solution it contains. Add
a plastic stirring bar to the bottle, cap it, and shake thoroughly to mix the foam solution.
After making the three foam solutions in this manner, measure the conductivity of each
solution. Refer to the instructions that come with the conductivity meter to determine proper
procedures for taking readings. It will be necessary to switch the meter to the correct
conductivity range setting in order to obtain a proper reading. Most synthetic-based foams used
with fresh water will result in foam solution conductivity readings of less than 2,000
microsiemens. Protein-based foams generally will produce conductivity readings in excess of
2,000 in fresh water solutions. Due to the temperature compensation feature of the conductivity
meter, it may take a short time to obtain a consistent reading.
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Figure A-6.7(a) Equipment needed for conductivity method of proportioning measurement.

Figure A-6.7(b) Typical graph of conductivity versus foam concentration.

Once the solution samples have been measured and recorded, set the bottles aside for control
sample references. The conductivity readings should then be plotted on the graph paper. It is
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most convenient to place the foam solution percentage on the horizontal axis and conductivity
readings on the vertical axis.
Use a ruler or straight edge to draw a line that approximates connecting all three points. While
it may not be possible to hit all three points with a straight line, they should be very close. If not,
repeat the conductivity measurements and, if necessary, make new control sample solutions until
all three points plot in a nearly straight line. This plot will serve as the known base (calibration)
curve to be used for the test series.
Sampling and Analysis. Collect foam solution samples from the proportioning system using
care to be sure the sample is taken at an adequate distance downstream from the proportioner
being tested. Using foam solution samples that are allowed to drain from expanded foam may
produce misleading conductivity readings, and therefore this procedure is recommended.
Once one or more samples have been collected, read their conductivity and find the
corresponding percentage from the base curve prepared from the control sample solutions.
Appendix B Referenced Publication
B-1
The following document or portions thereof is referenced within this standard for
informational purposes only and thus is not considered part of the requirements of this document.
The edition indicated for this reference is the current edition as of the date of the NFPA issuance
of this document.
B-1-1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 11, Standard for Low-Expansion Foam, 1994 edition.
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1994 Edition
This edition of NFPA 1931, Standard on Design of and Design Verification Tests for Fire
Department Ground Ladders, was prepared by the Technical Committee on Fire Department
Ground Ladders and acted on by the National Fire Protection Association, Inc., at its Annual
Meeting held May 16-18, 1994, in San Francisco, CA. It was issued by the Standards Council on
July 14, 1994, with an effective date of August 5, 1994, and supersedes all previous editions.
The 1994 edition of this document has been approved by the American National Standards
Institute.
Changes other than editorial are indicated by a vertical rule in the margin of the pages on
which they appear. These lines are included as an aid to the user in identifying changes from the
previous edition.
Origin and Development of NFPA 1931
NFPA 193, Standard on Fire Department Ladders, Ground and Aerial, was first presented to
the Association in 1954 and was tentatively adopted as a standard on aerial ladder testing. It was
adopted as a standard in 1955.
In 1958, new material covering recommendations for portable ladders, ground ladders, and
aerial ladders — their use, maintenance, and testing, was added. In addition, revision was made
to the section pertaining to testing aerial ladders.
In 1959, requirements for aluminum ground ladders for fire department use were adopted by
the Association.
In May 1972, a complete revision of the 1959 edition was adopted.
In 1975, the document was separated into two standards, NFPA 1931, dealing with ground
ladders, and NFPA 1904, Standard for Aerial Ladder and Elevating Platform Fire Apparatus,
dealing with the testing of aerial devices.
The 1979 edition incorporated extensive revisions, including editorial and style changes to
bring the document into line with the NFPA Manual of Style.
In 1984, the text was divided into two documents, with NFPA 1931 containing the
requirements for manufacturers on design and design verification testing for new ground ladders.
A companion document, NFPA 1932, Standard on Use, Maintenance, and Service Testing of
Fire Department Ground Ladders, covers requirements for the ground ladder user.
The 1989 edition included additional requirements for labels, modified rung spacing, added
requirements for securing halyards, and required staypoles to be stowable against the base
section if they could not be properly deployed.
This 1994 edition contains minor amendments to keep the standard up to date. Some of the
material was editorially reorganized. A table providing ground ladder duty ratings was added.
Additional requirements were added for wood ground ladders, and some of the labeling was
modified.
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Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on the design,
inspection, testing, and use of ground ladders for the fire service.
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Information on referenced publications can be found in Chapter 5 and Appendix B.

Chapter 1 Administration
1-1 Scope.
1-1.1*
This standard specifies requirements for the design of and the design verification tests for fire
department ground ladders. The tests specified herein are the responsibility of ladder
manufacturers only and SHALL NOT be performed by fire departments.
1-1.2*
This standard shall apply to all new ground ladders intended for use by fire department
personnel for rescue, fire-fighting operations, and training. These ladders are not intended for
and shall not be used for any other purpose.
1-2* Purpose.
1-2.1
This standard shall provide the manufacturer of fire department ground ladders with a set of
performance requirements against which ladders shall be certified. It is not the purpose of this
standard to specify the details of construction. Limitations imposed are for the purpose of
providing reasonable safety requirements and establishing test methods.
1-2.2
Fire department ground ladders constructed to and certified as meeting the requirements of this
standard will provide reasonable safety for fire fighters and victims during use, provided that fire
departments who purchase or use ground ladders meeting the requirements of this standard
comply with the requirements of NFPA 1932, Standard on Use, Maintenance, and Service
Testing of Fire Department Ground Ladders.
1-3 Definitions.
Angle of Inclination. The pitch for portable, non-self-supporting ground ladders. The preferred
angle of inclination is 751/2 degrees.
Approved.* Acceptable to the authority having jurisdiction.
Attic Extension Ladder. An extension ladder that is specifically designed to be used to gain
entry through a scuttle, hatch, or other similarly restricted opening.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Bark Pocket. See Wood Irregularities.
Base (Bed) Section. The lowest or widest section of an extension ladder.
Beam (Side Rail). The main structural side of the ground ladder.
Bedded Position. The position in which the fly section(s) of an extension ladder is fully
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retracted with the pawls engaged.
Butt. The end of the beam placed on the ground, or other lower support surface, when ground
ladders are in the raised position. A butt can be the lower end of beams or added devices.
Butt Spurs (Foot). That component of ground ladder support that is in contact with the lower
support surface to reduce slippage. It can be the lower end of beams or added devices.
Check. See Wood Irregularities.
Collapsible Ladder. See Folding Ladder.
Combination Ladder. A ground ladder capable of being used both as a step ladder and a single
or extension ladder.
Designated Design Strength. The necessary strength to pass all test requirements in this
standard.
Designated Length. The length marked on the ladder.
Design Verification Tests. Tests of a ladder structure and components thereof to prove
conformance to the requirements of this standard. Design verification tests are the responsibility
of the manufacturer and shall be performed only on new, unused ladders, which shall be
destroyed after completion of the tests. These tests shall not be performed by fire departments.
Dogs. See Pawls.
Duty Rating. The recommended in-service working load.
Extension Ladder. A non-self-supporting ground ladder adjustable in length. It consists of two
or more sections traveling in guides, brackets, or the equivalent so arranged as to allow length
adjustment.
Fire Department Ground Ladder. Any portable ladder specifically designed for fire department
use in rescue, fire-fighting operations, or training and not permanently attached to fire apparatus.
Fly Section(s). The upper section(s) of an extension ladder.
Folding Ladder. A single-section ladder with rungs that can be folded or moved to allow the
beams to be brought into a position touching or nearly touching each other.
Halyard. Rope used on extension ladders for the purpose of raising a fly section(s). A wire
cable might be referred to as a halyard where used on the uppermost fly section(s) of three- or
four-section extension ladders.
Heat Sensor Label. A label that changes color at a preset temperature to indicate a specific heat
exposure.
Inside Ladder Width. The distance measured from the inside edge of one beam to the inside
edge of the opposite beam.
Knot. See Wood Irregularities.
Ladder. A device on which a person climbs for ascending or descending. This device consists
of two beams (side rails) joined at regular intervals by cross pieces called rungs on which a
person is supported during this climb.
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Exception: See Pompier Ladder.
Ladder Nesting. The procedure whereby ladders of different sizes are stacked partially within
one another to reduce the amount of space required for their storage on the apparatus.
Maximum Extended Length. The total length of the extension ladder when all fly sections are
fully extended and pawls engaged.
Pawls. Devices attached to a fly section(s) for the purpose of anchoring the fly section(s)
where extension ladders are used in the extended position. Pawls engage ladder rungs near the
beams for anchoring purposes.
Permanent Deformation (Set). That deformation remaining in any part of a ladder or its
components after all test loads have been removed from the ladder.
Pitch Pocket. See Wood Irregularities.
Pompier Ladder (Scaling Ladder). A ladder having a single center beam only and with a large
hook on top used for scaling.
Roof Ladder. A single ladder equipped with hooks at the top end of the ladder.
Rungs. The ladder cross pieces on which a person steps while ascending or descending.
Scaling Ladder. See Pompier Ladder.
Set. See Permanent Deformation.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Side Rail. See Beam.
Single Ladder. A non-self-supporting ground ladder, nonadjustable in length, consisting of
only one section.
Slope of Grain. See Wood Irregularities.
Split. See Wood Irregularities.
Staypoles (Tormentors). Poles attached to each beam of the base section of extension ladders
and used to assist in the raising of the ladder and to help provide stability of the raised ladder.
Tested. Verification of compliance with test requirements as specified in this standard.
Test Failure. Noncompliance with the test requirements as specified in this standard.
Tip. The end of the ladder opposite the butt end.
Tormentors or Tormentor Poles. See Staypoles.
Ultimate Failure. Collapse of a ground ladder structure or component thereof.
Visible Damage. A permanent change in condition that is clearly evident by visual inspection
without recourse to optical measuring or observation devices.
Visual Inspection. Observation by eye unaided by optical devices, except prescription
eyeglasses or lenses.
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Wood Irregularities. Natural characteristics in or on the wood that can lower its durability,
strength, or utility. These include:
Bark Pocket. An opening between annual growth rings that contains bark. Bark pockets appear
as dark streaks on radial surfaces and as rounded areas on tangential surfaces.
Check. A separation of the wood along the fiber direction that usually extends across the rings
of annual growth and commonly results from stresses set up in the wood during seasoning.
Knot. A portion of a branch or limb embedded in the tree and cut during the process of lumber
manufacture. It is classified according to size, quality, and location in the cross section of a piece
of lumber. The size of the knot is determined by its average diameter on the surface of the piece.
Pitch Pocket. An opening extending parallel to the annual growth rings that contains, or that
has contained, either solid or liquid pitch.
Slope of Grain. A deviation of the fiber direction from a line parallel to the sides of the piece.
Cross grain can be diagonal, spiral, or both.
Split. A separation of the wood parallel to the fiber direction due to tearing of the wood fibers,
which is normally caused by external forces.
Working Length. The length of a non-self-supporting portable ladder measured along the
beams from the base support point of the ladder to the point of bearing at the top.
Chapter 2 Ladder Design
2-1 Requirements for All Ground Ladders.
2-1.1
Ground ladders shall have a duty rating as specified in Table 2-1.1 when raised at the preferred
angle of inclination.
Table 2-1.1 Ground Ladder Duty Rating

Maximum Load
Type

(lb)

(kg)

Folding ladders

300

136

Pompier ladders

300

136

Combination ladders

750

340

Single and roof ladders

750

340

Extension ladders

750

340
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2-1.2
Ground ladders shall be constructed in a manner to ensure that structural and workmanship
defects do not exist. Sharp edges, burrs in excess of 1/64 in. (0.4 mm), or other defects that might
cut or tear clothing or skin, or that result in inadequate structural strength, shall be considered
workmanship defects.
2-1.3 Materials of Construction.
2-1.3.1 Materials used in ground ladder construction shall be of sufficient strength to meet the
performance requirements of this standard.
2-1.3.2 All structural components of ground ladders shall be constructed of materials that
maintain at least 75 percent of their designated design strength at 300°F (149°C).
2-1.3.3 Where varying types of metal are used in construction of ground ladders, they shall be
chosen or finished to avoid or minimize electrolytic action.
2-1.3.4 Fiberglass materials shall meet the performance requirements of Chapter 7 of ANSI 14.5,
Ladders—Portable Reinforced Plastic—Safety Requirements.
2-1.3.5 Wood components shall meet the requirements of Chapter 5 of ANSI A14.1,
Ladders—Portable Wood—Safety Requirements, except that wood irregularities shall not exceed
the following:
(a) The general slope of the grain shall not be steeper than 1 in 15.
(b) Knots shall not appear, except that pin knots in rungs shall be permitted.
1/

(c) Pitch and bark pockets shall be permitted, provided that there is not more than one that is
1
32 in. (1 mm) in width, 2 in. (51 mm) in length, and /8 in. (3 mm) in depth.
(d) Checks shall not be more than 2 in. (51 mm) in length or 1/8 in. (3 mm) in depth.
(e) Splits shall not be more than 2 in. (51 mm) in length or 1/8 in. (3 mm) in depth.
(f) Cracks shall not be permitted.
(g) Compression wood shall not be permitted.
(h) Cross grain shall not be permitted.

(i) Chambers associated with black streaks shall not be permitted.
2-1.4
The beams at the tip of each section of ground ladders shall be rounded to allow the ladder to
slide on irregular surfaces without catching or snagging during placement or operations.
Exception: Combination ladders, folding ladders, wall ladders, and pompier ladders shall be
excluded from this requirement.
2-l.5 Rungs shall not be less than 11/4 in. (32 mm) in diameter.
Exception No. 1: Folding and pompier ladder rungs shall be excluded from this requirement.
Exception No. 2: Swell center rungs on wood ladders shall be permitted to taper to 11/8 in. (28.6
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mm).
2-1.6*
Rungs shall be spaced on 12-in. to 14-in. (305-mm to 356-mm) centers. Rungs shall be
uniformly spaced ± 1/8 in. (± 3 mm).
2-1.7
Butt spurs shall be provided on the butt end of each beam of single ladders and on the butt end
of each beam of the base section of extension ladders.
2-1.8 Ladder Marking.
2-1.8.1 The designated length of the ground ladder shall be marked within 12 in. (305 mm) of
the butt of each beam of single ladders and on each beam of the base section of extension
ladders.
2-1.8.2 Ground ladders meeting all requirements of this standard shall be so certified by the
ladder manufacturer, and a label stating that the ground ladder meets these requirements shall be
affixed to the ladder.
2-1.8.3 All ground ladders shall bear a unique individual identification number or alphanumeric
code and the month and year of manufacture. This identification shall be branded or
metal-stamped on the ground ladder, or stamped on a metal plate permanently attached to the
ground ladder.
2-1.8.4 All metal ground ladders shall bear the electrical hazard warning label shown in Figure
2-1.8.4 on the outside of each beam 41/2 ft to 6 ft (1.37 m to 1.83 m) from the butt.
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Figure 2-1.8.4 Electrical hazard warning label for metal ground ladders.

2-1.8.5 All fiberglass and wood ground ladders shall bear the electrical hazard warning label
shown in Figure 2-1.8.5 on the outside of each beam 41/2 ft to 6 ft (1.37 m to 1.83 m) from the
butt.
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Figure 2-1.8.5 Electrical hazard warning label for fiberglass and wood ground ladders.

2-1.8.6 All ground ladders shall bear the label shown in Figure 2-1.8.6 approximately 41/2 ft. to
6 ft (1.37 m to 1.83 m) from the butt on the outside of both beams.
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Figure 2-1.8.6 Ladder positioning label.

2-1.9*
The surfaces of rungs designed for use in ascending, descending, working, or standing shall be
corrugated, serrated, knurled, dimpled, or coated with a skid-resistant material across their entire
width.
2-1.10 Heat Sensor Labels.
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2-1.10.1 All metal and fiberglass ground ladders shall bear heat sensor labels preset for 300°F
(149°C) ± 5 percent. Each heat sensor shall have printed on the label an expiration year and
wording indicating that the expiration date is at the end of that year.
2-1.10.2 Heat sensor labels shall be located on the inside of each beam of each section
immediately below the second rung from the tip of each section and immediately below the
center rung of that section.
2-2 Additional Requirements for Single Ladders Only.
2-2.1
These design requirements shall be in addition to the design requirements specified in Section
2-1.
2-2.2* Length.
The designated length of a single ladder shall be the length of one beam excluding any butt
spur. The actual length of the beam shall not be less than the designated length.
2-2.3 Width.
The minimum inside width between beams for single and roof ladders shall not be less than 16
in. (406 mm).
2-3 Additional Requirements for Roof Ladders Only.
2-3.1
These design requirements shall be in addition to the design requirements specified in Sections
2-1 and 2-2.
2-3.2
Ladders with double-tapered beams shall not be provided with rigid or folding roof hook
assemblies for use in roof operation.
2-3.3 Folding Roof Hook Assemblies.
2-3.3.1* Folding roof hooks shall be provided on all roof ladders. The roof hooks shall be
directionally spring-locked and have tapered points to reduce slippage. These roof hooks shall be
of sufficient size to meet the design verification tests of Section 3-3 and have a minimum
opening of not less than 6 in. (150 mm), measured perpendicular from the outside of the beam to
the point.
2-3.3.2 Folding roof hook assemblies shall be attached to the beams in a manner that does not
appreciably weaken the beams.
2-4 Additional Requirements for Extension Ladders Only.
2-4.1
These design requirements shall be in addition to the design requirements specified in Section
2-1.
2-4.2 Construction.
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2-4.2.1 Extension ladders shall be constructed with a permanently affixed stop installed by the
manufacturer to prevent their overextension. The manufacturer shall determine the location of
this permanently affixed stop to ensure that the test requirements of this standard are met when
the ladder is extended to maximum extended length.
2-4.2.2 Extension ladders shall not be constructed in a manner or method that necessitates the
elimination of a rung on any section.
Exception: One of the lower two rungs of the fly section shall be permitted to be replaced by the
steel cross bar of a halyard-actuated rung lock system.
2-4.2.3 Extension ladders shall be constructed in a manner so that the rungs of each section shall
align with the rungs of other sections when the ladder is extended and pawls are engaged.
2-4.3* Length.
2-4.3.1 The designated length of an extension ladder shall be the maximum extended length
along the beams on one side excluding any butt spur. The minus tolerance of the designated
length shall not exceed 6 in. (152 mm).
2-4.3.2 Attic extension ladders shall not exceed 16 ft (4.9 m) in length.
2-4.4 Width.
2-4.4.1 Extension ladders shall have a minimum inside width between beams on any section of
not less than 16 in. (406 mm).
2-4.4.2 Attic extension ladders shall have a minimum inside width between beams on any
section of not less than 71/2 in. (190 mm).
2-4.5 Hardware.
Hardware shall meet the minimum strength requirements of the ground ladder’s component
parts and shall be corrosion-resistant or protected against corrosion.
2-4.6 Halyard and Pulley.
2-4.6.1 Extension ladders over l6 ft (4.9 m) in designated length shall be equipped with a halyard
and pulley system.
2-4.6.2 The pulley shall be attached to the ladder in a manner so as not to appreciably weaken
either the rungs or the beams.
2-4.6.3 The pulley shall not be less than 11/4 in. (32 mm) in diameter, measured at the base of the
sleeve.
2-4.6.4 The halyard shall not be less than 3/8 in. (9.5 mm) in diameter having a minimum
breaking strength of 825 lb (374 kg) and shall be of sufficient length for the purpose intended.
Splices shall not be permitted.
2-4.6.5 On three- and four-section extension ladders, all fly sections beyond the first fly section
shall be permitted to be extended by wire rope. Such wire cable shall have a 5 to 1 safety factor
while supporting 2 times the dead load weight of the fly section(s) the cable is intended to raise.
Where wire rope is used, a means for adjusting the length of wire rope shall be provided. Splices
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shall not be permitted.
2-4.6.6* Where a continuous halyard is used, a secondary means to secure the halyard from the
ground prior to climbing shall be provided.
2-4.7 Pawls.
2-4.7.1 Pawls shall be of a positive mechanical action type and shall engage a rung of the
supporting section.
2-4.7.2 Pawls shall be fastened or secured to beams in a manner so that vibration and use will not
cause bolts and nuts to loosen.
2-4.7.3 Pawls shall be constructed so that the hook portion of the pawl that engages or rests on
the rung shall have sufficient bearing surface or area to prevent the hook from cutting into the
rung(s) when engaged.
2-4.7.4 The hooks on pawls shall be finished in a manner to avoid sharp edges and points.
2-4.7.5 Pawls shall be designed and attached so that they will rest on the rungs as near the beams
as possible.
2-4.8 Staypoles.
2-4.8.1 Staypoles shall be furnished on all extension ladders of over 40 ft (12.2 m) designated
length.
2-4.8.2 All staypoles shall be permanently attached to the ground ladder and shall not be
removed for ladder nesting.
2-4.8.3 Staypole spikes shall not project beyond the butt of the base section when the extension
ladder is in the bedded position.
2-4.8.4 A means shall be provided to hold the staypoles in a secure position against the base
section when the staypoles are not in use.
2-4.8.5 A label shall be provided on each staypole between 41/2 ft and 6 ft (1.37 m and 1.83 m)
from the butt of the pole. The label shall read: “CAUTION: Only place staypoles when both
poles can be placed properly.”
2-5 Additional Requirements for Combination Ladders Only.
2-5.1
These design requirements shall be in addition to the design requirements specified in Section
2-1.
2-5.2 Length.
2-5.2.1 The designated length of combination ladders shall be determined in the single or
extension configuration.
2-5.2.2 The designated length of combination ladders shall not exceed 16 ft (4.9 m).
2-5.3 Width.
The minimum inside width between beams for combination ladders shall not be less than 12
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in. (305 mm).
2-6 Additional Requirements for Folding Ladders Only.
2-6.1
These design requirements shall be in addition to the design requirements specified in Section
2-1.
2-6.2 Construction.
2-6.2.1 All folding ladders shall be equipped with foot pads to prevent slippage. The pads shall
have a nonskid or skid-reducing material on the bottom side of the foot pad.
2-6.2.2 Folding ladders shall have a positive-locking device to hold the ladder in the open
position.
2-6.3 Length.
The designated length of folding ladders shall not exceed 14 ft (4.3 m).
2-6.4 Width.
The minimum inside width between beams for folding ladders in the open position shall not be
less than 71/2 in. (190 mm).
2-7 Additional Requirements for Pompier Ladders.
2-7.1
These design requirements shall be in addition to the design requirements specified in Section
2-1.
2-7.2 Construction.
2-7.2.1 Pompier ladders shall be equipped with a serrated steel hook permanently fastened to the
center beam of the ladder.
2-7.2.2 Pompier ladders shall be equipped with a minimum of two stand-off brackets. Each
stand-off bracket shall maintain a minimum distance of 7 in. (178 mm) between the centerline of
the rung and the portion of the bracket that contacts the wall.
2-7.3 Length.
The designated length of pompier ladders shall not exceed 16 ft (4.9 m).
2-7.4 Width.
The minimum overall width of the rungs shall be 12 in. (305 mm).
Chapter 3 Design Verification Tests
3-1 Requirements for All Design Verification Tests.
3-1.1
Design verification tests shall be conducted during the initial evaluation of a specific product
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design and thereafter whenever there is a change in the design, method of manufacturing, or
material. Ladders subjected to design verification tests shall be destroyed after testing is
completed.
3-1.2
Design verification tests shall not be conducted on ladders that have been in use or subjected
to prior damage, misuse, or abuse.
3-1.3
Diligent effort and close attention to all details shall be exercised in setting up and conducting
the tests, as subtle variations in test techniques can introduce significant testing errors that can
bias the testing results. Personnel inexperienced in ladder testing, although otherwise
professionally qualified, shall be especially careful to follow the test methods specified in this
chapter.
3-1.4
Test loads shall be applied slowly, using extreme care to avoid impact-loading during the test.
Test loads shall remain in place for a minimum of 1 min.
3-1.5
Conformance to the design verification test requirements shall be determined 1 min after
removal of the test load.
3-2 Single, Extension, and Combination Ladder Design Verification Tests.
3-2.1 Horizontal Bending Tests.
3-2.1.1 The ladder shall be positioned for testing and tested as shown in Figure 3-2.1. The ladder
shall be placed in a flat, horizontal position supported under the first rung from each end of the
ladder. When extension and combination ladders are tested, the ladder shall be extended to the
maximum extended length with pawls engaged.
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Figure 3-2.1 Design verification horizontal bending test.

3-2.1.2 Auxiliary means shall be permitted to be used to ensure that the ladder pawls remain
engaged during the test to prevent movement of the fly section relative to the base section during
the test.
3-2.1.3 A test load of 750 lb (340 kg) shall be distributed equally over a three-rung span at the
center of the ladder. The load shall be applied to the center 31/2 in. (89 mm) of each of the three
rungs.
3-2.l.4 The ladder shall sustain the test load without ultimate failure.
3-2.2 Deflection Test.
3-2.2.1 The ladder shall be positioned for testing and tested as shown in Figure 3-2.2. The ladder
shall be extended to the maximum extended length and set to the proper angle of inclination of
751/2 degrees by positioning the base section at a horizontal distance from the vertical wall equal
to 1/4 the effective working length of the ladder.
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Figure 3-2.2 Design verification deflection test.

3-2.2.2 A test load of 500 lb (227 kg) shall be applied to the rung at the vertical center of the
ladder adjacent to the beam over a span of 31/2 in. (89 mm).
3-2.2.3 The butt spur on the beam opposite the test load shall remain in contact with ground or
other supporting surface.
3-2.2.4 The test load then shall be reapplied to an area of the rung adjacent to the opposite beam,
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and the test shall be repeated.
3-2.3 Rung Bending Strength Test.
3-2.3.1 The test shall be conducted on a test unit consisting of either a single section of the
ladder, or on a three-rung test sample taken from the maximum width portion of a like ladder
section with a like rung. The test unit shall be positioned for testing and tested as shown in
Figure 3-2.3. The test unit shall be supported and the test load shall be applied using a standard
loading block located in the center of the rung. The rung being tested shall not be braced.

Figure 3-2.3 Design verification rung bending test.

3-2.3.2 A downward test load of 1,000 lb (454 kg) shall be applied on the standard loading
block.
3-2.3.3 Upon removal of the test load, the permanent deformation shall be measured with a
straight edge and a rule, as shown in Figure 3-2.3. The permitted permanent deformation shall
not exceed L/50 for rung length (L), measured between the beams.
3-2.3.4 There shall not be any permanent deformation greater than the permitted deformation as
specified in 3-2.3.3, and there shall not be any other visible damage.
3-2.4 Rung-to-Beam Shear Strength Test.
3-2.4.1 The test shall be conducted on a test unit consisting of a single section of the ladder, or a
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three-rung test section taken from a like ladder having the same rung cross section and rung
joint. The test unit shall be positioned for testing and tested as shown in Figure 3-2.4. The test
unit shall be set at the proper angle of inclination of 751/2 degrees.

Figure 3-2.4 Design verification rung-to-beam shear strength test.

3-2.4.2 A downward test load of 1,000 lb (454 kg) shall be applied on the widest like cross
section, on both braced and unbraced test rungs, as near the beam as possible. Where a 3-ft
(0.9-m) test section is used, the test shall be applied to the center rung. Where single sections of
a ladder are tested, the test load shall be applied to the third or fourth rung from the butt.
3-2.4.3 Upon removing the test load, the test unit shall show no permanent deformation or
ultimate failure either in the fastening means attaching the rung or in the beam.
3-2.5 Rung Torque Test.
3-2.5.1 The test shall be conducted on a test unit consisting of either a single section of the
ladder or a short test section comprising at least one rung and two beams. The test unit shall be
positioned for testing and tested as shown in Figure 3-2.5.
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Figure 3-2.5 Design verification rung torque test.

3-2.5.2 A torque test load of 1,500 in.-lb (169.5 Nm) shall be applied in a clockwise and then a
counterclockwise direction, alternately, for 10 cycles.
3-2.5.3 The rung joint shall be secured to the beams so that the alternating torque load shall not
cause relative motion between the rung and the beams in excess of 9 degrees, based on a 1/16-in.
(1.6-mm) maximum movement for a 11/4-in. (32-mm) diameter round rung.
3-2.6 Side Sway Test.
3-2.6.1 The test shall be conducted on a test unit consisting of a single ladder, individual sections
from an extension ladder, or individual sections from a combination ladder.
3-2.6.1.1 All sections of an extension ladder shall be individually tested.
3-2.6.1.2 Both sections of a combination ladder shall be individually tested.
3-2.6.2 The test unit shall be positioned for testing and tested as shown in Figure 3-2.6. The test
unit shall be placed on edge, resting on level supports located directly under the top and bottom
rungs. The beams shall be in an approximately horizontal plane, and the rungs shall be in the
vertical plane and perpendicular to the ground.
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The deflection is the difference between the height of the lower edge of the ladder side when unloaded (solid
line) and when loaded (dotted line).
Figure 3-2.6 Design verification side sway test.

3-2.6.3 A preload of 60 lb (27.2 kg) shall be applied at the center of the span over a 31/2-in.
(89-mm) length of the bottom beam, held for a period of 1 min and unloaded.
3-2.6.4 A test load of 140 lb (63.5 kg) shall then be applied to the center of the span over a
31/2-in. (89-mm) length of the bottom beam. The test load shall be applied by hanging weights
from the bottom of the lower beam. Care shall be taken to ensure that the test load is centered
with respect to the width of the beam.
3-2.6.5 Each test unit shall withstand this test without any permanent deformation in excess of
1/
1000 of the effective span of the beams.
3-2.7 Beam Cantilever Bending Tests.
3-2.7.1 The test shall be conducted on a test unit consisting of either a single ladder section or
the base section of an extension ladder; any butt spurs affixed to the section shall be removed
before the test is conducted. The test unit shall be placed on edge with the rungs in a vertical
plane. The lower beam shall be unsupported from the butt end to the midpoint of the lowest rung.
3-2.7.2 The test unit shall be positioned for testing and tested as shown in Figure 3-2.7(a). The
test load shall be applied by means of a weight of 850 lb (385.5 kg) to the extreme bottom end of
the upper beam. The test load shall be applied to a 2-in. (51-mm) wide, 1-in. (25-mm) thick
block resting on the full width of the beam and held in place by a clamp. The block shall be 1-in.
(25-mm) thick, 2-in. (51-mm) long measured along the beam, and of width equal to the clear
distance between flanges. The test load shall be suspended so that it is acting through the vertical
neutral axis of the beam.

Copyright 1996 NFPA

Figure 3-2.7(a) Design verification beam cantilever-in bending test.

3-2.7.3 The allowable permanent deformation of the upper beam shall not exceed 1/2 in. (12.7
mm).
3-2.7.4 The test unit shall be positioned for testing and tested as shown in Figure 3-2.7(b). The
test load then shall be applied to the extreme bottom end of the lower beam as specified in
3-2.7.2.

Figure 3-2.7(b) Design verification beam cantilever-out bending test.

3-2.7.5 The allowable permanent deformation of the lower beam shall not exceed 1/2 in. (12.7
mm).
3-2.8 Ladder Section Twist Test.
3-2.8.1 The ladder shall be positioned for testing and tested as shown in Figure 3-2.8. The test
shall be conducted on a ladder base section of at least 7 ft (2.1 m) in length, supported over a 7-ft
(2.1-m) test span. The ladder shall be placed in a flat horizontal position and support for the
ladder on one end shall be fixed. It is important to ensure that the ladder is tightly clamped onto
the test fixtures during this test.
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Figure 3-2.8 Design verification ladder section twist test.

3-2.8.2 A preload of 600 in.-lb (68 Nm) shall be used to establish a reference for angular
deflection and shall be applied to the ladder in a clockwise direction for a minimum period of 1
min, after which the ladder shall be unloaded.
3-2.8.3 A test torque of 1,200 in.-lb (135 Nm) then shall be applied in a clockwise direction. The
test torque shall be permitted to be applied by either a torque wrench or test loads applied on the
end of the arm.
3-2.8.4 The angle of twist measured from the horizontal position in the clockwise direction shall
not be greater than 14 degrees.
3-2.8.5 A preload of 600 in.-lb (68 Nm) then shall be used again to establish a reference for
angular deflection and shall be applied to the ladder in a counterclockwise direction for a
minimum period of 1 min, after which the ladder shall be unloaded.
3-2.8.6 A test torque of 1,200 in.-lb (135 Nm) then shall be applied in a counterclockwise
direction. The test torque shall be permitted to be applied by either a torque wrench or test loads
applied on the end of the arm.
3-2.8.7 The angle of twist measured from the horizontal position in the counterclockwise
direction shall not be greater than 14 degrees.
3-2.9 Butt Spur Slip Test.
3-2.9.1 All butt spurs for single and extension ladders shall be tested for skid resistance. The
ladder shall be positioned for testing and tested as shown in Figure 3-2.9. The test unit shall
consist of a 16-ft (4.9-m) extension ladder extended to the maximum extended length and set at
the proper angle of inclination of 751/2 degrees.
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Figure 3-2.9 Design verification butt spur slip test.

3-2.9.2 The test surfaces shall be A-C plywood, the “A” surface of which shall be presanded
using No. 320 fine wet/dry sandpaper. The “A” surface of the plywood shall be placed in contact
with the butt of the test unit. The surface that the tip of the fly section rests against also shall be
the “A” surface and shall be similarly treated.
3-2.9.3 The grain on the vertical sheet under the upper end of the fly section shall run in a
vertical direction, and the grain on the horizontal sheet under the base shall be parallel to the test
load.
3-2.9.4 A test load of 500 lb (227 kg) shall be attached to the third rung from the tip of the fly
section.
3-2.9.5 A horizontal pulling force of 50 lb (22.7 kg) applied to the bottom of the test unit at 1 in.
(25 mm) above the test surface shall not cause movement in excess of 1/4 in. (6 mm) across the
test surface.
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3-3 Additional Design Verification Tests for Roof Ladders Only.
3-3.1
These design verification tests shall be performed in addition to the design verification tests
specified in Section 3-2 and the testing requirements specified in Section 3-1.
3-3.2
The ladder shall be positioned for testing and tested as shown in Figure 3-3.2. The ladder shall
be hung solely by the roof hooks, with the hooks supported only by the points of the hooks, in a
vertical position from a fixture capable of supporting the entire test load and weight of the
ladder. The ladder shall be secured in such a manner to retain the ladder in the test position to
prevent injury to test personnel if the hooks fail during the test.
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Figure 3-3.2 Design verification roof hook test.

3-3.3
A test load of 2,000 lb (907 kg) shall be placed over as many rungs as needed. The test load
shall consist of weight increments consistent with safety and ease of handling.
3-3.4
The test load shall be applied for a minimum of 1 min.
3-3.5
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Ladder and roof hook assemblies shall sustain this test load with no damage to the structure,
and any deformation to the hooks shall not exceed 5 degrees.
3-4 Additional Design Verification Tests for Extension and Combination Ladders Only.
3-4.1
These design verification tests shall be performed in addition to the design verification tests
specified in Section 3-2 and the testing requirements specified in Section 3-1.
3-4.2 Beam And Hardware Test.
3-4.2.1 The test shall be conducted on a test unit consisting of either the shortest full-size ladder
manufactured, or a test section of sufficient length for test purposes. If a full-size ladder is used,
the fly section shall be extended a minimum of one rung beyond the bedded position. Short test
sections of extension ladders shall consist of portions of the base and fly sections with all the
hardware or fittings attached.
3-4.2.2 The test unit shall be positioned for testing and tested as shown in Figure 3-4.2. The test
unit shall be placed at the proper angle of inclination of 751/2 degrees with both pawls engaged.
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Figure 3-4.2 Design verification beam and hardware load test.

3-4.2.3 A downward distributed test load of 2,000 lb (907kg) shall be applied to the top rung of
the fly section.
3-4.2.4 The test unit shall sustain this test load with no permanent deformation or other visible
weakening of the beams and hardware.
3-4.3 Single Pawl Load Test.
3-4.3.1 The ladder shall be positioned for testing and tested as shown in Figure 3-4.3. The test
shall be conducted on a test unit consisting of a single pawl attached in its normal configuration
to a sufficient length of beam for test purposes with the test unit set at the proper angle of
inclination of 751/2 degrees. The pawl shall be engaged over a fixed steel rod of the same
diameter as a rung.
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Figure 3-4.3 Design verification single pawl load test.

3-4.3.2 A downward test load of 2,000 lb (907 kg) shall be exerted on the end of the beam. The
beam shall be permitted to be guided to prevent it from turning.
3-4.3.3 The test unit shall sustain this test load without disengagement of the pawl or
disengagement of the pawl attachment to the beam.
3-4.4 Pawl Tip Load Test.
3-4.4.1 The test shall be conducted on a test unit consisting of either the shortest full-size ladder
manufactured or a test section of sufficient length for test purposes. If a full-size ladder is used,
the fly section shall be extended a minimum of one rung beyond the bedded position. Short test
sections shall consist of portions of the base and fly sections of the extension ladder with the
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pawls attached.
3-4.4.2 The test unit shall be positioned for testing and tested as shown in Figure 3-4.4. The test
unit shall be set at the proper angle of inclination of 751/2 degrees with both pawls partially
engaged. The butt end of the test unit shall be prevented from slipping by a block or equivalent
means. The tip of each pawl shall bear on the center of a steel test fixture placed over the top of a
rung. During the test, each pawl shall be prevented from pivoting by a means located adjacent to
the pivot point of the pawl, but that shall not in any way affect that portion of the pawl under
test.

Figure 3-4.4 Design verification pawl tip test.

3-4.4.3 A downward distributed test load of 2,000 lb (907 kg) shall be applied.
3-4.4.4 The test unit and components shall sustain the test load without ultimate failure.
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3-5 Additional Design Verification Tests for Extension Ladders Only.
3-5.1
These design verification tests shall be performed in addition to the design verification tests
specified in Sections 3-2 and 3-4 and the testing requirements specified in Section 3-1.
3-5.2 Cyclic Rung-Pawl Test.
3-5.2.1 This test shall not apply to fixed-type or manually operated pawls used on extension
ladders or combination ladders.
3-5.2.2 A machine equivalent to that shown in Figure 3-5.2(a) shall be used to operate the pawl
through the following cycle, as shown in Figure 3-5.2(b):
(a) One 6-in. (152-mm) upstroke to allow the pawl to engage the rung;
(b) A full 6-in. (152-mm) downstroke to allow the pawl onto the rung;
(c) A full 12-in. (305-mm) upstroke to disengage the pawl;
(d) A full 12-in. (305-mm) downstroke to return the pawl to the starting position.

Figure 3-5.2(a) Design verification cyclic rung-pawl test.
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Figure 3-5.2(b) Design verification rung-pawl testing cycle.

3-5.2.3 Pawls shall be tested with the ladder set at the proper angle of inclination of 751/2
degrees. The pawl shall be permitted to be manually lubricated prior to or during the test.
3-5.2.4 The stroke speed shall be 7 in. to 14 in. (78 mm to 356 mm) per second. A minimum of
6,000 cycles shall be imposed.
3-5.2.5 Any malfunction of the pawl or fracture of its components, including springs, shall be
considered as a failure of this test. The presence of wear that does not affect the proper
functioning of the pawl shall not constitute failure.
3-5.3 Multisection Extending Force Test.
3-5.3.1 The test shall be conducted on a complete extension ladder. The ladder shall be set, at a
90-degree vertical position, in the bedded position. The base section shall be permitted to be
braced or otherwise held to maintain vertical alignment.
3-5.3.2 A measured downward test force shall be applied to the rope if the ladder has a halyard
and pulley system installed. The test force shall be smoothly applied to cause vertical extension
of the fly section of 2 ft (610 mm) or more, at a rate of 6 in. to 12 in. (152 mm to 305 mm) per
second. For those ladders not equipped with a halyard and pulley, the measured test force shall
be applied vertically to the bottom rung of the fly section.
3-5.3.3 The maximum measured test force that occurs during each pull shall be recorded in
pounds of pull. Three test pulls shall be done for each ladder, and the maximum forces shall be
averaged for the three pulls.
3-5.3.4 The average maximum pull pounds shall not exceed two times the weight of one ladder
fly section.
3-6 Additional Design Verification Tests for Combination Ladders Only.
3-6.1
These design verification tests shall be performed in addition to the design verification tests
specified in Sections 3-2 and 3-4 and the testing requirements specified in Section 3-1.
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3-6.2 Compression Test.
3-6.2.1 The combination ladder shall be positioned for testing and tested as shown in Figure
3-6.2. The ladder shall be tested in its A-frame position, with the test load of 2,000 lb (907 kg)
applied uniformly to the top rungs.

Figure 3-6.2 Design verification combination ladder compression test.

3-6.2.2 The ladder shall sustain the test load without ultimate failure.
3-7 Design Verification Tests for Folding Ladders Only.
3-7.1
These design verification tests shall be performed in accordance with the design verification
testing criteria specified in Section 3-1.
3-7.2 Horizontal Bending Test.
3-7.2.1 The ladder shall be positioned for testing and tested as shown in Figure 3-7.2. The
folding ladder shall be placed in a flat, horizontal position supported 6 in. (152 mm) from each
end.
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Figure 3-7.2 Design verification folding ladder horizontal bending test.

3-7.2.2 A test load of 300 lb (136 kg) shall be applied at the center of the ladder span and equally
distributed across both beams over an area of 31/2 in. (89 mm).
3-7.2.3 The ladder shall withstand this test without ultimate failure.
3-8 Design Verification Tests for Pompier Ladders Only.
3-8.1
These design verification tests shall be performed in accordance with the design verification
testing criteria specified in Section 3-1.
3-8.2
The ladder shall be positioned for testing and tested as shown in Figure 3-8.2. The ladder shall
be tested in the vertical hanging position supported only by the hook.
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Figure 3-8.2 Design verification pompier ladder test.

3-8.3
A test load of 2,000 lb (907 kg) shall be applied.
3-8.4
The ladder shall sustain this test load without ultimate failure.
Chapter 4 Label Tests
4-1 Labels To Be Tested.
All labels required for ground ladders in 2-1.8.2, 2-1.8.4, 2-1.8.5, 2-1.8.6, 2-1.10, and 2-4.8.5
shall meet the requirements of this chapter.
4-2 Performance Requirements.
4-2.1 Legibility.
When tested as specified in 4-3.2, the label shall retain its original color, readability, and
clarity without any darkening, fogging, or blistering.
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4-2.2 Adhesion.
When tested as specified in 4-3.3.1, the label shall have an average adhesion of not less than 2
pounds-force per linear in. (0.35 N per linear mm) of label width, and not less than 50 percent of
the average adhesion measured for 4-3.3.1 when tested as specified in 4-3.3.2.
4-3 Testing.
4-3.1 Preconditioning.
4-3.1.1 The sample labels shall be applied to a surface material of the same type to which the
label will be affixed, and this shall constitute the test sample. The test sample shall be exposed
for 72 hr at 73°F ± 2°F (23°C ± 1°C) and 50 ± 2 percent relative humidity.
4-3.1.2 The sample labels shall be applied to a surface material of the same type to which the
label will be affixed, and this shall constitute the test sample. First, the test sample shall be
exposed for 72 hr at 73°F ± 2°F (23°C ± 1°C) and 50 ± 2 percent relative humidity. Then, the
test sample shall be exposed for 24 hr at –40°F (–40°C).
4-3.1.3 The sample labels shall be applied to a surface material of the same type to which the
label will be affixed, and this shall constitute the test sample. First, the test sample shall be
exposed for 72 hr at 73°F ± 2°F (23°C ± 1°C) and 50 ± 2 percent relative humidity. Then, the
test sample shall be exposed for 6 weeks at 140°F ± 4°F (60°C ± 2°C) and 97 ± 3 percent relative
humidity.
4-3.1.4 The sample labels shall be applied to a surface material of the same type to which the
label will be affixed, and this shall constitute the test sample. First, the test sample shall be
exposed for 72 hr at 73°F ± 2°F (23°C ± 1°C) and 50 ± 2 percent relative humidity. Then, the
test sample shall be exposed for 90 days mechanical convection air-oven aging at 190°F ± 2°F
(87°C ± 1°C).
4-3.1.5 The sample labels shall be applied to a surface material of the same type to which the
label will be affixed, and this shall constitute the test sample. First, the test sample shall be
exposed for 72 hr at 73°F ± 2°F (23°C ± 1°C) and 50 ± 2 percent relative humidity. Then, the
test sample shall be exposed for 720 hr of ultraviolet light and water. The ultraviolet light shall
be obtained from two stationary, enclosed carbon-arc lamps. The arc of each lamp shall be
formed between two vertical carbon electrodes, 1/2 in. (12.7 mm) in diameter, located at the
center of a revolvable, vertical metal cylinder, 31 in. (787 mm) in diameter and 173/4 in. (450.9
mm) in height. Each arc shall be enclosed with a No. 9200-PX clear Pyrex glass globe. The
samples shall be mounted vertically on the inside of the revolvable cylinder, facing the lamps,
and the cylinder shall continuously revolve around the stationary lamps at one rpm. A system of
nozzles shall be provided so that each sample, in turn, is to be sprayed with water as the cylinder
revolves. During each 20-min operating cycle, each sample shall be exposed to the light and
water spray for 3 min, and to the light only for 17 min. The air temperature within the revolving
cylinder of the apparatus during operation shall be 145°F ± 9°F (63°C ± 5°C).
4-3.1.6 The sample labels shall be applied to a surface material of the same type to which the
label will be affixed, and this shall constitute the test sample. First, the test sample shall be
exposed for 72 hr at 73°F ± 2°F (23°C ± 1°C) and 50 ± 2 percent relative humidity. Then, the
test sample shall be exposed for 240 hr in a salt spray test as specified by ASTM B117, Standard
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Method of Salt Spray (Fog) Testing.
4-3.1.7 The sample labels shall be applied to a surface material of the same type to which the
label will be affixed, and this shall constitute the test sample. First, the test sample shall be
exposed for 72 hr at 73°F ± 2°F (23°C ± 1°C) and 50 ± 2 percent relative humidity. Then, the
test sample shall be exposed for 48 hr immersion in distilled water.
4-3.1.8 The sample labels shall be applied to a surface material of the same type to which the
label will be affixed, and this shall constitute the test sample. First, the test sample shall be
exposed for 72 hr at 73°F ± 2°F (23°C ± 1°C) and 50 ± 2 percent relative humidity. Then, the
test sample shall be exposed for 10 days mechanical convection air-oven aging at 356°F
(180°C).
4-3.2 Legibility Test.
4-3.2.1 The test sample shall be preconditioned as specified in 4-3.1.1, after which the label shall
be examined to determine color, readability, and clarity.
4-3.2.2 Test samples then shall be exposed to each precondition as specified in 4-3.1.2 through
4-3.1.8.
4-3.2.3 After each preconditioning, the label shall be compared to the label preconditioned to
4-3.1.1 to determine compliance with 4-2.1.
4-3.3 Adhesion Test.
4-3.3.1 At least two test samples shall be preconditioned as specified in 4-3.1.1 and then tested
as specified in 4-3.3.3 to determine the average adhesion.
4-3.3.2 Test samples then shall be exposed to each precondition as specified in 4-3.1.3 through
4-3.1.8 and tested as specified in 4-3.3.3.
4-3.3.3 Labels shall be pulled from the surface material at an angle of 90 degrees to the surface,
at a constant speed of 1.0 in. (50.8 mm) per min by means of an Instron testing machine. The
force to remove the label shall be recorded automatically on a chart, and the average force
calculated in lb/1 in. (N/mm × 0.175) width of label.
4-3.3.3.1 Test results shall be obtained from not less than two test samples to comprise an
average for each precondition.
4-3.3.3.2 Test results obtained from samples specified in 4-3.3.2 shall be compared to the test
results obtained from samples specified in 4-3.3.1 to determine compliance with 4-2.2.
Chapter 5 Referenced Publications
5-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
5-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
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NFPA 1932, Standard on Use, Maintenance, and Service Testing of Fire Department Ground
Ladders, 1994 edition.
5-1.2 Other Publications.
5-1.2.1 ANSI Publications. American National Standards Institute, Inc., 1430 Broadway, New
York, NY 10018.
ANSI A14.1-1990, Ladders — Portable Wood — Safety Requirements.
ANSI A14.5-1990, Ladders — Portable Reinforced Plastic — Safety Requirements.
5-1.2.2 ASTM Publication. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM B117-1990, Standard Method of Salt Spray (Fog) Testing.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
information purposes only.
A-1-1.1
Ground ladders used in the fire service must be constructed to rigid standards of the highest
quality. These ladders often are the only means of fire fighter entry into a building or portions of
a building and could be the only means of egress for victims trapped by a fire within a building.
Fire department ground ladders serve as a means of transporting people, equipment, and
extinguishing agents from one level to a higher or lower level. Since the lives of the fire fighters
and fire victims often rely on the performance without failure of these valuable pieces of fire
department equipment, these standards of performance must be such that ladders can be used
with the maximum of ease and assurance at all times.
A-1-1.2
Ladders used by fire department personnel for purposes other than rescue, fire fighting, and
training, and not transported, should be covered by the applicable ANSI and OSHA standards.
A-1-2
It is recognized that specific details on ladder construction materials have been established by
other organizations such as the American National Standards Institute, U.S. Department of
Agriculture Forest Products Laboratory, and the Aluminum Association. This standard should
never be interpreted as establishing lower materials strength criteria than those set forth in such
recognized standards.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
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labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
Authority Having Jurisdiction. The phrase “authority having jurisdiction” is used in NFPA
documents in a broad manner, since jurisdictions and approval agencies vary, as do their
responsibilities. Where public safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or individual such as a fire chief; fire marshal;
chief of a fire prevention bureau, labor department, or health department; building official;
electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the
authority having jurisdiction. In many circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at government installations, the
commanding officer or departmental official may be the authority having jurisdiction.
A-2-1.6
Rung spacing of 14 in. (356 mm) can facilitate easier leg locks when wearing protective
clothing in accordance with NFPA 1500, Standard on Fire Department Occupational Safety and
Health Program. Rung spacing of 12 in. (305 mm) can result in more climbing power.
A-2-1.9
Rubber rung covers are available.
A-2-2.2
Single ladders become unwieldy and difficult to handle when they exceed 30 ft (9.1 m) in
length; however, it is recognized that certain local conditions can make longer single ladders
desirable, and this recommendation should not exclude such special conditions.
A-2-3.3.1 Materials used in the construction of folding roof hook assemblies for roof ladders
should be selected on the basis of their ability to withstand water, heat, chemicals, and loads
imposed upon hooks during fireground operations.
Fire departments that use roof ladders in areas where snow and ice accumulate on roofs might
want to use an even larger hook to ensure the ladder holds over a ridge that is covered with snow
and ice.
A-2-4.3
Fire department ground ladders should not exceed 50 ft (15.2 m) designated length, as greater
lengths are unwieldy and require increased personnel and specialized training.
A-2-4.6.6 Since a continuous halyard cannot be tied off, a secondary means to prevent retraction
of the fly section must be provided in case there is inadvertent disengagement of the pawls.
Appendix B Referenced Publications
B-1
The following document or portions thereof is referenced within this standard for
informational purposes only and thus is not considered part of the requirements of this document.
The edition indicated for the reference is the current edition as of the date of the NFPA issuance
of this document.
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B-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
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1994 Edition
This edition of NFPA 1932, Standard on Use, Maintenance, and Service Testing of Fire
Department Ground Ladders, was prepared by the Technical Committee on Fire Department
Ground Ladders and acted on by the National Fire Protection Association, Inc., at its Annual
Meeting held May 16-18, 1994, in San Francisco, CA. It was issued by the Standards Council on
July 14, 1994, with an effective date of August 5, 1994, and supersedes all previous editions.
The 1994 edition of this document has been approved by the American National Standards
Institute.
Changes other than editorial are indicated by a vertical rule in the margin of the pages on
which they appear. These lines are included as an aid to the user in identifying changes from the
previous edition.
Origin and Development of NFPA 1932
In 1984, the text of NFPA 1931 was divided into two documents with NFPA 1931 containing
the requirements for manufacturers on design and design verification testing for new ground
ladders. This document was developed as a companion document to cover the requirements of
the use, maintenance, and service testing of fire department ground ladders.
The 1989 edition added requirements for routine maintenance as well as additional cautions
regarding accidental heating of ladders. The horizontal bending test for folding ladders was
added. The horizontal bending test for extension ladders was modified to reflect changes
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determined acceptable from field experience with the use of the test method.
This edition of the standard removed an exception that allowed the authority having
jurisdiction to use a reduced test weight for the horizontal bending test for extension ladders built
prior to 1984. This exception was in previous editions to allow a phase in to the more stringent
testing requirement introduced in 1984. The standard was revised in a number of places to keep
it up to date, including adding requirements for retrofitting heat sensor labels after appropriate
testing.
Technical Committee on Fire Department Ground Ladders
Jeffrey Bowman, Chair
Anaheim Fire Dept., CA
Brian D. Berchtold, Middlebush Vol. Fire Dept., NJ
David R. Bouchard, Fire Consulting Assoc. Inc., RI
Samuel C. Cramer, Aluminum Ladder Co., SC
Carl M. Frimel, Independence Fire Dept., OH
Dennis N. Gage, ISO Commercial Risk Services, Inc., NJ
Kurt Kenworth, Alaco Ladder Co., CA
Gary Meier, City of West Covina Fire Dept., CA
A. K. Rosenhan, Mississippi State University, MS
Bradley J. Schmidt, Underwriters Laboratories Inc., IL
Philip Schwab, Duo-Safety Ladder Corp., WI
Alternate
Boyd F. Cole, Underwriters Laboratories Inc., IL
(Alt. to B. J. Schmidt)
Carl E. Peterson, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on the design,
inspection, testing, and use of ground ladders for the fire service.
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NFPA 1932
Standard on
Use, Maintenance, and Service Testing of
Fire Department Ground Ladders
1994 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Appendix B.

Chapter 1 Administration
1-1 Scope.
1-1.1*
This standard specifies requirements for the use, maintenance, inspection, and service testing
of fire department ground ladders.
1-1.2*
This standard shall apply to all ground ladders, regardless of year of manufacture, used by fire
departments for rescue, fire fighting operations, and training. Fire department ground ladders
shall not be used for any other purpose.
1-1.3
The service tests specified in this standard shall be the only tests conducted by fire department
personnel, or other testing personnel, on in-service fire department ground ladders.
1-2* Purpose.
1-2.1
The purpose of this standard shall be to provide reasonable safety for fire fighters and victims
during the use of fire department ground ladders.
1-2.2
This standard also shall provide users of fire department ground ladders with a means to
determine if in-service fire department ground ladders are suitable for continued service.
1-3 Definitions.
Angle of Inclination. The pitch for portable, non-self-supporting ground ladders. The preferred
angle of inclination is 751/2 degrees.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Base (Bed) Section. The lowest or widest section of an extension ladder.
Beam (Side Rail). The main structural side of the ground ladder.
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Bedded Position. The position in which the fly section(s) of an extension ladder is fully
retracted with the pawls engaged.
Butt. The end of the beam placed on the ground, or other lower support surface, when ground
ladders are in the raised position. It may be the lower end of beams, or added devices.
Butt Spurs (Feet). That component of ground ladder support that is in contact with the lower
support surface to reduce slippage. It may be the lower end of beams, or added devices.
Collapsible Ladder. See Folding Ladder.
Combination Ladder. A ground ladder capable of being used as both a step ladder and a single
or extension ladder.
Designated Length. The length marked on the ladder.
Design Verification Tests. Tests of a ladder structure and components thereof to prove
conformance to the requirements of this standard. Design verification tests are the responsibility
of the manufacturer and are to be performed only on new, unused ladders, which shall be
destroyed after completion of the tests. These tests shall not be performed by fire departments.
Dogs. See Pawls.
Duty Rating. The recommended in-service working load.
Extension Ladder. A non-self-supporting ground ladder, adjustable in length. It consists of two
or more sections traveling in guides, brackets, or equivalent so arranged as to permit length
adjustment.
Fire Department Ground Ladder. Any portable ladder specifically designed for fire department
use in rescue, fire fighting operations, or training, and not permanently attached to fire apparatus.
Fly Section. The upper section(s) of an extension ladder.
Folding Ladder. A single-section ladder with rungs that can be folded or moved to allow the
beams to be brought into a position touching or nearly touching each other.
Free Weight. Test weights that are not controlled from any direction except by the force of
gravity. For example: sand bags, concrete blocks, water tanks, or lead weights.
Halyard. Rope used on extension ladders for the purpose of raising fly section(s). A wire cable
may be referred to as halyard when used on the uppermost fly section(s) of 3- or 4-section
extension ladders.
Heat Sensor Label. A label that turns color at a preset temperature to indicate heat exposure.
In-Service Fire Department Ground Ladder. Any ground ladder that meets the requirements of
this standard and currently is in use or available for use by a fire department.
Inside Ladder Width. The distance measured from the inside edge of one beam to the inside
edge of the opposite beam. (See also Outside Ladder Width.)
Ladder. A device on which a person climbs for ascending or descending. This device consists
of two beams (side rails) joined at regular intervals by cross pieces called rungs
on which a person is supported during this climb. (See also Pompier Ladder, an exception to this
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definition.)
Ladder Nesting. The procedure whereby ladders of different sizes are positioned partially
within one another to reduce the amount of space required for their storage on the apparatus.
Maximum Extended Length. The total length of the extension ladder when all fly sections are
fully extended and pawls engaged.
May. This term is used to state a permissive use, or an alternative method to a specified
requirement.
Non-Destructive Tests (NDT). A method of testing that does not damage the ladder structure,
or components thereof.
Outside Ladder Width. The distance measured from the outside edge of one beam to the
outside edge of the opposite beam, or the widest point of the ladder including staypoles when
provided, whichever is greater. (See also Inside Ladder Width.)
Pawls. Devices attached to fly section(s) for the purpose of anchoring fly section(s) when
extension ladders are used in the extended position. Pawls engage ladder rungs near the beams
for anchoring purposes.
Permanent Deformation (Set). That deformation remaining in any part of a ladder or its
components after all test loads have been removed from the ladder.
Pompier Ladder (Scaling Ladder). A ladder having a single beam only with a large hook on
top used for scaling.
Roof Ladder. A single ladder equipped with hooks at the top end of the ladder.
Rungs. The ladder cross pieces on which a person steps while ascending or descending.
Scaling Ladder. See Pompier Ladder.
Service Tests. Tests performed on a ground ladder to determine it is suitable for service.
Set. See Permanent Deformation.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Side Rail. See Beam.
Single Ladder. A non-self-supporting ground ladder, non-adjustable in length, consisting of
only one section.
Staypoles (Tormentors). Poles attached to each beam of the base section of extension ladders
and used to assist in the raising of the ladder and to help provide stability of the raised ladder.
Tested. Verification of compliance with test requirements as specified in this standard.
Test Failure. Failure of the ground ladder structure, or components thereof, to pass the required
tests.
Tormentors or Tormentor Poles. See Staypoles.
Ultimate Failure. Collapse of a ground ladder structure, or components thereof.
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Visible Damage. A permanent change in condition that is clearly evident by visual inspection
without recourse to optical measuring or observing devices.
Visual Inspection. Observation by eye unaided by optical devices, except prescription
eyeglasses or lenses.
Working Length. The length of a non-self-supporting portable ladder measured along the
beams from the base support point of the ladder to the point of bearing at the top.
Chapter 2 Ground Ladder Mounting
2-1 Requirements for All Ground Ladders.
2-1.1
Ground ladders shall not be forced into brackets or slides on fire apparatus. Ground ladder
nesting requirements shall be based on outside ladder width.
2-1.2
Ground ladders shall be protected to prevent movement and abrasion, or other damage, to the
ground ladder while on fire apparatus.
2-1.3
When mounted on the apparatus, ground ladders shall not be subject to exposure to heat
sources (such as engine heat) of 300°F (149°C) or greater.
2-1.4
Side- or top-mounted ground ladders shall be provided with sufficient supports to prevent any
sagging or distortion.
Chapter 3 Use of Ground Ladders
3-1 Requirements for All Ground Ladders.
3-1.1* Ground Ladder Loading.
Duty ratings for various ground ladders are given in Table 3-1.1. These loads shall not be
imposed upon ground ladders unless the ground ladder is set at the correct angle of inclination
and secured as specified in this section. The total weight on the ground ladder including persons,
their equipment, and any other weight, such as a charged fire hose, shall not exceed the duty
rating load.
Table 3-1.1 Ground Ladder Duty Rating

Maximum Load
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Type

(lb)

(kg)

Folding ladders

300

136

Pompier ladders

300

136

Single and roof ladders

750

340

All extension ladders

750

340

Combination ladders

750

340

3-1.2
If, in an emergency, ground ladders are used other than as specified in this standard, they shall
be removed from service, inspected, and service tested prior to further use.
3-1.3
Damaged ground ladders, or ground ladders having defects, shall be removed from service,
marked, repaired, and service tested prior to further use. Temporary repairs of damaged or
missing ladder parts shall not be made.
3-1.4
Ground ladders shall be used for rescue, fire fighting operations, and training and shall not be
used for any other purpose.
3-1.5
Ground ladders shall not be tied together to provide longer units.
3-1.6
Ground ladder butts shall be placed on a secure footing with a firm, level base before using.
3-1.7
Ground ladders shall not be placed on ice, snow, or slippery surfaces unless suitable means to
prevent slipping are employed.
3-1.8*
Ground ladders shall be secured at the base, either by a fire fighter or mechanical means, to
prevent slippage. Extreme caution shall be used when the angle of inclination is less than 70
degrees, and mechanical means shall be used to prevent slippage.
3-1.9
Ground ladders shall be secured at the top, to prevent slippage, by the first person to climb the
ladder.
3-1.10*
To provide the optimum combination of load carrying and stability, ground ladders shall be set
at the correct angle of inclination by positioning the base section a horizontal distance from the
vertical wall equal to 1/4 the effective working length of the ground ladder, an angle of between
70 and 76 degrees with 751/2 degrees being optimum.
Copyright 1996 NFPA

3-1.11
Raised ground ladders shall not be slid along cornices or roof edges.
3-1.12
Ground ladders shall not be “rolled” beam-over-beam to reach a new position.
3-1.13
Raised ground ladders shall not be repositioned from the top or with a person on the ladder.
3-1.14
Ground ladders that have been removed from apparatus shall not be placed near heat sources
(such as the apparatus exhaust pipe) such that the ladders are exposed to heat of 300°F (149°C)
or greater.
3-2 Additional Requirements for Extension Ladders Only.
3-2.1
Fly sections of extension ladders shall not be used as single ladders unless they have been
certified by the manufacturer as being suitable for single ladder use.
3-2.2
Extension ladders shall be used in the fly-up, fly away from the building position unless
otherwise specified by the manufacturer.
3-2.3*
Halyards on extension ladders shall be securely tied off to the base section or otherwise
secured before the ground ladder is climbed.
3-2.4
Extension ladders shall only be operated from the ground or other suitable stationary points.
Adjustments shall not be made from the top of extension ladders.
3-2.5
When extension ladders are equipped with staypoles, the staypoles shall be placed to act as
stabilizers, and shall not be placed as to become load-bearing members under no load conditions
(no one on the ladder).
3-2.6*
When the extension ladder is equipped with staypoles and both poles cannot be properly
placed due to obstructions or terrain, neither staypole shall be placed.
3-3 Additional Requirements for Metal Ground Ladders Only.
3-3.1
EXTREME CAUTION shall be used when working around charged electrical circuits as
metal ground ladders conduct electricity. All metal ground ladders shall be kept away from
power lines or other potential electrical hazards.
3-3.2
The heat sensor labels shall be checked before and after each use of the ladder. If the heat
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sensor label has changed, the ladder shall be removed from service and service tested as
specified in Chapter 5 of this standard prior to further use.
3-4 Additional Requirements for Wood Ground Ladders Only.
3-4.1*
EXTREME CAUTION shall be used around electrical hazards, as wet wood ground ladders
can conduct electricity.
3-4.2
If the protective finish becomes charred or blistered, the ladder shall be removed from service
and service tested as specified in Chapter 5 of this standard prior to further use.
3-5 Additional Requirements for Fiberglass Ground Ladders Only.
3-5.1*
EXTREME CAUTION shall be used around electrical hazards as wet fiberglass ground
ladders can conduct electricity.
3-5.2
The heat sensor labels shall be checked before and after each use of the ladder. If the heat
sensor label has changed, the ladder shall be removed from service and service tested as
specified in Chapter 5 of this standard prior to further use.
3-5.3
Fiberglass ground ladders that have been subjected to any sharp impact shall be removed from
service and service tested as specified in Chapter 5 of this standard prior to further use.
3-5.4
Fiberglass ground ladders shall not be used where they can be exposed to temperatures of
300°F (149°C) or more while supporting their rated load.
Chapter 4 Inspection and Maintenance of Ground Ladders
4-1 Requirements for All Ground Ladders.
4-1.1
All ground ladders shall be inspected and maintained in accordance with the manufacturer’s
recommendations.
4-1.2
Ground ladders shall be visually inspected at least once every month and after each usage.
4-1.3
Visual inspection shall include but not be limited to:
(a) Heat sensor label on metal and fiberglass ladders, and on wood ladders when provided, for
change indicating heat exposure;
(b) All rungs, for snugness and tightness;
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(c) All bolts and rivets, for tightness;
(d) Welds, for any cracks or apparent defects;
(e) Beams and rungs, for cracks, splintering, breaks, gouges, checks, wavy conditions, or
deformation;
(f) Butt spurs, for excessive wear or other defects;
(g) Halyards, for fraying or kinking;
(h) Roof hooks, for sharpness;
(i) Rungs, for punctures, wavy conditions, worn serrations, or deformation;
(j) Surface corrosion;
(k) Ladder slide areas, for galling or absence of wax, if required by the manufacturer;
(l) Loss of gloss on fiberglass and wood ladder beams.
4-1.4
Any signs of failure during visual inspection shall be sufficient cause to remove the ground
ladder from service and repair for fire service use or to destroy.
4-1.5
Ground ladders shall be maintained as free of moisture as is possible and shall be wiped after
being sprayed with water or used in the rain.
4-1.6
Ground ladders shall not be stored in an area where they are exposed to the elements.
4-l.7 Ground ladders shall not be painted except for the top and bottom 18 in. (457 mm) of each
section for purposes of identification or visibility.
4-1.8
Ground ladders not maintained as specified in this standard shall be removed from service and
service tested as specified in Chapter 5 prior to further use.
4-1.9
The rollers and other moving parts of the frame holding the ground ladders on the apparatus
shall be lubricated in accordance with the apparatus manufacturer’s instructions at least every six
months. Prior to re-lubricating rollers or moving parts, old lubricant shall be removed. If rollers
and other moving parts are rusted, they shall be brushed with a wire brush and cleaned to remove
all loose scale, and then painted before lubricating.
4-1.10 Heat Sensor Labels.
4-1.10.1* If the heat sensor label has an expiration date and that date has passed, the heat sensor
label shall be replaced.
4-1.10.2 If the ladder is constructed of metal or fiberglass materials and it does not have heat
sensor labels, the ladder shall be tested in accordance with Chapter 5 of this standard. If the
ladder passes all the tests, heat sensor labels shall be applied to the ladder. The heat sensor labels
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shall be located on the inside of each beam of each section immediately below the second rung
from the tip of each section and immediately below the center rung of that section.
4-1.11 Additional Requirement for Metal Ground Ladders Only.
To preserve the surface finish and inhibit corrosion, an occasional application of a good
automotive paste wax shall be used. If an abrasive pad is used to remove corrosion before
applying wax, care shall be exercised to avoid electrolytic action. Steel wool shall not be used on
aluminum.
4-1.12 Additional Requirements for Wood Ground Ladders Only.
4-1.12.1 Visual inspection shall include the bolts for snugness and tightness without crushing the
wood.
4-1.12.2 When a wood ground ladder develops dark streaks in the beams, the ladder shall be
removed from service and service tested as specified in Chapter 5 of this standard prior to further
use.
4-1.12.3* Wood ground ladders shall be stored away from steam pipes, radiators, forced hot air
heaters, and out of the direct sunlight.
4-1.12.4 Wood ground ladders shall be protected by at least 3 coats of phenolic-tung oil varnish
with ultra-violet ray inhibitors.
4-1.12.5 The varnish finish shall be inspected at least every month and redone at least annually
or at such frequency as specified by the ladder manufacturer.
4-1.12.6 If the varnish coating becomes damaged, the following procedure shall be conducted to
repair the finish:
(a) Peeling areas shall be removed by scraping and sanding with sandpaper to remove all the
loose or damaged finish,
(b) Bare sanded spots shall be spot-primed with varnish,
(c) The coating shall be resanded when dry and coated with at least two coats of a good quality
clear spar varnish.
4-1.13 Additional Requirements for Fiberglass Ground Ladders Only.
4-1.13.1* Fiberglass ground ladders shall be stored out of direct sunlight.
4-1.13.2 To preserve the surface finish and inhibit surface deterioration, an occasional
application of a good automotive paste wax shall be used.
4-2 Additional Requirements for Roof Ladders Only.
4-2.1
These inspection requirements shall be in addition to the inspection and maintenance
requirements specified in Section 4-1 of this chapter.
4-2.2
Visual inspection shall include an operational check of the roof hook assemblies for proper
operation. Folding roof hook assemblies shall be kept operational by removing rust and other
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contaminants and by keeping the mechanisms lubricated.
4-3 Additional Requirements for Extension Ladders Only.
4-3.1
These inspection and maintenance requirements shall be in addition to the inspection and
maintenance requirements specified in Section 4-1 of this chapter.
4-3.2
Visual inspection shall include an operational check of the pawl assemblies for proper
operation.
4-3.3*
Pawl assemblies shall be kept cleaned and lubricated in accordance with manufacturer’s
instructions.
4-3.4
Ladder slide areas shall be kept lubricated in accordance with manufacturer’s instructions.
4-3.5*
Halyards and wire cables on extension ladders shall be replaced when they become frayed or
kinked.
4-3.6
Wire rope on 3- and 4-section ladders shall be snug, when the ladder is in the bedded position,
to ensure proper synchronization of upper sections during operation.
Chapter 5 Service Testing Ground Ladders
5-1 Requirements for All Ground Ladders.
5-1.1
Design verification tests specified in NFPA 1931, Standard on Design of and Design
Verification Tests for Fire Department Ground Ladders, shall NOT be performed by fire
departments. Design verification tests to certify compliance with NFPA 1931 shall be the
responsibility of the ground ladder manufacturer only.
5-1.2
Only the service tests for ground ladders specified in this chapter shall be conducted by fire
departments on fire department ground ladders.
5-1.2.1* The fire department may contract with an approved testing organization to perform the
service tests specified in this chapter.
5-1.3*
Caution shall be used when performing service tests on ground ladders to prevent damage to
the ladder or injury to personnel during testing. The test load shall be placed on the ladder in a
manner so as to avoid any shocks or any impact loading. These service tests may require the
purchase of measuring instruments.
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5-1.4
Personnel involved in service testing shall be competently trained in the service testing
procedures and equipment. Personnel shall be fully cognizant at all times of the possibility of
sudden and dramatic failure of the ground ladder undergoing service testing, and shall take all
personal safety precautions possible to protect themselves.
5-1.5
Any ground ladder that appears to be unserviceable, or bordering on unserviceability, shall be
service tested or destroyed.
5-1.6
Any signs of failure during service testing shall be sufficient cause for the ground ladder to be
removed from service and repaired for fire service use or destroyed.
5-1.7
All ground ladders shall be service tested on the following schedule:
(a) At least annually;
(b) At any time a ladder is suspected of being unsafe;
(c) After the ladder has been subjected to overloading (see Table 3-1.1);
(d) After the ladder has been subjected to impact loading or unusual conditions of use;
(e) After heat exposure (see 5-1.9, 5-1.10, and 5-1.11);
(f) After any deficiencies have been repaired unless the only repair was replacing the halyard;
(g) Before the ladder is placed in service for the first time.
5-1.7.1 All ground ladders, except pompier ladders and folding ladders, shall be service tested as
specified in Section 5-2 of this chapter.
5-1.7.2 Pompier ladders shall be service tested as specified in Section 5-3 of this chapter.
5-1.7.3 Folding ladders shall be service tested as specified in Section 5-5 of this chapter.
5-1.8
All service test results shall be permanently recorded. Minimum information recorded shall be
as required in Table 5-1.8.
Table 5-1.8 Fire Department Ground Ladder Record
Manufacturer’s Ladder Identification Number or Code

____________

Fire Department Identification (if different) ______________________
Ground Ladder Manufacturer ________________________________
Fire Department Company Where Ground Ladder
Is Assigned ________________________________________________
Date Purchased ____________________________________________
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Date Placed in Service ______________________________________
Type of Ground Ladder
Σινγλε

Χομβινατιον

Ροοφ

Φολδινγ

Εξτενσιον

Πομπιερ

Ladder Construction
Ωοοδ

Σολιδ Βεαμ

Μεταλ

Τρυσσ Βεαμ

Φιβεργλασσ
Heat Sensor Label Check
Previous Repairs, Reason for Repair, and Date of Repair ____________
Type of Test, Test Date, and Person(s) Performing Test ____________
Reason for Test ____________________________________________
Test Results
Horizontal Bending Test — Amount of Permanent
Deformation ______________________________________________
Πασσεδ

Φαιλεδ

Hardware Test
Πασσεδ

Φαιλεδ

Roof Hook Test
Πασσεδ

Φαιλεδ

Pompier Ladder Test
Πασσεδ

Φαιλεδ

Hardness Test — Readings for Each Test Point
Πασσεδ

Φαιλεδ

Liquid Penetrant Test — Location of Inspection
and Results ______________________________________________
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Repairs Needed ____________________________________________
Repairs Completed __________________________________________
Person(s) Performing Repairs ________________________________
Date Completed ____________________________________________
Person Signing Record ______________________________________
________________________________________________________
5-1.9
If the ground ladder does not meet all the requirements of this chapter, the ladder shall be
removed from service and repaired for fire service use or destroyed.
5-1.10 Additional Requirements for Metal Ground Ladders Only.
5-1.10.1 Metal ground ladders shall be further tested as specified in Section 5-2, Strength
Service Testing, of this chapter at least annually.
5-1.10.2 Whenever any metal ground ladder has been exposed or is suspected of having been
exposed to direct flame contact, or whenever the heat sensor label has changed to indicate heat
exposure, the ladder shall be service tested as specified in either Section 5-2, Strength Service
Testing, or Section 5-4, Hardness Service Testing, of this chapter. Hardness service testing does
not replace the need for load testing as outlined in 5-1.7 and 5-2.
5-1.11 Additional Requirements for Wood Ground Ladders Only.
Whenever any wood ground ladder has been exposed or is suspected of having been exposed
to direct flame contact, the ladder shall be service tested as specified in Section 5-2, Strength
Service Testing, of this chapter.
5-1.12 Additional Requirements for Fiberglass Ground Ladders Only.
Whenever any fiberglass ground ladder has been exposed or is suspected of having been
exposed to direct flame contact, or whenever the heat sensor label has changed to indicate heat
exposure, the ground ladder shall be service tested as specified in Section 5-2, Strength Service
Testing, of this chapter.
5-2 Strength Service Testing Requirements for All Ladders Except Pompier and Folding
Ladders.
5-2.1* Horizontal Bending Test.
All ladders except pompier and folding ladders shall be strength service tested as required by
5-1.7 in accordance with the following provisions.
5-2.1.1 The ladder shall be positioned for testing and tested as shown in Figure 5-2.1. The ladder
shall be placed in a flat horizontal position supported under the first rung from each end of the
ladder. Extension and combination ladders shall be extended to their maximum extended length,
with pawls engaged, for this test. The test load shall be applied equally to a center span covering
16 in. (406 mm) each side of the center inclusive. The test load shall be applied to a flat test
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surface resting on the beams in the center area. The test load shall consist of free weights in
increments consistent with safety and ease of handling. All test loads shall include the weight of
the test surface.

Figure 5-2.1 Extension ladder positioned for horizontal bending test.

5-2.1.2 Test Procedures for Metal and Fiberglass Ground Ladders Only.
5-2.1.2.1 Straps or other ties that do not increase the strength of the ladder may be used to ensure
that the ladder locks remain engaged during the test.
5-2.1.2.2 The ladder shall be loaded with a pre-load of 350 lb (159 kg) applied equally to the
center span covering 16 in. (406 mm) each side of the center inclusive. Caution shall be
exercised whenever applying or removing the weights to minimize any impact loading. The load
shall be allowed to remain for at least 1 min to “set” the ladder prior to completing the rest of the
test.
5-2.1.2.3 After removing the pre-load, the distance between the bottom edge of each side rail and
the surface upon which the ladder supports are placed shall be measured. All measurements shall
be taken at a consistent location as near as practical to the center of the ladder.
5-2.1.2.4 The ladder shall be loaded with a test load of 500 lb (227 kg) applied equally to the
center span covering 16 in. (406 mm) each side of the center inclusive. The test load shall remain
in place for 5 min.
5-2.1.2.5 The test load shall then be removed and distance between the bottom of each side rail
and surface upon which the ladder supports are placed shall be measured. Five minutes shall
elapse before conducting this measurement after removing the test loads.
5-2.1.2.6 Differences in measurements taken in 5-2.1.2.3 and 5-2.1.2.5 shall not exceed that
value shown in Table 5-2.1.2.6. Any ladder that does not meet this criterion shall be removed
from fire service use and destroyed.
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Table 5-2.1.2.6

Length of Ladder

Difference in Measurements

25 ft or less

1/2 in.

26 ft to 34 ft

1 in.

35 ft or over

11/2 in.

For SI units: 1 in. = 25.4 mm; 1 ft = 0.3048 m.

5-2.1.2.7 There shall be no visible permanent change or failure of any hardware.
5-2.1.3 Test Procedures for Wood Ground Ladders Only.
5-2.1.3.1 The ladder shall be loaded with a test load of 500 lb (227 kg) applied equally to a
center span covering 16 in. (406 mm) each side of the center inclusive. The test load shall remain
in place for 5 min and then be removed.
5-2.1.3.2 To pass the test, the ladder and all components shall not show ultimate failure. Any
ladder that does not meet this criteria shall be removed from fire service use and destroyed.
5-2.2 Additional Requirements for Roof Ladders Only — Roof Hook Test.
5-2.2.1 The test methods depicted in this section represent the preferred methods to be followed
in determining whether a ladder conforms to the requirements of this standard. Variations from
the specific methods depicted in the various diagrams shall be acceptable provided such alternate
means provide equivalent results and comply with the intent of the applicable preferred test
method.
5-2.2.2 The ladder shall be positioned for testing and tested as shown in Figure 5-2.2. The ladder
shall be hung solely by the roof hooks, with the hooks supported only by the points of the hooks,
in a vertical position from a fixture capable of supporting the entire test load and weight of the
ladder. The ladder shall be secured in such a manner to retain the ladder in the test position to
prevent injury to test personnel if the hooks fail during the test.
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Figure 5-2.2 Roof ladder positioned for roof hook test.

5-2.2.3 A test load of 1,000 lb (454 kg) shall be placed over as many rungs as needed. The test
load shall consist of weight increments consistent with safety and ease of handling.
5-2.2.4 Test load shall be applied for a minimum of 1 min.
5-2.2.5* After removal of the test load, there shall be no permanent deformation.
5-2.3 Additional Requirements for Extension Ladders Only — Hardware Test.
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5-2.3.1 The test methods depicted in this section represent the preferred methods to be followed
in determining whether a ladder conforms to the requirements of this standard. Variations from
the specific methods depicted in the various diagrams shall be acceptable provided such alternate
means provide equivalent results and comply with the intent of the applicable preferred test
method.
5-2.3.2 The ladder shall be positioned for testing and tested as shown in Figure 5-2.3. The ladder
shall be extended a minimum of one rung beyond the bedded position.
5-2.3.3 A test load of 1,000 lb (454 kg) shall be placed on the rungs of the fly section. The test
load shall consist of weight increments consistent with safety and ease of handling.
5-2.3.4 Test load shall be applied for a minimum of 1 min.
5-2.3.5 Ladders shall sustain this test load with no permanent deformation or other visible
weakening of the structure.

Figure 5-2.3 Extension ladder positioned for hardware test.
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5-3 Strength Service Testing Requirements for Pompier Ladders Only.
5-3.1
The test methods depicted in this section represent the preferred methods to be followed in
determining whether a ladder conforms to the requirements of this standard. Variations from the
specific methods depicted in the various diagrams shall be acceptable provided such alternate
means provide equivalent results and comply with the intent of the applicable preferred test
method.
5-3.2
The ladder shall be positioned for testing and tested as shown in Figure 5-3.2. The ladder shall
be tested in the vertical hanging position supported only by its hook from a fixture capable of
supporting the entire test load and weight of the ladder. The ladder shall be secured in such a
manner to retain the ladder in the test position to prevent injury to test personnel if the hook fails
during the test.

Figure 5-3.2 Pompier ladder positioned for test.
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5-3.3
A test load of 1,000 lb (454 kg) shall be applied over multiple rungs.
5-3.4
The ladder shall withstand this test without ultimate failure. Any pompier ladder that does not
meet this criteria shall be removed from fire service use and destroyed.
5-4* Hardness Service Testing Requirements for Metal Ground Ladders Only.
5-4.1
The testing criteria specified in this section shall apply ONLY to metal ground ladders
constructed from 6061-T6 aluminum alloy. For other aluminum alloys or for other metals, the
ladder manufacturer shall supply the hardness testing criteria.
5-4.2
The hardness service test shall be performed at a test point located between every rung on both
beams. For beams of truss construction, the test point shall be located on both the top chord and
the bottom chord of the truss between every rung on both beams. One reading shall be taken at
each test point.
5-4.3
The hardness testing device shall be calibrated immediately before testing and calibration
verified immediately after testing in accordance with the manufacturer’s requirements for that
specific hardness testing device.
5-4.4
The reading obtained at each test point shall not be less than the value given for any of the
hardness measuring scales specified in Table 5-4.4.
Table 5-4.4

Hardness Testing Scale

Minimum Reading

Barber Coleman

76

Brinell

80

Rockwell B

48

Rockwell E

84

Rockwell F

84

Rockwell H

103

Vickers

88
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5-4.5
If a reading at a test point is less than the value given in Table 5-4.4 for the respective hardness
testing scale, three readings shall be taken at that test point. The average of the three readings
shall not be less than the value given in Table 5-4.5. No one reading of these three shall be less
than the minimum value given in Table 5-4.5 for the respective hardness testing scale.
Table 5-4.5
Average of
3 Readings
Not Less Than

No One
Reading at
or Less Than

Barber Coleman

76

73

Brinell

80

71

Rockwell B

48

33

Rockwell E

84

79

Rockwell F

84

79

Rockwell H

103

100

Vickers

88

76

Hardness Testing
Scale

5-4.6
If the ladder does not meet the hardness service test requirements specified in 5-4.4 or 5-4.5 of
this section, the ladder shall be removed from service and tested to the requirements of Section
5-2, Strength Service Testing, of this chapter.
5-5 Strength Service Testing Requirements for Folding Ladders Only.
5-5.1 Horizontal Bending Test.
5-5.1.1 The ladder shall be positioned for testing and tested similar to that shown in Figure 5-5.1.
The ladder shall be placed in a flat horizontal position supported under the first rung from each
end of the ladder. Folding ladders shall be in their unfolded configuration for this test. The test
load shall be applied equally to a center span covering 8 in. (203 mm) on each side of the center
inclusive. The test load shall be applied to a flat test surface resting on the beams in the center
area. The test load shall consist of weight increments consistent with safety and ease of handling.
All test loads shall include the weight of the test surface.
5-5.1.2 Test Procedures for Metal and Fiberglass Folding Ladders Only.
5-5.1.2.1 The ladder shall be loaded with a pre-load of 160 lb (73 kg) applied equally to the
center span covering 8 in. (203 mm) on each side of the center inclusive. Caution shall be
exercised whenever applying or removing the weights to minimize any impact loading. The load
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shall be allowed to remain for at least 1 min to “set” the ladder prior to completing the rest of the
test.
5-5.1.2.2 After removing the pre-load, the distance between the bottom edge of each side rail and
the surface upon which the ladder supports are placed shall be measured. All measurements shall
be taken at a consistent location as near as practical to the center of the ladder.
5-5.1.2.3 The ladder shall be loaded with a test load of 225 lb (102 kg) applied equally to the
center span covering 8 in. (203 mm) on each side of the center inclusive. The test load shall
remain in place for 5 min.
5-5.1.2.4 The test load shall then be removed, and the distance between the bottom of each side
rail and the surface upon which the ladder supports are placed shall be measured. Five min shall
elapse before conducting this measurement after removing the test loads.
5-5.1.2.5 There shall be no more than 1/2 in. (13 mm) difference between measurements taken in
5-5.1.2.2 and 5-5.1.2.4. Any ladder that does not meet this criterion shall be removed from fire
service use and destroyed.
5-5.1.2.6 There shall be no visible permanent change or failure of any hardware.
5-5.1.3 Test Procedures for Wood Folding Ladders Only.
5-5.1.3.1 The ladder shall be loaded with a test load of 225 lb (102 kg) applied equally to a
center span covering 8 in. (203 mm) on each side of the center inclusive. The test load shall
remain in place for 5 min and then be removed.
5-5.1.3.2 To pass the test, the ladder and all components shall not show any permanent damage.
Any ladder that does not meet this criterion shall be removed from fire service use and
destroyed.

Figure 5-5.1 Folding ladder horizontal bending test.
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Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1.1
Ground ladders used in the fire service must be constructed to rigid standards of the highest
quality. These ladders are often the only means of fire fighter entry into a building or portions of
a building and may be the only means of egress for victims trapped by a fire within a building.
Fire department ladders serve as a means of transporting people, equipment, and extinguishing
agents from one area to another. Since the lives of the fire fighters and fire victims often rely on
the performance without failure of these valuable pieces of fire department equipment, these
standards of performance must be such that ladders can be used with the maximum of ease and
assurance at all times.
A-1-1.2
Ladders used by fire department personnel solely in station maintenance, etc., and not
transported, should be covered by the applicable ANSI and OSHA standards for the same.
The service testing procedures contained within this standard are based on the design criteria
that are specified in NFPA 1931, Standard on Design of and Design Verification Tests for Fire
Department Ground Ladders, 1994 edition. The 1984 edition of this standard included
significant increases in the required strength of ladders, based on new information and
technology that became available after the issuance of the 1979 edition of NFPA 1931. The new
information relates to dynamic loads that result from actual use.
Ladders that were constructed to comply with earlier editions of NFPA 1931 were designed for
lesser loads and less demanding test requirements that were the state of the art at that time. The
new criteria are believed to be more accurate and provide a higher level of safety.
A-1-2
It is recognized that specific details on ladder construction materials have been established by
other organizations such as the American National Standards Institute, U.S. Department of
Agriculture Forest Products Laboratory, and the Aluminum Association. This standard should
never be interpreted as establishing lower materials strength criteria than what may be set forth
in other recognized standards such as these.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-3 Authority Having Jurisdiction.
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The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-3-1.1
The design criteria for ladders assumes the weight of a fire fighter with protective clothing,
SCBA, and equipment as 250 lb (113 kg). Ladders rated for 300 lb (136 kg) are designed for one
person. Ladders rated for 750 lb (340 kg) are designed for a maximum of three persons on the
ladder at any time. On a three-person ladder, not more than two should be grouped together, such
as a rescuer and a victim.
It is the intent that the stress on the ladder structure and component parts or materials shall not
exceed 25 percent of the yield strength of the structure, component parts, or materials when the
ladder is statically loaded in accordance with Table 3-1.1.
A-3-1.8
Using a ladder at an angle of less than 70 degrees drastically increases the possibility of ladder
slippage.
A-3-1.10
Using a ladder at angles less than 70 degrees drastically reduces the load-carrying capacity.
A-3-2.3
Tying off or securing the halyard provides a secondary method of securing the fly section in
the event of pawl disengagement. When a continuous halyard prevents tying off, a camlock as is
used for securing a sailboat halyard might be used.
A-3-2.6
The use of one staypole introduces an artificial twist in the ladder that is dangerous to the
climber and can cause permanent damage to the ladder.
A-3-4.1
Wood materials normally will not conduct electricity. However, under conditions of high
voltage or moisture, surface contamination on the wood surface may conduct enough electricity
to cause injury or death. Therefore, caution should be used around electrical wiring.
A-3-5.1
Fiberglass materials normally will not conduct electricity. However, under conditions of high
voltage or moisture, surface contamination on the fiberglass surface may conduct enough
electricity to cause injury or death. Therefore, caution should be used around electrical wiring.
A-4-1.10.1 If a heat sensor label is present without an expiration date, contact the ladder
manufacturer to determine when that heat sensor label should be replaced.
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A-4-1.12.3 Continued exposure to a heating source or direct sunlight will cause wood ladders to
deteriorate.
A-4-1.13.1 Continued exposure to direct sunlight will cause ultraviolet erosion of the surface of
fiberglass ladders, causing the glass fibers to become exposed.
A-4-3.3 Pawl Housing Showing Parts.

Figure A-4-3.3

When reinstalling ladder pawl assemblies use caution to prevent over-tightening of pawl
assembly fasteners, as this will cause binding of pawl assembly parts. Replacement springs and
parts are available from the ladder manufacturer.
A-4-3.5
Replacement halyards should not be less than 3/8 in. (9.5 mm) in diameter with a minimum
breaking strength of 825 lb (374 kg). They should be of sufficient length for the purpose
intended and should not be spliced. Wire cable should have a 5 to 1 safety factor while
supporting 2 times the dead load weight of the fly section(s) the cable is intended to raise.
A-5-1.2.1 Fire departments contracting with a testing organization for testing of aluminum
ground ladders should require said testing firm to provide the following non-destructive testing.
Interpretation of testing results from the following methods are highly critical and must be
performed only by certified personnel. Testing agencies should provide, on request, certification
documents stating that their personnel meet the American Society of Non-Destructive Testing
(ASNT) requirements and that the personnel are proficient in maintaining certification in all
methods and that refresher courses are administered as required in accordance with ASNT and
company policies.
Hardness Testing.
Hardness testing is used to ensure proper evaluation of aluminum material in ground ladders.
Hardness is the ability of a material to resist indentation or penetration. Tensile strength of a
material is directly related to the hardness of a material. Hardness testing on ground ladders
should be performed whenever there is question of annealing of the material due to exposure to
heat.
Hardness testing should be conducted in accordance with the procedures defined in Section
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5-4 of this standard.
Liquid Penetrant Testing.
Liquid penetrant testing primarily is used on fire department ground ladders formed of
nonferromagnetic material (aluminum) to find discontinuities. Penetrant inspection is basically a
very simple process. First, a liquid penetrant is applied to the surface. It is permitted to remain on
the surface for a period of time during which it penetrates into any defect open at the surface.
After the penetrating period, the excess penetrant remaining on the surface is removed. Then an
absorbent light-colored powdered material called a developer is applied to the surface. This
developer acts as a blotter and draws out a portion of the penetrant which has previously seeped
into the surface opening. As the penetrant is drawn out, it diffuses into the coating of the
developer, forming indications that are much wider than the surface opening with which they are
associated. Liquid penetrant testing should be performed on all welds and areas of concern.
A-5-1.3
Wood ladders are particularly vulnerable to damage, and weakening may not be readily visible
and may cause failure when used in emergency situations.
A-5-2.1
The horizontal bending test utilizes the horizontal position to make the testing procedure easier
and safer. This position also provides a safety factor when compared to the same load at an angle
of 751/2 degrees. This safety factor is necessary to account for the dynamic forces that may be
created by moving loads on the ladder as it is used (see also A-1-1.2 and A-3-1.1). This test is not
designed to test a ladder for use as a bridge but rather to provide a test to ensure a safe ladder
when it is used in the elevated position.
A brand new ladder has manufacturing tolerances that may give a false reading the first time
the test is run. These false readings are less likely to occur on a ladder that has been in service
and has been climbed prior to being tested. Therefore, a new ladder should either be set up and
climbed several times prior to being tested, or the test should be run one time with the results not
being counted and then repeated as the official test.
A-5-2.2.5 Many roof ladders manufactured prior to 1984 were equipped with mild steel roof
hooks 5/8 in. (16 mm) in diameter that will not meet the requirements of the roof hook test. Alloy
steel (chrome-moly) roof hooks 5/8 in. (16 mm) in diameter or mild steel roof hooks 3/4 in. (19
mm) in diameter normally will meet the roof hook test requirement.
A-5-4
The hardness service test may be used at any time to verify the hardness of the metal in the
ladder but is only required as an option when there is an indication the ladder has been exposed
to heat. (See 5-1.10.2.)
Appendix B Referenced Publications
B-1
The following document or portions thereof is referenced within this standard for
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informational purposes only and thus should not be considered part of the requirements of this
document. The edition indicated for this reference is the current edition as of the date of the
NFPA issuance of this document.
B-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1931, Standard on Design of and Design Verification Tests for Fire Department
Ground Ladders, 1994 edition.
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31/2 in. sizes for multiple jacket hose.
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Chapter 1 Administration
1-1 Scope.
The requirements of this standard shall apply to design and design verification testing of new
fire hose, specified as attack hose, occupant use hose, forestry hose, and supply hose.
1-2 Purpose.
1-2.1
The purpose of this standard is to specify minimum requirements for hose manufacturers and
for those responsible for preparing purchase specifications for hose.
1-2.2
This standard can be referenced in purchase specifications. The standard is not intended to
serve as a detailed manufacturing specification.
1-2.3
The test requirements specified in this standard are intended to be performed under controlled
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laboratory conditions by the hose manufacturers or testing laboratories and are not intended to be
performed by users in uncontrolled, nonlaboratory situations.
1-2.4
The provisions of this standard reflect conditions and expert opinion prevalent at the time the
standard was issued.
It is not intended that the provisions of this standard be applied to facilities, equipment,
structures, or installations prior to the effective date of this standard.
Exception: Where specific requirements for existing facilities, equipment, structures, or
installations are contained in this standard, or where the authority having jurisdiction rules that
the existing situation presents a distinct hazard to life or property.
1-3 Definitions.
Approved.* Acceptable to the authority having jurisdiction.
Attack Hose. Hose designed to be used by trained fire fighters and fire brigade members to
combat fires beyond the incipient stage. Attack hose is designed to convey water to handline
nozzles, distributor nozzles, master stream appliances, portable hydrants, manifolds, standpipe
and sprinkler systems, and pumps used by the fire department.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Coating. A jacket consisting of yarn that is impregnated or saturated with the protective
materials or coated with the protective materials so the outside of the jacket is relatively smooth.
Covered (other than rubber-covered). A hose jacket that is covered and lined with a continuous
synthetic rubber or plastic, this cover usually being thicker than that of a coating.
Fire Hose. A flexible conduit constructed with a woven jacket and an approved nonpermeable
lining.
Forestry Fire Hose. A hose designed to meet specialized requirements for fighting wildland
fires.
Hard Suction Hose. A hose used for drafting water from static supplies (lakes, rivers, wells,
etc.). It can also be used for supplying pumpers from a hydrant if designed for that purpose. The
hose contains a semi-rigid or rigid reinforcement designed to prevent collapse of the hose under
vacuum.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials, and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Large-Diameter Hose. A hose of 31/2-in. (90-mm) size or larger. Supply hose is designed to be
used at operating pressures not exceeding 185 psi (1275 kPa). Attack hose is designed for use at
operating pressures of at least 275 psi (1895 kPa).
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Listed.* Equipment, materials, or services included in a list published by an organization that
is acceptable to the authority having jurisdiction and concerned with evaluation of products or
services, that maintains periodic inspection of production of listed equipment or materials or
periodic evaluation of services, and whose listing states that either the equipment, material, or
service meets identified standards or has been tested and found suitable for a specified purpose.
Occupant Use Hose. Fire hose designed to be used by the building’s occupants to fight
incipient fires prior to the arrival of trained fire fighters or fire brigade members.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
1-4 Units.
In this standard, values for measurement are followed by an equivalent in SI units, but only the
first stated value shall be regarded as the requirement. Equivalent values in SI units shall not be
considered as the requirement as these values can be approximate.

Table 1-4 SI Conversions
Quantity

US Unit/Symbol

SI Unit/Symbol

Conversion Factor

Length

inch/in.
foot/ft

millimeter/mm
meter/m

1 in. = 25 mm
1 ft = 0.305 m

Volume

gallon/gal

liter/L

1 gal = 3.785 L

Flow rate

gallon per minute/gpm

liter per minute/L/m

1 gpm = 3.785 L/m

Pressure

pounds per square inch/psi

kilopascal/kPa

1 psi = 6.895 kPa

pounds/lb

kilograms/kg

1 lb = 0.454 kg

Mass

Chapter 2 Design Requirements
2-1 Requirements for All Hose.
2-1.1
The purchaser shall specify the service test pressure for the hose, but in any case the service
test pressure shall not be less than as specified in this chapter for each type of hose. The
purchaser shall specify a service test pressure of at least 10 percent greater than the normal
highest operating pressure at which the hose is expected to be used.
2-1.2
The proof test pressure shall not be less than 2 times the specified service test pressure.
2-1.3
The burst test pressure shall not be less than 3 times the specified service test pressure.
2-1.4
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The kink test pressure shall not be less than 11/2 times the specified service test pressure.
2-2 Requirements for Attack Hose.
2-2.1
The minimum trade size for attack hose shall be 11/2 in. (38 mm).
2-2.2*
Attack hose shall have a minimum design service test pressure of 300 psi (2070 kPa). For
design service test pressures greater than 300 psi (2070 kPa), the proof test pressure, burst test
pressure, and kink test pressure shall be calculated as specified in Section 2-1.
2-2.3
For the minimum design service test pressure of 300 psi (2070 kPa), the minimum pressure for
the proof test pressure shall be 600 psi (4140 kPa) when tested as specified in Section 4-2. The
hose shall withstand the test pressure without movement of couplings, leakage, or breaking of
any thread in the jacket(s).
2-2.4
For the minimum design service test pressure of 300 psi (2070 kPa), the minimum burst test
pressure shall be 900 psi (6205 kPa) when tested as specified in Section 4-5. The test sample
shall withstand the test pressure without failure.
2-2.5
For the minimum design service test pressure of 300 psi (2070 kPa), the minimum kink test
pressure shall be 450 psi (3100 kPa) when tested as specified in Section 4-4. The full length of
hose, while kinked, shall withstand the test pressure without breaking any thread in the jacket.
2-2.6
The maximum elongation shall not exceed 8 percent for 11/2-in. through 21/2-in. (38-mm
through 65-mm) size hose, 10 percent for 3-in. (76-mm) size hose, and 13 percent for 31/2-in.
(89-mm) or larger size hose when tested as specified in Section 4-3.
2-2.7
The maximum twist in turns per 50 ft (15 m) shall not exceed 41/4 turns for 11/2-in. through
2-in. (38-mm through 51-mm) size hose, and 13/4 turns for 21/2-in. (65-mm) or larger size hose.
The final twist shall be in a direction that shall tighten the couplings when tested as specified in
Section 4-3.
2-2.8
The maximum warp shall not exceed 20 in. (508 mm) when tested as specified in Section 4-3.
2-2.9
There shall be no rise permitted when tested as specified in Section 4-3.
2-3 Requirements for Large-Diameter Supply Hose.
2-3.1
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The minimum trade size for large-diameter hose shall be 31/2 in. (89 mm).
2-3.2*
Supply hose shall have a minimum design service test pressure of 200 psi (1380 kPa). For
design service test pressures greater than 200 psi (1380 kPa), the proof test pressure, burst test
pressure, and kink test pressure shall be calculated as specified in Section 2-1.
2-3.3
For the minimum design service test pressure of 200 psi (1380 kPa), the minimum pressure for
the proof test pressure shall be 400 psi (2760 kPa) when tested as specified in Section 4-2. The
hose shall withstand the test pressure without movement of couplings, leakage, or breakage of
any thread in the jacket(s).
2-3.4
For the minimum design service test pressure of 200 psi (1380 kPa), the minimum burst test
pressure shall be 600 psi (4140 kPa) when tested as specified in Section 4-5. The test sample
shall withstand the test pressure without failure.
2-3.5
For the minimum design service test pressure of 200 psi (1380 kPa), the minimum kink test
pressure shall be 300 psi (2070 kPa) when tested as specified in Section 4-4. The full length of
hose, while kinked, shall withstand the test pressure without breaking any thread in the jacket.
2-3.6
The maximum elongation shall not exceed 10 percent when tested as specified in Section 4-3.
2-3.7
The maximum twist in turns per 50 ft (15 m) shall not exceed 13/4 turns. The final twist shall
be in a direction that shall tighten the couplings when tested as specified in Section 4-3.
2-3.8
The maximum warp shall not exceed 20 in. (508 mm) when tested as specified in Section 4-3.
2-3.9
There shall be no rise permitted when tested as specified in Section 4-3.
2-4 Requirements for Occupant Use Hose.
2-4.1
The minimum trade size for occupant use hose shall be 11/2 in. (38 mm).
2-4.2*
Occupant use hose shall have a minimum design service test pressure of 150 psi (1034 kPa).
For design service test pressures greater than 150 psi (1034 kPa), the proof test pressure, burst
test pressure, and kink test pressure shall be calculated as specified in Section 2-1.
2-4.3
For the minimum design service test pressure of 150 psi (1034 kPa), the minimum proof test
pressure shall be 300 psi (2070 kPa) when tested as specified in Section 4-2. The hose shall
withstand the test pressure without movement of couplings, leakage, or breakage of any thread in
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the jacket(s).
2-4.4
For the minimum design service test pressure of 150 psi (1034 kPa), the minimum burst test
pressure shall be 450 psi (3100 kPa) when tested as specified in Section 4-5. The test sample
shall withstand the test pressure without failure.
2-4.5
For the minimum design service test pressure of 150 psi (1034 kPa), the minimum kink test
pressure shall be 225 psi (1550 kPa) when tested as specified in Section 4-4. The full length of
hose, while kinked, shall withstand the test pressure without breaking any thread in the jacket.
2-4.6
The maximum elongation shall not exceed 10 percent when tested as specified in Section 4-3.
2-4.7
The maximum twist in turns per 50 ft (15 m) shall not exceed 71/2 turns. The final twist shall
be in a direction that shall tighten the couplings when tested as specified in Section 4-3.
2-4.8
The maximum warp shall not exceed 20 in. (508 mm) when tested as specified in Section 4-3.
2-4.9
There shall be no rise greater than 7-in. (178-mm) permitted when tested as specified in
Section 4-3.
2-5 Requirements for Forestry Hose.
2-5.1
The trade sizes for forestry hose shall be 1 in. (25 mm) and 11/2 in. (38 mm).
2-5.1.1 The maximum weight per 50 ft (15 m) of lined, cotton-synthetic jacketed forestry fire
hose shall be 10 lb (4.5 kg) for 1-in. (25-mm) hose, and the maximum weight shall be 13 lb (6
kg) for 11/2-in. (38-mm) hose as required in U.S.D.A. Forest Service Specification 5100-186,
Lined, Cotton-Synthetic Jacketed Fire Hose.
2-5.1.2 The maximum weight per 50 ft (15 m) of lined, synthetic woven jacket forestry fire hose
shall be 5 lb (2.3 kg) for 1-in. (25-mm) hose, and the maximum weight shall be 8 lb (3.6 kg) for
11/2-in. (38-mm) hose as required in U.S.D.A. Forest Service Specification 5100-187, Lined,
Synthetic Woven Jacket Fire Hose.
2-5.2*
Forestry hose shall have a minimum design service test pressure of 300 psi (2070 kPa). For
design service test pressures greater than 300 psi (2070 kPa), the proof test pressure, burst test
pressure, and kink test pressure shall be calculated as specified in Section 2-1.
2-5.3
For the minimum design service test pressure of 300 psi (2070 kPa), the minimum pressure for
the proof test pressure shall be 600 psi (4140 kPa) when tested as specified in Section 4-2. The
hose shall withstand the test pressure without movement of couplings, leakage, or breakage of
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any thread in the jacket(s).
2-5.4
For the minimum design service test pressure of 300 psi (2070 kPa), the minimum pressure for
the burst test pressure shall be 900 psi (6205 kPa) when tested as specified in Section 4-5. The
test sample shall withstand the test pressure without failure.
2-5.5
For the minimum design service test pressure of 300 psi (2070 kPa), the minimum kink test
pressure shall be 450 psi (3100 kPa) when tested as specified in Section 4-4. The full length of
hose, while kinked, shall withstand the test pressure without breaking any thread in the jacket.
2-5.6
The maximum elongation shall not exceed 10 percent when tested as specified in Section 4-3.
2-5.7
The maximum twist in turns per 50 ft (15 m) shall not exceed 12 turns. The final twist shall be
in a direction that shall tighten the couplings when tested as specified in Section 4-3.
2-5.8
The maximum warp shall not exceed 25 in. (635 mm) when tested as specified in Section 4-3.
2-5.9
There shall be no rise greater than 8 in. (203 mm) permitted when tested as specified in
Section 4-3.
2-5.10 Flexibility and Compressibility Testing.
2-5.10.1 For flexibility and compressibility the maximum applied load for lined, cotton-synthetic
jacketed fire hose shall not exceed 100 lb (45.4 kg) for 1-in. (25-mm) hose and 125 lb (56.75 kg)
for 11/2-in. (38-mm) hose when tested in accordance with U.S.D.A. Forest Service Specification
5100-186, Lined, Cotton-Synthetic Jacketed Fire Hose.
2-5.10.2 For flexibility and compressibility the maximum applied load for lined, synthetic woven
jacket fire hose shall not exceed 100 lb (45.4 kg) for 1-in. (25-mm) hose and 125 lb (56.75 kg)
for 11/2-in. (38-mm) hose when tested in accordance with U.S.D.A. Forest Service Specification
5100-187, Lined, Synthetic Woven Jacket Fire Hose.
2-6 Requirements for Suction Hose.
The requirements of Chapters 3, 4, and 5 shall not apply to suction hose except as specified
herein.
2-6.1
All suction hose shall meet the requirements of 2-6.2 through 2-6.13. If the suction hose is
intended for use under positive pressure, it also shall meet the requirements of 2-6.14.
2-6.2
Minimum trade size for suction hose shall be 11/2 in. (38 mm).
2-6.3
The internal diameter of the suction hose shall comply with 3-1.1.
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2-6.4
The internal surface of the suction hose shall be smooth and free of corrugations.
2-6.5
The linings and covers of suction hose, if provided, shall be made from one of the following
materials, and the material shall be approved:
(a) Rubber compound
(b) Thermoplastic compound
(c) Blends of rubber and thermoplastic compounds
2-6.6
If a lining is provided, it shall meet the requirements of 3-3.6.1.
2-6.7
If a cover is provided, it shall meet the requirements given in 3-3.7.
2-6.8
The suction hose shall be constructed to withstand an internal vacuum of at least 23 in. Hg (78
kPa) without failure, including the collapse of the liner or the cuffed (soft) ends, when applicable
in the coupling bowl area.
2-6.9
The hose shall be designed for use in ambient conditions ranging from - 30ºF to 140ºF (- 34ºC
to 60ºC).
2-6.9.1 The tensile strength of the tube and the cover, if provided, shall not decrease by more
than 20 percent of the original value, and the elongation shall not decrease by more than 50
percent when tested in accordance with Section 4-7.
2-6.9.2 The material used for the tube and the cover, if provided, shall pass the
Low-Temperature Test on Tube and Cover of ASTM D 380, Standard Test Methods for Rubber
Hose, when subjected to the cold chamber for 5 hours at - 30ºF (- 34ºC).
2-6.10
The tensile strength and ultimate elongation shall meet the requirements of 3-3.8.1, 3-3.8.2,
and 3-3.8.4.
2-6.11
The linings and covers of the suction hose, if provided, shall show no visible signs of cracking
when subjected to the ozone test specified in Section 4-9.
2-6.12 Marking.
2-6.12.1 If the suction hose is designed for use under vacuum only, it shall be indelibly marked
at 5 ft (1.5 m) intervals in letters at least 2 in. (51 mm) high with the words “FOR VACUUM
USE ONLY.” Each length also shall be indelibly marked in letters at least 1 in. (25 mm) high
with the words “SERVICE TEST TO 22 IN. HG VACUUM PER NFPA 1962.”
2-6.12.2 If the suction hose is designed for use under positive pressure, each length shall be
indelibly marked in letters at least 1 in. (25 mm) high with the words “SERVICE TEST TO (the
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service test pressure the hose is designed to) AND 22 IN. HG VACUUM PER NFPA 1962.”
2-6.13
After the hose has been coupled, it shall be subjected to a vacuum of 23 in. Hg (78 kPa). Once
the vacuum has been established, the hose shall maintain that vacuum for 5 minutes with no loss
of vacuum. The vacuum pump shall not be used to maintain the vacuum during the 5-minute
period. After the test has been completed, the lining shall be visually inspected for any sign of
collapse or failure.
2-6.14 Positive Pressure Requirements for Suction Hose.
2-6.14.1* Suction hose shall have a minimum design service test pressure of 165 psi (1138 kPa).
2-6.14.2 For design service test pressures greater than 165 psi (1138 kPa), the proof test and
burst test pressures shall be calculated as defined in Section 2-1.
2-6.14.3 For the minimum design service test pressure of 165 psi (1138 kPa), the minimum
pressure for the proof test pressure shall be 330 psi (2275 kPa) when tested as specified in
Section 4-2. The hose shall withstand the test pressure without movement of couplings, leakage,
breakage, or showing any signs of deformity.
2-6.14.4 For the minimum design service test pressure of 165 psi (1138 kPa), the minimum burst
test pressure shall be 495 psi (3413 kPa) when tested as specified in Section 4-5. The test sample
shall withstand the test pressure without failure.
Chapter 3 Construction Requirements
3-1 Size.
3-1.1* Diameter.
The hose shall have an internal diameter of not less than the trade size of the hose; however,
the internal diameter for 21/2-in. (65-mm) hose shall be at least 29/16 in. (65 mm).
3-1.2 Length.
3-1.2.1 The hose shall be in lengths averaging not less than 50 ft (15 m) unless the purchaser
specifies 75 ft (22.5 m) or 100 ft (30 m) and shall not include the length from which the burst test
sample is taken.
Supply hose or attack hose used to connect a pumper to a hydrant shall be permitted to be in
lengths of not less than 10 ft (3.05 m).
3-1.2.2 No nominal 50-ft (15-m) length shall be less than 48 ft (14.6 m), other than the length
from which a burst test sample was taken, which shall not be less than 47 ft (14.3 m).
3-1.2.3 No nominal 75-ft (22.5-m) length shall be less than 73 ft (22.3 m), other than the length
from which a burst test sample was taken, which shall not be less than 72 ft (22 m). The hose
shall be in lengths averaging not less than 75 ft (22.5 m).
3-1.2.4 No nominal 100-ft (30-m) length shall be less than 98 ft (29.9 m), other than the length
from which a burst test sample was taken, which shall not be less than 97 ft (29.6 m). The hose
shall be in lengths averaging not less than 100 ft (30 m).
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3-1.2.5 Each length shall be measured as specified in 4-2.1.
3-2 Jackets.
3-2.1*
Jackets shall be made from one of the following materials, and the material shall be approved:
(a) Natural thread
(b) Synthetic thread
(c) Combination of natural and synthetic thread
3-2.2
Samples of hose made from the threads selected as specified in 3-2.1 shall be submitted to an
approved testing laboratory, and shall be determined by the testing laboratory to be suitable as
jackets for fire hose.
3-2.3
Jackets shall be well, evenly, and firmly woven, and as free from unsightly defects, dirt, knots,
lumps, and irregularities of twist as is consistent with good manufacturing practice.
3-2.4
All knots shall be tucked under the warp threads.
3-2.5*
Each jacket shall be seamless and shall have the filling woven around the hose throughout its
length and the warps interwoven with and substantially covering the filling.
3-2.6
When mildew treatment for the jacket is specified by the purchaser, the hose manufacturer
shall certify that the mildew treatment meets the requirements of U.S.D.A. Forest Service
Specification 5100-186, Lined, Cotton-Synthetic Jacketed Fire Hose.
3-3 Linings and Covers.
3-3.1*
All fire hose shall be lined.
3-3.2
Liners and covers, if provided, shall be made from one of the following materials, and the
material shall be approved:
(a) Rubber compound
(b) Thermoplastic material
(c) Blends of rubber compounds and thermoplastic material
(d) Natural rubber-latex-coated fabric
3-3.3
Samples of hose with liners and covers, if provided, made from the materials selected as
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specified in 3-3.2 shall be submitted to an approved testing laboratory. The testing laboratory
shall determine whether the material and thickness are suitable for specified types of fire hose.
3-3.4
The lining shall be of uniform thickness of standard commercial quality.
3-3.5
The waterway surface of the lining shall be free from pitting, irregularities, or other
imperfections.
3-3.6 Lining Adhesion.
3-3.6.1 The adhesion between the lining and the jacket shall be such that the rate of separation of
a 11/2-in. (38-mm) strip of the lining from the jacket shall not be greater than 1 in. (25 mm) per
minute with a weight of 12 lb (5.4 kg), when tested in accordance with 4-6.1, 4-6.2, 4-6.3, and
4-6.4. If a rubber backing is used between the lining and the jacket, the adhesion between the
lining and the backing and between the backing and the jacket shall be such that the rate of
separation of a 11/2-in. (38-mm) strip shall not be greater than 1 in. (25 mm) per minute with a
weight of 12 lb (5.4 kg), as specified in 4-6.5.
3-3.6.2 The requirement of 3-3.6.1 shall not exclude a construction that provides no adhesion
between the jacket and lining along the fold if the surface where there is no adhesion is not
greater than 35 percent of the total surface.
3-3.7 Cover Adhesion.
The adhesion between the cover and the woven jacket shall be such that the rate of separation
of a 11/2-in. (38-mm) strip of the cover from the jacket shall not be greater than 1 in. (25 mm)
per minute with a weight of 10 lb (4.5 kg).
3-3.8 Tensile Strength and Ultimate Elongation.
3-3.8.1 The tensile strength and ultimate elongation of specimens taken from the lining and
cover, if provided, shall not be less than as stated in Table 3-3.8 when tested as specified in
Section 4-7.
Table 3-3.8
Tensile Strength
(psi)
(kPa)

Material

Ultimate
Elongation
(%)

Natural and synthetic rubber

1200

8275

400

Latex rubber

1800

12410

700

Thermoplastic

2000

13790

400

All

1200

8275

400
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3-3.8.2 If oil-resistant liners or covers are required, the ultimate elongation shall not be less than
250 percent provided that the tensile strength and ultimate elongation do not decrease more than
50 percent when tested in accordance with Section 4-11.
3-3.8.3 The tensile strength of liners for forestry hose shall not be less than 1800 psi (12,410
kPa).
3-3.8.4 The tensile strength and ultimate elongation of specimens subjected to the oven aging
test, as specified in Section 4-8, shall not be less than 75 percent of the tensile strength and
ultimate elongation of specimens not subjected to this test.
3-3.9
For hose marked as ozone-resistant, the hose linings and covers, if provided, shall show no
visible signs of cracking when subjected to the ozone test specified in Section 4-9.
3-3.10 Cold Resistance Test.
3-3.10.1 Hose marked by the manufacturer for use down to -65ºF (-54ºC) shall show no apparent
damage to the jacket or lining when subjected to the cold bending test specified in Section 4-10.
Following the cold bending test as specified in Section 4-10, the hose shall not leak nor show
breakage of any thread in the jacket when subjected to the proof test pressure as specified in
Section 4-2.
3-3.10.2 It shall be possible for one person to uncoil and lay out a 50-ft (15-m) length of hose
immediately after it has been subjected to the cold test as specified in 4-10.2.
3-4 Marking.
3-4.1
Each length of fire hose shall be indelibly marked in letters and figures at least 1 in. (25 mm)
high with the manufacturer’s identification, the month and the year of manufacture, and the
words “SERVICE TEST TO (the service test pressure specified in Section 2-1 of this standard)
PSI PER NFPA 1962.”
These markings shall be in two places on each length of hose, beginning 5 ft (1.52 m) ± 6 in.
(152 mm) from the ends of the hose.
3-4.2* Large-Diameter Hose.
3-4.2.1 Each length of large-diameter supply hose meeting the requirements of Section 2-3 shall
be indelibly marked lengthwise in letters at least 2 in. (51 mm) high with the words “SUPPLY
HOSE.”
3-4.2.2 Each length of large-diameter attack hose meeting the requirements of Section 2-2 shall
be indelibly marked lengthwise in letters at least 2 in. (51 mm) high with the words “ATTACK
HOSE.”
3-4.2.3 The marking shall be centered in the first 5 ft (1.52 m) ± 6 in. (152 mm) from each end of
the hose and shall be marked in two places, 180 degrees apart.
3-4.3
No markings referring to pressure, other than the service test pressure specified in 3-4.1, shall
appear on the hose.
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Chapter 4 Test Methods for Manufacturers’ Hose Certification
4-1 Hydrostatic Tests.
4-1.1
Tests shall be conducted by the hose manufacturer or at an approved testing facility designated
by the manufacturer.
4-1.2
All nondestructive hydrostatic tests shall be conducted on hose equipped with couplings to be
delivered.
4-2 Proof Test Pressure.
4-2.1
The test shall be conducted on a test table that shall have a clear space of at least 20 in. (508
mm) on each side of a line drawn through the center of the supply connection parallel to the
edges of the test table. To facilitate the complete removal of air from the hose, the surface of the
test table shall be inclined with the supply at the low end. The hose shall be filled with water
until all air has been exhausted. The valve shall be closed and the pressure adjusted to 10 psi (69
kPa). While at 10 psi (69 kPa) the hose shall be straightened out, and the length of the hose
between couplings shall be measured and recorded to the nearest inch (25 mm). The pressure in
the hose shall be increased at a rate of not less than 300 psi (2070 kPa) nor more than 1000 psi
(6895 kPa) per minute until the required test pressure is reached. Proof test pressure shall be held
for at least 15 seconds and not more than 1 minute.
4-2.2
The hose shall be marked behind the coupling before the proof test pressure and examined for
movement after the test.
4-3 Elongation, Twist, Warp, and Rise Test Methods.
4-3.1
The elongation of the hose shall be calculated from the initial measurement of 10 psi (69 kPa)
and final measurement taken at the proof test pressure.
4-3.2
The amount of twist shall be measured by following the color line or by noting, in the period
during which the pressure is being applied, the turns of the fitting at the free end of the hose. The
amount of twist shall be recorded to the nearest one-eighth turn or 45 degrees.
The direction of twist shall be reported as right or left. A right twist shall be in the direction
that would tend to tighten couplings.
4-3.3*
When the hose warps to any appreciable extent and particularly when the allowable limit of
elongation is approached, the length at final pressure shall be measured by following the contour
of the hose. For hose that does not warp to any extent, the measurement shall be permitted to be
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taken parallel to the edge of the test table. All measurements shall be taken from the inside edges
of the fittings.
4-3.4
For hose having nominal length of 50 ft (15 m), the amount of warping shall be the maximum
deviation of any portion of the hose from a straight line drawn from the center of the fittings at
one end to the center of the fittings at the other end of the hose. For hose having nominal length
greater than 50 ft (15 m) and up to 100 ft (30 m), the amount of warping shall be the maximum
deviation of any 50-ft (15-m) portion of the hose from an initial straight line drawn from the
center of the fittings at each end of the hose.
4-3.5
The warp shall be measured as the distance from the referenced straight line to the center line
of the hose at the point of maximum deviation. If the first measurement of warping is excessive,
the position of the hose relative to the water supply shall be permitted to be reversed, end for
end, and the test for warping repeated.
4-3.6
Rise shall be measured to the nearest inch (25 mm) and is that distance that the hose rises
above the test table when subjected to the proof test pressure specified in this chapter.
4-4 Kink Test.
4-4.1
The test shall be conducted on a test table that shall have a clear space of at least 20 in. (508
mm) on each side of a line drawn through the center of the supply connection parallel to the
edges of the test table. To facilitate the complete removal of air from the hose, the surface of the
test table shall be inclined with the supply at the low end. The hose shall be filled with water
until all air has been exhausted. The valve shall be closed and the pressure adjusted to 10 psi (69
kPa).
4-4.2
The hose shall be sharply kinked 18 in. (457 mm) from the free end by tying the hose back
against itself as close to the fittings as practicable. The pressure shall be raised as described in
Section 4-2 to the test pressure and immediately released.
4-5* Burst Test.
One 3-ft (0.9-m) sample shall be cut from the end of two lengths of hose and submitted for
testing before the hose is subjected to the proof pressure test. One of the samples shall be tested
while lying straight and the other while lying curved on a surface having a radius of 27 in. (685
mm). A protective enclosure shall be used.
The 3-ft (0.9-m) samples shall be connected to the water supply, the air expelled, and the
pressure raised until the specified burst pressure is reached.
4-6 Adhesion Test.
4-6.1
The apparatus required for this test shall consist of a supporting frame, clamps, weights,
Copyright 1996 NFPA

weight holders, and a timer. The supporting frame shall be of such design that specimens, with
weights attached, can be suspended vertically and hang freely during the progress of the test.
4-6.2
The specimen for the adhesion test shall be cut transversely.
4-6.3
The specimen shall be 2 in. (51 mm) wide and shall be cut through so as to give a rectangular
sample 2 in. (51 mm) wide and the full circumference of the hose in length. A strip of lining, or
cover if provided, 11/2 in. (38 mm) wide shall be cut out accurately, with the cut extending
through the rubber but not entirely through the woven jacket. This strip shall be started at one
end to the extent of about 11/2 in. (38 mm), and a reference mark shall be placed on the jacket at
the juncture of the jacket and the lining. The free end of the woven jacket and the free end of the
strip of rubber shall be secured in suitable clamps.
4-6.4
With the separated jacket gripped in a stationary clamp, the separated rubber shall be gripped
in a freely suspended clamp hanging vertically, to which the prescribed weight shall be attached
with suitable provision for supporting and releasing it slowly without jerking. The distance
through which separation takes place shall be noted for a period of 10 minutes, or until complete
separation occurs. The adhesion to the jacket shall be taken as the rate obtained by dividing the
total distance separated by inches (mm), to the nearest 0.1 in. (2.54 mm), by the elapsed time in
minutes.
4-6.5
If a rubber backing is used between the lining and the jacket, the adhesion between the lining
and the backing, and the adhesion between the backing and the jacket shall be determined using
the methods specified in this section. If the adhesion between the lining and the backing or
between the backing and the jacket cannot be determined because the backing has a tendency to
tear during the test, the rate of separation between the separating members shall be considered
the adhesion.
4-7 Tensile Strength and Elongation.
4-7.1
Tensile strength and elongation shall be determined in accordance with the test methods
specified in ASTM D 412, Test Method for Rubber Properties in Tension, Method A.
4-7.2
Three dumbbell specimens shall be die cut and shall have a constricted portion 0.25 in. × 1.30
in. (6.4 mm × 33 mm). The enlarged ends shall be 1 in. (25 mm) wide.
4-7.3
The constricted portion of each specimen shall be permitted to be buffed to remove fabric
impressions or other surface irregularities. Samples shall be buffed prior to cutting with the die.
If the nature or thickness of the lining is such that buffing cannot be accomplished without
damaging the lining, unbuffed specimens shall be permitted to be used for the tensile strength
and elongation tests.
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4-7.4
Specimens shall be cut transversely from the sample.
4-7.5
Three measurements for thickness shall be made in the constricted portion of each specimen.
The minimum value obtained shall be used as the thickness of the specimen in calculating the
tensile strength. The average tensile strength of the three specimens shall be considered the
tensile strength of the rubber lining or cover.
4-7.6
Two benchmarks 1 in. (25 mm) apart shall be stamped centrally on the constricted portion of
each specimen.
4-7.7
If a dumbbell test specimen breaks outside the benchmarks, or if the result of either tensile
strength or elongation based on the average of three specimens is not acceptable, another set of
three specimens is to be tested, and the results from this set shall be considered final. Results of
tests of specimens that break in the curved portion just outside the benchmarks shall be permitted
to be accepted if within the minimum requirements.
4-8 Oven Aging Test.
Three specimens shall be prepared as described in 4-7.2 through 4-7.5. The specimens shall be
conditioned in an oven for 96 hours at 70ºC ± 2ºC (158ºF ± 3.6ºF) following the procedures
described in ASTM D 573, Test Method for Rubber Deterioration in an Air Oven. Two
benchmarks 1 in. (25 mm) apart shall be stamped centrally on the constricted portion of each
specimen after the conditioning. The specimens shall then be tested in accordance with ASTM D
412, Test Method for Rubber Properties in Tension, Method A.
4-9 Ozone Resistance.
Three specimens, sized 33/4 in. × 1 in. (85 mm × 25 mm) (or as close to 1-in. wide as possible
from small-diameter hose), shall be cut longitudinally from the liner and cover, if provided, of
the sample and mounted in the specimen holder in a looped position in accordance with the
procedures outlined in ASTM D 518, Test Method for Rubber Deterioration — Surface
Cracking, Procedure B. The ozone test chamber shall be regulated to give an ozone
concentration of 100 ppm and a temperature of 40ºC ± 1ºC (104ºF ± 1.8ºF). When constant test
conditions have been obtained in the ozone test chamber, and after the mounted specimens have
remained in an ozone-free atmosphere for 24 hours, the mounted specimens shall be placed in
the test chamber and allowed to remain for 70 hours. After the test exposure, the specimens shall
be removed from the test chamber and examined with a 7-power magnifying glass.
4-10 Test for Cold Resistance.
4-10.1
A cold box capable of maintaining a temperature of -54ºC ± 2ºC (-65ºF ± 3.6ºF) and of
sufficient capacity to accommodate the test specimens shall be used.
4-10.2
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A 3-ft (0.9-m) sample of the hose, provided with the test fittings, shall be immersed in the
water bath at room temperature for 24 hours. Then the hose shall be removed from the water
bath, exposed to room atmosphere for 15 minutes, and then placed in the cold box maintained at
-54ºC ± 2ºC (-65ºF ± 3.6ºF). After 24 hours in the cold box, the hose shall be removed from the
box and immediately bent double on itself, 180 degrees, first one way and then the other. The
hose shall then be allowed to thaw at room temperature for 24 hours and then be subjected to the
proof test pressure as specified in Section 4-2.
4-10.3
A 50-ft (15-m) length of dry hose shall be firmly coiled and placed in the cold box at -54ºC ±
2ºC (-65ºF ± 3.6ºF) for 24 hours. Immediately after removing the hose from the cold box, an
attempt shall be made by one operator to uncoil and lay out the hose.
4-11 Oil Immersion Test.
4-11.1
A sample of the liner shall be immersed in a petroleum-base oil at 121ºC ± 1ºC (250ºF ± 1.8ºF)
for 18 hours and the tensile strength and elongation determined as specified in Section 4-7.
4-11.2
The oil used in this test shall be a medium-swelling petroleum-base oil with a viscosity of 100
± 5 Saybolt Universal seconds at 98.9ºC (210ºF), an aniline point of 93ºC ± 3ºC (199.4ºF ±
5.4ºF), and an open cup flash point of 246.1ºC ± 5.6ºC (475ºF ± 10ºF).
Chapter 5 Sampling, Inspection, and Tests
5-1 General Inspection and Tests.
5-1.1
The manufacturer shall be responsible for performing all inspection requirements.
Manufacturers shall be permitted to utilize their own facilities or any approved laboratory.
5-1.2
Records of inspection and tests shall be kept complete and available to the purchaser.
5-1.3
In case of factory inspections, the manufacturer shall furnish the inspector all reasonable
facilities for performing the work. During any inspection, the inspector shall be permitted to take
from the lot one or more samples and submit them to an independent laboratory for inspection
and tests.
5-1.4
The purchaser reserves the right to perform any test deemed necessary to verify that the
product offered meets all the requirements of this standard.
5-1.5
All hoses of similar diameter and length presented together in one delivery shall be considered
one lot for the purpose of inspection.
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5-1.6
Samples of the hoses ready for acceptance shall be selected from each lot for inspection of
visual and dimensional characteristics.
5-1.7
All hoses offered in a lot shall be subjected to elongation, twist, warp, rise, and proof tests
performed in accordance with Sections 4-2 and 4-3.
5-1.8
Samples shall be taken from the lot for kink, burst, jacket adhesion, and tensile strength and
elongation tests.
5-1.9
The purchaser shall specify if any of the other tests specified in Sections 4-8 through 4-12 are
required.
5-1.10
When requested, the manufacturer shall provide the purchaser a certification that the hose
furnished has been tested and is in compliance with the provisions as outlined in this standard.
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this standard as mandatory
requirements and shall be considered part of the requirements of this standard. The edition
indicated for each referenced mandatory document is the current edition as of the date of the
NFPA issuance of this standard. Some of these mandatory documents might also be referenced
in this standard for specific informational purposes and, therefore, are also listed in Appendix B.
6-1.1
NFPA Publication. National Fire Protection Association, 1 Batterymarch Park, P.O. Box
9101, Quincy, MA 02269-9101.
NFPA 1962, Standard for the Care, Use, and Service Testing of Fire Hose Including
Couplings and Nozzles, 1993 edition.
6-1.2 ASTM Publications.
American Society for Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.
ASTM D 380, Standard Test Methods for Rubber Hose, 1994.
ASTM D 412, Standard Test Methods for Vulcanized Rubber and Thermoplastic Rubbers and
Thermoplastic Elastomers - Tension, 1992.
ASTM D 518, Standard Test Method for Rubber Deterioration — Surface Cracking, 1986.
ASTM D 573, Standard Test Method for Rubber Deterioration in an Air Oven, 1988.
6-1.3 U.S.D.A. Publications.
U.S. Forest Service, San Dimias Technology and Development Center, San Dimias, CA
91773.
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U.S.D.A. Forest Service Specification 5100-186, Lined, Cotton-Synthetic Jacketed Fire Hose.
U.S.D.A. Forest Service Specification 5100-187, Lined, Synthetic Woven Jacket Fire Hose.
Appendix A Explanatory Material
This appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-3 Approved. The National Fire Protection Association does not approve, inspect, or certify
any installations, procedures, equipment, or materials; nor does it approve or evaluate testing
laboratories. In determining the acceptability of installations, procedures, equipment, or
materials, the authority having jurisdiction may base acceptance on compliance with NFPA or
other appropriate standards. In the absence of such standards, said authority may require
evidence of proper installation, procedure, or use. The authority having jurisdiction may also
refer to the listings or labeling practices of an organization that is concerned with product
evaluations and is thus in a position to determine compliance with appropriate standards for the
current production of listed items.
A-1-3 Authority Having Jurisdiction. The phrase "authority having jurisdiction" is used in
NFPA documents in a broad manner, since jurisdictions and approval agencies vary, as do their
responsibilities. Where public safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or individual such as a fire chief; fire marshal;
chief of a fire prevention bureau, labor department, or health department; building official;
electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the
authority having jurisdiction. In many circumstances, the property owner or his or her
designated agent assumes the role of the authority having jurisdiction; at government
installations, the commanding officer or departmental official may be the authority having
jurisdiction.
A-1-3 Listed. The means for identifying listed equipment may vary for each organization
concerned with product evaluation; some organizations do not recognize equipment as listed
unless it is also labeled. The authority having jurisdiction should utilize the system employed by
the listing organization to identify a listed product.
A-2-2.2 A minimum design service test pressure of 300 psi (2070 kPa) for attack hose provides a
normal highest operating pressure of 275 psi (1895 kPa). If a higher operating pressure is
needed, see 2-1.1 for determining the required design service test pressure.
A-2-3.2 Whenever large-diameter supply hose is being used to supply attack lines, master stream
appliances, portable hydrants, manifolds, and standpipe and sprinkler systems, a pressure relief
device with a maximum setting of 200 psi (1380 kPa) should be used.
A minimum design service test pressure of 200 psi (1380 kPa) for supply hose provides a
normal highest operating pressure of 185 psi (1275 kPa). If a higher operating pressure is
needed, see 2-1.1 for determining the required design service test pressure.
A-2-4.2 A minimum design service test pressure of 150 psi (1034 kPa) for occupant use hose
provides a normal highest operating pressure of 135 psi (930 kPa). If a higher operating pressure
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is needed, see 2-1.1 for determining the required design service test pressure.
A-2-5.2 A minimum design service test pressure of 300 psi (2070 kPa) for forestry hose provides
a normal highest operating pressure of 250 psi (1723 kPa). If a higher operating pressure is
needed, see 2-1.1 for determining the required design service test pressure.
A-2-6.14.1 A minimum design service test pressure of 165 psi (1138 kPa) for suction hose
provides a normal highest operating pressure of 150 psi (1034 kPa). If a higher operating
pressure is needed, see 2-1.1 for determining the required design service test pressure.
A-3-1.1 The friction loss characteristics of fire hoses are not included in this standard but are an
important consideration in the selection of hose. Friction loss varies considerably depending on
the construction and design of the hose, the roughness of the lining, and its internal diameter,
which may be different for different grades of hose. The type of couplings can also affect the
friction loss.
Where friction loss is important, side-by-side comparisons are recommended. The following
test is recommended.
All comparative tests should use 300 ft (92 m) of each type of hose to be tested laid
side-by-side on a level surface. Commercially available line pressure gauges should be installed
at the inlet and the outlet of the first 300 ft (92 m) of hose to be tested.
A smooth bore nozzle of the recommended size is to be used for the tests. Pressurize the test
hose while the nozzle is fully open until the inlet line gauge reads 150 psi (1034 kPa). Read the
pressure shown on the outlet line gauge. Subtract the outlet pressure from the inlet pressure and
divide by 3 to determine the friction loss per 100 ft (31 m) of hose. Repeat the test for the next
type hose to be tested. The hose with the lowest friction loss will flow the most amount of water
for a given inlet pressure.
Recommended Hose
Size
Size

Smooth Bore Nozzle

(in.)

(mm)

(in.)

(mm)

11/2 in.

(38 mm)

5/ in.
8

(16 mm)

13/4 in.

(44 mm)

5/ in.
8

(16 mm)

2 in.

(51 mm)

3/ in.
4

(19 mm)

21/2 in.

(65 mm)

1 in.

(25 mm)

3 in.

(76 mm)

11/4 in.

(32 mm)

31/2 in.

(88 mm)

11/2 in.

(38 mm)

4 in.

(100 mm)

2 in.

(51 mm)

41/2 in.

(113 mm)

2 in.

(51 mm)

5 in.

(125 mm)

21/4 in.

(57 mm)
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6 in.

(150 mm)

21/4 in.

(57 mm)

A-3-2.1 Hose with a jacket of all-synthetic threads is much lighter in weight than the all-cotton
jacket hose and is considerably more flexible; therefore, a greater amount can be carried on
apparatus or at standpipes.
A-3-2.5 The abrasion characteristics of fire hose are not included in this standard but should be
an important consideration in the selection of fire hose. In areas where the hose could be
subjected to rough usage, double-jacketed or rubber-covered hose should be considered.
A-3-3.1 Fire hose should not be used for the conveyance of potable water. There are hoses
specifically designed for this purpose such as hoses designed to Federal Specifications
ZZ-H-451, Hose, Fire, Woven-Jacketed Rubber — or Latex or Rubber Coated Fabric-Lined,
with Couplings; MIL-H-24606, Hose Assemblies, Chlorosulfonated Polyethylene Impregnated,
Double Synthetic Jacket, with Couplings, Fire Fighting and Other Water Service; and
MIL-H-53027, Hose Assembly, Rubber: Lightweight Collapsible, 6-inch for Drinking (Potable)
Water.
Linings for these hoses should be approved to NSF 14, Plastic Piping Components and
Related Materials, or Title 21 (Food and Drug Administration), Part 177.2600, Chapter 1, of the
Code of Federal Regulations.
A-3-4.2 Hose manufactured before 1987 will not have the service test pressure stenciled on the
hose. Users wishing to mark their existing hose should contact the hose manufacturer for the
correct designation prior to marking their hose.
A-4-3.3 For this purpose, an edge of the table should be marked off in ft and in. (m and cm or
mm). Warping in hose tests is the deviation from a straight line drawn from fitting to fitting in a
plane parallel to the surface on which the hose rests.
A-4-5 CAUTION: Hose meeting the requirements of this standard may be supplied with a
coupling that will not be capable of complying with the burst test requirements of the hose. The
purchaser should request information on the failure point of couplings supplied with the hose.
Appendix B Referenced Publications
B-1 The following documents or portions thereof are referenced within this standard for
informational purposes only and are thus not considered part of the requirements of this standard
unless also listed in Chapter 6. The edition indicated here for each reference is the current
edition as of the date of the NFPA issuance of this standard.
B-1.1 Code of Federal Regulations. Superintendent of Documents, U.S. Government Printing
Office, Washington, DC 20402.
Code of Federal Regulations, Title 21, Part 177.2600, "Rubber Articles Intended for Repeated
Use."
B-1.2 Military and Federal Specifications. Naval Publications and Forms Center, 5801 Tabor
Ave., Attn: NPODS, Philadelphia, PA 19120-5094.
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MIL-H-24606, Hose Fire, Synthetic Fiber, Double Jacketed, Treated for Abrasion Resistance,
with Couplings, Fire Fighting and Other Water Service, Revision B, August 12, 1994.
MIL-H-53027, Hose Assembly, Rubber: Lightweight Collapsible, 6-inch for Drinking
(Potable) Water, Revision A, December 18, 1990.
ZZ-H-451, Hose, Fire, Woven-Jacketed Rubber — or Latex or Rubber Coated Fabric-Lined,
with Couplings, Revision G, January 13, 1984.
B-1.3 NSF Publication. National Sanitation Foundation, 3475 Plymouth Rd, P.O. Box 1468,
Ann Arbor, MI 48106.
NSF 14, Plastic Piping Components and Related Materials, 1990.
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This edition of NFPA 1962, Standard for the Care, Use, and Service Testing of Fire Hose
Including Couplings and Nozzles, was prepared by the Technical Committee on Fire Hose and
acted on by the National Fire Protection Association, Inc. at its Fall Meeting held November
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Origin and Development of NFPA 1962
NFPA originally developed a Recommended Practice for the care, maintenance, and use of fire
hose in 1936 through its Committee on Field Practices. This document was designated NFPA
198 and was revised extensively through the years. In 1954, the Fire Hose Committee assumed
the responsibility for the document.
In 1979, NFPA 1962 was issued as a new standard. The standard was completely rewritten but
still contained portions of NFPA 198. The requirements were carefully developed to ensure a
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reasonable level of reliability for fire hose that is in service.
This edition of the document has been editorially revised, adding explanation where
appropriate to make it more understandable. Requirements were added for service testing hose
before it is placed in service to ensure there is no damage during shipment or while in storage.
The standard was revised where necessary to recognize that 6 in. supply hose can only be used to
135 psig working pressure and 150 psig service pressure. The term “rack and reel hose” was
changed to “occupant-use hose” to be consistent with NFPA 1961. The increased use of hose
testing machines was recognized in the test procedure section. The test requirements for booster
and suction hose were revised by incorporating the information in the standard rather than
referring to a different standard.
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Committee Scope: This Committee shall have primary responsibility for documents on the size
and design of fire hose connections, and the performance, maintenance, and selection of all types
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NFPA 1962
Standard for the
Care, Use, and Service Testing of Fire Hose Including Couplings and Nozzles
1993 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 6 and Appendix B.

Chapter 1 Administration
1-1 Scope.
This standard shall apply to the care of all types of fire hose, coupling assemblies, and nozzles
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while in service, in use, and after use; including record keeping, inspecting, and service testing.
1-2 Purpose.
1-2.1
The purpose of this standard is to provide a reasonable level of safety for users of fire hose and
a reasonable degree of assurance that the hose, coupling assemblies, and nozzles will perform as
designed.
1-2.2
Unless otherwise noted, it is intended that the provisions of this standard be applied to
equipment or installations that were existing or approved for construction or installation prior to
the effective date of the standard.
1-3 Definitions.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations, procedures, equipment, or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure, or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations that is in a
position to determine compliance with appropriate standards for the current production of listed items.

Attack Hose. Hose designed to be used by trained fire fighters and fire brigade members to
combat fires beyond the incipient stage. The hose is designed to convey water to handline
nozzles, distributor nozzles, master stream appliances, portable hydrants, manifolds, standpipe
and sprinkler systems, and pumps used by fire departments.
Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office,
or individual responsible for “approving” equipment, an installation, or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local, or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or departmental official
may be the “authority having jurisdiction.”

Booster Hose. A hose having a rubber tube, a braided or spiraled reinforcement, and an outer
protective cover. The hose is manufactured in sizes up to 11/2 in. (38 mm) and is intended for use
on fire apparatus.
Braided Reinforcement. A hose reinforcement consisting of one or more layers of interlaced
spiraled strands of yarn or wire, with a layer of rubber between each braid.
Coating. A protective material that impregnates or saturates the yarn of the jacket so the
outside of the jacket is relatively smooth.
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Covered Hose. A hose with a jacket covered and lined with a continuous synthetic rubber or
plastic. The cover is usually thicker than a coating.
Fire Hose. A flexible conduit constructed with one or more reinforcements (jackets), with or
without a coating or covering, but with an approved nonpermeable lining; or with an inner
reinforcement between a protective cover and an approved nonpermeable lining.
Fold. A transverse bend (fold) occurring where the hose is lengthwise doubled over on itself,
as on a pin rack.
Forestry Hose. A hose designed to meet specialized requirements for fighting wildland fires.
Hard Suction Hose. A hose used for drafting water from static supplies (lakes, rivers, wells,
etc.). It may also be used for supplying pumps on fire apparatus from hydrants if designed for
that purpose. The hose contains a semirigid or rigid reinforcement designed to prevent collapse
of the hose under vacuum.
In Service. Hose ready for use and kept in hose houses, on racks or reels, or on fire apparatus,
but not including hose in storage where it is not readily available to be put into service at an
incident.
In Storage. Hose that is not readily available for use because it is not at the scene of an
incident and not loaded on a vehicle that can transport it to the scene.
In Use. Hose being used during fire suppression or training.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials, and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Large-Diameter Hose. A hose of 31/2-in. (90-mm) size or larger. Supply hose is designed to be
used at operating pressures not exceeding 185 psig (1275 kPag). Attack hose is designed for use
at operating pressures up to at least 275 psig (1896 kPag).
Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials, and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The “authority having
jurisdiction” should utilize the system employed by the listing organization to identify a listed product.

May. This term is used to state permissive use or an alternative method to a specified
requirement.
Multiple Jacket. A construction consisting of a combination of two separately woven jackets
(double jacket), or two or more jackets interwoven.
Occupant-Use Hose. Fire hose designed to be used by the building’s occupants to fight
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incipient fires prior to the arrival of trained fire fighters or fire brigade members.
Relay-Supply Hose. A single-jacket fire hose of 3-in. (90-mm) and larger diameter used to
move large volumes of water at low pressure and manufactured prior to January 1987 to meet the
requirements of the 1979 and prior editions of NFPA 1961, Standard for Fire Hose.
Service Test. Hydrostatic test conducted by users on all in-service hose to determine suitability
for continued service.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Single Jacket. A construction consisting of one woven jacket.
Soft Suction Hose. Collapsible hose used to supply pumpers from hydrants.
Spiral Reinforcement. A hose reinforcement consisting of pairs of layers of yarn spiraled with
no interlacing between the individual layers. The layers of yarn in each pair are spirally wound
in opposite directions. A layer of rubber separates each pair of spiraled layers.
Unlined Hose. A hose consisting of only a woven jacket that is usually of linen yarns and is of
such quality that the yarn swells when wet, tending to seal the hose.
Water Hammer.* The surge of pressure caused when a high-velocity flow of water is abruptly
shut off. The pressure exerted by the flowing water against the closed system can be seven or
more times that of the static pressure.
1-4 Units of Measurement.
1-4.1*
Metric units of measurement in this standard are in accordance with the modernized metric
system known as the International System of Units (SI). The liter unit, which is not part of but is
recognized by SI, is commonly used in international fire protection. The SI units used in this
standard are listed in Table 1-4.1 with their conversion factors.
1-4.2
In this standard, U.S. values for measurements are followed by an equivalent in SI units. The
U.S. value shall be regarded as the requirement because the SI equivalent value may be
approximate. However, as all 21/2-in. hose shall have an internal waterway of 29/16 in., as
specified in NFPA 1961, Standard for Fire Hose, the SI unit value for 29/16 in. (65 mm) is
required.
Table 1-4.1
U.S.
Unit (Symbol)

Quantity
Length

Volume

SI Unit
(Symbol)

Conversion Factor

inch (in.)

millimeter (mm)

1 in. = 25.4 mm

foot (ft)

meter (m)

1 ft = 0.305 m

gallon (gal)

liter (L)

1 gal = 3.785 L
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Flow Rate

gallon per minute (gpm)

liter per minute (L/min)

1 gpm = 3.785 L/min

Pressure

pounds per sq

kilopascal (kPa)

1 psig = 6.895 kPag

inch (psi)

Chapter 2 Care and Use of Fire Hose
2-1 Attack Hose, Supply Hose, and Forestry Hose.
2-1.1*
Hose shall be inspected and service-tested as specified in Chapter 5 within 90 days before
being placed in service for the first time and at least annually thereafter.
2-1.2*
Hose carried on fire apparatus shall be loaded in such a way that air can circulate under the
hose load to eliminate or reduce the growth of mildew in the hose jackets and rust and corrosion
in the hose compartment. Only clean, dry hose shall be placed into service. Wet hose accelerates
mildew growth and rusting and shall be thoroughly dried before being placed in service.
2-1.3*
Hose shall be removed from the apparatus and reloaded so that the folds occur at different
positions with sufficient frequency to prevent damage and permanent folds setting in the rubber
lining.
2-1.4*
Large-diameter hose used to supply a pumper from a hydrant shall be repacked in a different
position after each use to avoid folds and strains occurring at the same location.
2-1.5
Large-diameter hose used to supply a pumper from a hydrant shall be protected from chafing
with chafing blocks or similar protection where it comes in contact with pavement or curbing.
When connecting a pumper to a hydrant, the hose shall be bent slightly to avoid kinks when the
water is turned on.
2-1.6 Large-Diameter Supply Hose.
2-1.6.1 Large-diameter hose marked “SUPPLY HOSE” shall not be used at operating pressures
exceeding 185 psig (1275 kPag) when supplying fire department pumpers from hydrants; when
relaying water from pumper to pumper; and when directly supplying attack lines, master stream
appliances, portable hydrants, manifolds, and standpipe and sprinkler systems.
Exception: 6-in. (152-mm) supply hose shall not be used at operating pressures exceeding 135
psig (930 kPag).
2-1.6.2* A pressure and volume relief device with adequate capabilities and a maximum setting,
not to exceed the service test pressure of the hose being used, shall be used on the discharge side
of the pump when large-diameter supply hose is being used to supply attack lines, manifolds, and
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standpipe and sprinkler systems. Rapid closing or opening valves shall not be used with
large-diameter supply hose.
2-1.6.3 Where large-diameter hose marked “SUPPLY HOSE” is used in relay between fire
department pumpers, the suction of each receiving pumper shall be equipped with a relief valve.
The maximum pressure setting of the relief valve(s) shall be not more than 10 psi (69 kPa) over
the static pressure of the water source to which it is connected or not more than 10 psi (69 kPa)
over the discharge pressure of a supply pumper in a relay. In no event shall it exceed the working
pressure of the hose used with the system.
2-1.7*
Hose, while in use, shall be positioned to minimize mechanical damage and heat exposure;
nozzles and valves shall be opened and closed slowly to prevent pressure surges and water
hammer that may burst the hose and in turn cause injury to people or damage to the pump. Care
shall be taken to prevent the hose from chafing.
2-1.8
When hose is in use during subfreezing weather, care shall be taken to prevent water from
freezing inside the hose. To help prevent freezing once the water is turned on, some water shall
be left running through the hose until the line is no longer needed. When the line is no longer
needed, it shall be uncoupled and drained before the water freezes.
2-1.9*
Hose that has been frozen during use shall be thawed and service-tested as specified in Chapter
5 before being put back in service or in storage.
2-1.10*
After each use and before being placed in storage or back in service, the hose shall be drained,
cleaned, dried, and inspected as specified in Sections 2-5 and 2-6.
2-2* Relay-Supply Hose.
This section shall apply only to relay-supply hose manufactured to the requirements of the
1979 and prior editions of NFPA 1961, Standard for Fire Hose.
2-2.1
In-service hose shall be inspected and service-tested as specified in Chapter 5 at least annually.
2-2.2
Hose carried on fire apparatus shall be loaded in such a way that air can circulate under the
hose load to eliminate or reduce the growth of mildew in the hose jackets and rust and corrosion
in the hose compartment. Only clean, dry hose shall be placed into service. Wet hose accelerates
mildew growth and rusting and shall be thoroughly dried before being placed in service.
2-2.3
Hose shall be removed from the apparatus and reloaded so that the folds occur at different
positions with sufficient frequency to prevent damage and permanent folds setting in the rubber
lining.
2-2.4
Relay-supply hose used to supply a pumper from a hydrant shall be repacked in a different
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position after each use to avoid folds and strains occurring at the same location.
2-2.5
Relay-supply hose used to supply a pumper from a hydrant shall be protected from chafing
with chafing blocks or similar protection where it comes in contact with pavement or curbing.
When connecting a pumper to a hydrant, the hose shall be bent slightly to avoid kinks when the
water is turned on.
2-2.6
Relay-supply hose shall not be used at operating pressures exceeding 185 psig (1275 kPag)
when supplying fire department pumpers from hydrants; when relaying water from pumper to
pumper; and when directly supplying attack lines, master stream appliances, portable hydrants,
manifolds, and standpipe and sprinkler systems.
Exception: 6-in. (152-mm) relay-supply hose shall not be used at operating pressures exceeding
135 psig (930 kPag).
2-2.7*
Fire departments shall establish operational procedures for relay-supply operations. Special
precautions shall be used when relaying water from a pump at a water source to a pump near the
fire ground or to other pumps in a relay in order to control pressure surges and water hammer.
The pump receiving the relay shall be provided with a relay-relief valve on the inlet (suction) to
which the relay-supply hose is attached. The maximum pressure setting of the relief valve(s)
shall be not more than 10 psi (69 kPa) over the static pressure of the water source to which it is
connected, and in no event shall it exceed the working pressure of the hose used within the
system.
2-2.8
Care shall be taken to avoid dragging the hose. If it must be dragged, it shall be dragged flat.
2-2.9*
Vehicles shall not be driven over relay-supply lines unless the hose is bridged.
2-2.10
When hose is in use during subfreezing weather, care shall be taken to prevent water from
freezing inside the hose. To help prevent freezing once the water is turned on, some water shall
be left running through the hose until the line is no longer needed. When the line is no longer
needed, it shall be uncoupled and drained before the water freezes.
2-2.11
Hose that has been frozen during use shall be thawed and service-tested as specified in Chapter
5 before being put back in service or in storage.
2-2.12
After use and before being placed in storage or back in service, the hose shall be drained,
cleaned, dried, and inspected as specified in Sections 2-5 and 2-6.
2-3* Occupant-Use Hose.
2-3.1
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Occupant-use hose shall be service-tested as specified in Chapter 5 within the 90 days prior to
being put in service.
2-3.2
In-service hose designed for occupant use only shall be removed and service-tested as
specified in Chapter 5 at intervals not exceeding 5 years after installation and every 3 years
thereafter.
2-3.3
In-service hose shall be unracked, unreeled, or unrolled and physically inspected as specified
in Section 2-5 at least annually. Hose shall be reracked, rereeled, or rerolled so that any folds do
not occur at the same position on the hose.
2-3.4*
Hose stored on racks or reels shall be protected from the weather and any local environmental
condition that may be harmful to the hose. Hose shall be protected from mechanical damage and
exposure to heat. Enclosures for occupant-use hose shall be constructed and the hose stored in
accordance with NFPA 24, Standard for the Installation of Private Fire Service Mains and Their
Appurtenances.
2-3.5
In areas where rodents may pose a problem, the hose shall be visually inspected more
frequently for rodent damage.
2-3.6
After each use and before being placed back in service, the hose shall be inspected as specified
in Section 2-5, service-tested as specified in Chapter 5, and cleaned and dried as specified in
Section 2-6.
2-4 Booster and Suction Hose.
2-4.1
The hose shall be service-tested as specified in Section 5-4 at least annually.
2-4.2*
Hose shall be stored out of direct sunlight and as recommended by the manufacturer. The hose
shall not be stored kinked and, if stored on a reel, care shall be taken to avoid twisting the hose
when rolling it onto the reel.
2-4.3
Hose that has the reinforcement exposed shall be removed from service and repaired or
condemned. The defective section shall be permitted to be cut out and the length recoupled and
service-tested as specified in Section 5-4.
2-4.4
Foreign objects of any kind, including items of equipment, shall not be carried inside the hose.
2-5 Inspecting.
2-5.1
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Physical inspection shall determine that the hose, couplings, and any nozzle have not been
vandalized, are free of debris, and exhibit no evidence of mildew, rot, or damage by chemicals,
burns, cuts, abrasion, and vermin.
2-5.2
If the hose fails the physical inspection, it shall be removed from service, repaired as
necessary, and service-tested as specified in Chapter 5 or condemned.
2-5.3
The couplings shall be inspected as specified in 4-2.1.
2-5.4
Where nozzles are required on occupant-use hose, they shall be inspected as specified in 4-1.1,
4-1.2, and 4-1.3.
2-6 Cleaning and Drying.
2-6.1*
After each use, all hose shall be cleaned. If the dirt cannot be thoroughly brushed from it or if
it has come in contact with harmful materials, the hose shall be washed.
2-6.2
If, during use, the hose has been exposed to hazardous materials, it shall be decontaminated by
the method approved for the contaminate.
2-6.3*
All hose shall be drained and thoroughly dried before being placed in service or in storage.
Covered hose may be wiped dry. Hose shall not be dried on hot pavements or under intense
sunlight.
2-7 Storage.
2-7.1*
Hose in storage shall be kept out of direct sunlight and in a well-ventilated location. Hose shall
be stored only after it has been properly inspected, service-tested, if required, cleaned, dried, and
rolled.
2-7.2
Hose that is out of service for repair shall be properly tagged as specified in Chapter 3 and kept
separated from any hose that is in storage and ready for service.
Chapter 3 Hose Records
3-1 Attack Hose, Supply Hose, and Occupant-Use Hose.
3-1.1*
Accurate hose records shall be established and maintained.
3-1.2*
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Each length of hose shall be assigned an identification number for use in recording its history
throughout its service life. The identification number shall be stenciled on the jacket or cover
using an ink or paint that is not harmful to the hose. The identification number may be stamped
on the bowl or swivel of the female coupling in a manner that prevents damage to the coupling.
3-1.3*
Records of hose used by fire departments shall be kept as part of the department’s or
individual company’s complete equipment inventory.
3-1.4
Records for hose on racks or reels or in enclosures shall be kept at the hose location or at a
control location on the premises where the hose is located.
3-1.5*
The following information shall be included for each length of hose:
(a) Assigned identification number.
(b) Manufacturer and part number.
(c) Vendor.
(d) Size (internal diameter of waterway).
(e) Length.
(f) Type of hose.
(g) Construction.
(h) Date received and date put in service.
(i) The date of each service test and the service test pressure.
(j) Repairs and new length if shortened.
(k) Actual damage.
(l) Exposure to possible damage.
(m) Reason removed from service.
(n) Reason condemned.
(o) Indication that the hose has been removed from service or condemned within the warranty
period because of an in-warranty failure.
3-1.6*
Out-of-service hose shall be properly tagged, with the reason for removal from service noted
on the tag. This tag may also include information required for inclusion on the permanent hose
record.
3-1.7
Personnel responsible for the repair and maintenance of fire hose shall ensure that a report of
the work performed to repair each length is recorded on the permanent hose record.
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3-2 Forestry Hose.
3-2.1*
The authority having jurisdiction shall determine the records necessary to achieve an effective
hose management program.
Chapter 4 Nozzles, Couplings, and Gaskets
4-1 Nozzles.
4-1.1
Nozzle valves attached to in-service hose shall be kept in the closed position.
4-1.2*
All nozzles shall be inspected at least annually and after each use. The nozzle inspection shall
include verification of the following:
(a) Clear of obstructions in waterway.
(b) No damage to tip.
(c) Full operation of adjustments such as pattern selection, etc.
(d) Proper operation of shutoff valve, if so equipped.
(e) No missing parts.
(f) Thread gasket in good condition in accordance with 4-3.1.
4-1.3
If the nozzle fails the inspection for any reason, it shall be removed from service and repaired
or replaced.
4-1.4
If, during use, there is an obstruction that cannot be removed by flushing the nozzle, the nozzle
shall be taken from the hose line and the obstruction removed through the connection end as
soon as is practicable, since any further attempt to force the obstruction out through the tip may
damage the nozzle.
4-1.5
Care shall be taken to avoid dents or nicks in nozzle tips, as these can seriously affect the reach
of the stream. To prevent mechanical damage, nozzles shall be handled with care. They shall not
be dropped or thrown.
4-1.6
Nozzle control valves shall be opened and closed slowly to eliminate unnecessary strain on the
hose and couplings and reduce pressure surges.
4-1.7*
After each use, all nozzles shall be thoroughly washed and inspected in accordance with 4-1.2
before being placed back in service.
Copyright 1996 NFPA

4-2 Couplings.
4-2.1*
Couplings shall be kept in serviceable condition. After each use, and during each hose service
test, they shall be visually inspected for the following:
(a) Damaged threads.
(b) Corrosion.
(c) Slippage on the hose.
(d) Out-of-round.
(e) Swivel not rotating freely.
(f) Missing lugs.
(g) Loose external collar.
(h) Internal gasket in accordance with Section 4-3.
(i) Other defects that impair operation.
Defective couplings shall be removed from service and repaired or replaced. The internal
gasket shall be inspected as specified in 4-2.8. A lubricant specified by the coupling
manufacturer shall be permitted to be used on coupling swivels and threads.
4-2.2*
Care shall be taken not to drop the couplings on pavement or other hard surfaces that may
cause damage to the swivel section or exposed threads.
4-2.3
Care shall be taken to prevent vehicles from driving over couplings.
4-2.4
Special care shall be taken where couplings of dissimilar metals are connected, as corrosion
can occur due to this difference and moisture tends to accelerate this corrosion. Where couplings
of dissimilar metals are left connected, they shall be disconnected and inspected at least
quarterly. If corrosion exists, the couplings shall be cleaned and an anticorrosive lubricant
specified by the coupling manufacturer shall be applied to the threads. Anticorrosive lubricant
shall be applied at the time of each service test.
4-2.5*
When attaching new or used couplings, care shall be taken to have the hose fit properly in the
bowl of the coupling. The outside diameter of the hose shall fit snugly in the internal diameter of
the bowl of the coupling. The expansion ring shall be of the proper size and length for the
coupling used. A new tail gasket shall be used.
4-2.6*
When couplings are attached or reattached to hose, the hose shall be tested its service test
pressure in accordance with Chapter 5.
Warning: Retesting repaired or recoupled fire hose can be extremely dangerous. Extreme care
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shall be taken to prevent exposure of anyone to the hose during the test.
4-2.7
The date and nature of the repair or recoupling and the identity of the person performing the
repair shall be recorded for each length of hose as specified in 3-1.5.
4-2.8
The socket head cap screws on shank-type couplings shall be checked at least annually to
ensure they are torqued to the manufacturer’s specified tolerance.
4-3 Gaskets.
4-3.1*
The thread gasket in couplings and nozzles shall be inspected for presence, tight fit, and lack
of deterioration. If defective, it shall be replaced with a new gasket.
4-3.2*
Gaskets shall not protrude into the waterway.
Chapter 5 Service Testing
Warning: Service testing of hose is undertaken to confirm its suitability for continued use.
Because there is a potential for catastrophic failure during these tests, it is vital that adequate
safety precautions be taken.
5-1 Service Test Pressure.
5-1.1 Hose Manufactured Prior to July 1987.
5-1.1.1 The service test pressure for hose manufactured prior to July 1987 to meet the
requirements of the 1979 and previous editions of NFPA 1961, Standard for Fire Hose, shall be
determined by the acceptance or proof test pressure stenciled on each length of hose, which reads
“Tested to - - - PSI,” and then determining the corresponding service test pressure from Table
5-1.1 for that type of hose.
5-1.1.2 The acceptance or proof test pressure that is stenciled on hose manufactured prior to July
1987 shall not be used for the service test pressure.
Table 5-1.1. Service Test Pressures for Hose Manufactured Prior to July 1987

New Hose
Rated Service
Acceptance Test
Trade Size Test Pressure Pressure
in. (mm)Jacketspsig (kPag)psig (kPag)
Lined Industrial, Standpipe, and
Fire Department
11/2 (38) thru 21/2 (65)*

Single

300 (2070)
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150 (1030)

11/2 (38) thru 41/2 (114)

Single

400 (2760)

250 (1720)

11/2 (38) thru 21/2 (65)

Single

500 (3450)

250 (1720)

11/2 (38) thru 4 (100)

Multiple

400 (2760)

250 (1720)

11/2 (38) thru 4 (100)

Multiple

600 (4140)

250 (1720)

Unlined Standpipe
11/2 (38) and 21/2 (65)

Single

150 (1030)

Lined Forestry
1 (25) and 11/2 (38)

Single

450 (3100)

250 (1720)

Unlined Forestry
1 (25) and 11/2 (38)

Single

450 (3100)

250 (1720)

Relay Supply
31/2 (90) thru 5 (125)

Single

400 (2760)

200 (1380)

6 (150)

Single

300 (2070)

150 (1030)

Multiple

400 (2760)

200 (1380)

Pumper Supply
(Soft Suction)
4 (100) thru 6 (150)

* 11/2 (38) thru 21/2 (65) single-jacket hose with a new hose rated acceptance test pressure of 300
psig (2070 kPag) shall not be maintained on fire apparatus for fire fighting purposes.

5-1.2 Hose Manufactured July 1987 and After.
5-1.2.1 The service test pressure for hose manufactured in July 1987 and after to meet the
requirements of the 1987 or subsequent editions of NFPA 1961, Standard for Fire Hose, is
stenciled on each length of hose and reads “Service Test to - - - PSI per NFPA 1962.”
5-1.2.2 New proof pressure tests for hoses shall only be conducted at the point of manufacture or
at a facility properly equipped to perform these tests. Tests in the field shall not subject the hose
to its proof test pressure.
5-1.3*
After determining the correct service test pressure for each length of hose to be tested, the
service test shall be conducted as specified in Section 5-2.
5-2 Service Test Procedure.
5-2.1
Each length of hose to be service-tested shall be inspected as specified in Section 2-5. Any
length of hose that fails the inspection shall be removed from the service test area and repaired as
necessary or condemned.
5-2.2*
A hose testing machine, a stationary pump, or a pump on a fire department apparatus shall be
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used. Where the pressure supply source is not specifically designed for testing hose, a hose test
gate valve designed to withstand the test pressures shall be used between the pump and the hose
to be tested. The hose test gate valve shall be a fire department gate valve with a 1/4-in. (6.4-mm)
opening drilled through the gate that permits the pressure to be raised to the test pressure after
the hose has been filled, the air completely removed, and the hose test gate valve closed. The
gauge used to read the test pressure shall have been calibrated within 30 days prior to the testing.
5-2.3
All 31/2-in. (89-mm) and larger hose shall be service-tested while lying flat. A short length of
smaller diameter hose with the same or higher proof pressure shall be used to connect the
pressure source to the hose being tested.
5-2.4*
Each length of hose to be tested simultaneously shall be of the same service test pressure and,
collectively, shall be considered the hose test layout. The total length of any hose line in the hose
test layout to be service-tested shall not exceed 300 ft (91 m). The hose test layout shall be
straight, without kinks or twists.
Exception: Hose that has been repaired or recoupled shall be tested one length at a time.
5-2.5
The test layout shall be connected to the hose test gate valve of the pump. The hose test gate
valve shall be used to prevent the reaction of discharging a large volume of water in the event of
a hose bursting during the test. If a fire department pumper is used, the hose test gate valve shall
not be attached to any discharge outlet at or adjacent to the pump operator’s position. The hose
test gate valve end of the hose line shall be secured with a belt tie-in or rope hose tool at a point
10 in. - 15 in. (250 mm 400 mm) from the coupling. Shutoff nozzles or test caps shall be
attached to the far end of the line.
5-2.6*
With the hose test gate valve open and the nozzle or test cap valve open, the pressure shall be
gradually raised to 45 psig ± 5 psig (310 kPag ± 35 kPag). After the hose test layout is full of
water, all air in each hose line shall be exhausted by raising the discharge end of each hose line
above the highest point in the system. The nozzle or test cap valve shall be closed slowly, then
the hose test gate valve shall be closed.
Warning: Care shall be taken to remove all air from the hose before the nozzle or test cap is
closed and the pressure raised. The development of test pressures introduces a serious accident
potential if air remains in the system.
5-2.7*
The shutoff device or the hose directly in back of the shutoff device shall be secured to avoid
possible whipping or other uncontrolled reaction in the event of a hose burst.
5-2.8
After filling to 45 psig ± 5 psig (310 kPag ± 35 kPag), the hose shall be checked for leakage at
the coupling and tightened with a spanner wrench where necessary. Each hose shall then be
marked at the end or back of each coupling to determine, after the hose has been drained, if the
coupling has slipped during the test.
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5-2.9
All personnel other than those persons required to perform the remainder of the procedure
shall clear the area.
5-2.10
The pressure shall be raised slowly at a rate not greater than 1000 psi (6900 kPa) per minute to
the service test pressure, and held for 5 minutes.
5-2.11
While the test layout is at the service test pressure, the hose shall be inspected for leaks. If the
inspecting personnel walk the test layout to inspect for leaks, they shall be at least 15 ft (4.5 m)
to the left side of the nearest hose line in the test layout. The left side of the hose line shall be
defined as that side that is to the left when facing the free end from the pressure source.
Personnel shall never stand in front of the free end of the hose, on the right side of the hose, or
closer than 15 ft (4.5 m) on the left side of the hose, or straddle a hose in the test layout during
the test.
5-2.12
If, during the test, a section of hose is leaking or a section bursts, the service test shall be
terminated, and that length of hose shall have failed the test. The test layout shall be drained, and
the defective hose removed from the test layout. The service test shall be restarted in accordance
with Section 5-2.
5-2.13
After 5 minutes at the service test pressure, the pump shall be shut down, the hose test gate
valve opened, the pressure allowed to equalize with the source, the pump discharge gates closed,
and each nozzle or test cap valve opened to drain the test layout.
5-2.14*
The marks placed on the hose at the back of the couplings shall be observed for coupling
slippage. If the coupling has slipped, the hose shall have failed the test.
5-2.15
Hose records specified in Chapter 3 shall be updated to indicate the results of the service test
for each length of hose tested.
5-2.16*
All hose failing the physical examination, bursting, leaking, or having couplings that fail
because of slippage or leakage shall be tagged as required in 3-1.6, removed from service, and
repaired or discarded.
5-2.17
After testing, all hose shall be thoroughly cleaned, drained, and dried as specified in Section
2-6 before being placed in service or storage.
5-3 Unlined Hose.
5-3.1
All service testing of unlined hose shall be performed in accordance with procedures specified
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in 5-1.1 and Section 5-2.
Exception: Unlined linen hose shall have a 10-minute wet-soak at 50 psig (345 kPag) to
condition the linen yarn prior to applying the service test pressure.
5-3.2
If the service test pressure cannot be obtained, the hose shall be removed from service and
condemned.
5-3.3*
Linen hose shall be thoroughly dried immediately after testing to avoid mildew growth.
5-4 Booster and Hard Suction Hose.
5-4.1*
Booster hose shall be tested annually in accordance with Section 5-2 to 110 percent of its
maximum working pressure. If a maximum working pressure cannot be determined for the hose,
it shall be tested to 110 percent of the normal highest working pressure as used in the system.
5-4.2*
Hard suction hose shall be dry-vacuum tested annually as follows:
(a) The hose shall be attached to a suction source.
(b) The free end shall be sealed with a transparent disk and connected to an accurate vacuum
measuring instrument.
(c) A 22-in. (74.5-kPa) mercury vacuum shall be developed. While holding the vacuum for 10
minutes, the lining of the hose shall be inspected through the transparent disk. There shall be no
collapsing of the lining into the waterway.
5-4.3*
If hard suction hose is used under positive pressure, it shall also be service-tested to a water
pressure of 165 psig (1138 kPag) using the procedures outlined in Section 5-2.
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
6-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 24, Standard for the Installation of Fire Service Mains and Their Appurtenances, 1992
edition
NFPA 1961, Standard for Fire Hose, 1992 edition
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Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-3
The formula for water hammer is:
delta p = c × d × delta v
where:
delta p = change in pressure (lbs/ft)
c = velocity of pressure wave traveling back
toward the water sources (ft/sec)
d = mass density of water (1.9 slugs/cu ft)
delta v = change in water velocity (ft/sec)
NOTE: For 21/2-in. (65-mm) double-jacket rubber-lined hose c = approximately 800 ft/sec to 1000 ft/sec.
(See Fire Fighting Hydraulics by R. G. Purington.)

A-1-4.1
See ASTM E380, Standard for Metric Practice, for additional information.
A-2-1.1
Attack grade hose can be used in applications designed for occupant-use hose. It is not the
intent of this standard to require the testing of attack grade hose used in an occupant-use hose
application any more frequently than is required by Section 2-3. If attack grade hose is installed
on racks or reels or in hose houses and is designed to be used by a fire department or fire
brigade, it is the intent of this standard that the hose be tested in conformance with Section 2-1.
A-2-1.2
If at all possible, the apparatus should be loaded with previously tested and dried hose and
returned to service.
The use of 100 percent polyester hose has increased very rapidly. However, this hose should
be thoroughly drained and dried before reloading on the apparatus. Damp or wet polyester hose
loaded on the apparatus hose bed will still form mildew. Although this will not affect the hose
itself, it does cause undue rusting of the apparatus body and increases the potential of dry rot in
the wood flooring under the hose.
The use of a protective hose bed cover is recommended to protect the hose load from weather
damage and other physical damage. Where covers are provided, care must be taken to permit
free circulation of air under the cover to reduce mildew growth. Covers should be made from
flame-resistant materials and secured to the apparatus in a manner that prevents them from
blowing off while the apparatus is in motion.
Where the humidity is 70 percent or greater or where hose is for municipal use, jackets with
cotton yarns should be treated with water repellents and against mildew.
A-2-1.3
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It has been discovered that when 100 percent polyester hose is loaded on the apparatus in the
conventional manner (horseshoe U-load, accordion, or skid loads), excessive edge wear is noted
on this type of hose. As a result of this edge wear, hose manufacturers recommend that where
100 percent polyester hose is used, it should be loaded on the apparatus in the flat load manner.
The best fire department and forestry practice is to remove the hose from the apparatus at least
once a month. Water should be run through the hose once quarterly and the hose thoroughly
dried before being replaced on the apparatus.
The user should contact the manufacturer of the hose for advice on how often the hose should
be removed from the hose bed and repacked.
A-2-1.4
Failures in short lengths of large-diameter pumper supply hose, also called soft suction hose,
generally are caused when this hose is folded while carried on the apparatus and either tied down
or placed in a small compartment. Where hose is constantly folded at the same points, the folds
place considerable stress on the warp threads. If space limitations prevent varying folding
positions, the hose should be carried in a roll on a step or running board. Many fire departments
keep one end of the hose preconnected to the suction side of the pump, which decreases the time
for hydrant hookup.
A-2-1.6.2 Pressure and volume relief devices should be provided to allow sufficient flow to the
atmosphere to effectively prevent the pressure in large-diameter hose from exceeding the desired
setting. Relief valves normally installed on fire department pumpers to control discharge
pressures are not adequate to perform this function.
A-2-1.7
When hoisting attack hose, damage can be avoided and the task made easier by use of hose
rollers. Synthetic hose is more susceptible than cotton hose to damage from hot embers and
radiant heat. Where it is necessary for vehicles to cross attack hose lines, hose bridges should be
used. More damage to the hose is likely to occur on uncharged hose than on charged hose. To
control water hammer when opening a water supply controlled by a quick-acting valve, such as a
ball valve, crack the valve and allow water to fill the system before opening the valve
completely.
A-2-1.9
During freezing weather, it is common practice to place the nozzle out of a window and, by
“cracking” the valve, keep water moving through the hose while overhaul is in process. Avoid
sharply bending hose in or on which ice has formed, as frozen hose can easily be damaged by a
sharp bend. Use care in removing hose from ice after a fire. Steam is useful in removing ice from
hose.
A-2-1.10
At structural fires, fire hose is exposed not only to heat from fires but to burning embers and
broken glass, nails, and other sharp objects.
A-2-2
General recommendations for care and use of large-diameter relay-supply hose:
(a) Hose should be loaded flat in the hose bed and layered across the bed. All couplings should
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be loaded so as to pull off the load without flipping over.
(b) Before reloading into apparatus bed, remove all grit and foreign materials from hose. For
hose of the type described in 2-1.4, drying after washing is not a requirement; however, hose
should be rinsed off and dried with a clean rag or towel and then reloaded. Wet and dirty hose
should not be reloaded for in-service use until thoroughly cleaned and dried.
(c) Couplings should be lubricated occasionally with a liquid silicone or light silicone base
lubricant or a dry graphite powder.
A-2-2.7
The automatic pressure governor or the discharge relief valve on the pumper does not provide
protection to the suction side of the pump. The lower the setting of the relay relief valve, the
greater the protection to the hose. A manual air bleeder valve (petcock) should be provided on
the relay relief valve to control the buildup of air pressure.
When shutting down the relay operation, always disengage the pump nearest the fire first and
allow the water to run free, then shut down the relay from the water source. This will prevent the
pumper nearest the fire from pumping dry.

Figure A-2-2.7 Schematic showing relay relief valve.

A-2-2.9
Large-diameter relay-supply hose should not be run over by vehicles. If hose must be crossed,
hose bridges should be used and vehicles should have sufficient clearance to cross without
contacting the hose.
A-2-3 Class II Standpipe System.
Note size of standpipe and 11/2-in. (38-mm) hose for building occupant use in Figure A-2-3.
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Figure A-2-3 (Courtesy of National Aeronautics and Space Administration)

A-2-3.4
When the humidity is 70 percent or greater, jackets with cotton yarns should be treated with
water repellents and against mildew growth.
Typical Hose Houses

Figure A-2-3.4(a) Hose house of compact dimensions for installation over a yard hydrant. Construction may
be steel or aluminum.
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Figure A-2-3.4(b) Steel house of compact dimensions for installation over a yard hydrant. House is shown
closed. Top lifts up, and doors on front side open for complete accessibility.

A-2-4.2
To maximize life of hose, it should be stored in a ventilated area at temperatures between 32°F
and 100°F (0°C and 38°C).
A-2-6.1
For washing, use a scrub brush and mild soap or detergent and water. A mechanical washer
can be used where hose is used frequently or the number of hose lengths to be washed is great.
Avoid constant washing of cotton jacket hose treated for mildew resistance, as this will remove
the treatment. There are several commercial hose washers available, although many fire
departments have constructed their own.
A-2-6.3
There are a number of ways to dry hose. Tower drying has proved successful. However, care
should be taken to properly ventilate and control the temperature of the tower so the hose will
not be damaged by excessive heat. It is poor practice to suspend hose from couplings.
The design of hose towers should meet all applicable building, electrical, and safety codes and
requirements. Fire fighters should be made aware of the hazards associated with hose-drying
towers, the protective equipment they should wear while working in a hose tower, and the
correct method for raising and hanging wet fire hose, as well as retrieving dry hose.
Commercial hose dryers that force warm air through a cabinet in which hose is loosely coiled
on wire racks are also available. While this process dries the outside jacket, it may not allow for
thorough draining of the inside of the hose.
Inclined hose racks are often used, as most existing stations can accommodate such racks. The
racks should be located where the sun or excessive heat will not damage the hose. The rack has
the advantage of allowing the hose to drain internally while providing a drying area from which
fire fighters easily can load and unload hose.
A-2-7.1
Commercial storage racks are available, but many users have built their own to fit their
particular needs.
A-3-1.1
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Records are essential and necessary data to determine hose performance and ensure safe use in
fire fighting. Cost-effectiveness can also be determined. This recorded information should be
used for effective hose management.
A-3-1.2
Where hose repairs are frequent, however, couplings and hose lengths may become
intermingled so that either stenciling the hose or changing the couplings should be employed. In
stamping couplings, the proper procedure is to insert a special steel plug with round edges into
the end of the expansion ring. One sharp blow from a steel numbering die will then clearly stamp
the coupling. Coupling bowls may be damaged by improper stamping. Aluminum couplings
should be stamped before they are hardcoated. Some fire departments color-code couplings as
well as various tools to identify the company to which the equipment is assigned. This enables
each company to readily identify and pick up its hose and equipment at a fire. Where mutual aid
operations are frequent, each length of hose should be appropriately stenciled or marked with the
identification of the fire department owning same. A water-based latex paint is not harmful to the
hose. Paints with a petroleum solvent base may cause the bond between the liner and jacket to
fail.
A-3-1.3
Because the safe use of hose requires continuous, accurate, up-to-date records, records should
be maintained and kept at the company level in addition to being part of a central file.
Conditions, repairs, changes, problems, etc., should be recorded immediately for each length of
hose. See Figure A-3-1.3 on next page.
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Figure A-3-1.3 Example showing front and back of a hose record card. (Courtesy of Sacandia Industries, Inc.)

A-3-1.5
Other information recorded might include: coupling threads, manufacturer of coupling and part
number, length of guarantee, label number, and cost.
A-3-1.6 See Figure A-3-1.6.
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Figure A-3-1.6 An example of a hose repair tag. (Courtesy of Memphis Fire Department)

A-3-2.1
Forestry hose is often moved from one location to another in large quantities. Many times
forestry fire apparatus leaves the scene of a fire with a different complement of hose than that at
arrival. Because of the relocation of hose following fire activity, maintaining individual records
of each length of hose may be impractical. As a minimum, records on stored hose should be kept
at stations and fire warehouses to ensure proper inventory rotation.
A-4-1.2
It should never be necessary to hammer a shutoff valve to make it operate.
A-4-1.7
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Nozzles should be washed in a solution of soap and warm water. The nozzle should be
submerged and the adjustable controls operated until there is free movement. The nozzle should
then be rinsed in water. The nozzle should be lubricated in accordance with the manufacturer’s
instructions. Cracked rubber-covered handles on nozzles can be the source of accidents and
should be replaced.
A-4-2.1
In most cases, a machine shop with the proper facilities can repair damaged threads. One way
to detect any slippage of the coupling on the hose is to inspect the area where the expansion ring
is located for any appreciable gap between the expansion ring and the coupling waterway.
Ordinarily, the swivels can be freed satisfactorily by immersion in warm, soapy water.
A-4-2.2
On some couplings such abuse can cause the hose bowl and swivel to go “out-of-round,” and,
as a result, the swivel will not turn.
A-4-2.5
Usually a misfit between the internal bowl diameter and the outside diameter of the hose of
more than ± 1/32 in. (± 0.79 mm) will require special techniques and should be avoided.
The tail gasket is the gasket placed in the coupling at the end of the hose to prevent leakage
and to keep the fabric of the hose jacket dry. It is important when ordering couplings and tail
gaskets for recoupling hose with expansion ring couplings that the appropriate tail gasket be
provided. The coupling manufacturer needs to know the outside diameter of the hose and the
wall thickness of the hose to provide the proper coupling and gasket. Also, the length of the
expansion ring must be consistent with the length of the coupling bowl. (See Figure A-4-2.5.)

Figure A-4-2.5 Female coupling assembly.

The three-piece collars and compression-type hose couplings attached with a shank and
external binding method may not be interchangeable from manufacturer to manufacturer and
among different hose constructions. The user should make certain that the binding is designed
for the hose and shank with which it is being used. Check with the coupling or hose
manufacturer for proper assembly instructions and bolt torque settings where necessary.
A-4-2.6
A degree of skill and experience is required to properly attach couplings to hose. It is
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necessary to have good equipment and a mechanic skilled and experienced in attaching
couplings. If not, this work should be done by the hose manufacturer.
A-4-3.1
A high-quality synthetic gasket, i.e., Buna N., with antioxidants or neoprene should be used, as
natural rubber gaskets may deteriorate with age and will harden and break away from the gasket
seat.
A thread gasket with a smaller diameter than that of the recess can cause a leaky connection
when pressure is applied. See NFPA 1963, Standard for Screw Threads and Gaskets for Fire
Hose Connections.
A-4-3.2
If the gasket protrudes at the nozzle connection, it can cause a ragged stream, reducing the
effective reach of the nozzle, and, at a coupling, it can cause increased friction loss.
A-5-1.3
Hose meeting the requirements of NFPA 1961, Standard for Fire Hose, 1987 or subsequent
editions, and hose meeting the requirements of NFPA 1961, Standard for Fire Hose, 1979 and
prior editions, will probably have different service test pressures.
A-5-2.2
If the hose bursts during the test, the hose test gate valve will not permit a volume surge from
the pump. The closed-hose test gate valve will allow just enough water to enter the hose during
the test to compensate for dilation and not allow a volume surge from the pump if a hose bursts.
A-5-2.4
The surface on which the hose is laid out should be as smooth as possible. Rough surfaces will
accelerate abrasion and hinder proper movement of the hose line.
Hose is tested in lengths not exceeding 300 ft (91 m) to allow the hose to untwist and be
straightened out. As the pressure rises, the shorter length will allow the hose to assume a natural
elongation, creating less warp in the hose.
It is also important that all the air in the hose be removed. If any point in the hose layout is
elevated, air will be trapped at that point. Excessive lengths make it difficult to exhaust all the
air. The ideal hose test area is one with a slight upward incline from the pressure source to the
capped end. This allows the air to flow to the capped end and be bled off. There should be no
humps or valleys in the hose between the ends, as these will trap air.
A-5-2.6
Air under pressure becomes greatly compressed, and the hose can whip violently if the
pressure is suddenly released by a hose burst; also, a blown-off coupling propelled by the
compressed air will act like a high-velocity missile.
A-5-2.7
Hose can be expected to stretch when the pressure is increased to the test pressure. Allowance
should be made for this stretch when the hose is secured.
A-5-2.14
Rate of increase specified in 5-2.10 should not exceed 250 psig (1720 kPag) in 15 seconds, or
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500 psig (3450 kPag) in 30 seconds.
A-5-2.16
Damaged fire hose should not be patched unless such repair is recommended by the
manufacturer of the hose and it is performed by properly trained and equipped personnel.
A-5-3.3
To dry linen hose, the following should be considered:
1. Hose should remain at least 24 hours in a hose drier, loosely coiled.
2. Regardless of drying method, the hose should be limp and flexible and retain no degree of
stiffness beyond its original rigidity.
3. Do not be misled by the fact that hose is dry on the outside.
A-5-4.1
If booster hose is manufactured in accordance with ANSI/UL 92, Fire Extinguisher and
Booster Hose, the maximum working pressure will be shown on the cover of the hose.
A-5-4.2
The suction hose vacuum test may be run in conjunction with the annual pumper suction test.

Figure A-5-4.2 Plastic test disk for pumper suction hose. One line runs to the pumper vacuum and the other
to a test gauge. A clear plastic disk at the other end used with a light makes it possible to observe if the
internal lining is drawn into the waterway. (Courtesy of San Diego Fire Department)

A-5-4.3
Suction hose manufactured in accordance with the 1992 edition of NFPA 1961, Standard for
Fire Hose, will be marked “FOR VACUUM USE ONLY” if it is designed for use under vacuum
only. If the suction hose is designed for use under positive pressure, it will be marked
“SERVICE TEST TO (the service test pressure) AND 22 IN. HG. VACUUM PER NFPA 1962.”
PVC suction hose is not designed for use under positive pressure. If unmarked suction hose is
to be used under positive pressure, the user should check with the manufacturer to be sure the
hose is designed for such applications.
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Appendix B Referenced Publications
B-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
B-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1963, Standard for Screw Threads and Gaskets for Fire Hose Connections, 1985
edition
B-1.2 Other Publications.
ASTM E380-91, Standard for Metric Practice, American Society for Testing and Materials,
1916 Race Street, Philadelphia, PA 19103.
Purington, R. G., Fire Fighting Hydraulics, 1974, 1st edition, pp. 371-373, McGraw-Hill Book
Co., New York, NY.
ANSI/UL 92-88, Fire Extinguisher and Booster Hose, Underwriters Laboratories, Inc., 333
Pfingsten Rd., Northbrook, IL 60062.
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material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 7 and Appendix C.

Chapter 1 Administration
1-1* Scope.
This standard gives the performance requirements for new fire hose couplings and adapters
with nominal sizes from 3/4 in. (19 mm) through 6 in. (150 mm) and the specifications for the
mating surfaces.
1-2 Purpose.
The purpose of this standard is to provide a uniform standard for safe couplings and adapters
for the users of fire hose connections.
1-3 Definitions.
Adapter. Any device that allows fire hose couplings to be safely interconnected with couplings
of different sizes, threads, or mating surfaces; or which allows fire hose couplings to be safely
connected to other appliances.
Approved.* Acceptable to the “authority having jurisdiction.”
Authority Having Jurisdiction.* The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
Blunt Start. The removal of the incomplete thread at the end of the thread. This is a feature of
threaded parts that are repeatedly assembled by hand. Also known as the “Higbee cut.”
Bowl Gasket. See Tail Gasket.
Coupling Assembly. A complete coupling including its gaskets, and the expansion rings or
collar pieces used in attaching the coupling to the hose.
Couplings. One set/pair of connection devices attached to a fire hose and allowing the hose to
be interconnected to additional lengths of hose or adapters and other fire fighting appliances.
Face Gasket. The water pressure seal at the mating surfaces of nonthreaded couplings or
adapters.
Large Stream Device. Any device that discharges water at a flow rate greater than 400 gpm
(1514 L/min).
Nonthreaded Coupling or Adapter. A coupling or adapter in which the mating is achieved with
locks or cams but without the use of screw threads.
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Primary Inlet. The inlet where an appliance connects to a hose.
Screw Thread Coupling or Adapter. A coupling or adapter in which the mating is achieved
with the use of threads.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Spray Nozzle. A nozzle with an adjustable pattern and with a control device that shuts off the
flow.
Straight Tip Nozzle. A smooth-bore nozzle for producing a solid stream.
Suction Hose. A hose whose reinforcement contains a semi-rigid or rigid helix to resist
collapse under vacuum.
Tail Gasket. A gasket in the bowl of a coupling used to provide a watertight seal between the
coupling and the hose in an expansion ring-type coupling.
Thread Gasket. A gasket used in a female threaded connection to provide a watertight seal
between the male and female threaded connections.
1-4 General Requirements.
The requirements of this standard shall apply to the following devices in the sizes defined in
Section 1-1.
Fire hose couplings

Fire Hydrants

Booster hose couplings

Nozzles

Suction hose couplings

Adapters

Pump intakes on fire apparatus

Reducers

Pump discharges on fire apparatus

Caps

Siamese connections

Plugs

Sprinkler connections

Wyes

Standpipe connections
Connections on all other hose fittings and
appliances that attach to fire pumps, hose, or
hydrants

Chapter 2 General Coupling and Adapter Requirements
2-1* Workmanship.
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The coupling assembly or adapter shall be made and finished in a workmanship-like manner
throughout. All edges shall be chamfered and free from burrs. Hose bowl or tailpiece lips shall
be rounded to prevent damage to the hose.
2-2 Materials.
Materials used shall be free of defects that would adversely affect the performance or
maintenance of individual components or of the overall assembly.
2-3 Minimum Waterway.
The design of the shank-type and nonthreaded expansion ring coupling shall be such that the
coupling shall not restrict the waterway by more than 1/4 in. (6.4 mm) on couplings of nominal
size 21/2 in. (65 mm) or less and not more than 1/2 in. (12.7 mm) on couplings of nominal size
greater than 21/2 in. (65 mm). Gaskets shall not protrude into the waterway.
2-3.1
The waterway of size-increasing-style couplings except shank-type couplings shall be no
smaller than the nominal size of the hose to which it is attached.
2-3.2
The waterway of size-reducing-style couplings except shank-type couplings shall be no
smaller than the nominal size of the attachment face.
2-4 Gasket Groove.
All sizes of internal NH threaded couplings, connections, or adapters shall have a standard
gasket groove diameter as shown in Table 3-4.2, column (K). See also Figure 3-3.2, dimension
(K).
2-5 Testing.
Tests required by this standard shall be conducted by the manufacturer or by an approved
testing facility designated by the manufacturer. All tests shall be conducted on standard
commercially available product. Any test that requires the use of hose shall use hose with the
highest service test pressure commercially available to which the coupling can be attached.
2-6 Internal Strength.
2-6.1
The coupling or adapter shall be capable of withstanding a hydrostatic pressure equal to the
service test pressure without leakage, two times service test pressure with no leakage more
severe than 12 drops per minute (1/2 ml per min), and of withstanding a hydrostatic pressure
three times the service test pressure plus 100 psi (690 kPa) without separation. They shall be
tested in accordance with 2-6.2 to prove compliance.
2-6.2
The coupling or adapter shall be plugged and adapted on one end to accept a pump connection
from a hydrostatic test table. The other end shall be plugged or adapted to accept a petcock to
remove air. The coupling or adapter shall be filled with water until all air has been exhausted and
the petcock closed. Pressure shall be applied until the test pressure is reached. The test pressure
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shall be held for at least 15 sec but not more than 60 seconds.
2-7 Tensile Strength.
2-7.1
Couplings shall have a tensile strength of at least 1200 lb per in. (210 N/mm) of diameter.
They shall be tested in accordance with 2-7.2 to prove compliance.
2-7.2
A pair of couplings shall be attached to a section of hose. The couplings shall be connected
together and the hose installed in a tension testing machine such that the tension will be on the
couplings. A tensile load shall be applied at a rate of not more than 2 in. (5.18 cm) per minute up
to 1200 lb per in. (210 N/mm) of nominal hose diameter.
After the tensile strength test, the couplings shall be subjected to a test pressure equal to the
service test pressure of the hose to which they are attached. Any leakage or deformation shall
constitute failure of this test.
2-8 Connect/Disconnect Capability.
2-8.1
Couplings shall be capable of being connected and disconnected at least 3000 times without
leakage or failure. They shall be tested in accordance with 2-8.2 to prove compliance.
2-8.2
Tests shall be conducted on standard commercial product without lubrication. Hose coupling
shall be completely connected and disconnected to each other at least 3000 times. At the
completion of this portion of the test, the couplings shall be attached to hose such that tested
couplings can be connected together. The tested couplings when connected together shall
withstand the service test pressure of the hose without leakage or failure.
2-9 Rough Usage.
2-9.1
Couplings shall be capable of being dropped up to 6 ft (1.8 m) without deformation or damage
that impairs operation. They shall be tested in accordance with 2-9.2 to prove compliance.
2-9.2
Couplings shall be installed on approximately 10-ft (3-m) lengths of fire hose. The couplings
shall be coupled together forming a loop in the hose. The coupling assembly shall then be
dropped onto a concrete surface from a height of 6 ft (1.8 m) so as to land as squarely as possible
on the swivel ring. This shall be repeated three times. The couplings shall operate freely and
shall show no signs of deformation when inspected inside and outside. Samples showing
distortion or binding of the swivel mechanism are to be judged acceptable if the mechanism can
be corrected to turn freely and evenly when straightened by the use of a hammer. Samples
developing cracks or broken sections either before or after attempts to straighten damaged
portions are to be deemed as having failed the test. The coupling/hose assembly shall withstand
the service test pressure of the hose without leakage or failure.
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2-10 Coupling Retention.
2-10.1
Couplings shall remain on the hose without movement up to the rated burst pressure of the
hose. They shall be tested in accordance with 2-10.2 to prove compliance.
2-10.2
The couplings shall be attached to a 3-ft (1-m) length of hose. The hose and coupling as an
assembly shall be pressurized to the service pressure of the hose for 1 minute and the pressure
released. The position of the coupling with relation to the hose shall be marked. The pressure in
the hose/coupling assembly shall then be raised at a rate of 300 to 1000 psi (2068 to 6895 kPa)
per minute until the rated burst pressure of the hose is reached. The pressure shall be held for a
minimum of 15 seconds but not longer then 60 seconds. The hose shall show no signs of
movement from the coupling.
2-11 Vacuum Tightness.
2-11.1
When couplings are used on suction hose they shall be capable of holding a vacuum of 22 in.
Hg (74.2 kPa) for 5 minutes. They shall be tested in accordance with 2-11.2 to prove
compliance.
2-11.2
The coupling shall be attached to a suitable section of suction hose. A blank cap shall be
attached to the coupling on one end, and a vacuum pump shall be attached to the other end. A
vacuum of 22 in. Hg (74.2 kPa) shall be developed within the assembly, and the assembly shall
hold the vacuum for 5 minutes without any loss of vacuum.
2-12 Corrosion Resistance.
2-12.1
Couplings having parts other than high-strength yellow brass No. 8A as defined in ASTM
B30, Standard Specification for Copper-Brass Alloys in Ingot Form, or ASTM B584, Standard
Specification for Copper Alloy Sand Castings for General Applications, shall be capable of being
coupled and uncoupled using accepted standard practices and shall not show any evidence of
galvanic corrosion between dissimilar metals after testing in accordance with 2-12.2.
2-12.2
Coupling assemblies including expansion rings and gaskets shall be supported vertically in a
fog chamber and exposed to salt spray (fog) as specified by ASTM B117, Standard Method of
Salt Spray (Fog) Testing, for a period of 120 hours.
2-13 Nonmetallic Materials.
Any nonmetallic material used in couplings except for the gaskets shall be certified by the
manufacturer of the nonmetallic material as fit for the service intended.
2-14 High Temperature Performance.
2-14.1
Copyright 1996 NFPA

Temperatures up to 275°F (135°C) shall not affect the ease with which a coupling assembly is
coupled or uncoupled. Couplings shall be tested in accordance with 2-14.2 to prove compliance.
2-14.2
Dry couplings with gaskets installed shall be conditioned in an oven at 275°F (135°C) for 4
hours. Immediately upon removal it shall be possible to connect and disconnect the couplings
within the original torque range.
2-15 Low Temperature Performance.
2-15.1
Temperatures down to –25°F ± 2°F (–32°C ± 1°C) shall not affect the performance of the
coupling assembly. Couplings shall be tested in accordance with 2-15.2 to prove compliance.
2-15.2
With the gasket(s) installed, a coupling assembly shall be subjected to an environment of 0°F ±
1°F (–18°C ± 1°C) for a period of 24 hours and subsequently to an environment of –25°F ± 2°F
(–32°C ± 1°C) for a period of 2 hours. Following this exposure, the coupling shall be dropped
from a height of 10 ft (3 m) onto its longitudinal axis. It shall then be possible to couple and
uncouple the coupling assembly by the application of a torque no greater than required before
the test.
2-16 Gasket Performance.
The gasket material used with any coupling or adapter shall meet the test requirements of
2-16.1 through 2-16.3.
2-16.1 Low Temperature Test.
Gaskets shall be subjected to an environment of 0°F ± 1°F (–18°C ±1°C) for a period of 24
hours and subsequently to an environment of –25°F ± 2°F (–32°C ± 1°C) for a period of 2 hours.
Immediately upon removal from the test chamber, the gasket shall not crack when squeezed from
any two opposite points into a figure “8” configuration.
2-16.2 Accelerated Aging Test.
Samples of the gasket material shall be prepared in accordance with the procedures described
in ASTM D3183, Standard Practice for Rubber - Preparation of Pieces for Test Purposes from
Products. The samples of the gaskets shall then be subjected to oven aging at 212°F ± 3°F
(100°C ± 2°C) for 70 hours in accordance with ASTM D573, Standard Test Method for Rubber
Deterioration in an Air Oven. The samples shall then be tested for tensile strength and ultimate
elongation, and the tensile strength shall be not less than 80 percent, and the ultimate elongation
shall be not less than 50 percent of the corresponding properties of samples that have not been so
treated.
2-16.3 Compression Set Test.
A sample of gasket material shall be compressed as defined in ASTM D395, Standard Test
Methods for Rubber Property-Compression Set (Method B), and subjected to heat treatment at
158°F ± 1°F (70°C ± 1°C) for a period of 24 hours. The compression set of the sample of gasket
material so tested shall not exceed 15 percent of the original thickness.
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Chapter 3 Screw Threads for Couplings and Adapters
3-1 Basic Form of Thread.
3-1.1
Basic thread form as specified in Figure 3-3.1 shall have an included angle of 60 degrees and
truncated top and bottom.
3-1.2
The basic angle of the thread between the sides of the thread measured in an axial plane shall
be 60 degrees. The line bisecting this 60-degree angle shall be perpendicular to the axis of the
screw thread.
3-1.3
The flat at the root and crest of the basic thread as specified in Figure 3-3.1 shall be 1/8 times
the pitch, or 0.125 times the pitch (p).
3-1.4
The height of the basic thread shall be:

3-1.5 Blunt Start.
3-1.5.1 The outer ends of all external and internal threads shall be terminated by the blunt start or
“Higbee cut,” as shown in Figure 3-3.2, on full thread to avoid crossing and mutilation of thread.
3-1.5.2 The minimum length of the blunt start shall be not less than the radius formed by a cutter
with a radius not less than the height of the thread.
3-1.5.3 The maximum length of the blunt start shall be not greater than 10 degrees of arc.
3-2 Thread Series Designation.
Threaded connections shall be defined as the “American National Fire Hose Connection Screw
Thread.” They are abbreviated throughout the standard as NH (also known as NST and NS).
They shall be designated by specifying in sequence the nominal size of the connection, number
of threads per inch, and the thread symbol as shown below:
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0.75-8 NH

3.5-6 NH

1-8 NH

4-4 NH

1.5-9 NH

4.5-4 NH

2.5-7.5 NH

5-4 NH

3-6 NH

6-4 NH

3-3 Dimensions of American National Fire Hose Connection Screw Threads, NH.
3-3.1
The basic major diameter, basic pitch diameter, and basic minor diameter and tolerances shall
be as specified in Figure 3-3.1.

Figure 3-3.1 Form of Thread of American National Fire Hose Connection Screw Thread, NH. The left portion
shows the external thread (nipple) and the right portion the internal thread (coupling). (See Table 3-4.1 for
dimensions.)

3-3.2
Nominal dimensions shall be as specified in Figure 3-3.2.
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Figure 3-3.2 Nominal dimensions of connections. (See Table 3-4.2 for dimensions.)

3-4 Thread Dimensions.
3-4.1
The basic dimensions for the threads shall be as specified in Table 3-4.1.
3-4.2
The nominal dimensions for the threads shall be as specified in Table 3-4.2.
3-4.3
The limiting dimensions for external threads (nipples) shall be as specified in Table 3-4.3.
3-4.4
The limiting dimensions for internal threads (couplings) shall be as specified in Table 3-4.4.
3-5 Tolerance.
3-5.1
The pitch diameter tolerances for a mating external (nipple) and internal (coupling) thread
shall be the same. Pitch diameter tolerances include lead and half-angle deviations. Values for
deviations in lead and half-angle consuming one-half of the pitch diameter tolerance shall be as
specified in Table 3-5.1.
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3-5.2
The tolerance relationships for the external (nipple) threads shall be as follows:
Major diameter tolerance = 2 × pitch diameter tolerance.
Minor diameter tolerance = pitch diameter tolerance + 2h/9.
3-5.3
The minimum minor diameter of the external thread (nipple) shall be such as to result in a flat
equal to 1/3 of the p/8 basic flat (p/24) at the root when the pitch diameter of the nipple is at its
minimum value. The maximum minor diameter is basic but may be such as results from the use
of a worn or rounded threading tool. The maximum minor diameter shall be as specified in
Figure 3-3.1 and is the diameter on which the minor diameter tolerance formula shown in 3-5.2
shall be based.
Table 3-4.1 Basic Dimensions of NH Threads (See Figure 3-3.1.)

Table 3-4.2 Nominal Dimensions of NH Threads (See Figure 3-3.2.)
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Table 3-4.3 Limits of Size and Tolerances of NH External Threads (Nipples)

Table 3-4.4 Thread Limits of Size and Tolerances of NH Internal Threads (Couplings)
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Table 3-5.1 Deviations in Lead and Half-Angle Consuming One-half of Pitch Diameter
Tolerances for NH Threads

3-5.4
The tolerance relationships for the internal (coupling) threads shall be as follows:
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Minor diameter tolerance = 2 × pitch diameter tolerance.
The minimum minor diameter of a coupling is such as to result in a basic flat, p/8, at the crest
when the pitch diameter of the coupling is at its minimum value.
Major diameter tolerance = pitch diameter tolerance + 2h/g.
3-6 Gauges and Gauging NH Threads.
3-6.1
The limits of size for the gauges to be used in the gauging of fire hose connections shall be as
specified in Tables 3-6.1(a), (b), and (c).
3-6.2
For these gauges, the allowable variation in lead between any two threads not farther apart
than the length of engagement shall be ±0.0004 in. The allowable variation in half-angle of
thread shall be ± 5 min.
3-6.3*
Except as otherwise specified herein, the gauges and gauging practices shall conform to
ANSI/ASME B1.2, Gages and Gaging for Unified Inch Screw Threads.
3-6.4*
Adjustable thread ring gauges shall be set by means of threaded setting plug gauges, the
dimensions of which are given in Table 3-6.1(a). Means of setting ring gauges shall be as
specified in ANSI/ASME B1.2, Gages and Gaging for Unified Inch Screw Threads.
Table 3-6.1(a) Setting Thread Plug Limits of Size for NH Thread Ring Gaugesa
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Table 3-6.1(b) Gauge Limits of Size for Ring Gauges for NH External (Nipple) Threadsa
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Table 3-6.1(c) Gauge Limits of Size for Plug Gauges for NH Internal (Coupling) Threadsa
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Chapter 4 Nonthreaded Connections
4-1* General.
This chapter covers nonthreaded connections only in the 4-in. (100-mm) and 5-in. (125-mm)
sizes. The requirements of Chapters 1 and 2 shall apply in addition to the requirements defined
in this chapter.
4-2* Gauges.
The dimensional characteristics and tolerances for the metal-face gauges to be used in the
gauging of nonthreaded connections shall be as specified in Figure 4-2(a) for a Type A test
gauge and Figure 4-2(b) for a Type B test gauge. In addition, the 4-in. (100-mm) metal-face
gauge shall meet the dimensional characteristics of Figure 4-2(c) and the 5-in. (125-mm)
metal-face gauge shall meet the dimensional characteristics of Figure 4-2(d).
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Figure 4-2(a) Dimensions for Type A test gauge (no ramp angle).

Copyright 1996 NFPA

Figure 4-2(b) Dimensions for Type B test gauge (with lugs removed).
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Figure 4-2(c) End view of 4-in. (100-mm) metal-face gauge and nonthreaded 4-in. (100-mm) connections.
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Figure 4-2(d) End view of 5-in. (125-mm) metal-face gauge and nonthreaded 5-in. (125-mm) connections.

4-3 Locks.
4-3.1*
Nonthreaded connections shall be provided with locks within the confines of the nonthreaded
connection to ensure against unintentional disconnection.
4-3.2
The locks shall be located so that the nonthreaded connection will connect to the Type A
metal-face test gauge and lock.
4-3.3
The locks shall be designed so as to lock automatically when connecting two nonthreaded
connections without additional action needed to engage the locks. The lock shall not be capable
of being secured (mechanically) in the open (unlocked) position.
4-3.4
The locks shall be field repairable.
4-3.5
The locks shall be designed so as to be disengaged by hand in a separate action other than that
needed to disconnect the nonthreaded connection. The locks shall be capable of being unlocked
by a fire fighter wearing gloves meeting the requirements of NFPA 1973, Standard on Gloves
for Structural Fire Fighting. A device such as a wrench incorporating both actions in one motion
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shall be permitted to be used.
4-3.6
The lock mechanism shall not shear when a force of 300 lb × ft (407 N × m) is applied at the
nut on the test wrench.
4-4 Indicators.
Permanent indicators, obvious to sight and touch, shall be located at two points 180 degrees
apart as shown on Figures 4-2(c) and 4-2(d) to indicate the fully engaged position of the
connections.
4-5 Force to Connect and Disconnect Requirements.
4-5.1*
All nonthreaded pressure connections shall be capable of connection and disconnection to both
the Type A and the Type B metal-face test gauges at a force of between 6.0 lb × in. (0.68 N × m)
and 30 lb × in. (3.4 N × m) when measured as described in 4-5.3 and under the conditions
described in 4-5.4. The force to connect and disconnect nonthreaded pressure connections to
each other shall not exceed 40 lb × in. (4.5 N × m) when measured as described in 4-5.3 and
under the conditions described in 4-5.4.
4-5.2
All nonthreaded suction connections shall be capable of connection and disconnection to both
Type A and the Type B metal-face test gauges at a force of between 168 lb × in. (19.0 N × m)
and 312 lb × in. (35.3 N × m) when measured as described in 4-5.3 and under the conditions
described in 4-5.4. The force to connect and disconnect nonthreaded suction connections to each
other shall not exceed 360 lb × in. (40.7 N × m) when measured as described in 4-5.3 and under
the conditions described in 4-5.4.
4-5.3*
The force to connect and disconnect shall be tested as follows. One of the metal-face test
gauges, or one half of a pressure or suction connector, depending on the force to be checked,
shall be secured in a vise or similar device. The connector to be tested shall be free to turn
without constraint or assistance. For 4-in. (100-mm) connectors, a test wrench with dimensions
as shown in Figure 4-5.3(a) shall be attached over the external lugs of the connector being tested.
For 5-in. (125-mm) connectors, a test wrench with dimensions as shown in Figure 4-5.3(b) shall
be attached over the external lugs of the connector to be tested. A standard torque wrench
measuring inch pounds shall be connected to the test wrench. The torque wrench shall be moved
in the direction necessary to connect or disconnect the connector being tested. The lock shall be
held open only when the connector is being disconnected. The torque wrench shall be in direct
line with the center of the connector when the torque reading is being taken.
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Figure 4-5.3(a) Test wrench for force to connect test of 4-in. (100-mm) connectors. Reference drawing.
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Figure 4-5.3(b) Test wrench for force to connect test of 5-in. (125-mm) connectors. Reference drawing.

4-5.4
The force to connect and disconnect test shall be done at 70°F (21°C) ambient temperature.
The gaskets shall be clean but not lubricated.
4-6 Caps.
All nonthreaded caps shall have suction gaskets installed.
4-7 Adapters.
All nonthreaded adapters shall have pressure gaskets installed.
4-8 Metal-Face Hydrant Connections.
All nonthreaded, metal-face hydrant connections shall be made to the dimensions as specified
in Figure 4-8. In addition, 4-in. (100-mm) metal-face hydrant connections shall meet the
dimensional characteristics of Figure 4-2(c), and the 5-in. (125-mm) metal-face connections
shall meet the dimensional characteristics of Figure 4-2(d).
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Figure 4-8 Metal-face hydrant connection showing required dimensions.

Chapter 5 Gaskets
5-1 Threaded Coupling Gasket.
5-1.1
Each internal connection shall be provided with a resilient thread gasket that does not leak
under normal use when fitted accurately in the seat specified in this standard.
5-1.2
Each thread gasket shall meet the dimensions specified in Table 5-1.2.
5-1.3
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The durometer of the thread gasket shall be 70 ± 5 Shore A.
5-2 Nonthreaded Coupling Gaskets.
5-2.1
Each nonthreaded connection shall be fitted with a resilient face gasket that does not leak
under normal use.
5-2.2
The durometer of the gasket shall be 70 ± 5 Shore A.
5-2.3
The face gasket shall be either a suction gasket or a pressure gasket, depending on the
application in which the coupling is to be used.
5-2.3.1 Pressure gaskets shall be designed to withstand the pressure requirements of Sections 2-6
and 2-10 without leakage. They shall be black in color.
5-2.3.2 Suction gaskets shall be designed to allow couplings equipped with the gasket to meet
the requirements of Section 2-11. They shall be gray in color.
Table 5-1.2 Dimensions of Thread Gaskets for Standard Internal Threaded Connections
Nominal
Size of
Connection

Outside
Diameter

Thickness

16 (20.6)

1 7/16 (36.5)

1/ (3.18)
8

1

1 1/16 (27)

1 7/16 (36.5)

1/ (3.18)
8

1 1/2

1 9/16 (40)

2 1/16 (52)

1/ (3.18)
8

2 1/2

2 9/16 (65)

3 3/16 (81)

3/

3

3 1/16 (78)

3 3/4 (95)

1/ (6.4)
4

3 1/2

3 9/16 (91)

4 3/8 (111)

1/ (6.4)
4

4

4 1/16 (103)

5 1/8 (130)

1/ (6.4)
4

4 1/2

4 9/16 (117)

5 7/8 (149)

1/ (6.4)
4

5

5 1/16 (129)

6 3/8 (162)

1/ (6.4)
4

6

6 1/16 (154)

7 1/8 (181)

1/ (6.4)
4

3/

4

Inside
Diameter
13/

All dimensions are given in inches (mm).

5-3* Tail Gasket.
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16 (4.8)

Each coupling that is installed on a fire hose with an expansion ring shall be equipped with a
resilient gasket of durometer 60 ± 5 Shore A in the hose bowl that keeps the ends of the fabric of
the fire hose dry. The nominal dimensions of these gaskets shall be as follows:
(a) Minimum I.D. as specified in Table 5-1.2.
(b) O.D. to accurately fit the recess provided.
(c) Thickness 3/16 in. (4.8 mm) minimum.
Chapter 6 Use of NH Threads and Nonthreaded Connections
6-1* Hose Coupling Threads.
6-1.1* 3/4 in. and 1-in. (19-mm and 25-mm) Hose.
All 3/4-in. and 1-in. (19-mm and 25-mm) hose shall be provided with couplings having the
0.75-8 NH standard thread and 1-8 NH standard thread, respectively.
6-1.2 11/2-in. through 2-in. (38-mm through 52-mm) Fire Hose.
All 11/2-in. through 2-in. (38-mm through 52-mm) fire hose shall be provided with couplings
having the 1.5-9 NH standard thread.
6-1.3 21/2-in. (65-mm) Fire Hose.
All 21/2-in. (65-mm) fire hose shall be provided with couplings having the 2.5-7.5 NH
standard thread.
6-1.4 3-in. (75-mm) Fire Hose.
All 3-in. (75-mm) fire hose shall be provided with couplings having the 2.5-7.5 NH standard
thread for interchangeability with 21/2-in. (65-mm) fire hose.
6-1.4.1 Where interchangeability with 21/2-in. (65-mm) fire hose is not a factor, the couplings
shall be permitted to have the 3-6 NH standard thread.
6-1.5 31/2-in. (90-mm) Fire Hose.
All 31/2-in. (90-mm) fire hose shall be provided with couplings having the 3.5-6 NH standard
thread.
6-1.5.1 Where interchangeability with 3-in. (75-mm) fire hose or other connections is required,
the couplings shall be permitted to have the 3-6 NH standard thread.
6-1.6 4-in. (100-mm) Fire Hose.
All 4-in. (100-mm) fire hose shall be provided with couplings having the 4-4 NH standard
thread.
6-1.6.1 Where interchangeability with 31/2-in. (90-mm) fire hose or other connections is
required, the couplings shall be permitted to have the 3.5-6 NH standard thread.
6-1.6.2 Where the authority having jurisdiction permits, 4-in. (100-mm) nonthreaded couplings
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shall be permitted to be used.
6-1.7 41/2-in. (114-mm) Fire Hose.
All 41/2-in. (114-mm) fire hose shall be provided with couplings having the 4.5-4 NH standard
thread.
6-1.7.1 Where interchangeability with 4-in. (100-mm) fire hose or other connections is required,
the couplings shall be permitted to have the 4-4 NH standard thread.
6-1.8 5-in. (125-mm) Fire Hose.
All 5-in. (125-mm) fire hose shall be provided with couplings having the 5-4 NH standard
thread.
6-1.8.1 Where interchangeability with 41/2-in. (114-mm) fire hose or other connections is
required, the couplings shall be permitted to have the 4.5-4 NH standard thread.
6-1.8.2 Where the authority having jurisdiction permits, 5-in. (125-mm) nonthreaded couplings
shall be permitted to be used.
6-1.9 6-in. (150-mm) Fire Hose.
All 6-in. (150-mm) fire hose shall be provided with couplings having the 6-4 NH standard
thread.
6-1.9.1 Where interchangeability with 5-in. (125-mm) fire hose or other connections is required,
the couplings shall be permitted to have the 5-4 NH standard thread.
6-1.10* Suction Hose.
Suction hose shall be provided with couplings having the NH standard thread compatible with
the nominal size of the suction hose.
6-2* Connections for Fire Service Nozzles for Handlines.
6-2.1
Playpipes for connecting shutoff nozzles to 21/2-in. (65-mm) fire hose shall have the 2.5-7.5
NH standard thread at the base or primary inlet and the 1.5-9 NH standard thread at the discharge
end as shown in Figure 6-2.1.
6-2.2
Nozzle shutoff valves for either 21/2-in. (65-mm) nozzles or 11/2-in. (38-mm) nozzles shall
have the 1.5-9 NH standard thread for both the inlet and discharge sides of the valve as shown in
Figure 6-2.1 for 11/2-in. (38-mm), and Figure 6-2.2 for 21/2-in (65-mm).
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Figure 6-2.1 Nozzle assembly for 11/2-in. (38-mm) hose.

Figure 6-2.2 Nozzle assembly for 21/2-in. (65-mm) hose.

6-2.2.1 Where the valve is an integral nondetachable part of a 21/2-in. (65-mm) playpipe, the
1.5-9 NH standard thread shall be provided only on discharge side of the valve.
6-2.3
All nozzles used on booster hose shall have the 1-8 NH standard thread.
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6-2.4
All nozzle tips for use on 21/2-in. (65-mm) and 11/2-in. (38-mm) nozzles shall have the 1.5-9
NH standard thread.
6-2.5*
All spray nozzles with a shutoff valve for use on 11/2-in. (38-mm) and 21/2-in. (65-mm) hose
where flows at rated pressure do not exceed 400 gpm (1600 L/min) shall have at least 1.5-9 NH
standard thread at the internal connection.
6-3 Connections for Large Stream Devices.
6-3.1* Primary Inlet.
At least one inlet connection on each fire department large stream device equipped with
multiple primary inlets (other than devices piped permanently to a pump) shall be fitted with at
least one female swivel connection, which shall have 2.5-7.5 NH standard thread as shown in
Figures 6-3.2.1 and 6-3.2.2. An adapter shall be permitted to be provided to meet this intent.
6-3.2* Subsequent Connections.
6-3.2.1 Discharge ends of large stream devices designed to discharge from 400 to 1250 gpm
(1600 to 5000 L/min) shall have the 2.5-7.5 NH standard thread for attaching nozzle tips or spray
nozzles. If stacked tips are used, one of these tips shall have the 1.5-9 NH standard thread as
shown in Figure 6-3.2.1.

Figure 6-3.2.1 Large stream device rated under 1250 gpm (5000 L/min).

6-3.2.2 Discharge ends of large stream devices designed to discharge in excess of 1250 gpm
(5000 L/min), but less than 3000 gpm (12,000 L/min), shall have the 3.5-6 NH standard thread
for attaching nozzle tips or spray nozzles. However, all such large-capacity appliances shall be
provided with a reducer fitting, 3.5-6 NH female × 2.5-7.5 NH male. A stacked tip meeting the
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requirements of 6-3.2.5 and having the male 2.5-7.5 NH standard thread as an integral
component shall be accepted as meeting this requirement as shown in Figure 6-3.2.2.

Figure 6-3.2.2 Large stream device rated over 1250 gpm (5000 L/min) but less than 3000 gpm (12,000 L/min).

6-3.2.3 Straight tip and spray nozzle tips designed to discharge flows between 400 and 1250 gpm
(1600 and 5000 L/min) shall have 2.5-7.5 NH inlet thread.
6-3.2.4 Straight tip and spray nozzle tips designed to discharge flows above 1250 gpm (5000
L/min), but less than 3000 gpm (12,000 L/min), shall have 3.5-6 NH inlet thread.
6-3.2.5 Subsequent connections, straight tips, and spray nozzle tips on large stream devices over
3000 gpm (12,000 L/min) shall have NH standard thread consistent with the nominal inlet or
outlet size.
Chapter 7 Referenced Publications
7-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
7-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1973, Standard on Gloves for Structural Fire Fighting, 1993 edition.
7-1.2 ANSI Publication.
American National Standards Institute, 1430 Broadway, New York, NY 10018.
ANSI/ASME B1.2-1983, Gages and Gaging for Unified Inch Screw Threads.
7-1.3 ASTM Publications.
American Society for Testing and Materials, 1916 Race St., Philadelphia, PA 19103.
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ASTM B30-1992, Standard Specification for Copper-Brass Alloys in Ingot Form.
ASTM B117-1990, Standard Method of Salt Spray (Fog) Testing.
ASTM B584-1993, Standard Specification for Copper Alloy Sand Castings for General
Applications.
ASTM D395-1989, Standard Test Methods for Rubber Property-Compression Set.
ASTM D573-1988, Standard Test Method for Rubber Deterioration in an Air Oven.
ASTM D3183-1984, Standard Practice for Rubber - Preparation of Pieces for Test Purposes
from Products.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-1
Some fire fighting organizations use small hose less than 3/4 in. (19 mm) nominal diameter
fitted with garden hose couplings. Such couplings should have 0.75-11.5 NH (garden hose
thread) threads conforming to ANSI/ASME B1.20.7, Standard on Hose Coupling Screw
Threads.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations or procedures, equipment or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations which is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-3 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner
since jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety
is primary, the “authority having jurisdiction” may be a federal, state, local or other regional
department or individual such as a fire chief, fire marshal, chief of a fire prevention bureau, labor
department, health department, building official, electrical inspector, or others having statutory
authority. For insurance purposes, an insurance inspection department, rating bureau, or other
insurance company representative may be the “authority having jurisdiction.” In many
circumstances the property owner or his designated agent assumes the role of the “authority
having jurisdiction”; at government installations, the commanding officer or departmental
official may be the “authority having jurisdiction.”
A-2-1
Figure A-2-1(a) shows an expansion ring coupling set for a set of threaded couplings. Figure
A-2-1(b) shows a typical nonthreaded fire hose connection that connects to the fire hose with a
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tailpiece and external reattachable collar.

Figure A-2-1(a) An expansion ring coupling set.

Figure A-2-1(b) A nonthreaded fire hose connection.

A-3-6.3
See Figure A-3-6.3.
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Figure A-3-6.3 Gauges for 2.5-7.5 NH threads.

A-3-6.4
Note that setting plug gauges is necessary only for setting of adjustable thread ring gauges and
for checking solid ring gauges.
A-4-1
Figure A-4-1 shows the names of the various parts of a nonthreaded coupling.
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Figure A-4-1 Diagram of a nonthreaded connection.
Legend:
1. Circumferential O.D.: The largest outer diameter of connection that protects the connection from damage.
2. Coupling Face: The front part of the connection where dimensions are developed from.
3. Internal Lug: The (2) internal lugs with recesses that fit on ramp under the face of the cam head.
4. Ramp: The inclined plane under face of cam head that when turned clockwise increases pressure on lip
seals.
5. Lug Stop: The stop at end of ramp that internal lug comes against.
6. Lug Recess: Recessed area where opposite internal lugs enter ramp.
7. Cleaning Port: Area on end of connection face where dirt is pushed in by mating lug.
8. External Wrenching Lug: The external ribs or lugs on back diameter of connection head.
9. External Wrenching Lug Indicator: The identification on rib or lug that when lined up together indicates
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the connection is fully engaged.
10. Tail Place Recess: The recess counterbore on the interface of the cam head that the tail piece rides in.
11. Lock. To keep the connection from becoming unintentionally disengaged.

A-4-2
The Type A test gauge checks the distance from under the high point of the two ramps of a
nonthreaded connection to the corresponding connection’s gasket face which is at the centerline
between the gauge and the connection when they are connected. The Type B test gauge checks
the distance from under the two lugs of a nonthreaded connection to the corresponding
connection’s gasket face which is at the centerline between the gauge and the connection when
they are connected.
A-4-3.1
During the transition in a fire department from couplings without locks to couplings with
locks, there will be times when hose will be coupled together with one coupling being a locking
type and the other a nonlocking type. Consideration should be given to painting a ring in a
distinctive color on the hose near the couplings with locks to alert the fire fighter to the presence
of the lock. Disconnection procedures are different for couplings with locks.
A-4-5.1
The forces defined in this requirement are intended to provide nonthreaded connections that
are able to be connected and disconnected easily by hand and without the use of wrenches when
the connectors are not under pressure.
A-4-5.3
Figure A-4-5.3 shows an example of the setup and location of the torque wrench, test wrench,
nonthreaded connector and test gauge.
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Figure A-4-5.3 Arrangement for testing nonthreaded connections.

Other methods of measuring force to connect may be used if the methods of measurement
produce the same results. A second method of testing the force to connect and disconnect against
the test gauges is to fit the metal-face gauge with a plug that has a hex head connection for the
torque wrench on the back side of the gauge at the center of rotation. The nonthreaded connector
to be tested is then held stationary in a vise or similar device and the metal-face gauge mated to
the nonthreaded connection with the torque wrench measuring the amount of force to connect
and disconnect the two parts. When the force is measured at any point other than as defined in
4-5.3, the acceptable range of force values will need to be calculated for the position of the
torque wrench.
A-5-3
It is important when ordering couplings and tail gaskets for recoupling hose with expansion
ring couplings that the appropriate tail gasket be provided. The coupling manufacturer needs the
outside diameter of the hose and the wall thickness of the hose to provide the proper coupling
and gasket. Also, the length of the expansion ring must be consistent with the length of the
coupling bowl.
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A-6-1
Where local fire hose coupling threads are not standard, swivel adapters, with the NH female
thread and the local male thread, and with the local female thread and the NH male thread,
should be carried on the apparatus, stored in hose houses, etc.
A-6-1.1
See A-1-1.
A-6-1.10
Where the hydrant connections have local threads, adapters, with the NH male thread and the
local female thread for intake supply hose, and the NH female thread and the local female thread
for hard suction hose, should be provided. Where in-service suction hose has couplings that are
of a different size, or has threads other than the NH standard, an adapter to the proper size and to
the NH standard thread should be provided and attached to the suction hose couplings. (See
Figure A-6-1.10.)

Figure A-6-1.10 Suction inlet for local threads.

A-6-2
Connections with NH threads covered in 6-2.1 through 6-2.5 should have adapters with the
internal local thread preconnected to the appliance.
The various subsequent connections on a fire service nozzle are designed with standard NH
thread to allow the nozzle tip to be removed and hose connected to extend the line. This
operation is particularly beneficial when the attack starts with large hand-held lines and these are
later reduced to smaller lines for overhaul.
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A-6-2.5
The use of the specified size thread makes it possible to attach these nozzles to any standard
1
2 /2-in. (65-mm) and 11/2-in. (38-mm) playpipe or shutoff valve and also to advance the nozzle
by connecting 11/2-in. (38-mm) hose between the spray nozzle and the valve.
A-6-3.1
Fire department large stream devices with a single large diameter input are designed to rely on
the positioning of the hose as part of the stability for the device. The manufacturer’s instructions
for use should be carefully followed with all large stream devices. A device designed with a
single hose line inlet system is different from a device designed with a multi-line inlet system,
and trying to supply one device with adapters and fittings from different size hose can create a
dangerous situation.
A-6-3.2
A flow of 400 gpm (1600 L/min) is the maximum normally obtained with a handline nozzle
using a standard 11/4-in. (31.8-mm) straight tip nozzle. A flow of 1250 gpm (5000 L/min) is the
maximum normally obtained with a portable turret nozzle using a 2-in. (51-mm) straight tip
nozzle.
Appendix B
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
B-1 History of Fire Hose Coupling Thread Standardization in the United States.
The need for securing uniformity and interchangeability of fire hose coupling threads was
demonstrated by the Boston conflagration of November 1872. The following year,
standardization was proposed by the International Association of Fire Engineers (IAFE), now the
International Association of Fire Chiefs (IAFC). In subsequent years, various suggested standard
threads were considered. A special committee of that Association prepared a report adopted by
its 1891 convention in which the present principal dimensions for 21/2-in. fire hose coupling
screw threads were suggested but no specifications for the shape of thread were included.
Little further was done toward standardization until difficulties with nonstandard threads were
encountered by fire departments called to assist at the Baltimore conflagration of 1904. The
following year the National Fire Protection Association (NFPA) took up the project actively,
appointing a Committee on Standard Thread for Fire Hose Couplings. In that year this committee
developed general screw thread specifications covering the 21/2-, 3-, 31/2-, and 41/2-in. sizes,
using as a basis the earlier report of the IAFE Committee and working with the active
cooperation of the American Water Works Association (AWWA). The principal dimensions for
the 21/2-in. couplings of 71/2 threads per in. and 31/16-in. outside diameter of the external thread
(ODM) were selected to facilitate conversion of existing couplings, the majority of which had
either 7 or 8 threads per in., and 3-in. or 31/3-in. ODM.
During the years that followed until 1917, this committee worked diligently to secure
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recognition of these specifications as “National Standard” and their adoption by cities and towns
throughout the United States. Its efforts were rewarded with considerable success and, in
addition, as many as twenty organizations officially approved and adopted the standard. It was
also published by the National Board of Fire Underwriters (NBFU), now the American Insurance
Association, in 1911; the American Society of Mechanical Engineers (ASME) in 1913; the U.S.
Bureau of Standards as Circular No. 50 (1914 and 1917); and the American Water Works
Association (AWWA).
Between 1920 and 1923, a series of conferences were held, which were attended by
representatives of the manufacturers of fire hose couplings, the National Board of Fire
Underwriters, the National Screw Thread Commission (NSTC), and the American Society of
Mechanical Engineers. These resulted in an agreement concerning the standardization of screw
thread tolerances, allowances, and methods of gauging. Efforts to bring about the general
adoption of the standard throughout the country were continued.
In October 1923, NBFU, NFPA, and ASME requested the American Standards Association
(ASA) to approve and designate this standard as an “American Standard.” Shortly after that date,
ASA assigned joint sponsorship for the project to NBFU, AWWA, and ASME. At that time,
through the cooperation of a group of gauging experts, including members of NSTC, the limiting
dimensions were added to the original specifications, and the standard for fire hose coupling
screw threads for sizes 21/2-in. and larger was approved by the American Standards Association
in May, 1925.
In 1917, by mutual agreement, the field work of the NFPA Committee concerned with
encouraging adoption and application of the standard was taken over by a Committee on Fire
Prevention and Engineering Standards of the NBFU. At the same time, NFPA organized a
Committee on Small Hose Couplings to develop standards on fire hose screw threads in sizes
from 1/2-in. to 2-in. nominal diameters. A standard covering these sizes was developed and
adopted by NFPA in 1922. These smaller size couplings had the same general characteristics of
thread design as the standard couplings for 21/2-in. and larger hose. The National Fire Protection
Association’s Standard for Small Hose Coupling Screw Threads was submitted to the American
Standards Association for approval in 1926 and is the basis for the current fire hose screw thread
dimensions included in this standard.
The National Screw Thread Commission also had prepared dimensions for the screw threads
of small hose couplings 1/2-in. to 2-in., inclusive, which were published in 1921, 1924, and 1928
reports. The pitches and other dimensions of these threads, except for the garden hose size,
varied from those proposed by the National Fire Protection Association for use on fire hose,
which requires a heavier thread that can be connected quickly in the field.
After careful consideration, in January, 1927, the American Society of Mechanical Engineers
requested the American Standards Association to authorize the organization of a Sectional
Committee to complete the standardization of fire hose couplings and to attempt to unify and
complete the present dimensions of small hose couplings. This authority was given and the
Sectional Committee was organized in October, 1928, under the sponsorship of the American
Society of Mechanical Engineers, to prepare specifications for screw threads for small hose
couplings ranging from 1/2-in. to 2-in. nominal size. Data on these smaller threads are shown in
ASA B33.1.
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Subsequently, it was found that almost every pump manufacturer was using different threads
on 4-, 5-, and 6-in. supply hose and fittings required on certain sizes of fire department pumping
engines so that the supply hose from one pumper could not be used on another pumper at the
same time. Accordingly, in 1955, NFPA adopted standards for threads on these three sizes of fire
hose. The principal dimensions are included in the present standard. The thread dimensions
selected for 4-in. hose were those used for the large hydrant outlets in California. In other states,
the majority of cities use the 41/2-in. fire threads on large hydrant outlets as well as on pumpers.
Adapter couplings are carried attached to 5- and 6-in. pumper supply hose as necessary.
In 1956, NFPA adopted dimensions for gaskets for standard fire hose couplings of all sizes
from 3/4-in. to 6-in. couplings, as well as data on the required gasket seat dimensions. Gaskets
are an essential feature of fire hose coupling standards because hose connections feature swivel
or “female” fittings that must provide a tight waterway when connected to the opposing thread.
NFPA also prepared a text showing the suggested application of the standard to various items
of fire fighting equipment because experience had shown that the wrong size of standard thread
was sometimes used, limiting the effectiveness of the equipment.
In 1961, the duties of the ASA B26 Sectional Committee were transferred to the newly
established Subcommittee No. 7 of ASA Sectional Committee B2 on the Standardization of Pipe
Threads for which the American Society of Mechanical Engineers (ASME) and the American
Gas Association (AGA) are joint sponsors. Subcommittee B2.7 was organized to deal with
threads for fire hose couplings and fittings. A meeting was held in October, 1962, to discuss the
revision of ASA B26-1925. It was the consensus of the group that the smaller sizes of hose
coupling threads previously shown in ASA B33.1-1935 (now renumbered as USA Standard
B2.4) that were used for fire protection should be included in the proposed USA Standard B2.3
(to replace B26-1925). This B2.3 would thus include all American (National) Standard Fire Hose
Coupling Threads except for the Garden Hose Threads which would be shown in USA Standard
B2.4.
A survey conducted by NFPA in 1965 showed that 65 percent of the fire departments serving
U.S. communities of over 20,000 population use standard fire hose coupling screw threads on all
sizes of hose. The percentage using standard threads on the following sizes were: 3/4-and 1-in.
threads, 95 percent standard; 1/2-in. threads, 84 percent standard; 21/2-in. threads, 73 percent
standard. The degree of standardization is believed to be considerably higher in smaller
communities, many of which organized their fire departments subsequent to the adoption of the
standard. Approximately half of the U.S. states have laws supporting fire hose thread
standardization.
In 1965, at the 69th Annual Meeting, the National Fire Protection Association passed a
resolution to intensify its efforts to accomplish complete standardization of fire hose screw
threads throughout the country by asking for aid and assistance from all fire chiefs, fire
organizations, industrial organizations, manufacturers, and governmental agencies.
The National Fire Protection Association, the International Association of Fire Chiefs, the
International Association of Fire Fighters, the American National Standards Institute, the
American Water Works Association, and many others have assisted on the standardization
program.
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The NFPA Sectional Committee on Fire Hose voted in September 1966 to revise NFPA 194 to
include the new material available from the B2.7 subcommittee. This revision was approved by
the NFPA Committee on Fire Department Equipment which recommended adoption by the 1967
NFPA Annual Meeting. Several editorial changes were adopted in 1968.
Appendix C Referenced Publications
C-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
C-1.1 ANSI Publication.
American National Standards Institute, 1430 Broadway, New York, NY, 10018.
ANSI/ASME B1.20.7-1991, Standard on Hose Coupling Screw Threads.
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Technical Committee on Fire Hose and acted on by the National Fire Protection Association,
Inc. at its Fall Meeting held November 16-18, 1992, in Dallas, TX. It was issued by the
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Institute.
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The Committee on Fire Hose felt there was a need for a standard that applied to portable
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adjustable-pattern nozzles for general fire department use and for use on hose attached to
standpipes. The first edition of this standard was adopted in 1988.
In this second edition the text has been editorially reworked into a more usable format,
separating the requirements for the nozzles from the test procedures. Details of the test
procedures have been revised in a few areas to better reflect how the nozzles are used in the
field. The requirement to pass the salt-spray test has been applied to all nozzles.
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Halbert C. Weill, Jr., Duke Power Co., NC
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NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on the size
and design of fire hose connections, and the performance, maintenance, and selection of all types
of fire hose, couplings, nozzles, and accessory equipment.
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NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 6 and Appendix B.

Chapter 1 Administration
1-1* Scope.
This standard applies to portable adjustable-pattern nozzles intended for general fire
department use or for use with fire hoses affixed to standpipe systems. Unless otherwise
specified, these requirements apply to:
(a) Basic spray, constant gallonage, and constant pressure spray nozzles
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(b) Trade sizes of 3/4 in. (19 mm), 1 in. (25 mm), 11/2 in. (38 mm), and 21/2 in. (63 mm), or as
determined by trade sizes of the coupling
(c) Nozzles for use on Class A and Class B fires
(d) Nozzles for use with either lined or unlined hose.
1-2 Purpose.
The purpose of this standard is to provide minimum performance requirements for spray
nozzles to assure purchasers that nozzles that comply with this standard are suitable for fire
suppression use.
1-3 Definitions.
Basic Spray Nozzle. An adjustable-pattern spray nozzle in which the rated discharge is
delivered at a designated nozzle pressure and nozzle setting. Due to its basic design, as the
pattern changes from straight stream to a wide spray pattern, the discharge (gpm) will vary. The
nozzle pressure will also be affected. This is caused by changes in the orifice size to affect
pattern adjustment.
Constant Gallonage Spray Nozzle. An adjustable-pattern nozzle in which the water is
discharged at a designed nozzle pressure. At the rated pressure, the nozzle will deliver a constant
gallonage from straight stream to a wide spray pattern. This is accomplished by maintaining a
constant orifice size during discharge pattern adjustment.
Constant Pressure (Automatic) Spray Nozzle. An adjustable-pattern nozzle in which the
pressure remains constant through a range of discharge rates. The constant pressure provides the
velocity for an effective stream reach at various discharge rates. This is accomplished by means
of a pressure-activated self-adjusting orifice baffle.
Constant/Select Gallonage Feature. A nozzle feature that allows on-site, manual adjustment of
the orifice to effect a predetermined discharge rate. The discharge rate remains constant
throughout the range of pattern selection from straight stream to wide spray.
Flush. A nozzle feature that allows the orifice to be opened so that small debris that might
otherwise be trapped in the nozzle, causing pattern disruptions and discharge variation, can pass
through. When the flush feature is engaged, the nozzle pressure will drop and pattern will
deteriorate. In fire fighting, caution must be exercised when the flush feature is engaged.
Lever-type Control. A control in which the handle operates along the axis of the nozzle.
Lined Fire Hose. A hose having a nonpermeable lining of rubber, synthetic rubber, plastic, or
latex-coated fabric.
Nozzle Pressure. The velocity pressure at which water is discharged from the nozzle. Pressure
without discharge is known as static pressure. Pressure is measured in pounds per sq in. (psig) or
kilopascals (kPag).
Rated Pressure. The pressure at which a nozzle is designed to operate to produce a specified
discharge.
Rotational-type Control. A control that rotates in a plane perpendicular to the axis of the
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nozzle.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Spray Tip. An adjustable-pattern and discharge appliance without a permanently attached
shutoff butt. Where used with fire hose mounted on standpipe systems, it may or may not have a
shutoff capability. A spray tip for fire department use may or may not include a twist-type
shutoff.
Standpipe System. An arrangement of piping, valves, hose connectors, and allied equipment
installed in a building or structure with the hose connections located in such a manner that water
can be discharged in streams or spray patterns through attached hose and nozzles for the purpose
of extinguishing a fire to protect the occupants. This is accomplished by connections to water
supply systems or by pumps, tanks, and other equipment necessary to provide an adequate
supply of water to the hose connectors.
Unlined Fire Hose. A hose consisting of only a woven jacket that is usually of linen yarns and
is of such quality that the yarn swells when wet, tending to seal the hose.
1-4 Units of Measurement.
Metric units of measurement in this standard are in accordance with the modernized metric
system known as the International System of Units (SI). The liter unit, which is not part of but is
recognized by SI, is commonly used in international fire protection. In this standard, values for
measurement are followed by an equivalent in SI units. The U.S. value shall be regarded as the
requirement, because the SI value may be approximate.
Chapter 2 Operational Design Requirements
2-1 Discharge Performance.
2-1.1
Rated pressure for spray nozzles shall be 100 psig (690 kPag). The nozzle discharge rating
shall be expressed as a rated discharge at a rated pressure [e.g., 60 gpm at 100 psig (225 L/min at
690 kPag)].
2-1.2
Basic spray nozzles shall discharge no less than the rated discharge at the rated pressure when
tested in accordance with Section 4-1. The maximum discharge shall be no more than 10 percent
above the rated discharge when measured at both the straight stream and full spray pattern
settings.
2-1.3
Constant gallonage spray nozzles shall discharge no less than the rated discharge at the rated
pressure and no more than 10 percent over the rated discharge minus 0 percent at the rated
pressure when tested in accordance with Section 4-1.
2-1.4
Constant/select gallonage spray nozzles shall meet the requirements of 2-1.3 at each
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predetermined discharge rate.
2-1.5
Constant pressure (automatic) spray nozzles shall maintain an inlet pressure of between 85
psig and 115 psig (586 kPag and 795 kPag) throughout the rated discharge range when tested in
accordance with Section 4-1.
2-2 Discharge Pattern.
2-2.1
Spray nozzles shall be capable of developing discharge patterns varying from straight stream
to at least 100 degrees spray angle.
2-2.2
The straight stream pattern setting shall provide a cohesive jet capable of delivering 90 percent
of the rated discharge within a circle 12 in. (30.5 cm) in diameter at a distance of 10 ft (3.0 m)
from the nozzle.
2-2.3
Spray pattern settings shall provide a full and uniform spray pattern.
2-3* Spray Nozzle Controls.
2-3.1
A spray nozzle designed to be used by fire department personnel shall have a water discharge
control capable of functions ranging from full discharge to complete shutoff of the nozzle
discharge. This control device shall be permitted to be a permanently mounted valve or a
break-apart shutoff butt assembly.
2-3.2
Nozzles equipped with a lever-operated shutoff handle shall be in the closed position when the
handle is closest to the discharge end of the nozzle. Those equipped with a linear-acting pattern
control lever or handle shall be in the straight stream position when the handle is closest to the
discharge end of the nozzle.
2-3.3
Rotational controls shall traverse from a wide angle spray pattern to narrow spray, to straight
stream, and to shutoff position on nozzles so equipped, in a clockwise manner when viewed from
the rear of the nozzle.
2-3.4
Trigger-type lever controls shall be in the “on” position when squeezed and the “off” position
when released.
2-3.5
Lever-type controls shall require a force of no more than 16 lb (7.3 kg) of force and no less
than 3 lb (1.4 kg) to open or close the shutoff or to adjust the stream pattern when tested in
accordance with 4-3.1.
2-3.6
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For rotational-type controls, the operational force required to change the pattern setting and
change the discharge, as well as to just close (sans discharge), to fully close, to just open (leak),
and to fully open the valve, shall not exceed 40 lb (4.5 N) and shall not be less than 3 lb (0.33 N)
when tested in accordance with 4-3.2 and 4-3.4.
2-3.7
When set at the maximum discharge settings, the nozzle shall be subjected to a pressure of 300
psig (2070 kPag) or one and one-half times the maximum rated pressure, whichever is higher.
After the pressure is removed, all functions, such as pattern selection, flush, discharge
adjustments, and shutoff, shall be tested at maximum rated pressure to ensure that they function
properly, with not greater than a 25 percent increase in force over the maximum allowed at 100
psig (690 kPag).
2-3.8
Nozzles equipped with a full-time swivel, which allows the nozzle to rotate once the swivel is
tightened onto a coupling, shall require a minimum force of 10 lb (4.5 kg) to rotate the nozzle
when tested in accordance with 4-3.3.
2-3.8.1 Nozzles equipped with rotational pattern controls, as well as a full-time swivel, shall
have the force required to rotate the full-time swivel at least 1 lb (0.5 kg) force greater than the
force required to rotate the pattern control, as outlined in 2-3.6.
2-4* Threads.
All spray nozzles, shutoffs, and tips shall be manufactured with NH (National Hose) thread
conforming to NFPA 1963, Standard for Screw Threads and Gaskets for Fire Hose Connections.
2-5 Flushing.
All spray nozzles shall be designed to clear or flush the size of debris specified in Table 2-5
from the nozzle without shutting off the water to the hose. This may be accomplished either
through the full open nozzle position or through a flush feature of the nozzle.
Table 2-5
Rated Discharge

Size of Steel Ball

up to 60 gpm (230 L/min)

1/ in. (3.18 mm)
8

60-150 gpm (230-570 L/min)

3/

over 150 gpm (570 L/min)

1/ in. (6.35 mm)
4

16 in. (4.76 mm)

2-5.1
Nozzles shall be tested in accordance with Section 4-2 to verify compliance with Section 2-5.
2-5.2
Nozzles equipped with a flush feature shall have a separate control or detent, or require
increased force to indicate to the fire fighter when the flush feature is being engaged.
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2-6 Leakage.
2-6.1
Nozzles equipped with a shutoff shall be pressurized to 800 psig (5516 kPag) or 11/2 times the
rated pressure, whichever is higher, and the shutoff shall be fully opened and closed. After the
shutoff has been closed, the leakage, if any, shall be measured. The maximum leakage allowed
through the discharge orifice is 12 drops per min (1/2 ml/min). There shall be no leakage through
any part of the nozzle other than the discharge orifice.
2-6.2
A nozzle with a twist shutoff shall be operated in accordance with 4-3.4. When it is returned to
the fully closed position, the leakage shall not exceed that allowed in 2-6.1.
2-7 Rough Usage.
2-7.1
Spray nozzles shall be capable of continued operation after being subjected to the rough
handling tests in Section 4-7.
2-7.2
Nozzles developing cracks or broken sections shall not be acceptable.
2-7.3
The nozzle shall not deform beyond the point where it affects the operational use of the nozzle
as defined in the requirements of this standard.
2-7.4
Samples shall be subjected to a comparative operating torque test. The operating torque shall
not increase more than 10 percent from that determined before the test.
2-7.5
Following performance of the test in 2-7.4, samples shall again be subjected to the leakage test
defined in Section 2-6. The leakage shall not increase by more than 10 percent from that
determined before the test.
2-8 Handholds, Handgrips, and Ladder Hooks.
Dual handholds, single handgrips, or ladder hooks provided on nozzles shall support a 300-lb
(136-kg) nozzle reaction force when tested in accordance with Section 4-11. If more than one
feature is provided on the same nozzle, each feature shall be tested separately. Test samples that
distort or develop cracks or broken sections shall be considered as having failed to meet the test
criteria.
2-9 Markings.
2-9.1
Each nozzle shall be permanently identified with the following information using figures and
letters not less than 3/16 in. (4.8 mm) in height. The following information shall be provided by
either stamped or cast figures or letters or by labels meeting UL/ANSI 969, Standard for Safety
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Marking and Labeling Systems:
(a) Name of manufacturer
(b) Unique product or model designation.
2-9.2
Each spray nozzle shall be marked with the discharge at positions of straight stream and full
spray. Constant gallonage and select gallonage nozzles shall be marked to indicate the discharge
at each setting. Constant pressure (automatic) nozzles shall be marked with the minimum and
maximum discharge as permitted in Section 2-1.
2-9.3
Nozzles equipped with a flush feature shall indicate the flush operating position with the
letters FLUSH.
2-9.4
Adjustable-pattern nozzles shall be marked to indicate straight stream and spray pattern
settings, or arrows shall indicate the direction of adjustments for straight stream or spray pattern.
Chapter 3 Construction Materials
3-1* Hydrostatic Strength.
Nozzles shall be designed to withstand a hydrostatic pressure of 1000 psig (6895 kPag) or five
times the maximum designed working pressure, whichever is higher. The hydrostatic strength
shall be confirmed by testing in accordance with Section 4-4.
3-2 High-Temperature Exposure.
The nozzle shall be capable of operation after storage in temperatures of 135°F (57°C). Test
samples that develop cracks or broken sections, or that fail to meet the operational control
requirements in Section 2-3 after being tested in accordance with Section 4-5, shall be
considered as having failed to meet this requirement.
3-3 Low-Temperature Exposure.
The dry nozzle shall be capable of operation in temperatures as low as –25°F (–32°C). Test
samples that develop cracks or broken sections, or that fail to meet the operational control
requirements in Section 2-3 after being tested in accordance with Section 4-6, shall be
considered as having failed to meet this requirement.
3-4* Corrosion Exposure.
All functions such as pattern selection, flush, discharge adjustments, and shutoff shall continue
to function properly and to meet the requirements of Section 2-3 after the nozzle has been
subjected to a salt spray test in accordance with Section 4-8. There shall be no evidence of
galvanic corrosion between dissimilar metals. The nozzle shall then be tested for any leakage in
accordance with Section 2-6.
3-5 Ultraviolet Light and Water Exposure of Nonmetallic Nozzle Components.
3-5.1
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The test samples of nozzles with exposed nonmetallic parts shall be subjected to the ultraviolet
light and water test as described in Section 4-9.
3-5.2
At the conclusion of the test, the nozzle shall be inspected for cracking or crazing. Cracking or
crazing shall indicate failure of the test. All functions such as pattern selection, flush, discharge
adjustment, and shutoff shall operate properly as described in Sections 2-3 and 2-5.
3-6 Aging Exposure of Nonmetallic Nozzle Components.
3-6.1
The test samples of nozzles with nonmetallic components other than rubber gaskets where a
nozzle connects to a hose line shall be subjected to the air-oven aging tests as described in
Section 4-10.
3-6.2
At the conclusion of the test, the nozzle shall be inspected for cracking or crazing, and all
functions such as pattern selection, flush, discharge adjustment, and shutoff shall operate as
described in Section 2-3.
3-7 Mercurous-Nitrate Immersion Test.
3-7.1*
Nozzles or components made from copper alloys containing more than 15 percent zinc shall
withstand total immersion for 30 minutes, without cracking, in an aqueous-mercurous-nitrate
solution containing 10 g of mercurous nitrate and 10 ml of nitric acid (specific gravity 1.42) per
liter of solution.
3-7.2
The test sample shall be subjected to the physical stresses intended to be imposed on or within
the sample as the result of assembly with a coupling. Such stresses are to be applied to the
sample prior to and be effective during the test. A sample is to be connected to an appropriate
male coupling and tightened to the minimum torque necessary to produce a leaktight assembly.
3-8 Rubber Sealing Materials.
A rubber material or synthetic elastomer used to form a seal shall have the following
properties:
(a) Materials in the as-received condition:
1. For silicone rubber (rubber having poly-organosiloxane as its characteristic
constituent):
a. Tensile strength of not less than 500 psig (3.4 MPag) and at least 100 percent ultimate
elongation, or
b. Tensile strength at not less than 2200 psig (15.2 MPag) and at least 200 percent
ultimate elongation determined in accordance with Section 4-12.
2. For material other than silicone rubber:
a. Tensile strength of not less than 1500 psig (10.3 MPag), and
b. At least 200 percent ultimate elongation.
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3. Tensile set of not more than 3/16 in. (4.8 mm), determined in accordance with 4-12.1.
4. Compression set of not more than 15 percent, determined in accordance with Section
4-13.
(b) After accelerated aging in accordance with Section 4-14, materials shall have not less than
80 percent of the as-received tensile strength and 50 percent of the ultimate elongation.
Chapter 4 Test Methods
4-1 Discharge Test.
4-1.1 Test Equipment.
4-1.1.1 Pressure gauges connected to a piezometer ring shall be used to measure the water
pressure at the nozzle inlet.
4-1.1.2 When testing nozzles equipped with a 11/2-in. (38-mm) connection at a discharge rate of
250 gpm (568 L/min) and higher, the pressure gauge shall be mounted on a 21/2-in. (65-mm)
waterway. A tapered adaptor shall be used between the 21/2-in. (65-mm) waterway and the
11/2-in. (38-mm) inlet to the nozzle. The maximum included angle of the adaptor shall be 30
degrees.
4-1.1.3 Flow meters used to establish the discharge referred to in this standard shall be calibrated
volumetrically within 30 days prior to these tests to ensure their accuracy.
4-1.2
The nozzle shall be mounted such that the discharge rate through the nozzle and pressure at the
inlet to the nozzle can be measured. With the shutoff fully open, the inlet pressure shall be
adjusted to the rated pressure, plus or minus 2 percent.
4-1.2.1 Basic spray nozzles shall be tested and discharge measurement taken in both straight
stream and wide angle spray pattern settings. Nozzle pressure shall be adjusted as specified in
4-1.2 for each of the pattern settings.
4-1.2.2 Constant gallonage nozzles shall be tested and the discharge monitored through the full
range of pattern selection.
4-1.2.3 Constant/select gallonage nozzles shall be tested at each discrete discharge selection and
monitored through the entire range of pattern selection. The nozzle pressure shall be adjusted as
specified in 4-1.2 for each discrete discharge selected.
4-1.2.4 Constant pressure (automatic) spray nozzles shall be tested on the same equipment
specified in 4-1.1. The discharge shall be increased to the minimum rated discharge. The
pressure at this discharge shall be recorded. The discharge and nozzle pressure shall be
monitored through the entire range of pattern selection from straight stream to wide angle spray.
Any deviation greater than 2 percent in discharge or pressure shall be recorded. Slowly increase
the discharge to the maximum rated discharge while monitoring the pressure. Record the
minimum and maximum pressures throughout the discharge range. At the maximum rated
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discharge, monitor the discharge and pressure for the entire range of pattern selection.
4-2 Flush Test.
Nozzles shall be held in the vertical position, discharge end down, with the nozzle in either the
fully open or flush position. The appropriate size ball shall pass through the nozzle without
changes in the control position. For discharges up to 60 gpm (230 L/min), a 1/8-in. (3.18-mm)
steel ball shall be used. For discharges 60 gpm 150 gpm (230 L/min 570 L/min), a 3/16-in.
(4.76-mm) steel ball shall be used. For discharges greater than 150 gpm (570 L/min), a 1/4-in.
(6.35-mm) steel ball shall be used.
4-3 Control Tests.
4-3.1 Lever-Type Controls.
4-3.1.1 The nozzle shall be mounted in the closed position with an inlet pressure of 100 psig
(690 kPag). A dynamometer, which records the maximum force reading, shall be attached to the
lever or handle, where it normally would be held during operation. The shutoff or pattern
selection lever or handle shall be moved from the fully closed to fully open position for the full
range of pattern adjustment. The maximum force shall be recorded. The inlet pressure shall be
adjusted to 100 psig (690 kPag) while in the full discharge position. The dynamometer shall be
used when moving the lever through the full range of positions and maximum force again
measured and recorded. The maximum force recorded in both directions shall be recorded.
4-3.1.2 The nozzle shall be mounted without any pressure applied to it. The controlling lever
shall be placed in the closed or full forward position. The lever shall be moved from the full
forward position. The force required to move the lever shall be measured with the dynamometer.
The force required to move the lever shall be recorded.
4-3.2 Rotational Pattern Control.
4-3.2.1 Nozzles equipped with rotational pattern control shall be mounted on a rigid device, and
the force required to rotate the pattern sleeve shall be measured while water is discharging at 100
psig (690 kPag).
4-3.2.2 A length of twine or string, not to exceed 3/32 in. (2.9 mm) in diameter, shall be wrapped
around the nozzle at the point where the nozzle normally would be held while rotating the
pattern sleeve. The string shall be of sufficient length to wrap around the nozzle at least six
times. The first two turns shall overlap the starting end of the string, and the balance of the turns
shall not overlap any other turn. A force gauge, which records the maximum force reading, shall
be attached to a loop in the free end of the string.
The pattern sleeve shall be rotated by pulling the force gauge perpendicular to the center axis
of the nozzle. As the pattern sleeve rotates, the string will unwind, so that the force always
remains tangential to the pattern sleeve.
The pattern sleeve shall be rotated from the straight stream position to the wide spray position,
or vice versa. If the nozzle is equipped with detents for the pattern settings, this test shall
commence with the pattern sleeve in the straight stream or wide spray detent.
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4-3.3 Full-Time Swivel.
4-3.3.1 Nozzles equipped with a full-time swivel shall be tested while water is discharging at
100 psig (690 kPag).
4-3.3.2 The nozzle shall have a hook or other device added so that a dynamometer, which
records the maximum force reading, can be attached and force applied tangentially. The distance
from the center of the nozzle to the point the dynamometer is attached shall be recorded for
developing torque values from the force reading.
4-3.3.3 The pattern sleeve of the nozzle shall be rotated to the end of its travel in the wide spray
direction. The force shall be applied tangentially with a dynamometer to determine the force
required to rotate the nozzle. This force shall be recorded.
4-3.4
A nozzle with a twist shutoff shall be mounted on a device equipped with a relief valve, or
other means, to maintain 100 psig (690 kPag) in both the closed position and the fully open
position while flowing the rated discharge. The test shall start with the nozzle in the closed
position. The force gauge shall be used to twist the shutoff to the fully open position, following
the method outlined in 4-3.2.2. The windings on the pattern sleeve shall be reversed, and the
force gauge used in the same manner as above to rotate the shutoff from the fully open to the
fully closed position. In the fully closed position, any leakage shall be measured.
4-4 Hydrostatic Test.
The nozzle shall be mounted in a closed position on a device capable of exerting a hydrostatic
pressure of 1000 psig (6894 kPag) or five times the maximum rated pressure, whichever is
higher. All air shall be bled out of the system. The pressure shall be increased by 50 psig (345
kPag) increments and held for 30 seconds at each pressure to the maximum pressure for which
the nozzle is being tested. This maximum pressure shall be held for one minute without rupture
of the nozzle. There shall be no leakage through any part of the nozzle other than the discharge
orifice. Increase in leakage through the nozzle orifice shall be permitted beyond that allowed in
Section 2-6.
4-5 High-Temperature Tests.
4-5.1
The nozzle shall be conditioned to 135°F (57°C) for 24 hours prior to the test.
4-5.2
Immediately after being removed from the heating chamber, the nozzle shall be tested for
proper function of all adjustment and controls. There shall be no binding of any function such as
pattern selection, flush, discharge adjustment, or shutoff.
4-5.3
Within three minutes after being removed from the heating chamber, the nozzle shall be
subjected to the rough usage tests in accordance with Section 4-7.
4-6 Low-Temperature Tests.
4-6.1
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A dry nozzle shall be conditioned to –25°F (–32°C) for 24 hours prior to the test.
4-6.2
Immediately after being removed from the cooling chamber, the nozzle shall be tested for
proper function of all adjustments and controls. There shall be no binding of any function such
as pattern selection, flush, discharge adjustment, or shutoff.
4-6.3
Within three minutes after being removed from the cooling chamber, the nozzle shall be
subjected to the rough usage tests identified in Section 4-7.
4-7 Rough Usage Test.
(Each nozzle shall be subject to all tests.)
4-7.1
The nozzle shall be attached to a length of hose at least 10 ft (3 m) long. The hose shall not be
charged. The nozzle shall be dropped from a height of 6 ft (2 m) onto a concrete surface so that it
impacts directly or squarely on the discharge end.
4-7.2
The nozzle shall be attached to a length of hose at least 10 ft (3 m) long. The hose shall not be
charged. The nozzle shall then be dropped twice from a height of 6 ft (2 m) onto a concrete
surface such that the points of impact are on two different sides of the nozzle. For nozzles
equipped with a shutoff handle or lever, one of the points of impact shall be directly on that
handle or lever while in the closed position.
4-7.3
The nozzle shall be attached to a length of hose at least 10 ft (3 m) long. With the nozzle shut
off, the hose line shall be charged with water to a pressure of 100 psig (690 kPag). The nozzle
shall be dropped twice from a height of 6 ft (2 m) onto a concrete surface such that the points of
impact are on two different sides of the nozzle. For nozzles equipped with a shutoff handle or
lever, one of the points of impact shall be directly on that handle or lever while in the closed
position.
4-8 Salt Spray Test.
Test samples shall be supported vertically and exposed to salt spray (fog) for 120 hours, as
specified by ASTM B117, Standard Test Method of Salt Spray (Fog) Testing.
4-9 Ultraviolet Light and Water Test.
4-9.1
Sample nozzles shall be exposed to ultraviolet light and water for 720 hours. They shall be
inspected for cracking and crazing after 360 hours. If no cracking or crazing is apparent, the
exposure shall continue for the full 720 hours.
4-9.2
Ultraviolet light shall be obtained from two stationary enclosed carbon-arc lamps. The arc of
each lamp shall be formed between two vertical carbon electrodes, 1/2 in. (12.7 mm) in diameter,
located at the center of a revolvable vertical metal cylinder 31 in. (787 mm) in diameter and
Copyright 1996 NFPA

173/4 in. (451 mm) in height. Each arc shall be enclosed with a number PX clear Pyrex™ glass
globe. The samples shall be mounted vertically on the inside of the revolvable cylinder, arcing
the lamps, and the cylinder shall revolve continuously around the stationary lamps at one
revolution per minute. A system of nozzles shall be provided so that each sample in turn is
sprayed with water as the cylinder revolves. During each operating cycle, each sample shall be
exposed to the light and water spray for three minutes and to only light for 17 minutes (total 20
minutes). The air temperature within the revolving cylinder of the apparatus during operations
shall be 63°C ± 5° (145°F ± 9°).
4-10 Air-Oven Aging Tests.
4-10.1
Aging tests shall be performed prior to the rough usage, leakage, and hydrostatic pressure
tests.
4-10.2
Samples of the nozzles shall be subjected to air-oven aging for 180 days at 158°F (70°C) and
then allowed to cool at least 24 hours in air at 74°F (23°C) at 50 percent relative humidity.
4-11 Handholds, Handgrips, and Ladder Hooks.
4-11.1
The sample nozzle shall be mounted in a fixture to simulate intended use. A force of 300 lb
(136 kg) shall be applied to the nozzle for 5 minutes to simulate the nozzle reaction force.
4-11.2
The sample nozzle shall then be subjected to the rough usage test as described in 4-7.2 and
4-7.3, except that the point of impact shall be on the handhold, handgrip, or ladder hook.
4-12 Tensile Strength, Ultimate Elongation, and Tensile Set Tests.
4-12.1
Tensile strength, ultimate elongation, and tensile set shall be determined in accordance with
ASTM D412, Standard Test Methods for Rubber Properties in Tension, Method A, except that,
for tensile set determinations, the elongation shall be maintained for only three minutes, and the
tensile set shall be measured three minutes after release of the specimen. The elongation of a
specimen for a tensile set determination shall be such that the 1-in. (25-mm) spacing of the bench
marks increases to 3 in. (76 mm).
4-12.2
If a specimen breaks outside the bench marks, or if either the measured tensile strength or
ultimate elongation of the specimen is less than the required value, an additional specimen shall
be tested, and those results shall be considered final. Results of tests for specimens that break in
the curved portion just outside the bench marks shall be permitted to be accepted if the measured
strength and elongation values are within the minimum requirements.
4-13 Compression Set Test.
Type I specimens of the material shall be prepared and the test conducted in accordance with
ASTM D395, Standard Test Methods for Rubber Property - Compression Set, Method B. The
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specimens shall be exposed for 22 hours at 70°F ± 2° (21°C ± 1°).
4-14 Accelerated Aging Test.
Specimens shall be prepared in the same manner as for tensile strength and ultimate elongation
tests, except that bench marks spaced 1 in. (25 mm) apart shall be stamped on the specimens
after the test exposure. Specimens shall be tested at 212°F (100°C) for 70 hours in accordance
with ASTM D573, Standard Test Method for Rubber Deterioration in an Air Oven.
Chapter 5 Compliance Testing
5-1* Certification.
Ratings of nozzle designs shall be certified by a testing laboratory, or by the manufacturer if
suitable test facilities are available.
5-2 Sample Selection.
To comply with this standard, three randomly selected nozzles of the same design, type, and
model shall pass all the requirements of this standard. The manufacturer shall be permitted to
certify the nozzle if its design, type, and model meet these tests.
Any nozzle or nozzle components that have been subjected to the destructive tests to prove
compliance with the requirements of this standard shall be considered unsuitable for in-service
use.
5-3 Test Equipment.
All gauges used for testing pressures required by this standard shall have been be calibrated
within the previous 30 days with test equipment traceable to the National Institute of Science and
Technology.
5-4 Test Results.
The test results shall be kept on file by the manufacturer. Copies shall be provided when
requested by the purchaser.
5-5 Design Changes.
Any changes to the design of the nozzle or in the materials of construction shall be cause for
retesting.
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
6-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1963, Standard for Screw Threads and Gaskets for Fire Hose Connections, 1985
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edition
6-1.2 Other Publications.
6-1.2.1 ASTM Publications. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM B117-1990, Standard Test Method of Salt Spray (Fog) Testing
ASTM D395-1989, Standard Test Methods for Rubber Property -Compression Set
ASTM D412-1987, Standard Test Methods for Rubber Properties in Tension
ASTM D573-1988, Standard Test Method for Rubber Deterioration in an Air Oven
6-1.2.2 UL Publication. Underwriters Laboratories Inc., 333 Pfingsten Road, Northbrook, IL
60062.
UL 969-1989, Standard for Safety Marking and Labeling Systems
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-1
Purchasers should specify conformance testing to this specification. Any requirements for
conformance testing or certification to this specification should be identified at the time of order.
While nozzles meeting the requirements of this standard are designed to be used in fire
suppression, including hose lines on standpipe systems, the nozzle cannot be expected to provide
satisfactory performance if adequate water pressure and volume are not available. Pressures
available in standpipe systems are often controlled by pressure-reducing devices. Fire
departments planning to use spray nozzles with standpipe systems should ensure the standpipe
system can supply the necessary pressure and volume.
A-2-3
In order for the fire fighter to be effective in combating fire with fire nozzles, the nozzle must
be opened and shut off and adjustments made to the discharge and pattern without excessive
exertion. Conversely, the controls should not be so loose as to be accidently altered in normal
handling.
This section is not intended to limit intentional self-operated or limiting control features such
as discharge-limiting “dead man” controls designed to reduce or shut off the water discharge
when force is released from the control or to limit pattern over-travel or limiting twist controls
incorporated by design for special purposes.
A-2-4
The Committee recognizes that, in different countries, different types of hose threads may be
used. It is believed to be extremely important for fire ground operations involving multiple
jurisdictions to use a common type of thread. Each country should make an effort to standardize
thread types. Since 1905, there has been an effort in the United States to standardize hose
threads. NFPA 1963, Standard for Screw Threads and Gaskets for Fire Hose Connections,
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provides criteria for the American National Fire Connection Screw Thread. The goal of NFPA
1963 is uniformity and interchangeability of fire hose coupling threads.
A-3-1
The nozzle and the hose with which it is used should be carefully matched. The pressure rating
on the nozzle should be at least five times the service test pressure of the corresponding hose so
the hose will fail before the nozzle does.
A-3-4
The purpose of the salt spray test is to ensure nozzles will perform under the normal exposure
to mild corrosive conditions such as those found in the atmosphere near oceans or caused by
chemicals used to treat road surfaces in icy conditions. When the nozzle is expected to be
exposed to corrosive conditions on a long- term basis, or to be used where strong corrosives are
present, the purchaser should ensure the nozzle is designed for such exposure.
A-3-7.1
Instructions for preparation of solutions and procedures for replenishing, together with
descriptions for cleaning and degreasing of the samples, are covered in ASTM B154,
Mercurous-Nitrate Test for Copper and Copper Alloys.
CAUTION: TESTING WITH MERCURY IS A HEALTH HAZARD, AND IT IS
RECOMMENDED THAT EQUIPMENT BE PROVIDED FOR THE REMOVAL OF
MERCURY VAPOR PRODUCED IN A VOLATILIZATION. RUBBER GLOVES
SHOULD BE USED DURING TESTING.
A-5-1
When acceptance tests are desired on delivery, they should include the following items:
(a) Nozzle discharge performance as defined in Section 2-1
(b) Discharge patterns as defined in Section 2-2
(c) Field evaluation of the controls only (Section 2-3)
(d) Confirmation of the threads (Section 2-4)
(e) Confirmation of markings as defined in Section 2-9.
Appendix B Referenced Publications
B-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
B-1.1 ASTM Publication.
American Society for Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.
ASTM B154-1992, Standard Test Method for Mercurous Nitrate Test for Copper and Copper
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1997 Edition
This edition of NFPA 1971, Standard on Protective Ensemble for Structural Fire Fighting,
was prepared by the Technical Committee on Structural Fire Fighting Protective Clothing and
Equipment, released by the Technical Correlating Committee on Fire and Emergency Services
Protective Clothing and Equipment, and acted on by the National Fire Protection Association,
Inc., at its Fall Meeting held November 18-20, 1996, in Nashville, TN. It was issued by the
Standards Council on January 17, 1997, with an effective date of February 7, 1997, and
supersedes all previous editions.
This edition of NFPA 1971 was approved as an American National Standard on February 21,
1997.
Origin and Development of NFPA 1971
The original work on this project was done by the Sectional Committee on Protective
Equipment for Fire Fighters that was a part of the Committee on Fire Department Equipment. In
1973, the Sectional Committee released a tentative standard, NFPA 19A-T, Tentative Standard
on Protective Clothing for Fire Fighters. The Sectional Committee continued its work, and with
the cooperation of the Program for Fire Services Technology of the National Bureau of
Standards, developed NFPA 1971, Standard on Protective Clothing for Structural Fire Fighting.
NFPA 1971 was adopted as a standard at the Fall Meeting in Pittsburgh, Pennsylvania on
November 18, 1975.
Since that time, the Sectional Committee has been removed from the Committee on Fire
Department Equipment and made a full technical committee.
The 1981 edition of NFPA 1971 represented a complete editorial reworking of the 1975
edition to make the document more usable by both the fire service and protective clothing
manufacturers. The 1981 edition was acted on at the Annual Meeting in Dallas, Texas on May
19, 1981.
The 1986 edition incorporated a complete revision of the document to include more
Copyright 1996 NFPA

performance requirements and less specifications. Separate performance and testing chapters
were written. The 1986 edition was acted on at the Annual Meeting in Atlanta, Georgia, May 1922, 1986.
Following the 1986 edition, the Committee was renamed from the Technical Committee on
Protective Equipment for Fire Fighters to the Technical Committee on Fire Service Protective
Clothing and Equipment.
The 1991 edition incorporated third party certification, labeling, and listing for the protective
clothing. A new chapter was added to address interface items, specifically the protective hood
and protective wristlets. Appendix material was developed on cleaning of garments and
evaluating how materials can affect heat stress. The 1991 edition, the fourth edition, was
presented to the NFPA membership at the Annual Meeting in Boston, MA, May 19-23, 1991,
and was issued with an effective date of August 16, 1991.
In October 1994, the NFPA Standards Council reorganized the Technical Committee on Fire
Service Protective Clothing and Equipment as the Project on Fire and Emergency Services
Protective Clothing and Equipment operating with seven technical committees and a technical
correlating committee. NFPA 1971 is now the responsibility of the Technical Committee on
Structural Fire Fighting Protective Clothing and Equipment.
This 1997 edition of NFPA 1971, the fifth edition, has combined four former standards on
structural fire fighting: NFPA 1971, Standard on Protective Clothing for Structural Fire
Fighting; NFPA 1972, Standard on Helmets for Structural Fire Fighting; NFPA 1973, Standard
on Gloves for Structural Fire Fighting; and NFPA 1974, Standard on Protective Footwear for
Structural Fire Fighting, into a single document now titled NFPA 1971, Standard on Protective
Ensemble for Structural Fire Fighting.

Technical Correlating Committee on
Fire and Emergency Services Protective
Clothing and Equipment
Richard M. Duffy, Chair
Int'l Assn. of Fire Fighters, DC [L]
Rep. Int'l Assn. of Fire Fighters
Wayde B. Miller, Secretary
Mine Safety Appliances, PA [M]
Rep. Compressed Gas Assn.
Thomas Augherton, Safety Equipment Inst., VA [RT]
Dennis W. Browner, Scott Aviation, NC [M]
Rep. Industrial Safety Equipment Assn.
Loui Clem, Alpine Center for Rescue Studies, CO [U]
Rep. Nat'l Assn. for Search and Rescue
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Paul H. Crawford, Southern Area Fire Equipment Assn., CA [U]
Rep. Southern Area Fire Equipment Assn.
Robert Dahl, The duPont Co., DE [M]
Robert A. Freese, Globe Mfg. Co. NH [M]
William L. Grilliot, Morning Pride Mfg. Co., Inc., OH [M]
Rep. Fire and Emergency Mfrs. and Services Assoc.
James S. Johnson, Lawrence Livermore Nat'l Labs, CA [RT]
Cy Long, Texas Commission on Fire Protection, TX [E]
David G. Matthews, United Kingdom Fire Brigades Assn., England [SE]
Rep. Int'l Standards Organization
Jim Minx, Oklahoma State Firefighters Assn., OK [C]
Ted Putnam, USDA Forest Service, MT [E]
Jeffrey O. Stull, Int'l Personnel Protection, Inc., TX [SE]
Frank P. Taylor, Lion Apparel Inc., OH [M]
Robert D. Tutterow, Jr., Charlotte Fire Dept., NC [M]
Rep. Fire Industry Equipment Research Organization
Bruce H. Varner, City of Carrollton Fire Dept., TX [U]
Rep. Int'l Fire Service Training Assn.
John Watt, California Dept. of Forestry, CA [U]
Ann Marie Williams, Springs Industries, SC [M]
Harry Winer, U.S. Navy, MA [RT]
Thomas L. Wollan, Underwriters Laboratories Inc., NC [RT]
Alternates
Mark B. Chambers, Texas Commission on Fire Protection, TX [E]
(Alt. to C. Long)
Robert H. Chiostergi, Southern Mills Inc., GA [M]
(Alt. to A. M. Williams)
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Nicholas J. Curtis, Lion Apparel, Inc., OH [M]
(Alt. to F. P. Taylor)
William J. Erny, Industrial Safety Equipment Assn., VA [M]
(Alt. to D. W. Browner)
Patricia A. Freeman, Globe Mfg. Co., NH [M]
(Alt. to R. A. Freese)
Patricia A. Gleason, Safety Equipment Inst., VA [RT]
(Alt. to T. Augherton)
Virgil Hathaway, San Diego Fire Dept., CA [U]
(Alt. to P. H. Crawford)
Bob Montgomery, Hoechst Celanese Corp., NC [M]
(Alt. to R. Dahl)
Daniel P. Ryan, Underwriters Laboratories Inc., NC [RT]
(Alt. to T. L. Wollan)
Nonvoting
Don R. Forrest, United Firefighters of Los Angeles City, CA [L]
Bryan C. Heirston, Oklahoma State Dept. of Labor, OK [L]
Rep. Int'l Assn. of Fire Fighters
Richard Mangan, USDA Forest Service, MT [RT]
Kirk H. Owen, Plano Fire Dept., TX [U]
Rep. NFPA Fire Service Section
Christopher B. Preu, Louisville Division of Fire, KY [U]
Alexander W. Santora, New York City Fire Dept., NY [U]
Jerry Swinford, Texas Commission on Fire Protection, TX [E]
Committee Scope: This Committee shall have primary responsibility for documents on the design,
performance, testing, and certification of protective clothing and protective equipment
manufactured for fire and emergency services organizations and personnel, to protect against
exposures encountered during emergency incident operations. This Committee shall also have the
primary responsibility for documents on the selection, care, and maintenance of such protective
clothing and protective equipment by fire and emergency services organizations and personnel.
Technical Committee on
Structural Fire Fighting Protective

Copyright 1996 NFPA

Clothing and Equipment

Kirk H. Owen, Chair
Plano Fire Dept., TX [U]
Rep. NFPA Fire Service Section
Patricia A. Freeman, Secretary
Globe Mfg. Co., NH [M]
Peter V. Ackerman, South Plainfield, NJ [C]
Rep. Nat'l Volunteer Fire Council
Donald Aldridge, Lion Apparel Inc., OH [M]
Donald G. Beason, Lawrence Livermore Nat'l Lab, CA [RT]
Donna P. Brehm, Virginia Beach Fire Dept., VA [U]
Michael Carlin, LaMesa Fire Dept., CA [U]
Rand-Scott Coggan, City of Oxnard Fire Dept., CA [E]
Rep. Int'l Assn. of Fire Chiefs
Guy D. Eckert, The Warrington Group Ltd, DE [M]
Don R. Forrest, United Firefighters of Los Angeles City, CA [L]
Mary I. Grilliot, Morning Pride Mfg. Co., Inc., OH [M]
Cliff Haskell, IAFF Local 522, CA [L]
Rep. Int'l Assn. of Fire Fighters
Larry Horn, City of Portland, OR [U]
James R. Lawson, U.S. Nat'l Inst. of Standards and Technology, MD [RT]
Cy Long, Texas Commission on Fire Protection, TX [E]
William T. McCutcheon, Jr., Cairns & Brother, Inc., NJ [M]
Scott H. Nicholas, Quaker Safety Products Corp., PA [M]
Robert O'Gorman, Inchcape Testing Services NA Inc., NY [RT]
Christopher B. Preu, Louisville Division of Fire, KY [U]
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Charles A. Quinn, Ranger Firefighter Footwear, IA [M]
Tom Ragan, Shelby Specialty Gloves, TN [M]
Alexander W. Santora, New York City Fire Dept., NY [U]
Dennis K. Stout, E. D. Bullard Co., KY [M]
Jeffrey O. Stull, Int'l Personnel Protection, Inc., TX [SE]
Robert D. Tutterow, Jr., Charlotte Fire Dept., NC [U]
Harry Winer, U.S. Navy, MA [RT]
Thomas L. Wollan, Underwriters Laboratories Inc., NC [RT]
Alternates
Roger L. Barker, North Carolina State University, NC [M]
(Alt. to P. A. Freeman)
Mark B. Chambers, Texas Commission on Fire Protection, TX [E]
(Alt. to C. Long)
Kerry W. Gordon, Cairns & Brother, Inc., NJ [M]
(Alt. to W. T. McCutcheon, Jr.)
William L. Grilliot, Morning Pride Mfg. Co., Inc., OH [M]
(Alt. to M. I. Grilliot)
Kimberly Henry, Underwriters Laboratories Inc., NC [RT]
(Alt. to T. L. Wollan)
James S. Johnson, Lawrence Livermore Nat'l Labs, CA [RT]
(Alt. to D. G. Beason)
Richard A. Oleson, E. D. Bullard Co., KY [M]
(Alt. to D. K. Stout)
Mel Seng, Norcross Safety Products, IL [M]
(Alt. to C. A. Quinn)
Gerard Speer, New York City Fire Dept., NY [U]
(Alt. to A. W. Santora)
Frank P. Taylor, Lion Apparel Inc., OH [M]
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(Alt. to D. Aldridge)
Robert Vettori, U.S. Nat'l Inst. of Standards and Technology, MD [RT]
(Alt. to J. R. Lawson)
Woody Walters, Minnesota State Fire Center, MN [C]
(Alt. to P. V. Ackerman)
Nonvoting
Glen E. Gardner, U.S. Occupational Safety & Health Admin, DC [E]
Bruce W. Teele, NFPA Staff Liaison
These lists represent the membership at the time each Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred. A key to classifications is
found at the front of the book.
NOTE: Membership on a committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on protective
clothing and protective equipment, except respiratory protective equipment, that provides hand,
foot, torso, limb, head, and interface protection for fire fighters or other emergency services
responders during incidents involving structural fire fighting operations. These operations include
the activities of rescue, fire suppression, and property conservation in buildings, enclosed
structures, vehicles, marine vessels, or like properties that are involved in a fire or emergency
situation. Additionally, this committee shall have primary responsibility for documents on the
selection, care, and maintenance of structural fire fighting protective clothing and protective
equipment by fire and emergency services organizations and personnel.

How to Use This Standard
This edition of NFPA 1971, Standard on Protective Ensemble for Structural Fire Fighting,
contains all requirements for coats, trousers, helmets, gloves, boots, and the interface
components of hoods and wristlets, all elements of the structural fire fighting protective
ensemble.
Previous to the 1997 edition of NFPA 1971, the requirements for helmets, gloves, and boots
were contained in separate standards (NFPA 1972, NFPA 1973, and NFPA 1974 respectively).
This standard is organized by chapters and sections. Chapters 3, 4, and 5 follow the same
format throughout. Chapters 1, 2, 6, and 7 are formatted differently because of the different
nature of the material contained in them and how it is used.
Chapter 1, as in other NFPA standards, covers the "administration" of this standard. Chapter 1
contains the scope statements, purpose statements, definitions that are important for a clearer
understanding of the contents, and general requirements on "units" (i.e., the measurements used
in the standard).
Chapter 2, as in all fire and emergency protective clothing and equipment standards, contains
the requirements for third-party certification of the elements of the protective ensemble, the
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requirements for the certification organization itself, requirements for specific inspection and
testing items the certification organization must address, and the requirements for a
manufacturer's quality assurance program to be overseen by the certification organization.
Chapters 3, 4, and 5 contain the actual requirements for the elements of the protective
ensemble: the garments (includes the coat, the trousers, and the coveralls), the helmet, the
gloves, the footwear, the hood interface component, and the wristlet interface component.
These three chapters are formatted in the same manner to be as "user friendly" as a standard
will allow. Chapter 3 contains the labeling and user information requirements, divided into
sections for each element of the protective ensemble. Chapter 4 contains the design
requirements, also divided into sections for each element. And Chapter 5 contains the
performance requirements, and it is divided into sections for each element as well.
The first section in each chapter, identified as Sections 3-1, 4-1, or 5-1, always has the
requirements for the garments.
The second section in each chapter, identified as Sections 3-2, 4-2, or 5-2, always has the
requirements for the helmets.
The third section in each chapter, identified as Sections 3-3, 4-3, or 5-3, always has the
requirements for the gloves.
The fourth section in each chapter, identified as Sections 3-4, 4-4, or 5-4, always has the
requirements for the footwear.
The fifth section in each chapter, identified as Sections 3-5, 4-5, or 5-5, always has the
requirements for the hood interface component.
The sixth section, identified as Sections 4-6 or 5-6 (there is no Section 3-6), always has the
requirements for the wristlet interface component.
There is one section seven, identified as 4-7, that contains the design requirements for
accessories.
The determination of whether or not a product complies with the requirements in Chapter 3
and 4 is mostly done by inspection as these labels, printed information, and design criteria are
best evaluated by examination and inspection.
Chapter 5, however, contains the physical performance that the product or components have to
be able to achieve and what the pass/fail criteria is. The determination of compliance is by actual
testing. Therefore, Chapter 5 is the all important key to Chapter 6, the test methods.
Every performance requirement in Chapter 5 has a direct reference to the appropriate test
method in Chapter 6. So, to find the flame test for gloves, one would go to Section 5-3 (the
performance requirements for gloves) in Chapter 5 and find the performance requirement for
flame resistance for gloves. In that performance requirement (5-3.6) is a direct reference to
Section 6-4, Flame Resistance Test.
To find any test method for a protective element, go to the performance requirements for that
element in Chapter 5 and you will find the direct reference to the test method in Chapter 6.
Chapter 6 contains all the test methods. Each test method begins with an "application"
statement that specifies which elements or element components the test applies to and if there are
any modifications to the test method for a specific element or component, and where the
modifications are located. Each test method follows a step-by-step format from application to
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specimens, sample preparation, apparatus, procedure, report, and interpretation so that each test
method is complete.
In order to reduce the possibility of errors in test methods and because so many elements and
element components use the same test or a slight variation of the same test, it was important to
organize the test methods by the type of test and not by the individual elements.
Chapter 7 contains the mandatory references to other standards or specifications and identifies
which specific documents and editions are the mandatory reference.
Following Chapter 7 are the appendices that include nonmandatory, advisory, informational
items to assist in the understanding of specific requirements or related issues. An asterisk (*)
following a paragraph or section number in the text of Chapters 1 through 7 indicates that there
is explanatory material for that paragraph in Appendix A. Wherever (*) follows a section or
paragraph number (i.e., 2-1.4*) you will find the associated appendix material in Appendix A
with the same paragraph number, prefixed by the letter "A" (i.e., A-2-1.4).
NOTICE
Following the issuance of this 1997 edition of NFPA 1971, Standard on Protective Ensemble
for Stuctural Fire Fighting, by the Standards Council, certain appeals were filed with the NFPA
Board of Directors.
The appeals request the following:
1. That a new section be added to Chapter 2 requiring that manufacturers and manufacturing
facilities be registered in accordance with ISO 9001 or ISO 9002, as applicable, and that this
requirement for ISO registration have an effective date of March 1, 1999.
2. That a new paragraph be added to Section 5-1 requiring protective coats and protective
trousers to be tested for "Total Heat Loss," and a new test method added to Chapter 6 to measure
the heat loss through these garments to determine pass/fail to the performance requirement in
Section 5-1.
NFPA will announce the disposition of the appeals when they have been determined. Anyone
wishing to receive the dispositions of the appeals should notify in writing the Secretary,
Standards Council, NFPA, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101.

NFPA 1971
Standard on
Protective Ensemble for
Structural Fire Fighting
1997 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates that explanatory
material on the paragraph can be found in Appendix A.
Information on referenced publications can be found in Chapter 7 and Appendix B.
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Chapter 1 Administration
1-1* Scope.
1-1.1
This standard shall specify the minimum design, performance, certification requirements, and
test methods for protective ensembles that include protective coats, protective trousers,
protective coveralls, helmets, gloves, footwear, and interface components designed to provide a
minimum level of protection for fire fighters against adverse environmental effects during
structural fire fighting operations and certain other emergency operations.
1-1.2
This standard shall apply to the design, manufacturing, and certification of new protective
ensembles or new individual elements of the protective ensemble. This standard shall not apply
to structural fire fighting protective clothing and equipment manufactured to previous editions of
NFPA 1971, Standard on Protective Clothing for Structural Fire Fighting; NFPA 1972,
Standard on Helmets for Structural Fire Fighting; NFPA 1973, Standard on Gloves for
Structural Fire Fighting; and NFPA 1974, Standard on Protective Footwear for Structural Fire
Fighting.
1-1.3
This standard shall not apply to specialized protective ensembles for wildland fire fighting
operations; for approach, entry, proximity, or other such specialty fire fighting operations; or for
hazardous materials emergency operations. This standard shall not apply to protection from
radiological agents, protection from all biological agents, or protection from all hazardous
chemicals.
1-1.4
Certification of the structural fire fighting protective ensemble, or individual elements of the
protective ensemble, to the requirements of this standard shall not preclude certification to
additional appropriate standards where the protective ensemble or elements of the protective
ensemble meet all applicable requirements of each standard.
1-1.5
The requirements of this standard shall not apply to accessories that might be attached to any
element of the structural fire fighting protective ensemble unless specifically addressed herein.
1-1.6
Nothing herein shall restrict any jurisdiction or manufacturer from exceeding these minimum
requirements.
1-2* Purpose.
1-2.1
The purpose of this standard shall be to provide minimum requirements for the design,
construction, evaluation, and certification of the individual elements comprising the protective
ensemble utilized during structural fire fighting operations, and certain other emergency
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operations where there is a threat of fire or where certain physical hazards are likely to be
encountered, such as during non-fire-related rescue operations, emergency medical operations,
and victim extrication.
1-2.2*
Controlled laboratory tests used to determine compliance with the performance requirements
of this standard shall not be deemed as establishing performance levels for all situations to which
structural fire fighting personnel can be exposed.
1-2.3
This standard is not intended to be utilized as a detailed manufacturing or purchase
specification but shall be permitted to be referenced in purchase specifications as minimum
requirements.
1-3 Definitions.
Accessories. Those items that are attached to a protective ensemble element but designed in
such a manner to be removable from the protective ensemble element and that are not necessary
to meet the requirements of this standard. Such accessories include, but are not limited to, utility
belts, harnesses, back packs, tools, tool packs, radios, radio packs, suspenders, lights, and heat
sensing devices.
Approach Fire Fighting. Limited, specialized exterior fire fighting operations at incidents
involving fires producing very high levels of conductive, convective, and radiant heat, such as
bulk flammable gas and bulk flammable liquid fires. Specialized thermal protection from
exposure to high levels of radiant heat is necessary for the persons involved in such operations
due to the limited scope of these operations and the greater distance from the fire at which these
operations are conducted. Approach fire fighting is not entry, proximity, or structural fire
fighting. (See also Entry Fire Fighting, Proximity Fire Fighting, and Structural Fire Fighting.)
Approved.* Acceptable to the authority having jurisdiction.
Arch. The bottom curve of the foot, from the heel to the ball.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Barrier Material. A single-layer fabric or a laminated/coated, multilayer material that is
considered as a single-layer fabric that limits transfer from the face of the layer to the other side.
Basic Plane. A helmet term for the plane through the centers of the external ear openings and
the lower edges of the eye sockets.
Basic Weight. The weight of the helmet, including all components specified in 4-2.1.
Biological Agents. Biological materials that could be capable of causing a disease or long-term
damage to the human body.
Bitragion Coronal Arc.* A helmet term for the arc between the right and left tragion as
measured over the top of the head in a plane perpendicular to the mid-sagittal plane.
Bitragion Inion Arc.* A helmet term for the arc between tragion as measured over the inion.
For test purposes, the Bitragion Inion Arc is identified as Datum Plane 10 in Figures 6-15.4.1(a)
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through (c).
Body Fluids. Fluids produced by the body including, but not limited to, blood, semen, mucus,
feces, urine, vaginal secretions, breast milk, amniotic fluid, cerebrospinal fluid, synovial fluid,
and pericardial fluid.
Brim. A part of the shell of the helmet extending around the entire circumference of the
helmet.
Brim Line. A horizontal plane intersecting the point of the front opening of the helmet at the
mid-sagittal plane.
Cargo Pockets. Pockets located on the protective garment exterior.
Certification/Certified. A system whereby a certification organization determines that a
manufacturer has demonstrated the ability to produce a product that complies with the
requirements of this standard, authorizes the manufacturer to use a label on listed products that
comply with the requirements of this standard, and establishes a follow-up program conducted
by the certification organization as a check on the methods the manufacturer uses to determine
compliance with the requirements of this standard.
Certification Organization. An independent, third-party organization that determines product
compliance with the requirements of this standard with a labeling/listing/follow-up program.
Char. The formation of a brittle residue when material is exposed to thermal energy.
Chin Strap. An adjustable strap, fitting under the chin, to help secure the helmet to the head.
Coat. A protective garment; an element of the protective ensemble designed to provide
minimum protection to upper torso and arms, excluding the hands and head.
Collar Lining. That part of collar fabric composite that is next to the skin when the collar is
closed in the raised position.
Compliance/Compliant. Meeting or exceeding all applicable requirements of this standard.
Component. Any material, part, or subassembly used in the construction of the protective
ensemble or any element of the protective ensemble. (See also Interface Components.)
Composite. The layer or combination of layers of the protective ensemble or any element of
the protective ensemble that provides the required protection.
Coronal Plane. A helmet term for the plane, perpendicular to the basic and mid-sagittal planes,
that passes through the centers of the external ear openings.
Coverall. A protective garment; an element of the protective ensemble configured as a
single-piece garment and designed to provide minimum protection to the torso, arms, and legs,
excluding the head, hands, and feet.
Crown. The portion of the helmet that covers the head above the reference plane.
Crown Straps. A helmet term for the part of the suspension that passes over the head.
Dielectric Test Plane. A plane that runs from the intersection of the test line and mid-sagittal
plane in the front of the headform diagonally through the headform to the intersection of the
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reference plane and mid-sagittal plane in the rear of the headform.
Drip. To run or fall in drops or blobs.
Ear Covers. An integral part of the helmet designed to provide limited protection for the ears.
Provides no significant thermal protection.
Elements. The parts or items that comprise the protective ensemble. The protective ensemble
elements are coats, trousers, coveralls, helmets, gloves, footwear, and interface components.
Energy Absorbing System. A material, suspension system, or combination thereof
incorporated into the design of the helmet to attenuate impact energy.
Ensemble. See definition of "Protective Ensemble."
Entry Fire Fighting. Extraordinarily specialized fire fighting operations that can include the
activities of rescue, fire suppression, and property conservation at incidents involving fires
producing very high levels of conductive, convective, and radiant heat; such as aircraft fires,
bulk flammable gas fires, and bulk flammable liquid fires. Highly specialized thermal protection
from exposure to extreme levels of conductive, convective, and radiant heat is necessary for
persons involved in such extraordinarily specialized operations due to the scope of these
operations and because direct entry into flames is made. Usually these operations are exterior
operations. Entry fire fighting is not structural fire fighting. (See also Approach Fire Fighting,
Proximity Fire Fighting, and Structural Fire Fighting.)
Eye/Face Positioning Index. The distance, as specified by the manufacturer, from the top
lateral midpoint of the faceshield/goggle components to the basic plane of the Alderson 50
percent adult male headform where the faceshield/goggle component is positioned on the
headform.
Faceshield. A helmet component intended to help protect a portion of the wearer's face in
addition to the eyes, not intended as primary eye protection.
Faceshield/Goggle. Used in this standard to identify criteria that applies to either a faceshield
or goggle component of a helmet.
Flame Resistance. The property of a material whereby the application of a flaming or
nonflaming source of ignition and the subsequent removal of the ignition source results in the
termination of combustion. Flame resistance can be an inherent property of the material, or it can
be imparted by specific treatment.
Fluorescence. A process by which radiant flux of certain wavelengths is absorbed and
reradiated nonthermally in other, usually longer, wavelengths.
Follow-up Program. The sampling, inspection, tests, or other measures conducted by the
certification organization on a periodic basis to determine the continued compliance of products
listed that are being produced by the manufacturer to the requirements of this standard.
Footwear. An element of the protective ensemble designed to provide minimum protection to
the foot, ankle, and lower leg.
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Figure 1-3 Identification of footwear terms.

Functional. The ability of an element or component of an element to continue to be utilized for
its intended purpose.
Garment(s). The coat, trouser, or coverall elements of the protective ensemble designed to
provide minimum protection to the upper and lower torso, arms, and legs, excluding the head,
hands, and feet.
Gauntlet. The circular, flared, or otherwise expanded part of the glove that extends beyond the
opening of the glove body. (See also Glove Wristlet.)
Glove Body. The part of the glove that extends from the tip of the fingers to 2.54 cm (1 in.)
beyond the wrist crease.
Glove Liner. The innermost component of the glove body composite that comes into contact
with the wearer's skin.
Gloves. An element of the protective ensemble designed to provide minimum protection to the
fingers, thumb, hand, and wrist.
Glove Wristlet. The circular, close-fitting part of the glove, usually made of knitted material,
that extends beyond the opening of the glove body. (See also Gauntlet and Wristlet.)
Goggles. A helmet component intended to help protect the wearer's eyes and a portion of the
wearer's face, not intended as primary eye protection. (See also Faceshield/Goggle.)
Hardware. Nonfabric components of the protective ensemble including, but not limited to,
those made of metal or plastic.
Hazardous Chemicals. Any solid, liquid, gas, or mixture thereof that can potentially cause
harm to the human body through respiration, ingestion, skin absorption, injection, or contact.
Hazardous Materials Emergencies. Incidents involving the release or potential release of
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hazardous chemicals into the environment that can cause loss of life, personnel injury, or damage
to property and the environment.
Headband. The portion of the helmet suspension that encircles the head.
Headform. A device that simulates the configuration of the human head.
Helmet. An element of the protective ensemble designed to provide minimum protection to the
head.
Helmet Positioning Index. The distance, as specified by the manufacturer, from the lowest
point of the brow opening at the lateral midpoint of the helmet to the basic plane of the reference
headform when the helmet is firmly positioned on the headform.
Hood. The interface component element of the protective ensemble designed to provide
limited protection to the coat/helmet/SCBA facepiece interface area. (See also Interface
Components.)
Horizontal Center Plane. Any plane passing through the helmet whose intersection with the
helmet surface is equidistant from the top of the helmet at all points.
Inherent Flame Resistance. As applied to textiles, flame resistance that is derived from an
essential characteristic of the fiber or polymer from which the textile is made.
Insole. The inner part of the protective footwear upon which the foot rests and that conforms to
the bottom of the foot.
Interface Area. An area of the body where the protective garments, helmet, gloves, footwear,
or SCBA facepiece meet (i.e., theÊprotective coat/helmet/SCBA facepiece area, protective
coat/protective trouser area, the protective coat/glove area, and the protective trouser/footwear
area).
Interface Components. Elements of the protective ensemble that are designed to provide
limited protection to interface areas.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials, and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner. (See also Product Label.)
Ladder Shank. Reinforcement to the shank area of footwear designed to provide additional
support to the instep when standing on a ladder rung.
Liquid Borne Pathogen. An infectious bacteria or virus carried in human, animal, or clinical
body fluids, organs, or tissues.
Listed.* Equipment, materials, or services included in a list published by an organization that
is acceptable to the authority having jurisdiction and concerned with evaluation of products or
services, that maintains periodic inspection of production of listed equipment or materials or
periodic evaluation of services, and whose listing states that either the equipment, material, or
service meets identified standards or has been tested and found suitable for a specified purpose.
Lower Torso. The area of body below the waist including the legs but excluding the ankles and
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feet.
Major A Seams. See definition of "Seams."
Major B Seams. See definition of "Seams."
Manufacturer. The entity that assumes the liability and provides the warranty for the compliant
product.
Melt. A response to heat by a material resulting in evidence of flowing or dripping.
Mid-Sagittal Plane. A helmet term for the plane, perpendicular to the basic and coronal planes,
that bisects the head symmetrically.
Minor Seams. See definition of "Seams."
Model. The collective term used to identify a group of individual elements of the same basic
design and components from a single manufacturer produced by the same manufacturing and
quality assurance procedures that are covered by the same certification.
Model Weight. The basic weight of the helmet plus accessories for the specific model
identified.
Moisture Barrier. The portion of the composite designed to prevent the transfer of liquids.
Nape Device. A device located below the Bitragion Inion Arc used to aid in helmet retention.
Outer Shell. The outermost layer of the composite with the exception of trim, hardware,
reinforcing material, and wristlet material.
Product. The compliant protective ensemble or the compliant elements of the protective
ensemble.
Product Label. A label or marking affixed to each compliant element of a protective ensemble
by the manufacturer. Such labels contain compliance statements, certification statements, general
information, care, maintenance, or similar data. The product label is not the certification
organization's label, symbol, or identifying mark; however, the certification organization's label,
symbol, or identifying mark can be attached to or be part of the product label. (See also
Labeled.)
Protective Clothing. See definition of "Protective Ensemble."
Protective Coat. See definition of "Coat."
Protective Coverall. See definition of "Coverall."
Protective Ensemble. Multiple elements of clothing and equipment designed to provide a
degree of protection for fire fighters from adverse exposures to the inherent risks of structural
fire fighting operations and certain other emergency operations. The elements of the protective
ensemble are coats, trousers, coveralls, helmets, gloves, footwear, and interface components.
Protective Footwear. See definition of "Footwear."
Protective Garment. See definition of "Garment."
Protective Glove. See definition of "Gloves."
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Protective Helmet. See definition of "Helmet."
Protective Hood. See definition of "Hood."
Protective Trouser. See definition of "Trouser."
Protective Uniform.* A unit of textile apparel configured as a shirt, pant, or coverall and
designed to be both the thermal barrier or a portion of the thermal barrier of a garment element
of the protective ensemble, and an apparel unit(s) of a station/work uniform.
Protective Wristlet. See definition of "Wristlet."
Proximity Fire Fighting. Specialized fire fighting operations that can include the activities of
rescue, fire suppression, and property conservation at incidents involving fires producing very
high levels of conductive, convective, and radiant heat such as aircraft fires, bulk flammable gas
fires, and bulk flammable liquid fires. Specialized thermal protection from exposure to high
levels of radiant heat, as well as thermal protection from conductive and convective heat, is
necessary for persons involved in such operations due to the scope of these operations and the
close distance to the fire at which these operations are conducted, although direct entry into
flame is NOT made. These operations usually are exterior operations but might be combined
with interior operations. Proximity fire fighting is not structural fire fighting but might be
combined with structural fire fighting operations. Proximity fire fighting also is not entry fire
fighting. (See also Approach Fire Fighting, Entry Fire Fighting, and Structural Fire Fighting.)
Puncture-Resistant Device. A reinforcement to the bottom of protective footwear located
between the sole with heel and the insole that is designed to provide puncture resistance.
Radiological Agents. Radiation associated with X-rays, alpha, beta, and gamma emissions
from radioactive isotopes, or other materials in excess of normal background radiation levels.
Reference Plane. A headform term for the plane that is 60 mm ±1 mm (2.36 in. ±0.04 in.)
above and parallel to the basic plane.
Retention System. The complete assembly by which the helmet is retained in position on the
head.
Retroreflection. The reflection of light in which the reflected rays are preferentially returned in
the direction close to the opposite of the direction of the incident rays, with this property being
maintained over wide variations of the direction of the incident rays.
Retroreflective Markings. A material that reflects and returns a relatively high proportion of
light in a direction close to the direction from which it came.
Sample. Protective ensemble elements taken from a manufacturer's current production lot. (See
also Specimen.)
Seam. Any permanent attachment of two or more materials in a line formed by joining the
separate material pieces.
Seam Assembly. The structure obtained when fabrics are joined by means of a seam.
Seams.
Major A Seams. Outermost layer seam assemblies where rupture could reduce the protection
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of the garment by exposing the inner layers such as the moisture barrier, the thermal barrier, the
wearer's station/work uniform, other clothing, or skin.
Major B Seams. Moisture barrier or thermal barrier seam assemblies where rupture could
reduce the protection of the garment by exposing the next layer of the garment, the wearer's
station/work uniform, other clothing, or skin.
Minor Seams. Seam assemblies that are not classified as Major A or Major B seams.
Separate. A material response evidenced by splitting or delaminating.
Shall. Indicates a mandatory requirement.
Shank. Reinforcement to the area of protective footwear designed to provide additional
support to the instep.
Shell. The outermost layer of the protective ensemble element composite. (See also Outer
Shell.)
Should. Indicates a recommendation or that which is advised but not required.
Specimen. The item that undergoes testing. In some cases, the specimen is also the sample.
Structural Fire Fighting. The activities of rescue, fire suppression, and property conservation in
buildings, enclosed structures, vehicles, marine vessels, or like properties that are involved in a
fire or emergency situation.
Structural Fire Fighting Coat. See definition of "Coat."
Structural Fire Fighting Coverall. See definition of "Coverall."
Structural Fire Fighting Ensemble. See definition of "Protective Ensemble."
Structural Fire Fighting Footwear. See definition of "Footwear."
Structural Fire Fighting Garment(s). See definition of "Garment."
Structural Fire Fighting Glove. See definition of "Gloves."
Structural Fire Fighting Helmet. See definition of "Helmet."
Structural Fire Fighting Protective Clothing. See definition of "Protective Ensemble."
Structural Fire Fighting Trousers. See definition of "Trousers."
Suspension. A helmet term for the energy attenuating system made up of the headband and
crown strap.
Sweatband. A helmet term for that part of a headband, either integral or attached, that comes in
contact with the wearer's forehead.
Textile Fabric. A planar structure consisting of yarns or fibers.
Thermal Barrier. The portion of protective ensemble element composites that is designed to
provide thermal protection.
Toecap. A reinforcement to the toe area of footwear designed to protect the toes from impact
and compression.
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Top. A helmet term for the intersection between the mid-sagittal plane and the
Bitragion-Coronal Arc extended to the helmet surface.
Top Line. The top edge of the protective footwear that includes the tongue, gusset, quarter,
collar, and shaft.
Trim. Retroreflective and fluorescent material attached to the outermost surface of the
protective ensemble element for visibility enhancement. Retroreflective materials enhance
nighttime visibility, and fluorescent materials enhance daytime visibility.
Trouser. A protective garment. An element of the protective ensemble that is designed to
provide minimum protection to the lower torso and legs, excluding the ankles and feet.
Upper. That part of the protective footwear, as shown in Figure 1-3, including, but not limited
to, the toe, vamp, quarter, shaft, collar, and throat; but not including the sole with heel,
puncture-resistant device, and insole.
Upper Torso. The area of body above the waist and extending to the shoulder, including the
arms and wrists but excluding the hands.
Wear Surface. A footwear term for the bottom of the sole, including the heel.
Wildland Fire Fighting. The activities of fire suppression and property conservation in
vegetation that is not within structures but that is involved in a fire situation.
Winter Liner. A garment term for an optional component layer designed to provide added
insulation against cold.
Wristlet. An interface component element of the protective ensemble that is the circular,
close-fitting extension of the coat sleeve, usually made of knitted material, designed to provide
limited protection to the protective coat/glove interface area. (See also Gauntlet, Glove Wristlet,
and Interface Components.)
1-4 Units.
1-4.1
In this standard, values for measurement are followed by an equivalent in parentheses, but only
the first stated value shall be regarded as the requirement. Equivalent values in parentheses shall
not be considered as the requirement, as these values might be approximate.
Chapter 2 Certification
2-1 General.
2-1.1
All individual elements of the protective ensemble that are labeled as being compliant with this
standard shall meet or exceed all applicable requirements specified in this standard and shall be
certified.
2-1.2
All certification shall be performed by an approved certification organization that meets at
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least the requirements specified in Section 2-2.
2-1.3
All individual compliant elements of the protective ensemble shall be labeled and listed. All
individual compliant elements of the protective ensemble shall also have a product label. The
product label shall meet the applicable requirements for the specific element specified in 3-1.1,
3-2.1, 3-3.1, 3-4.1, and 3-5.1.
2-1.4*
The certification organization's label, symbol, or identifying mark shall be attached to the
product label or shall be part of the product label.
2-2 Certification Organization.
2-2.1*
The certification organization shall not be owned or controlled by manufacturers or vendors of
the product being certified. The certification organization shall be primarily engaged in
certification work and shall not have a monetary interest in the product's ultimate profitability.
2-2.2
The certification organization shall refuse to certify products to this standard that do not
comply with all applicable requirements of this standard.
2-2.3*
The contractual provisions between the certification organization and the manufacturer shall
specify that certification is contingent on compliance with all applicable requirements of this
standard. There shall be no conditional, temporary, or partial certifications. Manufacturers shall
not be authorized to use any label or reference to the certification organization on products that
are not manufactured in compliance with all applicable requirements of this standard.
2-2.4*
The certification organization shall have laboratory facilities and equipment available for
conducting proper tests, a program for calibration of all instruments shall be in place and
operating, and procedures shall be in use to ensure proper control of all testing. Good practice
shall be followed regarding the use of laboratory manuals, form data sheets, documented
calibration and calibration routines, performance verification, proficiency testing, and staff
qualification and training programs.
2-2.5
The certification organization shall require the manufacturer to establish and maintain a
program of production inspection and testing that at least meets the requirements specified in
Section 2-5. The certification organization shall audit the manufacturer's quality assurance
program to ensure that the quality assurance program provides continued product compliance
with this standard.
2-2.6
The certification organization and the manufacturer shall evaluate any changes affecting the
form, fit, or function of the certified product to determine the product's continued compliance to
this standard.
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2-2.7*
The certification organization shall have a follow-up inspection program of the manufacturing
facilities of the certified product, with at least two random and unannounced visits per 12-month
period. As part of the follow-up inspection program, the certification organization shall select
sample product at random from the manufacturer's production line, from the manufacturer's
in-house stock, or from the open market. Sample product shall be inspected and tested by the
certification organization to verify the product's continued compliance.
2-2.8
The certification organization shall have a program for investigating field reports alleging
malperformance or failure of listed products.
2-2.9*
The certification organization shall require the manufacturer to have a product recall system as
part of the manufacturer's quality assurance program.
2-2.10
The certification organization's operating procedures shall provide a mechanism for the
manufacturer to appeal decisions. The procedures shall include the presentation of information
from both sides of a controversy to a designated appeals panel.
2-2.11
The certification organization shall be in a position to use legal means to protect the integrity
of its name and label. The name and label shall be registered and legally defended.
2-3 Inspection and Testing.
2-3.1
Sampling levels for testing and inspection shall be established by the certification organization
and the manufacturer to ensure a reasonable and acceptable reliability at a reasonable and
acceptable confidence level that products certified to this standard are compliant, unless such
sampling levels are specified herein. Information about sampling levels shall be provided to the
purchaser upon request.
2-3.1.1 For certification of garments, the required testing and conditioning of the garment,
materials, and components shall be specified as shown in Table 2-3.1.1.
Table 2-3.1.1 Protective Garment Test Matrix
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2-3.1.2 For certification of helmets, a test series shall consist of 14 helmets. A minimum of three
test series shall be required for certification. Each helmet shall be subjected to the environmental
conditioning and test or tests specified in Table 2-3.1.2. The order of testing shall be from left to
right in Table 2-3.1.2. Where there is more than one environmental condition for a specific test,
the order of environmental conditioning for that test shall be from top to bottom in Table 2-3.1.2.
Table 2-3.1.2 Protective Helmet Text Matrix
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2-3.1.3 For certification of gloves, the required testing and conditioning of the glove, materials,
and components shall be specified as shown in Table 2-3.1.3.
Table 2-3.1.3 Protective Glove Test Matrix
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2-3.1.4 For certification of footwear, the required testing and conditioning of the footwear,
materials, and components shall be specified as shown in Table 2-3.1.4.
Table 2-3.1.4 Protective Footwear Text Matrix
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2-3.1.5 For certification of interface components, the required testing and conditioning of the
hood and wristlet, materials, and components shall be specified as shown in Table 2-3.1.5.

Table 2-3.1.5 Protective Hood and Wristlet Test Matrix
Flame
Shrinkage
Heat
Resistance Resistance Resistance

TPP

Thread
Melting

Burst
Strength

Seam
Strength

Cleaning
Shrinkage

6-11

6-13

6-14

6-25

Test Material
or Component

6-2

6-6

6-6

6-10

Hood material
or composite

X

X

X

X

X

Hood seams

X

Hood thread
Wristlet material
or composite

X

X
X

X

X

X

X

Wristlet seams

X
X

Wristlet thread

X
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Environmental
Condition
Washing/Drying
6-1.2

X

X

X

X

Room Temperature
6-1.3
X

X

X

X

X
X

X

X

X

2-3.2
Inspection by the certification organization shall include a review of all product labels to
ensure that all required label attachment, compliance statements, certification statements, and
other product information are at least as specified for the specific protective ensemble element in
3-1.1, 3-2.1, 3-3.1, 3-4.1, and 3-5.1.
2-3.3
Inspection by the certification organization shall include a review of any graphic
representations used on product labels, as permitted by 3-1.1.5, 3-2.1.5, 3-3.1.5, 3-4.1.5, and
3-5.1.5, to ensure that the symbols are consistent with the worded statements, readily understood,
and clearly communicate the intended message.
2-3.4
Inspection by the certification organization shall include a review of the user information
required by 3-1.2, 3-2.2, 3-3.2, 3-4.2, and 3-5.2 to ensure that the information has been
developed and is available.
2-3.5
Inspection by the certification organization for determining compliance with the design
requirements specified in Chapter 4 shall be performed on whole or complete products.
2-3.6
Testing conducted by the certification organization in accordance with the testing requirements
of Chapter 6, for determining product compliance with the applicable performance requirements
specified in Chapter 5, shall be performed on element samples or element sample specimens that
are representative of materials and components used in the actual construction of protective
ensemble element products. The certification organization also shall be permitted to use sample
materials cut or taken from a representative product.
2-3.7
Where certification testing includes an element with an accessory or accessories, each
accessory shall be certified as complying with Section 4-8.
2-3.8
Any change in the design, construction, or material of a compliant product shall necessitate
new inspection and testing to verify compliance to all applicable requirements of this standard
that the certification organization determines can be affected by such change. This recertification
shall be conducted before labeling the modified product as being compliant with this standard.
2-3.9
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The certification organization shall not allow any modifications, pretreatment, conditioning, or
other such special processes of the product or any product component prior to the product's
submission for evaluation and testing by the certification organization. The certification
organization shall accept, from the manufacturer for evaluation and testing for certification, only
product or product components that are the same in every respect to the actual final product or
product component. The certification organization shall not allow the substitution, repair, or
modification, other than as specifically permitted herein, of any product or any product
component during testing.
2-4 Recertification.
2-4.1
All individual elements of the protective ensemble that are labeled as being compliant with this
standard shall undergo recertification on an annual basis. This recertification shall include
inspection and evaluation to all design requirements and testing to all performance requirements
as required by this standard on all manufacturer models and components.
2-4.1.1 Any change that affects the element's performance under the design or performance
requirements of this standard shall constitute a different model.
2-4.1.2 For the purpose of this standard, models shall include each unique pattern, style, or
design, of the individual element.
2-4.2
Samples of manufacturer models and components for recertification shall be acquired from the
manufacturer or component supplier during random and unannounced visits as part of the
follow-up inspection program.
2-4.3
The manufacturer shall maintain all design and performance inspection and test data from the
certification organization used in the recertification of manufacturer models and components.
The manufacturer shall provide such data, upon request, to the purchaser or authority having
jurisdiction.
2-5 Manufacturer's Quality Assurance Program.
2-5.1
The manufacturer shall provide and maintain a quality assurance program that includes a
documented inspection and product recall system. The manufacturer shall have an inspection
system to substantiate conformance to this standard.
2-5.2
The manufacturer shall maintain written inspection and testing instructions. The instructions
shall prescribe inspection and test of materials, work in process, and completed articles. Criteria
for acceptance and rejection of materials, processes, and final product shall be part of the
instructions.
2-5.3
The manufacturer shall maintain records of all pass/fail tests. Pass/fail records shall indicate
the disposition of a failed material or product.
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2-5.4
The manufacturer's inspection system shall provide for procedures that ensure the latest
applicable drawings, specifications, and instructions are used for fabrication, inspection, and
testing.
2-5.5
The manufacturer shall, as part of the quality assurance program, maintain a calibration
program of all instruments used to ensure proper control of testing. The calibration program shall
document the date of calibration and performance verification.
2-5.6
The manufacturer shall maintain a system for identifying the appropriate inspection status of
component materials, work in process, and finished goods.
2-5.7
The manufacturer shall establish and maintain a system for controlling nonconforming
material, including procedures for the identification, segregation, and disposition of rejected
material. All nonconforming materials or products shall be identified to prevent their use,
shipment, and intermingling with conforming materials or products.
2-5.8
The manufacturer's quality assurance program shall be audited by the third-party certification
organization to determine that the program is sufficient to ensure continued product compliance
with this standard.
Chapter 3 Labeling and Information
3-1 Protective Garments.
3-1.1 Product Label Requirements.
3-1.1.1* Each garment element of the protective ensemble shall have a product label or labels
permanently and conspicuously attached to each garment. At least one product label shall be
conspicuously located inside each garment element when the garment is properly assembled with
all layers and components in place.
3-1.1.2 Multiple label pieces shall be permitted in order to carry all statements and information
required to be on the product label.
3-1.1.3* The certification organization's label, symbol, or identifying mark shall be permanently
attached to the product label or shall be part of the product label.
3-1.1.4 All worded portions of the required product label shall be printed at least in English.
3-1.1.5 Symbols and other pictorial graphic representations shall be permitted to be used to
supplement worded statements on the product label(s). Such graphic representations shall be
consistent with the worded statements and shall be readily understood and clearly communicate
the intended message.
3-1.1.6 The following statement shall be printed legibly on the product label with all letters shall
be at least 2.5 mm (0.10 in.) high.
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"THIS GARMENT MEETS THE GARMENT REQUIREMENTS OF NFPA 1971,
STANDARD ON PROTECTIVE ENSEMBLE FOR STRUCTURAL FIRE FIGHTING,
1997 EDITION."
3-1.1.7 The following information shall also be printed legibly on the product label with all
letters at least 1.6 mm (0.063 in.) high:
(a) Manufacturer's name, identification, or designation
(b) Manufacturer's address
(c) Country of manufacture
(d) Manufacturer's garment identification number or lot number or serial number
(e) Month and year of manufacture (not coded)
(f) Model name, number, or design
(g) Size
(h) Garment material(s)
(i) Cleaning precautions
3-1.1.8 Supplementary Product Labels.
3-1.1.8.1 Where the garment's outer shell, thermal barrier, or moisture barrier layers can be
separated from each other, each separable layer shall have a supplementary product label
permanently attached.
3-1.1.8.2 Supplementary product labels shall also meet the requirements of 3-1.1.4 and 3-1.1.5.
3-1.2 User Information.
3-1.2.1 The garment manufacturer shall provide at least the user information that is specified in
3-1.2.4 with each garment element.
3-1.2.2 The garment manufacturer shall attach the required user information, or packaging
containing the user information, to the garment in such a manner that it is not possible to use the
garment without being aware of the availability of the information.
3-1.2.3 The required user information, or packaging containing the user information, shall be
attached to the garment so that a deliberate action is necessary to remove it. The garment
manufacturer shall provide notice that the user information is to be removed ONLY by the end
user.
3-1.2.4 The garment manufacturer shall provide at least the following instructions and
information with each garment:
(a) Pre-use information
1. Safety considerations
2. Limitations of use
3. Garment marking recommendations and restrictions
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4. A statement that most performance properties of the garment cannot be tested by the user
in the field
5. Warranty information
(b) Preparation for use
1. Sizing/adjustment
2. Recommended storage practices
(c) Inspection
1. Inspection frequency and details
(d) Don/doff
1. Donning and doffing procedures
2. Sizing and adjustment procedures
3. Interface issues
(e) Use
1. Proper use consistent with NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program and Title 29 Code of Federal Regulations, Part 1910.132, General
Requirements of Subpart I, Personal Protective Equipment
(f)* Maintenance and cleaning
1. Cleaning instructions and precautions with a statement advising users not to use garments
that are not thoroughly cleaned and dried
2. Inspection details
3. Maintenance criteria and methods of repair where applicable
4. Decontamination procedures for both chemical and biological contamination
(g) Retirement and disposal
1. Retirement and disposal criteria and considerations
3-2 Protective Helmets.
3-2.1 Product Label Requirements.
3-2.1.1* Each helmet element of the protective ensemble shall have a product label or labels
permanently and conspicuously attached to each helmet. At least one product label shall be
conspicuously located on or inside each helmet element when the helmet is properly assembled
with all components in place.
3-2.1.2 Multiple label pieces shall be permitted in order to carry all the statements and
information required to be on the product label.
3-2.1.3* The certification organization's label, symbol, or identifying mark shall be permanently
attached to the product label or shall be part of the product label.
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3-2.1.4 All worded portions of the required product label shall be printed at least in English.
3-2.1.5 Symbols and other pictorial graphic representations shall be permitted to be used to
supplement worded statements on the product label(s). Such graphic representations shall be
consistent with the worded statements and shall be readily understood and clearly communicate
the intended message.
3-2.1.6 The following statement shall be printed legibly on the product label. All letters shall be
at least 2.5 mm (0.10 in.) high.
"THIS HELMET MEETS THE HELMET REQUIREMENTS OF NFPA 1971,
STANDARD ON PROTECTIVE ENSEMBLE FOR STRUCTURAL FIRE FIGHTING,
1997 EDITION."
3-2.1.7 The following information shall also be printed legibly on the product label with all
letters at least 1.6 mm (0.063 in.) high:
(a) Manufacturer's name, identification, or designation
(b) Manufacturer's address
(c) Country of manufacture
(d) Manufacturer's helmet identification number or lot number or serial number
(e) Month and year of manufacture (not coded)
(f) Model name, number, or design
(g) Helmet size or size range
(h) Cleaning precautions
3-2.2 User Information.
3-2.2.1 The helmet manufacturer shall provide at least the user information that is specified in
3-2.2.4 with each helmet element.
3-2.2.2 The helmet manufacturer shall attach the required user information, or packaging
containing the user information, to the helmet in such a manner that it is not possible to use the
helmet without being aware of the availability of the information.
3-2.2.3 The required user information, or packaging containing the user information, shall be
attached to the helmet so that a deliberate action is necessary to remove it. The helmet
manufacturer shall provide notice that the user information is to be removed ONLY by the end
user.
3-2.2.4* The helmet manufacturer shall provide at least the following instructions and
information with each helmet:
(a)* Pre-use information
1. Safety considerations
2. Limitations of use
3. Helmet marking recommendations and restrictions
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4. A statement that most performance properties of the helmet cannot be tested by the user
in the field
5. Warranty information
(b) Preparation for use
1. Sizing/adjustment
2. Recommended storage practices
(c)* Inspection
1. Inspection frequency and details
(d) Don/doff
1. Donning and doffing procedures
2. Sizing and adjustment procedures
3. Interface issues
(e) Use
1. Proper use consistent with NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program and Title 29, Code of Federal Regulations, Part 1910.132, General
Requirements of Subpart I, Personal Protective Equipment
(f)* Maintenance and cleaning
1. Cleaning instructions and precautions with a statement advising users not to use helmets
that are not thoroughly cleaned and dried
2. Maintenance criteria and methods of repair where applicable
3. Decontamination procedures for both chemical and biological contamination
(g) Retirement and disposal
1. Retirement and disposal criteria and considerations
3-3 Protective Gloves.
3-3.1 Product Label Requirements.
3-3.1.1* Each glove element of the protective ensemble shall have a product label or labels
permanently and conspicuously attached to each glove. At least one product label shall be
conspicuously located on or inside each glove element when the glove is properly assembled
with all components in place.
3-3.1.2 Multiple label pieces shall be permitted in order to carry all the statements and
information required to be on the product label.
3-3.1.3* The certification organization's label, symbol, or identifying mark shall be permanently
attached to the product label or shall be part of the product label.
3-3.1.4 All worded portions of the required product label shall be printed at least in English.
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3-3.1.5 Symbols and other pictorial graphic representations shall be permitted to be used to
supplement worded statements on the product labels. Such graphic representations shall be
consistent with the worded statements and shall be readily understood and clearly communicate
the intended message.
3-3.1.6 The following statement shall be printed legibly on the product label. All letters shall be
at least 2.5 mm (0.10 in.) high.
"THIS GLOVE MEETS THE GLOVE REQUIREMENTS OF NFPA 1971,
STANDARD ON PROTECTIVE ENSEMBLE FOR STRUCTURAL FIRE FIGHTING,
1997 EDITION."
3-3.1.7 The following information shall also be printed legibly on the product label with all
letters at least 1.6 mm (0.063 in.) high:
(a) Manufacturer's name, identification, or designation
(b) Manufacturer's address
(c) Country of manufacture
(d) Manufacturer's glove identification number or lot number or serial number
(e) Month and year of manufacture (not coded)
(f) Model name, number, or design
(g) Glove size or size range
(h) Cleaning precautions
3-3.2 User Information.
3-3.2.1 The glove manufacturer shall provide at least the user information that is specified in
3-3.2.4 with each glove element.
3-3.2.2 The glove manufacturer shall attach the required user information, or packaging
containing the user information, to the glove pair in such a manner that it is not possible to use
the gloves without being aware of the availability of the information.
3-3.2.3 The required user information, or packaging containing the user information, shall be
attached to the glove pair so that a deliberate action is necessary to remove it. The glove
manufacturer shall provide notice that the user information shall be removed ONLY by the end
user.
3-3.2.4* The glove manufacturer shall provide at least the following instructions and information
with each glove:
(a) Pre-use information
1. Safety considerations
2. Limitations of use
3. Glove marking recommendations and restrictions
4. A statement that most performance properties of the glove cannot be tested by the user in
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the field
5. Warranty information
(b) Preparation for use
1. Sizing/adjustment
2. Recommended storage practices
(c) Inspection
1. Inspection frequency and details
(d) Don/doff
1. Donning and doffing procedures
2. Sizing and adjustment procedures
3. Interface issues
(e) Use
1. Proper use consistent with NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program and Title 29, Code of Federal Regulations, Part 1910.132, General
Requirements of Subpart I, Personal Protective Equipment
(f)* Maintenance and cleaning
1. Cleaning instructions and precautions with a statement advising users not to use gloves
that are not thoroughly cleaned and dried
2. Maintenance criteria and methods of repair where applicable
3. Decontamination procedures for both chemical and biological contamination
4. Instructions for frequency and method of user testing for water resistance
(g) Retirement and disposal
1. Retirement and disposal criteria and considerations
3-3.2.5 The manufacturer shall make available to prospective purchasers and the purchaser a
chart illustrating the hand dimension ranges specified in 4-3.5.3.
3-4 Protective Footwear.
3-4.1 Product Label Requirements.
3-4.1.1* Each footwear element of the protective ensemble shall have a product label or labels
permanently and conspicuously attached to each boot half pair. At least one product label shall
be conspicuously located on or inside each boot when the boot is properly assembled with all
components in place.
3-4.1.2 Multiple label pieces shall be permitted in order to carry all the statements and
information required to be on the product label.
3-4.1.3* The certification organization's label, symbol, or identifying mark shall be permanently
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attached to the product label or shall be part of the product label.
3-4.1.4 All worded portions of the required product label shall be printed at least in English.
3-4.1.5 Symbols and other pictorial graphic representations shall be permitted to be used to
supplement worded statements on the product labels. Such graphic representations shall be
consistent with the worded statements and shall be readily understood and clearly communicate
the intended message.
3-4.1.6 The following statement shall be printed legibly on the product label. All letters shall be
at least 2.5 mm (0.10 in.) high.
"THIS BOOT MEETS THE FOOTWEAR REQUIREMENTS OF NFPA 1971,
STANDARD ON PROTECTIVE ENSEMBLE FOR STRUCTURAL FIRE FIGHTING,
1997 EDITION."
3-4.1.7 The following information shall also be printed legibly on the product label with all
letters at least 1.6 mm (0.063 in.) high:
(a) Manufacturer's name, identification, or designation
(b) Manufacturer's address
(c) Country of manufacture
(d) Manufacturer's footwear identification number or lot number or serial number
(e) Month and year of manufacture (not coded)
(f) Model name, number, or design
(g) Footwear size and width
(h) Cleaning precautions
3-4.2 User Information.
3-4.2.1 The footwear manufacturer shall provide at least the user information that is specified in
3-4.2.4 with each footwear element.
3-4.2.2 The footwear manufacturer shall attach the required user information, or packaging
containing the user information, to the boot pair in such a manner that it is not possible to use the
boots without being aware of the availability of the information.
3-4.2.3 The required user information, or packaging containing the user information, shall be
attached to the boot pair so that a deliberate action is necessary to remove it. The footwear
manufacturer shall provide notice that the user information is to be removed ONLY by the end
user.
3-4.2.4* The footwear manufacturer shall provide at least the following instructions and
information with each boot pair:
(a)* Pre-use information
1. Safety considerations
2. Limitations of use
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3. Boot marking recommendations and restrictions
4. A statement that most performance properties of the boots cannot be tested by the user in
the field
5. Warranty information
(b) Preparation for use
1. Sizing/adjustment
2. Recommended storage practices
(c) Inspection
1. Inspection frequency and details
(d) Don/doff
1. Donning and doffing procedures
2. Sizing and adjustment procedures
3. Interface issues
(e) Use
1. Proper use consistent with NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program and Title 29, Code of Federal Regulations, Part 1910.132, General
Requirements of Subpart I, Personal Protective Equipment
(f) Maintenance and cleaning
1. Cleaning instructions and precautions with a statement advising users not to use boots
that are not thoroughly cleaned and dried
2. Maintenance criteria and methods of repair where applicable
3. Decontamination procedures for both chemical and biological contamination
(g) Retirement and disposal
1. Retirement and disposal criteria and considerations
3-4.2.5* Manufacturers shall be required to establish and provide, upon request, a size
conversion chart for each model or style of protective footwear based on toe length, arch length,
and foot width as measured on the Brannock Scientific Foot Measuring Device.
3-5 Protective Hood Interface Component.
3-5.1 Product Label Requirements.
3-5.1.1 Each hood interface component of the protective ensemble shall have a product label or
labels permanently and conspicuously attached to each hood. At least one product label shall be
conspicuously located on or inside each hood when the hood is properly assembled with all
components in place.
3-5.1.2 Multiple label pieces shall be permitted in order to carry all the statements and
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information required to be on the product label.
3-5.1.3* The certification organization's label, symbol, or identifying mark shall be permanently
attached to the product label or shall be part of the product label.
3-5.1.4 All worded portions of the required product label shall be printed at least in English.
3-5.1.5 Symbols and other pictorial graphic representations shall be permitted to be used to
supplement worded statements on the product labels. Such graphic representations shall be
consistent with the worded statements and shall be readily understood and clearly communicate
the intended message.
3-5.1.6 The following statement shall be printed legibly on the product label. All letters shall be
at least 2.5 mm (0.10 in.) high.
"THIS HOOD MEETS THE HOOD INTERFACE REQUIREMENTS OF NFPA 1971,
STANDARD ON PROTECTIVE ENSEMBLE FOR STRUCTURAL FIRE FIGHTING,
1997 EDITION."
3-5.1.7 The following information shall also be printed legibly on the product label with all
letters at least 1.6 mm (0.063 in.) high:
(a) Manufacturer's name, identification, or designation
(b) Manufacturer's address
(c) Country of manufacture
(d) Manufacturer's hood identification number or lot number or serial number
(e) Month and year of manufacture (not coded)
(f) Model name, number, or design
(g) Size
(h) Garment material(s)
(i) Cleaning precautions
3-5.2 User Information.
3-5.2.1 The hood manufacturer shall provide at least the user information that is specified in
3-5.2.4 with each hood element.
3-5.2.2 The hood manufacturer shall attach the required user information, or packaging
containing the user information, to the hood in such a manner that it is not possible to use the
hood without being aware of the availability of the information.
3-5.2.3 The required user information, or packaging containing the user information, shall be
attached to the hood so that a deliberate action is necessary to remove it. The hood manufacturer
shall provide notice that the user information is to be removed ONLY by the end user.
3-5.2.4* The hood manufacturer shall provide at least the following instructions and information
with each hood:
(a) Pre-use information
1. Safety considerations
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2. Limitations of use
3. Hood marking recommendations and restrictions
4. A statement that most performance properties of the hood cannot be tested by the user in
the field
5. Warranty information
(b) Preparation for use
1. Sizing/adjustment
2. Recommended storage practices
(c) Inspection
1. Inspection frequency and details
(d) Don/doff
1. Donning and doffing procedures
2. Sizing and adjustment procedures
3. Interface issues
(e) Use
1. Proper use consistent with NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program and Title 29, Code of Federal Regulations, Part 1910.132, General
Requirements of Subpart I, Personal Protective Equipment
(f) Maintenance and cleaning
1. Cleaning instructions and precautions with a statement advising users not to use hoods
that are not thoroughly cleaned and dried
2. Maintenance criteria and methods of repair where applicable
3. Decontamination procedures for both chemical and biological contamination
(g) Retirement and disposal
1. Retirement and disposal criteria and considerations
Chapter 4 Design Requirements
4-1* Protective Garment Design Requirements.
4-1.1
A sample garment shall have at least the applicable design requirements specified in this
section where inspected by the certification organization as specified in Section 2-3.
4-1.2*
Garments shall consist of a composite of an outer shell, moisture barrier, and thermal barrier.
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This composite shall be permitted to be configured as a single layer or multiple layers.
4-1.2.1 The moisture barrier, or the thermal barrier or a portion of the thermal barrier, of a
garment element shall be permitted to be configured as a protective uniform apparel unit or units.
Where configured in this manner, the assembled garment element of the protective ensemble
shall meet the requirements specified in 2-1.1. The protective uniform apparel unit(s) shall also
meet all applicable requirements specified in NFPA 1975, Standard on Station/Work Uniforms
for Fire Fighters.
4-1.2.2 Where moisture barriers or thermal barriers are configured as permitted in 4-1.2.1, the
garment manufacturer shall identify the protective uniform apparel unit(s) that comprise the
garment element and that need to be worn together in order for the garment element to be
compliant with the requirements of this standard. Each such protective uniform apparel unit and
the garment element itself shall have a label that meets the requirements of 3-1.1.8,
Supplementary Product Labels. This supplementary product label shall be in addition to any
other product label requirements that apply to the protective uniform apparel units or that apply
to the garment element.
4-1.3*
Garments shall have a means of securing the moisture barrier and thermal barrier to the outer
shell.
4-1.4
Moisture barriers and thermal barriers, or materials meeting the performance requirements of
these components, shall extend, as a minimum, to the neckline seam of the coat, to the waistline
seam of the trouser, and to within 7.62 cm (3.0 in.) of the bottom outer shell hems of protective
garments. In coats, the moisture barriers and thermal barriers, or materials meeting the
performance requirements of these components, shall also extend to within 2.54 cm (1.0 in.) of
the sleeve end of the outer shell and be permitted to retract a maximum of 5.08 cm (2.0 in.) from
the sleeve end of the outer shell, and in trousers, shall also extend to within 7.62 cm (3.0 in.) of
the bottom outer shell hems and be permitted to retract a maximum of 10.2 cm (4.0 in.) from the
bottom outer shell hem. Moisture barriers and thermal barriers, or materials meeting the
performance requirements of these components, shall be configured in a manner to provide
overlap at all closures.
4-1.5
Protective garments and their closure systems, including the coat front and trouser flies, shall
be constructed in a manner that provides continuous moisture and thermal protection. Such
closure systems shall be secured with positive locking fasteners including, but not limited to,
hooks and dees or zippers. Nonpositive fasteners, such as snaps or hook and pile tape, shall not
be used as positive locking fasteners but shall be permitted to be utilized as supplementary
garment closure devices.
4-1.6
Snaps shall at least meet the requirements of Fasteners, Snap, Style 2, MS27980E of Fastener,
Snap MIL-F-10884F. The construction of the snap shall be permitted to vary from the drawings
with regard to the attachment means.
4-1.7*
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Fastener tape shall meet the requirements of MIL-F-21840G, Fastener Tapes, Hook and Pile,
Synthetic. Class 2 hook and pile fastener tapes shall not be permitted.
4-1.8
Zippers shall meet the requirements of FED-V-F-106F, Fasteners, Interlocking, Slide.
4-1.9
Hooks and dees shall be nonferrous. Hooks shall be inward facing and shall have at least three
attachment points. Dees shall have at least two attachment points.
4-1.10
All garment hardware finish shall be free of rough spots, burrs, or sharp edges.
4-1.11*
Cargo pockets, where provided, shall have a means to drain water and shall have a means of
fastening in the closed position.
4-1.12*
Garments shall have fluorescent and retroreflective trim permanently attached to the outer
shell of garments to meet visibility requirements. Trim shall be not less than 5.08 cm (2.0 in.)
wide and shall have both retroreflective and fluorescent surfaces. The retroreflective surface of
trim shall be not less than 1.6 cm (0.625 in.) wide. Fluorescent and retroreflective areas of trim
shall appear to be continuous for the length of the trim, with gaps between areas of
retroreflectivity of not more than 3.18 mm (0.125 in.).
4-1.12.1 Trim used to meet the minimum trim pattern requirements shall have a minimum
fluorescent surface of 5.08 cm2/linear cm (2.0 in.2/linear in.) of trim.
4-1.12.2 Trim used in excess of that required by the minimum trim pattern requirements
specified and illustrated in Figures 4-1.14.5 and 4-1.15.3 shall be permitted to not meet the
minimum fluorescent surface of 5.08 cm2/linear cm (2.0 in.2/linear in.) of trim.
4-1.13
Trim used in excess of that required by the minimum trim pattern requirements specified and
illustrated in Figures 4-1.14.5 and 4-1.15.3 shall be permitted to be obscured by components
including, but not limited to, pockets, storm flaps, and reinforcing patches as long as the
minimum trim pattern is not obscured.
4-1.14 Additional Design Requirements for Protective Coats.
4-1.14.1 Coats shall provide protection as specified to the upper torso, neck, arms, and wrists,
excluding the hands and head.
4-1.14.2* Each coat sleeve shall have a protective wristlet permanently attached to the coat
sleeve in a manner that will not permit a gap in the thermal protection and that meets the
requirements specified in Section 4-6 and Section 5-6.
4-1.14.3 Coats shall have a composite collar at least 10.2 cm (4.0 in.) in height at any point and
shall have a closure system. The collar and closure system shall consist of an outer shell,
moisture barrier, and thermal barrier, or of materials that meet all applicable performance
requirements as specified in Section 5-1.
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4-1.14.4 Coat hardware shall not penetrate through the outer shell, moisture barrier, and thermal
barrier to contact the wearer's body when the coat is worn with the closures fastened, unless the
hardware is completely covered by external closure flaps.
4-1.14.5* The trim configuration for the coat shall be in accordance with Figure 4-1.14.5. The
minimum trim pattern for the coat shall consist of one circumferential band of trim around the
bottom of the coat near the hem. The front of the coat shall also have at least one band of
horizontal trim at the chest level. No vertical strips of trim shall be permitted on the front of the
coat. The back of the coat shall also have a minimum of either two vertical strips of trim,
perpendicular to the bottom band with one strip located on both the left and right side of the back
of the coat, or a minimum of one horizontal band of trim at the chest/shoulder blade level. The
minimum trim configuration for each sleeve shall be one circumferential band, or a staggered
360-degree visibility pattern meeting or exceeding the surface area of a continuous
circumferential band, between the wrist and elbow area.

Figure 4-1.14.5 Minimum required coat trim patterns.

4-1.15 Additional Design Requirements for Protective Trousers.
4-1.15.1* Trousers shall provide protection as specified to the lower torso and legs, excluding
the ankles and feet.
4-1.15.2 Trouser hardware shall not penetrate through the outer shell, moisture barrier, and
thermal barrier to come into contact with the wearer's body when the trouser is worn with the
closure fastened, unless the hardware is located on or above the waistline or hardware is
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completely covered by external closure flaps.
4-1.15.3* The trim configuration for the trousers shall be in accordance with Figure 4-1.15.3.
The minimum trim pattern for the trousers shall consist of two circumferential bands of trim: one
band around each leg between the bottom hem and knee areas.

Figure 4-1.15.3 Minimum required trouser trim patterns.

4-1.16 Additional Design Requirements for Protective Coveralls.
4-1.16.1 That portion of the coverall that corresponds to the coat shall meet all requirements of
4-1.14.
4-1.16.2 That portion of the coverall that corresponds to the trouser shall meet all requirements
of 4-1.15.
4-2 Protective Helmet Design Requirements.
4-2.1
A sample helmet shall have at least the applicable design requirements specified in this section
where inspected by the certification organization as specified in Section 2-3.
4-2.2
Helmets for structural fire fighting shall consist of at least the following assembled
components: a shell, an energy absorbing system, a retention system, fluorescent and
retroreflective trim, ear covers, and either a faceshield, or goggles, or both.
4-2.3
There shall be no openings penetrating the shell other than those provided by the manufacturer
for mounting energy absorbing systems, retention systems, and accessories.
4-2.4
The helmet, with the faceshield/goggle components stowed, shall provide peripheral vision
clearance of at least 105 degrees to each side of the mid-sagittal plane when seated according to
its helmet positioning index on the reference headform illustrated in Figure 4-2.4.
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Figure 4-2.4 Helmet peripheral vision.

4-2.5
The retention system shall include a chin strap and a nape device. The chin strap shall have a
minimum width of 1.9 cm (0.75 in.).
4-2.6
The helmet shall have fluorescent and retroreflective trim on the shell exterior.
4-2.6.1 A minimum of 26 cm2 (4 in.2) of the retroreflective area of the trim shall be visible when
the helmet, with faceshield/goggle component in the stowed position, is viewed from any angle
at or above the reference plane at a distance of 2.44 m (8.0 ft).
4-2.6.2 A minimum of 26 cm2 (4 in.2) of the fluorescent area of the trim shall be visible when
the helmet, with the faceshield/goggle component in the stowed position, is viewed from any
angle at or above the reference plane at a distance of 2.44 m (8.0 ft).
4-2.6.3 The entire surface of the trim shall be permitted to be both fluorescent and
retroreflective.
4-2.7
The faceshield/goggle component(s), when deployed in accordance with its helmet and
eye/face positioning indexes on an Alderson 50th percentile male headform shall provide the
following coverage.
(a) A dihedral angle of at least 85 degrees measured horizontally between L and K on each
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side of the sagittal plane that passes through point L as shown in Figure 4-2.7.
(b) An upper dihedral angle of at least 7 degrees above the reference plane that is defined by
the straight line passing through L1 and L2 as shown in Figure 4-2.7.
(c) A lower dihedral angle of at least 40 degrees under the basic plane that is defined by the
straight line passing through K1 and K2 situated on the surface of the headform at 31 mm (1.22
in.) on each side of point K as shown in Figure 4-2.7.

Figure 4-2.7 Faceshield/goggle component field of view.

4-2.8
The minimum coverage area for ear covers when deployed, the distance from the reference
plane downward to the edge of the ear protector, shall be at least:
(a) 125 mm (5 in.) when measured 50 mm (2 in.) forward of the coronal plane
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(b) 150 mm (5.9 in.) when measured 25 mm (1 in.) forward of the coronal plane
(c) 160 mm (6.3 in.) when measured at the coronal plane
(d) 160 mm (6.3 in.) when measured at the mid-sagittal plane at the rear of the headform
4-3 Protective Glove Design Requirements.
4-3.1
A sample glove shall have at least the applicable design requirements specified in this section
where inspected by the certification organization as specified in Section 2-3.
4-3.2
The sample glove shall consist of a composite meeting the performance requirements of
Section 5-3. This composite shall be permitted to be configured as a continuous or joined single
layer, or as continuous or joined multiple layers.
4-3.3
The sample glove body shall extend circumferentially not less than 2.54 cm (1 in.) beyond the
wrist crease where measured from the tip of the finger and shall be close fitting at the opening to
restrict the entry of embers and other foreign particles. The location of the wrist crease shall be
determined as shown in Figure 4-3.3.

Figure 4-3.3 Anatomical landmarks at base of hand.

4-3.4
Sample gloves shall be permitted to be provided with either a gauntlet or a glove wristlet.
Where gloves are provided with a gauntlet or a glove wristlet, the sample glove body and the
gauntlet or glove wristlet shall extend circumferentially at least 5.08 cm (2 in.) beyond the wrist
crease, taking into consideration the requirement specified in 4-3.3. Where gloves are not
provided with a gauntlet or a glove wristlet, the sample glove body shall extend
circumferentially at least 5.08 cm (2 in.) beyond the wrist crease, an increase of 2.54 cm (1 in.)
to the requirement specified in 4-3.3.
4-3.5 Protective Glove Sizing.
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4-3.5.1 Hand dimensions for selection of proper glove size shall consist of measuring the
following two dimensions, as shown in Figure 4-3.5.1:
(a) Hand circumference
(b) Length of the hand

Figure 4-3.5.1 Method of measuring hand dimensions for selection of proper glove.

4-3.5.1.1 Hand circumference shall be measured by placing a measuring tape on a table or other
flat surface with the numerals facing downward. The subject shall place the right hand, palm
down and fingers together, in the middle of the tape so that the tape can pass straight across the
metacarpal knuckles. The circumference shall be measured to the nearest 3.18 mm (0.125 in.), as
shown in Figure 4-3.5.1.
4-3.5.1.2 Finger circumference shall be measured at the proximal interphalangeal joint (first
knuckle). Finger length shall be measured from the tip of the finger to the base of the finger
crease on the palm side.
4-3.5.1.3 Hand length shall be measured by placing the subject's hand, palm down, on a piece of
paper with the fingers together and the hand and arm in a straight line. The thumb shall be fully
abducted, extended away from the palm as far as possible. The paper shall be marked at the tip
of the third, or middle, finger. A pencil mark shall be placed in the notch at the base of the thumb
where the thumb joins the wrist. The straight line distance between the two points shall be
measured to the nearest 3.18 mm (0.125 in.), as shown in Figure 4-3.5.1.
4-3.5.2* In order to label or otherwise represent a glove as compliant with the requirements of
this standard, the manufacturer shall provide gloves in not less than five separate and distinct
sizes. The manufacturer shall provide gloves that at least fit the hand dimension ranges specified
in 4-3.5.3.
4-3.5.3* The glove size indicated on the label shall be determined by the hand dimensions given
in Tables 4-3.5.3(a) through (e).
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Table 4-3.5.3(a) Sizing for Small (XS) Glove
cm

in.

16.25 - 17.25

(6.40 - 6.79)

THE RANGE FOR HAND CIRCUMFERENCE: 16.25 - 20.25

(6.40 - 7.97)

THE RANGE FOR HAND LENGTH:

Range to Be
Accommodated

Mid-Size Value
cm

(in.)

cm

(in.)

Digit 1 Circumference

6.17

(2.43)

5.60 - 6.74

(2.20 - 2.65)

Digit 2 Circumference

6.06

(2.39)

5.50 - 6.63

(2.17 - 2.61)

Digit 3 Circumference

6.08

(2.39)

5.53 - 6.63

(2.18 - 2.61)

Digit 4 Circumference

5.69

(2.24)

5.12 - 6.26

(2.02 - 2.46)

Digit 5 Circumference

5.00

(1.97)

4.48 - 5.52

(1.76 - 2.17)

Digit 1 Length

4.94

(1.94)

4.36 - 5.52

(1.72 - 2.17)

Digit 2 Length

6.44

(2.54)

5.75 - 7.12

(2.26 - 2.80)

Digit 3 Length

7.29

(2.87)

6.71 - 7.87

(2.64 - 3.10)

Digit 4 Length

6.78

(2.67)

6.13 - 7.42

(2.41 - 2.92)

Digit 5 Length

5.09

(2.00)

4.52 - 5.66

(1.78 - 2.23)

Hand Circumference

18.25

(7.19)

16.34 - 20.16

(6.43 - 7.94)

Hand Length

16.75

(6.59)

16.27 - 17.23

(6.41 - 6.78)

Table 4-3.5.3(b) Sizing for Small (S) Glove
cm

in.

THE RANGE FOR HAND LENGTH:

17.25 - 18.25

(6.79 - 7.19)

THE RANGE FOR HAND CIRCUMFERENCE:

17.25 - 21.25

(6.79 - 8.37)

Mid-Size Value
cm
Digit 1 Circumference

6.40

(in.)
(2.52)

Range to Be
Accommodated
cm
5.82 - 6.97
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(in.)
(2.29 - 2.74)

Digit 2 Circumference

6.29

(2.48)

5.73 - 6.85

(2.26 - 2.70)

Digit 3 Circumference

6.31

(2.48)

5.76 - 6.87

(2.27 - 2.70)

Digit 4 Circumference

5.92

(2.33)

5.35 - 6.49

(2.11 - 2.56)

Digit 5 Circumference

5.22

(2.06)

4.70 - 5.74

(1.85 - 2.26)

Digit 1 Length

5.31

(2.09)

4.74 - 5.89

(1.87 - 2.32)

Digit 2 Length

6.89

(2.71)

6.21 - 7.57

(2.44 - 2.98)

Digit 3 Length

7.71

(3.04)

7.13 - 8.30

(2.81 - 3.27)

Digit 4 Length

7.19

(2.83)

6.55 - 7.03

(2.58 - 3.08)

Digit 5 Length

5.44

(2.14)

4.87 - 6.01

(1.92 - 2.37)

Hand Circumference

19.25

(7.58)

17.34 - 21.16

(6.83 - 8.33)

Hand Length

17.75

(6.99)

17.27 - 18.23

(6.80 - 7.18)

Table 4-3.5.3(c) Sizing for Medium (M) Glove
cm

in.

18.25 - 19.25

(7.19 - 7.58)

THE RANGE FOR HAND CIRCUMFERENCE: 18.25 - 22.25

(7.19 - 8.76)

THE RANGE FOR HAND LENGTH:

Range to Be
Accommodated

Mid-Size Value
cm

(in.)

cm

Digit 1 Circumference

7.01

(2.76)

6.36 - 7.65

(2.50 - 3.01)

Digit 2 Circumference

6.82

(2.69)

6.31 - 7.32

(2.48 - 2.88)

Digit 3 Circumference

6.83

(2.69)

6.26 - 7.40

(2.46 - 2.91)

Digit 4 Circumference

6.34

(2.50)

5.78 - 6.90

(2.28 - 2.72)

Digit 5 Circumference

5.63

(2.22)

5.09 - 6.17

(2.00 - 2.43)

Digit 1 Length

5.63

(2.22)

5.00 - 6.26

(1.97 - 2.46)

Digit 2 Length

7.11

(2.80)

6.50 - 7.72

(2.56 - 3.04)

Digit 3 Length

8.07

(3.18)

7.55 - 8.58

(2.97 - 3.38)

Digit 4 Length

7.61

(3.00)

7.14 - 8.08

(2.81 - 3.18)
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(in.)

Digit 5 Length

5.78

(2.28)

5.16 - 6.41

(2.03 - 2.52)

Hand Circumference

20.25

(7.97)

18.34 - 22.16

(7.22 - 8.72)

Hand Length

18.75

(7.38)

18.27 - 19.23

(7.19 - 7.57)

Table 4-3.5.3(d) Sizing for Large (L) Glove
cm

in.

19.25 - 20.25

(7.58 - 7.97)

THE RANGE FOR HAND CIRCUMFERENCE: 19.25 - 23.25

(7.58 - 9.15)

THE RANGE FOR HAND LENGTH:

Range to Be
Accommodated

Mid-Size Value
cm

(in.)

cm

(in.)

Digit 1 Circumference

7.26

(2.86)

6.62 - 7.91

(2.61 - 3.11)

Digit 2 Circumference

7.03

(2.77)

6.53 - 7.54

(2.57 - 2.97)

Digit 3 Circumference

7.10

(2.80)

6.53 - 7.66

(2.57 - 3.02)

Digit 4 Circumference

6.60

(2.60)

6.04 - 7.16

(2.38 - 2.82)

Digit 5 Circumference

5.85

(2.30)

5.31 - 6.39

(2.09 - 2.52)

Digit 1 Length

5.87

(2.31)

5.24 - 6.50

(2.06 - 2.56)

Digit 2 Length

7.49

(2.95)

6.88 - 8.10

(2.71 - 3.19)

Digit 3 Length

8.54

(3.36)

8.03 - 9.06

(3.16 - 3.57)

Digit 4 Length

8.03

(3.16)

7.56 - 8.50

(2.98 - 3.35)

Digit 5 Length

6.13

(2.41)

5.51 - 6.75

(2.17 - 2.66)

Hand Circumference

21.25

(8.37)

19.34 - 23.16

(7.61 - 9.12)

Hand Length

19.75

(7.78)

19.27 - 20.23

(7.59 - 7.96)

Table 4-3.5.3(e) Sizing for Extra-Large (XL) Glove

THE RANGE FOR HAND LENGTH:

cm

in.

20.25 - 21.25

(7.97 - 8.37)
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THE RANGE FOR HAND CIRCUMFERENCE: 20.25 - 24.25
Mid-Size Value

(7.97 - 9.55)

Range to Be
Accommodated

cm

(in.)

cm

(in.)

Digit 1 Circumference

7.52

(2.96)

6.87 - 8.16

(2.70 - 3.21)

Digit 2 Circumference

7.25

(2.85)

6.74 - 7.76

(2.65 - 3.06)

Digit 3 Circumference

7.36

(2.90)

6.79 - 7.93

(2.67 - 3.12)

Digit 4 Circumference

6.86

(2.70)

6.30 - 7.42

(2.48 - 2.92)

Digit 5 Circumference

6.06

(2.39)

5.52 - 6.60

(2.17 - 2.60)

Digit 1 Length

6.11

(2.41)

5.48 - 6.75

(2.16 - 2.66)

Digit 2 Length

7.86

(3.09)

7.26 - 8.47

(2.86 - 3.33)

Digit 3 Length

9.02

(3.55)

8.51 - 9.54

(3.35 - 3.76)

Digit 4 Length

8.44

(3.32)

7.97 - 8.91

(3.14 - 3.51)

Digit 5 Length

6.48

(2.55)

5.85 - 7.10

(2.30 - 2.80)

Hand Circumference

22.25

(8.76)

20.34 - 24.16

(8.01 - 9.51)

Hand Length

20.75

(8.17)

20.27 - 21.23

(7.98 - 8.36)

4-4 Protective Footwear Design Requirements.
4-4.1
Sample footwear shall have at least the applicable design requirements specified in this section
where inspected by the certification organization as specified in Section 2-3.
4-4.2
Footwear shall consist of a sole with heel, upper with lining, and insole with a
puncture-resistant device, and an impact- and compression-resistant toecap permanently
attached.
4-4.3
Footwear height shall be a minimum of 20.32 cm (8.0 in.). The height shall be determined by
measuring inside the boot from the center of the insole at the heel up to a perpendicular reference
line extending across the width of the boot at the lowest point of the top line. Removable insole
inserts shall be removed prior to measurement.
4-4.4
The footwear heel breast shall not be less than 1.27 cm (0.5 in.) nor more than 2.54 cm (1.0
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in.). The heel breasting angle shall not be less than 90 degrees nor more than 135 degrees. The
edges shall not be less than, or extend more than, 1.27 cm (0.5 in.) laterally from the upper at any
point. The width of the footwear heel shall be equal to or greater than the width of the sole,
excluding any calendar roll if present, at the intersection of the heel breast and the sole bottom.
4-4.5
The puncture-resistant device shall cover the maximum area of the insole.
4-4.6
Metal parts shall not penetrate from the outside into the lining or insole at any point.
4-4.7
No metal parts, including but not limited to nails or screws, shall be present or utilized in the
construction or attachment of the sole with heel to the puncture-resistant device, insole, or upper.
4-4.8 Protective Footwear Sizing.
4-4.8.1 Protective footwear shall be available in all of the following sizes:
Men's: 5-13, including half sizes and a minimum of three widths
Women's: 5-10, including half sizes and a minimum of three widths
4-4.8.2* Manufacturers shall be required to establish and provide upon request a size conversion
chart for each model or style of protective footwear based on toe length, arch length, and foot
width as measured on the Brannock Scientific Foot Measuring Device.
4-4.8.3 Full and half sizes, in each of the three required widths, shall be accomplished by
individual and unique lasts to provide proper fit.
4-5 Protective Hood Interface Component Design Requirements.
4-5.1
A sample hood shall have at least the applicable design requirements specified in this section
where inspected by the certification organization as specified in Section 2-3.
4-5.2
The hood shall be designed to cover and provide the limited protection, as specified within this
section, to the head, face, and neck areas that do not receive primary protection from the helmet
or the SCBA facepiece.
4-5.3
Specimens of hoods shall be measured to determine the areas of coverage. The hood shall be
donned properly in the position in which it is intended to be worn on an ISO size J reference
headform. In this position, the hood shall provide a minimum coverage on each side measured
downward from the reference plane at the coronal plane of 23 cm (9.06 in.), shall provide a
minimum coverage in the back measured downward from the reference plane at the rear
mid-sagittal plane of 33 cm (13 in.), and shall provide a minimum coverage in the front
measured downward from the reference plane at the front mid-sagittal plane, excluding the face
opening, of 29.5 cm (11.60 in.).
4-5.4
The hood shall be designed with a face opening. Other than where the hood face opening is
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designed to interface with a specific SCBA facepiece or where the hood face opening is designed
to be adjustable, the hood face opening shall measure 14.25 cm, +0.0/-2.54 cm (5.6 in., +0.0/-1.0
in.) in any direction when the hood is laid out in a relaxed condition on a flat surface, smoothed
out, and with the face opening up.
4-5.4.1 Where the hood face opening is designed to interface with a specific SCBA facepiece,
the hood face opening shall overlap the outer edge of the specific SCBA facepiece-to-face seal
perimeter by not less than 1.3 cm (0.5 in.).
4-5.4.2 Where the hood face opening is provided with manual adjustment, the hood face opening
shall be adjustable to achieve a face opening of 14.25 cm (5.6 in.).
4-6 Protective Wristlets Interface Component Design Requirements.
4-6.1
A sample wristlet shall have at least the applicable design requirements specified in this
section where inspected by the certification organization as specified in Section 2-3.
4-6.2
The wristlet shall be designed to cover and provide limited protection to the wrist areas.
4-6.3
The wristlet shall be permanently attached to the protective coat sleeve in a manner that will
not permit a gap in the thermal protection.
4-7 Partial Eye/Face Protective Interface Component Design Requirements.
4-7.1
The partial eye/face protective device shall provide coverage of at least 90 degrees when
measured from each side of the mid-sagittal plane and 50 mm above the basic plane when
measured at the intersection of the mid-sagittal and basic planes when positioned in accordance
with mean vf-defined eye/face positioning index.
4-8 Accessory Design Requirements.
4-8.1
Any accessories attached to any element of the protective ensemble shall not interfere with the
function of the element or with the function of any of the element's component parts.
4-8.2
Any accessories attached to any element of the protective ensemble shall not degrade the
designed protection or performance of the element below the requirements of this standard.
Chapter 5 Performance Requirements
5-1 Protective Garment Performance Requirements.
5-1.1
Specimens of garment composite consisting of outer shell, moisture barrier, and thermal
barrier shall be tested for thermal insulation as specified in Section 6-10, "Thermal Protective
Copyright 1996 NFPA

Performance (TPP) Test," and shall have an average thermal protective performance (TPP) of
not less than 35.0.
5-1.2
Specimen garment composite shall be tested for overall liquid penetration resistance as
specified in Section 6-48, "Liquid Penetration Test," and shall allow no liquid penetration.
5-1.3
Specimens of garment outer shells, moisture barriers, thermal barriers, collar linings, winter
liners where provided, trim, lettering, and other materials used in garment construction
including, but not limited to, padding, reinforcement, interfacing, binding, hanger loops,
emblems, and patches shall be individually tested for resistance to flame as specified in Section
6-2, "Flame Resistance Test One," and shall not have a char length of more than 10.16 cm (4.0
in.) average, shall not have an afterflame of more than 2.0 seconds average, and shall not melt or
drip.
5-1.3.1 Labels shall be tested as specified in 5-1.4 only when placed on the exterior of the
garment; zippers and seam sealing materials shall be tested as specified in 5-1.4 only if placed on
the exterior of the garment or if they directly contact the wearer's body; and elastic and hook and
pile fasteners shall be tested as specified in 5-1.4 only if they directly contact the wearer's body.
5-1.3.2 Small specimens such as hanger loops, and emblems (patches) which are not large
enough to meet the specimen size requirements in 6-2.2.1, shall be tested for resistance to flame
as specified in Section 6-2, Flame Resistance Test One, and shall not be totally consumed, shall
not have an afterflame of more than 2.0 seconds average, and shall not melt or drip.
5-1.4
Specimens of garment outer shells, moisture barriers, thermal barriers, winter liners where
provided, and collar linings shall be individually tested for resistance to heat as specified in
Section 6-6, "Heat and Thermal Shrinkage Resistance Test," and shall not shrink more than 10.0
percent in any direction.
5-1.5
Specimens of garment outer shells, moisture barriers, thermal barriers, collar linings, winter
liners where provided, trim, lettering, and other materials used in garment construction including, but not limited to, padding, reinforcement, labels, interfacing, binding, hanger loops,
emblems or patches; but excluding elastic and hook and pile fasteners where these items are
placed so that they will not directly contact the wearer's body - shall be individually tested for
resistance to heat as specified in Section 6-6, "Heat and Thermal Shrinkage Resistance Test,"
and shall not melt, separate, or ignite.
5-1.6
Specimens of garment moisture barrier seams shall be individually tested for resistance to heat
as specified in Section 6-6, "Heat and Thermal Shrinkage Resistance Test," and shall not drip or
ignite.
5-1.7
Specimens of garment outer shells and collar linings shall be individually tested for resistance
to heat as specified in Section 6-6, "Heat and Thermal Shrinkage Resistance Test," and shall not
char.
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5-1.8
Specimens of all garment hardware, excluding hook and pile fasteners, where placed so that
they will not directly contact the wearer's body, shall be individually tested for resistance to heat
as specified in Section 6-6, "Heat and Thermal Shrinkage Resistance Test," and shall not ignite
and shall remain functional.
5-1.9
All sewing thread utilized in the construction of garments shall be made of an inherently flame
resistant fiber and shall be tested for resistance to melting as specified in Section 6-11, "Thread
Melting Test," and shall not melt below 260ºC (500ºF).
5-1.10
Specimens of garment outer shells and collar linings shall be individually tested for resistance
to tearing as specified in Section 6-12, "Tear Resistance Test," and shall have a tear strength of
not less than 10 kg (22 lb).
5-1.11
Specimens of garment moisture barriers, thermal barriers, and winter liners, where provided,
shall be tested for resistance to tearing as specified in Section 6-12, "Tear Resistance Test," and
shall have a tear strength of not less than 2.27 kg (5 lb). Where configured as individual barrier
layers, specimens of garment moisture barriers, thermal barriers, and winter liners, where
provided, shall be individually tested. Where one or more of these barriers are configured as a
single barrier layer by bonding or laminating individual barriers together so that the individual
layers do not retain their individuality and are not separable, they shall be tested as a composite.
5-1.12
Specimens of all garment seam assemblies shall be tested for strength as specified in Section
6-14, "Seam Breaking Strength Test."
5-1.12.1 Specimens of woven garment seam assemblies and specimens of seam assemblies that
contain at least one woven material shall demonstrate a sewn seam strength equal to or greater
than 675 N (150 lbf) force for Major A seams, 337.5 N (75 lbf) force for Major B seams, and
180 N (40 lbf) force for Minor seams when tested using the method specified in 6-14.2.2.1.
5-1.12.2 Seam breaking strength shall be considered acceptable when the fabric strength is less
than the required seam strength specified in 5-1.12.1 of this section, providing the fabric fails
without failure of the seam below the applicable forces specified in 5-1.12.1.
5-1.12.3 Specimens of all knit or stretch woven garment seam assemblies shall demonstrate a
sewn seam strength equal to or greater than 180 N (40 lbf) force when tested using the method
specified in 6-14.2.2.2.
5-1.12.4 All combination woven and knit or stretch knit seam specimens shall meet the
requirements specified in 5-1.13.1.
5-1.13
Specimens of garment moisture barriers shall be tested for resistance to water penetration as
specified in Section 6-27, "Water Penetration Resistance Test," and shall have a minimum water
penetration resistance of 1.76 kg/cm2 (25 psi) when tested as specified in 6-27.4.1 and 0.07
kg/cm2 (1 psi) when tested as specified in 6-27.4.2.
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5-1.14*
Specimens of protective garment materials shall be tested for resistance to liquids penetration
as specified in Section 6-28 "Liquid Penetration Resistance Test," and shall show no penetration
of the test liquids for at least 1 hr.
5-1.15
Specimens of garment moisture barrier seams shall be tested for resistance to water penetration
as specified in Section 6-27, "Water Penetration Resistance Test," and shall have a minimum
water penetration resistance of not less than 0.07 kg/cm2 (1 psi) when tested as specified in
6-27.4.2.
5-1.16
Specimens of garment moisture barriers and moisture barrier seams shall be tested for
resistance to liquid or blood borne pathogens as specified in Section 6-29, "Viral Penetration
Resistance Test," and shall allow no penetration of the Phi-X-174 bacteriophage for at least 1
hour.
5-1.17
Specimens of garment outer shells, moisture barriers, thermal barriers, winter liners where
provided, and collar linings shall be individually tested for resistance to shrinkage as specified in
Section 6-25, "Cleaning Shrinkage Resistance Test," and shall not shrink more than 5 percent in
any direction.
5-1.18
Specimens of garment outer shells and collar linings shall be individually tested for resistance
to water absorption as specified in Section 6-26, "Water Absorption Resistance Test," and shall
not have more than 30 percent water absorption.
5-1.19
Specimens of garment outer shells and collar lining shall be individually tested for strength
after washing as specified in Section 6-50, "Breaking Strength Test," and shall have a breaking
strength of not less than 63.6 kg (140 lb).
5-1.20
Specimens of all garment metal hardware and specimens of all garment hardware that include
metal parts shall be individually tested for resistance to corrosion as specified in Section 6-30,
"Corrosion Resistance Test." Metals inherently resistant to corrosion including, but not limited
to, stainless steel, brass, copper, aluminum, and zinc shall show no more than light surface-type
corrosion or oxidation and shall remain functional. Ferrous metals shall show no corrosion of the
base metal and shall remain functional.
5-1.21
Specimens of labels shall be tested for durability and legibility as specified in Section 6-42,
"Label Durability and Legibility Test One," and shall remain in place and shall be legible.
5-1.22
Specimens of garment trim shall be tested for retroreflectivity and fluorescence as specified in
Section 6-46, "Retroreflectivity and Fluorescence Test," and shall have a Coefficient of
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Retroreflection (Ra) of not less than 100 cd/lux/m2 (cd/fc/ft2) and shall be designated as
fluorescent.
5-2 Protective Helmets Performance Requirements.
5-2.1
Specimen helmets shall be tested for resistance to impact as specified in Section 6-15, "Top
Impact Resistance Test (Force)," and shall have no sample transmit a force of more than 3780 N
(850 lbf).
5-2.2
Specimen helmets shall be tested for resistance to impact as specified in Section 6-16, "Impact
Resistance Test (Acceleration)," and shall have no sample exceed the maximum acceleration
specified in Table 5-2.2. Any acceleration duration above 200 Gn shall not exceed 3
milliseconds; acceleration duration above 150 Gn shall not exceed 6 milliseconds.

Table 5-2.2
Impact
Location

Maximum
Acceleration*

(m • sec/sec) (m • sec/sec)

Top

150 × Gn

(1471.5)

(4830)

Front

300 × Gn

(2943.0)

(9660)

Sides

300 × Gn

(2943.0)

(9660)

Back

300 × Gn

(2943.0)

(9660)

* Gn denotes gravitational acceleration, which is defined as 9.81 m per second per second (32.2 ft per
second per second).

5-2.3
Specimen helmets shall be tested for resistance to penetration as specified in Section 6-19,
"Physical Penetration Resistance Test," and shall exhibit no electrical or physical contact
between the penetration test striker and the headform.
5-2.4
Specimen helmets shall be tested for resistance to heat as specified in Section 6-6, "Heat and
Thermal Shrinkage Resistance Test," and shall:
(a) Have no parts of the complete helmet assembly that do not contact the headform before this
test come in contact with the headform as a result of this test
(b) Have no shell distortion in the back extend more than 4.0 cm (1.6 in.) below the original
position of the helmet
(c) Have no distortion of the front and sides of the shell extend more than 3.0 cm (1.2 in.)
below the original position of the helmet
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(d) Have no separation, melting, or dripping of the retention system, energy absorption system,
or ear covers
(e) Have a chin strap closure device remain functional
(f) Have no ignition of any part of the helmet assembly
(g) Have no ignition or melting of the product labels
(h) Have no part of the faceshield/goggle component that was not below the brim line prior to
the test be below the brim line after the test
(i) Have no part of the faceshield/goggle component drip
5-2.5
Specimen helmets shall be tested for resistance to flame as specified in Section 6-3, "Flame
Resistance Test Two," Procedures A and C, and shall not show any visible afterflame or glow
5.0 seconds after removal from the test flame in each test.
5-2.6
Specimen helmets shall be tested for resistance to electricity as specified in 6-31.5.1 Procedure
A and 6-31.5.2 Procedure B and shall not have leakage current exceeding 3.0 mA in each test.
5-2.7
Specimen helmets shall be tested for retention ability as specified in Section 6-35, "Retention
System Test," without any break occurring and without any resulting slip or stretch of more than
2.03 cm (0.8 in.).
5-2.8
Specimen helmet suspension systems shall be tested for retention ability as specified in
Section 6-36, "Suspension System Retention Test," and shall not separate from the helmet shell.
5-2.9
Specimen helmets shall be tested for shell retention ability as specified in Section 6-44, "Shell
Retention Test," and shall not have the helmet shell separate from the helmet suspension and
retention systems.
5-2.10
Specimens of all materials utilized in the construction of helmet ear covers shall be
individually tested for resistance to flame as specified in Section 6-2, "Flame Resistance Test
One," and shall not have a char length greater than 10.2 cm (4.0 in.), shall not show any visible
afterflame 2.0 seconds after removal from the test flame, and shall not melt or drip.
5-2.11
Specimens of all materials utilized in the construction of helmet ear covers shall be
individually tested for resistance to heat as specified in Section 6-6, "Heat and Thermal
Shrinkage Resistance Test," and shall not shrink more than 10 percent in any direction, and shall
not melt, separate, or ignite.
5-2.12
All sewing thread utilized in the construction of the helmet ear covers shall be made of an
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inherently flame resistant fiber and shall be tested for melting resistance as specified in Section
6-11, "Thread Melting Test," and shall not melt below 260ºC (500ºF).
5-2.13
Specimens of all helmet metal hardware and specimens of all helmet hardware that include
metal parts shall be individually tested for resistance to corrosion as specified in Section 6-30,
"Corrosion Resistance Test." Metals inherently resistant to corrosion including, but not limited
to, stainless steel, brass, copper, aluminum, and zinc shall show no more than light surface-type
corrosion or oxidation and shall remain functional. Ferrous metals shall show no corrosion of the
base metal and shall remain functional.
5-2.14
Specimens of labels shall be tested for durability and legibility as specified in Section 6-43,
"Label Durability and Legibility Test Two," and shall remain in place and shall be legible.
5-2.15
Specimens of helmet trim shall be tested for retroreflectivity and fluorescence as specified in
Section 6-46, "Retroreflectivity and Fluorescence Test," and shall have a Coefficient of
Retroreflection (Ra) of not less than 100 cd/lux/m2 (cd/fc/ft2) and shall be designated as
fluorescent.
5-2.16
Specimens of faceshield/goggle components shall be tested for resistance to impact as
specified in Section 6-17, "Faceshield/Goggle Component Lens Impact Resistance Test," Test
One and Two, and shall have no contact with an eye of the headform; nor shall any parts of
fragments be ejected from the component that could contact the eye of the headform.
5-2.17
Specimens of faceshield/goggle components shall be tested for flame resistance as specified in
Section 6-3 "Flame Resistance Test Two," Procedure B; and shall not show any visible
afterflame 5 seconds after removal of the test flame.
5-2.18
Specimens of all fabrics utilized in construction of faeshield/goggle components shall be tested
for flame resistance as specified in Section 6-6.10 "Specific Requirements for Testing Other
Garment, Clothing, Trim, and Label Materials," and shall not have a char length of more than
102 mm (4 in.) average, and shall not have an afterflame of more than 5 seconds average after
removal of the test flame.
5-2.19
Specimens of faceshield/goggle component lenses shall be tested for resistance to scratching as
specified in Section 6-23 "Faceshield/Goggle Component Lens Scratch Resistance Test," and
shall not exhibit a delta haze of greater than 25 percent.
5-2.20
Specimens of faceshield/goggle component lenses shall be tested for transmittance of light as
specified in Section 6-45 "Luminous (Visible) Transmittance Test." Clear lenses shall transmit
not less than 85 percent of the incident visible radiation. Colored lenses shall transmit not less
than 43 percent of the incident visible radiation.
Copyright 1996 NFPA

5-3 Protective Glove Performance Requirements.
5-3.1
Specimens of the glove body composite shall be tested for thermal insulation as specified in
Section 6-10, "Thermal Protective Performance (TPP) Test," and shall have an average thermal
protective performance rating (TPP) not less than 35.0.
5-3.2
Where gauntlets or glove wristlets are provided, specimens of the glove gauntlet or glove
wristlet composite shall be tested for thermal insulation as specified in Section 6-10, "Thermal
Protective Performance (TPP) Test," and shall have an average TPP rating of not less than 20.0.
5-3.3
Specimen gloves shall be tested for resistance to heat as specified in Section 6-6, "Heat and
Thermal Shrinkage Resistance Test," and shall not melt, separate, or ignite, shall not shrink more
than 5 percent in length or width, shall be donnable, and shall be flexible.
5-3.4
Specimens of the innermost separable layer of the glove body composite that is designed to
come into contact with the wearer's skin shall be individually tested for resistance to heat as
specified in Section 6-6, "Heat and Thermal Shrinkage Resistance Test," and shall not melt,
separate, or ignite.
5-3.5
Specimens of the glove body composite shall be tested for thermal insulation as specified in
Section 6-7, "Conductive Heat Resistance Test One," and shall have a second-degree burn time
of not less than 10.0 seconds and shall have a pain time of not less than 6.0 seconds.
5-3.6
Specimens of the glove body composite shall be tested for resistance to flame as specified in
Section 6-4, "Flame Resistance Test Three," and shall not have a char length of more than 10.2
cm (4 in.) average and shall not have an afterflame of more than 2.0 seconds average after
removal of the test flame. The composite shall not melt or drip, and the consumed materials shall
not exceed 5 percent of the sample specimen's original weight.
5-3.7
Where gauntlets or glove wristlets are provided, specimens of the glove gauntlet or glove
wristlet composite shall be tested for resistance to flame as specified in Section 6-2, "Flame
Resistance Test One," and shall not have a char length of more than 10.2 cm (4 in.) average,
shall not have an afterflame of more than 2.0 seconds average after removal of the test flame,
and shall not melt or drip.
5-3.8
All sewing thread utilized in the construction of gloves shall be made of an inherently flame
resistant fiber and shall be tested for melting resistance as specified in Section 6-11, "Thread
Melting Test," and shall not melt below 260ºC (500ºF).
5-3.9*
Specimens of the glove body composite and seams shall be tested for resistance to liquid or
Copyright 1996 NFPA

blood borne pathogens as specified in Section 6-29, "Viral Penetration Resistance Test," and
shall allow no penetration of the Phi-X-174 bacteriophage for at least 1 hour.
5-3.10*
Specimen glove body composite and seams shall be tested for resistance to liquid penetration
as specified in Section 6-28, "Liquid Penetration Resistance Test" and shall allow no penetration
of test liquids for at least 1 hour.
5-3.11
Specimens of the glove body composite shall be tested for resistance to cut as specified in
Section 6-22, "Cut Resistance Test," and shall not cut completely through the composite under
an average applied load of 8.2 kg (18 lb).
5-3.12
Specimens of the glove gauntlet or glove wristlet composite, if different from the glove body
composite, shall be tested for resistance to cut as specified in Section 6-22, "Cut Resistance
Test," and shall not cut completely through the composite under an average applied load of 8.2
kg (18 lb).
5-3.13
Specimens of the glove body composite shall be tested for resistance to puncture as specified
in Section 6-20, "Puncture Resistance Test One," and shall not be punctured under an average
applied force of 6 kg (13.2 lb).
5-3.14*
Specimen gloves shall be tested for dexterity as specified in Section 6-38, "Dexterity Test,"
and shall have the dexterity time not exceed 140 percent of bare-hand control time.
5-3.15
Specimens of knit glove wristlet material(s) shall be tested for material strength as specified in
Section 6-13, "Burst Strength Test," and shall have a burst strength of not less than 23 kg (50.6
lb).
5-3.16
Specimens of knit glove wristlet seams shall be tested for seam strength as specified in Section
6-14, "Seam Breaking Strength Test," and shall have a burst strength of not less than 18.5 kg
(40.7 lb).
5-3.17
Specimen gloves shall be tested for grip as specified in Section 6-39, "Grip Test," and shall
have a weight-pulling capacity not less than 80 percent of the bare-hand control value.
5-3.18*
Specimen gloves shall be tested for resistance to leakage as specified in Section 6-33, "Overall
Liquid Integrity Test One," and shall show no leakage.
5-3.19*
Specimen gloves shall be tested for ease of donning as specified in Section 6-37, "Liner
Retention Test," and shall have the final donning time not exceed the baseline donning time plus
20 seconds.
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5-3.20
Specimens of all glove metal hardware and specimens of all glove hardware that include metal
parts shall be individually tested for resistance to corrosion as specified in Section 6-30,
"Corrosion Resistance Test." Metals inherently resistant to corrosion including, but not limited
to, stainless steel, brass, copper, aluminum, and zinc shall show no more than light surface-type
corrosion or oxidation and shall remain functional. Ferrous metals shall show no corrosion of the
base metal and shall remain functional.
5-3.21
Specimens of labels shall be tested for durability and legibility as specified in Section 6-42,
"Label Durability and Legibility Test One," and shall remain in place and shall be legible.
5-4 Protective Footwear Performance Requirements.
5-4.1
Specimen footwear shall be tested for resistance to heat as specified in Section 6-6, "Heat and
Thermal Shrinkage Resistance Test," and shall not have any part of the footwear melt, separate,
or ignite; and shall have all components remain functional.
5-4.2
Specimen footwear shall be tested for thermal insulation as specified in Section 6-9, "Radiant
Heat Resistance Test," and the temperature of the upper lining surface in contact with the skin
shall not exceed 44ºC (111ºF).
5-4.3
Specimen footwear shall be tested for thermal insulation as specified in Section 6-7,
"Conductive Heat Resistance Test One," and the temperature of the upper lining surface in
contact with skin shall have a second-degree burn time of not less than 10.0 seconds and shall
have a pain time of not less than 6.0 seconds.
5-4.4
Specimen footwear shall be tested for thermal insulation as specified in Section 6-8,
"Conductive Heat Resistance Test Two," and the temperature of the insole surface in contact
with the foot shall not exceed 44ºC (111ºF).
5-4.5
Specimen footwear, with components in place, shall be tested for resistance to flame as
specified in Section 6-5, "Flame Resistance Test Four," and shall not have an afterflame of more
than 2.0 seconds, shall not melt or drip, and shall not exhibit any burn-through.
5-4.6
All sewing thread utilized in the construction of footwear shall be made of an inherently flame
resistant fiber and shall be tested for melting resistance as specified in Section 6-11, "Thread
Melting Test," and shall not melt below 260ºC (500ºF).
5-4.7
Specimen footwear shall be tested for resistance to water as specified in Section 6-34, "Overall
Liquid Integrity Test Two," and shall show no water penetration.
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5-4.8
Specimens of the footwear upper material composite, upper seams, vamp seams, and sole
seams shall be tested for resistance to liquids penetration as specified in Section 6-28, "Liquid
Penetration Resistance Test," and shall allow no penetration of the test liquids for at least 1 hour.
5-4.9
Specimens of the footwear upper material composite, upper seams, vamp seams, and sole
seams shall be tested for resistance to liquid or blood borne pathogens as specified in Section
6-29, "Viral Penetration Resistance Test," and shall allow no penetration of the Phi-X-174
bacteriophage for at least 1 hour.
5-4.10
Specimen footwear shall be tested for resistance to puncture as specified in Section 6-20,
"Puncture Resistance Test One," and shall not puncture the footwear upper under an average
applied force of 6 kg (13.2 lb).
5-4.11
Specimen footwear shall be tested for resistance to puncture as specified in Section 6-21,
"Puncture Resistance Test Two," and shall not allow puncture through the sole area and the heel
area at a force load of less than 1211.6 N (272 lbf).
5-4.12
Specimen footwear shall be tested for resistance to cut as specified in Section 6-22, "Cut
Resistance Test," and shall not allow any cut through the footwear upper composite at any point
under an average applied load of 8.2 kg (18 lb).
5-4.13*
Specimen footwear shall be tested for resistance to slipping as specified in Section 6-41, "Slip
Resistance Test." The soles shall have a static coefficient of 0.75 or greater in a dry condition,
and they shall have a static coefficient of 0.50 or greater in a wet condition.
5-4.14
Specimen footwear shall be tested for resistance to abrasion as specified in Section 6-24,
"Abrasion Resistance Test," and the sole with heel shall have an abrasion index of not less than
100.
5-4.15*
Specimen footwear shall be tested for resistance to electricity as specified in Section 6-32,
"Electrical Insulation Test Two," and shall have no leakage in excess of 5.0 mA.
5-4.16
Specimens of footwear toes shall be tested for resistance to impact and compression as
specified in Section 6-18, "Impact and Compression Tests," and shall have an impact
requirement of 101.7 J (75 ft-lb), and shall have a compression requirement of 11,121 N (2500
lbf) with a minimum clearance of at least 1.27 cm (0.5 in.).
5-4.17
Specimens of footwear ladder shanks shall be tested for resistance to bending as specified in
Section 6-40, "Ladder Shank Bend Resistance Test," and shall not deflect more than 6.35 mm
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(0.25 in.).
5-4.18
Specimens of footwear stud posts and eyelets shall be tested for attachment strength as
specified in Section 6-49, "Eyelet and Stud Post Attachment Test," and shall have a minimum
detachment strength of 30 kgf (66 lbf).
5-4.19
Specimens of all footwear metal hardware and specimens of all footwear hardware that include
metal parts including, but not limited to, toecap, ladder shank, puncture-resistant device, and
components shall be individually tested for resistance to corrosion as specified in Section 6-30,
"Corrosion Resistance Test." Metals inherently resistant to corrosion including, but not limited
to, stainless steel, brass, copper, aluminum, and zinc shall show no more than light surface-type
corrosion or oxidation. Ferrous metals shall show no corrosion of the base metal. All
components shall remain functional.
5-4.20
Specimens of labels shall be tested for durability and legibility as specified in Section 6-42,
"Label Durability and Legibility Test One," and shall remain in place and shall be legible to the
unaided eye.
5-5 Protective Hood Interface Component Performance Requirements.
5-5.1
Specimens of hood face openings, that are not manually adjustable or that are not designed for
interface with a specific SCBA facepiece, shall be tested for shape retention as specified in
Section 6-47, "Hood Opening Size Retention Test," and shall retain at least 80 percent of the
original face opening size but shall not exceed 14.25 cm (5.6 in.).
5-5.1.1 Where hood face openings are designed to interface with a specific SCBA facepiece,
specimens of such hood face openings shall be tested for shape retention as specified in Section
6-47, "Hood Opening Size Retention Test," and shall overlap the outer edge of the specific
SCBA facepiece-to-face seal perimeter by not less than 1.3 cm (0.5 in.).
5-5.1.2 Where hood face openings are designed to be manually adjustable, specimens of such
hood face openings shall meet the design requirement specified in 4-5.4.2.
5-5.2
Specimen hoods shall be tested for thermal insulation as specified in Section 6-10, "Thermal
Protective Performance (TPP) Test," and shall have a thermal protective performance (TPP) of
not less than 20.0.
5-5.3
Specimens of hood material(s), including labels but excluding hook and pile fasteners and
elastic when not placed in direct contact with the body, shall be individually tested for resistance
to flame as specified in Section 6-2, "Flame Resistance Test One," and shall not have a char
length of more than 10.2 cm (4 in.) average, shall not have an afterflame of more than 2.0
seconds average, and shall not melt or drip. Labels not meeting the specimen size requirements
for the procedure specified in 6-2.1 shall be sewn to a support fabric of the required size.

Copyright 1996 NFPA

5-5.4
Specimens of hood material(s), including labels but excluding hook and pile fasteners and
elastic when these items are placed where they will not directly contact the wearer's body, shall
be individually tested for resistance to heat as specified in Section 6-6, "Heat and Thermal
Shrinkage Resistance Test," and shall not shrink more than 10 percent in any direction.
5-5.5
Specimens of hood material(s), including labels but excluding hook and pile fasteners and
elastic when these items are placed where they will not directly contact the wearer's body, shall
be individually tested for resistance to heat as specified in Section 6-6, "Heat and Thermal
Shrinkage Resistance Test," and shall not melt, separate, or ignite.
5-5.6
Specimens of hood material(s), including labels but excluding hook and pile fasteners and
elastic when these items are placed where they will not directly contact the wearer's body, shall
be individually tested for resistance to shrinkage as specified in Section 6-25, "Cleaning
Shrinkage Resistance Test," and shall not shrink more than 5 percent in any direction.
5-5.7
All sewing thread utilized in the construction of hoods shall be made of an inherently flame
resistant fiber and shall be tested for melting resistance as specified in Section 6-11, "Thread
Melting Test," and shall not melt below 260ºC (500ºF).
5-5.8
Specimens of knit hood material(s) shall be tested for material strength as specified in Section
6-13, "Burst Strength Test," and shall have a burst strength of not less than 23 kg (50.6 lb).
5-5.9
Specimens of knit hood seams shall be tested for seam strength as specified in Section 6-14,
"Seam Breaking Strength Test," and shall have a burst strength of not less than 18.5 kg (40.7 lb).
5-5.10
Specimens of labels shall be tested for durability and legibility as specified in Section 6-42,
"Label Durability and Legibility Test One," and shall remain attached to the hood and shall be
legible to the unaided eye.
5-6 Protective Wristlet Interface Component Performance Requirements.
5-6.1
Specimen wristlets shall be tested for thermal insulation as specified in Section 6-10,
"Thermal Protective Performance (TPP) Test," and shall have a thermal protective performance
(TPP) of not less than 20.0.
5-6.2
Specimens of wristlet material(s) shall be individually tested for resistance to flame as
specified in Section 6-2, "Flame Resistance Test One," and shall not have a char length of more
than 10.2 cm (4 in.) average, shall not have an afterflame of more than 2.0 seconds average, and
shall not melt or drip.
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5-6.3
Specimens of wristlet material(s) shall be individually tested for resistance to heat as specified
in Section 6-6, "Heat and Thermal Shrinkage Resistance Test," and shall not shrink more than 10
percent in any direction.
5-6.4
Specimens of wristlet material(s) shall be individually tested for resistance to heat as specified
in Section 6-6, "Heat and Thermal Shrinkage Resistance Test," and shall not melt, separate, or
ignite.
5-6.5
Specimens of wristlet material(s) shall be individually tested for resistance to shrinkage as
specified in Section 6-25, "Cleaning Shrinkage Resistance Test," and shall not shrink more than
5 percent in any direction.
5-6.6
All sewing thread utilized in the construction of wristlets shall be made of an inherently flame
resistant fiber and shall be tested for melting resistance as specified in Section 6-11, "Thread
Melting Test," and shall not melt below 260ºC (500ºF).
5-6.7
Specimens of knit wristlet material(s) shall be tested for material strength as specified in
Section 6-13, "Burst Strength Test," and shall have a burst strength of not less than 23 kg (50.6
lb).
5-6.8
Specimens of knit wristlet seams shall be tested for seam strength as specified in Section 6-14,
"Seam Breaking Strength Test," and shall have a burst strength of not less than 18.5 kg (40.7 lb).
Chapter 6 Test Methods
6-1 Sample Preparation Procedures.
6-1.1 Application.
6-1.1.1 The sample preparation procedures contained in this section shall apply to each test
method in this chapter, as specifically referenced in the sample preparation section of each test
method.
6-1.1.2 Only the specific sample preparation procedure or procedures referenced in the sample
preparation section of each test method shall be applied to that test method.
6-1.2 Washing and Drying Procedure for Garments, Gloves, Hoods, and Wristlets.
6-1.2.1 Specimens shall be subjected to five cycles of washing and drying in accordance with the
procedure specified in Machine Cycle 1, Wash Temperature V, and Drying Procedure Ai, of
ANSI/AATCC 135, Dimensional Changes in Automatic Home Laundering of Woven and Knit
Fabrics. A laundry bag shall not be used.
6-1.3 Room Temperature Conditioning Procedure for Garments, Trim, Helmets, Gloves,
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Footwear, and Faceshield/Goggle Components.
6-1.3.1 Garment, glove, and footwear specimens shall be conditioned at a temperature of 21ºC,
±3ºC (70ºF, ±5ºF) and a relative humidity of 65 percent, ±5 percent until equilibrium is reached,
as determined in accordance with Section 4 of Federal Test Method Standard 191A, Textile Test
Methods, or for at least 24 hours, whichever is shorter. Specimens shall be tested within 5
minutes after removal from conditioning.
6-1.3.2 Helmet and faceshield/goggle component specimens shall be conditioned at a
temperature of 21ºC, ±3ºC (70ºF, ±5ºF) and a relative humidity of 25 percent to 50 percent.
Specimens shall be tested within 5 minutes after removal from conditioning.
6-1.4 Low Temperature Environmental Conditioning Procedure for Helmets.
6-1.4.1 Sample specimens shall be conditioned by exposing them to a temperature of -32ºC,
±1ºC (-25ºF, ±2ºF) for at least 4 hours. The impact/penetration test shall be completed within 15
seconds, ±5 seconds after removal from the cold temperature environment, or the specimens
shall be reconditioned before testing.
6-1.5 Convective Heat Conditioning Procedure for Helmets, Gloves, Footwear, Moisture
Barriers, Moisture Barrier Seams, Labels, and Trim.
6-1.5.1 Samples shall be conditioned by exposing them to the procedures specified in 6-6.4 and
in 6-6.5.2 through 6-6.5.5, with the following modifications:
(a) The oven preheat specified in 6-6.4.3 shall be stabilized at 141ºC, +6º/-0ºC [285ºF,
+10º/-0ºF] for helmets and trim.
(b) The oven preheat specified in 6-6.4.3 shall be stabilized at 177ºC, +6º/-0ºC [350ºF,
+10º/-0ºF] for gloves only.
(c) The specimen exposure time specified in 6-6.5.4 shall begin when the test thermocouple
reading shall remain at 141ºC, +6º/-0ºC [285ºF, +10º/-0ºF] for the duration of the test.
(d) The specimen removal and pass/fail inspection specified in 6-6.5.5 and 6-6.5.6 shall be
disregarded.
(e) After 10 minutes, +15/-0 seconds, the specimen shall be removed and subjected to the
required testing.
(f) For helmet specimens, the required testing shall be performed within 15 seconds, ±5
seconds, or the specimen shall be discarded and a new specimen shall be conditioned and tested
as specified in this section.
(g) For gloves and trim specimens, the required testing shall be performed within 24 hours, ±1
hour.
6-1.6 Radiant and Convective Heat Environmental Conditioning Procedure for Helmets.
6-1.6.1 Sample helmets shall be conditioned by exposing the area to be impacted/penetrated to a
radiant heat source. The top, sides, front, and back test areas to be impacted/penetrated shall be
as specified in Figure 6-1.6.1.
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Figure 6-1.6.1 Helmet test areas and landmarks.

6-1.6.2 The area to be impacted/penetrated shall be exposed to an irradiance of 1.0 W/cm2, ±0.1
W/cm2 for a length of time determined by exposure of a radiant heat transducer. The heat source
shall be removed and the helmet shall be tested. The helmet shall be impacted/penetrated in 15
seconds, ±5 seconds after removal from the conditioning environment, or the helmet shall be
cooled to room temperature and reconditioned before testing.
6-1.6.3 The radiometer shall have a spectral response flat within ±3 percent over a range of at
least 1.0 mm to 10.1 mm (0.00004 in. to 0.0004 in.) and an overall accuracy of at least ±5
percent of the reading.
6-1.6.4 The radiant panel shall have an effective radiating surface at least 15.24 cm, ±0.64 cm
(6.0 in., ±0.25 in.) square. The spectral radiant emittance curve of the radiant panel shall be that
of a blackbody at a temperature of 1000ºK, ±200ºK (1340ºF, ±360ºF).
6-1.6.5 The radiant heat transducer shown in Figure 6-1.6.5 shall be constructed from sheet
copper, ASTM B 152, Specification for Copper Sheet, Strip Plate, and Rolled Bar, Type 110
ETP, half hard, 0.64 mm, ±0.05 mm (0.025 in., ±0.002 in.) thick and 5.08 cm, ±0.4 mm (2.00 in.,
±0.02 in.) square. A constantan wire 0.81 mm, ±0.05 mm (0.032 in., ±0.002 in.) in diameter and
an iron wire of the same diameter shall be silver soldered near the edges of the copper sheet on
the same side, as shown in Figure 6-1.6.5. The side of the copper sheet opposite that with the
wires attached shall be painted flat black. The resulting transducer is a Type J thermocouple that
shall be used in conjunction with appropriate instrumentation to monitor the heat exposure to
which the helmet is to be subjected.
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Figure 6-1.6.5 Radiant heat transducer.

6-1.6.6 Sample helmets shall be mounted in the position to be conditioned. The point of impact
or penetration on the helmet shell shall be determined in accordance with the specific test to be
performed. The helmet shall be removed temporarily, and a radiometer shall be located at that
point perpendicular to and facing away from the helmet surface.
6-1.6.7 The radiant panel shall be introduced in front of the radiometer with its effective
radiating surface parallel to the plane tangent to the helmet surface at the center of the
impact/penetration site on the helmet. The radiant panel shall be adjusted to obtain a stable
uniform irradiance of 1.0 W/cm2, ±0.1 W/cm2 over a minimum 7.5-cm (3-in.) diameter circle
located on the above plane and centered at the center of impact or penetration. Stability shall be
achieved when the irradiance changes by less than 10 percent during a 3-minute period.
6-1.6.8* The radiometer shall be replaced with the radiant heat transducer. The center of the
transducer shall be positioned with its center coincident with the center of the impact/penetration
site on the helmet and parallel to the plane tangent to the helmet surface at that point. The flat
black surface of the transducer shall face the radiant panel. The time required for the transducer
to reach a temperature of 260ºC (500ºF) shall be recorded. That time shall be 2.50 minutes,
±15.0 seconds. A closed insulated chamber shall be required to achieve this exposure time.
6-1.6.9 The chamber and helmet shall be stabilized at 25ºC, ±5ºC (77ºF, ±9ºF). The helmet shall
be positioned in the chamber in the same position specified in 6-1.6.6. The helmet shall be
subjected to the exposure conditions specified in 6-1.6.1 for the time recorded in 6-1.6.8. The
exposure time shall be not less than the time recorded in 6-1.6.8, nor more than 5 seconds longer
than that time.
6-1.7 Wet Conditioning Procedure for Helmets and Faceshield/Goggle Component.
6-1.7.1 Sample specimens shall be conditioned by immersing them in water at a temperature of
20ºC to 28ºC (68ºF to 82ºF) for at least 4 hours but not more than 24 hours. The specimen shall
be tested within 10 minutes after removal from water.
6-1.8* Wet Conditioning Procedure for Gloves.
6-1.8.1 Specimens shall be conditioned by complete immersion in water at a temperature of
21ºC, ±3ºC (70ºF, ±5ºF) for 2 minutes. Specimens shall be removed from water, hung in a
vertical position for 5 minutes, and laid horizontal with AATCC textile blotting paper both under
and over the specimen under a weight of 0.0020 kg/cm2, ±0.0002 kg/cm2 (0.50 psi, ±0.05 psi)
Copyright 1996 NFPA

for a period of 20 minutes in accordance with paragraph 7.2 of AATCC 70, Test Method for
Water Repellency: Tumble Jar Dynamic Absorption Test.
6-1.9 Wet Conditioning Procedure for Footwear.
6-1.9.1 Where indicated, samples shall be preconditioned by immersion in tap water of 21ºC
(70.0ºF) for 1 hour, ±5 minutes. Samples shall be drained upside down for 5 minutes. Testing
shall be done 5 minutes, ±3 seconds after draining.
6-1.10* Flexing Procedure for Gloves.
6-1.10.1 Glove specimens shall be selected to fit the individual test subject. The test subject shall
don the glove specimen. Glove specimens shall be flexed by making a tight fist ten times during
a 30-second period.
6-2 Flame Resistance Test One.
6-2.1 Application.
6-2.1.1 This test method shall apply to protective garment textiles, hoods, wristlets, helmet ear
covers, and trim materials and partial eye/face protective interface components.
6-2.1.2 Modifications to this test method for testing woven textile materials shall be as specified
in 6-2.8.
6-2.1.3 Modifications to this test method for testing knit textile materials shall be as specified in
6-2.9.
6-2.1.4 Modifications to this test method for testing nonwoven textile materials shall be as
specified in 6-2.10.
6-2.1.5 Modifications to this test method for testing trim materials shall be as specified in 6-2.11.
6-2.1.6 Modifications to this test method for testing hood label materials shall be as specified in
6-2.12.
6-2.1.7 Modification to this test method for testing lettering that is transfer film shall be as
specified in 6-2.13.
6-2.1.8 Modifications to this test method for testing small specimens not meeting the specimen
size requirements in 6-2.2.1 shall be tested as specified in 6-2.14.
6-2.2 Specimens.
6-2.2.1 Specimens shall consist of a 7.6-cm × 30.5-cm (3-in. × 12-in.) rectangle with the long
dimension parallel to either the warp or filling; the wale or coarse; or the machine or cross
machine direction of the material. Each separable layer of multilayer material systems or
composites shall be individually tested.
6-2.3 Sample Preparation.
6-2.3.1 Specimens shall be tested both before and after being subjected to the procedure
specified in 6-1.2.
6-2.3.2 All specimens to be tested shall be conditioned as specified in 6-1.3.
6-2.4 Apparatus.
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6-2.4.1 The test apparatus specified in Method 5903.1, "Flame Resistance of Cloth; Vertical," of
Federal Test Method Standard 191A, Textile Test Methods, shall be used.
6-2.5 Procedure.
6-2.5.1 Flame resistance testing shall be performed in accordance with Method 5903.1, "Flame
Resistance of Cloth; Vertical," of Federal Test Method Standard 191A, Textile Test Methods.
6-2.5.2 Each specimen shall be examined for evidence of melting or dripping.
6-2.6 Report.
6-2.6.1 Afterflame time and char length shall be reported for each specimen. The average
afterflame time and char length for each material in each direction tested shall be calculated and
reported. The afterflame time shall be reported to the nearest 0.2 second and the char length to
the nearest 3.2 mm (0.125 in.).
6-2.6.2 Observations of melting or dripping for each specimen shall be reported.
6-2.7 Interpretation.
6-2.7.1 Pass/fail performance shall be based on any observed melting or dripping, the average
afterflame time, and the average char length.
6-2.7.2 Failure in either direction shall constitute failure of the material.
6-2.8 Specific Requirements for Testing Woven Textile Materials.
6-2.8.1 Five specimens from each of the warp and filling directions shall be tested. No two warp
specimens shall contain the same warp yarns, and no two filling specimens shall contain the
same filling yarns.
6-2.8.2 Samples for conditioning shall be at least 1 m (1 yd) square of each material.
6-2.8.3 Testing shall be performed as specified in 6-2.2 through 6-2.7.
6-2.9 Specific Requirements for Testing Knit Textile Materials.
6-2.9.1 Five specimens from each of the wale and course directions shall be tested.
6-2.9.2 Samples for conditioning shall include material that is a minimum of 7.6 cm × 30.5 cm (3
in. × 12 in.).
6-2.9.3 Testing shall be performed as specified in 6-2.2 through 6-2.7.
6-2.10 Specific Requirements for Testing Nonwoven Textile Materials.
6-2.10.1 Five specimens from each of the machine and cross machine directions shall be tested.
6-2.10.2 Samples for conditioning shall be at least 1 m (1 yd) square of each material.
6-2.10.3 Testing shall be performed as specified in 6-2.2 through 6-2.7.
6-2.11 Specific Requirements for Testing Trim Materials.
6-2.11.1 Five trim specimens for flammability testing shall be at least 5.08 cm (2 in.) wide and
no more than 7.6 cm (3 in.) wide. Where trim material specimens are not wide enough to fit into
the test frame, a narrower test frame of sufficient width to accommodate the available trim width
shall be constructed. The cut edge of the trim specimen shall be oriented so that it is exposed
directly to the burner flame.
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6-2.11.2 Samples for conditioning shall include material sewn onto a 1-m (1-yd) square of
ballast material no closer than 5.08 cm (2 in.) apart in parallel strips. The ballast material shall be
as specified in ANSI/AATCC 135, Dimensional Changes in Automatic Home Laundering of
Woven and Knit Fabrics. Specimens shall be removed from the ballast material prior to testing.
6-2.11.3 Testing shall be performed in only one direction.
6-2.11.4 Testing shall be performed as specified in 6-2.2 through 6-2.7.
6-2.12 Specific Requirements for Testing Hood Label Materials.
6-2.12.1 Five specimens of hood labels attached to the hood material shall be tested. The hood
label specimen shall be cut from conditioned samples so that the edge of the hood label is at the
bottom of the specimen.
6-2.12.2 Samples for conditioning shall be whole hoods, including the label as normally
attached.
6-2.12.3 Testing shall be performed as specified in 6-2.2 through 6-2.7.
6-2.13 Specific Requirements for Testing Lettering that is Transfer Film.
6-2.13.1 Lettering that is transfer film shall be applied to outer shell material meeting the
requirements of this standard for testing as specified in 6-2.13.2.
6-2.13.2 Lettering specimens for flammability testing shall be at least 5.08 cm (2 in.) wide and
no more than 7.6 cm (3 in.) in width. Samples shall be selected where lettering is most dense.
6-2.13.3 Samples for conditioning shall include material sewn onto a 1-m (1-yd) square of
ballast material no closer than 5.08 cm (2 in.) apart in parallel strips. The ballast material shall be
as specified in ANSI/AATCC 135, Dimensional Changes in Automatic Home Laundering of
Woven and Knit Fabrics. Specimens shall be removed from the ballast material prior to testing.
6-2.14 Specific Requirements for Testing Small Specimens.
6-2.14.1 Five specimens attached to the textile layer as used in the protective garments shall be
tested. The specimens shall be attached to the textile layer such that the bottom (exposure) edge
of the item coincides with the bottom (exposure) edge of the textile support layer.
6-2.14.2 Samples for conditioning shall be at least 1 m (1 yd) square of the textile layer on which
the small specimens are attached.
6-2.14.3 Testing shall be performed as specified in 6-2.2 through 6-2.7. Char length shall not be
measured.
6-3 Flame Resistance Test Two.
6-3.1 Application.
6-3.1.1 This test method shall apply to protective helmets and partial eye/face protective
interface components.
6-3.2 Specimens.
6-3.2.1 Specimens shall be selected as specified in 2-3.9.
6-3.3 Sample Preparation.
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6-3.3.1 No sample conditioning shall be performed.
6-3.4 Apparatus.
6-3.4.1 A standard Bunsen burner shall be used.
6-3.4.2 The Bunsen burner shall be fueled by a bottled methane gas, lab grade or better, of 3.72 ×
107 J/m3, ±1.8 × 106 J/m3 (1000 Btu/ft3, ±50 Btu/ft3).
6-3.4.3 A control valve system with a delivery rate designed to furnish gas to the burner under a
pressure of 0.0020 kg/cm2, +0.0004/-0.0 kg/cm2 (0.5 psi, +0.1/-0.0 psi) at the burner shall be
utilized.
6-3.4.4 The barrel of the Bunsen burner shall be 12 mm, ±3 mm (0.5 in., ±0.125 in.) in diameter.
A flame spreader shall not be used.
6-3.5 Procedure A.
6-3.5.1 Sample helmets shall be seated on the reference headform specified in Figure 6-16.4.1
according to the helmet's positioning index, as specified in the manufacturer's instructions for the
specific helmet. The test setup shall be as shown in Figure 6-3.5.1.

Figure 6-3.5.1 Test Procedure A.

6-3.5.2 The tip of the inner cone of a Bunsen burner flame of 2.54 cm to 3.8 cm (1.0 in. to 1.5
in.) in length shall be placed at the outer edge of the helmet shell at the front, sides, and rear.
Where a helmet hanger is provided, the test flame shall be applied off the edge of the helmet
hanger at the shell edge.
6-3.5.3 After 15 seconds, +1/-0 seconds, the flame shall be removed and the duration of the
afterflame and afterglow shall be measured.
6-3.6 Procedure B.
6-3.6.1 Specimens of faceshield/goggle components shall be attached to an appropriate test
fixture so that the lower edge of the specimen is exposed. The test setup shall be as shown in
Figure 6-3.6.1.
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Figure 6-3.6.1 Test Procedure B.

6-3.6.2 The tip of the inner cone of a Bunsen burner flame 2.54 to 3.8 cm (1.0 to 1.5 in.) in
length shall be placed on the outer edge of the specimen at the lowest exposed edge of the
specimen. The burner shall be held to the test point of the specimen at an angle of 45 degrees,
±10 degrees.
6-3.6.3 After 15 seconds, +1/-0 seconds, the flame shall be removed and the duration of
afterflame and afterglow shall be measured.
6-3.7 Procedure C.
6-3.7.1 Sample helmets shall be seated on the reference headform according to the helmet's
positioning index, as specified in the manufacturer's instructions for the specific helmet. The
helmet shall be positioned under the radiant heat source specified in 6-1.6.4, with the basic plane
of the headform parallel to the radiant heat source as shown in Figure 6-3.7.1.

Figure 6-3.7.1 Test Procedure C.

6-3.7.2 Sample helmets shall be positioned so that the area to be tested receives a radiant flux of
1.0 W/cm2, ±0.1 W/cm2. After 60 seconds, +5/-0 seconds exposure to the radiant flux and
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without removing the radiant heat source, the tip of the inner cone of a Bunsen burner flame 2.54
cm to 3.8 cm (1.0 in. to 1.5 in.) in length shall be placed against the helmet test area so that the
flame creates an angle of 45 degrees, ±10 degrees with the plane tangent to the test area at the
point of contact.
6-3.7.3 After 15 seconds, +1/-0 seconds, the flame shall be removed, and the duration of
afterflame and afterglow shall be measured.
6-3.8 Report.
6-3.8.1 Afterflame and afterglow times shall be reported for each specimen at each flame
impingement location. The afterflame and afterglow times shall be reported to the nearest 0.2
second.
6-3.9 Interpretation.
6-3.9.1 Pass/fail performance shall be based on the longest measured afterflame and afterglow
times.
6-4 Flame Resistance Test Three.
6-4.1 Application.
6-4.1.1 This test method shall apply to protective gloves.
6-4.2 Specimens.
6-4.2.1 Each specimen to be tested shall be a rectangle at least 5.08 × 15.24 cm/(2 × 6 in.).
Specimens shall be the composite used in actual glove construction consisting of each single
layer, with all layers arranged in proper order. In each test, the specimen's normal outer surface
shall be exposed to the flame.
6-4.2.2 Three specimens shall be tested for each material.
6-4.2.3 If a proposed glove construction has stitched-through seams, three additional specimens
containing these seams shall be tested. The seam shall be in the direction of the 15.24-cm (6-in.)
dimension.
6-4.3 Sample Preparation.
6-4.3.1 Specimens shall be tested both before and after being subjected to the procedure
specified in 6-1.2.
6-4.3.2 All specimens to be tested shall be conditioned as specified in 6-1.3.
6-4.3.3 Samples to be conditioned shall be the composite used in actual glove construction
consisting of each single layer, with all layers arranged in proper order and stitched along the
edges using the same thread as used in the construction of the glove.
6-4.4 Apparatus.
6-4.4.1 The test apparatus specified in Method 5905.1, "Flame Resistance of Material; High Heat
Flux Flame Contact," of Federal Test Method Standard 191A, Textile Test Methods, shall be
used.
6-4.4.2 A freestanding flame height indicator shall be used to assist in adjusting the burner flame
height. The indicator shall mark a flame height of 7.6 cm (3 in.) above the top of the burner.
Copyright 1996 NFPA

6-4.4.3 A specimen support assembly shall be used that consists of a frame and steel rod of 2 mm
(0.0625 in.) in diameter to support the specimen in an L-shaped position, as shown in Figure
6-4.4.3.

Figure 6-4.4.3 Relationship of test material to burner.

6-4.4.4 The horizontal portion of the specimen shall be not less than 5.08 cm (2 in.), and the
vertical portion shall be not less than 10.16 cm (4 in.). The specimen shall be held at each end by
spring clips under light tension, as shown in Figure 6-4.4.3.
6-4.5 Procedure.
6-4.5.1 A balance shall be used to determine the weight of each specimen to the nearest 0.1 gm
(0.04 oz) before and after testing.
6-4.5.2 The burner shall be ignited and the test flame shall be adjusted to a height of 7.6 cm (3
in.) with the gas on/off valve fully open and the air supply completely and permanently off, as it
is important that the flame height be closely controlled. The 7.6-cm (3-in.) height shall be
obtained by adjusting the orifice in the bottom of the burner so that the top of the flame is level
with the marked flame height indicator.
6-4.5.3 With the specimen mounted in the support assembly, the burner shall be moved so that
the middle of the folded corner projects into the flame 3.8 cm (1.5 in.), as shown in Figure
6-4.4.3.
6-4.5.4 The burner flame shall be applied to the specimen for 12 seconds. After 12 seconds, the
burner shall be removed.
6-4.5.5 The afterflame time shall be measured as the time, in seconds, to the nearest 0.2 seconds,
that the specimen continues to flame after the burner is removed from the flame.
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6-4.5.6 Each layer of the specimen shall be examined for melting or dripping.
6-4.5.7 Each tested sample shall be reconditioned as specified in 6-1.3 and then weighed to the
nearest 0.1 g (0.04 oz).
6-4.5.8 The specimen then shall be further examined for char length. The char length shall be
determined by measuring the length of the tear through the center of the charred area as specified
in 6-4.5.8.1 through 6-4.5.8.4.
6-4.5.8.1 The specimen shall be folded lengthwise and creased, by hand, along a line through the
highest peak of the charred area.
6-4.5.8.2 The hook shall be inserted into a hole punched in the specimen that is 6.4 mm (0.25 in.)
in diameter or less. The hole shall be punched out for the hook at one side of the charred area
that is 6.4 mm (0.25 in.) from the adjacent outside edge, at the point where the specimen
contacted the steel rod, and 6.4 mm (0.25 in.) in from the lower end.
6-4.5.8.3 A weight of sufficient size so that the weight and hook together equal the total tearing
weight required by Table 6-4.5.8.3 shall be attached to the hook. The total tearing weight for
determining char length shall be based on the weight of the composite specimen and shall be
determined from Table 6-4.5.8.3.

Table 6-4.5.8.3
Specified Weight per
Square Yard of Material
Before Any Fire Retardant
Treatment or Coating
oz/yd2
2.0 - 6.0

g/m2
68 - 203

Total Tearing Weight
for Determining
Charred Length
lb

kg

0.25

0.1

over 6.0 - 15.0

over 203 - 508

0.5

0.2

over 15.0 - 23.0

over 508 - 780

0.75

0.3

1.0

0.45

over 23.0

over 780

6-4.5.8.4 A tearing force shall be applied gently to the specimen by grasping the side of the
material at the edge of the char opposite the load and raising the specimen and weight clear of
the supporting surface. The end of the tear shall be marked off on the edge and the char length
measurement made along the undamaged edge.
6-4.6 Report.
6-4.6.1 The afterflame time and char length shall be reported for each specimen. The average
afterflame time and char length shall also be calculated and reported. The afterflame time shall
be reported to the nearest 0.2 seconds and the char length to the nearest 2.54 mm (0.10 in.).
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6-4.6.2 The percent consumed shall be calculated using the following formula:
Percent consumed = (W - R)/W × 100
where:
W = original preconditioned weight
R = conditioned weight 24 hours after testing
The percent consumed shall be reported for each specimen to the nearest 0.1 percent. The
average percent consumed shall be calculated and reported to the nearest 0.1 percent.
6-4.6.3 Observations of melting or dripping for each specimen shall be reported.
6-4.7 Interpretation.
6-4.7.1 Pass/fail performance shall be based on melting or dripping, the average afterflame time,
and the average char length.
6-5 Flame Resistance Test Four.
6-5.1 Application.
6-5.1.1 This test method shall apply to protective footwear.
6-5.2 Specimens.
6-5.2.1 Three complete footwear items shall be tested.
6-5.3 Sample Preparation.
6-5.3.1 Samples for conditioning shall be whole boots.
6-5.3.2 Specimens shall be conditioned as specified in 6-1.3.
6-5.4 Apparatus.
6-5.4.1 The test apparatus specified in Method 5905.1, "Flame Resistance of Material; High Heat
Flux Flame Contact," of Federal Test Method Standard 191A, Textile Test Methods, shall be
used.
6-5.4.2 A freestanding flame height indicator shall be used to assist in adjusting the burner flame
height. The indicator shall mark a flame height of 7.6 cm (3 in.) above the top of the burner.
6-5.4.3 A specimen support assembly shall be used to support the footwear specimen above the
burner flame.
6-5.5 Procedure.
6-5.5.1 The burner shall be ignited and the test flame shall be adjusted to a height of 7.6 cm (3
in.) with the gas on/off valve fully open and the air supply completely and permanently off, as it
is important that the flame height be closely controlled. The 7.6-cm (3-in.) height shall be
obtained by adjusting the orifice in the bottom of the burner so that the top of the flame is level
with the marked flame height indicator.
6-5.5.2 With the specimen mounted in the support assembly, the burner shall be moved so that
the flame contacts the specimen at a distance of 3.8 cm (1.5 in.) at the angles in the areas shown
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in Figure 6-5.5.2.

Figure 6-5.5.2 Test areas.

6-5.5.3 The burner flame shall be applied to the specimen for 12 seconds. After 12 seconds, the
burner shall be removed.
6-5.5.4 The afterflame time shall be measured as the time, in seconds, to the nearest 0.2 seconds,
that the specimen continues to flame after the burner is removed from the flame.
6-5.5.5 Following the flame exposure, the specimen shall be removed and examined for
burn-through. Each layer of the specimen shall be examined for melting or dripping.
6-5.6 Report.
6-5.6.1 The afterflame time shall be reported for each specimen. The average afterflame time
shall be calculated and reported. The afterflame time shall be reported to the nearest 0.2 seconds.
6-5.6.2 Observations of burn through, melting, or dripping for each specimen shall be reported.
6-5.7 Interpretation.
6-5.7.1 Pass/fail performance shall be based on any observed burn-through, melting or dripping,
and the average afterflame time.
6-6 Heat and Thermal Shrinkage Resistance Test.
6-6.1 Application.
6-6.1.1 This test method shall apply to protective garment textiles and hardware; moisture barrier
seams; hood, wristlet, helmet ear cover materials, innermost glove liner, trim, and label
materials; protective helmets, protective gloves, and protective footwear.
6-6.1.2 Modifications to this test method for testing garment outer shell, moisture barrier,
thermal barrier, winter liner, hood, helmet ear cover, and innermost glove liner materials shall be
as specified in 6-6.8.
6-6.1.3 Modifications to this test method for testing garment moisture barrier seams shall be as
specified in 6-6.9.
6-6.1.4 Modifications to this test method for testing other garment, trim, and label materials shall
be as specified in 6-6.10.
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6-6.1.5 Modifications to this test method for testing hardware shall be as specified in 6-6.11.
6-6.1.6 Modifications to this test method for testing helmets shall be as specified in 6-6.12.
6-6.1.7 Modifications to this test method for testing gloves shall be as specified in 6-6.13.
6-6.1.8 Modifications to this test method for testing footwear shall be as specified in 6-6.14.
6-6.2 Specimens.
6-6.2.1 Only heat resistance testing shall be conducted on a minimum of three specimens for
each moisture barrier seam, hardware item, glove liner material, trim material, label material,
other protective garment materials, helmets, and footwear not specified in 6-6.2.2.
6-6.2.2 Both heat and thermal shrinkage resistance testing shall be conducted on a minimum of
three specimens for each garment outer shell, moisture barrier, thermal liner, and winter liner;
and on whole gloves. Each separable layer of multilayer material systems or composites shall be
tested as an individual layer.
6-6.3 Sample Preparation.
6-6.3.1 All specimens to be tested shall be conditioned as specified in 6-1.3.
6-6.4 Apparatus.
6-6.4.1 The test oven shall be a horizontal flow circulating oven with minimum interior
dimensions so that the specimens can be suspended and are at least 5.08 cm (2 in.) from any
interior oven surface or other test specimens.
6-6.4.2 The test oven shall have an airflow rate of 38 m/min to 76 m/min (125 ft/min to 250
ft/min) at the standard temperature and pressure of 21ºC (70ºF) at 1 atmosphere, measured at the
center point of the oven.
6-6.4.3 A test thermocouple shall be positioned so that it is level with the horizontal centerline of
a mounted sample specimen. The thermocouple shall be equidistant between the vertical
centerline of a mounted specimen placed in the middle of the oven and the oven wall where the
airflow enters the test chamber. The thermocouple shall be an exposed bead, Type J or Type K,
No. 30 AWG thermocouple. The test oven shall be heated and the test thermocouple stabilized at
260ºC, +6º/-0ºC (500ºF, +10º/-0ºF) for a period of not less than 30 minutes.
6-6.5 Procedure.
6-6.5.1 Specimen marking and measurements shall be conducted in accordance with the
procedure specified in ANSI/AATCC 135, Dimensional Changes in Automatic Home
Laundering of Woven and Knit Fabrics.
6-6.5.2 The specimen shall be suspended by metal hooks at the top and centered in the oven so
that the entire specimen is not less than 5.08 cm (2 in.) from any oven surface or other specimen,
and air is parallel to the plane of the material.
6-6.5.3 The oven door shall not remain open more than 15 seconds. The air circulation shall be
shut off while the door is open and turned on when the door is closed. The total oven recovery
time after the door is closed shall not exceed 30 seconds.
6-6.5.4 The specimen, mounted as specified, shall be exposed in the test oven for 5 minutes,
+0.15/-0.0 minutes. The test exposure time shall begin when the test thermocouple recovers to a
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temperature of 260ºC, +6º/-0ºC, (500ºF, +10º/-0ºF).
6-6.5.5 Immediately after the specified exposure, the specimen shall be removed and examined
for evidence of ignition, melting, dripping, or separation.
6-6.5.6 After the specified exposure, the specimen also shall be measured to determine pass/fail.
Knit fabric shall be pulled to its original dimensions and shall be allowed to relax for 1 minute
prior to measurement to determine pass/fail.
6-6.6 Report.
6-6.6.1 Observations of ignition, melting, dripping, or separation shall be reported for each
specimen.
6-6.6.2 The percent change in the width and length dimensions of each specimen shall be
calculated. Results shall be reported as the average of all three specimens in each dimension.
6-6.7 Interpretation.
6-6.7.1 Any evidence of ignition, melting, dripping, or separation on any specimen shall
constitute failing performance.
6-6.7.2 The average percent change in both dimensions shall be used to determine pass/fail
performance. Failure in any one dimension constitutes failure for the entire sample.
6-6.8 Specific Requirements for Testing Garment Outer Shell, Moisture Barrier, Thermal
Liner, Winter Liner Materials; Hood, Helmet Ear Cover, and Glove Liner Materials.
6-6.8.1 Samples for conditioning shall be at least 1 m (1 yd) square of each material.
6-6.8.2 Each specimen shall be 38.1 cm × 38.1 cm, ±13 mm (15 in. × 15 in., ±0.5 in.) and shall
be cut from the fabric to be utilized in the construction of the clothing item.
6-6.8.3 Specimens shall be tested both before and after being subjected to the procedure
specified in 6-1.2.
6-6.8.4 Testing shall be performed as specified in 6-6.2 through 6-6.7.
6-6.8.5 For protective garment outer shell and collar lining materials, any evidence of charring
on any specimen of outer shell fabric shall also constitute failing performance in addition to
6-6.7.1.
6-6.9 Specific Requirements for Testing Moisture Barrier Seams.
6-6.9.1 Samples for conditioning shall be a minimum of 1 linear m (1 linear yd) with a minimum
of 15.24 cm (6 in.) of material on either side of the seam.
6-6.9.2 Moisture barrier seam specimens shall consist of two 7.62-cm × 15.24-cm (3-in. × 6-in.)
pieces of moisture barrier fabric utilized in the garment and sewn together with the same thread,
stitch type, and seam type as used in the moisture barrier, with seam-sealing material applied.
6-6.9.3 Specimens shall be tested both before and after being subjected to the procedure
specified in 6-1.2.
6-6.9.4 For moisture barrier seam seal materials, observations shall be limited to seam material
ignition and dripping.
6-6.9.5 Testing shall be performed as specified in 6-6.2 through 6-6.7. Thermal shrinkage shall
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not be measured.
6-6.10 Specific Requirements for Testing Other Garment, Clothing, Trim, and Label
Materials.
6-6.10.1 Samples for conditioning shall include material sewn onto a 1-m (1-yd) square of
ballast material no closer than 5.08 cm (2 in.) apart in parallel strips. The ballast material shall be
as specified in ANSI/AATCC 135, Dimensional Changes in Automatic Home Laundering of
Woven and Knit Fabrics. Specimens shall be removed from the ballast material prior to testing.
6-6.10.2 Specimen length shall be 15.24 cm (6 in.), other than for textiles utilized in the clothing
item in lengths less than 15.24 cm (6 in.), where length shall be the same as utilized in the
clothing item. Specimen width shall be 15.24 cm (6 in.), other than for textiles utilized in the
clothing item in widths less than 15.24 cm (6 in.), where widths shall be the same as utilized in
the clothing item.
6-6.10.3 Specimens shall be tested both before and after being subjected to the procedure
specified in 6-1.2.
6-6.10.4 Testing shall be performed as specified in 6-6.2 through 6-6.7. Thermal shrinkage shall
not be measured.
6-6.11 Specific Requirements for Testing Hardware.
6-6.11.1 A minimum of three complete hardware items shall be tested.
6-6.11.2 Observations of hardware condition following heat exposure shall be limited to ignition.
6-6.11.3 Hardware shall be evaluated for functionality within 10 minutes following removal
from the oven.
6-6.11.4 Testing shall be performed as specified in 6-6.2 through 6-6.7. Thermal shrinkage shall
not be measured.
6-6.12 Specific Testing Requirements for Helmets.
6-6.12.1 Samples for conditioning shall include complete helmets.
6-6.12.2 Specimens shall be selected as specified in 2-3.1.1.
6-6.12.3 Sample helmets with ear covers deployed and faceshield/goggle component(s) in the
stowed position shall be mounted in accordance with the helmet positioning index on a
nonconductive headform conforming to the dimensions in Figure 6-6.12.3. The headform with
helmet attached shall be placed in the center of the test oven with the centerline of the front of
the helmet facing the airflow.
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Figure 6-6.12.3 Nonconductive test headform.

6-6.12.4 The minimum interior dimensions of the test oven shall be 61 cm × 61 cm × 61 cm (24
in. × 24 in. × 24 in.).
6-6.12.5 The test thermocouple shall be positioned so that it is level with the horizontal
centerline of a mounted test helmet. The thermocouple shall be equidistant between the vertical
centerline of a mounted test helmet placed in the middle of the oven and the oven wall where the
airflow enters the test chamber.
6-6.12.6 Following removal from the oven, the helmet shall be allowed to cool at room
temperature for not less than 2 minutes. The shell distortion shall then be measured at the front,
back, and sides at eight points radially separated by 45 degrees relative to their original position.
The helmet shall be examined to ascertain any effects of the heat exposure.
6-6.12.7 Testing shall be performed as specified in 6-6.2 through 6-6.7. Thermal shrinkage shall
not be measured.
6-6.13 Specific Requirements for Testing Gloves.
6-6.13.1 Samples for conditioning shall be whole gloves.
6-6.13.2 Conditioning shall be performed as specified in 6-1.2.
6-6.13.3 Specimens shall include complete gloves with labels.
6-6.13.4 The minimum interior dimensions of the test oven shall be 61 cm × 61 cm × 61 cm (24
in. × 24 in. × 24 in.).
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6-6.13.5 The glove body shall be filled with dry vermiculite, the opening of the glove shall be
clamped together, and the specimen shall be suspended by the clamp in the oven so that the
entire glove is not less than 5.08 cm (2 in.) from any oven surface or other specimen and airflow
is parallel to the plane of the material.
6-6.13.6 The glove specimen dimensions also shall be measured to determine pass/fail. The
length measurement of the glove specimen shall be from the tip of the middle finger to the end of
the glove body on the palm side. The width measurement of the glove specimen shall be the
width measurement on the palm side 2.54 cm (1 in.) below the base of the fingers.
6-6.13.7 The percent change in the width and length dimensions of each specimen shall be
calculated. Results shall be reported as the average of all three specimens in each dimension.
6-6.13.8 Specimens shall be donned and flexed as specified in 6-1.10 before and after the heat
exposure.
6-6.13.9 Testing shall be performed as specified in 6-6.2 through 6-6.7.
6-6.14 Specific Testing Requirements for Footwear.
6-6.14.1 Samples for conditioning shall be whole boots.
6-6.14.2 The footwear specimen for testing shall be size 9.
6-6.14.3 Footwear specimens shall include sole, heel, and upper. Footwear specimens shall be
filled with dry vermiculite. Any closures shall be fastened.
6-6.14.4 The test thermocouple shall be positioned so that it is level with the horizontal
centerline of a footwear test specimen. The thermocouple shall be equidistant between the
vertical centerline of a footwear test specimen placed in the middle of the oven and the oven wall
where the airflow enters the test chamber.
6-6.14.5 The minimum interior dimensions of the test oven shall be 61 cm × 61 cm × 61 cm (24
in. × 24 in. × 24 in.).
6-6.14.6 The protective footwear test specimen shall be placed in the center of the test oven with
the centerline of the front of the specimen facing the airflow.
6-6.14.7 Following removal from the oven, the specimen shall be allowed to cool at room
temperature for not less than 5 minutes, +15/-0 seconds.
6-6.14.8 Testing shall be performed as specified in 6-6.2 through 6-6.7. Thermal shrinkage shall
not be measured.
6-6.14.9 Each tested specimen shall be reconditioned as specified in 6-1.2 and then re-examined
inside and outside for separation and functionality.
6-7 Conductive Heat Resistance Test One.
6-7.1 Application.
6-7.1.1 This test method shall apply to protective gloves and footwear upper material.
6-7.1.2 Modifications for this test method for testing gloves shall be as specified in 6-7.7.
6-7.1.3 Modifications for this test method for testing footwear shall be as specified in 6-7.8.
6-7.2 Specimens.
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6-7.2.1 A total of three specimens shall be tested.
6-7.3 Sample Preparation.
6-7.3.1 Specimens shall be conditioned as specified in 6-1.3.
6-7.3.2 Samples for conditioning shall be whole gloves and boots.
6-7.4 Procedure.
6-7.4.1 Sample specimens shall be tested in accordance with ASTM F 1060, Standard Test
Method for Thermal Protective Performance of Materials for Protective Clothing for Hot Surface
Contact.
6-7.4.2 Sample specimens shall be tested using an exposure temperature of 280ºC (536ºF). The
pressure applied during the test shall be 0.0020 kg/cm2, ±0.0002 kg/cm2 (0.5 psi, ±0.05 psi).
6-7.4.3 The time in seconds to pain and to second-degree burn and blister, as predicted by the
Stoll Human Tissue Burn Tolerance Criteria, shall be recorded.
6-7.5 Report.
6-7.5.1 The time to pain and time to second-degree burn for each specimen shall be reported.
The average time to pain and time to second-degree burn shall be calculated and reported. If the
time to pain or time to second-degree burn is greater than 30 seconds, the time to pain or time to
second-degree burn shall be reported as "> 30 sec."
6-7.6 Interpretation.
6-7.6.1 Pass or fail determinations shall be based on the average time to pain and time to
second-degree burn of all specimens tested.
6-7.6.2 If an individual result from any test set varies more than ±8 percent from the average
result, the results from the test set shall be discarded and another set of specimens shall be tested.
6-7.7 Specific Requirement for Testing Gloves.
6-7.7.1 Specimens shall be representative of glove body composite construction at the palm of
the hand and at the palm side of the fingers.
6-7.7.2 Specimens shall be stitched around the perimeter using the same thread used in glove
construction.
6-7.7.3 Glove specimens shall be tested before and after being subjected to the procedure
specified in 6-1.2.
6-7.7.4 Specimens shall also be tested after wet conditioning as specified in 6-1.8.
6-7.7.5 Testing shall be performed as specified in 6-7.2 through 6-7.6.
6-7.8 Specific Requirements for Testing Footwear Upper Materials.
6-7.8.1 Footwear specimens shall include the thinnest portions of the footwear upper.
6-7.8.2 Testing shall be performed as specified in 6-7.2 through 6-7.6.
6-8 Conductive Heat Resistance Test Two.
6-8.1 Application.
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6-8.1.1 This test method shall apply to the protective footwear sole.
6-8.2 Specimens.
6-8.2.1 A minimum of three complete footwear items shall be tested.
6-8.3 Sample Preparation.
6-8.3.1 Samples for conditioning shall be whole footwear.
6-8.3.2 Specimens shall be preconditioned as specified in 6-1.3.
6-8.4 Apparatus.
6-8.4.1 The apparatus shall consist of an iron plate measuring 2.54 cm × 15.24 cm × 46 cm (1 in.
× 6 in. × 18 in.) and an oven capable of heating the plate to a temperature of 500ºC (932ºF), a
Type J or Type K thermocouple, and a meter to read the thermocouple temperature.
6-8.5 Procedure.
6-8.5.1 The thermocouple shall be affixed to the insole surface of the specimen next to the foot,
directly above the ball of the foot. The thermocouple shall be taped to the surface with electrical
tape to hold it onto the insole surface.
6-8.5.2 The plate shall be heated to a temperature of 500ºC, ±10ºC (932ºF, ±18ºF) and shall
maintain this temperature throughout the test period.
6-8.5.3 The specimen shall be filled with 4.55 kg (10 lb) of 5 mm (0.375 in.) steel balls. The
weight of the steel balls shall be evenly distributed inside the boot. The specimen shall be placed
on the plate in the upright position for 30 seconds.
6-8.5.4 The thermocouple temperature shall be recorded at 30.0 seconds, +2/-0 seconds after the
specimen is placed on the heated metal plate.
6-8.6 Report.
6-8.6.1 The temperature at 30 seconds of exposure shall be reported for each specimen. The
average temperature at 30 seconds of exposure for all specimens shall also be calculated and
reported.
6-8.7 Interpretation.
6-8.7.1 The average temperature at 30 seconds of exposure for all specimens shall be used to
determine pass/fail performance.
6-9 Radiant Heat Resistance Test.
6-9.1 Application.
6-9.1.1 This test method shall apply to protective footwear.
6-9.2 Specimens.
6-9.2.1 A minimum of three complete footwear items shall be tested.
6-9.3 Sample Preparation.
6-9.3.1 Samples for conditioning shall be complete footwear.
6-9.3.2 Specimens shall be conditioned in accordance with 6-1.3 and 6-1.9.
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6-9.4 Apparatus.
6-9.4.1 The apparatus shall consist of the following:
(a) A radiometer with a spectral response flat to within ±3.0 percent of not less than 1.10 to
10.0 mm (0.04 to 0.4 in.) with an accuracy of ±5.0 percent
(b) A radiant panel with an effective radiating surface of not less than 15.24 cm × 15.24 cm (6
in. × 6 in.) and an emittance approximating that of a blackbody of 1000ºK, ±200ºK (1340ºF,
±360ºF)
(c) A thermocouple with meter
(d) A test chamber that prevents interference from air movement
6-9.5 Procedure.
6-9.5.1 Tests shall be done on the toe, vamp, quarter, gusset if present, and shaft. If different
types or thicknesses of materials are utilized for other areas of the upper, these areas shall also be
tested.
6-9.5.2 The radiant panel shall be placed in front of the radiometer, parallel to the plane tangent
to the radiometer. The radiant panel shall be adjusted to obtain a stable, uniform irradiance of 1.0
W/cm2, +0.01/-0.0 W/cm2 over a minimum 7.6-cm (3-in.) diameter circle located on the above
plane and centered at the center of the test area. Calibration shall be achieved when the
irradiance changes by less than 10 percent during a 3-minute period.
6-9.5.3 The thermocouple shall be affixed to the inside surface of the lining next to the foot, in
the center of the test area. The radiometer shall be replaced with the protective footwear with the
test area oriented parallel to the plane tangent to the heat source, at the same distance from the
heat source. The area shall be exposed for 1 minute, +5/-0 seconds.
6-9.5.4 The thermocouple temperature shall be recorded at 1 minute, +5/-0 seconds of exposure.
6-9.6 Report.
6-9.6.1 The temperature at 1 minute of exposure shall be reported for each specimen. The
average temperature at 1 minute of exposure for all specimens shall also be calculated and
reported.
6-9.7 Interpretation.
6-9.7.1
The average temperature at 1 minute of exposure for all specimens tested shall be used to
determine pass/fail performance.
6-10* Thermal Protective Performance (TPP) Test.
6-10.1 Application.
6-10.1.1 This test method shall apply to multilayer protective garment composites, hoods,
wristlets, and gloves, including single layer knit hood which are worn in contact with the skin.
6-10.1.2 Modifications to this test method for testing garment composites shall be as specified in
6-10.8.
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6-10.1.3 Modifications to this test method for testing hoods shall be as specified in 6-10.9.
6-10.1.4 Modifications to this test method for testing wristlets shall be as specified in 6-10.10.
6-10.1.5 Modifications to this test method for testing gloves shall be as specified in 6-10.11.
6-10.2 Specimens.
6-10.2.1 Thermal protective performance testing shall be conducted on three specimens.
Specimens shall measure 152.4 mm × 152.4 mm, ±6.4 mm (6 in. × 6 in., ±1/4 in.) and shall
consist of all layers representative of the clothing item to be tested.
6-10.3 Sample Preparation.
6-10.3.1 Specimens shall be tested before preconditioning and tested after preconditioning as
specified in 6-1.2 and then conditioning as specified in 6-1.3.
6-10.4 Apparatus.
6-10.4.1 The test apparatus shall consist of a specimen holder assembly, specimen holder
assembly support, thermal flux source, protective shutter, sensor assembly, and recorder. The
apparatus shall also have a gas supply, gas rotameter, burners, and sensor.
6-10.4.1.1 The specimen holder assembly shall consist of upper and lower mounting plates.
Specimen holder maintaining plates shall be 152.4 mm × 152.4 mm, ±1.6 mm, × 6.4 mm, ± 0.8
mm (6 in. × 6 in., ± 0.063 in. × 0.25 in., ± 0.313 in.). The lower specimen mounting plate shall
have centered a 101.6 mm × 101.6 mm, ± 1.6 mm (4 in. × 4 in., ± 0.063 in.) hole. The upper
specimen mounting plate shall have centered a 133.4 mm × 133.4 mm, ± 1.6 mm (5.25 in. × 5.25
in., ±0.063 in.) hole. The lower specimen mounting plate shall have a 25.4 mm, ±1.6 mm high, ×
3.2 mm, ± 0.8 mm (1.0 in., ±0.063 in. high, × 0.13 in., ±0.0315 in.) thick steel post welded to
each corner 6.4 mm, ±1.6 mm (0.25 in., ±0.063 in.) from each side and perpendicular to the
plane of the plate or some other method for aligning the specimen shall be provided. The upper
sample mounting plate shall have a corresponding hole in each corner so that the upper specimen
mounting plate fits over the lower specimen mounting plate. Specifications for the specimen
holder assembly shall be as shown in Figure 6-10.4.1.1.

Figure 6-10.4.1.1 Lower specimen mounting plate.
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6-10.4.1.2 The specimen holder assembly support shall consist of a steel frame that rigidly holds
and positions in a reproducible manner the specimen holder assembly and specimen relative to
the thermal flux.
6-10.4.1.3 The thermal flux source shall consist of a convective thermal flux source and a radiant
thermal flux source. The convective thermal flux source shall consist of two Meker or Fisher
burners affixed beneath the specimen holder assembly opening, and subtended at a nominal 45
degree angle from the vertical so that the flames converge at a point immediately beneath the
specimen. The radiant thermal flux source shall consist of nine quartz T-150 infrared tubes
affixed beneath and centered between the burners as shown in Figure 6-10.4.1.3.

Figure 6-10.4.1.3 Specifications for TPP tester thermal flux source.

6-10.4.1.4 A protective shutter shall be placed between the thermal flux source and the
specimen. The protective shutter shall be capable of completely dissipating thermal load from
thermal flux source of the time periods before and after specimen exposure.
6-10.4.1.5 The sensor assembly shall be fitted into the opening in the top plate of the specimen
holder and be in contact with the surface of the thermal barrier normally facing the wearer, as
detailed in Figure 6-10.4.1.10. Sensor assembly shall consist of 133.4 mm × 133.4 mm × 12.7
mm (5.25 in. × 5.25 in. × 0.5 in.) heat-resistant block that fits without binding into the hole of the
upper specimen mounting plate and shall be uniformly weighted such that complete sensor
assembly, including copper calorimeter, weighs 1000 g, ±10 g (2.2 lb, ±0.022 lb).
6-10.4.1.6 The recorder shall be any strip chart recorder with full scale deflection of at least
150ºC (300ºF) or 10 mV and sufficient sensitivity and scale divisions to read exposure time to ±
0.1 second; alternatively, an equivalent automated data acquisition system meeting or exceeding
the sensitivity and accuracy requirements of the strip chart recorder shall be permitted to be used
instead of a strip chart recorder.
6-10.4.1.7 The gas supply shall be propane, methane, or natural gas with appropriate reducer and
valving arrangements to control the gas supply pressure at 8 psig, ± 0.1 psig and capable of
providing flow equivalent to 2 L/min (0.07 ft3/min) air at standard conditions.
6-10.4.1.8 The gas rotameter shall be any gas rotameter with range to give flow equivalent to 2 L
(0.07 ft3)/min air at standard conditions.
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6-10.4.1.9 The burners shall be Meker or Fisher burners with 38 mm, ±2 mm (1.5 in., ±0.1 in.)
diameter top and with orifice size of 1.2 mm (0.05 in.).
6-10.4.1.10 The sensor shall be a copper calorimeter mounted in an insulating block. The
calorimeter shall conform to the specifications provided in Figure 6-10.4.1.10. The sensor shall
be coated with a flat black paint.

Figure 6-10.4.1.10 Sensor assembly.

6-10.4.2 A radiometer shall be used in the calibration of the test apparatus.
6-10.4.2.1 The radiometer shall be a Gardon type radiation transducer with a diameter of 25.4
mm (1 in.). The heat flux operating range shall be from 0 kW/m2 to 60 kW/m2 (0 cal/cm2s to 1.4
cal/cm2s or 0 BTU/ft2/s to 5 BTU/ft2/s). The radiometer shall be water cooled and the cooling
water temperature shall be above the ambient dew point temperature.
6-10.5 Procedure.
6-10.5.1 General Procedures.
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6-10.5.1.1 All testing and calibration shall be performed in a hood or ventilated area to carry
away combustion products, smoke, or fumes. If air currents disturb the flame, the apparatus shall
be shielded. Procedures for testing and calibration shall be performed using the same hood and
ventilation conditions.
6-10.5.1.2 Care shall be exercised in handling the burner with open flame. Adequate separation
shall be maintained between flame and combustible materials. Since the specimen holder and
sensor assembly become heated during prolonged testing, protective gloves shall be used when
handling these hot objects. Since some test specimens become hazardous when exposed to direct
flame, care shall be used when the specimen ignites or releases combustible gases. If specimens
ignite, the gas supply at the cylinder shall be shut off and the flame shall be allowed to burn the
gas.
6-10.5.2 Calibration Procedure.
6-10.5.2.1 Specimens shall be exposed to a thermal flux of 83 kW/m2, + 4 kW/m2 (2.0 cal/cm2s,
+0.1 cal/cm2s) as measured with the copper calorimeter. The copper calorimeter shall be the
only heat sensor used in setting the total 83 kW/m2 (2 cal/cm2s) exposure condition. The total
heat flux shall be calculated directly and only from the voltage output of the thermocouples,
using the measured temperature rise of the testing copper calorimeter, the area and mass of the
calorimeter, and the heat capacity of copper to calibrate the heat flux. Other heat sensing devices
shall not be used to reference or adjust the total heat flux read by the copper calorimeter.
6-10.5.2.2 The total heat flux and the 50 percent/50 percent ±5 percent radiant/convective
balance of the energy sources shall be set in accordance with the procedures in 6-10.5.2.3
through 6-10.5.2.6. The level of the radiant heat flux shall be determined using a radiometer and
the level of the total heat flux shall be determined by using a calibration copper calorimeter
designated and used only to set the total exposure level.
6-10.5.2.3 Once an initial setting of 50 kW/m2, ±4 kW/m2 (0.3 cal/cm2s, ±0.1 cal/cm2s) has been
made to the array of new quartz lamps, the operating voltage shall be recorded and permanently
retained for test purposes. During all future calibration procedures, the voltage setting of the
quartz lamps shall be compared to the current voltage setting of the new quartz lamps, and if the
voltage increase is 5 V or greater from the initial setting, the lamps shall be replaced.
6-10.5.2.4* The two Meker or Fisher burners shall be initially adjusted so that the flames
converge upon each other just below the center of the radiometer. The color of the flame shall
primarily be blue.
6-10.5.2.5 The radiant thermal flux source of nine quartz infrared tubes alone shall be set to an
incoming radiant heat flux of 12 kW/m2, ±4 kW/m2 (0.3 cal/cm2s, ±0.1 cal/cm2s) using a
commercial radiometer meeting the specifications of 6-10.4.2. The radiometer window shall be
positioned at the geometric center of the sample holder and at the same plane as a test specimen.
The radiometer shall be mounted in a holder of the same overall size, shape, and material as the
one used for the copper calorimeter to ensure similar heat and flame patterns across the faces of
the radiometer and calorimeters. The radiant quartz tubes shall be turned on and "run" for a
minimum of 2 minutes prior to measuring the radiant heat flux.
6-10.5.2.6 The total heat flux shall be set at 83 kW/m2, ±4 kW/m2 (2.0 cal/cm2s, ±0.1 cal/cm2s)
using the calibration copper calorimeter, defined in 6-10.4.1.10, by adjusting only the gas supply
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to the Meker or Fisher burners. Without a mounted specimen, the calibration copper calorimeter
shall be placed on top of the specimen holder with the blackened copper calorimeter facing
down, and then exposed directly to the flame of the burner. The response of the calorimeter shall
be recorded for at least 10 seconds. The lowest temperature point on the curve where the
response is linear shall be chosen, and the increase in sensor temperature for 10 seconds of
heating shall also be determined. The initial reading from the 10-second reading shall be
subtracted to obtain the increase. The response shall be 148ºC, ± 3.7ºC (267ºF, ± 6.7ºF)
equivalent to 7.86, ± 0.20 mV for an iron - constantan thermocouple for an exposure heat flux of
83 kW/m2, ±2 kW/m2 (2.0 cal/cm2s, ±0.05 cal/cm2s).
6-10.5.3 Test Procedure.
6-10.5.3.1 After the total thermal heat flux has been set at 83 kW/m2, ± 4 kW/m2 (2.0 cal/cm2s,
± 0.1 cal/cm2s) using the calibration procedure in 6-10.5.2.4 through 6-10.5.2.6, the testing
copper calorimeter shall be used to measure the total heat flux. Prior to testing, the testing copper
calorimeter shall be used to measure the total heat flux by placing the calorimeter face down, and
then exposing it directly to the total heat source. The response of the calorimeter shall be
recorded for at least 10 seconds. The lowest temperature point on the curve where the response is
linear shall be chosen, and the increase in sensor temperature for 10 seconds of heating shall be
determined. The initial reading from the 10-second reading shall be subtracted to obtain the
increase. The response shall be 148ºC, ± 3.7ºC (267ºF, ± 6.7ºF) equivalent to 7.86 mV, ± 0.20
mV for an iron - constantan thermocouple for an exposure heat flux of 83 kW/m2, ± 2 kW/m2
(2.0 cal/cm2s, ± 0.05 cal/cm2s).
6-10.5.3.2 If the measurement from the testing copper calorimeter is within +4/-0 kW/m2
(+0.1/-0 cal/cm2s) then testing shall be done. If the measurement from the testing copper
calorimeter does not agree within +4 kW/m2 (+0.1 cal/cm2s) of the measurement of the
calibration calorimeter, the testing copper calorimeter shall be repaired, reconditioned, or
replaced to achieve agreement.
6-10.5.3.3 Specimens shall be mounted by placing the surface of the material to be used as the
outside of the garment face down on the mounting plate. The subsequent layers shall be placed
on top in the order used in the garment, with the surface to be worn toward the skin facing up.
With the protective shutter engaged, the specimens shall be placed on the specimen holder.
6-10.5.3.4 The testing copper calorimeter shall be placed directly on the specimen in contact
with the surface to be worn toward the skin.
6-10.5.3.5 The protective shutter shall be retracted and chart paper movement on the recorder
shall be started using a chart speed consistent with the preparation of the overlay described in
6-10.5.4.1. The start time of the exposure shall be indicated. The exposure shall be continued for
30 seconds. The protective shutter shall be engaged (closed), the recorder shall be stopped, the
calorimeter shall be removed and cooled, and then the specimen holder and exposed specimen
shall be removed.
6-10.5.3.6 After each exposure, the calorimeter shall be cooled to 33ºC, ±1ºC (90.8ºF, ±1.8ºF)
before the next heat flux determination. The sensor shall be cooled after exposure with a jet of
air or by contact with a cold surface.
6-10.5.3.7 The sensor face shall be wiped immediately after each run, while hot, to remove any
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decomposition products that condense and could be a source of error. If a deposit collects and
appears to be thicker than a thin layer of paint, or is irregular, the sensor surface shall be
reconditioning. The cooled sensor shall be carefully cleaned with acetone or petroleum solvent,
making certain there is no ignition source nearby.
6-10.5.3.7.1* If copper is showing on the testing copper calorimeter, the surface shall be
completely repainted with a thin layer of flat black spray paint. At least one calibration run shall
be performed comparing the testing copper calorimeter with the calibration copper calorimeter.
If the testing calorimeter is in error by more than +4/-0 kW/m2 (+0.1/-0 cal/cm2s), all electrical
connections and points where thermocouples are secured to the testing calorimeter shall be
checked. Two more calibration runs shall be conducted by comparing the testing copper
calorimeter with the calibration grade copper calorimeter. The average error shall be calculated.
If the average error of the testing calorimeter is more than +4 kW/m2 (+0.1 cal/cm2s), then the
testing calorimeter shall be repaired and recalibrated or the testing calorimeter shall be replaced.
6-10.5.4 Preparation of Human Tissue Burn Tolerance Overlay.
6-10.5.4.1 Tolerance Overlay. The thermal end point shall be determined with a plot of energy
versus the time to cause a second-degree burn in human tissue as shown in Table 6-10.5.4.1. The
calorimeter equivalent from Table 6-10.5.4.1 that corresponds to the recorder scale shall be
plotted on recorder chart paper. ΔTºC, ΔTºF, columns 6, 7, or 8 shall be plotted on the vertical
axis and the corresponding time (column 1) shall be plotted on the horizontal axis. Chart units
based on the recorder full scale deflection and the chart speed for a graph directly comparable to
the recorder sensor trace shall be used. If pen deflection is from left to right and paper movement
down, the plot shall be from right to left with origin at lower right. If recorder trace differs, the
graph shall be adjusted accordingly. An exact transparent duplicate shall be made for the
overlay. The overlay shall be compared with the original to ensure change in the overlay size.
Table 6-10.5.4.1 Human Tissuea Tolerance to Second-Degree Burn

Exposure
Time (s) cal/cm2s

Heat Flux
kW/m2

cal/cm2

Total Heat
kW s/m2

ΔTºF

Calorimeterb
Equivalent
ΔTºC

ΔmV

1

1.2

50

1.20

50

16.0

8.9

0.46

2

0.73

31

1.46

61

19.5

10.8

0.57

3

0.55

23

1.65

69

22.0

12.2

0.63

4

0.45

19

1.80

75

24.0

13.3

0.69

5

0.38

16

1.90

80

25.3

14.1

0.72

6

0.34

14

2.04

85

27.2

15.1

0.78

7

0.30

13

2.10

88

28.0

15.5

0.80

8

0.274

11.5

2.19

92

29.2

16.2

0.83

9

0.252

10.6

2.27

95

30.2

16.8

0.86
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10

0.233

9.8

2.33

98

31.1

17.3

0.89

11

0.219

9.2

2.41

101

32.1

17.8

0.92

12

0.205

8.6

2.46

103

32.8

18.2

0.94

13

0.194

8.1

2.52

106

33.6

18.7

0.97

14

0.184

7.7

2.58

108

34.3

19.1

0.99

15

0.177

7.4

2.66

111

35.4

19.7

1.02

16

0.168

7.0

2.69

113

35.8

19.8

1.03

17

0.160

6.7

2.72

114

36.3

20.2

1.04

18

0.154

6.4

2.77

116

37.0

20.6

1.06

19

0.148

6.2

2.81

118

37.5

20.8

1.08

20

0.143

6.0

2.86

120

38.1

21.2

1.10

25

0.122

5.1

3.05

128

40.7

22.6

1.17

30

0.107

4.5

3.21

134

42.8

23.8

1.23

aStoll,

A.M., and Chianta, M.A., "Method and Rating System for Evaluation of Thermal
Protection," Aerospace Medicine, Vol. 40, 1968, pp. 1232-1238.
bIron/constantan thermocouple.
6-10.5.4.2 Computer Processing of the Data. The information provided in Table 6-10.5.4.1
shall be permitted to be used as the criteria of performance in the software of a computer
program. In this case, the sensor response shall be compared with the thermal response, either
pain sensation or second degree burn in human tissue to determine the thermal end points. The
product of the time to a second degree burn in human tissue and the exposure energy heat flux
shall be the TPP rating.
6.10.5.5 Determination of Test Results.
6-10.5.5.1 The time to the second degree burn shall be graphically determined from the recorder
chart of the sensor response and criterion overlay prepared in 6-10.5.4.1. The overlay shall be
positioned on the recorder chart, matching the zero of the overlay with the exposure start time
resulting from heat transfer. The horizontal axis (time) shall be placed in line with the initial
trace of the pen, keeping the overlay square with the recorder chart. The time to the second
degree burn shall be read to the nearest 0.1 second from the overlay chart at the point when the
sensor response curve and the tissue tolerance curve cross. If the sensor response curve and the
tissue tolerance curves do not cross, "> 30" shall be recorded as the test result.
6-10.5.5.1.1 If a computer software program is used, the sensor response shall be compared with
the data describing the human tissue heat tolerance to determine like values. The time from the
start of the exposure to the time when these values are the same shall be taken at the exposure
time.
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6-10.5.5.2 The TPP rating shall be calculated as the product of exposure energy heat flux and
time to burn:
TPP rating = F × T
where:
F = exposure heat flux (cal/cm2s)
T = time to burn(s)
6-10.6 Report.
6-10.6.1 The individual test TPP rating of each specimen shall be reported. The average TPP
rating shall be calculated and reported. If a TPP rating is greater than 60, then the TPP rating
shall be reported as "> 60."
6-10.7 Interpretation.
6-10.7.1 Pass or fail determinations shall be based on the average reported TPP rating of all
specimens tested.
6-10.7.2 If an individual result from any test set varies more than ±8 percent from the average
result, the results from the test set shall be discarded and another set of specimens shall be tested.
6-10.8 Specific Requirements for Testing Garments.
6-10.8.1 Specimens shall consist of outer shell, moisture barrier, and thermal barrier. Winter
liners shall not be included in the test composite. Collar lining fabric shall be permitted to be
included in the protective garment collar fabric composite specimen. Specimens shall not include
seams. Specimens shall not be stitched to hold individual layers together during testing.
6-10.8.2 Samples for conditioning shall be at least 1 m square (1 yd square) of each material.
6-10.8.3 Testing shall be performed as described in 6-10.2 through 6-10.7.
6-10.9 Specific Requirements for Testing Protective Hoods.
6-10.9.1 Specimens shall consist of materials from the portion of the protective hood that covers
the neck and facial area. Specimens shall not include seams. Specimens shall not be stitched to
hold individual layers together during testing.
6-10.9.2 Samples for conditioning shall include hood material that is a minimum of 178 mm (7
in.) square.
6-10.9.3 Testing shall be performed as described in 6-10.2 through 6-10.7.
6-10.10 Specific Requirements for Testing Protective Wristlets.
6-10.10.1 Specimens shall consist of materials from the portion of the protective wristlet that
covers the wrist area. Specimens shall not include seams. Specimens shall not be stitched to hold
individual layers together during testing.
6-10.10.2 Samples for conditioning shall include wristlet material that is a minimum of 178 mm
(7 in.) square.
6-10.10.3 Testing shall be performed as described in 6-10.2 through 6-10.7.
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6-10.11 Specific Requirements for Testing Protective Glove Body Composites and
Gauntlets.
6-10.11.1 Specimens shall consist of the composite used in the actual glove construction, with
the layers arranged in proper order. Specimens shall not include seams, where multiple layers are
involved. Specimens shall not be stitched to hold individual layers together during testing.
6-10.11.2 Samples for conditioning shall include glove material that is a minimum of 178 mm (7
in.) square consisting of the composite used in the actual glove construction, with the layers
arranged in proper order and stitched using the same thread used in the construction of the glove.
6-10.11.3 Testing shall be performed as described in 6-10.2 through 6-10.7.
6-11 Thread Melting Test.
6-11.1 Application.
6-11.1.1 This test shall apply to sewing thread used in the construction of protective garments,
hoods, wristlets, footwear, helmets, and helmet ear covers.
6-11.2 Specimens.
6-11.2.1 Five different specimens shall be tested.
6-11.3 Sample Preparation.
6-11.3.1 Specimens shall be conditioned as specified in 6-1.3.
6-11.4 Procedure.
6-11.4.1 Specimens shall be tested in accordance with Test Method 1534, Melting of Synthetic
Fiber of Federal Test Method Standard 191A, Textile Test Methods, at a test temperature of
260ºC (500ºF).
6-11.5 Report.
6-11.5.1 The condition of specimens shall be observed at 260ºC (500ºF).
6-11.6 Interpretation.
6-11.6.1 Any specimen exhibiting melting at 260ºC (500ºF) shall constitute failure of this test.
6-12 Tear Resistance Test.
6-12.1 Application.
6-12.1.1 This test shall apply to woven materials used in protective garments, hoods, and
wristlets.
6-12.2 Specimens.
6-12.2.1 Five specimens in each of the warp and filling directions shall be tested from each
sample unit. Specimens shall be 7.62-cm × 15.24-cm (3-in. × 6-in.) rectangles. The long
dimension shall be parallel to the warp for warp tests and parallel to the filling for filling tests.
No two specimens for warp tests shall contain the same warp yarns, nor shall any two specimens
for filling tests contain the same filling yarns. The specimen shall be taken no closer to the
salvage than one-tenth of the width of the clothing.
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6-12.2.2 An isosceles trapezoid having an altitude of 7.62 cm (3 in.) and bases of 2.54 cm (1 in.)
and 10.16 cm (4 in.) in length, respectively, shall be marked on each specimen with the aid of a
template. A cut 9.5 mm (0.375 in.) in length shall then be made in the center of a line
perpendicular to the 2.54-cm (1-in.) edge.
6-12.3 Sample Preparation.
6-12.3.1 Specimens shall be conditioned as specified in 6-1.3.
6-12.3.2 Samples for conditioning shall be 1 m (1 yd) square of material.
6-12.4 Apparatus.
6-12.4.1 Apparatus shall consist of a straining mechanism, two clamps for holding specimens,
and load and elongation recording mechanisms, wherein the specimen is held between two
clamps and strained by a uniform movement of the pulling clamp. The test machine shall be
operated at a rate of 30.48 cm/min (12 in./min).
6-12.4.2 The straining mechanism shall be of such capacity that the maximum load necessary to
break the specimen shall be not greater than 85 percent or less than 15 percent of the
manufacturer's rated capacity.
6-12.4.3 The clamps shall have two jaws on each clamp. The design of the clamps shall be such
that one gripping surface or jaw shall be permitted to be an integral part of the rigid frame of the
clamp or shall be fastened to allow a slight vertical movement, while the other gripping surface
or jaw shall be completely movable. The dimensions of the immovable jaw of each clamp
parallel to the application of the load shall measure 2.54 cm (1 in.), and the dimension of the jaw
perpendicular to this direction shall measure 7.62 cm (3 in.) or more. The face of the movable
jaw of each clamp shall measure 2.54 cm × 7.62 cm (1 in. × 3 in.). Each jaw face shall have a
flat, smooth gripping surface. All edges that might cause a cutting action shall be rounded to a
radius of not more than 0.4 mm (0.016 in.). In cases where a cloth tends to slip while being
tested, the jaws shall be faced with rubber or other material to prevent slippage. The distance
between the jaws shall be 2.54 cm (1 in.) at the start of the test.
6-12.4.4 The recorder shall consist of a calibrated dial, scale, or chart used to indicate applied
load and elongation. Error shall not exceed 2 percent for loads up to and including 22.7 kg (50
lb) and 1 percent for loads over 22.7 kg (50 lb) at any reading within its loading range. All
machine attachments for determining maximum loads shall be disengaged during the test.
6-12.5 Procedure.
6-12.5.1 The specimen shall be clamped along the nonparallel sides of the trapezoids so that
these sides lie along the lower edge of the upper clamp and the upper edge of the lower clamp,
with the cut halfway between the clamps. The short trapezoid base shall be held taut, and the
long trapezoid base shall lie in the folds.
6-12.5.2 The strain mechanism shall be started, and the force necessary to tear the cloth shall be
observed by means of the recording device.
6-12.5.3 If a specimen slips between the jaws, breaks in or at the edges of the jaws, or if for any
reason attributable to faulty technique an individual measurement falls markedly below the
average test results for the sample unit, such result shall be discarded and another specimen shall
be tested.
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6-12.6 Report.
6-12.6.1 The tear strength of an individual specimen shall be the average of the five highest peak
loads of resistance registered. The tear strength of each specimen shall be reported to the nearest
45.4 g (0.1 lb). An average tear strength shall be calculated for warp and filling directions.
6-12.7 Interpretation.
6-12.7.1 Pass/fail performance shall be based on the average tear strength in the warp and filling
directions. Failure in any one direction constitutes failure for the material.
6-13 Burst Strength Test.
6-13.1 Application.
6-13.1.1 This test shall apply to knit materials used in protective garments, hoods, and wristlets.
6-13.2 Specimens.
6-13.2.1 A total of ten specimens shall be tested.
6-13.3 Sample Preparation.
6-13.3.1 Specimens shall be conditioned as specified in 6-1.3.
6-13.3.2 Samples for conditioning shall be 1 m (1 yd) square of material.
6-13.4 Procedure.
6-13.4.1 Specimens shall be tested as specified in ASTM D 3787, Standard Test Method for
Hydraulic Bursting Strength of Knitted Goods and Nonwoven Fabrics-Ball Burst Testing
Method.
6-13.5 Report.
6-13.5.1 The burst strength of each specimen shall be reported. The average burst strength of all
specimens shall be calculated and reported.
6-13.6 Interpretation.
6-13.6.1 The average burst strength shall be used to determine pass/fail performance.
6-14 Seam Breaking Strength Test.
6-14.1 Application.
6-14.1.1 This test shall apply to seams used in protective garments and hoods.
6-14.2 Specimens.
6-14.2.1 A minimum of five seam specimens representative of the garment shall be tested for
each seam type.
6-14.2.2 The five seam specimens shall be straight seams. Seam specimens shall be permitted to
be cut from the finished garment or shall be permitted to be prepared by joining two pieces of the
garment fabric.
6-14.2.2.1 Where two pieces of woven garment fabric are joined, the woven fabric seam
specimen shall be prepared as specified in 8.2.1.2 of ASTM D 1683, Standard Test Method for
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Failure in Sewn Seams of Woven Fabrics, and shall use the same thread, seam type, and stitch
type as used in the finished garment.
6-14.2.2.2 Where two pieces of knit or stretch woven garment fabric are joined, the knit fabric
seam specimen shall be prepared as specified in 7.2.2 of ASTM D 3940, Standard Test for
Bursting Strength (Load) and Elongation of Sewn Seams of Knit or Woven Stretch Textile
Fabrics, using the same thread, seam type, and stitch type as used in the finished garment.
6-14.2.2.3 Specimens of garment seam assemblies constructed from other than woven or knit
textiles shall be tested as specified in 6-14.2.2.1.
6-14.2.2.4 Where a piece of woven garment fabric and a knit or stretch woven fabric are joined,
the seam specimen shall be prepared as specified in 8-2.1.2 of ASTM D 1683, Standard Test
Method for Failure in Sewn Seams of Woven Fabrics, and shall use the same thread, seam type,
and stitch type as used in the finished garment.
6-14.3 Sample Preparation.
6-14.3.1 Samples for conditioning shall be 1 m (1 yd) square of material.
6-14.4 Procedure.
6-14.4.1 All woven seam assemblies shall be tested in accordance with ASTM D 1683, Standard
Test Method for Failure in Sewn Seams of Woven Fabrics. The test machine shall be operated at
a rate of 304.8 mm/min (12 in./min).
6-14.4.2 All knit seam assemblies and all stretch woven seam assemblies shall be tested in
accordance with ASTM D 3940, Standard Test Method for Bursting Strength (Load) and
Elongation of Seams of Knit and Stretch Woven Textiles.
6-14.4.3 Combination woven and knit or stretch woven seam assemblies shall be tested in
accordance with ASTM D 1683, Standard Test Method for Failure in Sewn Seams at Woven
Fabrics. The test machine shall be operated at a rate of 304.8 mm/min (12 in./min).
6-14.5 Report.
6-14.5.1 The seam breaking strength for each seam specimen shall be reported. The average
seam breaking strength for each seam type shall also be reported.
6-14.5.2 The type of seams tested shall be reported as to whether the specimens were cut from
the finished garment or prepared from fabric samples.
6-14.6 Interpretation.
6-14.6.1 The average seam breaking strength for each seam type shall be used to determine
pass/fail performance.
6-15 Top Impact Resistance Test (Force).
6-15.1 Application.
6-15.1.1 This test shall apply to complete helmets.
6-15.2 Specimens.
6-15.2.1 Specimens shall be selected as specified in 2-3.9.
6-15.3 Sample Preparation.
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6-15.3.1 Samples for conditioning shall be complete helmets.
6-15.3.2 Specimens shall be conditioned for each environmental condition specified in 6-1.3,
6-1.4, 6-1.5, 6-1.6, and 6-1.7 prior to each impact.
6-15.4 Apparatus.
6-15.4.1 A size 7 aluminum headform, commonly known as the "ISEA Standard Headform"
shall be used. The headform shall have a mass of 3.6 kg, ±0.5 kg (8.0 lb, ±1.0 lb). The test
headform shall be of the nominal dimensions of the headform in Table 6-15.4.1 and Figures
6-15.4.1(a) through (c).
Table 6-15.4.1 Data for Contour Drawing of ISEA Headform (all dimensions in mm)
Horizontal Distance from
Plane Datum Plane 0º

15º

30º

45º

60º

Vertical Sections
75º
90º 105º

120º

135º

150º

165º

180º

0-0

99

0

0

0

0

0

0

0

0

0

0

0

0

0

1-1

95

22.5

22.5

23

25.5

26.5

28

28.5

31

33

36

39

38.7

40

2-2

90

39.5

40

40

40.5

40.5

40.5

41.5

43.5

47.5

50

53

53

54.5

3-3

85

53.5

54

55.7

51.5

50.5

50

51.5

53.5

57

60.5

64

64.5

65.5

4-4

80

62.5

63

60.9

59

57

57

57.5

60.5

63.5

67.3

70.7

70.7

72.2

5-5

70

72.5

74

71.5

68.2

65.5

64.5

65.3

68

72

75.7

79.1

80

82

6-6

60

82

82

79.5

75

71.0

69.4

70.1

73

77.5

81.7

85.1

87.5

87.9

7-7

50

87.3

87

84.5

79

74

71.5

72

75.7

80.9

85.8

89.4

91

92.3

8-8

40

90.2

90.5

87.5

81.5

75.5

73.0

73.5

76.9

82.7

88.3

91.3

93.5

95

9-9

20

94.0

94

90.5

83.5

77.1

73.7

74.2

77.8

84.3

91

95.5

97.6

98.5

Datum Plane10-10

0

96.5

96.5

93.0

84.6

77.5

73.5

74.2

79

85

92.5

96.5

98.8

99.9

11-11

20

96.5

96.5

93.0

84.6

77.5

73.5

72

70

78.5

84

90

91

95

12-12

40

96.5

96.5

93.0

84.6

77.5

73.5

70

63.5

70

75

81

82

84

13-13

60

96.5

96.5

93.0

84.6

77.5

73.5

68

58

57.5

63

69

69

72

14-14

80

96.5

96.5

93.0

84.6

77.5

73.5

66

54

48

53

59

60

63

15-15

100

96.5

96.5

93.0

84.6

77.5

73.5

64

52

48

49

54

56

59

16-16

115.9

96.5

96.5

96.5

96.5

96.5

96.5

96.5

96.5

96.5

96.5

96.5

96.5

96.5

17-17

128.6

96.5

96.5

96.5

96.5

96.5

96.5

96.5

96.5

96.5

96.5

96.5

96.5

96.5

Note: All dimensions ± 5 mm.
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Figure 6-15.4.1(a) ISEA size 7 headform, top.
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Figure 6-15.4.1(b) ISEA size 7 headform, side with modification for steel terminal junction bolt.

Figure 6-15.4.1(c) ISEA size 7 headform, front.

6-15.4.2 A steel drop mass of 3.58 kg, ±0.05 kg (7.90 lb, ±0.10 lb) shall be used. The striking
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face of the drop mass shall be a spherical segment with a radius of 4.8 cm, ±8 mm (1.9 in., ±0.3
in.) and a chord length of at least 7.6 cm (3.0 in.).
6-15.4.3 An electronic force measurement system with the following minimum specifications
shall be used:
(a) Range
4450 N (1000 lbf)
(b) Peak force
measurement accuracy

±2.5 percent

(c) Resolution

22 N (5 lbf)

(d) Load cell rigidity

4.4 × 109 N/m (2.5 × 107 lbf/in.)

(e) Minimum mechanical
resonant frequency
of the headform/load
cell system

5000 Hz

(f) Load cell diameter

7.6 cm (3.0 in.)

6-15.4.4 The system frequency response shall comply with SAE J211, Instrumentation for
Impact Test, Channel Frequency Class 1000, specifications. The minimum mechanical resonant
frequency shall be calculated from the following formula:

where:
kg = the load cell rigidity [N/m (lbf/ft)]
m = the mass of the structure on top of the load cell [kg (slugs)]
6-15.4.5 All surfaces in contact with the load cell shall have a surface finish of at least 0.8 × 10-6
m (32 × 10-6 in.) rms. In addition, those surfaces in contact with the load cell shall be flat to
within 12.7 × 10-6 m (500 × 10-6 in.).
6-15.4.6 The load cell shall have a backup mass of at least 540 kg (1200 lb). The load cell
assembly shall be rigidly mounted between the headform structure and a steel plate at least 30
cm (1 ft) square and 2.54 cm (1 in.) thick. The backup mass shall be concrete or a rigid material
of equal or greater density at least 61 cm (2 ft) square.
6-15.4.7 The surface of the steel plate, in the area of the load cell assembly mounting, shall be
flat within ±0.15 mm (±0.005 in.) and within 1 degree of level. The steel plate shall be rigidly
attached to, and in intimate contact with, the backup mass.
6-15.4.8 The vertical centerline of the drop mass, the headform, and the load cell shall all be
colinear within 3 mm (0.125 in.). The sensitive axis of the load cell shall be aligned within 1
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degree of vertical. The guide or guides shall be vertical, and in the case of a double guide
system, parallel, to within 6.4 mm per 3 m (0.25 in. per 10 ft) of length.
6-15.4.9* The instrumentation calibration shall be verified at least before and after each test
series or at the beginning and end of each day of testing, whichever is the shorter length of time.
6-15.4.10 The test system shall be analyzed dynamically to ensure that any mechanical
resonance associated with transducer mountings do not distort the output data.
6-15.4.11 Prior to testing, the instrumentation shall be allowed to warm up until stability is
achieved.
6-15.4.12 Throughout calibration, verification, and testing, the ambient temperature shall be
20ºC to 28ºC (68ºF to 82ºF), and the relative humidity shall be 30 percent to 70 percent.
6-15.5 Procedure.
6-15.5.1 Where faceshield/goggle component(s) are provided, the device shall be removed from
the helmet for this test. Specimen helmets shall be adjusted to a size sufficient to properly fit on
the headform. Specimens shall be positioned on the headform with the horizontal center plane
parallel within 5 degrees of the reference plane. The front-to-back centerline of the shell shall be
within 13 mm (0.5 in.) of the mid-sagittal plane of the headform. Specimens shall be subjected to
the environmental conditions specified in 6-1.3, 6-1.4, 6-1.5, 6-1.6, and 6-1.7, prior to each
impact and within the specified time after being removed from conditioning.
6-15.5.2 The impactor shall be dropped from a height that yields an impact velocity within 2
percent of 5.47 m/sec (17.9 ft/sec). A means of verifying the impact velocity to within 2 percent
for each impact shall be incorporated.
6-15.5.3 The verification tests shall demonstrate an accuracy of 2.5 percent or better in the
measured force.
6-15.6 Report.
6-15.6.1 The results of each system verification shall be made part of the test results for
specimens being tested.
6-15.6.2 The peak force and impact velocity shall be recorded for each test.
6-15.7 Interpretation.
6-15.7.1 Pass/fail performance shall be determined for each specimen. One or more helmet
specimens failing this test shall constitute failing performance.
6-16 Impact Resistance Test (Acceleration).
6-16.1 Application.
6-16.1.1 This test shall be applied to complete helmets.
6-16.2 Specimens.
6-16.2.1 Specimens shall be selected as specified in 2-3.9.
6-16.3 Sample Preparation.
6-16.3.1 Specimens shall be conditioned for each environmental condition specified in 6-1.3,
6-1.4, 6-1.6, and 6-1.7 prior to each impact.
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6-16.3.2 Samples for conditioning shall be complete helmets.
6-16.4 Apparatus.
6-16.4.1 The headform shall be an ISO Size J conforming to the manual dimensions in Figure
6-16.4.1. The ISO Size J test headform shall exhibit no resonant frequencies below 3000 Hz, and
it shall be made of any low-resonance alloy, such as magnesium K-1A.

Figure 6-16.4.1 ISO Size J headform (all dimensions in mm).

6-16.4.2 There shall be a drop assembly consisting of the test headform, the accelerometer, and
the moving portion of the headform guidance assembly. The drop assembly shall have a total
mass of 5.17 kg, ±0.18 kg (11.4 lb, ±0.4 lb).
6-16.4.3 The guidance assembly shall comprise not more than 20 percent of the total mass of the
drop assembly.
6-16.4.4 The center of mass of the drop assembly shall lie within a cone of 10 degrees included
angle about the vertical, with the apex at the point of impact.
6-16.4.5 A steel test anvil shall be used and shall have a smooth, flat striking surface 12.7 cm,
±15 mm (5.0 in., ±0.6 in.) in diameter. The anvil shall be mounted securely on a steel plate at
least 30.5 cm (1 ft) square and 2.54 cm (1 in.) thick. The steel plate shall be rigidly attached to
and in intimate contact with a backup mass of at least 540 kg (1200 lb). The backup mass shall
be of concrete or a rigid material of equal or greater density at least 61 cm (2 ft) square.
6-16.4.6 An electronic acceleration measurement system with the following minimum
specifications shall be used:
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(a) Range

500 Gn

(b) Peak acceleration measurement ±2.5 percent accuracy
(c) Resonant frequency

5000 Hz

(d) Accelerometer shock limit

2000 Gn

(e) Resolution

5 Gn

6-16.4.7 The system frequency response shall comply with SAE J211, Instrumentation for
Impact Test, Channel Frequency Class 1000, specifications. The time duration of acceleration
levels shall be measured to within ±0.2 millisecond.
6-16.4.8 A reference anvil shall be substituted for the test anvil to verify the calibration of the
acceleration measurement system. The reference anvil shall be constructed of any material that
will yield reproducible test results during a period of at least 4 months.
6-16.4.9* For calibration, the center of the reference anvil shall be aligned within 3.2 mm (0.125
in.) of the impact point on the headform. The sensitive axis of the accelerometer shall be aligned
within 1 degree of vertical and shall be colinear within 3.2 mm (0.125 in.), with the center of the
reference anvil and the impact point on the headform. The guide or guides shall be vertical and,
in the case of a double guide system, parallel, to within 64 mm per 3 m (0.25 in. per 10 ft) of
length.
6-16.4.10 The instrumentation calibration shall be verified at least before and after each test
series or at the beginning and end of each day of testing, whichever is the shorter length of time.
6-16.4.11 The test system shall be analyzed dynamically to ensure that any mechanical
resonance does not distort the output data.
6-16.4.12 Prior to testing, the instrumentation shall be allowed to warm up until stability is
achieved.
6-16.4.13 Throughout calibration, verification, and testing, the ambient temperature shall be
20ºC to 28ºC (68ºF to 82ºF), and the relative humidity shall be 30 percent to 70 percent.
6-16.5 Procedure.
6-16.5.1 A conditioned specimen with faceshield/goggle component(s) removed shall be
positioned on the headform with the horizontal center plane of the helmet parallel within 5
degrees of the reference plane of the headform and shall be secured to the drop assembly by its
retention system so as to maintain this position during the test. No part of the helmet shell shall
be cut away to accommodate the test system, and no part of the test system shall contact the
helmet shell either as mounted or during an impact test.
6-16.5.2 The drop assembly with a helmet attached shall be dropped from a height that yields an
impact velocity within 2 percent of 6.0 m/s (19.7 ft/s). A means of verifying the impact velocity
within 2 percent for each impact shall be incorporated in the test system. The acceleration time
duration values, peak acceleration, and impact velocity shall be recorded for each test. Each
helmet shall be environmentally conditioned prior to each impact in each of the five impact areas
specified in Figure 6-1.6.1. Test series number 1 shall require helmet specimens 5, 6, 8, and 10 to
be impacted at the front, rear, side impact areas at a distance of 68 mm + 13.5 mm, -0 mm (2.5
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in, + 0.5 in., - 0.0 in.) when measured from the test line to the center of the impact anvil.
6-16.5.3 The impact areas shall be as specified in Figure 6-1.6.1. The top, front, rear, and side
areas of the helmet shall be tested.
6-16.5.4 The top impact area shall consist of a 30 mm (1.2 in.) radius measured from a point
located on the headform at the junction of the coronal plane and mid-sagittal plane.
6-16.5.5 The front impact test area shall consist of an area defined as extending forward on the
headform from the front vertical transverse plane to the test line.
6-16.5.6 The rear impact test area shall consist of an area defined as extending backward on the
headform from the rear vertical transverse plane extending down to the test line.
6-16.5.7 The side test areas shall consist of the areas between the top test area and test line
extending from the rear vertical transverse plane and the front vertical transverse plane.
6-16.5.8 Each conditioned specimen in a series shall be impacted one on the top, rear, front, and
side test areas of the helmets as defined in Figure 6-1.6.1. At least one impact shall occur in each
test area.
6-16.5.9 The center of the test anvil shall be no lower than 68 mm (2.5 in.) above the test line.
6-16.5.10 The verification tests shall demonstrate an accuracy of 20 percent or better in the
measured acceleration.
6-16.6 Report.
6-16.6.1 The results of each system verification shall be made part of the test results for the
specimens being tested.
6-16.6.2 The maximum acceleration, duration of acceleration above 200 Gn, and duration of
acceleration above 150 Gn shall be recorded for each test.
6-16.7 Interpretation.
6-16.7.1 Pass/fail performance shall be determined for each specimen. One or more helmet
specimens failing this test shall constitute failing performance.
6-17 Faceshield/Goggle Component Lens Impact Resistance Test.
6-17.1 Application.
6-17.1.1 This test shall apply to complete helmets.
6-17.2 Specimens.
6-17.2.1 Where the manufacturer produces helmets with faceshield components, a minimum of
four complete faceshield components shall be tested.
6-17.2.2 Where the manufacturer produces helmets with goggle components, a minimum of four
complete goggle components shall be tested.
6-17.2.3 Where the manufacturer produces helmets with both faceshield and goggle components
attached to a single helmet a minimum of four faceshield and four goggle components shall be
tested.
6-17.3 Sample Preparation.
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6-17.3.1 Samples shall be preconditioned for each of the environmental conditions specified in
6-1.3, 6-1.4, and 6-1.7.
6-17.3.2 Samples for conditioning shall be as defined in 6-17.2.
6-17.4 Test One, High Mass Impact.
6-17.4.1 Apparatus.
6-17.4.1.1 An Alderson 50-percentile male headform shall be used to hold the protective device.
It shall be rigidly mounted in the horizontal position, face up, on a base that has a mass of 30 kg
(66 lb) or greater. The static stiffness of the headform shall be such that, when a vertical
downward force of 20 kg (44 lb) is applied to the forehead of the headform, the back of the
headform shall not deflect more than 2 mm (0.079 in.). (See Figure 6-17.4.1.1.)

Figure 6-17.4.1.1 Alderson headform.

6-17.4.1.2 The missile shall have a 30-degree conical tip with a 1-mm (0.039-in.) radius, shall
weigh 500 g (17.6 oz), and shall have a diameter of 25.4 mm (1 in.). The missile shall be held in
position over the headform, tip down, at the designated test height. The missile shall have a
heat-treated steel tip.
6-17.4.1.3* The missile shall be dropped through a loose-fitting guide tube having a smooth
internal diameter.
6-17.4.2 Procedure.
6-17.4.2.1 Only one faceshield component or goggle component shall be tested at a time.
6-17.4.2.2 The complete helmet shall be placed on the headform in accordance with the helmet
positioning index. The alignment shall be such that, with the faceshield/goggle component
deployed, when the missile is dropped, it points in line with one of the eyes of the headform.
6-17.4.2.3 The missile shall be dropped from a height of 130 cm (51.2 in.). Four samples shall be
tested.
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6-17.4.3 Report.
6-17.4.3.1 The pass/fail result for each device shall be reported.
6-17.5 Test Two, High Velocity Impact.
6-17.5.1 Apparatus.
6-17.5.1.1* The test apparatus shall consist of a device capable of propelling a steel ball
reproducible at the velocity designated at 250 fps, the device shall show a sample standard
deviation of not greater than 2 percent of 250 fps based on a test series of 30 shots. The velocity
of the steel ball shall be determined at a distance not greater than 25 cm (9.8 in.) from point of
impact. The projectiles used in this test shall be 6.35 mm (1/4 in.) diameter steel balls weighing
approximately 1.06 g (0.04 oz). These balls are damaged during impact and shall be changed
frequently to avoid impacts at unexpected locations and large variations in velocity.
6-17.5.1.2 An Alderson 50th percentile male headform shall be used for mounting the helmet
with faceshield/goggle component. The headform shall be capable of being rotated on a vertical
axis through each corneal vertex in 15-degree increments, from a first position 15 degrees to the
nasal side of straight-ahead-viewing out to 90 degrees temporally (it is assumed that the
headform is vertical such that the two eyes lie in a horizontal reference plane). The headform
shall be capable of being raised 10 mm (0.394 in.) and lowered 10 mm (0.394 in.) with respect to
the horizontal plane to carry out testing at the 90 degrees angular position.
6-17.5.2 Procedure.
6-17.5.2.1 Only one faceshield component or goggle component shall be tested at a time.
6-17.5.2.2 The helmet with faceshield/goggle component deploy shall be mounted to the
Alderson 50th percentile male headform in accordance with the eye/face positioning index.
6-17.5.2.3 The headform shall be adjusted so that the path of the projectile passes through the
center of the right eye. It is then rotated to the first test position, which shall be 15 degrees to the
nasal side. The faceshield/goggle component shall be impacted at the test velocity. A new
faceshield/goggle component shall be placed on the head form and impacted at 0 degrees. A new
faceshield/goggle component shall be placed on the headform and impacted at 45 degrees. A
new faceshield/goggle component shall be placed on the headform and impacted at 90 degrees.
The impacts at the 45-degree and 90-degree positions shall be at either 10 mm (0.394 in.) above
or 10 mm (0.394 in.) below the plane of the eyes.
6-17.5.2.4 The headform shall be adjusted so that the path of the projectile passes throughout the
center of the left eye. It is then rotated to the first test position, which shall be 15 degrees to the
nasal side. The faceshield/goggle component shall be impacted at the test velocity. A new
faceshield/goggle component shall be placed on the headform and impacted at 0 degrees. A new
faceshield/goggle component shall be placed on the headform and impacted 45 degrees. A new
faceshield/goggle component shall be placed on the headform and impacted at 90 degrees. The
impacts at the 45-degree and 90-degree positions shall be at either 10 mm (0.394 in.) above or 10
mm (0.394 in.) below the plane of the eyes.
6-17.5.2.5 Eight specimens shall be tested.
6-17.6 Report.
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6-17.6.1 The pass/fail result for each helmet shall be reported.
6-17.7 Interpretation.
6-17.7.1 One or more helmet specimens failing this test shall constitute failing performance.
6-18 Impact and Compression Tests.
6-18.1 Application.
6-18.1.1 This test method shall apply to the toe section of protective footwear.
6-18.2 Specimens.
6-18.2.1 A minimum of three footwear items shall be tested for both impact and compression.
6-18.3 Sample Preparation.
6-18.3.1 Samples for conditioning shall be complete footwear toe sections.
6-18.3.2 Specimens shall be conditioned as specified in 6-1.3.
6-18.4 Procedure.
6-18.4.1 Footwear specimens shall be tested in accordance with Section 1.4 of ANSI Z41,
Standard for Personal Protection-Protective Footwear.
6-18.5 Report.
6-18.5.1 The impact and compression forces for each specimen shall be reported. The clearance
after impact and the compression forces shall be recorded.
6-18.6 Interpretation.
6-18.6.1 One or more footwear specimens failing this test shall constitute failing performance.
6-19 Physical Penetration Resistance Test.
6-19.1 Application.
6-19.1.1
This test method shall apply to protective helmets.
6-19.2 Specimens.
6-19.2.1 Specimens shall be selected as specified in 2-3.9.
6-19.3 Sample Preparation.
6-19.3.1 Samples for conditioning shall be complete helmets.
6-19.3.2 Specimens shall be conditioned for each environmental condition specified in 6-1.3,
6-1.4, 6-1.5, 6-1.6, and 6-1.7 prior to each physical penetration.
6-19.4 Apparatus.
6-19.4.1 The ISO Size J headform shall conform to the nominal dimensions in Figure 6-16.4.1.
Above the test line, it shall have an electrically conductive surface that is electrically connected
to the contact indicator.
6-19.4.2 The penetration striker shall have a mass of 1 kg, +0.02/-0.00 kg (2.2 lb, +0.01/-0.00
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lb). The point of the striker shall be a cone with an included angle of 60 degrees, +0.5 degree, a
height of 3.8 cm (1.5 in.), and a tip radius of 0.5 mm, ±0.1 mm (0.020 in., ±0.004 in.). The
hardness of the striking tip shall be Rockwell Scale C-60, minimum. The penetration striker shall
be electrically connected to the contact indicator.
6-19.4.3 The contact indicator shall indicate when electrical contact has been made between the
penetration striker and the conductive surface of the test headform. The contact indicator shall
have a response time of less than 0.5 milliseconds.
6-19.4.4 The test shall be conducted at an ambient temperature of 20ºC to 28ºC (68ºF to 82ºF),
and the relative humidity shall be 30 percent to 70 percent.
6-19.5 Procedure.
6-19.5.1 The environmentally conditioned helmet shall be placed on the rigidly mounted test
headform and secured by the helmet retention system or by other means that will not interfere
with the test. The helmet shall be positioned so that the penetration striker shall impact
perpendicular to the helmet anywhere above the test line. The impact site shall be at least 7.6 cm
(3.0 in.) from the center of a previous penetration or impact site.
6-19.5.2 The drop height of the penetration striker shall be adjusted so that the velocity at impact
is at 7 m/s, ±0.1 m/s (23 ft/s, ±0.5 ft/s). A total of two penetration tests for each of the four
environmental conditions specified in 6-1.3, 6-1.4, 6-1.5, 6-1.6, and 6-1.7 shall be conducted in
such a manner that at least one penetration test shall be performed in each of the test areas
defined in Figure 6-1.6.1. The helmet shall be environmentally conditioned prior to each
penetration test. A minimum of two penetration test blows shall be applied at different test areas
on each helmet.
6-19.6 Report.
6-19.6.1 The pass/fail result for each helmet shall be reported.
6-19.7 Criteria.
6-19.7.1 One or more helmet specimens failing this test shall constitute failing performance.
6-20 Puncture Resistance Test One.
6-20.1 Application.
6-20.1.1 This test method shall apply to protective gloves and footwear uppers.
6-20.2 Specimens.
6-20.2.1 A minimum of three specimens measuring at least 15.24 cm (6 in.) square shall be
tested.
6-20.3 Sample Preparation.
6-20.3.1 Samples for conditioning shall be complete gloves or footwear upper sections.
6-20.3.2 Specimens shall be tested after conditioning as specified in 6-1.3.
6-20.4 Procedure.
6-20.4.1 Specimens shall be tested in accordance with ASTM F 1342, Standard Test Method for
Protective Clothing Material Resistance to Puncture.
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6-20.5 Report.
6-20.5.1 The puncture force in kg force (lb force) shall be reported for each specimen. The
average puncture force in kg force (lb force) shall be reported for all specimens tested.
6-20.6 Interpretation.
6-20.6.1 The average puncture force shall be used to determine pass/fail performance.
6-20.7 Specific Requirements for Testing Gloves.
6-20.7.1 Specimens shall consist of each composite of the palm, palm side of the fingers, and
back of the glove used in the actual glove construction, with the layers arranged in proper order.
Where the specimen composites of the palm, palm side of the fingers, and back of the glove are
identical, only one representative composite shall be required to be tested.
6-20.7.2 Glove specimens shall also be tested after wet condition as specified in 6-1.8.
6-20.7.3 Testing shall be performed as specified in 6-20.2 through 6-20.6.
6-20.8 Specific Requirements for Testing Footwear Uppers.
6-20.8.1 Specimens shall consist of each composite of footwear item used in the actual footwear
construction, with the layers arranged in proper order. Specimens shall be taken from the
thinnest portion of the footwear upper.
6-20.8.2 Testing shall be performed as specified in 6-20.2 through 6-20.6.
6-21 Puncture Resistance Test Two.
6-21.1 Application.
6-21.1.1 This test method shall apply to protective footwear soles.
6-21.2 Specimens.
6-21.2.1 A minimum of three footwear soles shall be tested.
6-21.3 Sample Preparation.
6-21.3.1 Samples for conditioning shall be footwear sole sections.
6-21.3.2 Specimens shall be conditioned as specified in 6-1.3.
6-21.4 Procedure.
6-21.4.1 Puncture resistance tests shall be performed in accordance with ANSI Z41, Standard for
Personal Protection-Protective Footwear.
6-21.5 Report.
6-21.5.1 The force necessary to puncture the sole reinforcement device of each specimen shall be
reported.
6-21.6 Interpretation.
6-21.6.1 One or more footwear specimens failing this test shall constitute failing performance.
6-22 Cut Resistance Test.
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6-22.1 Application.
6-22.1.1 This test method shall apply to protective gloves and footwear uppers.
6-22.2 Specimens.
6-22.2.1 A minimum of three specimens measuring at least 15.2 cm (6 in.) square shall be tested.
6-22.3 Sample Preparation.
6-22.3.1 Specimens shall be tested after conditioning as specified in 6-1.3.
6-22.4 Apparatus.
6-22.4.1 The static cut test apparatus shall consist of an L-shaped metal frame and pivoted arm
that lowers a sharp-edged blade onto a sample specimen, as shown in Figure 6-22.4.1.

Figure 6-22.4.1 Static cut test apparatus.

6-22.4.2 A locking mechanism shall be mounted upright on the L-frame to engage the pivoted
arm and secure it in a neutral position above the sample specimen. The locking mechanism shall
be used when the blade is being replaced or when the specimen is being moved into or from the
testing position.
6-22.4.3 The blade shall be mounted in a blade holder at the outer end of the pivoted arm, as
shown in Figure 6-22.4.3. The blade shall be mounted so its sharp edge is tangential.
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Figure 6-22.4.3 Test blade holder.

6-22.4.4 The pivoted arm shall be capable of supporting weights above the blade holder.
Incremental weights of 0.91 kg (2 lb) each shall be supplied to allow a maximum force of 9.1 kg
(20 lb) to be applied during testing. The pivoted arm, blade holder, and blade together shall
weigh 0.91 kg (2 lb) and shall contribute to the force applied to the blade.
6-22.4.5 The sharp-edged blade shall be made of tool-hardened steel with an edge having a
60-degree inclined angle and a 0.025-mm (0.001-in.) radius as shown in Figure 6-22.4.5.

Figure 6-22.4.5 Test blade.

6-22.4.6 The sharpness or geometry of the blade edge shall be closely monitored and controlled
to prevent changes in cutting characteristics in order to ensure a consistent baseline for
interpreting the cut data.
6-22.4.7 A test blade shall be either replaced or resharpened when the sharpness (geometry) of
the blade edge changes.
6-22.4.8 The specimen support assembly shall consist of a soft wood block with dimensions of
5.1 cm × 5.1 cm × 10.2 cm (2 in. × 2 in. × 4 in.) and a 1.9-cm (0.75-in.) diameter, half-rounded,
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soft wood rod mounted to the block as shown in Figure 6-22.4.8.

Figure 6-22.4.8 Material specimen support.

6-22.4.9 A 1.3-mm (0.05-in.) thick soft leather strip shall be draped over the rod and block to
simulate the cushioning effects of hand skin and to protect the blade on a cut-through as shown
in Figure 6-22.4.8.
6-22.4.10 The sample specimen support shall be designed to be freestanding so that several
parallel-cut attempts, spaced not less than 3.18 mm (0.125 in.) apart, can be made on each
sample specimen.
6-22.5 Procedure.
6-22.5.1 During the test, the sample specimen shall be oriented so that the normal outer surface
is the first to be contacted by the edge of the blade.
6-22.5.2 Three sample specimens shall be tested, and two cuts shall be made on each sample
specimen.
6-22.5.3 The sample specimen shall be draped over the leather strip covering the rod and block
and then tacked, but not stretched, tightly in place as shown in Figure 6-22.4.8. The support
assembly shall be positioned on the base of the L-frame, as shown in Figure 6-22.4.1.
6-22.5.4 The pivoted arm and blade holder shall be initially loaded with weights to the maximum
force of 9.1 kg (20 lb). A blade shall be inserted into the holder, and the pivoted arm shall be
lowered to bring the blade edge into contact with the sample specimen surface.
6-22.5.5 The initial specimen-edge contact shall be made 3.0 mm (1/8 in.) from the leading end
of the blade.
6-22.5.6 The specimen assembly shall be drawn smoothly under the weighted blade at a rate no
greater than 51 cm/min (20 in./min) in a direction parallel to the blade edge. The support
assembly shall be stopped when the specimen-edge contact is 0.3 cm (0.125 in.) from the trailing
edge of the blade.
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6-22.5.7 The pivoted arm shall be lifted to remove the blade edge from the sample specimen, and
the locking mechanism shall be engaged to secure the pivot arm.
6-22.5.8 The sample specimen shall be inspected visually to determine whether it was cut
through completely at any point by the blade edge. Care shall be taken in inspecting the sample
specimen surface for cut. Grooving can occur, but this shall not constitute a cut.
6-22.5.9 If the sample specimen surface has been cut, the weight shall be reduced by 0.91 kg (2
lb) and the test procedure shall be repeated.
6-22.5.10 In repeating the test procedure, the sample specimen shall be repositioned so that the
blade edge is 3.18 mm (0.125 in.) to the side of the previous cut attempt.
6-22.5.11 The weights shall be reduced in 0.91-kg (2-lb) increments, and the test procedure shall
be repeated until the point of no-cut is reached or the minimum weight of 0.91 kg (2 lb) is
reached.
6-22.5.12 If all available test sites on the sample specimen have been used, testing shall continue
on an identical, fresh sample.
6-22.5.13 The test procedure shall be repeated for the remaining sample specimens, starting with
a weight 2 kg (4 lb) heavier than the first noted for cut, until two cuts have been made on a single
sample specimen.
6-22.6 Report.
6-22.6.1 The cut force in kg force (lb force) shall be reported to the nearest 1.0 kg (2 lb) for each
sample specimen. The average cut force in kg force (lb force) shall be reported for all specimens
tested.
6-22.6.2 If the sample specimen has not been cut, a force of > 9.1 kg (> 20 lb) shall be reported.
6-22.7 Interpretation.
6-22.7.1 The average cut force shall be used to determine pass/fail performance.
6-22.8 Specific Requirements for Testing Gloves.
6-22.8.1 Samples for conditioning shall be whole gloves.
6-22.8.2 Specimens shall consist of each composite of the palm, palm side of the fingers, and
back of the glove used in the actual glove construction, with the layers arranged in proper order.
Where the specimen composites of the palm, the palm side of the fingers, and the back of the
glove are identical, only one representative composite shall be required to be tested.
6-22.8.3 Glove specimens shall also be tested after wet conditioning as specified in 6-1.8.
6-22.9 Specific Requirements for Testing Footwear Uppers.
6-22.9.1 Samples for conditioning shall be whole footwear items.
6-22.9.2 Specimens shall consist of each composite of footwear item used in the actual footwear
construction, with the layers arranged in proper order. Specimens shall be taken from the
thinnest portion of the footwear upper.
6-23 Faceshield/Goggle Component Lens Scratch Resistance Test.
6-23.1 Application.
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6-23.1.1 This test method shall apply to faceshield/goggle component lenses.
6-23.2 Specimens.
6-23.2.1 A minimum of four faceshield/goggle component lenses shall be selected.
6-23.3 Sample Preparation.
6-23.3.1 Specimens shall be conditioned as specified in 6-1.3.
6-23.3.2 Samples for conditioning shall be faceshield/goggle component lenses.
6-23.3.3 Seven samples shall be chosen from a minimum of four lenses. Four samples shall be
taken from the left viewing area, and three samples shall be taken from the right viewing area.
One of the four samples taken from the left viewing area shall be the setup sample.
6-23.3.4 The left viewing area test samples shall include all of the following criteria:
(a) The sample shall be a square measuring 51 mm × 51 mm (2 in. × 2 in.)
(b) Two edges of the square section shall be parallel within ±2 degrees of the axis of the
cylinder or cone in the center of the sample.
(c) The sample shall be taken from the left side of the faceshield/goggle component lens and
shall, as a minimum, contain that portion of the lens that is directly in front of the pupil of the
left eye as defined by positioning a complete faceshield/goggle component in accordance with
the eye/face positioning index on an Alderson 50 percentile male headform.
6-23.3.5 The right viewing area test samples shall include all of the following criteria:
(a) The sample shall be a square measuring 51 mm × 51 mm (2 in. × 2 in.).
(b) Two edges of the square section shall be parallel within ±2 degrees of the axis of the
cylinder or cone in the center of the sample.
(c) The sample shall be taken from the right side of the faceshield/goggle component lens and
shall, as a minimum, contain that portion of the lens that is directly in front of the pupil of the
right eye as defined by positioning a complete faceshield/goggle component in accordance with
the eye/face positioning index on an Alderson 50 percentile male headform.
6-23.3.6 Each of the samples shall be cleaned in the following manner:
(a) The sample shall be rinsed with clean tap water.
(b) The sample shall be washed with a solution of nonionic/low phosphate detergent and water
using a clean, soft, gauze pad.
(c) The sample shall be rinsed with clean water.
(d) The sample shall be blown dry with filtered compressed air or nitrogen.
6-23.4 Apparatus.
6-23.4.1 The faceshield/goggle component lens scratch test apparatus shall be constructed in
accordance with Figure 6-23.4.1.
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Figure 6-23.4.1 Faceshield/goggle component lens test apparatus.
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Figure 6-23.4.1 Faceshield/goggle component lens test apparatus (cont'd).

6-23.4.2 The sample holder shall be configured with a flat surface under the lens or with an inner
radius support.
6-23.4.3 The pad holder shall consist of a cylinder 9.5 mm (0.38 in.) high and 25.4 mm (1 in.) in
diameter with a radius of curvature equal to the radius of curvature of the outside of the lens in
the viewing area ±0.25 diopter. This cylinder shall be rigidly affixed to the stroking arm by a No.
10-32 UNF threaded rod.
6-23.4.4 The pad shall be a Blue Streak M306M wool felt polishing pad 23.8 mm (0.94 in.) in
diameter.
6-23.4.5 The abrasive disc shall be made from 3M Part No. 7415, Wood Finishing Pad. A disc
23.8 mm (0.94 in.) in diameter shall be cut from the abrasive sheet.
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6-23.5 Procedure.
6-23.5.1 The haze of the sample shall be measured using a haze meter in accordance with ASTM
D 1003, Standard Test Method for Haze and Luminous Transmittance of Transparent Plastics,
and shall be recorded as follows:
(a) The haze shall be measured in the center of the sample ±1.6 mm (0.063 in.).
(b) The sample shall be repositioned to achieve the maximum haze value within the area
specified in 6-23.5.1(a).
(c) The haze meter shall have a specified aperture of 22.3 mm (0.88 in.).
(d) The haze meter shall have a visual display showing 0.1 percent resolution.
(e) The haze meter shall be calibrated before and after each day's use following the procedures
outlined in ASTM D 1003, Standard Test Method for Haze and Luminous Transmittance of
Transparent Plastics.
6-23.5.2 The setup sample shall be placed cover side up in the test apparatus sample holder.
6-23.5.3 The pad holder, pad, and abrasive disc shall be installed on the stroking arm. The
stroking arm shall be leveled to ±3 degrees by adjusting the threaded pin. The pin shall be
secured to prevent rotation of the pad holder. The axis of curvature of the pad holder shall be
coincident with the axis of curvature of the lens.
6-23.5.4 The stroking arm shall be counterbalanced with the pad holder, pad, and abrasive disc
in place.
6-23.5.5 The setup sample shall be replaced with one of the six samples to be tested.
6-23.5.6 A test weight of 1 kg, ±8 g (2.2 lb, ±0.2 oz) shall be installed on the pin above the test
sample.
6-23.5.7 The test shall be run for 200 cycles, ±1 cycle. One cycle shall consist of a complete
revolution of the eccentric wheel.
6-23.5.8 The length of stroke shall be 14.3 mm (0.56 in.), producing a pattern 38.1 mm (1.5 in.)
long. The frequency of the stroke shall be 60 cycles/min, ±1 cycle/min. The center of the stroke
shall be within 1.6 mm (±0.063 in.) of the center of the sample.
6-23.5.9 The sample shall be removed and cleaned following the procedure specified in 6-23.3.6.
The abrasive disc shall be discarded.
6-23.5.10 The testing steps specified in 6-23.5 shall be repeated five additional times with a new
sample and abrasive disc.
6-23.6 Report.
6-23.6.1 After each of the six samples have been tested and cleaned, the haze of the sample shall
be measured following the procedure specified in 6-23.5.1.
6-23.6.2 The delta haze shall be calculated by subtracting the initial haze measurement from the
final haze measurement.
6-23.7 Interpretation.
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6-23.7.1 The six delta haze values shall be averaged. The resultant value shall be compared to
the value specified in 5-2.19 to determine pass/fail.
6-24 Abrasion Resistance Test.
6-24.1 Application.
6-24.1.1 This test method shall apply to protective footwear soles and heels.
6-24.2 Specimens.
6-24.2.1 A minimum of three footwear soles with heels shall be tested.
6-24.3 Sample Preparation.
6-24.3.1 Samples for conditioning shall be complete footwear soles with heel.
6-24.3.2 Specimens shall be conditioned as specified in 6-1.3.
6-24.4 Procedure.
6-24.4.1 Puncture resistance tests shall be performed in accordance with ASTM D 1630,
Standard Test Method for Rubber Property-Abrasion Resistance (Footwear Abrader).
6-24.5 Report.
6-24.5.1 The abrasion resistance rating of each specimen shall be reported.
6-24.6 Interpretation.
6-24.6.1 One or more footwear specimens failing this test shall constitute failing performance.
6-25 Cleaning Shrinkage Resistance Test.
6-25.1 Application.
6-25.1.1 This test method shall apply to the protective garment outer shell, moisture barrier,
thermal barrier, and winter liner; and the hood and wristlet.
6-25.1.2 Modifications to this test method for testing woven textile materials shall be as
specified in 6-25.7.
6-25.1.3 Modifications to this test method for testing knit and stretch woven materials shall be as
specified in 6-25.8.
6-25.2 Specimens.
6-25.2.1 Cleaning shrinkage resistance testing shall be conducted on three specimens of each
material, and each separable layer of a composite material shall be tested separately.
6-25.3 Sample Preparation.
6-25.3.1 Specimens to be tested shall be conditioned as specified in 6-1.3.
6-25.4 Procedure.
6-25.4.1 Specimens shall be tested using five cycles of Machine Cycle 1, Wash Temperature V,
and Drying Procedure Ai of ANSI/AATCC 135, Dimensional Changes in Automatic Home
Laundering of Woven and Knit Fabrics.
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6-25.4.2 A 1.8-kg, ±0.1 kg (4.0-lb, ±0.2 lb) load shall be used. A laundry bag shall not be used.
6-25.4.3 Specimen marking and measurements shall be conducted in accordance with the
procedure specified in ANSI/AATCC 135, Dimensional Changes in Automatic Home
Laundering of Woven and Knit Fabrics.
6-25.4.4 Knit fabric specimens shall be pulled to original dimensions and shall be allowed to
relax for 1 minute prior to measurement.
6-25.5 Report.
6-25.5.1 The percent change in the width and length dimensions of each specimen shall be
calculated. Results shall be reported as the average of all three specimens in each dimension.
6-25.6 Interpretation.
6-25.6.1 The average percent change in both dimensions shall be used to determine pass/fail
performance. Failure of either dimension shall constitute failure for the entire sample.
6-25.7 Specific Requirements for Testing Woven Textile Materials.
6-25.7.1 Each specimen shall be 38.1 cm × 38.1 cm, ±1.3 cm (15 in. × 15 in., ±0.5 in.) and shall
be cut from the fabric to be utilized in the construction of the clothing item.
6-25.7.2 Samples for conditioning shall be at least 1 m (1 yd) square of each material.
6-25.7.3 Testing shall be performed as specified in 6-25.2 through 6-25.6.
6-25.8 Specific Requirements for Testing Knit and Stretch Woven Textile Materials.
6-25.8.1 Other than for wristlets, the dimensions of each specimen shall be 38.1 cm × 38.1 cm,
±1.3 cm (15 in. × 15 in., ±0.5 in.) and shall be cut from the fabric to be utilized in the
construction of the clothing item.
6-25.8.2 The dimensions of wristlet specimens shall be 11.5 mm × 11.5 mm, ±13 mm (4.5 in. ×
4.5 in., ±0.5 in.) and shall be cut from the wristlet fabric to be utilized in the construction of the
clothing item.
6-25.8.3 Samples for conditioning shall include material that is at least 5.08 cm (2 in.) larger in
each of the two required specimen dimensions.
6-25.8.4 Testing shall be performed as specified in 6-25.2 through 6-25.6.
6-26 Water Absorption Resistance Test.
6-26.1 Application.
6-26.1.1 This test method shall apply to the protective garment outer shell and collar lining
materials.
6-26.2 Specimens.
6-26.2.1 Three specimens of outer shell material and collar lining material measuring at least
20.3 cm × 20.3 cm (8 in. × 8 in.) shall be tested separately for water absorption.
6-26.3 Sample Preparation.
6-26.3.1 Samples for conditioning shall be at least 1 m (1 yd) square of each material.
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6-26.3.2 Specimens shall be tested after being subjected to the procedure specified in 6-1.2.
6-26.4 Procedure.
6-26.4.1 Specimens shall be tested in accordance with Method 5504, "Water Resistance of
Coated Cloth; Spray Absorption Method," of Federal Test Method Standard 191A, Textile Test
Methods. The normal outer surface shall be exposed to the water spray.
6-26.4.2 For collar lining materials, the exposure surface shall be the surface of the fabric that is
next to the skin when the collar is closed in the raised position.
6-26.5 Report.
6-26.5.1 The percent water absorbed for each specimen shall be reported. The average percent
water absorption shall be calculated and reported.
6-26.6 Interpretation.
6-26.6.1 The average percent water absorption shall be used for determining pass/fail
performance.
6-27 Water Penetration Test.
6-27.1 Application.
6-27.1.1 This test method shall apply to moisture barrier materials and moisture barrier seams.
6-27.1.2 Modifications to this test method for testing moisture barrier materials shall be as
specified in 6-27.7.
6-27.1.3 Modifications to this test method for testing moisture barrier seams shall be as specified
in 6-27.8.
6-27.2 Specimens.
6-27.2.1 A minimum of five specimens of moisture barrier material shall be tested.
6-27.2.2 Seam specimens shall be cut so that the seam divides the specimen into two equal
halves.
6-27.3 Sample Preparation.
6-27.3.1 Specimens shall be tested both before and after being subjected to the procedure
specified in 6-1.2.
6-27.3.2 Specimens to be tested shall be conditioned as specified in 6-1.3.
6-27.3.3 Specimens to be tested shall then be conditioned as specified in 6-1.5.
6-27.4 Procedures.
6-27.4.1 Procedure A.
6-27.4.1.1 Specimens shall be tested at 1.76 kg/cm2 (25 psi) in accordance with Method 5512,
"Water Resistance of Coated Cloth; High Range, Hydrostatic Pressure Method," of Federal Test
Method Standard 191A, Textile Test Methods.
6-27.4.2 Procedure B.
6-27.4.2.1 Specimens shall be tested at 0.07 kg/cm2 (1 psi) for 5 minutes in accordance with
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Method 5516, "Water Resistance of Cloth; Water Permeability; Hydrostatic Pressure Method,"
of Federal Test Method Standard 191A, Textile Test Methods.
6-27.5 Report.
6-27.5.1 The pass/fail results for each specimen shall be reported.
6-27.6 Interpretation.
6-27.6.1 The appearance of any water shall constitute failure.
6-27.6.2 One or more test failures of any specimen against any liquid shall constitute failure of
the material.
6-27.7 Specific Requirements for Testing Moisture Barrier Materials.
6-27.7.1 Samples for conditioning shall be at least 1 m (1 yd) square.
6-27.7.2 Samples for conditioning as specified in 6-1.5 shall be 15 cm (6 in.) squares cut from
sample subjected to the procedures specified in 6-1.2.
6-27.7.3 Specimens shall be tested as specified in 6-27.4.1, Procedure A, and 6-27.4.2,
Procedure B.
6-27.8 Specific Requirements for Testing Moisture Barrier Seams.
6-27.8.1 Samples for conditioning shall be at least 15.2 cm × 1 m (6 in. × 1 yd), with the seam
bisecting the sample in the longitudinal direction.
6-27.8.2 Samples for conditioning as specified in 6-1.5 shall be 15-cm (6-in.) squares cut from
sample subjected to the procedures specified in 6-1.2.
6-27.8.3 Specimens shall be tested as specified in 6-27.4.2, "Procedure B."
6-28 Liquid Penetration Resistance Test.
6-28.1 Application.
6-28.1.1 This test shall apply to protective garment materials, protective gloves, and footwear.
6-28.1.2 Modifications to this test method for testing protective garment materials shall be as
specified in 6-28.7.1, 6-28.7.2, and 6-28.7.3.
6-28.1.3 Modifications to this test method for testing protective gloves shall be as specified in
6-28.8.
6-28.1.4 Modifications to this test method for testing protective footwear shall be as specified in
6-28.9.
6-28.2 Specimens.
6-28.2.1 A minimum of three specimens shall be tested. Specimens shall consist of three 7.6-cm
(3-in.) squares for each material type.
6-28.3 Sample Preparation.
6-28.3.1 Specimens shall be tested after being subjected to the procedure specified in 6-1.2.
6-28.3.2 Specimens to be tested shall be conditioned as specified in 6-1.3.
6-28.3.3 Specimens to be tested shall then be conditioned as specified in 6-1.5.
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6-28.4 Procedure.
6-28.4.1 Liquid penetration resistance testing shall be conducted in accordance with ASTM F
903, Standard Test Method for Resistance of Protective Clothing Materials to Penetration by
Liquids, using exposure Procedure C.
6-28.4.2 Each of the following liquids shall be tested separately against each sample specimen:
(a) Aqueous film-forming foam (AFFF), 3 percent concentrate
(b) Battery acid (37 percent w/w sulfuric acid)
(c) Fire-resistant hydraulic fluid, phosphate ester base
(d) Surrogate gasoline fuel C as defined in ASTM D 471, a 50/50 percent by volume of
Toluene and Iso-octane
(e) Swimming pool chlorinating chemical containing at least 65 percent free chlorine
(saturated solution)
6-28.4.3 The normal outer surface of the material shall be exposed to the liquid as oriented in the
clothing item.
6-28.5 Report.
6-28.5.1 The pass/fail result for each specimen shall be reported.
6-28.6 Interpretation.
6-28.6.1 One or more test failures of any specimen against any liquid shall constitute failure of
the material.
6-28.7 Specific Requirements for Testing Moisture Barrier Materials.
6-28.7.1 Samples for conditioning shall be at least 1 m (1 yd) square.
6-28.7.2 Specimens shall consist of a composite of layers that act as a barrier. All layers must be
arranged in proper order.
6-28.7.3 Testing shall be performed as specified in 6-28.2 through 6-28.6.
6-28.8 Specific Requirements for Testing Glove Materials.
6-28.8.1 Three specimens each shall be taken from the sample gloves at the palm, back, and
seam areas.
6-28.8.2 Samples for conditioning shall be whole gloves.
6-28.8.3 Testing shall be performed as specified in 6-28.2 through 6-28.6.
6-28.9 Specific Requirements for Testing Footwear Materials.
6-28.9.1 Samples for conditioning shall be whole footwear.
6-28.9.2 Three specimens each shall be taken from the upper and any upper seam areas.
6-28.9.3 Testing shall be performed as described in 6-28.2 through 6-28.6.
6-29 Viral Penetration Resistance Test.
6-29.1 Application.
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6-29.1.1 This test shall apply to protective garment moisture barriers, and moisture barrier
seams, protective gloves, and protective footwear.
6-29.1.2 Modifications to this test method for testing moisture barriers shall be as specified in
6-29.7.
6-29.1.3 Modifications to this test method for testing moisture barrier seams shall be as specified
in 6-29.8.
6-29.1.4 Modifications to this test method for testing gloves shall be as specified in 6-29.9.
6-29.1.5 Modifications to this test method for testing footwear shall be as specified in 6-29.10.
6-29.2 Specimens.
6-29.2.1 A minimum of three specimens shall be tested. Specimens shall consist of three 7.6-cm
(3-in.) squares for each material type.
6-29.3 Sample Preparation.
6-29.3.1 Specimens other than footwear shall be tested after being subjected to the procedure
specified in 6-1.2.
6-29.3.2 All specimens to be tested shall be conditioned as specified in 6-1.3.
6-29.3.3 All specimens to be tested shall then be conditioned as specified in 6-1.5.
6-29.4 Procedure.
6-29.4.1 Liquid penetration resistance testing shall be conducted in accordance with ASTM F
1671, Standard Test Method for Resistance of Materials Used in Protective Clothing To
Penetration by Blood-Borne Pathogens Using Phi-X-174 Bacteriophage as a Test System.
6-29.5 Report.
6-29.5.1 The pass/fail result for each specimen shall be reported.
6-29.6 Interpretation.
6-29.6.1 A failure of any specimen against any chemical constitutes failure of the material.
6-29.7 Specific Requirements for Testing Moisture Barrier Materials.
6-29.7.1 Specimens shall consist of the moisture barrier or that material intended to act as the
moisture barrier.
6-29.7.2 Samples for conditioning shall be at least 1 m (1 yd) square.
6-29.7.3 Samples for conditioning as specified in 6-1.5 shall be 15 cm (6 in.) squares cut from
samples subjected to the procedures in 6-1.2.
6-29.7.4 Testing shall be as described in 6-29.2 through 6-29.6.
6-29.8 Specific Requirements for Testing Moisture Barrier Seams.
6-29.8.1 Samples for conditioning shall be at least 15.2 cm × 1 m (6 in. × 1 yd) with the seam
bisecting the sample in a longitudinal direction.
6-29.8.2 Samples for conditioning as specified in 6-1.5 shall be 15 cm (6 in.) squares cut from
samples subjected to the procedures in 6-1.2.
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6-29.8.3 Testing shall be as described in 6-29.2 through 6-29.6.
6-29.9 Specific Requirements for Testing Glove Materials.
6-29.9.1 Three specimens each shall be taken from sample gloves at the palm, back, and seam
areas.
6-29.9.2 Samples for conditioning shall be whole gloves.
6-29.9.3 Testing shall be as described in 6-29.2 through 6-29.6.
6-29.10 Specific Requirements for Testing Footwear Materials.
6-29.10.1 Three specimens each shall be taken from the upper and any upper seam areas.
6-29.10.2 Samples for conditioning shall be whole footwear.
6-29.10.3 Testing shall be as described in 6-29.2 through 6-29.6.
6-30 Corrosion Resistance Test.
6-30.1 Application.
6-30.1.1 This test method shall apply to hardware items on protective garments, helmets, gloves,
footwear, and partial eye/face protective devices.
6-30.1.2 Modifications to this test method for testing garment and glove hardware shall be as
specified in 6-30.7.
6-30.1.3 Modifications to this test method for testing helmet and partial eye/face protective
devices shall be as specified in 6-30.8.
6-30.1.4 Modifications to this test method for testing footwear shall be as specified in 6-30.9.
6-30.2 Specimens.
6-30.2.1 A total of three specimens of each hardware type shall be tested.
6-30.3 Sample Preparation.
6-30.3.1 Specimens shall not be conditioned.
6-30.4 Procedure.
6-30.4.1 Specimens shall be tested in accordance with ASTM B 117, Standard Method of Salt
Spray (Fog) Testing. Hardware items shall be exposed to a 5 percent, ±1 percent saline solution
for a period of 20 hours.
6-30.4.2 Immediately following the storage specified in 6-30.4.1 and prior to examination,
specimens shall be rinsed under warm, running tap water and dried with compressed air.
6-30.4.3 Specimens shall then be examined visually with the unaided eye to determine the
presence of corrosion.
6-30.4.4 The functionality of each specimen shall be evaluated.
6-30.5 Report.
6-30.5.1 The presence of corrosion and the functionality for each specimen shall be reported.
6-30.6 Interpretation.
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6-30.6.1 One or more hardware specimens failing this test shall constitute failing performance
for the hardware type.
6-30.7 Specific Requirements for Testing Garment and Glove Hardware.
6-30.7.1 Samples for conditioning shall be whole hardware items.
6-30.7.2 A total of three specimens of each hardware type shall be tested.
6-30.8 Specific Requirements for Testing Helmets and Partial Eye/Face Protective Devices.
6-30.8.1 Samples for conditioning shall be whole helmets and partial eye/face protective devices.
6-30.8.2 A total of three different helmets or partial eye/face protective devices shall be tested.
6-30.9 Specific Requirements for Testing Footwear.
6-30.9.1 Samples for conditioning shall be whole hardware items.
6-30.9.2 A total of three specimens of each hardware type shall be tested.
6-30.9.3 Functionality of the hardware shall not be evaluated.
6-31 Electrical Insulation Test One.
6-31.1 Application.
6-31.1.1 This test method shall apply to protective helmets.
6-31.2 Specimens.
6-31.2.1 Specimens shall be selected as specified in 2-3.9.
6-31.3 Sample Preparation.
6-31.3.1 Specimens shall be conditioned as specified in 6-1.3.
6-31.3.2 Samples for conditioning shall be complete helmets.
6-31.4 Apparatus.
6-31.4.1 The following equipment shall be provided for Procedure A:
(a) A source of 60-Hz alternating current variable from 0 to 2200 volts true rms
(b) Wiring and terminals for application of voltage to the water in the vessel
(c) A voltmeter to measure the applied voltage to within 2 percent
(d) A millimeter to measure the leakage current to within 2 percent
(e) A vessel, containing tap water, of sufficient size to submerge an inverted helmet to the
dielectric test plane
(f) A frame for suspending the test specimen in water
6-31.4.2 The following equipment shall be provided for Procedure B:
(a) A source of 60-Hz alternating current variable from 0 to 2200 volts true rms
(b) Wiring and terminals for application of voltage across the crown of the test specimen
(c) A voltmeter to measure the applied voltage within 2 percent
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(d) A millimeter to measure the leakage current to within 2 percent
(e) A vessel, containing tap water, of sufficient size to completely submerge an inverted
helmet
(f) An aluminum ISEA size 7 headform modified in accordance with Table 6-15.4.1 and
Figures 6-15.4.1(a) through (c)
6-31.5 Procedures.
6-31.5.1 Procedure A.
6-31.5.1.1 Where helmets have a vertical adjustment to the suspension system, the vertical
adjustment shall be set to raise the helmet to the highest position, with maximum crown
clearance between the headform and the inside of the helmet crown, prior to establishing the
helmet positioning index. The helmet shall be placed on the headform specified in Figure
6-6.12.3 and positioned according to the helmet positioning index for this test. After proper
positioning in accordance with the helmet positioning index, the dielectric test plane specified in
Figure 6-31.5.1.2 shall be determined.
6-31.5.1.2 The helmet shall be inverted and positioned in accordance with the inverted helmet
positioning index while maintaining all vertical adjustments set at their highest position. The
inverted helmet shall be filled with tap water equal to the dielectric test plane as shown in Figure
6-31.5.1.2. The helmet shall then be submerged in tap water to the same level as the water on the
inside of the helmet.

Figure 6-31.5.1.2 Test setup.

6-31.5.1.3 A 60-Hz alternating current voltage shall be applied to the water in the vessel and
increased to 2200 volts. The voltage shall be maintained at 2200 volts, ±2 percent for 1 minute.
6-31.5.2 Procedure B.
6-31.5.2.1 The sample helmet and retention system shall be completely submerged in tap water
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for a period of 15 minutes, +2/-0 minutes. The helmet shall be removed from the tap water and
allowed to drain for not longer than 2 minutes.
6-31.5.2.2 The sample helmet shall then be mounted on the modified ISEA aluminum size 7
headform, with the chinstrap firmly secured to the headform by means of the conductive terminal
junction bolt.
6-31.5.2.3 A lead carrying 60-Hz alternating voltage shall be attached to all metal parts on the
helmet's exterior, at or above the brim edge. A second pickup lead shall be attached to the
terminal junction bolt. Voltage shall be applied to the external helmet shell lead and increased to
2200 volts, ± 2 percent volts. The voltage shall be maintained for 15 seconds.
6-31.6 Report.
6-31.6.1 Any current leakage or evidence of breakdown shall be recorded for each helmet.
6-31.7 Interpretation.
6-31.7.1 One or more helmet specimens failing this test shall constitute failing performance.
6-32 Electrical Insulation Test Two.
6-32.1 Application.
6-32.1.1 This test shall apply to protective footwear.
6-32.2 Specimens.
6-32.2.1 A minimum of three footwear items shall be tested.
6-32.3 Sample Preparation.
6-32.3.1 Samples for conditioning shall be whole footwear.
6-32.3.2 Specimens shall be conditioned as specified in 6-1.3.
6-32.4 Procedure.
6-32.4.1 Sample footwear shall be tested to 14,000 V (rms) in accordance with Section 5.1.1 of
ASTM F 1116, Standard Test Method for Determining Dielectric Strength of Overshoe
Footwear. The electrode inside the boot shall be conductive metal shot.
6-32.5 Report.
6-32.5.1 Any current leakage or evidence of breakdown shall be recorded for each footwear
item.
6-32.6 Interpretation.
6-32.6.1 One or more footwear specimens failing this test shall constitute failing performance.
6-33 Overall Liquid Integrity Test One.
6-33.1 Application.
6-33.1.1 This test shall apply to protective gloves.
6-33.2 Specimens.
6-33.2.1 A minimum of three glove pairs each for size small and large shall be used for testing.
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6-33.3 Sample Preparation.
6-33.3.1 Samples for conditioning shall be whole gloves.
6-33.3.2 Specimens shall be tested after being subjected to the procedure specified in 6-1.2.
6-33.3.3 Specimens shall be tested after being subjected to the procedure specified in 6-1.5.
6-33.3.4 Specimens to be tested shall be conditioned as specified in 6-1.3.
6-33.4 Apparatus.
6-33.4.1* A water markable glove shall cover all areas of the tester's hand. The water markable
glove shall be constructed of a fabric that is marked easily by water to determine leakage.
6-33.4.2 Water used for integrity testing shall be treated with a nonfoaming surfactant to lower
its surface tension to less than 34 dynes/cm, ±5 dynes/cm.
6-33.5 Procedure.
6-33.5.1 Test subjects shall be selected so that their hand dimensions are as close as possible to
the middle of the range for hand length and hand circumference, as specified in the tables
provided for size small and size large gloves in 4-3.5.3.
6-33.5.2 The test subject shall don the glove specimen over the water markable glove.
6-33.5.3 The test subject shall immerse the glove specimen to within 2.54 cm (1.0 in.) of the top
of the body of the glove specimen for 5 minutes in 20ºC, ±3ºC (68ºF, ±5ºF) water treated with a
surfactant to lower its surface tension to 34 dynes/cm, ±5 dynes/cm. The test subject shall flex
the glove specimen in a fist-clenching motion every 10 seconds.
6-33.5.4 The glove specimen shall be removed from the test subject's hand and the inner glove
shall be inspected for water marks.
6-33.6 Report.
6-33.6.1 The appearance of any water mark on the inner glove after testing any of the three
gloves shall be reported.
6-33.7 Interpretation.
6-33.7.1 The appearance of any water mark on the inner glove after testing any glove shall be
considered leakage and shall constitute failing performance.
6-34 Overall Liquid Integrity Test Two.
6-34.1 Application.
6-34.1.1 This test shall apply to protective footwear.
6-34.2 Specimens.
6-34.2.1 A minimum of three footwear items shall be tested.
6-34.3 Sample Preparation.
6-34.3.1 Samples for conditioning shall be whole footwear.
6-34.3.2 Specimens shall be conditioned as specified in 6-1.3.
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6-34.4 Procedure.
6-34.4.1 Protective footwear shall be tested in accordance with Appendix B of Footwear
Industries of America Standard 1209, Whole Shoe Flex. The level of the water shall be no less
than 2.54 cm (1 in.) from the lowest point of the throat.
6-34.4.2 The test shall consist of 100,000 flexes.
6-34.4.3 After flexing, the footwear specimen shall be placed in a container that allows its
immersion in tap water, treated with a dye and surfactant that achieves a surface tension of 34
dynes/cm, ±5 dynes/cm, to a height not less than 2.54 cm (1.0 in.) from the lowest point of the
throat. The paper toweling required in FIA 1209 shall be placed inside the footwear specimen
such that the paper toweling intimately contacts all areas inside the footwear specimen to a
height not less than 2.54 cm (1.0 in.) from the lowest point of the throat.
6-34.4.4 After 2.0 hr, ±10 min, the paper toweling shall be removed and examined for evidence
of liquid leakage.
6-34.5 Report.
6-34.5.1 The appearance of any liquid on the removed paper toweling shall be reported as failure
for the tested specimen.
6-34.6 Interpretation.
6-34.6.1 One or more footwear specimens failing this test shall constitute failing performance.
6-35 Retention System Test.
6-35.1 Application.
6-35.1.1 This test shall apply to protective helmets.
6-35.2 Specimens.
6-35.2.1 Specimens shall be selected as specified in 2-3.9.
6-35.3 Sample Preparation.
6-35.3.1 Samples for conditioning shall be whole helmets.
6-35.3.2 Specimens shall be conditioned as specified in 6-1.3.
6-35.4 Apparatus.
6-35.4.1 A size 7 1/4 headform shall be used and shall be of the nominal dimensions specified in
Figure 6-16.4.1.
6-35.4.2 The mechanical chin structure shall consist of two rollers 1.27 cm (0.5 in.) in diameter
with centers that are 7.6 cm (3.0 in.) apart. The mechanical chin structure shall conform with
Figure 6-35.4.2.
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Figure 6-35.4.2 Retention system test setup.

6-35.4.3 The mechanical chin structure shall be designed to be used with a calibrated tensile test
machine. The calibrated tensile test machine shall be capable of measuring the force applied to
the retention system within 2 percent at the specified force.
6-35.4.4 The test shall be conducted at an ambient temperature of 20ºC to 28ºC (68ºF to 82ºF),
and the relative humidity shall be 30 percent to 70 percent.
6-35.4.5 Prior to testing, the test machine shall be allowed to warm up until stability is achieved.
6-35.5 Procedure.
6-35.5.1 The headform and mechanical chin structure shall be positioned so that the distance
between the bottom of the rollers and the top of the headform is 21.0 cm, ±1.0 cm (8.3 in., ±0.4
in.). The chin strap shall be passed around the rollers, and the helmet shall be secured to the
headform. The chin strap shall be adjusted and preloaded to 45 N, ±5 N (10 lbf, ±1 lbf). The
distance between the top of the helmet and the rollers shall be measured and recorded to the
nearest 0.5 mm (0.02 in.).
6-35.5.2 The force applied to the retention system shall be slowly increased to 445 N, ±5 N (100
lbf, ±1 lbf). The force shall be increased smoothly from 45 N to 445 N (10 lbf to 100 lbf) at
between 9.0 N/sec to 45 N/sec (2.0 lbf/sec to 10 lbf/sec).
6-35.5.3 Where using a tensile testing machine, the load rate shall be 25 mm/min (1 in./min) to a
limit of 445 N (100 lbf).
6-35.5.4 The distance between the top of the helmet and the rollers shall be measured and
recorded again after the force has been maintained at 445 N (100 lbf) for 60 seconds, +15/-0
seconds. The difference between the second measurement and the first shall be the retention
system elongation.
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6-35.6 Report.
6-35.6.1 The retention system elongation shall be measured for each helmet specimen.
6-35.7 Interpretation.
6-35.7.1 One or more helmet specimens failing this test shall constitute failing performance.
6-36 Suspension System Retention Test.
6-36.1 Application.
6-36.1.1 This test shall apply to protective helmets.
6-36.2 Specimens.
6-36.2.1 Specimens shall be selected as specified in 2-3.9.
6-36.3 Sample Preparation.
6-36.3.1 Specimens shall be conditioned as specified in 6-1.3.
6-36.3.2 Samples for conditioning shall be whole helmets.
6-36.4 Apparatus.
6-36.4.1 The suspension system retention test fixtures shall consist of rigid material of sufficient
thickness and optional design to facilitate firm attachment to the helmet suspension and the
tensile test machine as shown in Figure 6-36.4.1.
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Figure 6-36.4.1 Suspension system test setup.

6-36.5 Procedure.
6-36.5.1 Specimens shall be positioned and secured so that the helmet's reference plane is
horizontal. Each attachment point of the crown strap shall be tested by applying a pull force
perpendicular to the reference plane to a maximum load of 45 N, ±5 N (10 lbf, ±1 lbf). The force
shall be increased from 0 N to 45 N, ±5 N (0 lbf to 10 lbf, ±1 lbf) at a load rate of 25.4 mm/min,
±5 mm (1 in./min, ±0.2 in.). The force shall be applied through the centerline at each attachment
point.
6-36.6 Report.
6-36.6.1 The individual pass/fail results for each attachment point shall be recorded.
6-36.7 Interpretation.
6-36.7.1 One or more helmet specimens failing this test shall constitute failing performance.
6-37 Liner Retention Test.
6-37.1 Application.
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6-37.1.1 This test shall apply to protective gloves.
6-37.2 Specimens.
6-37.2.1 A minimum of three glove pairs each for size small and size large shall be used for
testing.
6-37.3 Sample Preparation.
6-37.3.1 Samples for conditioning shall be whole gloves.
6-37.3.2 Specimens to be tested shall be conditioned as specified in 6-1.2.
6-37.4 Procedure.
6-37.4.1 Test subjects shall be selected so that their hand dimensions are as close as possible to
the middle of the range for hand length and hand circumference, as specified in the tables
provided for size small and size large gloves in 4-3.5.3.
6-37.4.2 The time to don one glove of the glove pair specimen shall be determined by measuring
the time it takes for the test subject to don the single glove on three consecutive trials without
altering the sample glove linings between donnings.
6-37.4.3 Each donning trial shall start with the glove lying in front of the test subject and shall
end when the test subject's fingers are seated in the sample glove.
6-37.4.4 The baseline donning time shall be the average of the first three donning times as
determined in 6-37.4.2. The baseline donning time shall not exceed 10 seconds. The doffing time
between donnings shall not exceed 10 seconds.
6-37.4.5 Glove pair specimens shall then be conditioned as specified in 6-1.8.
6-37.4.6 The final donning time shall be the average of the times for the first three donnings after
conditioning as specified in 6-37.4.5.
6-37.5 Report.
6-37.5.1 The final donning time and the baseline donning time shall be reported to the nearest
0.1 second for each trial. The average final and baseline donning times shall be calculated and
reported.
6-37.6 Interpretation.
6-37.6.1 Pass/fail determinations shall be made using the average final and baseline donning
times.
6-38 Dexterity Test.
6-38.1 Application.
6-38.1.1 This test shall apply to protective gloves.
6-38.2 Specimens.
6-38.2.1 A minimum of three glove pairs each for each glove size shall be used for testing.
6-38.2.2 Each sample glove pair shall be tested as a complete set of gloves in new, as distributed,
condition.
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6-38.2.3 Sample glove pairs shall not receive special softening treatments prior to tests.
6-38.2.4 Sample glove pairs shall be tested for each material and construction combination.
6-38.3 Sample Preparation.
6-38.3.1 Samples for conditioning shall be whole glove pairs.
6-38.3.2 Specimens shall be preconditioned as specified in 6-1.3.
6-38.3.3 Specimens shall be tested after being conditioned for wet conditions as specified in
6-1.8.
6-38.4 Procedure.
6-38.4.1 Dexterity shall be evaluated using Manual 8018-111, Bennett Hand-Tool Dexterity Test.
6-38.4.2 Test subjects shall be selected so that their hand dimensions are as close as possible to
the middle of the range for hand length and hand circumference, for all required glove sizes in
4-3.5.3.
6-38.4.3 Each test subject used to perform the test shall practice until the baseline times of that
test subject's last three repetitions varies no more than 6 percent.
6-38.4.4 Each test subject shall test a minimum of three pairs of sample gloves for the respective
size as required in 4-3.5.3.
6-38.4.5 Dexterity test times using gloves (DTTg)shall be compared with baseline dexterity test
times (DTTb) for specific test subjects. The percentage of dexterity test times with gloves to
baseline dexterity test times shall be calculated as follows:

6-38.5 Report.
6-38.5.1 The percent of bare-handed control shall be reported for each sample glove pair and test
subject tested.
6-38.6 Interpretation.
6-38.6.1 One or more sample glove pairs failing this test shall constitute failing performance.
6-39 Grip Test.
6-39.1 Application.
6-39.1.1 This test method shall apply to protective gloves.
6-39.2 Specimens.
6-39.2.1 A minimum of three glove pairs each for size small and size large shall be used for
testing.
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6-39.2.2 Each sample glove pair shall be tested as a complete set of gloves in new, as distributed,
condition.
6-39.2.3 Sample glove pairs shall not receive special softening treatments prior to tests.
6-39.2.4 Sample glove pairs shall be tested for each material and construction combination.
6-39.3 Sample Preparation.
6-39.3.1 Samples for conditioning shall be whole gloves.
6-39.3.2 Specimen glove pairs shall be preconditioned as specified in 6-1.2.
6-39.3.3 Specimen glove pairs shall be tested after being conditioned for dry conditions as
specified in 6-1.3.
6-39.3.4 Specimen glove pairs shall be tested after being conditioned for wet conditions as
specified in 6-1.8.
6-39.4 Apparatus.
6-39.4.1 Grip testing shall be evaluated with the use of a 9.5-cm (0.375-in.) diameter,
three-strand, prestretched polyester rope attached to a calibrated force measuring device.
6-39.5 Procedure.
6-39.5.1 Test subjects shall be selected so that their hand dimensions are as close as possible to
the middle of the range for hand length and hand circumference as specified in the tables
provided for size small and size large gloves in 4-3.5.3.
6-39.5.2 Each test subject shall make three successive attempts to lift as much weight using the
halyard as possible, using both hands and keeping both feet firmly planted on the ground. The
average weight hoisted over the three trials shall be the bare-handed weight lift capability.
6-39.5.3 Dry-conditioned sample gloves shall be tested on a dry rope and then on a wet rope.
6-39.5.4 Wet-conditioned sample gloves shall be tested on a dry rope and then on a wet rope.
6-39.5.5 Each test subject shall test a minimum of three pairs of sample gloves. Test subjects
shall attempt one trial with each pair of gloves for a minimum of six grip tests for each set of
conditions, with at least three grip tests with size small gloves and three grip tests with size large
gloves.
6-39.5.6 Weight-pulling capacity with gloves (WPCg)shall be compared with bare-handed
weight lift capability (WLCb). The percentage of weight pulling capacity with gloves to
bare-handed weight lift capability shall be calculated as follows:

6-39.6 Report.
6-39.6.1 The percent of bare-handed control shall be reported for each sample glove pair,
condition, and test subject tested.
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6-39.7 Interpretation.
6-39.7.1 One or more sample glove pairs failing this test shall constitute failing performance.
6-40 Ladder Shank Bend Resistance Test.
6-40.1 Application.
6-40.1.1 This test shall apply to protective footwear.
6-40.2 Specimens.
6-40.2.1 A minimum of three footwear ladder shanks shall be tested.
6-40.3 Sample Preparation.
6-40.3.1 Samples for conditioning shall be whole footwear.
6-40.3.2 Ladder shanks shall be conditioned as specified in 6-1.3.
6-40.4 Apparatus.
6-40.4.1 The apparatus shall consist of a tensile testing machine, such as an Instron or
equivalent, that challenges a specimen with a simulated ladder rung. A 32.5-mm diameter ×
50.8-mm long (1.25-in. diameter × 2.0-in. long) noncompressible probe shall be mounted on the
movable arm. The specimen support assembly shall consist of two 50.8 mm × 25.4 mm × 25.4
mm (2.0 in. × 1.0 in. × 1.0 in.) noncompressible blocks placed 50.8 mm (2.0 in.) apart as shown
in Figure 6-40.4.1.

Figure 6-40.4.1 Shank bend test setup.

6-40.5 Procedure.
6-40.5.1 The ladder shank shall be placed on mounting blocks as it would be oriented toward the
ladder, when the shank is affixed into the protective footwear, and subjected to force on its
center with the test probe operated at 51 mm/min (2 in./min).
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6-40.6 Report.
6-40.6.1 Deflection at 182 kg (400 lb) shall be reported to the nearest 1 mm (0.05 in.). The
average deflection shall be calculated and reported to the nearest 1 mm (0.05 in.).
6-40.7 Interpretation.
6-40.7.1 Pass/fail performance shall be determined using the average deflection for all specimens
tested.
6-41 Slip Resistance Test.
6-41.1 Application.
6-41.1.1 This test method shall apply to the footwear sole and heel section.
6-41.2 Specimens.
6-41.2.1 A minimum of three complete footwear items shall be tested.
6-41.3 Sample Preparation.
6-41.3.1 Samples for conditioning shall be the whole footwear items.
6-41.3.2 Specimens shall be conditioned as specified in 6-1.3.
6-41.4 Procedure.
6-41.4.1 Slip resistance shall be performed in accordance with ASTM F 489, Standard Test
Method for Static Coefficient of Friction of Shoe Sole and Heel Materials as Measured by the
James Machine, in both a dry and a wet condition.
6-41.5 Report.
6-41.5.1 The static coefficient of friction of each specimen under both dry and wet conditions
shall be reported. The average static coefficient of friction of each specimen under both dry and
wet conditions shall be calculated and reported.
6-41.6 Interpretation.
6-41.6.1 One or more footwear specimens failing this test shall constitute failing performance.
6-42 Label Durability and Legibility Test One.
6-42.1 Application.
6-42.1.1 This test method shall apply to labels on protective garments, hoods, gloves, and boots.
6-42.1.2 Modifications to this test method for testing garment labels shall be as specified in
6-42.7.
6-42.1.3 Modifications to this test method for testing hood labels shall be as specified in 6-42.8.
6-42.1.4 Modifications to this test method for testing glove labels shall be as specified in 6-42.9.
6-42.1.5 Modifications to this test method for testing footwear labels shall be as specified in
6-42.10.
6-42.2 Specimens.
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6-42.2.1 A minimum of three of each type of label for each element shall be tested in each test. If
labels have areas of "write-in" information, two additional specimens shall be tested that include
those areas, with sample information written in.
6-42.3 Sample Preparation.
6-42.3.1 Specimens shall be conditioned as specified in 6-1.3.
6-42.4 Procedures.
6-42.4.1 Laundering Durability Test.
6-42.4.1.1 Specimens shall be subjected to ten cycles of laundering and drying using Machine
Cycle 1, Wash Temperature V, and Drying Procedure Ai of ANSI/AATCC 135, Dimensional
Changes in Automatic Home Laundering of Woven and Knit Fabrics.
6-42.4.1.2 A 1.8-kg, ±0.1 kg (4.0-lb, ±0.2 lb) load shall be used. A laundry bag shall not be used.
6-42.4.1.3 Specimens shall be examined for legibility to the unaided eye by a person with 20/20
vision, or vision corrected to 20/20, at a nominal distance of 30.5 cm (12 in.) in a
well-illuminated area.
6-42.4.2 Abrasion Durability Test.
6-42.4.2.1 Specimens shall be subjected to abrasion in accordance with ASTM D 4966, Standard
Test Method for Abrasion Resistance of Textile Fabrics, with the following modifications:
(a) The standard abrasive fabric and the felt backing fabric shall be soaked for 24 hours or
agitated in distilled water so that they are thoroughly wet.
(b) The standard abrasive fabric shall be rewetted after each set of cycles by applying 20 ml
(0.68 oz) of distilled water from a squeeze bottle by squirting on the center of the abrasive
composite pad.
(c) Specimens shall be subjected to 200 cycles, 3200 revolutions, of the test apparatus.
6-42.4.2.2 Specimens shall be examined for legibility to the unaided eye by a person with 20/20
vision, or vision corrected to 20/20, at a nominal distance of 30.5 cm (12 in.) in a
well-illuminated area.
6-42.4.3 Heat Durability Test.
6-42.4.3.1 Specimens shall be subjected to convective heat as specified in 6-1.5.
6-42.4.3.2 Specimens shall be examined for legibility to the unaided eye by a person with 20/20
vision, or vision corrected to 20/20, at a nominal distance of 30.5 cm (12 in.) in a
well-illuminated area.
6-42.5 Report.
6-42.5.1 The legibility for each specimen shall be reported as acceptable or unacceptable.
6-42.6 Interpretation.
6-42.6.1 One or more label specimens failing this test shall constitute failing performance.
6-42.7 Specific Requirements for Testing Garment Labels.
6-42.7.1 For testing label legibility after laundering, specimens shall include individual labels
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sewn onto a 1-m (1-yd) square ballast material no closer than 51 mm (2 in.) apart in parallel
strips. The ballast material shall be as specified in ANSI/AATCC 135, Dimensional Changes in
Automatic Home Laundering of Woven and Knit Fabrics.
6-42.7.2 For testing label legibility after abrasion, specimens shall be individual labels.
6-42.7.3 For testing label legibility after convective heat exposure, specimens shall include
individual labels sewn onto a separate 38-cm, ±1.3 mm (15-in., ±0.5 in.) square of material that
meets the outer shell requirements of this standard.
6-42.7.4 Sample conditioning shall be the same conditioning as specified for the respective tests.
6-42.7.5 Specimens shall be tested separately for legibility after laundering, abrasion, and heat
durability tests as specified in 6-42.4.1, 6-42.4.2, and 6-42.4.3, respectively.
6-42.8 Specific Requirements for Testing Hood Labels.
6-42.8.1 For testing label legibility after laundering, specimens shall include complete hoods
with labels attached.
6-42.8.2 For testing label legibility after abrasion, specimens shall be individual labels.
6-42.8.3 For testing label legibility after convective heat exposure, specimens shall include
individual labels sewn onto a separate 38-cm, ±1.3 mm (15-in., ±0.5 in.) square of hood material
that meets the hood material requirements of this standard.
6-42.8.4 Sample conditioning shall be the same conditioning as specified for the respective tests.
6-42.8.5 Specimens shall be tested separately for legibility after laundering, abrasion, and heat
durability tests as specified in 6-42.4.1, 6-42.4.2, and 6-42.4.3, respectively.
6-42.9 Specific Requirements for Testing Glove Labels.
6-42.9.1 For testing label legibility after laundering and convective heat exposure, specimens
shall include complete gloves with labels attached.
6-42.9.2 For testing label legibility after abrasion, specimens shall be individual labels.
6-42.9.3 Sample conditioning shall be the same conditioning as specified for the respective tests.
6-42.9.4 Specimens shall be tested separately for legibility after laundering, abrasion, and heat
durability tests as specified in 6-42.4.1, 6-42.4.2, and 6-42.4.3, respectively.
6-42.10 Specific Requirements for Testing Footwear Labels.
6-42.10.1 For testing label legibility after abrasion, specimens shall be individual labels.
6-42.10.2 Sample conditioning shall be the same conditioning as specified for the respective
tests.
6-42.10.3 Specimens shall be tested separately for legibility after abrasion and heat durability
tests as specified in 6-42.4.2 and 6-42.4.3, respectively.
6-43 Label Durability and Legibility Test Two.
6-43.1 Application.
6-43.1.1 This test method shall apply to labels on helmets.
6-43.2 Specimens.
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6-43.2.1 Specimens shall be selected as specified in 2-3.9.
6-43.3 Sample Preparation.
6-43.3.1 Samples for conditioning shall be whole helmets with the labels attached.
6-43.3.2 Specimens shall be conditioned as specified in 6-1.3, 6-1.4, 6-1.6, and 6-1.7.
6-43.4 Procedure.
6-43.4.1 Label specimens shall be examined for legibility by a person with 20/20 vision, or
vision corrected to 20/20, at a nominal distance of 30.5 cm (12 in.) in a well-illuminated area.
6-43.5 Report.
6-43.5.1 The legibility for each label specimen shall be reported as acceptable or unacceptable.
6-43.6 Interpretation.
6-43.6.1 One or more label specimens failing this test shall constitute failing performance.
6-44 Shell Retention Test.
6-44.1 Application.
6-44.1.1 This test shall apply to protective helmets.
6-44.2 Specimens.
6-44.2.1 Specimens shall be selected as specified in 2-3.9.
6-44.3 Sample Preparation.
6-44.3.1 Samples for conditioning shall be whole helmets.
6-44.3.2 Specimens shall be conditioned as specified in 6-1.3.
6-44.4 Apparatus.
6-44.4.1 The shell retention test fixtures shall consist of rigid material of sufficient thickness and
optional design to facilitate firm attachment of the helmet shell while attached to the chin strap
tensile testing machine.
6-44.5 Procedure.
6-44.5.1 The specimen shall be tested by applying a pull force to the helmet shell perpendicular
to the reference plane to a maximum load of 36.5 kg (80 lb) within 30 seconds. The maximum
load shall be maintained for 1 minute, +5/-0 seconds.
6-44.6 Report.
6-44.6.1 The pass/fail results shall be recorded.
6-44.7 Interpretation.
6-44.7.1 Any one specimen failing the test shall constitute failing performance for the item being
tested.
6-45 Luminous (Visible) Transmittance Test.
6-45.1 Application.
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6-45.1.1 This test shall apply to faceshield/goggle component lenses.
6-45.2 Specimens.
6-45.2.1 Specimens shall be selected as specified in 2-3.1.1.
6-45.3 Sample Preparation.
6-45.3.1 Samples for conditioning shall be complete faceshield/goggle components.
6-45.3.2 Specimens shall be conditioned as specified in 2-3.1.1.
6-45.4 Apparatus.
6-45.4.1 The standard source of radiant energy used in the measurement of luminous
transmittance of filter lenses shall be a projection-type lamp No. T-8, or other high-powered,
gas-filled, tungsten-filament incandescent lamp, operated at the color temperature corresponding
to Commission Internationale de l'Eclairage (CIE), Source A.
6-45.5 Procedure.
6-45.5.1* Luminous transmittance shall be determined by one of the following means:
(a) By measuring the spectral transmittance and calculating the luminous transmittance
through the use of published data on the spectral radiant energy of CIE Standard Illuminant A, as
specified in ISO/CIE 10526, Colormetric Illuminants, and the relative luminous efficiency of the
average eye
(b) By using a Gardner pivotal sphere haze meter and the standards of luminous transmittance
maintained by the National Bureau of Standards
6-45.6 Report.
6-45.6.1 The percent of light transmission shall be reported for each specimen. The average light
transmission of all specimens tested shall be calculated and reported.
6-45.7 Interpretation.
6-45.7.1 Pass/fail performance shall be based on the average light transmission measured.
6-46 Retroreflectivity and Fluorescence Test.
6-46.1 Application.
6-46.1.1 This test method shall apply to trim materials used on protective garments and helmets.
6-46.1.2 Trim materials shall be tested for each procedure specified in 6-46.4.
6-46.2 Specimens.
6-46.2.1 A minimum of three trim test specimens shall be tested.
6-46.2.2 Each trim test specimen shall consist of a 30.5-cm × 30.5-cm (12-in. × 12-in.)
composite made up of multiple strips of the finished trim product. Where retroreflective and
nonretroreflective surface areas are combined to form a trim, the complete finished product
consisting of the retroreflective and nonretroreflective portions shall be used to form the
composite test specimen.
6-46.3 Sample Preparation.
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6-46.3.1 Samples for conditioning shall include 30.5-cm (12-in.) long sections of trim.
6-46.3.2 Specimens shall be conditioned as specified in 6-1.3.
6-46.4 Procedures.
6-46.4.1 Measurement of Coefficient of Retroreflection.
6-46.4.1.1 The coefficient of retroreflection (Ra) shall be determined in accordance with ASTM
E 809, Standard Practice for Measuring Photometric Characteristics of Retroreflectors, using
the following modifications:
(a) Test distance = 15.2 m (50 ft)
(b) Observation angle = 0.2 degrees
(c) Entrance angle = -4 degrees
(d) The receiver shall be provided with an entrance aperture of 26 mm (1.024 in.), ±5 percent,
in diameter which is equivalent to 0.1 degree angular aperture
(e) The exit aperture of the source shall be circular and 26 mm (1.024 in.), ±5 percent, in
diameter which corresponds to 0.1 degree angular aperture
(f) Retroreflector reference angle = 90 degrees
(g) Datum mark shall be placed as specified by the trim manufacturer
6-46.4.1.2 The coefficient of retroreflection (Ra) shall be calculated by the following equation:

where:
RI = the coefficient of luminous intensity, measured as specified in 6-46.4.1.1
Ar = only the retroreflective surface area of the trim test specimen's surface area
Ar shall be calculated by subtracting the nonretroreflective surface area from the test
specimen's total surface area.
6-46.4.2 Evaluation of Fluorescence.
6-46.4.2.1 Trim fluorescence shall be determined by examining the material under a black light
at a distance of 30.5 cm (12 in.) for a period of 30 seconds.
6-46.4.2.2 Specimens that exhibit fluorescence shall be designated as fluorescent. Specimens
that do not exhibit fluorescence shall be designated as nonfluorescent.
6-46.4.3 Rainfall Test.
6-46.4.3.1 Specimens of trim shall be tested for retroreflectivity when wet as specified in Annex
A, "Method of Measuring Wet Retroreflective Performance," of EN 471, High Visibility
Warning Clothing, at a rate of 10.9 cm/hr (4.3 in./hr).
6-46.4.3.2 The coefficient of retroreflectivity (Ra) shall be measured as specified in 6-46.4.1, 2
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minutes, ± 15 seconds after the rainfall exposure has been started.
6-46.4.4 Convective Heat Exposure Test.
6-46.4.4.1 Specimens of trim shall be tested for retroreflectivity after convective heat exposure
as specified in 6-1.6.
6-46.4.4.2 The coefficient of retroreflection (Ra) shall be measured as specified in 6-46.4.1.
6-46.4.4.3 The fluorescence shall be evaluated as specified in 6-46.4.2.
6-46.5 Report.
6-46.5.1 The coefficient of retroreflection (Ra) shall be reported for each specimen. The average
Ra of all specimens shall be calculated and reported separately for each of the test procedures
specified in 6-46.4.1, 6-46.4.3, and 6-46.4.4.
6-46.5.2 The number of fluorescent and nonfluorescent specimens shall be reported separately
for each of the test procedures specified in 6-46.4.2, 6-46.4.3, and 6-46.4.4.
6-46.6 Interpretation.
6-46.6.1 For trim retroreflectivity, pass/fail performance shall be determined using the average
coefficient of retroreflection (Ra) reported for each group of specimens for each of the
procedures specified in 6-46.4.1, 6-46.4.3, and 6-46.4.4.
6-46.6.2 For trim fluorescence, any nonfluorescent specimens in any test procedure shall
constitute failing performance.
6-47 Hood Opening Size Retention Test.
6-47.1 Application.
6-47.1.1 This test shall apply to the face openings or SCBA facepiece interface openings of
protective hoods.
6-47.1.2 Protective hoods with either elastic face openings or manually adjustable face openings
shall be tested by the procedure specified in 6-47.4.
6-47.1.3 Protective hoods designed for interface with a SCBA facepiece(s) shall be tested by the
procedure specified in 6-47.5.
6-47.2 Specimens.
6-47.2.1 A minimum of three whole hoods shall be tested.
6-47.3 Sample Preparation.
6-47.3.1 Samples for conditioning shall be whole hoods.
6-47.3.2 Specimens shall be conditioned as specified in 6-1.3.
6-47.4 Procedure for Elastic or Manually Adjusted Face Openings.
6-47.4.1 The hood shall be laid on a flat surface with the face opening facing up.
6-47.4.2 The hood face opening shall be measured at a minimum of eight separate locations
around the entire perimeter of the face opening. The locations of measurement shall be marked
on the hood.
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6-47.4.3 The hood shall be positioned on the size 7 1/4 headform specified in Figure 6-16.4.1 so
that the hood is around the neck area of the headform with the neck and head area of the
headform protruding through the face opening of the hood. The hood shall then be donned and
doffed for 50 cycles, passing the hood face opening up and over the headform to cover the head,
forehead, sides of face, chin, and neck each time and then passing the hood back down over the
headform to the starting area around the neck. Hoods with manually adjustable face openings
shall have the face opening adjusted during each cycle, once after donning and again before
doffing.
6-47.4.4 Following the 50 cycles, the hood shall be removed from the headform and the hood
shall be allowed to relax for 1 minute.
6-47.4.5 The hood shall be laid on a flat surface with the face opening facing up.
6-47.4.6 The opening dimensions shall then be measured at the same locations marked around
the entire perimeter of the face opening specified in 6-47.4.2.
6-47.4.7 The percent difference of the hood face opening dimensions before and after donning
shall be determined.
6-47.5 Procedure for SCBA Facepiece Interface Openings.
6-47.5.1 The SCBA facepiece, that the hood is designed to interface with, shall be properly
mounted, according to the SCBA manufacturer's instructions, on an ISO size J headform
specified in Figure 6-16.4.1.
6-47.5.2 The hood shall then be donned on the headform, placing it over the SCBA facepiece.
6-47.5.3 The contact surface of the hood face opening with the SCBA facepiece shall be
measured at a minimum of eight separate locations around the entire perimeter of the face
opening contact area. The locations of measurement shall be marked on the hood.
6-47.5.4 With the SCBA facepiece in place, the hood shall then be positioned so that the hood is
around the neck area of the headform with the neck and head area of the headform protruding
through the face opening of the hood. The hood shall then be donned and doffed for 50 cycles,
passing the hood face opening up and over the headform to cover the head and to contact the
SCBA facepiece around the entire perimeter of the face opening contact area each time, and then
passing the hood back down over the headform to the starting area around the neck. Where such
hoods are designed to be manually adjustable around the hood face opening/SCBA facepiece
interface area, the manual adjustment shall be made during each cycle, once after donning and
again before doffing.
6-47.5.5 Following the 50 cycles, the hood shall be removed from the headform, and the hood
shall be allowed to relax for 1 minute.
6-47.5.6 The hood shall then be donned on the headform, placing it over the SCBA facepiece.
6-47.5.7 The contact surface of the hood face opening with the SCBA facepiece shall be
measured at the same locations marked around the entire perimeter of the face opening contact
area specified in 6-47.5.3.
6-47.5.8 The percent difference of the hood face opening dimensions before and after donning
shall be determined.
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6-47.6 Report.
6-47.6.1 The percent difference of the hood face opening dimensions shall be reported for each
specimen. The average difference of the hood face opening dimensions shall be calculated and
reported.
6-47.7 Interpretation.
6-47.7.1 Pass/fail performance shall be based on the average difference of the hood face opening
dimensions.
6-48 Liquid Penetration Test.
6-48.1 Application.
6-48.1.1 This test method shall apply to protective garments.
6-48.1.2 Modifications to this test method for testing protective coats shall be as specified in
6-48.8.
6-48.1.3 Modifications to this test method for testing protective trousers shall be as specified in
6-48.9.
6-48.1.4 Modifications to this test method for testing protective coat and trouser sets or
protective coveralls shall be as specified in 6-48.10.
6-48.2 Specimens.
6-48.2.1 A minimum of three specimens shall be tested. Specimens shall consist of individual
coats, trousers, coveralls, or sets of coats and trousers. Each element shall have in place all layers
that are required for the element to be compliant.
6-48.2.2 The size of the elements comprising the specimens shall be chosen to conform with the
dimensions of the mannequin for proper fit of the specimen on the mannequin in accordance
with the manufacturer's sizing system. The size of the elements comprising the specimen shall be
the same size as the mannequin in terms of chest circumference, waist circumference, and
inseam height.
6-48.3 Sample Preparation.
6-48.3.1 Specimens to be tested shall be conditioned as specified in 6-1.2.
6-48.3.2 Samples to be conditioned shall be complete garments.
6-48.4 Apparatus.
6-48.4.1 The apparatus and supplies for testing shall be those specified in ASTM F 1359,
Standard Practice for Evaluating the Liquid-Tight Integrity of Chemical Protective Clothing,
with the following modifications:
(a) The surface tension of the water used in testing shall be 35 dynes/cm, ±5 dynes/cm.
(b)* The mannequin used in testing shall be fully upright and shall have straight arms and legs,
with the arms positioned at the mannequin's side.
6-48.5 Procedure.
6-48.5.1 Liquid penetration testing of garments shall be conducted in accordance with ASTM F
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1359, Standard Practice for Evaluating the Liquid-Tight Integrity of Chemical Protective
Clothing, with the following modifications:
(a) No provision for partial garments shall be permitted.
(b) Blocking of the specimen shall be as specified in 6-48.8, 6-48.9, and 6-48.10, as
appropriate, for the type of specimen being tested.
(c) The method used for mounting of the mannequin in the spray chamber shall not interfere
with the water spray.
(d) The normal outer surface of the material shall be exposed to the liquid as oriented in the
clothing item.
(e) Fluorescent or visible dyes shall not be used in the water for spraying the suited
mannequin.
(f) The suited mannequin shall be exposed to the liquid spray for a total of 20 minutes, 5
minutes in each of the four mannequin orientations.
(g) At the end of the liquid spray exposure period, excess liquid shall be removed from the
surface of the specimen.
(h) The specimen shall be inspected within 10 minutes of the end of the liquid spray exposure
period for evidence of liquid penetration.
6-48.6 Report.
6-48.6.1* A diagram shall be prepared for each test that identifies the locations of any liquid
leakage as detected on the liquid-absorptive garment and the interior of the garment.
6-48.7 Interpretation.
6-48.7.1 Any evidence of liquid on the liquid-absorptive garment, as determined by visual,
tactile, or absorbent toweling, shall constitute failure of the specimen.
6-48.8 Specific Requirements for Testing Coats.
6-48.8.1 The liquid-absorptive garment shall only cover the upper torso and arms of the
mannequin from the middle of the mannequin neck, down to the mannequin waistline, and down
to the mannequin wrist crease.
6-48.8.2 The coat shall be donned on the mannequin in accordance with the manufacturer's
instructions for proper wearing.
6-48.8.3 The coat collar shall be placed in the "up" position on the mannequin with the collar
closure system fastened in the closed position. The head of the mannequin shall be sealed off
with a plastic bag. The plastic bag shall extend over the collar by a distance of not greater than
25.4 mm (1 in) and shall be taped down using duct tape or similar waterproof tape. The collar
neck seam shall not be covered.
6-48.8.4 The test shall be conducted with the mannequin hands removed. The coat sleeve hem
shall be taped smoothly to a can, or an object of similar cylindrical, rigid shape, of the same
nominal diameter as the sleeve opening. The can or cylindrical object shall be fitted over the
wristlet and under the coat outer shell sleeve hem. The tape shall be duct tape or similar
waterproof tape.
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6-48.8.5 The coat shall be tested in conjunction with the protective trousers specified by the
manufacturer, even where the trousers are not being specifically evaluated by this test.
6-48.9 Specific Requirements for Testing Trousers.
6-48.9.1 The liquid-absorptive garment shall only cover the lower torso and legs of the
mannequin from the mannequin waistline down to the mannequin ankles.
6-48.9.2 The trousers shall be donned on the mannequin in accordance with the manufacturer's
instructions for proper wearing.
6-48.9.3 Trousers shall be tested in conjunction with the protective coat specified by the
manufacturer, even where the coat is not being specifically evaluated by this test.
6-48.9.4 Absorbent toweling, or similar material, shall be placed underneath the mannequin in
order to prevent water splashing up inside the trouser leg.
6-48.10 Specific Requirements for Testing Coveralls and for Testing Sets of Coats and
Trousers.
6-48.10.1 The liquid-absorptive garment shall only cover the torso, arms, and legs of the
mannequin from the middle of the mannequin neck, down to the mannequin wrist crease, and
down to 20.3 cm (8 in.) above the bottom of the heel.
6-48.10.2 The coverall or set of coat and trousers shall be donned on the mannequin in
accordance with the manufacturer's instructions for proper wearing.
6-48.10.3 The coat collar shall be placed in the "up" position on the mannequin with the collar
closure system fastened in the closed position. The head of the mannequin shall be sealed off
with a plastic bag. The plastic bag shall extend over the collar by a distance of not greater than
25.4 mm (1 in.) and shall be taped down using duct tape or similar waterproof tape. The collar
neck seam shall not be covered.
6-48.10.4 The test shall be conducted with the mannequin hands removed. The coat sleeve hem
shall be taped smoothly to a can, or an object of similar cylindrical, rigid shape, of the same
nominal diameter as the sleeve opening. The can or cylindrical object shall be fitted over the
wristlet and under the coat outer shell sleeve hem. The tape shall be duct tape or similar
waterproof tape.
6-48.10.5 Absorbent toweling or similar material shall be placed underneath the mannequin in
order to prevent water splashing up inside the trouser leg.
6-49 Eyelet and Stud Post Attachment Test.
6-49.1 Application.
6-49.1.1 This test method shall apply to protective footwear eyelets and stud posts.
6-49.2 Specimens.
6-49.2.1 Specimens shall total two eyelets and two stud posts on three separate footwear items.
6-49.2.2 Specimens shall be removed from the footwear and shall be 25.4 mm × 50.8 mm (1 in.
× 2 in.).
6-49.3 Sample Preparation.
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6-49.3.1 Samples for conditioning shall be whole footwear.
6-49.3.2 The eyelets or stud post specimens shall be conditioned as specified in 6-1.3.
6-49.4 Apparatus.
6-49.4.1 A tensile testing machine shall be used with a traverse rate of 51 mm/min (2 in./min).
Clamps measuring 25 mm × 38 mm (1 in. × 1.5 in.) shall have gripping surfaces that are parallel,
flat, and capable of preventing slippage of the specimen during the test.
6-49.5 Procedure.
6-49.5.1 The stud post or eyelet puller shall be inserted or attached to the upper position of the
tensile machine. The traverse rate shall be set at 50 mm/min (2 in./min). The test eyelet or stud
post shall be attached using the appropriate puller fixture. The eyelet stay shall be clamped, but
clamping the metal portion of the eyelets or stud hook in the lower clamps shall not be permitted.
The distance between the clamps and stud hooks or eyelets shall be 1.6 mm to 3.2 mm (0.063 in.
to 0.125 in.). The test shall then be started.
6-49.6 Report.
6-49.6.1 The force will reach a peak, decline slightly, and then increase to complete failure;
however, the value at which the force first declines shall be recorded and reported as the initial
failure point, as this is the separation point of the material around the eyelet or stud post. The
average force shall be calculated and reported.
6-49.7 Interpretation.
6-49.7.1 The average force shall be used to determine pass/fail.
6-50 Breaking Strength Test.
6-50.1 Application.
6-50.1.1 This test shall apply to garment outer shell and collar lining materials used in protective
garments.
6-50.2 Specimens.
6-50.2.1 Five specimens in each of the warp and filling directions shall be tested from each
sample unit.
6-50.3 Sample Preparation.
6-50.3.1 Specimens shall be conditioned as specified in 6-1.2.
6-50.3.2 Samples for conditioning shall be 1 m (1 yd) square of material.
6-50.4 Procedure.
6-50.4.1 Specimens shall be tested for breaking strength in accordance with ASTM D 5034,
Standard Method for Breaking Force and Elongation of Textile Fabrics (Grab Test).
6-50.5 Report.
6-50.5.1 The breaking force of each specimen shall be reported, and an average breaking
strength shall be calculated for the warp and filling directions.
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6-50.6 Interpretation.
6-50.6.1 Pass/fail performance shall be based on the average breaking strength in the warp and
fill directions. Failure in any one direction constitutes failure for the material.
Chapter 7 Referenced Publications
7-1
The following documents or portions thereof are referenced within this standard as mandatory
requirements and shall be considered part of the requirements of this standard. The edition
indicated for each referenced mandatory document is the current edition as of the date of the
NFPA issuance of this standard. Some of these mandatory documents might also be referenced
in this standard for specific informational purposes and, therefore, are also listed in Appendix B.
7-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters, 1994 edition.
7-1.2 Other Publications.
7-1.2.1 AATCC Publication. American Association of Textile Chemists and Colorists, P.O.
Box 12215, Research Triangle Park, NC 27709.
AATCC 70, Test Method for Water Repellency: Tumble Jar Dynamic Absorption Test, 1988.
7-1.2.2 ANSI Publications. American National Standards Institute, 11 West 42nd St., New
York, NY 10036.
ANSI Z41, Standard for Personal Protection-Protective Footwear, 1991.
ANSI/AATCC 135, Dimensional Changes in Automatic Home Laundering of Woven and Knit
Fabrics, 1989.
7-1.2.3 ASTM Publications. American Society for Testing and Materials, 100 Barr Harbor
Drive, West Conshohocken, PA 19428-2959.
ASTM B 117, Standard Method of Salt Spray (Fog) Testing, 1985.
ASTM B 152, Specification for Copper Sheet, Strip Plate, and Rolled Bar, 1986.
ASTM D 471, Standard Test Method for Rubber Property-Effect of Liquids, 1995.
ASTM D 1003, Standard Test Method for Haze and Luminous Transmittance of Transparent
Plastics, 1988.
ASTM D 1630, Standard Test Method for Rubber Property-Abrasion Resistance (Footwear
Abrader), 1994.
ASTM D 1683, Standard Test Method for Failure in Sewn Seams of Woven Fabrics, 1990.
ASTM D 3787, Standard Test Method for Hydraulic Bursting Strength of Knitted Goods and
Nonwoven Fabrics-Ball Burst Testing Method, 1989.
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ASTM D 3940, Standard Test Method for Bursting Strength (Load) and Elongation of Sewn
Seams of Knit or Woven Stretch Textile Fabrics, 1983.
ASTM D 4966, Standard Test Method for Abrasion Resistance of Textile Fabrics, 1989.
ASTM E 809, Standard Practice for Measuring Photometric Characteristics of
Retroreflectors, 1994.
ASTM F 489, Standard Test Method for Static Coefficient of Friction of Shoe Sole and Heal
Materials as Measured by the James Machine, 1977.
ASTM F 903, Standard Test Method for Resistance of Protective Clothing Materials to
Penetration by Liquids, 1990.
ASTM F 1060, Standard Test Method for Thermal Protective Performance of Materials for
Protective Clothing for Hot Surface Contact, 1987.
ASTM F 1116, Standard Test Method for Determining Dielectric Strength of Overshoe
Footwear, 1988.
ASTM F 1342, Standard Test Method for Protective Clothing Material Resistance to
Puncture, 1991.
ASTM F 1359, Standard Practice for Evaluating the Liquid-Tight Integrity of Chemical
Protective Clothing, 1991.
ASTM F 1671, Standard Test Method for Resistance of Materials Used in Protective Clothing
To Penetration by Blood-Borne Pathogens Using Phi-X-174 Bacteriophage as a Test System,
1995.
7-1.2.4 Commission Internationale de l'Eclairage. U.S. National Committee of the CIE, c/o
Mr. Thomas M. Lemons, TLA - Lighting Consultants, Inc., 7 Pond Street, Salem, MA
01970-4819.
ISO/CIE 10526, Calormetric Illuminants, 1991.
7-1.2.5 EN Publication. European Standard, BSI, Linford Wood, Milton Keynes MK14 6LE,
UK.
EN 471, Specification for High Visibility Warning Clothing, 1994.
7-1.2.6 FIA Publication. Footwear Industries of America, 1420 K Street, NW, Suite 600,
Washington, DC 20005.
FIA Standard 1209, Water Resistant Whole Shoe Flex, 1984.
7-1.2.7 GSA Publications. General Services Administration, Specifications Activity, Printed
Materials Supply Division, Building 197, Naval Weapons Plant, Washington, DC 20407.
Federal Specification FED-V-F-106F, Fasteners, Interlocking, Slide, Amendment 2, 20 April
1990.
Federal Test Method Standard 191A, Textile Test Methods, 20 July 1978.
Method 5903.1, 28 December 1989.
Method 5905.1, 31 March 1987.
7-1.2.8 Psychological Corporation Publication. Psychological Corporation, 555 Academic
Court, San Antonio, TX 78204.
Manual 8018-111, Bennett Hand-Tool Dexterity Test, 1981.
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7-1.2.9 SAE Publication. Society of Automotive Engineers, 400 Commonwealth Drive,
Warrendale, PA 15096.
SAE J211, Instrumentation for Impact Test, 1988.
7-1.2.10 U. S. Naval Publications. Naval Publications and Forms Center, 5801 Tabor Avenue,
Philadelphia, PA 19120.
MIL-F-21840G, Fastener Tapes, Hook and Pile, Synthetic, 16 December 1987.
MS 27980E, Fastener, Snap, 30 November 1984.
7-1.2.11 Stoll, A. M. and M. A. Chianta, "Method and Rating System for Evaluation of Thermal
Protection," Aerospace Medicine, Vol. 40, 1968, pp. 1232-38.
Appendix A Explanatory Material
This appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1 Organizations responsible for specialized functions including, but not limited to, wildland
fire fighting, proximity and other specialized fire fighting, emergency medical service, special
operations, and hazardous materials response should use appropriate protective clothing and
protective equipment specifically designed for those activities.
A-1-2 This standard is not designed to be utilized as a purchase specification. It is prepared, as
far as practicable, with regard to required performance, avoiding restriction of design wherever
possible. Purchasers should specify departmental requirements for such items as color, markings,
closures, pockets, and trim patterns. Tests specified in this standard should not be deemed as
defining or establishing performance levels for protection from all structural fire fighting
environments.
A-1-2.2 The testing requirements in Chapter 6 of this standard are not intended to establish the
limitations of the working environment for fire fighting but are intended to establish material
performance. Users should be advised that when a continual increase of heat is felt through the
protective ensemble, the protective ensemble might be nearing its maximum capability and
injury could be imminent.
Users should be advised that if unusual conditions prevail, or if there are signs of abuse or
mutilation of the protective ensemble or any element or component thereof, or if modifications
or replacements are made or accessories are added without authorization of the protective
ensemble element manufacturer, the margin of protection might be reduced.
Users should be advised that the protective properties in new structural fire fighting protective
ensemble elements, as required by this standard, can diminish as the product is worn and ages.
A-1-3 Approved. The National Fire Protection Association does not approve, inspect, or certify
any installations, procedures, equipment, or materials; nor does it approve or evaluate testing
laboratories. In determining the acceptability of installations, procedures, equipment, or
materials, the authority having jurisdiction may base acceptance on compliance with NFPA or
other appropriate standards. In the absence of such standards, said authority may require
evidence of proper installation, procedure, or use. The authority having jurisdiction may also
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refer to the listings or labeling practices of an organization concerned with product evaluations
that is in a position to determine compliance with appropriate standards for the current
production of listed items.
A-1-3 Authority Having Jurisdiction. The phrase "authority having jurisdiction" is used in
NFPA documents in a broad manner, since jurisdictions and approval agencies vary, as do their
responsibilities. Where public safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or individual such as a fire chief; fire marshal;
chief of a fire prevention bureau, labor department, or health department; building official;
electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the
authority having jurisdiction. In many circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at government installations, the
commanding officer or departmental official may be the authority having jurisdiction.
A-1-3 Bitragion Coronal Arc. See Figure A-1-3(a).

Figure A-1-3(a) Bitragion coronal arc.

A-1-3 Bitragion Inion Arc. See Figure A-1-3(b).
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Figure A-1-3(b) Bitragion inion arc.

A-1-3 Listed. The means for identifying listed equipment may vary for each organization
concerned with product evaluation, some organizations do not recognize equipment as listed
unless it is also labeled. The authority having jurisdiction should utilize the system employed by
the listing organization to identify a listed product.
A-1-3 Protective Uniform. The term refers specifically to station/work uniform apparel that
satisfy the applicable requirements of NFPA 1975, Standard on Station/Work Uniforms for Fire
Fighters, and that also satisfy, in part or in full, the thermal barrier requirements of this standard.
Not all materials that are in compliance with NFPA 1975, will meet the thermal barrier
requirements of this standard. Purchasers should understand that the station/work uniform might
not be able to entirely replace the protective garment thermal barrier and that some additional
thermal barrier material might be necessary to satisfy the minimum TPP requirements.
A-2-1.4 The National Fire Protection Association (NFPA), from time to time, has received
complaints that certain items of fire and emergency services protective clothing or protective
equipment might be carrying labels falsely identifying them as compliant with an NFPA
standard.
NFPA advises those purchasing protective ensembles or protective ensemble elements to be
aware of the following:
For protective ensembles or protective ensemble elements to meet the requirements of NFPA
1971, Standard on Protective Ensemble for Structural Fire Fighting, they must be certified by an
independent third-party certification organization. In addition, the item must carry the label,
symbol, or other identifying mark of that certification organization.
A protective ensemble or element that does not bear the mark of an independent
third-party certification organization is NOT COMPLIANT with NFPA 1971, even
if the product label states that the protective ensemble or element is compliant!
For further information about certification and product labeling, Chapters 2 and 3 of NFPA
1971 should be referenced. Also, the definitions for "certification/certified," "labeled," and
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"listed" in Section 1-3 should be reviewed.
Third-party certification is an important means of ensuring the quality of fire and emergency
services protective clothing and equipment. To be certain that an item is properly certified,
labeled, and listed, the NFPA recommends that prospective purchasers require appropriate
evidence of certification for the specific product and model from the manufacturer before
purchasing. Prospective purchasers also should contact the certification organizations and
request copies of the certification organization's "list" of certified products to the appropriate
NFPA standard. This "listing" is a requirement of third-party certification by this standard and is
a service performed by the certification organization.
All NFPA standards on fire and emergency services protective clothing and equipment require
that the item be certified by an independent third-party certification organization and, as with
NFPA 1971 protective ensembles or protective ensemble elements, all items of fire and
emergency services protective clothing and equipment must carry the label, symbol, or other
identifying mark of that certification organization.
Any item of protective clothing or protective equipment, covered by an NFPA
standard, that does not bear the mark of an independent third-party certification
organization is NOT COMPLIANT with the appropriate NFPA standard, even if
the product label states that the item is compliant!
A-2-2.1 The certification organization should have a sufficient breadth of interest and activity so
that the loss or award of a specific business contract would not be a determining factor in the
financial well-being of the agency.
A-2-2.3 The contractual provisions covering certification programs should contain clauses
advising the manufacturer that, if requirements change, the product should be brought into
compliance with the new requirements by a stated effective date through a compliance review
program involving all currently listed products.
Without these clauses, certifiers would not be able to move quickly to protect their name,
marks, or reputation. A product safety certification program would be deficient without these
contractual provisions and the administrative means to back them up.
A-2-2.4 Investigative procedures are important elements of an effective and meaningful product
safety certification program. A preliminary review should be carried out on products submitted
to the agency before any major testing is undertaken.
A-2-2.7 Such factory inspections should include, in most instances, witnessing of production
tests. With certain products, the certification organization inspectors should select samples from
the production line and submit them to the main laboratory for countercheck testing. With other
products, it might be desirable to purchase samples in the open market for test purposes.
A-2-2.9 For further information and guidance on recall programs, see Title 21, Code of Federal
Regulations, Part 7, Subpart C (21 CFR 7, Subpart C).
A-3-1.1.1 Purchasers might wish to include a requirement in the purchase specifications for an
additional label that includes certain information such as the date of manufacture, manufacturer's
name, and garment identification number to be located in a protected location on the garment in
order to reduce the chance of label degradation and as a backup source of information to aid in
garment tracking or during an investigation.
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A-3-1.1.3 See A-2-1.4.
A-3-1.2.4(f) User information on care, cleaning, and use of protective clothing and equipment
can be obtained from either:
SAFER
PPE CARE AND USE GUIDELINES
8920 Limonite Ave., #169
Riverside, CA 92509
or
F.I.E.R.O.
PPE CARE AND USE GUIDELINES
1029 Lansdowne Road
Charlotte, NC 28270
A-3-2.1.1 Purchasers might wish to include a requirement in purchase specifications for an
additional label containing certain information such as date of manufacture, manufacturer's
name, and helmet identification number to be located in a protected location in the helmet to
reduce the chance of label degradation and as a backup source of information to aid in helmet
tracking or during an investigation.
A-3-2.1.3 See A-2-1.4.
A-3-2.2.4 A statement should be included in the user information specifying that, upon the
purchaser's request, the manufacturer is to furnish all documentation required by this standard
and the test data showing compliance with this standard. A statement also should be included in
the user information specifying that, upon the purchaser's request, the manufacturer is to furnish
a complete specification of all materials and components comprising each certified helmet.
A-3-2.2.4(a), A-3-2.2.4(c), A-3-2.2.4(f) User information on care, cleaning, and use of
protective clothing and equipment can be obtained from either:
SAFER
PPE CARE AND USE GUIDELINES
8920 Limonite Ave., #169
Riverside, CA 92509
or
F.I.E.R.O.
PPE CARE AND USE GUIDELINES
1029 Lansdowne Road
Charlotte, NC 28270
A-3-3.1.1 Purchasers might wish to include a requirement in purchase specifications for an
additional label containing certain information such as date of manufacture, manufacturer's
name, and glove identification number to be located in a protected location in the glove to reduce
the chance of label degradation and as a backup source of information to aid in glove tracking or
during an investigation.
A-3-3.1.3 See A-2-1.4.
A-3-3.2.4 A statement should be included in the user information advising that, upon the
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purchaser's request, the manufacturer is to furnish all documentation required by this standard
and the test data showing compliance with this standard. A statement also should be included in
the user information advising that, upon the purchaser's request, the manufacturer is to furnish a
complete specification of all materials and components comprising each certified glove.
A-3-3.2.4(f) User information on care, cleaning, and use of protective clothing and equipment
can be obtained from either:
SAFER
PPE CARE AND USE GUIDELINES
8920 Limonite Ave., #169
Riverside, CA 92509
or
F.I.E.R.O.
PPE CARE AND USE GUIDELINES
1029 Lansdowne Road
Charlotte, NC 28270
A-3-4.1.1 Purchasers might wish to include a requirement in purchase specifications for an
additional label containing certain information such as date of manufacture, manufacturer's
name, and boot identification number to be located in a protected location in the boot to reduce
the chance of label degradation and as a backup source of information to aid in boot tracking or
during an investigation.
A-3-4.1.3 See A-2-1.4.
A-3-4.2.4 A statement should be included in the user information advising that, upon the
purchaser's request, the manufacturer is to furnish all documentation required by this standard
and the test data showing compliance with this standard. A statement also should be included in
the user information advising that, upon the purchaser's request, the manufacturer is to furnish a
complete specification of all materials and components comprising each certified footwear.
A-3-4.2.4(a) User information on care, cleaning, and use of protective clothing and equipment
can be obtained from either:
SAFER
PPE CARE AND USE GUIDELINES
8920 Limonite Ave., #169
Riverside, CA 92509
or
F.I.E.R.O.
PPE CARE AND USE GUIDELINES
1029 Lansdowne Road
Charlotte, NC 28270
A-3-4.2.5 The Brannock Scientific Foot Measuring Device can be obtained from the Brannock
Device Company, 509 East Fayette Street, Syracuse, NY 13202; 315-475-9862.
A-3-5.1.3 See A-2-1.4.
A-3-5.2.4 A statement should be included in the user information advising that, upon the
purchaser's request, the manufacturer is to furnish all documentation required by this standard
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and the test data showing compliance with this standard. A statement also should be included in
the user information advising that, upon the purchaser's request, the manufacturer is to furnish a
complete specification of all materials and components comprising each certified hood.
A-4-1 A protective ensemble consisting of both a protective coat and protective trousers is
required to be utilized for structural fire fighting by 5-2.1 and 5-2.6 of NFPA 1500, Standard on
Fire Department Occupational Safety and Health Program, for protection of the fire fighter's
torso and limbs. An overlap of coat and trousers by measurement of the garments on the wearer
also is required by 5-2.1.1 of NFPA 1500. Utilizing three-quarter-length boots instead of
protective trousers leads to increased burn injury for the lower torso, since they significantly
reduce leg, groin, and buttock protection. Wearing three-quarter-length boots instead of
protective trousers is prohibited by 5-2.1 of NFPA 1500.
Purchasers of protective clothing should realize that fire fighters have to wear many items of
protective clothing and equipment. Any interference by one item with the use of another might
result in inefficient operations or unsafe situations. Chest girth, sleeve length, and coat length
should be required for protective coats; waist girth, inseam length, and crotch rise should be
required for protective trousers; chest girth, sleeve length, waist girth, outseam length from the
underarm to the pant cuff, and trunk length from the base of neck to the crotch fold should be
required for protective coveralls. Since manufacturers' patterns vary, to ensure proper fit,
measurement for sizing should be done by the manufacturer's representative or by a trained
person in accordance with the manufacturer's instructions.
Additional user information on selection can be obtained from either:
SAFER
PPE CARE AND USE GUIDELINES
8920 Limonite Ave., #169
Riverside, CA 92509
or
F.I.E.R.O.
PPE CARE AND USE GUIDELINES
1029 Lansdowne Road
Charlotte, NC 28270
A-4-1.2 Purchasers might wish to specify additional reinforcement or padding in high-wear or
load-bearing areas, such as pockets, cuffs, knees, elbows, and shoulders. Padding could include
additional thermal barrier material meeting requirements as specified herein. Reinforcing
material could include the outer shell material or leather. Purchasers are cautioned that additional
weight caused by excessive reinforcement or padding could lead to fatigue or result in injury.
A-4-1.3 The fastener system should be specified by the purchaser. Fastener system methods can
include, but are not limited to, entirely securing the thermal barrier and moisture barrier to a
component part of the outer shell with snap fasteners or fastener tape; zipping the thermal barrier
and moisture barrier to the outer shell; stitching the thermal barrier and moisture barrier into the
coat in the neck and into the trouser in the waist area, with snap fasteners or hook and pile
fasteners securing the remainder; or entirely stitching the thermal barrier and moisture barrier to
the outer shell. It is strongly recommended that the thermal barrier and moisture barrier be
detachable to facilitate cleaning of the garments.
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A-4-1.7 Purchasers should consider specifying requirements for hook and pile fastener service
life, for dry and wet operation, and for thermal stability including shrinkage, melt, char, and drip
requirements where tested in accordance with Section 6-6.
A-4-1.11 Purchasers should specify pockets large enough to hold the items normally carried.
Placement should allow for access to the pockets while wearing SCBA. Specifying ballooned
pockets can increase capacity but could interfere with maneuverability. Ballooning only the back
edges could minimize the maneuverability problem. Divided pockets could be desirable, as well
as pockets for specific items such as SCBA facepieces and radios.
A-4-1.12 Users of protective clothing should be aware that reflective trims have varying
durability under field use conditions. Trim can be damaged by heat, but still appear to be in good
condition when, in fact, it might have lost retroreflective properties. Trim can become soiled and
lose fluorescing and retroreflective qualities. Trim can lose retroreflective qualities in rain or in
fire fighting water exposures.
Trims should be checked periodically by using a flashlight to determine retroreflective
performance. The trim should be bright. Samples of new trim can be obtained from the
manufacturer for comparison, if necessary.
A-4-1.14.2 Purchasers should consider specifying wristlets with a thumb hole or bartack creating
a thumb hole for the wearer's thumb in order to ensure protection when arms are in the raised
position.
A-4-1.14.5 Use of vertical trim on the front of a protective coat has been shown to be capable of
detrimentally affecting the performance of SCBA in high heat exposure conditions, such as
flashover heat/flame conditions.
A basic minimum trim pattern has been established to eliminate CIL requirements and the
requirements for minimum square inches for trim. It was decided to use minimum 325-in.2
fluorescence on a size 40 coat and for all other coats to have trim established proportionately
using a trim pattern instead of actual square-inch requirements.
It is recommended that the circumferential bands on the coat not be aligned. An irregular
pattern of bands improves the conspicuousness of the user.
A-4-1.15.1 A protective ensemble consisting of both a protective coat and protective trousers is
required to be utilized for structural fire fighting by 5-2.1 and 5-2.6 of NFPA 1500, Standard on
Fire Department Occupational Safety and Health Program, for protection of the fire fighter's
torso and limbs. An overlap of coat and trousers by measurement of the garments on the wearer
also is required by 5-2.1.1 of NFPA 1500. Utilizing three-quarter length boots instead of
protective trousers leads to increased burn injury to the lower torso, since they significantly
reduce leg, groin, and buttock protection. Wearing of three-quarter-length boots instead of
protective trousers is prohibited by 5-2.1 of NFPA 1500.
A-4-1.15.3 It is recommended that the trim on trousers be positioned at least 76.2 mm (3 in.)
above the leg hem.
A-4-3.5.2 The purchaser should consider supplementing the hand-sizing dimension tables in
4-3.5.3 with the following sizing performance recommendations and evaluation methods:
(a) Glove Fit/Performance Requirements.
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1. Glove fit is defined in terms of finger length, finger circumference, glove circumference,
and crotch offset.
2. The thumb and index finger of the hand should reach the ends of the thumb and index
finger of the glove.
3. The middle and ring fingers of the glove can be permitted to extend beyond the finger of
the hand no more than 10 mm (0.4 in.).
4. The little finger of the glove can be permitted to extend beyond the little finger of the
hand no more than 13 mm (0.5 in.).
5. The finger crotches of the glove can be permitted to be offset from the finger crotches of
the hand no more than 13 mm (0.5 in.).
6. The glove should not be permitted to constrict the fingers of the hand in circumference.
7. Excess circumference of the glove over the fingers and hand can be permitted but should
not exceed 10 mm (0.4 in.) for any finger, or 38 mm (1.5 in.) for the hand as a whole.
(b) Glove Fit Test Method.
1. The subject's hand should be measured for hand circumference and hand length to
determine the correct size of test glove. The methods described in 4-3.5.1.1 and 4-3.5.1.3,
respectively, should be used.
2. Samples should be conditioned to be new, after ten washes (see 6-1.2.1), and after heat
resistance testing (see Section 6-6).
3. The subjects should don the test gloves as they would their own gloves.
4. The subject should determine if the thumb and index finger are at the ends of the thumb
and index finger of the glove. The tips of the thumb and index finger should be felt from the
outside to verify the subject's answer.
5. An inside diameter caliper should be used to measure the excess of glove finger over test
subject finger for the middle, ring, and little fingers.
6. The subject should determine if the glove constricts either the fingers or the hand in terms
of circumference. Each finger and the sides of the gloved hand should be felt to verify the
subject's answer.
7. An inside diameter caliper should be used to measure any excess circumference in each
finger and in the hand. When recording the values, it should be noted that the measured excess
should be doubled to convert the flat dimension into a circumferential dimension (to account for
the fact that there are two thicknesses of the glove material).
8. The subject's hand dimensions, glove size, and all test results should be recorded.
A-4-3.5.3 The values contained in the five tables are bare-hand dimensions, not glove pattern
dimensions. Guidelines for applying these dimensions to flat glove patterns vary, depending on
such factors as the type of pattern being used, the number of layers in the glove, and the type of
fit desired for the glove.
The values contained in the five tables are those that apply to a five-size system intended to fit
Copyright 1996 NFPA

a population defined as the fifth percentile, female, through the 95th percentile, male, in the U.S.
Army. These values are not valid if other than a five-size system is being used or if the
demographics of the intended population vary.
Caution should be used in determining the specific value to be used in glove patterning from
the given range of values for a particular dimension and glove size. The choice of the lowest,
middle, or highest value is related to expectations of how the glove will fit.
A-4-4.8.2 The Brannock Scientific Foot Measuring Device can be obtained from the Brannock
Device Company, 509 East Fayette Street, Syracuse, NY 13202; 315-475-9862.
A-5-1.14 Fire fighters can encounter many common liquids during the normal performance of
their duties, such as doing structural fire fighting operations. The performance requirements of
5-1.14 should not be interpreted to mean that the protective garments are suitable or are
permitted to be used for protection to the wearer during any hazardous materials operation. It is
the intent of this standard to provide protection from intrusion throughout the protective garment
body by certain liquids, including some common chemicals. The performance and testing
requirements of protective garment materials for common chemicals directly evaluating the
whole protective garment for this property has not yet been evaluated. A precedent exists in
NFPA 1993, Standard on Support Function Protective Clothing for Hazardous Chemical
Operations where water is used to test the integrity of the entire protective garment.
A-5-3.9 Fire fighters can encounter biohazards during the normal performance of their duties,
including rescue of victims from fires, extrication of victims from vehicles or other entrapment
situations, provision of first responder or emergency medical care, or other rescue situations. It is
the intent of this standard to provide protection from intrusion throughout the glove body by
certain liquids, including some common chemicals and from blood borne pathogens. The
performance and testing requirements of glove composite materials for common chemicals
penetration are found in 5-3.10 and Section 6-28, respectively, and the performance and testing
requirements for glove composite materials for biopenetration are found in 5-3.9 and Section
6-29, respectively. Testing methods for directly evaluating whole gloves for these properties
have not yet been validated. The whole glove performance and testing requirements of 5-3.18
and Section 6-33 use water as a convenient and repeatable medium for evaluating whole glove
integrity, as the provisions of Sections 6-28 and 6-29 only allow for testing of glove composites
and not the entire glove. A precedent exists in NFPA 1992, Standard on Liquid
Splash-Protective Suits for Hazardous Chemical Emergencies, where water is used to test the
integrity of the entire protective suit.
A-5-3.10 Fire fighters can encounter many common liquids during the normal performance of
their duties, such as during structural fire fighting operations. The performance requirement of
5-3.10 should not be interpreted to mean that gloves for structural fire fighting are suitable or are
permitted to be used for protection to the wearer during any hazardous materials operations. It is
the intent of this standard to provide protection from intrusion throughout the glove body by
certain common liquids, and from blood borne or other liquid borne pathogens. The performance
and testing requirements of glove composite materials for common liquid penetration are found
in 5-3.10 and Section 6-28, respectively, and the performance and testing requirements of glove
composite materials for biopenetration are found in 5-3.9 and Section 6-29, respectively. The
whole glove performance and testing requirements of 5-3.18 and Section 6-33 use water as a
convenient and repeatable medium for evaluating whole glove integrity, as the provisions of
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Sections 6-28 and 6-29 only allow for testing of glove composites and not the entire glove. A
precedent exists in NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous
Chemical Emergencies, where water is used to test the integrity of the entire protective suit.
Water is also an included liquid. The inclusion of water in the liquid penetration requirement
satisfies essential safety criteria for structural fire fighter gloves. The glove requirements are
largely based on the work of the NIOSH study by G. C. Coletta, I. J. Arons, L. Ashley, and A.
Drennan, The Development of Criteria for Firefighters' Gloves, Volume 1, and Glove
Requirements, Volume 2, Arthur D. Little, Cambridge, MA; February 1976. This NIOSH report
is the landmark study in this field and the merits of its testimony should not be underestimated. It
subsequently has been validated by the work of NASA, Project FIRES, the International
Association of Fire Fighters, and reports by the fire service. The study identified a set of
qualitative and quantitative criteria for fire fighter gloves. Those criteria form the basis from
which recommendations were made for both new glove standards and a prototype glove system
that met those standards. The NIOSH survey of hand and wrist injury statistics and fire fighter's
task-oriented needs provided the most in-depth identification of structural fire fighter glove
requirements to date. That study identified the following critical performance needs:
(a) Resistance to cut
(b) Resistance to puncture
(c) Resistance to heat penetration (radiant and conductive)
(d) Resistance to wet heat penetration (scald-type injury)
(e) Resistance to cold
1. Dry
2. Wet
(f) Resistance to electricity
(g) Dexterity
(h) Resistance to liquids
1. Penetration
2. Retention
3. Material degradation
(i) Comfort
1. Cold and heat
2. Absorbency
3. Weight
4. Stiffness
5. Fit
(j) Resistance to flame
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(k) Durability
(l) Drying
(m) Visibility
Thus, NIOSH developed a comprehensive list of all the design and performance parameters
required by fire service gloves. This list addressed documented hazards encountered by
structural fire fighters, and it served as the foundation for the development of the first and all
subsequent editions of the former glove standard, NFPA 1973, Standard on Gloves for Structural
Fire Fighting, as well as this standard. The following outlines how closely the committee has
followed the NIOSH guide for design criteria, performance criteria, and test methods for fire
fighter gloves.
Critical Performance Needs as Addressed in NFPA 1971:
(a) Resistance to cut: 5-3.11.
(b) Resistance to puncture: 5-3.13.
(c) Resistance to heat penetration: 5-3.5, conductive heat resistance; and 5-3.1, thermal
protective performance.
(d) Resistance to wet heat penetration: 5-3.5, conductive heat resistance; 5-3.1, thermal
protective performance; and 5-3.10, liquid penetration resistance (as recommended by the
NIOSH study).
(e) Resistance to cold: 5-3.10, liquid penetration resistance (as recommended by the NIOSH
study).
(f) Resistance to electricity: These criteria were not addressed, as the committee decided that it
could convey that the glove was suitable for live electrical use.
(g) Dexterity: 5-3.14.
(h) Resistance to liquids: 5-3.10, (as recommended by the NIOSH study).
(i) Comfort: 5-3.14, dexterity; and 4-3.5, sizing.
(j) Resistance to flame: 5-3.6.
(k) Durability: No performance requirements, but this is addressed in 3-3.2, "User
Information," as part of manufacturer's instructions.
(l) Drying: No performance requirements, but this is addressed in 3-3.2, "User Information," as
part of manufacturer's instructions.
(m) Visibility: No requirements, but this is addressed in other protective clothing standards.
This NIOSH comprehensive listing of all the design and performance parameters required by
fire service gloves shows that the water portion of the liquid penetration resistance performance
requirement is an integral component for satisfying three of the protective criteria:
(a) Wet heat resistance
(b) Liquid resistance
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(c) Cold resistance
The NIOSH study relied on the water penetration requirement to ensure a minimum level of
protection in otherwise untested areas, and the committee agrees with the NIOSH study. In
defense of this requirement, the committee has provided the following expanded justifications
for each of these three criteria.
Wet Heat Resistance. The wet heat resistance concept encompasses at least five types of
combined thermal/wet exposures:
(a) Radiant energy on a wet glove
(b) Conductive heat transfer to a wet glove
(c) Wetting of an already heated glove
(d) Steam jet exposure (such as from a broken steam line)
(e) Saturated water vapor atmosphere (such as from scalding water/steam from the hose nozzle
during fire fighting operations)
The committee addressed the first two types of exposure in 5-3.1 and 5-3.5 (TPP and
conductive heat testing) with wet gloves. The last three types of exposures are addressed in
5-3.10 (the water portion of the liquid penetration resistance requirement).
No tests other than those for water penetration have been included in the standard to simulate
the last three kinds of exposures. This is because the committee has relied on the documentation
of NIOSH and Simms, D. L. and P. L. Hinkley, Part 10, The Effect of Water on Clothing,
Suitable for Clothing Aircraft Fire Crash Rescue Workers, (an early study on the interactive
effect of heat and water on thermal transfer in protective clothing) to show that the water
penetration requirement satisfies those needs.
The NIOSH study states:
Fire fighters' gloves should protect against scald-type injury by meeting the criteria for both
resistance to heat penetration and to liquid penetration.
The Simms study states:
A sudden rise in temperature sufficient to produce a scald did not occur at all if a
moistureproof layer was included in the clothing.
The Simms study concludes that, in the absence of continuous wetting throughout the exposure
period, the assemblies with moisture barriers provided more protection and were
"recommended." In assemblies without moisture barriers, the wetting of the hot/dry materials
caused a sudden rise of temperature and severe scalds, and these assemblies should be "avoided."
The committee believes that the liquid penetration resistance test for water is the best available
technique for evaluating a glove's ability to resist these three wet heat assaults until more
sophisticated techniques are developed. To the committee's knowledge, no other appropriate
procedures for testing these criteria are currently available. The above literature citations
document the liquid penetration resistance test for water as being appropriate, and field
experience confirms it to be adequate for protection of the fire fighter.
Liquid Resistance. As noted by NIOSH, the liquid resistance concept encompasses three
kinds of hazards: liquid penetration, liquid retention, and material degradation. Gloves not
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meeting the liquid penetration resistance requirement for water produce burn injuries quickly
when assaulted by hot or boiling water. The liquid penetration resistance test for water directly
evaluates whether water can penetrate through the glove materials. Furthermore, according to
NIOSH, if liquid penetration resistance is not required, a fire fighter more readily encounters a
wet glove/wet hand situation. This combination reduces working efficiency by degrading a fire
fighter's manipulative and gripping abilities. These requirements have been addressed in 5-3.14
and 5-3.17 (dexterity and grip). However, the dexterity and grip testing that is specified
necessitates the use of a testing subject and is done only at room temperature and not in
conditions of extreme heat or cold. Including a liquid penetration resistance requirement for the
glove limits the negative impact that these conditions can have on dexterity and grip.
Liquid retention (i.e., a glove's tendency to soak up liquids) can be hazardous, since it
influences both comfort and function. The committee relied on both 5-3.10 (liquid penetration
resistance) and 5-3.14 (dexterity) to satisfy this criterion.
Cold Resistance. In addressing the resistance to cold, the NIOSH study states:
Fire fighter's gloves used in winter conditions should be constructed with enough insulation to
keep the skin above 18ºC (65ºF) during nonsedentary exposures to ambient temperature of -34ºC
(-30ºF). Gloves should meet the criteria for resistance to liquid penetration as an integral part of
these criteria.
Because fire fighting gloves have to be insulative to high heat exposures, they normally are
effectively insulative to cold exposures as well. As a result, no separate cold insulation
requirements are included in the standard. Gloves also have to be similarly insulative under
cold/wet exposures. In lieu of an insulative test, the cold/wet condition has been addressed by
5-3.10 (liquid penetration resistance). All the data and experience available to the committee
shows that drier insulation is more insulative than wetter insulation under cold exposures.
The committee believes that resistance to cold is a safety issue since, if it is not adequately
provided for in the glove, it can lead to cold burn (frostbite) injuries. A lack of resistance to cold
also can degrade grip and manipulative performance. Almost every area of the country can
experience freezing conditions, although in some southern locales it is not a frequent event. Fire
fighters, however, can experience cold exposures from sources other than weather, such as cold
storage occupancies. The committee believes it is not necessary to differentiate performance for
different areas of the country for any personal protective equipment.
A number of technical papers have been published over the past 50 years that established the
following facts:
(a) The insulative value of clothing can be quantitatively measured in clo units.
(b) Moisture in clothing insulation reduces the clo value of protective clothing.
(c) Compression of clothing reduces the clo value of clothing.
(d) Manual dexterity is reduced as the ambient temperature decreases from 18ºC to -29ºC
(65ºF to -20ºF).
(e) Moisture in clothing accelerates the loss of heat from the hand.
(f) Manual dexterity begins to degrade as hand skin temperature decreases below 18ºC (65ºF).
All of the above show the deleterious effect of water in gloves on manual dexterity and
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protection, especially in cold exposures.
In summary, the liquid penetration resistance requirement and test for water is the most
appropriate test available to measure water penetration resistance in a glove. It is the only
currently available method for providing resistance to several kinds of wet heat exposures.
Furthermore, it also addresses the necessity for a glove to resist cold/wet exposures, to be
dexterous during cold/wet exposures, and to be resistant to excessive absorption of and
deterioration by water. Without the liquid penetration resistance requirement for water, a fire
fighter would have no protection from hot/cold water (which can produce scald and frostbite
injuries, respectively). Without the liquid penetration resistance requirement for water, the
standard would fail to address the resistance to wetting of an already heated glove, steam jets,
saturated water vapor atmospheres, and insulation against cold/wet exposures.
A-5-3.14 The dexterity testing referenced in the body of the standard can be supplemented by the
following:
(a) Exploration of dexterity tests for all sizes or, since it is typically a greater challenge,
exploration of dexterity testing on the extra small sizes
(b) Exploration of glove interface with other fire fighting vocational tools used by the
purchaser
(c) Wear-testing the gloves being considered with particular attention to use on toggles,
switches, and knobs
A-5-3.18 It is the intent of this standard to provide protection from intrusion throughout the
glove body by certain common liquids and from blood borne pathogens. The performance and
testing requirements for glove composite materials for liquid penetration are found in 5-3.10 and
Section 6-28, respectively, and the performance and testing requirements for glove composite
materials for biopenetration are found in 5-3.9 and Section 6-29, respectively. The whole glove
performance and testing requirements of 5-3.18 and Section 6-33 use water as a convenient and
repeatable medium for evaluating whole glove integrity, as the provisions of Sections 6-28 and
6-29 only allow for testing of glove composites and not the entire glove. A precedent exists in
NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous Chemical Emergencies,
where water is used to test the integrity of the entire protective suit.
A-5-3.19 The glove donning performance requirement is intended to evaluate the overall design
of the glove for repeated use. Many factors can affect the performance, including proper sizing,
glove interior design, wrist opening configuration, lining material selection, liner pullout, and
integrity of the assembly. The time limits of this test are not necessarily indicative of field use. In
particular, purchasers might wish to comparatively test wet (as well as dry) don/doff
characteristics before making a final purchase decision.
A-5-4.13 Footwear sole slip resistance measured in wet condition is conducted with water and is
not to be construed as providing the same degree of protection from other wet substances.
A-5-4.15 Fire department personnel should be warned that the electrical hazard-resistant
protective properties in new unworn structural fire fighter boots as required by this standard will
diminish or be eliminated as the boot and the soles/heels wear or if they are punctured or cut.
A-6-1.6.8 A radiant heat test for helmets is specified. Under controlled conditions, a radiant heat
load of 1 W/cm2 is applied until a temperature of 260ºC (500ºF) is reached on a transducer. This
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temperature alone does not simulate actual field conditions but is a test devised to put extreme
heat loads on helmets in an accurate and reproducible manner by testing laboratories. However,
the radiant heat load of 1 W/cm2 was selected as an average value based on studies of fire
conditions that relate to field use.
A-6-1.8 The conditioning requirement in 6-1.8 does not test for cold/wet conditions. The whole
glove integrity requirements found in 5-3.18 and Section 6-33 have been found to be a reliable
predictor of cold/wet performance. Fire fighters' dexterity and tactility can be severely
diminished during cold/wet exposures. The following test procedure can be used to evaluate and
distinguish glove performance in cold/wet exposures. If desired, this performance and test
requirement can be included by the authority having jurisdiction in purchase specifications.
Gloves that allow fingertip temperatures to fall below 10ºC (50ºF) in these exposures severely
diminish dexterity and tactility and fail the test.
NOTE: White AATCC textile blotting paper can be obtained from AATCC, P.O. Box 12215, Research
Triangle Park, NC 27709 [(919) 549-8141].

Cold/Wet Exposure Test
(a) The hand form specified in Figure A-6-1.10 should be positioned vertically with the fingers
down for the duration of the test. The hand form should be filled with 420 ml, ±4 ml of 22ºC,
±3ºC (72ºF, ±5ºF) distilled water. The hand form should be fitted with an internal heater capable
of delivering 23.5 W continuously. The heater should be positioned at the center of the 7.62-cm
(3-in.) diameter aluminum tube and should not contact any internal surface other than the
mounting to the top plate, which should be watertight.
(b) Small quick-response temperature sensors should be positioned at the fingertips of the hand
form in such a way that the temperatures can be monitored and recorded during the test.
(c) The glove to be tested should be mounted on the hand form.
(d) Prior to testing, the glove on the hand form should be submersed to within 1.27 cm (0.5 in.)
of the top of the body of the glove in 0ºC (32ºF) water for 5 minutes.
(e) The glove on the hand form should be exposed to a vertically upward 24-kph (15-mph),
-7ºC (20ºF), 50-percent RH airstream for 1 hour while the hand form is being heated at the rate
of 23.5 W.
(f) The fingertip temperatures should be monitored and recorded once every minute.
A-6-1.10 See Figure A-6-1.10.
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Figure A-6-1.10 Hand form.

A-6-10 The TPP test method described in Section 6-10 is intended for the measurement of
structural fire fighter protective clothing including garment composites, hoods, and gloves. The
test method is not recommended for station/work uniforms and wildland fire fighting protective
clothing.
A-6-10.5.2.4 The convergence of the Meker burners can be checked using a colored piece of
flame resistant material and operating the burners for a couple of seconds. The pattern of
discoloration on the material should appear to be uniform and in the center of the specimen. Any
noncircular or nonuniform discoloration should be cause for adjustment of the Meker burners to
achieve convergence.
A-6-10.5.3.7.1 Copper Calorimeter Calibration Procedures. Calibration of the copper
calorimeter is based on the following equation:
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where:
I = Incident heat flux (kW/m2)
41.84 = conversion factor to kW/m2 from cal/cm2s
dT/dt = rate of temperature rise for the calorimeter indicated by mV/ºC
MC/KA∈ = calorimeter's physical constant, which includes the variables A, ∈, and M
M is the finished mass (g) of the calorimeter, which includes the copper disk and flat black paint
mass on the sensing surface minus the thermocouple mass. C is the heat capacity of pure copper,
which is 0.0927 cal/g ºC. K is the thermocouple conversion constant (0.053 mv/ºC) for the Type
J, Iron-Constantan thermocouple at an average test temperature of 65ºC. A is the surface area
(12.49 cm2) for the calorimeter's front surface, which is exposed to the test heat flux. ∈ is the
emissivity or absorptivity of the black paint used on the calorimeter's front surface, usually a
value not less than 0.95.
The physical constant used in calibration calculations with these sensors is sensitive to changes
in mass and/or emissivity values.
For the copper disk calorimeter used in the TPP test, the punched out and drilled copper slug
mass must be between 17.5 g and 18.0 g to meet the temperature rise over 10 second rate
requirement.
The calorimeter's physical constant can be calculated based on the above discussion. Check the
repaired calorimeter's performance by substituting it with the calibration calorimeter. After
proving equivalence, the test calorimeter can be placed back into service.
Copper Calorimeter Repair Procedures. The copper disk can be removed from its support
board and checked to ensure that all thermocouple to disk connections are securely made. Any
loose connections should be repaired. To repair loose connections, the thermocouple data
transfer wire should be removed, while leaving the short thermocouple wires extending from the
sensor's back side. The sensing surface should be smoothed, cleaned, and repainted with a
quality flat black paint of known emissivity, with a value of no less than 0.95. It may take two or
three light coats to completely and evenly cover the surface. After the paint has thoroughly dried,
the finished calorimeter should be carefully weighed, and its total mass recorded to an accuracy
of 0.01 g. The total mass should include the copper disk mass with the short thermocouple wires
attached, and also includes the mass of flat black paint applied to the calorimeter's surface. The
calorimeter's finished mass should be determined by subtracting the sensor's thermocouple wire
mass from the sensor's total mass. This is accomplished by measuring the sensor's thermocouple
wire lengths from their ends down to the calorimeter's back surface. Then the total wire mass
should be calculated based on the number of wires and their lengths. This value should then be
subtracted from the total mass of the calorimeter assembly to obtain the finished mass. After the
finished mass is determined, the data transfer wires should be securely reconnected, and the
sensor repositioned in its support board.
A-6-15.4.9 Calibration Procedures. The following multiple-step procedure is recommended:
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Procedure 1: Medium and System Calibration. This calibration step should be carried out
with an accelerometer, as specified in Section 6-16, mounted in the impactor. The accelerometer
should be mounted with its sensitive axis within 5 degrees of vertical.
A calibrating medium should be mounted over the load cell, as specified in Section 6-15. The
centers of the load cell, medium, impactor, and accelerometer should be colinear within 3 mm
(0.125 in.), T.I.R. The impactor should be dropped from a height that yields a peak force of 9000
N ±500 N (2000 lbf ±110 lbf). A means of verifying the impact velocity within 2 percent should
be utilized. The measured peak force should equal (within 2.5 percent) the measured peak
acceleration (in g's) times the weight of the impactor. This accuracy should be repeatable
through at least five impacts.
Procedure 2: System Calibration Only. A calibrating medium that has been tested in
accordance with Procedure 1 above can be used without an accelerometer or guided mass. The
force value obtained when testing in accordance with Procedure 1 should be recorded and
provided with the calibrating medium. The calibrating medium should be mounted over the load
cell. The centers of the load cell, medium, impactor, and accelerometer should be colinear within
3 mm (0.125 in.), T.I.R. The impactor should be dropped onto the medium, and the peak force
measured by the load cell should be recorded. The peak force should be within 2.5 percent of
that recorded while testing in accordance with Procedure 1. The calibrating medium should be
retested in accordance with Procedure 1 at not more than 4-month intervals.
Procedure 3: Electronics Calibration. When in use, electronic calibration of the normally
used instrumentation scales should be undertaken at least every six months. This should be
accomplished by following the procedures recommended by the manufacturer of the
instrumentation.
A-6-16.4.9 Calibration Procedures. The following multiple-step calibration should be used:
Procedure 1: Medium and System Calibration. This calibration step should be carried out
using a guided-fall system with an accelerometer mounted in the drop assembly and a load cell
mounted under the reference anvil. The load cell should be mounted in compliance with the
requirements of 6-15.4.3 through 6-15.4.8. The drop assembly should be dropped onto the
reference anvil from a height that yields a peak acceleration of 400 Gn ±20 Gn and accelerations
above 200 Gn of at least 1 millisecond duration. A means of verifying the impact velocity within
2 percent should be utilized. The measured peak performance should equal (within 2 percent) the
measured peak acceleration (in g's) times the weight of the drop assembly. This accuracy should
be repeatable through at least five impacts.
Procedure 2: Electronics Verification. When in use, electronic verification of the normally
used instrumentation scales should be undertaken at least weekly. This should be accomplished
by following the procedures recommended by the manufacturer of the instrumentation.
A-6-17.4.1.3 This prevents missile tumble, helps to protect the operator if the tube extends to
within a short distance of the device being tested, and allows the exact space necessary for
insertion of the missile at the top. Partial shielding of the headform might be advisable to protect
the operator's feet.
A-6-17.5.1.1 The steel balls move at dangerous speeds, and other forms of safety devices, such
as interlocks and palm switches, might be desirable in a particular setup.

Copyright 1996 NFPA

A-6-33.4.1 An example of an inner glove fabric is a lightweight, tightly woven medium- or
dark-colored, 100-percent polyester fabric without surface treatment.
A-6-45.5.1 The Gardner pivotal sphere hazemeter is described in ASTM D 1003, Test Method
for Haze and Luminous Transmittance of Transparent Plastics.
A-6-48.4.1(b) A heavy, flat metal plate with two upright threaded posts, large slotted metal bar,
and heavy-duty metal bolts is a preferred means for mounting the mannequin in the spray
chamber to prevent any effects of the mannequin mounting on the clothing specimen.
A-6-48.6.1 The authority having jurisdiction can request a diagnosis of the mechanism of failure.
Appendix B Referenced Publications
B-1 The following documents or portions thereof are referenced within this standard for
informational purposes only and are thus not considered part of the requirements of this standard
unless also listed in Chapter 7. The edition indicated here for each reference is the current edition
as of the date of the NFPA issuance of this standard.
B-1.1 NFPA Publications. National Fire Protection Association, 1 Batterymarch Park, P.O. Box
9101, Quincy, MA 02269-9101.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters, 1994 edition.
NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous Chemical
Emergencies, 1994 edition.
NFPA 1993, Standard on Support Function Protective Clothing for Hazardous Chemical
Operations, 1994 edition.
NFPA 1999, Standard on Protective Clothing for Emergency Medical Operations, 1992
edition.
B-1.2 Other Publications.
B-1.2.1 ANSI Publications. American National Standards Institute, 11 West 42nd Street, New
York, NY 10036.
ANSI Z87.1, Occupational and Educational Eye and Face Protection, 1989.
ANSI Z535.4, Standard for Product Safety Signs and Labels, 1991.
B-1.2.2 ASTM Publications. American Society for Testing and Materials, 100 Barr Harbor
Drive, West Conshohocken, PA 19428-2959.
ASTM D 471, Standard Test Method for Rubber Property - Effect of Liquids, 1995.
ASTM D 1003, Standard Test Method for Haze and Luminous Transmittance of Transparent
Plastics, 1988.
ASTM F 903, Standard Test Method for Resistance of Protective Clothing Materials to
Penetration by Liquids, 1990.
ASTM F 1001, Standard Guide for Selection of Chemicals to Evaluate Protective Clothing
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Materials, 1989.
B-1.2.3 GSA Publication. General Services Administration, Specifications Activity, Printed
Materials Supply Division, Building 197, Naval Weapons Plant, Washington, DC 20407.
Federal Test Method Standard 191A, Textile Test Methods, July 20, 1978.
B-1.2.4 NIOSH Publications. National Institute for Occupational Health and Safety, 1095
Willowdale Road, Morgantown, WV 26505.
NIOSH Publication 77-134-A, The Development of Criteria for Firefighters' Gloves, Vol. 1,
1976.
NIOSH Publication 77-134-B, Glove Requirements, Vol. 2, 1976.
B-1.2.5 U. S. Government Publication. Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402.
Title 29, Code of Federal Regulations, Part 1910, Section 133 (29 CFR 1910.133); "Eye and
Face Protection," July 1, 1987.
B-1.2.6 Simms, D. L. and P. L. Hinkley, Part 10, The Effect of Water on Clothing, Suitable for
Clothing Aircraft Fire Crash Rescue Workers, F. R. Note 366, Fire Research Station, Boreham
Wood, Herts, England, 1959.

Formal Interpretation
NFPA 1971
Protective Ensemble for Structural Fire Fighting
1997 Edition
Reference: 4-1.15.2
F.I. 86-2
Question: Is it the intent of 4-1.15.2 of NFPA 1971, Standard on Protective Ensemble for
Structural Fire Fighting, to allow the hardware to penetrate the outer shell, moisture barrier, and
the thermal barrier at the cuffs of protective trousers (as standard expressly says is permissable at
the waist) because direct contact of the hardware would be prevented by bunker boots?
Answer: No.
Issue Edition: 1986
Reference:– 2-3.2
Issue Date: September 27, 1989
Effective Date: October 17, 1989
Copyright © 1992 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
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NFPA 1971
Protective Clothing for Structural Fire Fighting
1997 Edition
Reference: 4-4.8.1
F.I. 87-1
Question: Does the standard mean that the boot must be available in all the sizes stated?
Answer: Yes.
Issue Edition: 1987 of NFPA 1974
Reference: 2-2.1
Date: August 1988
Copyright © 1989 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION

NFPA 1975
1994 Edition
Standard on Station/Work Uniforms for Fire Fighters

Copyright © 1994 NFPA, All Rights Reserved
1994 Edition
This edition of NFPA 1975, Standard on Station/Work Uniforms for Fire Fighters, was
prepared by the Technical Committee on Fire Service Protective Clothing and Equipment and
acted on by the National Fire Protection Association, Inc., at its Annual Meeting held May
16–18, 1994, in San Francisco, CA. It was issued by the Standards Council on July 14, 1994,
with an effective date of August 5, 1994, and supersedes all previous editions.
The 1994 edition of this document has been approved by the American National Standards
Institute.
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Origin and Development of NFPA 1975
The Technical Committee on Protective Equipment for Fire Fighters began work on NFPA
1975 in 1982 in response to requests from the fire service to establish requirements for
flame-resistant station uniform clothing. The first edition was acted on by the membership of the
Association at the 1985 Annual Meeting in Chicago, Illinois, and was issued with an effective
date of June 26, 1985.
Following the 1985 edition, the name of the technical committee was changed to the Technical
Committee on Fire Service Protective Clothing and Equipment. Under the direction of that
technical committee, a subcommittee was formed to address station/work uniform concerns. The
Subcommittee on Station/Work Uniforms began revision of the 1985 edition on NFPA 1975 in
1988, and the second edition was acted on by the membership of the Association at the 1990
Annual Meeting in San Antonio, Texas, and was issued with an effective date of August 17,
1990.
The Subcommittee on Station/Work Uniforms began an early revision (4-year cycle) of the
1990 edition of NFPA 1975 in December 1991. During 1993, the NFPA restructured the manner
in which committees were organized, and all standing subcommittees were eliminated. Within
the Technical Committee on Fire Service Protective Clothing and Equipment, the former
standing subcommittees were reorganized as task groups to address specific technical issues, and
the technical committee assumed the entire responsibility for NFPA 1975.
This third edition of NFPA 1975 encompasses revised scope and purpose sections to more
clearly identify what a station/work uniform is intended to be and that, because of the limited
degree of protection it affords, it is not, of itself, a primary protective garment. However, a
station/work uniform garment should not cause or contribute to injury from an unexpected
thermal exposure. The concept of “dual-purpose” station/work uniform garments that also are
designed and certified as a primary protective garment was introduced for situations including,
but not limited to, wildland fire fighting or emergency medical services. Revisions to certain
definitions also strengthen these areas. A new thermal shrinkage test for fabrics was added to the
requirements. An increase of the pre-test conditioning by either washing or dry-cleaning was
added to assure that treated flame-resistant fabrics will retain their flame-resistant characteristics
over the expected life of the garment.
This third edition was acted on by the membership of the Association at the Annual Meeting in
San Francisco, California, on May 18, 1994, and was issued with an effective date of August 5,
1994.
Technical Committee on Fire Service Protective Clothing and Equipment
Kirk H. Owen, Chair
Plano Fire Dept., TX
Rep. NFPA Fire Service Section
Wayde B. Miller, Secretary
Mine Safety Appliances Co., PA
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(Nonvoting)
Peter V. Ackerman, S. Plainfield, NJ
Rep. Nat’l Volunteer Fire Council
Donald Aldridge, Lion Apparel Inc., OH
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Committee Scope: This Committee shall have primary responsibility for documents on the design,
construction, and performance criteria for protective clothing and equipment for the fire service,
including chemical protective clothing and aircraft rescue and fire-fighting protective clothing.

NFPA 1975
Standard on
Station/Work Uniforms for Fire Fighters
1994 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 5 and Appendix C.

Chapter 1 Administration
1-1 Scope.
1-1.1*
This standard shall specify minimum general requirements, minimum performance
requirements, and test methods for textiles and other materials used in the construction of
station/work uniforms to be worn by members of the fire service.
1-1.2*
Station/work uniforms that are certified only to this standard shall not be primary protective
garments. Certification of garments to the requirements of this standard shall not preclude
certification to additional appropriate primary protective garment standards where the garments
meet all requirements of each standard.
1-1.3
Nothing herein is intended to restrict any jurisdiction or manufacturer from exceeding these
minimum requirements.
1-2 Purpose.
1-2.1
The purpose of this standard shall be to provide members of the fire service with station/work
uniforms that will not contribute to burn injury severity.
1-2.2
Controlled laboratory tests used to determine compliance with the performance requirements
of this standard shall not be deemed as establishing performance levels for all situations to which
fire fighters might be exposed.
1-2.3*
This standard shall not be intended to serve as a detailed manufacturing or purchasing
specification but shall be permitted to be referenced in purchase specifications as minimum
requirements.
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1-3 Definitions.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Certification/Certified. A system whereby a certification organization determines that a
manufacturer has demonstrated the ability to produce a product that complies with the
requirements of this standard, authorizes the manufacturer to use a label on listed products that
comply with the requirements of this standard, and establishes a follow-up program conducted
by the certification organization as a check on the methods the manufacturer uses to determine
compliance with the requirements of this standard.
Certification Mark or Label. The authorized identification symbol or logo of the certification
organization.
Certification Organization. An independent, third-party organization that determines product
compliance with the requirements of this standard using a labeling/listing/follow-up program.
Compliant. Meeting or exceeding all applicable requirements of this standard.
Components.* All materials and hardware used in the construction of station/work uniforms,
such as thread, trim, bindings, zippers, snaps, buttons, and labels, but excluding textiles,
interlinings, and emblems.
Drip. To run or fall in drops or blobs.
Emblem(s). A shield(s) or heraldry that designates a governmental entity or a specific
organization, rank, title, position, or some other professional status.
Flame Resistance. The property of a material whereby combustion is prevented, terminated, or
inhibited following application of a flaming or nonflaming source of ignition, with or without
subsequent removal of the ignition source. Flame resistance can be an inherent property of the
textile material, or it can be imparted by specific treatment.
Follow-up Program. The sampling inspections, tests or other measures conducted by the
certification organization on a periodic basis to determine the continued compliance of labeled
and listed products that are being produced by the manufacturer to the requirements of this
standard.
Garment. A unit or units of textile apparel that cover the torso and limbs or parts of limbs.
Inherent Flame Resistance. As applied to textiles, flame resistance that is derived from an
essential characteristic of the fiber or polymer from which the textile is made.
Interlining. Any textile that is intended for incorporation into any article of wearing apparel as
a layer between outer and inner layers.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
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appropriate standards or performance in a specified manner.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
Major Stress Seams. Classes of seams that designate minimum sewn seam requirements.
Class I. The seat seams, side seams, and inseams of pants; the seat seams, side seams, inseams,
and waist seams in the bottom portion of coveralls; and the yoke(s) seams, side seams, sleeve set
and close seams, and shoulder seams for the upper portion of coveralls.
Class II. The yoke(s) seams, side seams, sleeve set and close seams, and shoulder seams for
knit fabrics and woven shirting fabrics.
Manufacturer. The entity that assumes the liability and provides the warranty for the compliant
product.
Melt. A material response to heat evidenced by softening of the fiber polymer that results in
flowing or dripping.
Primary Protective Garment. A garment that is designed, certified, and intended to be the
barrier of protection from a specific hostile environment.
Product Label. A label affixed to the garment by the manufacturer containing general
information, warnings, care, maintenance, or similar data.
Sample Specimen. A specified number of units of the single layer of material or the composite
of the materials, or a specified number of units of the components, both of which have been
taken from a manufacturer’s current production lot used in actual construction of station/work
uniforms proposed for being labeled as compliant with the requirements of this standard.
Separate. A material response evidenced by splitting or delaminating.
Sewn Seam. A series of stitches joining two or more separate plies of material(s) of planar
structure, such as textiles.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Station/Work Uniforms. Nonprimary protective garments that are intended to be worn by
members of the fire service while on duty and that are certified as compliant with this standard
but excluding clothing items that are intended for use as underwear, socks, shorts, dress
uniforms, and outerwear jackets.
Textiles. A planar structure material consisting of yarns or fibers.
1-4 Units.
1-4.1
In this standard, values for measurement are followed by an equivalent value in parentheses,
but only the first stated value shall be regarded as the requirement. Equivalent values in
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parentheses shall not be considered as the requirement, as these values might be approximate.
Chapter 2 Certification
2-1 General.
2-1.1
Station/work uniforms that are labeled and listed as being compliant with this standard shall
meet or exceed all requirements specified in this standard and shall be certified.
2-1.2
All certifications shall be performed by an approved certification organization.
2-1.3
Compliant station/work uniforms shall be labeled and listed. Such station/work uniforms also
shall have a product label that meets the requirements specified in Section 2-5.
2-2 Certification Program.
2-2.1*
The certification organization shall not be owned or controlled by manufacturers or vendors of
the product being certified. The certification organization shall be engaged primarily in
certification work and shall not have a monetary interest in the product’s ultimate profitability.
2-2.2
The certification organization shall refuse to certify products to this standard that do not
comply with all applicable requirements of this standard.
2-2.3*
The contractual provisions between the certification organization and the manufacturer shall
specify that a listing is contingent on compliance with all applicable requirements of this
standard. There shall be no conditional, temporary, or partial certifications. Manufacturers shall
not be authorized to use any label or reference to the certification organization on products that
are not manufactured in compliance with all applicable requirements of this standard.
2-2.4*
For certification, laboratory facilities and equipment for conducting proper tests shall be
available, a program for calibration of all instruments shall be in place and operating, and
procedures shall be in use to ensure proper control of all testing. Good practice shall be followed
regarding the use of laboratory manuals, form data sheets, documented calibration routines,
performance verification, proficiency testing, and staff qualifications and training programs.
2-2.5
Manufacturers shall be required to establish and maintain a program of production inspection
and testing that meets the requirements of Section 2-4.
2-2.6
The manufacturer and the certification organization shall evaluate any changes affecting the
form, fit, or function of the certified product to determine its continued certification to this
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standard.
2-2.7*
Product certification shall include a follow-up inspection program, with at least two random
and unannounced visits per 12-month period.
2-2.8
The certification organization shall have a program for investigating field reports alleging
malperformance or failure of listed products.
2-2.9
The operating procedures of the certification organization shall provide a mechanism for the
manufacturer to appeal decisions. The procedures shall include the presentation of information
from both sides of a controversy to a designated appeals panel.
2-2.10
The certification organization shall be in a position to use legal means to protect the integrity
of its name and label. The name and label shall be registered and legally defended.
2-3 Inspection and Testing.
2-3.1
Sampling levels for testing and inspection shall be established by the certification organization
and the manufacturer to assure reasonable and acceptable reliability at a reasonable and
acceptable confidence level that products certified by this standard are compliant. This
information shall be provided to the purchaser on request.
2-3.2
Testing for determining material and component compliance with the requirements specified in
Chapter 3 shall be performed on samples representative of materials and components used in the
construction of the garments. The certification organization also shall be permitted to use sample
materials cut from a representative station/work uniform.
2-3.3
Inspection of the product label shall assure that, where cleaning instructions specified by the
manufacturer on the product label indicate a solvent-based, dry-cleaning procedure, the
flame-resistance test in Section 4-2 shall have been conducted as specified in 4-2.3. If the
cleaning instructions specified by the manufacturer on the product label indicate a water-based
cleaning procedure, the flame-resistance test in Section 4-2 shall have been conducted as
specified in 4-2.4. If both a solvent-based, dry-cleaning procedure and a water-based cleaning
procedure are specified by the manufacturer on the product label, the flame-resistance test in
Section 4-2 shall have been conducted as specified in both 4-2.3 and 4-2.4.
2-3.4
Inspection shall include a review of the user information required by Section 2-6 to assure the
information has been developed and is available.
2-4 Manufacturer’s Quality Assurance.
2-4.1
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The manufacturer shall provide and maintain a quality assurance program that includes a
documented inspection and product recall system. The manufacturer shall have an inspection
system to substantiate compliance to this standard.
2-4.2
The manufacturer shall maintain written inspection and testing instructions. The instructions
shall prescribe inspection and testing of materials, work in process, and completed items. Criteria
for acceptance and rejection of materials, processes, and the final product shall be part of the
instructions.
2-4.3
The manufacturer shall maintain records of all pass/fail tests. Pass/fail records shall indicate
the disposition of the failed material or product.
2-4.4
The manufacturer’s inspection system shall provide for procedures that ensure that the latest
applicable drawings, specifications, and instructions are used for fabrication, inspection, and
testing.
2-4.5
The manufacturer shall, as part of the quality assurance program, maintain a calibration
program for all instruments used in order to ensure proper control of testing. The calibration
program shall be documented as to the date of calibration and performance verification.
2-4.6
The manufacturer shall maintain a system for identifying the appropriate inspection status of
component materials, work in process, and finished goods.
2-4.7
The manufacturer shall establish and maintain a system for controlling nonconforming
material, including procedures for the identification, segregation, and disposition of rejected
material. All nonconforming materials or products shall be identified to prevent use, shipment,
and intermingling with conforming materials or products.
2-4.8
The manufacturer’s quality assurance program shall be audited by the third-party certification
agency to determine that the program is sufficient to ensure the products’ continued compliance
with this standard.
2-5 Product Labeling.
2-5.1*
Station/work uniforms shall have a product label or labels permanently and completely
attached to each garment, upon which at least the following warning and information shall be
printed in letters at least 1/16 in. (1.5 mm) high:
“THIS STATION/WORK UNIFORM GARMENT MEETS THE
REQUIREMENTS OF NFPA 1975, STANDARD ON STATION/WORK UNIFORMS
FOR FIRE FIGHTERS, 1994 EDITION.
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WARNING!
THIS GARMENT, WHEN CERTIFIED ONLY AS A STATION/WORK
UNIFORM, DOES NOT PROVIDE PRIMARY PROTECTION FOR ANY
FIRE-FIGHTING ACTIVITIES.
FOR ALL FIRE-FIGHTING ACTIVITIES, PROTECTIVE CLOTHING AND
EQUIPMENT APPROPRIATE FOR THE TYPE OF FIRE-FIGHTING
OPERATION MUST BE WORN FOR LIMB/TORSO PROTECTION, AND
ADDITIONAL ITEMS OF PROTECTIVE CLOTHING AND EQUIPMENT WILL
BE NEEDED FOR RESPIRATORY, HEAD, HAND, AND FOOT PROTECTION.
FAILURE TO COMPLY WITH THIS WARNING MAY RESULT IN SERIOUS
INJURY OR DEATH.”
Manufacturer’s name
Manufacturer’s address
Manufacturer’s number, or cut/lot number, or serial number
Country of manufacture
Country of origin of textile fabric
Style name or design
Name and certification mark or symbol of the certification organization
Date of manufacture
Size
Cleaning and drying instructions, including applicable warnings regarding detergents,
soaps, cleaning additives, and bleaches
Fiber contents
“DO NOT REMOVE THIS LABEL.”
2-5.1.1 If more than one label is used to form the product label, all labels shall be adjacent to
each other.
2-5.2
All portions of the required product label shall be printed at least in English.
2-5.3
The product label shall be attached to the garment along the entire perimeter of the label.
2-6 User Information.
2-6.1
The manufacturer shall furnish, upon request, all technical data confirming compliance of the
product with this standard.
2-6.2
The manufacturer shall furnish, upon request, the following data on textiles, excluding
interlinings, used in the construction of compliant station/work uniforms:
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(a) Fabric weight in ounces per square yard, when tested as specified in ASTM D3776,
Standard Test Method for Weight (Mass per Unit Area) of Woven Fabric;
(b) Tensile (grab) strength in pounds, force, when tested as specified in ASTM D1682,
Standard Test Method for Breaking Load and Elongation of Textile Fabrics;
(c) Tear resistance in pounds, force, when tested as specified in ASTM D1424, Standard Test
Method for Tear Resistance of Woven Fabrics by Falling-Pendulum (Elmendorf) Apparatus; and
(d) Burst strength in pounds per square inch, when tested as specified in ASTM D3787,
Standard Test Method for Bursting Strength of Knitted Goods — Constant-Rate-of-Traverse
(CRT) Ball Burst Test.
2-6.3
The manufacturer shall furnish, upon request, colorfastness ratings for textiles, excluding
interlinings, used in the construction of compliant station/work uniforms using the following
tests:
(a) AATCC 61 (3A), Colorfastness to Laundering, Home and Commercial: Accelerated;
(b) AATCC 132, Colorfastness to Dry-Cleaning, when dry-cleaning is specified as the
preferred method for cleaning the garment;
(c) AATCC 8, Colorfastness to Crocking, under both wet and dry conditions;
(d) AATCC 15, Colorfastness to Perspiration, indicating both shade change and staining
ratings; and
(e) AATCC 16E, Colorfastness to Light: Water-Cooled Xenon-Arc Lamp, Continuous Light,
for both 20- and 40-hour exposures.
2-6.4
The manufacturer shall furnish, upon request, tensile strength, tear resistance, and burst
strength data on textile fabric, excluding interlinings, used in the construction of compliant
station/work uniforms and measured as specified in 2-6.2, following either 10 cycles of machine
washing or 5 cycles of dry-cleaning. In addition, laundering shrinkage in percent of dimensional
change, each direction, shall be reported as specified in the measurement procedure specified in
AATCC 135, Dimensional Changes in Automatic Home Laundering of Woven and Knit Fabrics.
The choice of machine washing or dry-cleaning shall be consistent with the manufacturer’s
designated cleaning instructions as specified on the product label.
Chapter 3 Performance Requirements
3-1 Flame Resistance.
3-1.1
Sample specimens of textiles, excluding interlinings, shall be tested individually for flame
resistance and shall have an average char length of not more than 6.0 in. (15.24 cm), shall have
an average afterflame of not more than 2.0 seconds, and shall not melt or drip when tested as
specified in Section 4-2, Flame-Resistance Testing.
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3-2 Heat Resistance.
3-2.1
Sample specimens of textiles and components excluding interlinings, collar stays, elastic, and
hook and pile fasteners when placed where they will not come into direct contact with the body
shall be tested individually for heat resistance and shall not melt, drip, separate, or ignite when
tested as specified in Section 4-3, Heat-Resistance Testing.
3-3 Thread Heat Resistance.
3-3.1
All thread utilized in station/work uniform garments shall be of an inherently flame-resistant
fiber, and sample specimens shall not melt when tested as specified in Section 4-4, Thread
Heat-Resistance Testing.
3-4 Seam Strength.
3-4.1
Sample specimens of all major stress seams shall demonstrate a sewn-seam strength equal to
or greater than that stipulated for each class of seam specified herein when tested as specified in
Section 4-5, Seam Breaking Strength Testing.
3-4.1.1 Class I major stress seams of woven fabrics shall have a minimum of 55 lb (247.5 N) of
breaking strength for either thread or fabric.
3-4.1.2 Class II major stress seams of woven fabrics shall have a minimum of 40 lb (180 N) of
breaking strength for either thread or fabric.
3-4.1.3 Class I and II major stress seams of knit fabrics shall have a minimum of 40 lb (180 N) of
burst strength for either thread or fabric.
3-5 Thermal Shrinkage Resistance.
3-5.1*
Sample specimens of textiles, excluding interlinings, shall be tested individually for thermal
shrinkage resistance and shall not shrink more than 15 percent in any direction when tested as
specified in Section 4-6, Thermal Shrinkage Resistance Testing.
3-6 Product Label Printing Durability.
3-6.1
Sample specimens of product labels shall be tested for printing durability and shall be legible
when tested as specified in Section 4-7, Label Print Durability Testing.
Chapter 4 Test Methods
4-1 Preconditioning.
4-1.1
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Sample specimens to be tested shall be conditioned in accordance with Section 4,
“Atmospheric Conditions for Testing,” of Federal Test Method Standard 191A, Textile Test
Methods, at a temperature of 70°F, ±2°F (21°C, ±1°C) with a relative humidity of 65 percent, ±5
percent. Samples shall be tested not more than 5 minutes after removal from conditioning.
4-2 Flame-Resistance Testing.
4-2.1
Flame resistance shall be conducted as specified in Method 5903.1, Flame Resistance of Cloth:
Vertical, of Federal Test Method Standard 191A, Textile Test Methods.
4-2.2*
Sample specimens to be tested shall be preconditioned as specified in Section 4-1 after either
dry-cleaning or washing cycles specified in either 4-2.3 or 4-2.4.
4-2.3
The flame-resistance testing of sample specimens that are designated by the manufacturer on
the product label to be dry-cleaned shall be conducted both before and after 50 cycles of
dry-cleaning as specified in the procedures of Sections 9.2 and 9.3 of AATCC 158, Dimensional
Changes in Dry-Cleaning in Perchloroethylene: Machine Method.
4-2.4*
The flame-resistance testing of sample specimens that are designated by the manufacturer on
the product label to be machine washed shall be conducted both before and after 100 cycles of
washing and drying. Each washing cycle shall be as specified in Table 4-2.4.
Table 4-2.4 Washing Cycle Procedure

Operations
Break

Time
(min)

Temperature
°F (°C)

Water
Level

10

150 (66)

Low

Quantity per
wash load
g (oz)

Sodium meta silicate

17 (0.6)

Sodium tripoly phosphate

11 (0.4)

Tergitol 15-S-9 or
equivalent

22 (0.8)

Drain

1

Carry-over

5

Drain

1

Rinse

2

Drain

1

Rinse

2

Drain

1

150 (66)

Low

-

135 (57)

High

-

118 (48)

High

-
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Rinse

2

Drain

1

Sour

5

100 (38)

High

-

100 (38)

Low

6 (0.2)

Sodium silicofluoride
Drain

1

Extract

5

4-2.4.1 No bleach or softener shall be used during any portion of the laundry cycle.
4-2.4.2 The machine shall be filled with water to the specified level prior to adding chemicals.
The water level shall be determined by measuring inside the washing machine from the
bottommost portion of the basket to the water surface. This water level measurement shall be 5
in. (12.7 cm) for the low setting and 10 in. (25.4 cm) for the high setting. Water hardness shall
not exceed 25 ppm.
4-2.4.3 The extraction cycle shall continue as specified in Table 4-2.4 or until water is no longer
flowing to drain. The load shall be removed immediately after the extraction cycle concludes.
4-2.4.4 A full load of 20 lb (9 kg) shall be laundered. A dummy load, if needed to make a full
load, shall be as specified in Section 12.4 of AATCC 135, Dimensional Changes in Automatic
Home Laundering of Woven and Knit Fabrics.
4-2.4.5* The machine type shall be a front-loading, 35-lb (16-kg) capacity, industrial washer
capable of performing the operations specified in 4-2.4.
4-2.4.6* Sample specimens shall be tumble dried. The dryer temperature shall be preset to
provide a dryer exhaust exit temperature of 155°F, ±5°F (68°C, ±3°C) without a load.
4-2.4.7 Sample specimens shall be removed from the dryer immediately after drying is complete.
Additional drying time shall be avoided.
4-2.5
Sample specimens shall be examined by the unaided eye with 20/20 vision, or vision corrected
to 20/20, for evidence of melting or dripping to determine pass/fail.
4-2.6
The average char length shall be calculated to determine pass/fail.
4-2.7
The average afterflame shall be calculated to determine pass/fail.
4-3 Heat-Resistance Testing.
4-3.1
Sample specimens to be tested shall be in their original form and shall be preconditioned as
specified in Section 4-1.
4-3.2
Copyright 1996 NFPA

Textile sample specimen length shall be 6 in. (15.24 cm), other than for textiles utilized in the
garment in lengths less than 6 in. (15.24 cm), where length shall be the same as utilized in the
garment. Textile sample specimen width shall be 6 in. (15.24 cm), other than for textiles utilized
in the garment in widths less than 6 in. (15.24 cm), where the width shall be the same as utilized
in the garment.
4-3.3
The test oven shall be a horizontal flow, circulating oven with minimum interior dimensions of
24 in. × 24 in. × 24 in. (61 cm × 61 cm × 61 cm). The test oven shall have an airflow rate of 125
to 250 linear ft/min (0.63 to 1.26 m/s) at the standard temperature and pressure of 70°F (21°C) at
1 atmosphere measured at the center point of the oven. A test thermocouple shall be positioned
so that it is level with the horizontal centerline of a mounted sample specimen. The test
thermocouple shall be equidistant between the vertical centerline of a mounted sample specimen
placed in the middle of the oven and the oven wall where the airflow enters the test chamber.
The thermocouple shall be an exposed bead, type J or K, 30 AWG thermocouple. The test oven
shall be heated and the test thermocouple stabilized at 500°F, +10°/–0°F (260°C, +6°/–0°C) for a
minimum of 30 minutes.
4-3.4
Textile sample specimens shall be suspended by metal clips at the top and centered in the oven
so that the entire sample specimen is not less than 2 in. (5.08 cm) from any oven surface or other
specimen, and so that airflow is parallel to the plane of the material.
4-3.5
Component sample specimens that cannot be prepared as specified in 4-3.2, such as hardware
component sample specimens, shall be supported or freely suspended in the center of the oven so
that they are not less than 2 in. (5.08 cm) from any oven surface or other specimen and are
exposed to circulating air.
4-3.6
The test temperature shall be 500°F, +10°/–0°F (260°C, +6°/–0°C). Sample specimens,
mounted as specified in 4-3.5, shall be placed in the circulating air oven and exposed to the test
temperature for 5 minutes, +0.15/-0.0 minutes. The test exposure time shall begin when the oven
has recovered to an air temperature of 500°F, +10°/–0°F (260°C, +6°/–0°C). Oven recovery time
after the door is closed shall not exceed 1 minute.
4-3.7
Sample specimens shall be examined by the unaided eye with 20/20 vision, or vision corrected
to 20/20, for evidence of melting, dripping, separating, or igniting to determine pass/fail.
4-4 Thread Heat-Resistance Testing.
4-4.1
Sample specimens to be tested shall be conditioned as specified in Section 4-1.
4-4.2
Sample specimens shall be tested to a temperature of 500°F (260°C) as specified in Method
1534, Melting Point of Synthetic Fibers, of Federal Test Method Standard 191A, Textile Test
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Methods.
4-5 Seam Breaking Strength Testing.
4-5.1
Sample specimens of woven textile seam assemblies shall be tested as specified in ASTM
D1683, Standard Test Method for Failure in Sewn Seams of Woven Fabric.
4-5.2
Sample specimens of knit textile seam assemblies shall be tested as specified in ASTM D3940,
Standard Test Method for Bursting Strength (Load) and Elongation of Sewn Seams of Knit or
Woven Stretch Textile Fabrics.
4-6 Thermal Shrinkage Resistance Testing.
4-6.1
Testing shall be conducted on three sample specimens. Sample specimens shall be 15 in. × 15
in., ±0.5 in. (38 cm × 38 cm, ±1.3 cm).
4-6.2
Sample specimen marking and measurements shall be conducted as specified in the procedures
of AATCC 135, Dimensional Changes in Automatic Home Laundering of Woven and Knit
Fabrics.
4-6.3
Sample specimens of station/work uniforms that are designated by the manufacturer on the
product label to be dry-cleaned shall be tested both before and after being subjected to 5 cycles
of commercial dry-cleaning as specified in 4-2.3.
4-6.4
Sample specimens of station/work uniforms that are designated by the manufacturer on the
product label to be machine washed shall be tested both before and after being subjected to 10
cycles of washing and drying as specified in 4-2.4.
4-6.5
Sample specimens to be tested shall be preconditioned as specified in Section 4-1.
4-6.6
The test oven shall be a horizontal flow, circulating oven with minimum interior dimensions of
24 in. × 24 in. × 24 in. (61 cm × 61 cm × 61 cm). The test oven shall have an airflow rate of 125
to 250 linear ft/min (0.63 to 1.26 m/s) at the standard temperature and pressure of 70°F (21°C) at
1 atmosphere measured at the center point of the oven. A test thermocouple shall be positioned
so that it is level with the horizontal centerline of a mounted sample specimen. The test
thermocouple shall be equidistant between the vertical centerline of a mounted sample specimen
placed in the middle of the oven and the oven wall where the airflow enters the test chamber.
The thermocouple shall be an exposed bead, type J or K, 30 AWG thermocouple. The test oven
shall be heated and the test thermocouple stabilized at 500°F, +10°/–0°F (260°C, +6°/–0°C) for a
minimum of 30 minutes.
4-6.7
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Sample specimens shall be suspended by metal clips at the top and centered in the oven so that
the entire sample specimen is not less than 2 in. (5.08 cm) from any other oven surface or other
specimen and so that airflow is parallel to the plane of the material.
4-6.8
The test temperature shall be 500°F, +10°/–0°F (260°C, +6°/–0°C). Sample specimens,
mounted as specified, shall be placed in the circulating air oven and exposed to the test
temperature for 5 minutes, +0.15 minutes/-0.0 minutes. The test exposure time shall begin when
the oven has recovered to an air temperature of 500°F, +10°/–0°F (260°C, +6°/–0°C). Oven
recovery time after the door is closed shall not exceed 1 minute.
4-6.9
After removal from the oven, knit fabric sample specimens shall be pulled to their original
dimensions and shall be allowed to relax for 1 minute prior to measurement for determining
pass/fail.
4-6.10*
All sample specimens shall be measured to determine thermal shrinkage. The results shall be
reported as the average of all three specimens to determine pass/fail.
4-7 Label Print Durability Testing.
4-7.1
Sample specimens of product labels to be tested shall be preconditioned as specified in Section
4-1. Sample specimens of product labels shall be attached to a compliant support fabric
measuring 15 in. × 15 in., ±0.5 in. (38 cm × 38 cm, ±1.3 cm) in the same manner as they are to be
attached on the compliant garment.
4-7.2
Sample specimens of product labels for station/work uniforms that are designated by the
manufacturer on the product label to be dry-cleaned shall be subjected to 50 cycles of
dry-cleaning as specified in 4-2.3.
4-7.3
Sample specimens of product labels for station/work uniforms that are designated by the
manufacturer on the product label to be washed shall be subjected to 100 cycles of washing and
drying as specified in 4-2.4.
4-7.4
After the washing and drying cycles or the dry-cleaning cycles, the sample specimens shall be
examined at a distance of 12 in. (30.5 cm) by the unaided eye with 20/20 vision, or vision
corrected to 20/20, to determine pass/fail.
Chapter 5 Referenced Publications
5-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
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the current edition as of the date of the NFPA issuance of this document.
5-1.1 AATCC Publications.
American Association of Textile Chemists and Colorists, P.O. Box 12215, Research Triangle
Park, NC 27709.
AATCC 8, Colorfastness to Crocking, 1981.
AATCC 15, Colorfastness to Perspiration, 1989.
AATCC 16E, Colorfastness to Light: Water-Cooled Xenon-Arc Lamp, Continuous Light,
1982.
AATCC 61 (3A), Colorfastness to Laundering, Home and Commercial: Accelerated, 1989.
AATCC 132, Colorfastness to Dry-Cleaning, 1989.
AATCC 135, Dimensional Changes in Automatic Home Laundering of Woven and Knit
Fabrics, 1987.
AATCC 158, Dimensional Changes in Dry-Cleaning in Perchloroethylene: Machine Method,
1990.
5-1.2 ASTM Publications.
American Society for Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.
ASTM D1424, Standard Test Method for Tear Resistance of Woven Fabrics by
Falling-Pendulum (Elmendorf) Apparatus, 1981.
ASTM D1682, Standard Test Method for Breaking Load and Elongation of Textile Fabrics,
1975.
ASTM D1683, Standard Test Method for Failure in Sewn Seams of Woven Fabric, 1990.
ASTM D3776, Standard Test Method for Weight (Mass per Unit Area) of Woven Fabric,
1979.
ASTM D3787, Standard Test Method for Bursting Strength of Knitted
Goods—Constant-Rate-of-Traverse (CRT) Ball Burst Test, 1980.
ASTM D3940, Standard Test Method For Bursting Strength (Load) and Elongation of Sewn
Seams of Knit or Woven Stretch Textile Fabrics, 1983.
5-1.3* GSA Publication.
General Services Administration, Specifications Activity, Printed Materials Supply Division,
Building 197, Naval Weapons Plant, Washington, DC 20407.
Federal Test Method Standard 191A, Textile Test Methods, 1978.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1.1
Experience with textiles has shown that purchasers should consider fabrics meeting suggested
specifications for and use items shown in Table A-1-1.1.
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Table A-1-1.1 Fabric Properties
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A-1-1.2
Station/work uniforms that are compliant only with NFPA 1975 are not primary protective
garments and cannot be relied on to provide protection from specific hazards, such as those
encountered during structural or wildland fire fighting. There are other standards for garments
that will provide primary protection for specific hazards to which fire fighters can be exposed
while participating in emergency operations or training. However, compliant station/work
uniforms also could be certified to another standard for primary protective garments and thereby
could be both a primary protective garment for the specific hazard that the other standard
addresses, as well as being a station/work uniform that is compliant with NFPA 1975.
Station/work uniforms that receive such dual certification (to NFPA 1975 and to a primary
protective garment standard) would always exceed the minimum requirements of NFPA 1975.
Examples of primary protective garment standards include, but are not limited to, NFPA 1977,
Standard on Protective Clothing and Equipment for Wildland Fire Fighting, and NFPA 1999,
Standard on Protective Clothing for Emergency Medical Operations. Where the station/work
uniform is also the thermal barrier, or part of the thermal barrier, for structural fire fighting
ensembles or for proximity fire fighting ensembles, the dual certification would be to NFPA
1971, Standard on Protective Clothing for Structural Fire Fighting, or NFPA 1976, Standard on
Protective Clothing for Proximity Fire Fighting.
A-1-2.3
The purchaser should provide the vendor with a detailed specification for the specific
performance and design criteria. Listed below are a number of recommendations for the
development of purchasing agreements.
In order to facilitate effective and consistent communications between the purchaser and the
vendor, specific contact persons should be designated to address such issues as contract
requirements, order status, delivery schedules, and problem resolution.
In addition to the performance requirements specified by Chapter 3 and to ensure that
station/work uniforms are ordered and manufactured in a consistent manner, purchasers should
consider the development of a detailed purchase specification that includes:
(a) Compliance of the garments with NFPA 1975;
(b) Reference item numbers for each item required by the purchase specification;
(c) Additional material/component requirements (as suggested in Table A-1-1.1);
(d) Size(s) (individual or range);
(e) Color;
(f) Number of units;
(g) Special service requirements;
(h) Pockets or emblems (number, type, and detailed description of placement);
(i) Special wrapping and packaging requirements;
(j) Shipment terms and conditions;
(k) Manufacturer’s warranty.
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Where additional requirements are specified by the purchaser and these requirements exceed
those of NFPA 1975, the purchaser should consider requiring the vendor to provide test data that
demonstrates garment compliance with the additional requirements of the purchasing agreement
(test methods recommended in Table A-1-1.1). Test methods and test procedures should be
discussed and mutually agreed on between the purchaser and vendor as part of the specifications
acceptance process.
The purchaser should develop a coordinated system to maintain records on purchase order
details and specifications, testing results for any requested performance criteria that exceeds the
requirements of NFPA 1975, vendor performance, delivery schedules, and invoice inventory.
The purchase specifications and the system should provide the procedures needed to address
compliance or noncompliance with the purchasing contract.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-3 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-1-3 Components.
Any sewn, post-manufacturing modification to a compliant station/work uniform should utilize
thread as specified in Section 3-3. Emblems, heraldry, and other garment lettering/identification
are not covered by this standard. Direct garment lettering with paints, inks or dyes, or
individually attached letters can pose a risk to the wearer if exposed to heat or fire. Unless any
fabric used as a carrier for the garment lettering meets the fabric requirements of this standard, it
can also pose a risk to the wearer.
A-1-3 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The authority having jurisdiction should utilize the system employed by the listing organization
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to identify a listed product.
A-2-2.1
The certification organization should have sufficient breadth of interest and activity so that the
loss or award of a specific business contract would not be a determining factor in the financial
well-being of the agency.
A-2-2.3
The contractual provisions covering certification programs should contain clauses advising the
manufacturer that, if requirements change, the product should be brought into compliance with
the new requirements by a stated effective date through a compliance review program involving
all currently listed products.
Without these clauses, certifiers would not be able to move quickly to protect their name,
marks, or reputation. A product safety certification program would be deficient without these
contractual provisions and the administrative means to back them up.
A-2-2.4
Investigative procedures are important elements of an effective and meaningful product safety
certification program. A preliminary review should be carried out on products submitted to the
agency before any major testing is undertaken.
A-2-2.7
Such inspections should include, in most instances, witnessing of production tests. With
certain products, the certification organization inspectors should select samples from the
production line and submit them to the main laboratory for countercheck testing. With other
products, it might be desirable to purchase samples in the open market for test purposes.
A-2-5.1
To avoid possible damage to the garment and possible reduction and loss of inherent or treated
flame-resistance characteristics of the garment, the manufacturer should be contacted prior to
disinfecting or cleaning the garment by a method not prescribed on the product. Fire fighters and
other fire department members should not clean station/work uniforms in their home washing
machines.
For information on the prevention and transmission of communicable diseases and carcinogens
caused by contaminated garments, see NFPA 1581, Standard on Fire Department Infection
Control Program, and U.S. OSHA regulation 29 CFR 1910.1030, or consult the Centers for
Disease Control, the local board of public health, the American Medical Association, the U.S.
Fire Administration, the Environmental Protection Agency, or the International Association of
Fire Fighters.
A-3-5.1
Thermal shrinkage of fabric of greater than 15 percent can contribute to burn injury severity
due to increased heat transfer, restriction of body movement, and the breaking open of fabric.
A-4-2.2
The dry-cleaning and machine wash cycles are used for diagnostic purposes only. The
manufacturers’ laundering instructions might differ.
A-4-2.4
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Tergitol 15-S-9 is available from Union Carbide. Sodium meta silicate is available from Tilly
Chemical Co. under the trade name Metso 2048 beads, anhydrous sodium metasilicate. Sodium
triploy phosphate is available from Tilly Chemical Co. under the trade name Amoto. Sodium
silicoflouride is available from UNX Chemical Co. under the trade name Sourcide. Materials
from other sources that are of equivalent chemical composition and concentration can be used in
place of the laundry chemicals listed herein.
A-4-2.4.5 One example of a suitable industrial laundry machine is a Milnor Model
30015C6M-AAC. Equivalents can be used.
A-4-2.4.6 One example of a suitable industrial tumble dryer is a Huebsch Originator, Model
37CSH. Equivalents can be used.
A-4-6.10
Where significant distortion of the sample occurs, the testing laboratories will need to develop
a consistent manner of measuring between marks.
A-5-1.3
Single copies of GSA publications generally are available at the General Services
Administration Business Centers in cities throughout the United States. They also are available
from the U.S. Government Printing Office.
Appendix B NFPA 1975 Test Methods and
Applications for Station/Work Uniforms
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
Requirement
(Section No.)

Test Method Cited

Description of Test Method

Application of Test Method

FTMS 191A, 5903.1

A 3 in. × 12 in. material specimen is placed
in a holder that is suspended vertically over a
11/2-in. high flame. The flame is produced by
a methane gas source. The material is placed
in contact with the flame at the flame’s
mid-point for a period of 12 seconds. After
exposure to the flame, the amount of time
during which the specimen continues to burn
(afterflame) is recorded. The length of the
burn, or char length, then is measured by
attaching a weight to tear the specimen and
measuring the length of the tear along the
burn line. Notations are recorded if any
melting or dripping is observed. Samples are
tested in this manner both before and after 100
wash/dry cycles, or 50 dry-cleaning cycles,
whichever practice is specified for the
material.

This test is used to determine how read
ignite and how long they continue to b
removal of the ignition source. Materia
an average afterflame time greater than
char length greater than 6 in., or exhib
dripping. Char length is an indicator of
stability. This test is not representative
flame contact to which fire fighters mi

A material sample, 6 in. square, is suspended
in a forced air-circulating oven at 500°F.

This purpose of the test is to prevent m
components that ignite, melt, drip, or s

Mandatory Tests
Flame resistance
(Section 3-1)

Industrial laundering per
procedure specified in
4-2.4
Dry-cleaning per AATCC 158
(Sections 9.2 and 9.3)
(Section 4-2)

Heat resistance
(Section 3-2)

Method appears in
Section 4-3
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Following a 5-minute exposure, the sample is
removed and visually examined for evidence
of melting, dripping, separation, or ignition.
Samples that demonstrate such behavior fail
the test.

exposure to high heat from being used
uniforms.

Thread melting
FTMS 191A, 1534
resistance (Section 3-3) (Section 4-4)

A small segment of thread used in the
stitching of station/work uniforms is placed in
a flask containing an organic solvent and
heated. (The solvent extracts substances that
would interfere with the test.) Next, the
extracted thread segment is put in a device
that slowly heats the thread. The temperature
at which the thread begins to melt is the
melting temperature.

Thread used in station/work uniforms
temperatures of up to 500°F. If the me
temperature is less than 500°F, the thre
The temperature, 500°F, is consistent w
heat-resistance test.

Seam strength (Section ASTM D1683 (woven) ASTM
3-4)
D3940 (knit) (Section 4-5)

Two different methods are used—one for
woven fabrics, and the second for knit fabrics.
The strength of a woven material seam is
measured in the same way as material tensile
strength. In this test, a material seam
specimen is placed between two grips in a
tensile testing machine and pulled until it
breaks. A burst test is used for knit seams,
where the material seam specimen is placed
on a tensile machine with a 1-in. diameter ball
and a circular clamp. The tensile testing
machine is used to push the ball through the
specimen. The force at which the specimen
breaks is the seam strength.

Different seam strength requirements a
different material types and portions o
station/work uniform. NFPA 1975 requ
critical trouser or lower coverall seams
strength of 55 lb or greater. Shirt or up
seams must have a seam strength of 40
Knit material seams must have a seam
lb or greater.

Requirement
(Section No.)

Test Method Cited

Application of Test Metho

A 15 in. × 15 in. material specimen is
measured and marked for size and suspended
in a forced air-circulating oven at 500°F for 5
minutes. Following the oven exposure, the
dimensions of the material sample are
compared to the original dimensions. Samples
are tested in this manner both before and after
10 wash/dry cycles, or 5 dry-cleaning cycles,
whichever practice is specified for the
material.

This test examines what happens to a m
exposure to high temperatures. Therma
fabric greater than 15 percent can cont
injury severity due to increased heat tr
restriction of body movement, or the b
of fabric.

Method appears in Section
4-6
4-6
Industrial laundering per
procedure specified in
4-2.4
4-2.4
Dry-cleaning per AATCC 158
(Sections 9.2 and 9.3)

Sample labels must contain the required
language as stated in NFPA 1975. They are
subjected to 100 wash/dry cycles or 50
dry-cleaning cycles, as appropriate for the
material, and then examined for legibility.

This requirement checks for label dura
Following this test, the labels must rem
from a distance of at least 12 in.

ASTM D3776

A 6 in. square of fabric is weighed using a
Recommended minimum weights spec
laboratory balance. Fabric weight is expressed woven fabrics are as follows:
in ounces per square yard (oz/yd2 or “osy”).
• Woven trousers, 5.5 oz/yd2

Thermal shrinkage
Method appears in Section
resistance (Section 3-5) 4-6
Industrial laundering per
procedure specified in
4-2.4
Dry-cleaning per AATCC 158
(Sections 9.2 and 9.3)
Label print durability
(Section 3-6)

Description of Test Method

Optional Tests
Fabric weight
(A-1-1.1)
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• Woven shirts, 4.0 oz/yd2
• Knit T-shirts, 3.0 oz/yd2
• Knit sweatshirts, 7.0 oz/yd2

Fabric weights that are heavier than th
recommended weights could be selecte
clothing might be less comfortable dur
weather.
Material tensile
strength (A-1-1.1)

ASTM D1682

In this test, a 4 in. × 8 in. material specimen
is placed between the two grips of a tensile
testing machine and pulled until it breaks. The
force needed to break the material is the
material strength.

Tensile strength is a measurement that
ease with which a woven material can
apart. NFPA 1975 recommends that w
have a minimum material strength of 5
should have a minimum material stren

Material tear
resistance (A-1-1.1)

ASTM D1424

In this test, a notched 4 in. × 6 in. material
specimen is placed into a test device. The test
device uses a pendulum that is allowed to fall.
The force of the falling pendulum tears the
material beyond the notch. This test measures
the force in pounds needed to continue a tear
in the notched test specimen.

Tear resistance is a measurement of th
which a woven fabric can be torn apar
recommends that woven trousers have
tear resistance of 5 lb. Woven shirts sh
minimum tear resistance of 2 lb of tear

Requirement
(Paragraph No.)

Test Method Cited

Description of Test Method

Application of Test Meth

Material burst
strength
(A-1-1.1)

ASTM D3787

This test measures the force required to burst
a knit fabric by a hard, round object. A
material specimen is clamped over a
diaphragm that is inflated until the specimen
bursts. The force at which the material
ruptures is the bursting strength.

Burst strength is a measure of how ea
fabric can be penetrated by a hard, ro
NFPA 1975 recommends burst streng
and 50 lb, respectively, for knit shirt
sweatshirts.

Laundering
shrinkage
(A-1-1.1)

AATCC 135: Machine Cycle 3;
Wash Temp. IV; and Drying Proc.
Aiii(5 washes)

A material sample is subjected to 5 separate
wash/dry cycles under controlled conditions.
Following the washing and drying, the
dimensions of the material sample are
compared to its original dimensions.

Laundering shrinkage is a measure o
percentage a fabric shrinks after laun
1975 recommends that woven fabric
more than 3 percent. Knit shirt fabric
shrink more than 8 percent and knit s
more than 10 percent.

Laundering

AATCC 61, Procedure 3A

A material sample is subjected to controlled
washing and drying conditions. Following
exposure, the color of the material sample is
compared to a color scale chart that indicates
the degree of color change. Ratings of 1 to 5
are possible (5 being the best).

Following laundering, the color of th
sample is compared to a color scale c
indicates the degree of color change.
recommends a “washing” rating of a
“staining” rating of at least 3.

Dry-cleaning
colorfastness
(A-1-1.1)

AATCC 132

A material sample is subjected to controlled
dry-cleaning conditions. Following exposure,
the color of the material sample is compared
to a color scale chart that indicates the degree
of color change. Ratings of 1 to 5 are possible
(5 being the best).

Following dry-cleaning, the color of
sample is compared to a color scale c
indicates the degree of color change.
recommends a rating of at least 3.

Crocking
colorfastness
(A-1-1.1)

AATCC 8

In this test method, a material sample is
placed in a device against a white transfer
cloth. The device rubs the material together.

Crocking colorfastness is a measure
of color or dye that is transferred from
by rubbing or abrasion. NFPA 1975

colorfastness
(A-1-1.1)
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The amount of color that is transferred to the
white transfer cloth is assessed by a rating
scale of 1 to 5 (5 being the best).

that all station/work uniform materia
“wet” rating of 2 to 3 and a “dry” rat

Perspiration
colorfastness
(A-1-1.1)

AATCC 15

A material sample is subjected to simulated
perspiration conditions. Following exposure,
the color of the material sample is compared
to a color scale chart that indicates the degree
of color change. Ratings of 1 to 5 are possible
(5 being the best).

Following exposure, the color of the
sample is compared to a color scale c
indicates the degree of color change.
recommends a “shade change” rating
and a “staining” rating of at least 3.

Light
colorfastness
(A-1-1.1)

AATCC 16E

A material specimen is placed in a device that
simulates exposure to sunlight at an
accelerated rate. The exposure test is
conducted for either 20 or 40 hours of
exposure. Following the exposure, the
material is compared to a colorfastness rating
scale. Ratings of 1 to 5 are possible (5 being
the best).

Light colorfastness is a measure of th
color change in a fabric due to exten
to sunlight. NFPA 1975 recommends
station/work uniform materials have
colorfastness rating of 2 to 3 after 20
exposure and a colorfastness rate of 2
hours.

Appendix C Referenced Publications
C-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
C-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1581, Standard on Fire Department Infection Control Program, 1991 edition.
NFPA 1971, Standard on Protective Clothing for Structural Fire Fighting, 1991 edition.
NFPA 1976, Standard on Protective Clothing for Proximity Fire Fighting, 1992 edition.
NFPA 1977, Standard on Protective Clothing and Equipment for Wildland Fire Fighting,
1993 edition.
NFPA 1999, Standard on Protective Clothing for Emergency Medical Operations, 1992
edition.
C-1.2 Other Publications.
C-1.2.1 AATCC Publications. American Association of Textile Chemists and Colorists, P.O.
Box 12215, Research Triangle Park, NC 27709.
AATCC 8, Colorfastness to Crocking, 1981.
AATCC 15, Colorfastness to Perspiration, 1989.
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AATCC 16E, Colorfastness to Light: Water-Cooled Xenon-Arc Lamp, Continuous Light,
1982.
AATCC 61 (3A), Colorfastness to Laundering, Home and Commercial: Accelerated, 1989.
AATCC 132, Colorfastness to Dry-Cleaning, 1989.
AATCC 135, Dimensional Changes in Automatic Home Laundering of Woven and Knit
Fabrics, 1987.
AATCC 158, Dimensional Changes in Dry-Cleaning in Perchloroethylene: Machine Method,
1990.
C-1.2.2 ASTM Publications. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM D1424, Standard Test Method for Tear Resistance of Woven Fabrics by
Falling-Pendulum (Elmendorf) Apparatus, 1981.
ASTM D1682, Standard Test Method for Breaking Load and Elongation of Textile Fabrics,
1975.
ASTM D1683, Standard Test Method for Failure in Sewn Seams of Woven Fabric, 1990.
ASTM D3776, Standard Test Method for Weight (Mass per Unit Area) of Woven Fabric,
1979.
ASTM D3787, Standard Test Method for Bursting Strength of Knitted
Goods—Constant-Rate-of-Traverse (CRT) Ball Burst Test, 1980.
ASTM D3940, Standard Test Method for Bursting Strength (Load) and Elongation of Sewn
Seams of Knit or Woven Stretch Textile Fabrics, 1983.
C-1.2.3 GSA Publication. General Services Administration, Specifications Activity, Printed
Materials Supply Division, Building 197, Naval Weapons Plant, Washington, DC 20407.
Federal Test Method Standard 191A, Textile Test Methods, 1978.
C-1.2.4 U.S. Government Publication. U.S. Government Printing Office, Superintendent of
Documents, Washington, DC 20402.
Title 29, Code of Federal Regulations, Part 1910 (29 CFR 1910.1030), March 6, 1992.

NFPA 1976
1992 Edition
Standard on Protective Clothing for Proximity Fire Fighting

Copyright © 1992 NFPA, All Rights Reserved
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1992 Edition
This edition of NFPA 1976, Standard on Protective Clothing for Proximity Fire Fighting, was
prepared by the Technical Committee on Fire Service Protective Clothing and Equipment and
acted on by the National Fire Protection Association, Inc. at its Annual Meeting held May 18-21,
1992 in New Orleans, LA. It was issued by the Standards Council on July 17, 1992, with an
effective date of August 14, 1992.
The 1992 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1976
This document is the first from the Technical Committee on Fire Service Protective Clothing
and Equipment to address speciality protective clothing for fire fighting operations other than
structural fire fighting.
It is intended to provide thermal protection from high levels of radiant heat as well as thermal
protection from conductive and convective heat present during proximity fire fighting operations
such as those involving bulk flammable liquids and bulk flammable gases and during aircraft
rescue and fire fighting.
The Subcommittee on Proximity Protective Clothing began their work in 1987 and passed their
work on to the Technical Committee in January, 1991. This first edition was presented to
Association at the 1992 Annual Meeting in New Orleans, LA.
Technical Committee on Fire Service Protective Clothing and Equipment
Richard M. Duffy, Chairman
International Assn. of Fire Fighters, DC
Rep. IAFF
Wayde B. Miller, Secretary
Mine Safety Appliances Co., PA
(Nonvoting)
Peter V. Ackerman, South Plainfield, NJ
Rep. NVFC
Donald Aldridge, Lion Apparel Inc., OH
Joseph A. Bigler, Mine Safety Appliances Co., PA
Rep. CGA
Donna P. Brehm, Virginia Beach Fire Dept., VA
Dennis W. Browner, Scott Aviation, NY
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Rep. ISEA Respiratory
Rand-Scott Coggan, Redmond Fire Dept., WA
Christopher E. Coombs, Cairns & Brother Inc., NJ
Paul H. Crawford, Riverside Fire Dept., CA
Rep. SAFER
Patricia A. Freeman, Globe Fire Fighters Suits, NH
Glen E. Gardner, U.S. Occupational Safety & Health Admin., DC
William L. Grilliot, Morning Pride Mfg. Co., OH
Cliff Haskell, IAFF Local 522, CA
Rep. IAFF
David A. Heywood, U.S. Testing Co., CA
Cy Long, Texas Comm. on Fire Prot. Personnel Standards & Education, TX
Robert T. McCarthy, U.S. Fire Administration, MD
Jim Minx, IAFF Local 1524, OK
Rep. IAFF
Kirk H. Owen, Plano Fire Department, TX
Rep. NFPA/FSS
Ray Reed, Dallas Fire Fighters Association, TX
Alexander W. Santora, New York City Fire Department, NY
Charles C. Soros, Seattle Fire Dept, WA
Jeffrey O. Stull, Texas Research Institute, Inc., TX
Bruce H. Varner, Phoenix Fire Department, AZ
James H. Veghte, Biotherm Inc., OH
Kay M. Villa, National Institute of Standards and Technology, MD
Thomas L. Wollan, Underwriters Laboratories Inc., IL
Alternates
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Roger L. Barker, North Carolina State University, NC
(Alternate to P. A. Freeman)
Don R. Forrest, United Firefighters of LA City, CA
(Alternate to C. Haskell)
Mary I. Grilliot, Morning Pride Manufacturing Company Inc., OH
(Alternate to W. L. Grilliot)
Tom Hillenbrand, Underwriters Laboratories Inc., IL
(Alternate to T. L. Wollan)
Raymond J. Kelley, Pawtucket Fire Fighters Local 1261, RI
(Alternate to K. H. Owen)
Dominick A. Martucci, U.S. Testing Co., NJ
(Alternate to D. A. Heywood)
Joseph Reyes, IAFF Local 341, TX
(Alternate to J. Minx)
Robert J. Richter, Cairns & Brothers, NJ
(Alternate to C. E. Coombs)
Kenneth L. Simmons, Phoenix Fire Dept, AZ
(Alternate to B. H. Varner)
Joanne E. Slattery, U.S. Department of Labor OSHA, DC
(Alternate to G. E. Gardner)
Frank P. Taylor, Lion Apparel Inc., OH
(Alternate to D. Aldridge)
Robert Vettori, National Institute of Standards and Technology, MD
(Alternate to K. M. Villa)
Frank E. Wilcher, Industrial Safety Equipment Assn Inc., VA
(Alternate to ISEA Rep. Clothing)
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Standard on
Protective Clothing for Proximity Fire Fighting
1992 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 6 and Appendix B.

Chapter 1 Administration
1-1 Scope.
1-1.1*
This standard specifies minimum design and performance criteria and test methods for
protective clothing designed to provide limb/torso protection for fire fighters against adverse
environmental effects encountered during proximity fire fighting operations.
1-1.2
This standard specifies criteria for protection from convective and conductive heat that is
equivalent to such requirements in NFPA 1971, Standard on Protective Clothing for Structural
Fire Fighting, and, in addition, specifies criteria for protection from high levels of radiant heat
for limited exposures.
1-1.3*
Proximity protective garments meeting the requirements of this standard are intended to
provide equivalent levels of protection to those specified in NFPA 1971, Standard on Protective
Clothing for Structural Fire Fighting, with the exception of trim requirements. Criteria for the
use of proximity protective clothing in structural fire fighting applications are specified in NFPA
1500, Standard on Fire Department Occupational Safety and Health Program.
1-1.4*
This standard does not address specialized protective clothing for fire entry, hazardous
materials emergencies, or wildland fire fighting and does not provide criteria for protection from
chemical, biological, or radiological agents.
1-1.5*
This standard is not intended to be utilized as a detailed manufacturing or purchase
specification, but shall be permitted to be referenced in purchase specifications as minimum
requirements.
1-2 Purpose.
1-2.1*
The purpose of this standard is to provide minimum performance requirements for proximity
protective clothing worn by fire fighters primarily responsible for aircraft rescue and fire
fighting, bulk flammable liquids fire fighting, flammable gas fire fighting, and similar situations
releasing high levels of radiant heat.
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1-2.2
Controlled laboratory tests used to determine compliance with the performance requirements
of this standard shall not be deemed as establishing performance levels for all situations to which
fire fighting personnel may be exposed.
1-2.3
Nothing herein is intended to restrict any jurisdiction or manufacturer from exceeding these
minimum requirements.
1-3 Definitions.
Aircraft Rescue and Fire Fighting. The fire fighting actions taken to rescue persons and to
control or extinguish fire involving or adjacent to aircraft on the ground. Such rescue and fire
fighting actions are performed both inside and outside of aircraft.
Approach Fire Fighting. Limited, specialized exterior fire fighting operations at incidents
involving fires producing very high levels of conductive, convective, and radiant heat, such as
bulk flammable gas and bulk flammable liquid fires. Specialized thermal protection from
exposure to high levels of radiant heat is necessary for the persons involved in such operations
due to the limited scope of these operations and the greater distance from the fire that these
operations are conducted. Not entry, proximity, or structural fire fighting. (See also Entry Fire
fighting, Proximity Fire Fighting, and Structural Fire Fighting.)
Approved.* Acceptable to the “authority having jurisdiction.”
Authority Having Jurisdiction.* The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
Cargo Pockets. Pockets located on the proximity protective garment exterior.
Certification/Certified. A system whereby a certification organization determines that a
manufacturer has demonstrated the ability to produce a product that complies with the
requirements of this standard, authorizes the manufacturer to use a label on listed products that
comply with the requirements of this standard, and establishes a follow-up program conducted
by the certification organization as a check on the methods the manufacturer uses to determine
compliance with the requirements of this standard.
Certification Organization. An independent, third party organization that determines product
compliance with the requirements of this standard with a labeling/listing/follow-up program.
Char. The formation of a brittle residue when material is exposed to thermal energy.
Collar Lining. That part of collar fabric composite that is next to the skin when the collar is
closed in the raised position.
Compliance/Compliant. Meeting or exceeding all applicable requirements of this standard.
Composite. The layer or layers that provide the protection required of the outer shell, moisture
barrier, and thermal barrier.
Drip. To run or fall in drops or blobs.
Entry Fire Fighting. Extraordinarily specialized fire fighting operations that can include the
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activities of rescue, fire suppression, and property conservation at incidents involving fires
producing very high levels of conductive, convective, and radiant heat; such as aircraft fires,
bulk flammable gas fires, and bulk flammable liquid fires. Highly specialized thermal protection
from exposure to extreme levels of conductive, convective, and radiant heat is necessary for
persons involved in such extraordinarily specialized operations due to the scope of these
operations and that direct entry into flames is made. Usually these operations are exterior
operations. Not structural fire fighting. (See also Approach Fire Fighting, Proximity Fire
Fighting, and Structural Fire Fighting.)
Follow-Up Program. The sampling, inspections, tests, or other measures conducted by the
certification organization on a periodic basis to determine the continued compliance of products
listed that are being produced by the manufacturer to the requirements of this standard.
Hardware. Non-fabric components of proximity protective clothing including those made of
metal or plastic material.
Hazardous Materials Emergencies. Incidents involving the release or potential release of
hazardous chemicals into the environment that can cause loss of life, personnel injury, or damage
to property and the environment.
Interface Area. An area of the body not protected by a proximity protective garment, helmet,
gloves, footwear, or SCBA facepiece; the area where the proximity protective garments and the
helmet, gloves, footwear, or SCBA facepiece meet, i.e., the proximity protective
coat/helmet/SCBA facepiece area, the proximity protective coat/glove area, and the proximity
protective trouser/footwear area.
Interface Component. Item(s) designed to provide limited protection to interface areas.
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the authority having jurisdiction and concerned
with product evaluation, that maintains periodic inspection of production of labeled equipment
or materials and by whose labeling the manufacturer indicates compliance with appropriate
standards or performance in a specified manner.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the “authority having jurisdiction” and concerned with product evaluation, that maintains
periodic inspection of production of listed equipment or materials and whose listing states either
that the equipment or material meets appropriate standards or has been tested and found suitable
for use in a specified manner.
Major A Seams. See Seams.
Major B Seams. See Seams.
Melt. To change from solid to liquid, or become consumed, by action of heat.
Minor Seams. See Seams.
Moisture Barrier.* That portion of the composite designed to prevent the transfer of liquid
water from the environment to the thermal barrier.
Outer Shell. That outside facing portion of the composite with the exception of trim, hardware,
and reinforcing material.
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Product Label. A label or marking affixed to the proximity protective clothing garment by the
manufacturer containing general information, warnings, care, maintenance, or similar data. This
product label is not the certification organization’s label, symbol, or identifying mark; however,
the certification organization’s label, symbol, or identifying mark may be attached to it or be part
of it. (See also Labeled.)
Protective Wristlet. The interface component that provides limited protection to the proximity
protective coat/glove interface area.
Proximity Fire Fighting. Specialized fire fighting operations that can include the activities of
rescue, fire suppression, and property conservation at incidents involving fires producing very
high levels of conductive, convective, and radiant heat; such as aircraft fires, bulk flammable gas
fires, and bulk flammable liquid fires. Specialized thermal protection from exposure to high
levels of radiant heat, as well as thermal protection from conductive and convective heat, is
necessary for persons involved in such operations due to the scope of these operations and the
close distance to the fire that these operations are conducted although direct entry into flame is
NOT made. Usually these operations are exterior operations but might be combined with interior
operations. Not structural fire fighting, but might be combined with structural fire fighting
operations. Not entry fire fighting. (See also Approach Fire Fighting, Entry Fire Fighting, and
Structural Fire Fighting.)
Proximity Head Protection. A radiant reflective protective item that includes, or is used in
conjunction with, head impact protection and is designed to provide protection to the head, face,
and neck areas against radiant, convective, and conductive heat.
Proximity Protective Clothing. Radiant reflective protective garments configured as a coat and
trousers, or as a coverall, and interface components that are designed to provide protection for
the fire fighter’s body from conductive, convective, and radiant heat.
Proximity Protective Coat. Proximity protective garment designed and configured to provide
protection to upper torso and arms, excluding the hands and head.
Proximity Protective Coverall. Proximity protective garment designed and configured to
provide protection to the torso, arms, and legs, excluding the head, hands, and feet.
Proximity Protective Garment. Proximity protective coat, proximity protective trouser, or
proximity protective coverall.
Proximity Protective Trouser. Proximity protective garment designed to provide protection for
the lower torso and legs, excluding the feet.
Seams.
Major A Seams. Those outer shell seam assemblies where rupture could reduce the protection
of the garment by exposing the moisture barrier, thermal barrier, the wearer’s station/work
uniform, other clothing, or skin.
Major B Seams. Those moisture barrier or thermal barrier seam assemblies were rupture could
reduce the protection of the garment by exposing the next layer of the garment, the wearer’s
station/work uniform, other clothing, or skin.
Minor Seams. Those remaining seam assemblies that are not classified as Major A or Major B
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seams.
Shall. Indicates a mandatory requirement.
Should. This term, as used in the Appendix, indicates a recommendation or that which is
advised but not required.
Structural Fire Fighting. The activities of rescue, fire suppression, and property conservation in
buildings, enclosed structures, vehicles, vessels, or like properties that are involved in a fire or
emergency situation.
Thermal Barrier. That portion of the composite designed to provide thermal protection.
Trim. Retroreflective and fluorescent material permanently attached to the outer shell for
visibility enhancement. Retroreflective materials enhance nighttime visibility, and fluorescent
materials improve daytime visibility.
Winter Liner. An optional component layer designed to provide added insulation against cold.
1-4 Units.
1-4.1
In this standard, values for measurement are followed by an equivalent in parentheses, but only
the first stated value shall be regarded as the requirement. Equivalent values in parentheses shall
not be considered as the requirement as these values might be approximate.
Chapter 2 Certification
2-1 General.
2-1.1
Proximity protective garments that are labeled as being compliant with this standard shall meet
or exceed all applicable requirements specified in this standard and shall be certified.
2-1.2
All certification shall be performed by an approved certification organization.
2-1.3
Compliant proximity protective garments shall be labeled and listed. Such proximity protective
garments shall also have a garment label that meets the requirements specified in Section 2-5 of
this chapter.
2-2 Certification Program.
2-2.1*
The certification organization shall not be owned or controlled by manufacturers or vendors of
the product being certified. The certification organization shall be primarily engaged in
certification work and shall not have a monetary interest in the product’s ultimate profitability.
2-2.2
The certification organization shall refuse to certify products to this standard that do not
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comply with all requirements of this standard.
2-2.3*
The contractual provisions between the certification organization and the manufacturer shall
specify that certification is contingent on compliance with all applicable requirements of this
standard. There shall be no conditional, temporary, or partial certifications. Manufacturers shall
not be authorized to use any label or reference to the certification organization on products that
are not manufactured in compliance with all applicable requirements of this standard.
2-2.4*
For certification, laboratory facilities and equipment for conducting proper tests shall be
available, a program for calibration of all instruments shall be in place and operating, and
procedures shall be in use to ensure proper control of all testing. Good practice shall be followed
regarding the use of laboratory manuals, form data sheets, documented calibration and
calibration routines, performance verification, proficiency testing, and staff qualification and
training programs.
2-2.5
Manufacturers shall be required to establish and maintain a program of production inspection
and testing that meets the requirements of Section 2-4 of this chapter.
2-2.6
The manufacturers and the certification organization shall evaluate any changes affecting the
form, fit, or function of the certified product to determine its continual certification to this
standard.
2-2.7*
Product certifications shall include a follow-up inspection program, with at least 2 random and
unannounced visits per 12-month period.
2-2.8
The certification organization shall have a program for investigating field reports alleging
malperformance or failure of listed products.
2-2.9
The operating procedures of the certification organization shall provide a mechanism for the
manufacturer to appeal decisions. The procedures shall include the presentation of information
from both sides of a controversy to a designated appeals panel.
2-2.10
The certification organization shall be in a position to use legal means to protect the integrity
of its name and label. The name and label shall be registered and legally defended.
2-3 Inspection and Testing.
2-3.1
Sampling levels for testing and inspection shall be established by the certification organization
and the manufacturer to assure a reasonable and acceptable reliability at a reasonable and
acceptable confidence level that products certified as being compliant with the standard are
compliant.
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2-3.2
Inspection for determining compliance with the design requirements specified in Chapter 3 of
this standard shall be performed on a completed garment.
2-3.3
Testing for determining material and component compliance with the requirements specified in
Chapter 4 of this standard shall be performed on samples representative of materials and
components used in the actual construction of the proximity protective clothing. The certification
organization shall be permitted to also use sample material cut from a representative proximity
protective clothing.
2-4 Manufacturer’s Quality Assurance Program.
2-4.1
The manufacturer shall provide and maintain a quality assurance program that includes a
documented inspection and product recall system. The manufacturer shall have an inspection
system to substantiate conformance to this standard.
2-4.2
The manufacturer shall maintain written inspection and testing instructions. The instructions
shall prescribe inspection and test of materials, work in process, and completed articles. Criteria
for acceptance and rejection of materials, processes, and final product shall be part of the
instructions.
2-4.3
The manufacturer shall maintain records of all pass/fail tests. Pass/fail records shall indicate
the disposition of the failed material or product.
2-4.4
The manufacturer’s inspection system shall provide for procedures that assure the latest
applicable drawings, specifications, and instructions are used for fabrication, inspection, and
testing.
2-4.5
The manufacturer shall, as part of the quality assurance program, maintain a calibration
program of all instruments used to ensure proper control of testing. The calibration program shall
be documented as to the date of calibration and performance verification.
2-4.6
The manufacturer shall maintain a system for identifying the appropriate inspection status of
component materials, work in process, and finished goods.
2-4.7
The manufacturer shall establish and maintain a system for controlling nonconforming
material, including procedures for the identification, segregation, and disposition of rejected
material. All nonconforming materials or products shall be identified to prevent use, shipment,
and intermingling with conforming materials or products.
2-4.8
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The manufacturer’s quality assurance program shall be audited by the third party certification
agency to determine that the program is sufficient to ensure continued product compliance with
this standard.
2-5 Product Labeling.
2-5.1*
The outer shell and each separable layer of each proximity protective garment shall have a
product label permanently and conspicuously attached to each layer upon which at least the
following warning and information are printed in at least 1/16 in. (1.5 mm) high letters. At least
one product label shall be conspicuously located inside the garment in all possible configurations
of garment utilization.
“THIS PROXIMITY PROTECTIVE GARMENT MEETS THE
REQUIREMENTS OF NFPA 1976, STANDARD ON PROTECTIVE
CLOTHING FOR PROXIMITY FIRE FIGHTING, 1992 EDITION.
WARNING
FOR PROXIMITY FIRE FIGHTING OPERATIONS, BOTH PROXIMITY
PROTECTIVE COAT AND PROXIMITY PROTECTIVE TROUSERS
MUST BE WORN FOR LIMB/TORSO PROTECTION. OUTER SHELL,
MOISTURE BARRIER, AND THERMAL BARRIER MEETING ALL
REQUIREMENTS OF NFPA 1976 MUST BE UTILIZED, AND ALL
GARMENT CLOSURES MUST BE FASTENED WHEN IN USE. DO NOT
USE PROXIMITY PROTECTIVE COAT AND PROXIMITY
PROTECTIVE TROUSERS ALONE FOR PROXIMITY FIRE FIGHTING
OPERATIONS; OTHER PROTECTIVE EQUIPMENT—HEAD
PROTECTION, SCBA, GLOVES, FOOTWEAR, PASS—IS REQUIRED
FOR PROTECTION. DO NOT KEEP THIS GARMENT IN DIRECT
CONTACT WITH FLAMES. THIS GARMENT ALONE MAY NOT
PROVIDE PROTECTION FOR FIRE ENTRY APPLICATIONS OR FOR
PROTECTION FROM CHEMICAL, BIOLOGICAL, OR RADIOLOGICAL
AGENTS. KEEP THIS GARMENT CLEAN AS SOILING WILL REDUCE
PROTECTIVE QUALITIES.
-DO NOT USE CHLORINE BLEACHCHLORINE BLEACH WILL SIGNIFICANTLY COMPROMISE THE
PROTECTION AFFORDED BY THE TEXTILE MATERIALS UTILIZED
IN THE CONSTRUCTION OF THIS GARMENT. USERS MUST CLEAN,
MAINTAIN, AND ALTER ONLY IN ACCORDANCE WITH
MANUFACTURER’S INSTRUCTIONS. DO NOT STORE IN DIRECT
SUNLIGHT. NO PROTECTIVE CLOTHING CAN PROVIDE COMPLETE
PROTECTION FROM ALL CONDITIONS. USE EXTREME CARE FOR
ALL EMERGENCY OPERATIONS. FAILURE TO COMPLY WITH
THESE WARNINGS MAY RESULT IN SERIOUS INJURY OR DEATH.”
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Manufacturer’s name
Manufacturer’s address
Country of manufacture
Manufacturer’s garment identification number
Date of manufacture
Size
Cleaning and drying instructions
Garment material(s)
“DO NOT REMOVE THIS LABEL”
2-5.2
All portions of the required label shall be printed at least in English.
2-5.3
All labels shall be clearly legible to the eye both before and after being subjected to the
procedure specified in Section 5-1 of this standard. Labels not meeting specimen size
requirements for the procedure listed above shall be sewn to a support fabric of required size.
2-6* User Information.
2-6.1
Proximity protective clothing manufacturers shall provide the following instructions and
information with each garment:
(a) Cleaning instructions,
(b) Maintenance criteria,
(c) Methods of repair,
(d) Warranty information,
(e) Retirement considerations.
2-6.2
Proximity protective clothing manufacturers shall furnish training materials that address, but
are not limited to:
(a) Safety considerations,
(b) Storage conditions,
(c) Decontamination procedure.
Chapter 3 Design Requirements
3-1* Proximity Protective Garment Requirements.
3-1.1*
A sample garment shall have at least the applicable design requirements specified in this
chapter when inspected as specified in Chapter 2 of this standard.
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3-1.2*
Proximity protective garments shall consist of a composite of an outer shell, moisture barrier,
and thermal barrier. This composite shall be permitted to be configured as a single layer or
multiple layers.
3-1.3*
Proximity protective garments shall NOT have non-radiant reflective material, including but
not limited to trim, lettering, patches, name or number stencils, emblems, paint, or other marking
mediums affixed to the outer shell reflective surfaces. In addition, proximity protective garments
shall NOT have non-radiant reflective leather or other reinforcements affixed to the outer shell
reflective surfaces other than when used as reinforcement of the sleeve and trouser leg cuffs
only. Such reinforcements shall not exceed more than 1 in. (25 mm) over the reflective outer
surface from the end of the cuff.
3-1.4*
Proximity protective garments shall have a means of securing the moisture barrier and thermal
barrier to the outer shell.
3-1.5
Proximity protective garments, including the front closure, shall be constructed in a manner
that provides secure and complete moisture and thermal protection. If non-positive fasteners
such as snaps or hook and pile tapes are utilized in the garment closure, a positive locking
fastener, such as hooks and dees or a zipper, shall be utilized.
3-1.6
Snaps shall meet the requirements of MS 27980E, Fastener, Snap.
3-1.7*
Fastener tape shall meet the requirements of MIL-F-21840G Fastener Tapes, Hook and Pile,
Synthetic, excluding Class 2.
3-1.8
Zippers shall meet minimum requirements of FED-V-F-106F Fasteners, Slide, Interlocking.
The minimum crosswise breaking strength of the zipper shall be size M of FED-V-F-106F.
3-1.9
Hooks and dees shall be nonferrous and shall conform to the design of Figure 3-1.9.
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Figure 3-1.9 Hook and dee ring (inward facing) not to scale.

3-1.10*
Moisture barriers and thermal barriers shall extend to within 3 in. (76.2 mm) of the outer shell
at the cuffs and hems of proximity protective garments. At the neck, the coat moisture barrier
and thermal barrier shall extend to neckline seam. At the waist, the trouser moisture barrier and
thermal barrier shall extend, as a minimum, to the waistline.
3-1.11*
Cargo pockets where provided shall have a means of drainage of water and shall have flaps
with a means of fastening them in the closed position.
3-2 Additional Requirements for Proximity Protective Coats.
3-2.1*
Proximity protective coats shall provide protection as specified to the upper torso, neck, arms,
and wrists, excluding the hands and head.
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3-2.2
Proximity protective coat hardware shall not penetrate through the outer shell, moisture
barrier, and thermal barrier to contact the wearer’s body when the coat is worn with closures
fastened, unless the hardware is completely covered by external closure flaps.
3-2.3*
Each proximity protective coat sleeve shall have a protective wristlet meeting requirements as
specified in Section 6-2 of NFPA 1971, Standard on Protective Clothing for Structural Fire
Fighting.
3-2.4
Proximity protective coats shall have a composite collar not less than 4.0 in. (101.6 mm) in
height at any point with a closure system. The collar lining material shall not be reflective
material. Collar and closure system shall consist of an outer shell, moisture barrier, and thermal
barrier that meet all performance requirements as specified in Chapter 4 of this standard.
3-3 Additional Requirements for Proximity Protective Trousers.
3-3.1*
Proximity protective trousers shall provide protection as specified to the lower torso and legs,
excluding the ankles and feet.
3-3.2
Proximity protective trouser hardware shall not penetrate through the outer shell, moisture
barrier, and thermal barrier to contact the wearer’s body when trouser is worn with closures
fastened, unless the hardware is located on or above the waistline or hardware is completely
covered by external closure flaps.
3-4 Additional Requirements for Proximity Protective Coverall.
3-4.1
That portion of the proximity protective coverall that corresponds to the proximity protective
coat shall meet all requirements of Section 3-2 of this chapter.
3-4.2
That portion of the proximity protective coverall that corresponds to the proximity protective
trouser shall meet all requirements of Section 3-3 of this chapter.
Chapter 4 Performance Requirements
4-1 Proximity Protective Garment Requirements.
4-1.1
The proximity protective garment fabric composite consisting of outer shell, moisture barrier,
and thermal barrier shall have an average thermal protective performance (TPP) of not less then
35 when tested as specified in Section 5-2 of this standard.
4-1.2
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All seam assemblies shall be tested for breaking strength and shall demonstrate a sewn seam
strength equal to or greater than 150 lb (675 N) force for Major A seams, 75 lb (337.5 N) for
Major B seams, and 40 lb (180 N) force for minor seams when tested as specified in Section 5-9
of this standard.
4-1.2.1 Seam breaking strength shall be considered acceptable when the fabric strength is less
than the required seam strength specified in 4-1.2, provided the fabric fails without failure of the
seam below the applicable forces specified in 4-1.2.
4-2 Textiles.
4-2.1
Outer shell, moisture barrier, thermal barrier, collar linings, and winter liner fabric shall be
individually tested for flame resistance, shall have an average char length of not more than 4.0
in. (101.6 mm) and an average afterflame of not more than 2.0 seconds, and shall not melt or drip
when tested as specified in Section 5-10 of this standard.
4-2.2
Outer shell moisture barrier, thermal barrier, collar linings, and winter liner fabric shall be
individually tested for thermal shrinkage resistance and shall not shrink more than 10.0 percent
in any direction when tested as specified in Section 5-4 of this standard.
4-2.3
Outer shell, moisture barrier, thermal barrier, collar linings, and winter liner fabric and other
materials used in construction — including but not limited to padding, reinforcement, garment
labels, interfacing, binding, hanger loops, and emblems, but excluding hook and pile fasteners
when not placed in direct contact with the body — shall be individually tested for heat resistance
and shall not melt, separate, or ignite when tested as specified in Section 5-5 of this standard.
4-2.3.1 Moisture barrier seam seal materials shall be tested for heat resistance and shall not drip
or ignite when tested as specified in Section 5-5 of this standard.
4-2.4
Outer shell, moisture barrier, thermal barrier, collar linings, and winter liner fabric shall be
individually tested for cleaning shrinkage resistance and shall not shrink more than 5.0 percent in
any direction when tested as specified in Section 5-11 of this standard.
4-3 Outer Shell Requirements.
4-3.1
The outer shell shall have a 100 percent radiant reflective minimum value of 20 when tested as
specified in Section 5-3 of this standard.
4-3.2
Outer shell and collar lining fabrics shall be tested for tear resistance and shall have a tear
strength of not less than 22 lb (99 N) when tested as specified in Section 5-6 of this standard.
4-3.3
Outer shell and collar lining fabric shall be tested for char resistance and shall not char when
tested as specified in Section 5-5 of this standard.
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4-3.4
Outer shell and collar lining fabrics shall be tested for water absorption resistance and shall
have no more then 30 percent water absorption when tested as specified in Section 5-12 of this
standard.
4-3.5
The outer shell shall show no signs of cracking on the face or delamination if the base fabric is
a laminate when tested for wet flex as specified in Section 5-7 of this standard.
4-3.6
The outer shell shall show no evidence of separation of the coating or laminate from the base
cloth when tested for adhesion after wet flex as specified in Section 5-8 of this standard.
4-3.7
The outer shell shall show no evidence of breaking, shattering, or cracking of the coating,
laminate, or fabric when tested for flex at low temperature as specified in Section 5-13 of this
standard.
4-3.8
The outer shell shall show no blocking, with a blocking rating of 1, when tested for resistance
to high temperature blocking as specified in Section 5-14 of this standard.
4-4 Moisture Barrier Requirements.
4-4.1
Moisture barrier shall be tested for tear resistance and shall have a tear strength of not less than
5.0 lb (22.5 N) when tested as specified in Section 5-6 of this standard.
4-4.2
The moisture barrier fabric shall be tested for water penetration resistance and shall have a
minimum water penetration resistance of 25 psi (1.76 kg/cm2) when tested as specified in 5-15.2
of this standard and 1 psi (0.07 kg/cm2) when tested as specified in 5-15.4 of this standard.
Appearance of water drops shall constitute failure.
4-4.3
Moisture barrier seams shall be tested for water penetration resistance and shall have a
minimum water penetration resistance of not less then 1 psi (0.07 kg/cm2) when tested as
specified in 5-15.4 of this standard.
4-5 Thermal Barrier Requirements.
4-5.1
Thermal barrier shall be tested for tear resistance and shall have a tear strength of not less than
5.0 lb (22.5 N) when tested as specified in Section 5-6 of this standard.
4-6 Winter Liner Requirements.
4-6.1
Where provided, the winter liner shall be tested for tear strength resistance and shall have a
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tear strength of not less than 5.0 lb (22.5 N) when tested as specified in Section 5-6 of this
standard.
4-7 Thread Requirements.
4-7.1
All thread utilized in the construction of the garments shall be tested for heat resistance and
shall not ignite, melt, or char when tested as specified in Section 5-16 of this standard.
4-8 Hardware Requirements.
4-8.1
All hardware finish shall be free of rough spots, burrs, or sharp edges.
4-8.2
All metal hardware and hardware that includes metal parts shall be tested for corrosion
resistance as specified in Section 5-17 of this standard. Metals inherently resistant to corrosion,
including but not limited to stainless steel, brass, copper, aluminum, and zinc, shall show no
more than light surface corrosion or oxidation. Ferrous metals shall show no corrosion of the
base metal.
4-8.3
All hardware shall be tested for heat resistance and shall not ignite and shall remain functional
when tested as specified in Section 5-5 of this standard.
Chapter 5* Test Methods
5-1 Washing and Drying Procedure.
5-1.1
Specimens shall be subjected to 5 cycles of washing and drying in accordance with the
procedure specified in Machine Cycle 1, Wash Temperature V, Drying Procedure Ai, of AATCC
135, Dimensional Change in Automatic Home Laundering of Woven and Knit Fabrics. A
laundry bag shall not be used.
5-2* Thermal Protective Performance Test.
5-2.1
Specimens shall be tested both before and after being subjected to the procedure specified in
Section 5-1 of this chapter.
5-2.2
All specimens to be tested shall be preconditioned by placement in a circulating air oven for
not less then 4 hours at 120°F ±5°F (49°C ±2°C) and then conditioned in accordance with
Section 4, Atmospheric Conditions for Testing, of Federal Test Method Standard 191A, Textile
Test Methods, with a relative humidity of 65 percent ±5 percent. Specimens shall be tested not
more than 5 minutes after removal from conditioning.
5-2.3
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Thermal protective performance (TPP) testing shall be performed in accordance with ASTM D
4108, Standard Method for Thermal Protective Performance of Materials for Clothing by
Open-Flame Method, with the following modifications:
5-2.3.1 Specimens shall consist of proximity protective clothing composites measuring 6 × 6 in.
±1/16 in. (152.4 × 152.4 mm ± 1.6 mm) consisting of outer shell, moisture barrier, and thermal
barrier. Collar lining fabric shall be permitted to be included in the proximity protective garment
collar fabric composite specimen. Winter liners shall not be included in the test composite.
5-2.3.2 Apparatus shall consist of specimen holder assembly, specimen holder assembly support,
thermal flux source, protective shutter, sensor assembly, and recorder.
5-2.3.3 Specimen holder assembly shall consist of upper and lower mounting plates. Specimen
holder mounting plates shall be 8 × 8 in. ±1/16 in. × 1/4 in. ±1/32 in. (203.2 × 203.2 mm ±1.6 mm
× 6.4 mm ±0.8 mm). The lower specimen mounting plate shall have centered a 4 × 4 in. ±1/16 in.
(101.6 × 101.6 mm ±1.6 mm) hole. The upper specimen mounting plate shall have centered a
51/8 × 51/8 in. ±1/16 in. (130.2 × 130.2 mm ±1.6 mm) hole. The lower specimen mounting plate
shall have a 1 in. ±1/16 in. high × 1/8 in. ±1/32 in. (25.4 mm ±1.6 mm × 3.2 mm ±0.8 mm) thick
steel post welded to each corner 1/4 in. ±1/16 in. (6.4 mm ±1.6 mm) from each side and
perpendicular to the plane of the plate. The upper sample mounting plate shall have a
corresponding hole in each corner so that the upper specimen mounting plate fits over the lower
specimen mounting plate.
5-2.3.4 Specimen holder assembly support shall consist of a steel frame that rigidly holds and
positions in a reproducible manner the specimen holder assembly and specimen relative to the
thermal flux. Specimen holder assembly support shall be securely clamped at the edges such that
specimen shrinkage is prevented. Sensor assembly shall consist of 51/4 × 51/4 × 1/2 in. (133.3 ×
133.3 × 12.8 mm) heat-resistant block that fits without binding into hole of upper specimen
mounting plate and shall be uniformly weighted such that complete sensor assembly, including
copper calorimeter, weighs 1000 g ±10 g (2.2 lb ±0.022 lb).
5-2.3.5 Thermal flux source shall consist of a convective thermal flux source and a radiant
thermal flux source. The convective thermal flux source shall consist of two Meeker or Fisher
burners affixed beneath the specimen holder assembly opening and subtended at a nominal
45-degree angle from the vertical so that the flames converge at a point immediately beneath the
specimen. The radiant thermal flux source shall consist of nine quartz infrared tubes affixed
beneath and centered between the burners.
5-2.3.6 A protective shutter shall be placed between the thermal flux source and the specimen.
The protective shutter shall be capable of completely dissipating thermal load from thermal flux
source for the time periods before and after specimen exposure. The protective shutter shall be
controlled by means of an automatic timer with a resolution of not less than 0.10 second.
5-2.3.7 Specimens shall be exposed to a thermal flux of 2.0 cal/cm2/sec ±0.1 cal/cm2/sec
exposure condition. The total heat flux shall be calculated directly from the temperature response
of the copper calorimeter and calorimeter constants. Other heat-sensing devices shall not be used
to reference or adjust the heat flux read by the copper calorimeter. The 2.0 cal/cm2/sec shall be
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determined directly and only from the voltage output of the thermocouples, using the measured
temperature rise of the copper calorimeter, the area and mass of the calorimeter, and the heat
capacity of copper to calibrate the incoming heat flux. The radiant load shall be set on 1.0
cal/cm2/sec as measured using a calibrated commercial radiometer.
5-2.3.8 The sensor assembly shall be fitted into the opening in the top plate of the specimen
holder and be in contact with the surface of the thermal barrier normally facing the wearer.
5-2.3.9 If the individual test results vary more than ±8 percent from the average result, the result
shall be discarded and another set of specimens shall be tested.
5-2.3.10 The individual test results of each specimen shall be reported. The average value for
each sample and the pass/fail result shall be calculated and reported.
5-3* Radiant Reflective Test.
5-3.1
All samples shall be preconditioned in accordance with Section 4, Atmospheric Conditions for
Testing, of Federal Test Method Standard 191A, Textile Test Methods, at a relative humidity of
65 percent ±5 percent. All samples shall be conditioned by means of abrading the sample before
removing it from the conditioned atmosphere. Samples shall be tested for radiant heat not more
than five minutes after removal from conditioning.
5-3.2
The outer shell material test samples shall be 3 × 10 in. (7.6 × 25.4 cm) with the long
dimension in the warp or wale direction.
5-3.3
All samples shall be conditioned on an oscillating drum abrasion apparatus as specified in
Method 5304, Abrasion Resistance of Cloth; Oscillatory Method (Wyzenbeek) Method, of
Federal Test Method Standard 191A, Textile Test Methods. The samples shall be mounted on the
oscillating drum of the apparatus. The abradant shall be No. 6 hard textured cotton duck
conforming to Type I of Federal Specification CCC-C-419, Cloth, Duck, Unbleached,
Plied-Yarns, Army and Numbered, and shall be cut into strips 17/8 in. (4.7 cm) wide by 9 in.
(22.9 cm) long with the long dimension in the warp or wale direction. The abradant shall be
mounted in the specimen holding clamps under a tension of 3 lb (13.5 N) and a head load of 3 lb
(1.36 kg). A new abradant shall be used for each test, and the contact area of the abradant shall
be free of slubs, knots, or other weave imperfections. The test samples shall be subjected to 300
abrasion cycles.
5-3.4*
Apparatus shall consist of a vertically oriented radiant heat source, specimen holder assembly,
protective shutter, sensor assembly, and recorder. The sensor block shall consist of a 51/4 × 51/4
× 1/2 in. (133.3 × 133.3 × 12.8 mm) heat resistant material that fits without binding into the
bracket or rear plate. The sensor shall be in accordance with paragraph 6.5, the recorder shall be
in accordance with paragraph 6.6, and the chart overlay shall be in accordance with all
paragraphs of ASTM D 4108, Standard Method for Thermal Protective Performance of
Materials for Clothing by Open-Flame Method.
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5-3.5
The radiant apparatus, as shown in Figure 5-3.5, shall consist of a bank of five 500-watt,
infrared, tubular, translucent quartz lamps having a 5 in. (12.7 cm) lighted length and a mean
overall length of 813/16 in. (22.4 cm). The lamps shall be mounted so that the lamp’s surfaces are
approximately 0.015 in. (0.381 mm) apart. The bank or array shall be mounted and centered
behind a 21/4 × 51/2 in. (5.7 × 14.0 cm) cutout on 1/2 in. (1.3 cm) transite board. A specimen
holder and holder plate with a 21/2 by 5 in. (6.5 by 12.7 cm) center cut out shall be positioned so
that the distance from the nearest lamp surface to the test specimen is exactly 1.0 in. (2.5 cm).
The holder plate shall include a bracket to hold the copper calorimeter sensor assembly that will
cover the complete cutout section. The quartz lamp shall be heated electrically and the power
input controlled by means of a variac having a capacity of at least 25 amperes.

Figure 5-3.5 Radiant apparatus.
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Figure 5-3.5 (continued) Detail 1 Position of quartz lamps on transite.
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Figure 5-3.5 (continued) Detail 2 Sample position top view enlargement.

Figure 5-3.5 (continued) Detail 3 Schematic of electrical circuit.
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Figure 5-3.5 (continued) Detail 4.
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Figure 5-3.5 (continued) Detail 5.

5-3.6*
A protective shutter shall be placed between the radiant source and the specimen. The
protective shutter shall be capable of completely reflecting radiant load for the time period
before specimen exposure.
5-3.7
The sensor face shall be wiped immediately after each run, while hot, to remove any
decomposition products that condense and could be a source of error. If a deposit collects and
appears to be thicker than a thin layer of paint, or is irregular, the sensor surface shall be
reconditioned. The cooled sensor shall be carefully cleaned with cleaning solution, making
certain there is no ignition source nearby. If bare copper is showing, the surface shall be
repainted with a thin layer of flat black spray paint. At least one calibration run shall be
conducted before using the repainted sensor in a test run. The sensor shall be recalibrated after
every sample run of five specimens. The sensor shall always approximate body temperature by
contact with the hand prior to placing on the apparatus.
5-3.8
Specimens shall be exposed to a thermal flux of 2.0 cal/cm2 ±0.1 cal/cm2 as measured with
copper calorimeter. The copper calorimeter shall be the only heat sensor used in setting the 2.0
cal/cm2/sec exposure condition. The total heat flux shall be calculated directly from the
temperature response of the copper calorimeter constants. Other heat sensing devices shall not be
used to reference or adjust the heat flux read by the copper calorimeter. The 2.0 cal/cm2/sec
exposure shall be determined directly and only from the voltage output of the thermocouple,
using the measured temperature rise of the copper calorimeter, the area and mass of the
calorimeter, and the heat capacity of copper to calibrate the incoming heat flux.
5-3.9
The abraded specimens shall then be placed in the specimen holder so that the abraded area
will be centered in the opening of the specimen holder. The sensing device shall be placed in
contact with the back of the specimen holder and then both shall be placed in front of the heat
source so that the distance from the specimen to the nearest edge of the lamp surface is exactly 1
in. (2.54 cm). A hand- or mechanical-operated shutter device shall be placed between the
specimen holder containing the test specimen and the lamps to completely block the heat from
reaching the specimen when lamps are first turned on. The lamps shall be turned on for a 60
second warm-up period. With the lamps still turned on, the shutter shall be removed from the
front of the test specimen and the recorder started. The specimen shall be exposed to the heat for
25 seconds and then the current shall be turned off.
5-3.10*
The radiant reflective value shall be graphically determined from the recorder chart of the
sensor response and the overlay prepared in 5-3.4 of this section. The overlay shall be positioned
on the recorder chart, matching the zero of the overlay with the start of the exposure. The
horizontal axis shall be placed in line with the initial trace of the pen. While keeping the overlay
square with the recorder chart, the time in seconds shall be read from the overlay chart where the
sensor response curve and the overlay curve intersect. The time in seconds shall be called the
radiant reflective value for the test specimen.
Copyright 1996 NFPA

5-3.11
Five specimens shall be run, and the radiant reflective value determined. The average value of
the five specimens shall be calculated and reported to determine pass/fail.
5-4* Thermal Shrinkage Resistance Test.
5-4.1
Thermal shrinkage resistance testing shall be conducted on three specimens of each fabric, and
each fabric shall be tested separately.
5-4.2
Specimens shall be tested both before and after being subjected to the procedure specified in
Section 5-1 of this chapter.
5-4.3
Specimens to be tested shall be preconditioned in accordance with Section 4, Atmospheric
Conditions for Testing, of Federal Test Method Standard 191A, Textile Test Methods, at a
relative humidity of 65 percent ±5 percent. Specimens shall be tested not more than five minutes
after removal from conditioning.
5-4.4
Each specimen shall be 15 × 15 in. ±0.5 in. (381 × 381 mm ±13 mm) and shall be cut from the
fabric lot to be utilized in the construction of the garment.
5-4.5
Specimen marking and measurements shall be conducted in accordance with the procedure
specified in AATCC Test Method 135, Dimensional Changes in Automatic Home Laundering of
Woven and Knit Fabrics.
5-4.6
The forced circulating air oven shall achieve and maintain an air temperature of 500°F
+10°/–0°F (260°C +3°/–0°C) for a period of not less than five minutes. Oven recovery time after
door is closed shall not exceed one minute.
5-4.7
The specimen shall be suspended by two metal hooks near each top corner with a 12 in. ±0.5
in. (305 mm ±12.7 mm) separation between hooks. The entire specimen shall be exposed to the
circulating air so that it is not less than 2 in. (50.8 mm) from any oven surface or other specimen
and air flow is parallel to the plane of the material.
5-4.8
Specimens mounted as specified in 5-2.6 of this section shall be placed in the circulating air
oven for 5 minutes +0.15/-0 minutes. Specimen exposure time shall begin when oven has
recovered to an air temperature of 500°F +10°/–0°F (260°C +3°/–0°C).
5-4.9
After removal from the oven, knit fabric shall be pulled to original dimensions and shall be
allowed in relax for one (1) minute prior to measurement to determine pass/fail.
5-4.10
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Results shall be reported as the average of all three specimens.
5-5* Heat, Char, and Ignition Resistance Test.
5-5.1
Fabric specimens shall be tested both before and after being subjected to the procedure
specified in Section 5-1 of this chapter.
5-5.2
The fabric specimen to be tested shall be preconditioned in accordance with Section 4,
Atmospheric Conditions for Testing, of Federal Test Method Standard 191A, Textile Test
Methods, at a relative humidity of 65 percent ± 5 percent. Specimens shall be tested not more
than five minutes after removal from conditioning.
5-5.3
Specimen length shall be 6 in. (152.4 mm), except for textiles utilized in the garment in length
less than 6 in. (152.4 mm), where length shall be the same as utilized in garment. Specimen
width shall be 6 in. (152.4 mm), except for textiles utilized in the garment in widths less then 6
in. (152.4 mm), where width shall be the same as utilized in garment. Specimen shall be
suspended in oven utilizing metal clips.
5-5.3.1 Oven testing of seam seal materials shall be done on a specimen consisting of two 3 × 6
in. (76.2 × 152.4 mm) pieces of moisture barrier fabric utilized in garment, sewn together and
with seam sealing material applied.
5-5.4
The forced circulating air oven shall achieve and maintain an air temperature of 500°F
+10°/–0°F (260°C +3°/–0°C) for a period of not less than five minutes. Oven recovery time after
door is closed shall not exceed one minute.
5-5.5
The fabric specimen shall be suspended by metal hook(s) at the top and centered in the oven so
that the entire specimen is not less than 2 in. (50.8 mm) from any oven surface or other specimen
and air flow is parallel to the plane of the material.
5-5.6
Hardware and accessory material specimens shall be supported or freely suspended in the
center of the oven so that they are not less than 2 in. (50.8 mm) from any oven surface or other
specimen and are exposed to the circulating air.
5-5.7
Specimens, mounted as specified in 5-5.5 of this section, shall be placed in the circulating air
oven for 5 minutes +0.15/-0 minutes. Specimen exposure time shall begin when oven has
recovered to an air temperature of 500°F +10°/–0°F (260°C +3°/–0°C).
5-5.8
Results shall be reported as pass or fail.
5-6 Tear Resistance Testing.
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5-6.1
The specimen shall be a 3 × 6 in. (76.2 × 152.4 mm) rectangle. The long dimension shall be
parallel to the warp or wale for warp and parallel to the filling or corse for the filling tests. No
two specimens for warp or wale tests shall contain the same warp yarns, nor shall any two
specimens for filling or corse tests contain the same filling yarns. The specimen shall be taken no
nearer the selvage than one-tenth of the width of the cloth. An isosceles trapezoid having an
altitude of 3 in. (76.2 mm) and bases of 1 and 4 in. (25.4 and 101.6 mm) in length, respectively,
shall be marked on each specimen, with the aid of a template. A cut 3/8 in. (9.5 mm) in length
shall then be made in the center of a line perpendicular to the 1-in. (25.4-mm) edge.
5-6.2
Apparatus shall consist of a straining mechanism, two clamps for holding specimens, and load
and elongation recording mechanisms, wherein the specimen is held between two clamps and
strained by a uniform movement of the pulling clamp. The test machine shall be operated at a
rate of 12 in./min (304.8 mm/min).
5-6.2.1 Straining mechanism shall be of such capacity that the maximum load required to break
the specimen shall be not greater than 85 percent or less than 15 percent of the manufacturer’s
rated capacity.
5-6.2.2 Clamps shall be designed such that the 6 oz (170 g) of weight are distributed evenly
across the complete width of the sample. The clamps shall have two jaws on each clamp. The
design of the clamps shall be such that one gripping surface or jaw may be an integral part of the
rigid frame of the clamp or be fastened to allow a slight vertical movement, while the other
gripping surface or jaw shall be completely movable. The dimensions of the immovable jaw of
each clamp parallel to the application of the load shall measure 1 in. (25.4 mm), and the
dimension of the jaw perpendicular to this direction shall measure 3 in. (76.2 mm) or more. The
face of the movable jaw of each clamp shall measure 1 × 3 in. (25.4 × 76.2 mm). Each jaw face
shall have a flat, smooth gripping surface. All edges that might cause a cutting action shall be
rounded to a radius of not more than 1/64 in. (0.4 mm). In cases where a cloth tends to slip when
being tested, the jaws shall be faced with rubber or other material to prevent slippage. The
distance between the jaws shall be 1 in. (25.4 mm) at the start of the test.
5-6.2.3 Recorder shall consist of calibrated dial, scale, or chart used to indicate applied load and
elongation. Error shall not exceed 2 percent up to and including a 50-lb (22.7-kg) load at any
reading within its loading range. All machine attachments for determining maximum loads shall
be disengaged during test.
5-6.3
The specimen shall be clamped along the non-parallel sides of the trapezoid so that these sides
lie along the lower edge of the upper clamp and the upper edge of the lower clamp with the cut
halfway between the clamps. The short trapezoid base shall be held taut, and the long trapezoid
base shall lie in the folds. The strain mechanism shall be started, and the force necessary to tear
the cloth shall be observed by means of the recording device. Five specimens in each of the
warp/wale and filling/corse directions shall be tested from each sample unit. If a specimen slips
between the jaws, breaks in or at the edges of the jaws, or, if for any reason attributable to faulty
technique, an individual measurement falls markedly below the average test results for the
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sample unit, such result shall be discarded and another specimen shall be tested.
5-6.4
The tear strength shall be the average of the five highest peak loads of resistance registered.
The tear strength shall be reported to the nearest 0.1 lb (45.4 g).
5-7 Wet Flex.
5-7.1
All samples shall be preconditioned in accordance with Section 4, Atmospheric Conditions for
Testing, of Federal Test Method Standard 191A, Textile Test Methods, at a relative humidity of
65 percent ±5 percent.
5-7.2
Test specimens shall be 4 in. (10.2 cm) wide by 8 in. (20.3 cm) long dimension parallel to the
warp or wale direction and shall be from the fabric lot utilized in the construction of the
proximity protective garment. Five (5) specimens from each sample unit shall be tested with no
two specimens containing the same yarns.
5-7.3
The test specimen shall be immersed in water at 140°F ±5°F (60°C ±2.8°C) for 15 minutes.
Upon removal from the water it shall be placed on 2 layers of absorbent type blotters and
covered by 2 additional layers. After placing the wet specimens between the blotters a 10 lb (4.5
kg) weight, a steel rod 3 in. (7.6 cm) in diameter and 5 in. (12.7 cm) long, shall be rolled over the
test specimen for 4 complete cycles, 8 passes. The specimen shall be removed from between the
blotters and placed in the flexing device as shown in Figure 5-7.3. The blotting paper shall
conform to requirements detailed in Method 5500, Water Resistance of Cloth; Dynamic
Absorption Method, of Federal Test Method Standard 191A, Textile Test Methods.
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Figure 5-7.3(a) Flexing device — end view.
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Figure 5-7.3(b) (continued) Flexing device — top view.

5-7.4
The flexing device as shown in the Figure 5-7.3 shall be used. This device shall have a suitable
weight on the weight arm to produce a 3 to 3.5 lb (13.5 N to 15.75 N) tension on the specimen
during flexing. The tensioning jaw or clamp shall be so located that, with tension jaw arm
vertical, any point on the tensioning jaw would be the apex of a cone of motion generated
between that point and the corresponding point of the moving jaw. The crank arms shall be equal
in effective length and in angular phase so that the moving jaw connecting the two arms remains
parallel to the tension jaw throughout a complete revolution of the arms. The specimen shall be
placed in the device with the moving jaw at bottom dead center, the tension jaw arm vertical, and
the face of the cloth down. Each jaw shall clamp the specimen across the entire width. The crank
handle shall be turned at a rate of 50 revolutions ±10 revolutions per minute of the crank arms
and moving jaw during the test. A tray or board, flat black in color and sufficiently large to catch
any particles that are removed from the fabric, shall be cleaned before each test and examined for
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material particles after each test. A motor-driven apparatus shall be permitted to be used in lieu
of the manual device specified.
5-7.5
The specimens shall be taken directly from the blotter paper and laced in the flexing device
with the warp or wale direction perpendicular to the jaw line. The distance between jaw lines
shall be 5.25 in. (13.3 cm). The specimen shall be flexed for 1000 cycles and then removed from
the apparatus and shall be visually inspected to determine pass/fail.
5-7.6
Any cracking or delamination closer than 7/8 in. (22.4 mm) from either jaw line shall not be
considered. Failure of any one specimen shall constitute failure of sample unit of product.
5-8 Adhesion after Wet Flex — Tape Method.
5-8.1
Immediately after each of the 5 specimens has completed the wet flex test in Section 5-7 of
this chapter, the specimens shall be tested and evaluated for adhesion. This test shall be
performed only on coated or laminated materials.
5-8.2
A razor cut design shall be symmetrically centered within the 4 × 8 in. ( 10.2 × 20.3 cm)
specimen. Two “X” cuts and three horizontal cuts shall be made as shown in Figure 5-8.2 with a
sharp razor blade through the coating or laminate and adhesive layers, but not through the base
cloth.
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Figure 5-8.2 Showing “X” and horizontal cuts for adhesion of coating test.

5-8.3
The pressure sensitive tape used for testing the adhesion of the coating or the laminate shall
have an adhesion value of not less than 2.75 lb per in. (1.150 N/cm) width or more than 3.50 lb
per in. (0.191 N/cm) width. Five 1 × 8 in. (2.5 × 20.3 cm) specimens of the tape shall be tested
using:
(a) A tensile testing machine as described in Method 5100, Strength and Elongation, Breaking
of Woven Cloth; Grab Method, of Federal Test Method Standard 191A, Textile Test Methods,
with the modification that all machine attachments for determining maximum load shall be
disengaged and speed of the pulling clamp shall be 20 in. (50.8 cm) per minute.
(b) Five 2 × 4 in. (5.1 × 10.2 cm) steel plates conforming to Class 301 of Federal Specification
QQ-S-766, Steel Plate, Sheet, and Strip-Corrosion Resisting, which have been polished to a No.
4 finish.
(c) A 1.5 in. (3.8 cm) wide steel roller weighing 10 lb ±2 oz (4.53 kg ±0.06 kg).
5-8.3.1 Before each test, the steel plates shall be thoroughly cleaned with diacetone alcohol,
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methyl alcohol, or methyl ethyl ketone, using a clean piece of lintless wiping tissue. The tape
shall be applied to the clean surface of the plate so that it covers the entire length of the plate and
extends 4 in. (10.2 cm) beyond one end of the plate.
5-8.3.2 The tape shall be pressed down by passing the roller over it 6 times, 3 times in each
direction. The free end of the tape shall be doubled back and 1 in. (2.5 cm) of the tape peeled off
the plate. The plate shall be inserted and clamped in the bottom jaw of the tensile testing
machine with the free end of the tape downward. The free end of the tape shall be looped upward
and inserted and clamped in the upper jaw so as to peel the tape from the plate when the jaw
motion is started. The minimum tension required to remove the remainder of the tape, except for
the final 1 in. (2.5 cm), shall be the adhesion value and shall be determined by means of the
autographic recording device.
5-8.4
Five 1 × 8 in. (2.5 × 20.3 cm) specimens of similar tape, taken from a lot of material which has
passed the test as specified in Section 5-6 of this chapter, shall be used for testing the adhesion of
the coating or laminate.
5-8.4.1 The apparatus and procedure shall be as specified in 5-8.3 of this section, but instead of
the steel plates specified in 5-8.3(b), the test specimens used in Section 5-6 of this chapter shall
be used for this test.
5-8.5
A moderate amount of specks on the tape of coating shall not constitute failure; however
exposure of adhesive beneath a laminate shall constitute failure. The failure of one specimen
shall constitute failure of the unit of product.
5-9 Seam Breaking Strength.
5-9.1
All seams shall be tested in accordance with ASTM D 1683, Standard Test Method for Failure
in Sewn Seams of Woven Fabrics.
5-9.2
The test machine shall be operated at a rate of 12 in./min (304.8 mm/min).
5-10 Flame Resistance.
5-10.1
Specimens shall be tested before and after being subjected to the procedure specified in
Section 5-1 of this chapter.
5-10.2
Specimens shall be tested in accordance with Method 5903.1, Flame Resistance of Cloth;
Vertical, of Federal Test Method Standard 191A, Textile Test Methods.
5-11 Shrinkage Resistance.
5-11.1
Specimens to be tested shall be subjected to the procedure as specified in Section 5-1 of this
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chapter.
5-11.2
Knit fabric specimens shall be pulled to original dimensions, released, and shall be allowed to
relax for 1 minute prior to measurement.
5-11.3
Specimens shall then be measured to determine pass/fail.
5-12 Water Absorption Test.
5-12.1
Specimens shall be tested before and after being subjected to the procedure specified in
Section 5-1 of this chapter.
5-12.2
Specimens shall be tested with the outer surface of the composite face up as oriented in the
proximity protective garment in accordance with Method 5504, Water Resistance of Coated
Cloth; Spray Absorption Method, of Federal Test Method Standard 191A, Textile Test Methods.
5-13 Flex at Low Temperature.
5-13.1
The test samples shall be 5 specimens, 1 × 4 in. (2.5 × 10.2 cm) with the long dimension in the
warp or wale direction and shall be from the fabric lot utilized in the construction of the garment.
5-13.2
All samples shall be preconditioned in accordance with Section 4, Atmospheric Conditions for
Testing, of Federal Test Method Standard 191A, Textile Test Methods, at a relative humidity of
65 percent ±5 percent. Specimens shall begin conditioning not more then 5 minutes after
removal from preconditioning.
5-13.3
The test samples and jig as shown in Figure 5-13.3 shall be conditioned for 4 hours at a
temperature of –25°F (-31.7°C).
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Figure 5-13.3 Jig assembly—resistance to low temperature test.

5-13.4
At the end of the conditioning period, with the jig and the test specimens still in the test
atmosphere, the sample shall be placed in the open jig with the rod in the center of the fabric.
The face of the fabric shall be positioned away from the rod. The jig shall be closed in less than
3 seconds so that the specimen is bent face out around the rod until the back of the specimen
touches itself. The tested fabric shall be examined without magnification.
5-13.5
Failure of any one specimen shall constitute failure of sample unit of production.
5-14 Resistance to High Temperature Blocking.
5-14.1
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All samples shall be preconditioned in accordance with Section 4, Atmospheric Conditions for
Testing, of Federal Test Method Standard 191A, Textile Test Methods, at a relative humidity of
65 percent ±5 percent.
5-14.2
Blocking test procedure shall be as stated in Method 5872, Temperature, High, Effect on Cloth
Blocking, of Federal Test Method Standard 191A, Textile Test Methods.
5-14.3
The test specimen shall be examined to determine pass/fail. Failure to any one specimen shall
constitute failure of the unit of product.
5-15 Water Penetration Resistance.
5-15.1
Specimens shall be tested both before and after being subjected to the procedure specified in
Section 5-1 of this chapter.
5-15.2
Specimens shall be tested at 25 psi (1.76 kg/cm2) in accordance with Method 5512, Water
Resistance of Coated Cloth; High Range, Hydrostatic Pressure Method, of Federal Test Method
Standard 191A, Textile Test Methods.
5-15.3
The specimen shall be examined to determine pass/fail.
5-15.4
Specimens shall be tested at 1 psi (0.07 kg/cm2) for 5 minutes when tested in accordance with
Method 5516, Water Resistance of Cloth; Water Permeability; Hydrostatic Pressure Method, of
Federal Test Method Standard 191A, Textile Test Methods.
5-15.5
The specimen shall be examined to determine pass/fail.
5-16 Thread Heat Resistance.
5-16.1
Specimens shall be tested to a temperature of 500°F (260°C) in accordance with Method 1534,
Melting Point of Synthetic Fibers, of Federal Test Method Standard 191A, Textile Test Methods.
5-16.2
Specimens shall be examined to determine pass/fail.
5-17 Corrosion Resistance.
5-17.1
Specimens shall be tested in accordance with ASTM B 117, Standard Method of Salt Spray
(Fog) Testing. Salt spray shall be 5 percent saline solution, and test exposure shall be for 20 hr.
5-17.2
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Immediately following the test exposure and prior to examination, specimens shall be rinsed
under warm, running tap water and dried with compressed air.
5-17.3
Specimens shall then be examined visually with the unaided eye to determine pass/fail.
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
6-1.1* NFPA Publications.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition
NFPA 1971, Standard on Protective Clothing for Structural Fire Fighting, 1991 edition
6-1.2* AATCC Publication.
AATCC 135, Dimensional Changes in Automatic Home Laundering of Woven and Knit
Fabrics, 1989
6-1.3* ASTM Publications.
ASTM B 117, Standard Method of Salt Spray (Fog) Testing, 1985
ASTM D 1683, Standard Test Method for Failure in Sewn Seams of Woven Fabrics, 1990
ASTM D 4108, Standard Method for Thermal Protective Performance of Materials for
Clothing by Open-Flame Method, 1987
6-1.4* GSA Publications.
Federal Test Method Standard 191A, Textile Test Methods, 20 July 1978
Federal Specification FED-V-F-106F, Fasteners, Slide, Interlocking; 23 June 1987
Federal Specification CCC-C-419, Cloth, Duck, Unbleached, Plied-Yarns, Army and
Numbered, 15 December 1989
Federal Specification QQ-S-766, Steel Plate, Sheet, and Strip-Corrosion Resisting, 15
December 1966
6-1.5* U.S. Navy Publications.
MS 27980E, Fastener, Snap, 30 November 1984
MIL-F-21840G, Fastener Tapes, Hook and Pile, Synthetic, 16 December 1987
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
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information purposes only.
A-1-1.1
Research and testing that was available to the Committee was insufficient for development of
specific proximity protection requirements for footwear and gloves at this time. Until further
data is produced and test criteria developed and validated so that specific proximity protective
requirements can be incorporated for footwear and gloves, it is recommended that purchasers
consider referencing in written purchase specifications as a minimum the appropriate NFPA
standard for the respective item (NFPA 1973 for gloves and NFPA 1974 for footwear) and
additional radiant reflective criteria that meets the performance requirements of 4-3.1 of this
standard.
Also, sufficient research and testing data was not available for development of specific
proximity protection requirements for head protection and for self-contained breathing apparatus
(SCBA) protection.
It is recommended that purchasers include, in written purchase specifications for proximity
head and neck protection, requirements that meet the minimum performance requirements of
NFPA 1972, Standard on Helmets for Structural Fire Fighting, with additional radiant reflective
criteria for the head and neck that meets the performance requirements of 4-3.1 of this standard.
Purchasers should also consider specifying specialized faceshields that will mitigate the effects
of high levels of radiant energy to the face and the SCBA facepiece, such as gold coated,
reflective faceshields.
Purchasers should also consider including, in written purchase specifications, additional
radiant reflective criteria that meets the performance requirements of 4-3.1 of this standard for
the SCBA. This could be accomplished by specifying proximity protective coats, vests, or covers
that can be worn over the SCBA while still providing means for access to the SCBA air cylinder,
operating knobs, switches, and valves.
See also A-2-5.1.
A-1-1.3
Trim is specifically excluded from proximity protective garments as described in this standard.
The use of trim on proximity protective clothing can substantially reduce or eliminate the ability
of the garment to reflect radiant heat. Trim acts as a heat sinc, which accelerates heat transfer
through the garment and increases the risk of burn injury to the fire fighter. Some of the
materials that act as a heat sinc are: trim, leather or other non-radiant reflective reinforcements,
lettering, patches, name or number stencils, emblems, paint, or other marking mediums.
A-1-1.4
Organizations responsible for specialized functions including wildland fire fighting and
hazardous materials response should use protective clothing and equipment specifically designed
for those activities.
A-1-1.5
This standard is not designed to be utilized as a purchase specification. It is prepared as far as
practical in terms of required performance, avoiding restrictive design of garments. Purchasers
should specify departmental requirements for closures, pockets, etc. Tests specified in this
standard should not be deemed as defining or establishing performance levels for protection from
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all proximity fire fighting environments.
A-1-2.1
“Primarily responsible for” refers to the principal responsibility in a given jurisdiction. This
encompasses fire fighting situations that are most probable to occur within the responding area
of the responsible agency. Proximity fire fighting situations include, but are not limited to, the
hazards associated with aircraft rescue and fire fighting, bulk flammable gas and bulk flammable
liquid fire fighting, and similar situations involving high levels of radiant heat.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, requires
protective clothing to be appropriate for the intended application. It is not the intention of this
standard to provide a protective garment to be used by fire fighters who are primarily responsible
for structural fire fighting. Users who are primarily responsible for structural fire fighting should
use protective clothing meeting all of the requirements of NFPA 1971, Standard on Protective
Clothing for Structural Fire Fighting. When using protective garments meeting the requirements
of this standard for structural fire fighting, it must be realized that the lack of trim can reduce the
ability to see or visually locate fire fighters.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect or certify any installation,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations or procedures, equipment or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations which is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-3 Authority Having Jurisdiction.
The phrase “Authority having jurisdiction” is used in NFPA documents in a broad manner
since jurisdictions and quote “approval” agencies vary as do their responsibilities. Where public
safety is primary, the “authority having jurisdiction” may be a federal, state, local, or other
regional department or individual such as a fire chief, fire marshal, chief of a fire prevention
bureau, labor department, health department, building official, electrical inspector, or others
having statutory authority. For insurance purposes, an insurance inspection department, rating
bureau, or other insurance company representative may be the “authority having jurisdiction.” In
many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installation, the commanding officer or
departmental officer may be “the authority having jurisdiction”.
A-1-3 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The “authority having jurisdiction” should utilize the system employed by the listing
organization to identify a listed product.
A-1-3 Moisture Barrier.
The term “vapor barrier” that was utilized in past editions of NFPA 1971 was changed to
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“moisture barrier” in the 1986 Edition to represent more accurately the test methods 5512 and
5516 of Federal Standard Test Method 191A. Purchasers wishing to specify additional
requirements for vapor resistance should contact fabric suppliers for assistance with establishing
specifications. Moisture barriers might not prevent the passage of chemical, biological, or
radiological agents through the garment; such incidents should be handled with appropriate
chemical protective clothing and procedures.
A-2-2.1
The certification organization should have sufficient breadth of interest and activity so that the
loss or award of a specific business contract would not be a determining factor in the financial
well-being of the agency.
A-2-2.3
The contractual provisions covering certification programs should contain clauses advising the
manufacturer that if requirements change, the product should be brought into compliance with
the new requirements by a stated effective date through a compliance review program involving
all current listed products.
Without these clauses, certifiers would not be able to move quickly to protect their name,
marks, or reputation. A product safety certification program would be deficient without these
contractual provisions and an administrative means to back them up.
A-2-2.4
Investigative procedures are important elements of an effective and meaningful product safety
certification program. A preliminary review should be carried out on products submitted by the
agency before any major testing is undertaken.
A-2-2.7
Such factory inspections should include, in most instances, witnessing of production tests.
With certain products the certification organization inspectors should select samples from the
production line and submit them to the main laboratory for countercheck testing. With other
products, it may be desirable to purchase samples in the open market for test purposes.
A-2-5.1
See A-3-1.10 for protective ensemble information.
It is recommended that purchasers consider referencing in written purchase specifications as a
minimum the appropriate NFPA standard for the respective item (NFPA 1973 for gloves and
NFPA 1974 for footwear) and additional radiant reflective criteria that is considered suitable for
the expected exposures where the item will be used.
Some proximity head protection utilizes a hard hat within the hood for impact head protection.
Users are cautioned that hard hats may not provide adequate head protection for all situations
where proximity protective clothing is needed.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, requires
that helmets meeting the requirements of NFPA 1972, Standard on Helmets for Structural Fire
Fighting, be worn while engaged in structural fire fighting operations. The use of self-contained
breathing apparatus (SCBA) is required by NFPA 1500 whenever fire fighters are exposed or
may be exposed to the products of combustion, oxygen deficient, or toxic atmospheres. Since
this would cover most if not all proximity fire fighting situations, SCBA will be used with
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proximity protective clothing.
There are no specific proximity protection requirements for SCBA in this document. Persons
wearing SCBA in conjunction with proximity protective clothing are cautioned to use
EXTREME CARE. An SCBA worn over or outside of the proximity garments will be exposed to
the high radiant levels of the situation and failure of the SCBA is possible. Users should consider
the purchase of proximity protective coats that are designed to be worn over the SCBA, or
provide a protective covering for radiant heat protection of the SCBA. See also A-1-1.1.
Purchasers might wish to include a requirement in purchase specifications for an additional
label containing certain information such as date of manufacture, manufacture’s names, garment
identification number, etc., to be located in a protected location in the garment to reduce the
chance of label degradation and as a backup source of information to aid garment tracking or an
investigation.
A-2-6
Some components of these garments are inherently flame resistant but lose their physical
integrity on exposure to chlorine bleach. Other components will actually lose their flame
resistant properties and thermal insulation on exposure to chlorine bleach. In either case, the
protection provided by the garment will be compromised.
Clean protective clothing reduces health and safety risks; it is recommended that clothing be
cleaned frequently to reduce the level of and bodily contact with contaminates. User agencies
should establish guidelines for frequency and situations for garment cleaning. For gross
contamination with products of combustion, fire debris or body fluids removal of contaminants
by flushing water as soon as practical is necessary, followed by appropriate cleaning.
Decontamination may not be possible when protective clothing is contaminated with chemical,
radiological, or biological agents. When decontamination is not possible garments should be
discarded in accordance with local, state, and federal regulations.
There are industrial cleaning products and facilities available for protective clothing that the
user may wish to investigate. Contact your protective clothing manufacturer for additional
information. Where not explicitly outlined by the manufacturer, the following procedures are
recommended for cleaning proximity protective clothing.
Cleaning of Outer Shells- The outer shells of this ensemble contain a highly reflective
surface, in order that it may reflect high levels of radiant heat. It is extremely important to keep
this surface clean so that it may perform at peak efficiency.
One common reflective surface is an aluminized film laminated to a base fabric. This material
cannot be machine washed without losing reflective qualities of the garment. Cleaning of this
type of garment can be accomplished in the following manner:
1. Clean by gently rubbing surface with a cloth or sponge using mild soap,
1,1,1-trichloroethylene, or isopropanol.
2. Rinse the garment with clear water to assure that all cleaning compounds have been
removed from the garment.
3. Dry the garment by hanging it in a shaded area that receives good cross ventilation or hang
the garment on a line and use a fan to circulate the air.
4. Do not store garment until it has been completely dried.
When cleaning with 1,1,1-trichloroethylene or isopropanol, ensure that work is
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performed in an area with adequate ventilation and that proper gloves and eye protection
are utilized.
Cleaning compounds that contain ammonia should not be used at any time, since the ammonia
will react with the aluminum surface and diminish its reflectivity.
Aluminized surfaces can be damaged by contact with the dry powder fire extinguishing agent
potassium bicarbonate powder (PKP). Before storing a garment with PKP residue present, the
following is recommended:
1. Dry powder should be removed with dry brush or vacuum.
2. Wet powder should be removed by thoroughly flushing with water and wiping surface down
with a clean soft cloth.
3. Damp or wet garments should be hung to dry in a shaded area that receives a good cross
ventilation or should be hung on a line and use a fan to circulate the air.
4. Do not store garment until it has been completely dried.
Cleaning of Liners- Liners may be washed in an automatic washing machine. Protective
clothing should be washed separately from other garments. Snaps and other metal fasteners may
damage the tub of the washer so the liner should be placed in a large laundry bag that can be tied
shut to avoid damage to the wash tub. A stainless steel tub should be used if available.
These instructions can be used for cleaning any of the following wash loads in a large capacity
(16 gallon) top loading or front loading machine.
(a) One protective coat liner and one protective trouser liner
(b) Two protective coat liners
(c) Two protective trouser liners
1. While the washing machine is filling with hot water [temperature between 120°F
(54.5°C) and 130°F (49°C)], add 1/2 cup (118.3 ml) of liquid oxygenated bleach (do not use
chlorine bleach) and 1 cup (237.6 ml) of liquid detergent. These products are readily available in
supermarkets around the country.
2. Fill the washing machine to the highest water level.
3. Add garments to be washed.
4. Set washing machine for normal cycle, cotton/white, or similar setting.
5. Machine should be programmed for double rinse. If the machine will not automatically
double rinse, a complete second cycle can be run without adding detergent or oxygenated bleach.
Double rinsing helps remove any residual dirt and ensures detergent removal.
6. Remove garments from washing machine and hang to dry in a shaded area that receives a
good cross ventilation or hang the garment on a line and use a fan to circulate the air. A water
extractor may be utilized.
Purchaser should maintain protective clothing only in accordance with manufacturer’s
instructions. Maintenance should include regular inspection, proper repair, and retirement when
appropriate. Protective clothing that is retired should be destroyed.
A-3-1
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Purchasers of protective clothing should realize that fire fighters must wear many items of
protective clothing and equipment. Any interference by one item of another’s use might result in
inefficient operation or unsafe situations. Chest, girth, sleeve length, and coat length should be
required for protective coats; waist girth, inseam length, and crotch rise should be required for
protective trousers; chest girth, sleeve length, waist girth, outseam length from underarm to pant
cuff, and trunk length from base of neck to crotch fold should be required for protective
coveralls. Since manufacturer’s patterns vary to assure proper fit, measurement for sizing should
be done by manufacturer’s representative or a person familiar with sizing in accordance with
manufacturer’s instructions.
A-3-1.1
See A-3-1.10 for ensemble information.
A-3-1.2
Purchasers might wish to specify additional reinforcement or padding in high-wear or
load-bearing areas, such as pockets, cuffs, knees, elbows, and shoulders. Padding could include
additional thermal barrier material meeting requirements as specified herein. Reinforcement
material could include outer shell material or other material that meets the outer shell
requirements. Purchasers are cautioned that additional weight caused by excessive reinforcement
or padding could lead to fatigue or result in injury.
A-3-1.3
See A-1-1.3.
A-3-1.4
Fastener system should be specified by the purchaser. Fastener system methods can include
(but are not limited to) stitching the thermal barrier and moisture barrier into the coat at the neck,
or into the trouser at the waist area, with snap or hook and pile fasteners securing the remainder;
entirely stitching the thermal barrier and moisture barrier to the outer shell; entirely securing the
thermal barrier and moisture barrier to a component part of the outer shell with snap fasteners or
fastener tape; or zipping the thermal barrier and moisture barrier to the outer shell.
A-3-1.7
Purchasers should consider including in purchase specifications requirements for hook and pile
fastener service life for dry and wet operation and thermal stability including shrinkage, melt,
char, and drip requirements when tested in accordance with 5-2.2 and Section 5-3 of the text of
this standard.
A-3-1.10
Protective ensemble consisting of both protective coat and protective trouser is required to be
utilized for both proximity and structural fire fighting in order to assure better protection for the
fire fighter’s torso and limbs by NFPA 1500, Standard on Fire Department Occupational Safety
and Health Program. An overlap of no less them 2 in. (50.8 mm) of all layers of the proximity
protective coat and of the proximity protective trouser is also required by NFPA 1500 so there is
no gaping of the total thermal protection when the protective garments are worn. The minimum
overlap is determined by measuring the garments on the wearer, without SCBA, with the wearer
in the most stretched position, hands together reaching overhead as high as possible.
A-3-1.11
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Purchasers should specify pocket placement to allow for access to the pockets while wearing
SCBA. Specifying ballooned pockets will increase capacity, but could interfere with
maneuverability. Divided pockets could be desired, as well as pockets for specific items, such as
SCBA facepieces and radios.
A-3-2.1
A protective ensemble consisting of both protective coat and protective trousers is required to
be utilized for both proximity and structural fire fighting in order to assure better protection for
the fire fighter’s torso and limbs by NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program. An overlap of coat and trousers is also required. See A-3-1.10 for
further details.
A-3-2.3
Purchasers should consider specifying wristlets with a thumb hole or bartack creating a thumb
hole for wearer’s thumb in order to assure protection when arms are in raised position.
A-3-3.1
A protective ensemble consisting of both protective coat and protective trousers is required to
be utilized for both proximity and structural fire fighting in order to assure better protection for
the fire fighter’s torso and limbs by NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program. An overlap of coat and trousers is also required. See A-3-1.10 for
further details. Purchasers might wish to specify for the proximity protective trouser an anklet
that is part of the outer shell. The anklet is set in similar to a wristlet of a coat and will come
down over the boot. The anklet could be manufactured from the moisture barrier material and be
elasticized at the bottom.
A-5
Proper laboratory procedures should be followed when performing any flammability or oven
testing. The tests should be performed in a hooded or vented area to carry away combustion
products, smoke and fumes. If air currents disturb the flames, shield the apparatus or turn off the
hood while running the test; turn the hood on to clear fumes. Exercise care in handling burners
with open flames. Maintain adequate separation between flame and combustible materials.
Protective gloves should be used when handling hot objects. When performing radiant heat tests
protective goggles should be worn.
A-5-2
The requirements in Sections 5-2, 5-3, 5-4, and 5-5 are not intended to establish the limiting
working environment for fire fighting but are for establishing material performance
requirements. However, fire fighters should understand that when they feel a continual increase
of heat, the protective garments may be nearing their maximum capacity and injury may be
imminent.
A-5-3
See A-5-2.
A-5-3.4
Radiant heat source, specimen, and sensor are mounted vertically to allow convective heat to
escape from the test apparatus. If tested in a horizontal position, convective heat significantly
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effects the test results.
A-5-3.6
An example of a protective shutter that can completely reflect radiant heat would be a chrome
plated aluminum shutter.
A-5-3.10
The graphical data described in 5-3.10 can be digitized for computer analysis applications.
A-5-4
See A-5-2.
A-5-5
See A-5-2.
A-6-1.1
NFPA publications can be obtained from National Fire Protection Association, 1 Batterymarch
Park, P.O. Box 9101, Quincy, MA 02269-9101.
A-6-1.2
AATCC Publications can be obtained from the American Association of Textile Chemists and
Colorists, Post Office Box 12215, Research Triangle Park, NC 27709.
A-6-1.3
ASTM publications can be obtained from American Society for Testing Materials (ASTM),
1916 Race Street, Philadelphia, PA 19103.
A-6-1.4
GSA publications can be obtained from General Services Administration, Specifications
Activity; Printed Materials Supply Division; Building 197, Naval Weapons Plant, Washington,
DC 20407. Single copies are generally available without charge at the General Services
Administration Business Centers in cities throughout the U.S.
A-6-1.5
Navy publications can be obtained from Navy Publications and Forms Center, 5801 Tabor
Avenue, Philadelphia, PA 19120.
Appendix B Referenced Publications
B-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
B-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101. Quincy, MA
02269-9101.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
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edition
NFPA 1971, Standard on Protective Clothing for Structural Fire Fighting, 1991 edition
NFPA 1972, Standard on Helmets for Structural Fire Fighting, 1992 edition
NFPA 1973, Standard on Gloves for Structural Fire Fighting, 1988 edition
NFPA 1974, Standard on Protective Footwear for Structural Fire Fighting, 1992 edition
B-1.2 Other Publications.
Federal Test Method Standard 191A, Textile Test Methods, 20 July 1978.
The Federal Test Method Standard can be obtained from General Service Administration,
Specifications Activity; Printed Material Supply Division; Building 197, Naval Weapons Plant,
Washington, DC 20407. Single copies are generally available without charge at the General
Service Administration Business Centers in cities throughout the U.S.
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1993 Edition
This edition of NFPA 1977, Standard on Protective Clothing and Equipment for Wildland Fire
Fighting, was prepared by the Technical Committee on Fire Service Protective Clothing and
Equipment and acted on by the National Fire Protection Association, Inc. at its Annual Meeting
held May 24-27, 1993, in Orlando, FL. It was issued by the Standards Council on July 23, 1993,
with an effective date of August 20, 1993.
The 1993 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1977
The Technical Committee on Fire Service Protective Clothing and Equipment began work on
this standard in April, 1989 in answer to requests from the wildland fire service to establish a
standard covering the protective clothing and equipment used by fire fighters during wildland
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fire fighting operations. A subcommittee was formed, the Subcommittee on Wildland Fire
Fighting Protective Clothing and Equipment, to develop the document. Based on information
studied by this subcommittee, the majority of documented injuries to wildland fire fighters are
related to heat stress. The goal of this standard is to provide thermal protection for the wildland
fire fighter against external heat sources with flame-resistant clothing and equipment while not
inducing an extraordinary internal heat stress load.
The protection package encompassed by this standard consists of protective clothing and
equipment for normal exposure limits, and an emergency fire shelter for severe exposure
situations where serious injury or death can result.
At the time this document was under development, there was insufficient data available to
develop criteria for respiratory protection as a required element of wildland fire fighter
protective equipment. A limited number of studies of air samples collected on wildland fire
fighters and workers involved with prescribed burning indicate potential for hazardous exposure
(e.g., respirable particulate, carbon monoxide, formaldehyde, and acrolein). Studies of the
respiratory effects of smoke exposure on wildland fire fighters indicate that exposure during a
fire season may result in changes in lung function. The health implications of short-term
exposures and the potential health effects of long-term exposures are yet to be quantified.
The developmental work for this document was completed by the subcommittee in the spring
of 1992 and presented to the Technical Committee for their action. This first edition was
presented at the Annual Meeting in Orlando, FL, and issued with an effective date of August 20,
1993.
Technical Committee on Fire Service Protective Clothing and Equipment
Richard M. Duffy, Chair
Int’l Assn. of Fire Fighters, DC
Wayde B. Miller, Secretary
Mine Safety Appliances Co., PA
(Nonvoting)
Peter V. Ackerman, South Plainfield, NJ
Rep. Nat’l Volunteer Fire Council
Donald Aldridge, Lion Apparel Inc., OH
Curtis Berger, Menlo Park Fire Protection District, CA
Rep. Northern Area Fire Equipment Research Organization
Joseph A. Bigler, Mine Safety Appliances Co., PA
Rep. Compressed Gas Assn.
Donna P. Brehm, Virginia Beach Fire Dept., VA
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Dennis W. Browner, Scott Aviation, NY
Rep. Industrial Safety Equipment Assn.
Rand-Scott Coggan, City of Redmond Fire Dept., WA
Rep. Int’l Assn. of Fire Chiefs
Christopher E. Coombs, Cairns & Brother, NJ
Paul H. Crawford, Riverside Fire Dept., CA
Rep. Southern Area Fire Equipment Research
Patricia A. Freeman, Globe Fire Fighters Suits, NH
Glen E. Gardner, U.S. Occupational Safety & Health Admin., DC
Daniel Gohlke, W. L. Gore & Assoc., MD
William L. Grilliot, Morning Pride Mfg. Co. Inc., OH
Cliff Haskell, IAFF Local 522, CA
Rep. Int’l Assn. of Fire Fighters
David A. Heywood, U.S. Testing Co., CA
Cy Long, Commission on Fire Protection, TX
Robert T. McCarthy, U.S. Fire Administration, MD
Jim Minx, IAFF Local 1524, OK
Rep. Int’l Assn. of Fire Fighters
Kirk H. Owen, Plano Fire Dept., TX
Rep. NFPA Fire Service Section
Ray Reed, Dallas Fire Fighters Assn., TX
Alexander W. Santora, New York City Fire Dept., NY
Charles C. Soros, Seattle Fire Dept., WA
Jeffrey O. Stull, Texas Research Inst., Inc., TX
Bruce H. Varner, Phoenix Fire Dept., AZ
James H. Veghte, Biotherm Inc., OH
Thomas L. Wollan, Underwriters Laboratories Inc., NC
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Alternates
Roger L. Barker, North Carolina State University, NC
(Alt. to P. A. Freeman)
Don R. Forrest, United Firefighters of LA City, CA
(Alt. to C. Haskell)
Mary I. Grilliot, Morning Pride Manufacturing Co. Inc., OH
(Alt. to W. L. Grilliot)
Tom Hillenbrand, Underwriters Laboratories Inc., IL
(Alt. to T. L. Wollan)
Raymond J. Kelley, Pawtucket Fire Fighters Local 1261, RI
(Alt. to K. H. Owen)
Dominick A. Martucci, United States Testing Co., NJ
(Alt. to D. A. Heywood)
Joseph Reyes, IAFF Local 341, TX
(Alt. to J. Minx)
Robert J. Richter, Cairns & Brother Inc., NJ
(Alt. to C. E. Coombs)
Joanne E. Slattery, U.S. Dept. of Labor OSHA, DC
(Alt. to G. E. Gardner)
Frank P. Taylor, Lion Apparel Inc., OH
(Alt. to D. Aldridge)
Robert Vettori, Nat’l Inst. of Standards and Technology, MD
(Alt. to ATMI Rep.)
Subcommittee on Wildland Fire Fighting Protective Clothing and Equipment
Cliff Haskell, Chair
IAFF, CA
Emory E. Berry, Prince George’s Cnty Maryland Fire Dept., MD
Donald H. Burd, Racal Health & Safety Inc., MD
Sven Carlson, New Hampshire Forest Service, NH
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Nicholas J. Curtis, Lion Apparel Inc., OH
Vince Diaz, Atlantic Thread & Supply Co. Inc., MD
Steven Gallegos, Cleveland Nat’l Forest, CA
F. Earle Ganzenmuller, Scott Aviation, NY
Glen E. Gardner, U.S. Occupational Safety & Health Admin., DC
Mary Keen, Red Wing Shoe Co., MN
Keith Kraetsch, Ventura Cnty Fire Protection District, CA
Robert R. Kress, Fleet Inc., PA
Robert B. Luth, Workrite Uniform Co., CA
James MacGregor, Michigan DNR, MI
Richard Mangan, USDA Forest Service, MT
Robert Martin, IAFF, CA
Catherine J. Morin, Albright & Wilson Americas Inc., PA
Ruthalene Payne, Artech Footwear Testing Laboratory, VA
Fred Pinkus, Crown Textile Co., PA
Ted Putnam, USDA Forest Service, MT
Brian J. Sharkey, USDA Forest Service, MT
Michael G. Smith, SA Metropolitan Fire Service, Australia
James C. Sorenson, USDA Forest Service, GA
John Wasylyk, Springs Industries Inc., NJ
John Watt, California Dept. of Forestry, CA
Thomas L. Wollan, Underwriters Laboratories Inc., NC
Alternates
Dennis W. Browner, Scott Aviation, NY
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(Alt. to F. E. Ganzenmuller)
John B. Harvey, Springs Protective Fabrics, SC
(Alt. to J. Wasylyk)
Daniel P. Ryan, Underwriters Laboratories Inc., NC
(Alt. to T. L. Wollan)
Frank P. Taylor, Lion Apparel Inc., OH
(Alt. to N. J. Curtis)
Robert Vettori, Nat’l Inst. of Standards and Technology, MD
(Alt. to NIST Rep.)
Bruce W. Teele, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on the design,
construction, and performance criteria for protective clothing and equipment for the fire service
including chemical protective clothing and aircraft rescue and fire fighting protective clothing.

NFPA 1977
Standard on
Protective Clothing and Equipment for
Wildland Fire Fighting
1993 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 8 and Appendix B.

Chapter 1 Administration
1-1 Scope.
1-1.1
This standard specifies the minimum design and performance criteria, and test methods, for
protective clothing, helmets, gloves, footwear, and fire shelters to protect fire fighters against
adverse effects to the fire fighter’s body during wildland fire fighting.
1-1.2*
This standard does not provide criteria for respiratory protection; nor does it provide criteria
for protection from structural, proximity, approach, or entry fire fighting situations; nor does it
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provide criteria for protection from chemical, radiological, or biological agents.
1-1.3
This standard is not intended to serve as a detailed manufacturing or purchase specification,
but can be referenced in purchase specifications as minimum requirements.
1-2 Purpose.
1-2.1*
The purpose of this standard is to set minimum requirements for protective apparel and
equipment utilized during wildland fire fighting operations. Organizations responsible for other
emergency functions, including structural, proximity, approach, and entry fire fighting
operations; or hazardous materials, biological or radiological agents; or emergency medical
operations, use protective clothing and equipment specifically designed for these activities.
1-2.2*
Controlled laboratory tests used to determine compliance with the performance requirements
of this standard shall be deemed as establishing performance levels for all situations to which
wildland fire fighting personnel can be exposed.
1-2.3
Nothing herein is intended to restrict any jurisdiction or manufacturer from exceeding these
minimum requirements.
1-3 Definitions.
1-3.1
For purposes of this standard, the terms in this section shall have the definitions herein stated,
and terms that are exclusive to a specific chapter of this standard are noted by the chapter
number in parentheses following the term.
Accessories.* Those items and equipment that are carried on the person of the wildland fire
fighter in such a manner that they are located outside of the protective garments. These items
include, but are not limited to, utility belts and harnesses, backpacks, radio packs, goggles, chain
saw chaps, fire shelter packs, and over-the-ear hearing protective devices, excluding closure
devices.
Approach Fire Fighting. Limited, specialized exterior fire fighting operations at incidents
involving fires producing very high levels of conducted, convective, and radiant heat, such as
bulk flammable gas and bulk flammable liquid fires. Speciality thermal protection from exposure
to high levels of radiant heat is necessary for the persons involved in such operations due to the
limited scope of these operations and the greater distance from the fire that these operations are
conducted. Not entry, proximity, structural, or wildland fire fighting. (See also Entry Fire
Fighting, Proximity Fire Fighting, Structural Fire Fighting, and Wildland Fire Fighting.)
Approved.* Acceptable to the “authority having jurisdiction.”
Authority Having Jurisdiction.* The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
Back Length (3). Upper torso measurement at center back from bottom collar to bottom edge
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of garment.
Back Rise (3). Lower torso measurement from crotch seam to top of waistband at back center.
Bottom Circumference (3). Upper torso measurement along bottom edge of upper torso
garment from folded edge to folded edge. Multiply this measurement by 2 to obtain
circumference.
Brim (7). A part of the shell of the helmet extending around the entire circumference of the
helmet.
Certification/Certified. A system whereby a certification organization determines that a
manufacturer has demonstrated the ability to produce a product that complies with the
requirements of this standard, authorizes the manufacturer to use a label on listed products that
comply with the requirements of this standard, and establishes a follow-up program conducted
by the certification organization as a check of the methods the manufacturer uses to determine
compliance with the requirements of this standard.
Certification Organization. An independent, third party organization that determines product
compliance with the requirements of this standard with labeling/listing/follow-up program.
Char. The formation of a brittle residue where the material is exposed to thermal energy.
Chest Circumference (3). Upper torso measurement from folded edge to folded edge, at base of
armholes. Multiply this measurement by 2 to obtain circumference.
Chin Strap (7). An adjustable strap that fits under the chin to secure the helmet to the head.
Collar Length (3). Upper torso measurement along top of collar from point-to-point.
Collar Width (3). Upper torso measurement at center back from top edge of unfolded collar to
the bottom collar seam.
Compliance/Compliant. Meeting or exceeding all applicable requirements of this standard.
Components. All materials used in the construction of wildland fire fighting apparel, including
but not limited to thread, trim, bindings, zippers, buttons, labels, and hardware, but excluding
textile fabrics, interlinings, and emblems.
Composite. The layer or layers of material or materials that provide the required protection
used in the garment construction.
Crown. The domed portion of the helmet that covers the head.
Crown Straps (7). That part of the suspension that passes over the head.
Cuff (3). Finished edge of sleeve and leg openings.
Cuff Circumference (3). Torso garment cuff measurement along bottom of opening from
folded edge to folded edge. Multiply this measurement by 2 to obtain circum- ference.
Drip. To run or fall in drops or blobs.
Entry Fire Fighting. Extraordinarily specialized fire fighting operations that can include the
activities of rescue, fire suppression, and property conservation at incidents involving fires
producing very high levels of conducted, convective, and radiant heat; such as aircraft fires, bulk
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flammable gas fires, and bulk flammable liquid fires. Highly specialized thermal protection from
exposure to extreme levels of conducted, convective, and radiant heat is necessary for persons
involved in such extraordinarily specialized operations due to the scope of these operations and
that direct entry into flames is made. Usually these operations are exterior operations. Not
structural fire fighting or wildland fire fighting. (See also Approach Fire Fighting, Proximity
Fire Fighting, Structural Fire Fighting, and Wildland Fire Fighting.)
Eyerow. The row of eyelets.
Face/Neck Shroud (7). A protective device that attaches to the helmet and closes to protect the
face and neck area.
Fire Shelter. An aluminized tent utilized for protection, by means of reflecting radiant heat, in
a fire entrapment situation.
Flame Resistance. The property of a material whereby combustion is prevented, terminated, or
inhibited following the application of a flaming or nonflaming source of ignition, with or without
subsequent removal of the ignition source. Flame resistance can be an inherent property of a
material, or it can be imparted by specific treatment.
Follow-Up Program. The sampling, inspections, test, or other measures conducted by a
certification organization on a periodic basis to determine the continued compliance of labeled
and listed products that are being produced by the manufacturer to the requirements of the
standard.
Footwear Upper (5). That part of the protective footwear including but not limited to the toe,
vamp, quarter, shaft, topline, and other than the sole with heel and insole.
Front Length (3). Upper torso measurement from bottom collar seam to the bottom edge of the
garment at front edge.
Front Rise (3). Lower torso measurement from crotch seam to top of waistband at front center.
Front Waist Pocket (3). Slanted or side seam opening pockets that open to the exterior, located
at or near the front waist of the garment.
Garment. An item of clothing that covers the torso, limbs, or portions thereof.
Gloves (6). An article of protective clothing designed to provide limited protection to the
fingers and thumb, and hand and wrist.
Hardware (3). Non-fabric components of protective clothing, including those made of metal or
plastic material.
Headform (7). A test device that simulates the configuration of the human head.
Heel Breast. The forward face of the heel.
Helmet. An article of protective equipment designed to provide limited protection to the head.
Inherent Flame Resistance (3). Flame resistance that is derived from the essential
characteristics of the fiber or polymer.
Inseam Length (3). Lower torso measurement along inseam from crotch seam to bottom edge
of cuff.
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Insole (5). The part of the protective footwear next to the bottom of the foot.
Interlining (3). Any textile that is intended for incorporation into any article of wearing apparel
as a layer between the protective layers.
Knee Circumference (3). Lower torso measurement 14 in. (35.6 cm) below crotch seam, from
folded edge to folded edge. Multiply this measurement by 2 to obtain circumference.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the “authority having jurisdiction” and concerned with product evaluation, that maintains
periodic inspection of production of listed equipment or materials and whose listing states either
that the equipment or material meets appropriate standards or has been tested and found suitable
for use in a specified manner.
Lower Torso (3). Area of body below the waist including the legs, but excluding the ankles
and feet.
Major “A” Seams (3).* Those seams assembly constructions where rupture exposes the wearer
to immediate danger.
Major “B” Seams (3).* Those seam assembly constructions where rupture does not expose the
wearer to immediate danger.
Manufacturer. The entity that assumes the liability and provides the warranty for the compliant
product.
Melt. To change from solid to liquid, or become consumed, by action of heat.
Neck Shroud. See “Face/Neck Shroud.”
Patch Pockets (3). Pockets located on the exterior of a protective garment.
Peak (7). An integral part of the helmet shell extending forward over the eyes only.
Product Label. A label or marking affixed to the item of wildland fire fighting protective
clothing or equipment by the manufacturer containing general information, warnings, care,
maintenance, or similar data. This product label is not the certification organization’s label,
symbol, or identifying mark; however, the certification organization’s label, symbol, or
identifying mark can be attached to it or be part of it.
Protective Footwear. An article of protective clothing designed to provide limited protection to
the foot, ankle, and lower leg.
Protective Garment. An article, or articles, of protective clothing designed to provide limited
protection to the upper and lower torso, including arms and legs.
Protective One-Piece Garment (3). A single-piece protective garment designed and configured
to protect the torso, arms, and legs.
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Protective Padding (7). A material used to absorb the kinetic energy of impact.
Protective Shirt (3). Upper torso protective garment designed to protect the chest, back, arms,
and shoulders, and worn over undergarments or other clothing.
Protective Trouser (3). Lower torso protective garment designed to protect the waist, hips,
thighs, and legs, and worn over undergarments or other clothing.
Proximity Fire Fighting. Specialized fire fighting operations that can include the activities of
rescue, fire suppression, and property conservation at incidents involving fires producing very
high levels of conducted, convective, and radiant heat; such as aircraft fires, bulk flammable gas
fires, and bulk flammable liquid fires. Speciality thermal protection from exposure to high levels
of radiant heat, as well as thermal protection from conductive and convective heat, is necessary
for persons involved in such operations due to the scope of these operations and the close
distance to the fire that these operations are conducted although direct entry into flame is NOT
made. Usually these operations are exterior operations, but might be combined with interior
operations. Not structural fire fighting, but might be combined with structural fire fighting
operations. Not entry or wildland fire fighting. (See also Approach Fire Fighting, Entry Fire
Fighting, Structural Fire Fighting, and Wildland Fire Fighting.)
Radiant Protective Performance (RPP). The resistance of a fabric to radiant heat, measured in
seconds, when exposed to a vertically oriented radiant heat source, positioned at a specific
horizontal distance from the vertical placement of the protective fabric, sufficient to cause a
second-degree burn to human tissue.
Retroreflective Markings (7). A material that reflects light back to the light source.
Sample. Protective clothing or equipment items taken from a manufacturer’s current
production lot; or specimens that are identical to the items or protective clothing or equipment;
or materials used in actual construction of the item of protective clothing or equipment.
Sample Specimen. A single layer or composite of the materials used in actual construction of
an item of protective clothing or equipment proposed for labeling as compliant with the
requirements of this standard.
Seam Assembly (3). The composite structure obtained where fabric(s) are joined by the means
of a sewn seam.
Seat Circumference (3). Lower torso measurement from 1 in. (2.5 cm) above bottom of fly
curve from folded edge to folded edge. Multiply this measurement by 2 to obtain circumference.
Separate. A material response evidenced by splitting or delamination.
Sewn Seam Strength (3). The maximum resistance to rupture of the junction formed by
stitching together 2 or more planar structures, such as textile fabrics.
Shall. This term indicates a mandatory requirement.
Shank (5). Reinforcement to the shank area of protective footwear designed to provide
additional support to the instep.
Shell (7). A helmet without its suspension system, accessories, and fittings.

Copyright 1996 NFPA

Should. This term, as used in the appendix, indicates a recommendation or that which is
advised but not required.
Sleeve Length (3). Upper torso measurement from center back at bottom of collar seam
diagonally across back and down sleeve to bottom edge of cuff. In other specified instances, it is
a measurement from center sleeve setting seam at shoulder to bottom edge of sleeve.
Structural Fire Fighting. The activities of rescue, fire suppression, and property conservation in
buildings, enclosed structures, aircraft, vehicles, vessels, or like properties that are involved in a
fire or emergency situation.
Textile Fabric (3). A planar structure consisting of yarns or fibers.
Thermal Protective Performance (TPP). The resistance, measured in seconds, of a sample
specimen to a combination of convective and radiant heat sufficient to cause second-degree
burns to human tissue when the sample specimen is exposed to a convective and radiant heat
source positioned at a specific vertical distance from a horizontal placement of the sample
specimen.
Thigh Circumference (3). Lower torso measurement at crotch line from folded edge to folded
edge. Multiply this measurement by 2 to obtain circumference.
Throat. The center of the boot entrance area behind the gusset, from its top line to the lowest
point where it attaches to the vamp.
Top Line. The line around the top of the boot that includes the top of the gusset.
Upper Torso (3). Area of body above the waist to shoulder, including the arms and wrists, but
excluding the hands.
Vertical Circumference (3). One-piece torso garment measurement from junction of
shoulder/collar seam down to the bottom of the crotch. Multiply this measurement by 2 to obtain
circumference.
Waist Circumference (3). Measurement from top edge of waistband from folded edge to folded
edge. Multiply this measurement by 2 to obtain circumference.
Wear Surface (5). A footwear term for the bottom of the sole, including heel.
Welt. A strip of material stitched or cemented onto the seam between the boot upper and sole.
Wildland Fire Fighting. The activities of fire suppression and property conservation in
vegetation that is not within structures, but that is involved in a fire situation.
Chapter 2 Certification
2-1 General.
2-1.1
Garments, gloves, footwear, helmets, and protective shelters that are labeled as being
compliant with this standard shall meet or exceed all requirements specified in this standard and
shall be certified.
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2-1.2
All certification shall be performed by an approved certification organization.
2-1.3
Compliant garments, gloves, footwear, helmets, and protective shelters shall be labeled and
listed. Such protective clothing and equipment items shall also have a product label that meets
the requirements specified within the individual product chapters of this standard.
2-2 Certification Program.
2-2.1*
The certification organization shall not be owned or controlled by manufacturers or vendors of
the product being certified. The certification organization shall be primarily engaged in
certification work and shall not have a monetary interest in the product’s ultimate profitability.
2-2.2
The certification organization shall refuse to certify products to this standard that do not
comply with the requirements of this standard.
2-2.3*
The contractual provisions between the certification organization and the manufacturer shall
specify that a listing is contingent on compliance with all applicable requirements of this
standard. There shall be no conditional, temporary, or partial certifications. Manufacturers shall
not be authorized to use any label or reference to the certification organization on products that
are not manufactured in compliance with all applicable requirements of this standard.
2-2.4*
For certification, laboratory facilities and equipment for conducting proper tests shall be
available, a program for calibration of all instruments shall be in place and operating, and
procedures shall be used to ensure proper control of all testing. Good practice shall be followed
regarding the use of laboratory manuals, form data sheets, documented calibration routines,
performance verification, proficiency testing, and staff qualification and training programs.
2-2.5
Manufacturers shall be required to establish and maintain a program of product inspection and
testing.
2-2.6
The manufacturer and the certification organization shall evaluate any changes affecting the
form, fit, or function of the certified product to determine its continued certification to this
standard.
2-2.7*
Product certifications shall include a follow-up inspection program, with a least 2 random and
unannounced visits per 12-month period.
2-2.8
The certification organization shall have a program for investigating field reports alleging
malperformance or failure of listed products.
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2-2.9
The operating procedures of the certification organization shall provide a mechanism for the
manufacturer to appeal decisions. The procedures shall include the presentation of information
from both sides of a controversy to a designated appeals panel.
2-2.10
The certification organization shall be in a position to use legal means to protect the integrity
of its name and label. The name and label shall be registered and legally defended.
2-3 Sample Testing.
2-3.1
Sampling levels for testing and inspection shall be established by the certification organization
and the manufacturer to assure a reasonable and acceptable reliability at a reasonable and
acceptable confidence level that products certified as being compliant with the standard are
compliant.
2-3.2
Inspection for determining compliance with design requirements specified in this standard
shall be performed on a completed item of protective clothing or equipment.
2-3.3
Testing for determining material and component compliance with performance requirements
specified in this standard shall be performed on samples representative of materials and
components used in the actual construction of that particular item of protective clothing or
equipment. The certification organization shall be permitted to also use sample materials cut
from representative items of protective clothing or equipment.
2-3.4
Any change in design, construction, or material shall necessitate new certification of
compliance to all requirements of this standard that the certification organization determines can
be affected by such change. This recertification shall be conducted before labeling the modified
item of protective clothing or equipment as being compliant with this standard.
2-4 Manufacturer’s Quality Assurance Program.
2-4.1
The manufacturer shall provide and maintain a quality assurance program that includes a
documented inspection and product recall system. The manufacturer shall have an inspection
system to substantiate conformance to this standard.
2-4.2
The manufacturer shall maintain written inspection and testing instructions. The instructions
shall prescribe inspection and test materials, work in progress, and completed articles. Criteria
for acceptance and rejection of materials, processes, and final product shall be part of the
instructions.
2-4.3
The manufacturer shall maintain records of all pass/fail tests. Pass/fail records shall indicate
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the disposition of the failed material or product.
2-4.4
The manufacturer’s inspection system shall provide for procedures that ensure the latest
applicable drawings, specifications, and instructions are used for fabrication, inspection, and
testing.
2-4.5
The manufacturer shall, as a part of the quality assurance program, maintain a calibration
program of all instruments used to ensure proper control of testing. The calibration program shall
be documented as to the date of calibration and performance verification.
2-4.6
The manufacturer shall maintain a system for identifying the appropriate inspection status of
component materials, work in process, and finished goods.
2-4.7
The manufacturer shall establish and maintain a system for controlling non-conforming
material, including procedures for the identification, segregation, and disposition of rejected
material. All non-conforming materials or products shall be identified to prevent use, shipment,
and intermingling with conforming materials or products.
2-4.8
The manufacturer’s quality assurance program shall be audited by a third-party certification
agency to determine that the program is sufficient to ensure continued product compliance with
this standard.
2-5 User Information.
2-5.1
The manufacturer of protective clothing or equipment certified as compliant with this standard
shall provide, with each item, instructions for user marking, storage, maintenance, frequency and
details of inspection, criteria for retirement or removal from service, and any other information
regarding to serviceability.
2-5.2
The manufacturer of protective clothing or equipment certified as compliant with this standard
shall provide, with each item, instructions for cleaning and drying, including applicable warnings
regarding detergents, soaps, cleaning additives, and bleaches.
Chapter 3 Protective Clothing
3-1* Design Requirements.
3-1.1
All collars shall remain upright after extension into a vertical position.
3-1.2*
Protective garments shall not have turn-up cuffs. Sleeve cuffs shall have a closure system that
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can be adjusted to provide a snug and secure fit around the wrist while wearing a glove that
meets the requirements of Chapter 6.
3-1.3
Inseam lengths shall be provided in lengths from 26 in. to 35 in. (66 cm to 89 cm) in 1.0-in.
(2.5-cm) increments, or shall be cut to order. Inseam lengths shall be finished to lengths
specified within tolerances of +0.5/-0.0 in. (+1.27/-0.0 cm).
3-1.4*
All pockets that open to the exterior of the garment, other than front waist pockets, shall have a
cover or closure system.
3-1.5*
Pass-through openings of protective garments shall have a means of fastening them in a closed
position.
3-1.6
Bottoms of upper torso garments shall be flat without curving upwards at the side seams.
3-1.7
All snaps shall meet the requirements of MS 27980E, Fasteners, Snaps, Style 2.
3-1.8
All fastener tape shall meet the requirements of MIL-F-21840G, Fastener Tapes, Hook and
Pile, Synthetic.
3-1.9
All zippers shall meet the requirements of FED-V-F-106F, Fasteners, Slide Interlocking.
3-1.10
All protective garments that encompass the neck area shall have a closure system at the
neckline.
3-1.11
One-piece garment torso closure systems shall be continuous from the top of crotch area to top
of garment at neck.
3-1.12
Closure systems shall not come in direct contact with the body.
3-1.13
Any metal components of the garments shall not come in direct contact with the body.
3-1.14* Size Requirements.
3-1.14.1 Manufacturers shall produce garments in accordance with minimum equivalents as
indicated in Tables 3-1.14.1(a), 3-1.14.1(b), 3-1.14.1(c), and 3-1.14.1(d).
Table 3-1.14.1(a) Protective Upper Torso Garment Sizing Requirements (Inches)

Copyright 1996 NFPA

Table 3-1.14.1(b) Men’s and Women’s Protective Garment Lower Torso Sizing
Requirements (Inches)

Table 3-1.14.1(c) Women’s Protective Garment Lower Torso Sizing Requirements (Inches)
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Table 3-1.14.1(d) Protective One-Piece Garment Sizing Requirements (Inches)

3-1.14.2 Size requirements for tall sizes for upper torso garments shall have an additional 1.0 in.
(2.5 cm) added to the sleeve length dimension and an additional 1.5 in. (3.8 cm) added to the
front and back length dimensions.
3-1.14.3 Garments shall be permitted for sizes midway between those specified, provided that
they meet dimensional requirements that are midway between the respective values for
corresponding even sizes specified in Tables 3-1.14.1(b), 3-1.14.1(c), and 3-1.14.1(d).
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3-1.14.4 Protective garments shall be permitted to be custom made, provided that the individual
is measured for all dimensions cited in the sizing tables and that the garment provides the
minimum ease specified in Table 3-1.14.4.
Table 3-1.14.4 Ease
Dimension

Men

Women

Neck Circumference

+1

+1

Chest Circumference

+6

+6

Hip Circumference

+6

+6

Bottom Circumference

+6

+6

Cuff Circumference

+6

+6

Amount of Front & Back
Length extending below top of hip line

+6

+6

Waist Circumference

+1

+1

Seat Circumference

+6

+7

Thigh Circumference

+6

+6

Knee Circumference

+6

+6

Cuff Circumference

+ 11

+ 11

(Front + Back) Rise

+6

+ 11

+ 10

+10

Upper Torso Garment

Lower Torso Garment

One-Piece Garment
Vertical Circumference
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3-1.14.5 Garments shall be closed, laid flat, smoothed, and gently stretched while measuring as
defined in Section 1-3 and in Figures 3-1.14.5(a) and 3-1.14.5(b).

Figure 3-1.14.5(a) Upper torso measurements.
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Figure 3-1.14.5(b) Lower torso measurements.

3-1.15
The minimum seam allowance for all seams shall be 3/8 in. (9.5 mm).
3-2 Product Labeling Requirements.
3-2.1
Product labels for garments that can be laundered shall be clearly legible to the eye before and
after 50 cycles of washing and drying in accordance with the procedures specified in Machine
Cycle 1, Wash Temperature V, Drying Procedure Ai, of AATCC 135, Dimensional Changes in
Automatic Home Laundering of Woven and Knit Fabrics.
3-2.2
Product labels utilized in wildland fire fighting protective garments specified to be dry-cleaned
shall be clearly legible before and after 25 dry-cleaning cycles.
3-2.3
Each garment shall have 1 or more product labels permanently and conspicuously attached to
the item, upon which at least the following warning and information are printed in letters at least
1/ in. (1.6 mm) in height:
16
“THIS WILDLAND FIRE FIGHTING PROTECTIVE GARMENT MEETS THE
REQUIREMENTS OF NFPA 1977, STANDARD ON PROTECTIVE CLOTHING
AND EQUIPMENT FOR WILDLAND FIRE FIGHTING, 1993 EDITION.
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WARNING
THIS PROTECTIVE GARMENT IS DESIGNED FOR WILDLAND FIRE
FIGHTING ONLY. DO NOT USE PROTECTIVE GARMENTS ALONE FOR
WILDLAND FIRE FIGHTING OPERATIONS; OTHER PROTECTIVE
EQUIPMENT — HELMET, GLOVES, FOOTWEAR, FIRE SHELTER — IS
REQUIRED FOR PROTECTION. FOR OTHER FIRE FIGHTING
OPERATIONS, PROTECTIVE CLOTHING AND EQUIPMENT APPROPRIATE
FOR THE TYPE OF FIRE FIGHTING OPERATION MUST BE WORN. USERS
MUST CLEAN, MAINTAIN, AND ALTER ONLY IN ACCORDANCE WITH
MANUFACTURER’S INSTRUCTIONS. NO PROTECTIVE GARMENTS CAN
PROVIDE COMPLETE PROTECTION FROM ALL CONDITIONS; USE
EXTREME CARE FOR ALL EMERGENCY OPERATIONS. FAILURE TO
COMPLY WITH THIS WARNING MAY RESULT IN SERIOUS INJURY OR
DEATH.”
Manufacturer’s name
Manufacturer’s address
Manufacturer’s number, cut/lot, or serial number
Country of manufacture
Country of origin of materials
Style, name, or design
Date of manufacture (uncoded)
Size
Cleaning and drying instructions, including applicable warnings regarding
detergents, soaps, cleaning additives, and bleaches
Material contents
Authorized mark of certifying organization
Date of certification
“DO NOT REMOVE THIS LABEL.”
3-2.4
All portions of the required garment label shall be printed at least in English.
3-3* Performance Requirements.
3-3.1
Textile fabrics used for protective clothing or protective garment composites shall have an
average radiant protective performance (RPP) of not less than 7.0 when tested as specified in
3-4.2 before and after 5 cycles of washing and drying in accordance with 3-4.10.
3-3.2
Textile fabrics and interlinings used for protective clothing shall be individually tested for
flame resistance and shall have an average char length of not more than 4 in. (102 mm), an
average afterflame of not more than 2 seconds, and shall not melt or drip when tested as
specified in 3-4.3.
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3-3.3
Textile fabrics and interlinings utilized in wildland fire fighting protective garments shall be
individually tested for thermal shrinkage resistance and shall not shrink more than 10 percent in
any direction when tested as specified in 3-4.4.
3-3.4
Textile fabrics used for protective clothing or protective garment composites in wildland fire
fighting shall have a total heat loss of not less than or equal to 450 W/m2 when tested in
accordance with 3-4.5.
3-3.5*
Outer textile fabric used for protective clothing shall be tested for tear resistance and shall
have a tear resistance of not less than 5 lb (2.27 kg) when tested in accordance with 3-4.6.
3-3.6
The outer textile fabrics used for protective clothing shall be individually tested for cleaning
shrinkage resistance and shall not shrink more than 5 percent in any direction after 5 wash cycles
when tested as specified in 3-4.7.
3-3.7
All seams shall demonstrate a sewn seam strength equal to or greater than that stipulated for
each seam type listed below when tested in accordance with 3-4.8.
(a) Major “A” seams shall have a minimum seam breaking strength of 70 lb (315 N), either
fabric or thread.
(b) Major “B” seams shall have a minimum seam breaking strength of 50 lb (225 N), either
fabric or thread.
3-3.8
All thread used in protective garments shall be tested for heat resistance and shall not ignite,
melt, or char when tested in accordance with 3-4.9.
3-3.9
Textile fabrics, interlinings, and other materials used in wildland fire fighting uniform
construction — including but not limited to padding, reinforcement, wristlets, collars, garment
labels, hanger hooks, buttons, fasteners, and closures, but excluding hook and pile fasteners and
trim where not in direct contact with the skin — shall be individually tested for heat resistance in
their original form and shall not melt, drip, separate, or ignite when tested as specified in 3-4.4.
3-4 Testing Requirements.
3-4.1 Preconditioning.
3-4.1.1 Samples to be tested shall be preconditioned in accordance with Section 4, “Atmospheric
Conditions for Testing,” of Federal Test Method Standard 191A, Textile Test Methods, at a
temperature of 70°F, ±2°F (21°C, ±1°C) and a relative humidity of 65 percent, ±5 percent.
Samples shall be tested not more than 5 minutes after removal from preconditioning.
3-4.2 Radiant Protective Performance Test.
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3-4.2.1 Specimens shall be tested both before and after being subjected to 5 cycles of washing
and drying as specified in 3-4.10.
3-4.2.2 All specimens to be tested shall be preconditioned by placement in a circulating air oven
for not less than 4 hours at 120°F, ±5°F (49°C, ±2°C) and then conditioned as specified in 3-4.1.
Specimens shall be tested not more than 5 minutes after removal from conditioning.
3-4.2.3 Radiant protective performance (RPP) shall be performed in accordance with paragraphs
4.5.1.2 and 4.5.1.4 of MIL-C-24941, Cloth, Laminated, Aluminized (para-aramid/PBI base) and
in accordance with ASTM D 4108, Standard Test Method for Thermal Protective Performance
of Materials for Clothing; Open Flame Method, with the following modifications:
3-4.2.3.1 The test specimen shall be 3 in. × 10 in. (7.6 cm × 25.4 cm), with the long dimension in
the warp or wale direction, and shall not be conditioned on the oscillating drum abrasion
apparatus.
3-4.2.3.2 Apparatus shall consist of a vertical oriented radiant heat source, specimen holder
assembly, protective shutter, sensor assembly, and recorder. The sensor block shall consist of a
51/4 in. × 51/4 in. × 1/2 in. (133.3 mm × 133.3 mm × 12.8 mm) heat-resistant material that fits
without binding into a bracket on the rear plate of the specimen holder. The sensor shall be in
accordance with paragraph 6.5, the recorder shall be in accordance with paragraph 6.6, and the
chart overlay shall be in accordance with all paragraphs of ASTM D 4108, Standard Test
Method for Thermal Protective Performance of Materials for Clothing; Open Flame Method.
3-4.2.3.3 The vertically oriented radiant heat source shall be in accordance with Figure 3-4.2,
and shall consist of a bank of five 500-watt, infrared, tubular, translucent quartz lamps having a
5-in. (12.7-cm) lighted length and a mean overall length of 813/16 in. (22.4 cm). The lamps shall
be mounted so that the lamps’ surfaces are approximately 0.015 in. (0.381 mm) apart. The bank
or array shall be mounted and centered behind a 21/4 in. × 51/2 in. (5.7 cm × 14.0 cm) cut-out on
1/2-in. (1.3-cm) transite board. A specimen holder and holder plate with a 21/2 in. × 6 in. (6.5 cm
×

15.2 cm) center cutout shall be positioned so that the distance from the nearest lamp surface to
the test specimen is exactly 1 in. (2.5 cm). The holder plate, as shown in Figure 3-4.2, shall
include a bracket to hold the copper calorimeter sensor assembly and shall cover the complete
cut-out section. The quartz lamps shall be heated electrically and the power input controlled by
means of a variac having a capacity of at least 25 amperes. A voltmeter, accurate to ±1 volt, shall
be installed on the load circuit to indicate operating or load voltage to the lamps.
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Figure 3-4.2.
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Figure 3-4.2 Detail A Position of quartz lamps on transite.
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Figure 3-4.2 Detail B Sample position top view enlargement.

Figure 3-4.2 Detail C Schematic of electrical circuit.
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Figure 3-4.2 Detail D.
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Figure 3-4.2 Detail E.

3-4.2.3.4 A protective shutter, as shown in Figure 3-4.2, Detail D, shall be placed between the
radiant heat source and the specimen. The protective shutter shall be capable of completely
reflecting radiant heat load during the period before specimen exposure.
3-4.2.3.5 The sensor face shall be wiped immediately after each run, while hot, to remove any
decomposition products that condense and could be a source of error. If a deposit collects and
appears to be thicker than a thin layer of paint, or is irregular, the sensor surface shall be
reconditioned. The cooled sensor shall be carefully cleaned with cleaning solution, making
certain there is no ignition source nearby. If bare copper is showing, the surface shall be
repainted with a thin layer of flat black spray paint. At least 1 calibration run shall be conducted
before using the repainted sensor in a test run. The sensor shall be recalibrated after every
sample run of 5 specimens. The sensor shall always approximate body temperature by contact
with the hand prior to placing on the apparatus.
3-4.2.3.6 Specimens shall be exposed to a thermal flux of 0.5 cal/cm2/sec, ±0.1 cal/cm2, as
measured with a copper calorimeter. The copper calorimeter shall be the only heat sensor used in
setting the 0.5 cal/cm2/sec exposure condition. The total heat flux shall be calculated directly
from the temperature response of the copper calorimeter constants. Other heat-sensing devices
shall not be used to reference or adjust the heat flux read by the copper calorimeter. The 0.5
cal/cm2/sec exposure shall be determined directly and only from the voltage output of the
thermocouple, using the measured temperature rise of the copper calorimeter, the area and mass
of the calorimeter, and the heat capacity of copper to calibrate the incoming heat flux.
3-4.2.3.7 The specimen shall then be placed in the specimen holder so that the specimen is
centered in the opening of the specimen holder. The sensor assembly shall be placed in contact
with the back of the specimen holder, and then both shall be placed in front of the heat source so
that the distance from the specimen to the nearest edge of the lamp surface is exactly 1 in. (2.5
cm). A hand- or mechanically-operated shutter device shall be placed between the specimen
holder containing the test specimen and the lamps to completely block the heat from reaching the
specimen when lamps are first turned on. The lamps shall be turned on for a 60-second warm-up
period. With the lamps still turned on, the shutter shall be removed from the front of the test
specimen, and the recorder started. The specimen shall be exposed to the heat for a minimum of
25 seconds, and then the current shall be turned off.
3-4.2.3.8 The radiant value shall be determined from the graph produced by the recorder chart of
the sensor response and the overlay, prepared as specified in 3-4.2.3.1. The overlay shall be
positioned on the recorder chart, matching the zero of the overlay with the start of the exposure.
The horizontal axis shall be placed in line with the initial trace of the pen. While keeping the
overlay square with the recorder chart, the time in seconds shall be read from the overlay chart
where the sensor response curve and the overlay curve intersect. The time in seconds shall be
used to calculate the radiant protective performance (RPP) value for the test specimen using the
basic formula defined in paragraphs 11-1.2 and 11-1.3 of ASTM D 4108, Standard Test Method
for Thermal Protective Performance of Materials for Clothing; Open Flame Method.
3-4.2.3.9 Five specimens shall be run, and the radiant value determined. If the individual test
results vary more than -0/+5 percent from the average result, the result shall be discarded and
another set of specimens shall be tested.
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3-4.2.3.10 The individual test results of each specimen shall be reported. The average value of
the 5 specimens shall be calculated and reported to determine pass/fail.
3-4.3 Flame Resistance Test.
3-4.3.1 For textile fabrics specified to be laundered, flame resistance testing shall be conducted
both before and after 50 cycles of washing and drying, as specified in 3-4.10.
3-4.3.1.1* For textile fabrics that are specified as sensitive to high-phosphate AATCC 124
detergent, and so specified, a substitute test detergent shall be permitted to be used for the
washings.
3-4.3.2 For textile fabrics specified to be dry-cleaned, the flame resistance testing shall be
conducted both before and after 25 cycles of commercial dry-cleaning.
3-4.3.3 Samples to be tested shall be preconditioned as specified in 3-4.1.
3-4.3.4 Flame resistance tests shall be conducted in accordance with Method 5903.1, “Flame
Resistance of Cloth; Vertical,” of Federal Test Method Standard 191A, Textile Test Methods.
3-4.4 Thermal Shrinkage and Heat Resistance Test.
3-4.4.1 Testing shall be conducted on 3 component specimens. Fabric specimens shall be tested
separately.
3-4.4.2 Specimen length shall be 6 in. (152.4 mm). Where the length of textile specimens is less
than 6 in. (152.4 mm), the sample shall be required to be the same length as the fabric utilized in
the garment. Specimen width shall be 6 in. (152.4 mm). Where the width of textile specimens is
less than 6 in. (152.4 mm), the sample shall be required to be the same width as the fabric
utilized in the garment. For the purpose of testing, labels and buttons shall be sewn to a support
fabric in the manner in which they appear in the constructed garment.
3-4.4.3 Fabric specimens shall be tested both before and after being subjected to 5 cycles of
laundering as specified in 3-4.10.
3-4.4.4 All specimens to be tested shall be preconditioned as specified in 3-4.1.
3-4.4.5 The test oven shall be a horizontal flow circulating oven with minimum interior
dimensions of 24 in. × 24 in. × 24 in. (61 cm × 61 cm × 61 cm). The test oven shall have an
airflow rate of 125 to 250 linear ft/min (38 m to 76 m) at the standard temperature and pressure
of 70°F (21°C) at 1 atmosphere (21°C at 1 atmosphere), measured at the center point of the oven.
A test thermocouple shall be positioned so that it is level with the horizontal centerline of a
mounted sample or sample specimen. The thermocouple shall be equidistant between the vertical
centerline of a mounted sample or sample specimen placed in the middle of the oven and the
oven wall where the airflow enters the test chamber. The thermocouple shall be an exposed bead,
Type J or K 30 AWG thermocouple. The test oven shall be heated and the test thermocouple
stabilized at 500°F, +10°/-0°F (260°C, +6°/-0°C) for a minimum of 30 minutes.
3-4.4.6 The fabric specimen shall be suspended by metal clips at the top and centered in the oven
so that the entire specimen is not less than 2 in. (5.08 mm) from any other oven surface or other
specimen, and airflow is parallel to the plane of the material.
3-4.4.7 Hardware and accessory material specimens shall be supported or freely suspended in the
center of the oven so that they are not less than 2 in. (5.08 mm) from any oven surface or other
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specimen and are exposed to circulating air.
3-4.4.8 Specimens, mounted as specified, shall be placed in a circulating oven for not less than 5
minutes at 500°F, ±10°F (260°C, ±2°C). Specimen exposure time shall begin when oven has
recovered to an air temperature of 500°F, +10°/-0°F (260°C, +6°/-0°C).
3-4.4.9 Fabric specimens shall be measured to determine thermal shrinkage as specified in 3-3.3
to determine pass/fail. Fabric specimens and garment components shall be examined for
compliance with 3-3.9 to determine pass/fail.
3-4.5 Total Heat Loss Test.
3-4.5.1 Test specimens of all textile fabrics shall be tested as specified in this section using the
test equipment specified in ASTM D 1518, Standard Test Method for Thermal Transmittance of
Textile Materials.
3-4.5.2* The test plate and guard ring shall have a wettable surface.
3-4.5.3 The test plate shall have a temperature of 95°F, ±1°F (35°C, ±0.5°C). The guard ring and
bottom plate shall be controlled to eliminate lateral and downward heat loss from the test plate.
3-4.5.4 The local environment shall be 77°F, ±1°F (25°C, ±0.5°C) and 65 percent, ±4 percent
RH. The air velocity shall be the same for all calibrations and tests. These conditions shall be
measured continuously in the free-flow airstream, uninfluenced by the boundary of the test plate.
Apparatus used to measure temperature shall be accurate to within ±0.5°F (±0.25°C). Apparatus
used to measure humidity shall be accurate to within ±4 percent RH.
3-4.5.5 The average bare plate thermal resistance, including the air layer and any apparatus
contribution (Rcbp), shall be the average of at least 3 measurements with nothing mounted on
the test plate.
3-4.5.6 The average intrinsic thermal resistance of the sample alone (Rcf) shall be determined by
subtracting the average bare plate resistance (Rcbp) from the average of the total thermal
resistance (Rct) of the specimens tested.
3-4.5.7 The total thermal resistance (Rct) of the specimen shall be calculated from the following
equation:

where:
Rct = Total thermal resistance of the specimen and surface air layer (°C/m2/W)
Ts = Temperature at the plate surface (°C)
Ta = Temperature in the local environment (°C)
A = Area of the test plate (m2)
H = Power input (W)
3-4.5.8 Data shall be collected when equilibrium is reached. Data shall be collected every 5
minutes. Equilibrium shall be the rate of change of less than 3 percent per hour of calculated
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thermal resistance over a period not less than 30 minutes. The standard deviation of the
calculated thermal resistance shall be less than 1 percent.
3-4.5.9 A sample shall include at least 3 individual specimens.
3-4.5.10 The specimen shall be mounted on the test plate in the same orientation as the finished
garment from the skin surface, or plate surface, to the outside.
3-4.5.11* The apparatus shall be calibrated to meet the following constraints:
(a) A graph of total thermal resistance versus number of layers of 7.5 oz/yd2 Nomex duck shall
be linear for the bare plate value for one, two, three, and four layers.
(b) The slope of the linear regression shall be 0.0206°C/m2/W, ±10 percent.
(c) No individual data measurement shall be outside ±10 percent of the value predicted by the
linear regression.
(d) The intrinsic thermal resistance of the 4 layers of 7.5 oz/yd2 Nomex duck shall be
0.082°C/m2/W, ±10 percent.
3-4.5.12 The average intrinsic thermal resistance of the specimens shall be determined by
averaging all values, shall average a minimum of 6, obtained over the equilibrium period. The
average intrinsic thermal resistance of the sample shall be determined by averaging the values
for all specimens. If the individual results for any 3 specimens vary more than ±10 percent from
the average of the 3, the test shall be repeated on that specimen(s). If the retest produces a
value(s) within the ±10 percent limit, the new value(s) shall be used. If the retest value remains
outside the ±10 percent limit, an additional 3 specimens shall be tested, and all original and retest
results shall be reported along with the average and standard deviation for intrinsic thermal
resistance; and a statement shall identify this sample as having a high variability.
3-4.5.13 Water shall be fed to the test plate and guard ring so that water uniformly wets the test
plate and guard ring surface.
3-4.5.14* The test plate and guard ring shall be covered with a liquid barrier that prevents
wetting of the test specimen by the liquid water. The permeability index of the bare plate with
the liquid barrier in place shall be greater than 0.7. The permeability index of the bare plate shall
be calculated from the following equation:
im = 0.061 × Rcbp/Rebp
where:
im = Permeability index
Rcbp = Average bare plate thermal resistance, without liquid barrier (°C/m2/W)
Rebp = Average bare plate evaporative resistance, with liquid barrier (kPa/m2/W)
3-4.5.15 The average bare plate evaporative resistance, including the air layer, the liquid barrier,
and any apparatus contribution (Rebp), shall be the average of at least 3 measurements with only
the liquid barrier mounted on the plate. The local environment climate shall be permitted to be
increased to above 80°F (25°C), if necessary, to maintain test plate temperature at 95°F (35°C).
3-4.5.16 The apparent total evaporative resistance (ARet) of the specimen shall be calculated
from the following equation:
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where:
ARet = Apparent total evaporative resistance of the specimen and surface air layer
(kPa/m2/W)
Ps = Water vapor pressure at the plate surface (kPa)
Pa = Water vapor pressure in the local environment(kPa)
A = Area of the test plate (m2)
H = Power input (W)
Ts = Temperature at the plate surface (°C)
Ta = Temperature at the local environment (°C)
Rct = Total thermal resistance of the specimen and surface air layer (°C/m2/W)
3-4.5.17 Data shall be collected when equilibrium is reached. Data shall be collected every 5
minutes. Equilibrium shall be a rate of change of less than 3 percent per hour of calculated
apparent evaporative resistance over a period not less than 30 minutes. The standard deviation of
the calculated apparent evaporative resistance shall be less than 1 percent. If data collection
cannot be completed within 4 hours after mounting the specimen on the test plate, the specimen
shall be removed from the test plate and allowed to dry at least 24 hours at 60° to 80°F (16° to
25°C) before retesting. Subsequent data reporting shall state that drying was required. If the
retest of the specimen still cannot meet these constraints, then it shall be reported that the
specimen cannot be tested by this method.
3-4.5.18 The average apparent intrinsic evaporative resistance of the sample alone (ARef) shall
be the apparent total evaporative resistance (ARet) minus the average bare plate evaporative
resistance (Rebp).
3-4.5.19 The apparatus shall be calibrated to meet the following constraints:
(a) A graph of apparent total evaporative resistance versus number of layers of 7.5 oz/yd2
Nomex duck shall be linear for the bare plate value of one, two, three, and four layers.
(b) The slope of the linear regression shall be 0.005 kPa/m2/W.
(c) No individual data measurement shall be outside ±10 percent of the value predicted by the
linear regression.
(d) The apparent intrinsic evaporative resistance of 4 layers of 7.5 oz/yd2 Nomex duck shall be
0.020 kPa/m2/W, ±10 percent.
3-4.5.20 The apparent intrinsic evaporative resistance of the specimen shall be determined by
averaging all values, but shall average a minimum of 6, obtained over the equilibrium period.
The average apparent intrinsic evaporative resistance of the sample shall be determined by
averaging the values for all specimens. If the individual results for any 3 specimens vary more
than ±10 percent from the average of the 3, the test shall be repeated on that specimen. If the
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retest produces a value(s) within the ±10 percent limit, an additional 3 specimens shall be tested,
and all original and retest results shall be reported along with the average and standard deviation
for the apparent intrinsic evaporative resistance; and a statement shall identify this sample as
having a high variability.
3-4.5.21 The average total heat loss of the sample shall be determined and reported, subject to
the reporting requirements in 3-4.5.12, 3-4.5.17 and 3-4.5.20. The total heat loss of the sample
shall be calculated from the following equation:

where:
Qt = Total heat loss (W/m2)
Rcf = Average intrinsic thermal resistance of the sample as determined in 3-4.5.6
(°C/m2/W)
ARef = Average apparent intrinsic evaporative resistance of the sample as determined
in 3-4.5.18 (kPa/m2/W)
____________
*These values are appropriate for a surface air layer at an air temperature of 80°F (25°C), a relative humidity of 65
percent, a skin temperature of 95°F (35°C), and a nominal effective air velocity of 6.5 ft/sec (2 m/s).

3-4.6 Tear Resistance Test.
3-4.6.1 Sample specimens shall be preconditioned as specified in 3-4.1.
3-4.6.2 Sample specimens of the textile fabrics shall be tested in accordance with ASTM D
1424, Standard Test Method for the Tear Resistance of Woven Fabrics by Falling Pendulum
(Elmendorf) Apparatus.
3-4.7 Shrinkage Resistance Test.
3-4.7.1 Sample specimens shall be preconditioned as specified in 3-4.1.
3-4.7.2 Sample specimens to be tested shall be subjected to the procedure specified in 3-4.10.
3-4.7.3 Knit fabric sample specimens shall be measured for laundry shrinkage in accordance
with AATCC 160, Dimensional Restoration of Knitted and Woven Fabrics After Laundering.
3-4.7.4 Specimens shall be measured to determine pass/fail.
3-4.8 Seam Strength Test.
3-4.8.1 Sample specimens shall be preconditioned as specified in 3-4.1.
3-4.8.2 Test specimens of all sewn seams of woven fabric utilized in the garment construction
shall be tested in accordance with ASTM D 1683, Standard Test Method for Failure in Sewn
Seams of Woven Fabric.
3-4.8.3 Test specimens of all sewn seams of knit fabric utilized in the garment construction shall
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be tested in accordance with ASTM D 3940, Standard Test Method for Failure in Sewn Seams of
Knit Fabric.
3-4.9 Thread Heat Resistance Test.
3-4.9.1 Sample specimens shall be preconditioned as specified in 3-4.1.
3-4.9.2 All thread used in the construction of the garments shall be tested to a temperature of
500°F (260°C) in accordance with Method 1534, “Melting Point of Synthetic Fibers,” of Federal
Test Method Standard 191A, Textile Test Methods.
3-4.10 Laundering.
3-4.10.1 Textile fabrics specified to be laundered shall be laundered and dried for testing in
accordance with the procedures specified in Machine Cycle 3, Wash Temperature II, and Drying
Procedure B of AATCC Test Method 135, Dimensional Changes in Automatic Home
Laundering of Woven and Knit Fabrics.
Chapter 4 Protective Shelters
4-1 Design Requirements.
4-1.1*
The fire shelter shall conform to USDA Forest Service Specification 5100-320F, Shelter, Fire.
Protective fire shelter product labels shall meet the requirements of Section 4-2.
4-2 Product Label Requirements.
4-2.1
Protective fire shelters shall have product labels located on the shelter flap as specified and
inside the clear polyvinyl shelter package so that the label can be read without opening the
polyvinyl shelter package. The product label shall contain at least the following warnings and
information printed in letters at least 1/16 in. (1.6 mm) in height:
“THIS WILDLAND FIRE SERVICE PROTECTIVE FIRE SHELTER MEETS
THE REQUIREMENTS OF NFPA 1977, STANDARD ON PROTECTIVE
CLOTHING AND EQUIPMENT FOR WILDLAND FIRE FIGHTING, 1993
EDITION.
WARNING
THIS FIRE SHELTER IS INTENDED FOR EMERGENCY USE DURING
WILDLAND FIRE FIGHTING OPERATIONS ONLY. USERS MUST READ THE
INSTRUCTIONS PROVIDED WITH THIS SHELTER. USERS MUST BE
TRAINED IN FIRE SHELTER DEPLOYMENT AND OPERATION. FIRE
SHELTER CARRYING CASES OR POCKETS SHOULD COMPLETELY
ENCLOSE AND FIT SNUGLY AROUND THE CARRYING CASE LINER IN
WHICH THE FIRE SHELTER IS ENCLOSED. THE CASE OR POCKET MUST
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BE EASILY REACHED SO A FIRE FIGHTER CAN EXTRACT THE FIRE
SHELTER WHILE ON THE RUN. THE PREFERRED METHOD FOR
CARRYING A FIRE SHELTER IS IN A CASE FASTENED TO A BELT WORN
AROUND THE WAIST. FAILURE TO COMPLY WITH THIS WARNING MAY
RESULT IN SERIOUS INJURY OR DEATH.”
Manufacturer’s name
Manufacturing lot number
Country of manufacture
Country of origin of materials
Date of manufacture
Authorizing mark of certification organization
Date of certification
“DO NOT REMOVE THIS LABEL.”
4-2.2
No product label shall be attached to the outside reflective surface of the fire shelter.
4-2.3
All portions of the required fire shelter label shall be printed at least in English.
4-3 Carrying Case and Liner.
4-3.1*
The fire shelter shall be enclosed in a carrying case liner. The fire shelter carrying case liner
shall conform to USDA Forest Service Specification 5100-00323A, Liner, Fire Shelter,
Carrying Case.
4-3.2*
The fire shelter, enclosed in a carrying case liner, shall be enclosed in a carrying case. The
carrying case shall conform to USDA Forest Service Specification 5100-322B, Case, Carrying,
Fire Shelter.
Chapter 5 Protective Footwear
5-1 Design Requirements.
5-1.1 Configuration.
5-1.1.1* Protective footwear shall consist of a sole with heel, upper, insole, and shank. The
quarter section of the boot shall be designed to provide an adjustable, snug fit for support around
the ankle and lower leg.
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Figure 5-1.1 Footwear terms.

5-1.1.2* Protective footwear height shall be a minimum of 8.0 in. (20.3 cm). The height shall be
determined by measuring inside the boot from the center of the heel back at the insole level up to
the top line at the center back. Removable insole inserts shall be removed prior to measurement.
5-1.1.3 Heel breast shall not be less than 0.5 in. (12.7 mm). Heel breasting angle shall not be less
than 90 degrees nor more than 135 degrees relative to the sole and as shown in Figure 5-1.1.
5-1.2 Sizing.
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5-1.2.1* Protective footwear shall be available in all of the following sizes:
Men: 5-13, including half sizes, and a minimum of 2 widths.
Women: 5-10, including half sizes, and a minimum of 2 widths.
5-1.2.2 Manufacturers shall be required to establish and provide, upon request, a size conversion
chart for each model or style of protective footwear based on toe length, arch length, and foot
width as measured on the Brannock Foot Measuring Device.
5-1.3 Construction.
5-1.3.1 Metal parts shall not penetrate from the outside into the inside at any point, unless
covered.
5-1.3.2 Where used, there shall be a minimum of 4 metal stud hooks on each side of the eyerow
and they shall meet the requirements of 5-3.2 and 5-3.8.
5-1.3.3 Eyelets shall be constructed of coated steel, solid brass, brass-coated nickel, or nickel.
5-2 Product Labeling Requirements.
5-2.1
Protective footwear shall have a product label or labels permanently and conspicuously
attached to each boot, upon which at least the following warnings and information are printed in
letters at least 3/64 in. (1.2 mm) in height:
“THIS WILDLAND FIRE FIGHTING PROTECTIVE FOOTWEAR MEETS THE
REQUIREMENTS OF NFPA 1977, STANDARD ON PROTECTIVE CLOTHING
AND EQUIPMENT FOR WILDLAND FIRE FIGHTING, 1993 EDITION.
WARNING
DO NOT USE PROTECTIVE FOOTWEAR ALONE FOR WILDLAND FIRE
FIGHTING OPERATIONS; OTHER PROTECTIVE EQUIPMENT — HELMET,
GLOVES, PROTECTIVE GARMENTS, FIRE SHELTER — IS REQUIRED FOR
PROTECTION. THIS FOOTWEAR ALONE MAY NOT PROVIDE
PROTECTION FOR PROXIMITY OR FIRE ENTRY SITUATIONS, OR FOR
PROTECTION FROM CHEMICAL, RADIOLOGICAL, OR BIOLOGICAL
AGENTS. USERS MUST CLEAN, MAINTAIN, AND ALTER ONLY IN
ACCORDANCE WITH MANUFACTURER’S INSTRUCTIONS. NO
PROTECTIVE FOOTWEAR CAN PROVIDE COMPLETE PROTECTION
FROM ALL CONDITIONS; USE EXTREME CARE FOR ALL EMERGENCY
OPERATIONS. FAILURE TO COMPLY WITH THESE WARNINGS MAY
RESULT IN SERIOUS INJURY OR DEATH.”
Manufacturer’s name
Manufacturer’s lot number
Country of manufacture
Model or stock number
Copyright 1996 NFPA

Size and width
Authorized mark of certification organization
Date of certification
“DO NOT REMOVE THIS LABEL.”
5-2.2
All portions of the required protective footwear product label(s) shall be printed at least in
English.
5-2.3
All product labels shall be permanently affixed to all protective footwear.
5-2.4
Product labels shall remain legible and shall not be torn or otherwise damaged when tested in
accordance with 5-4.7, Product Label Permanency.
5-3 Performance Requirements.
5-3.1
Footwear shall be tested in accordance with 5-4.2, Heat Resistance. No part of footwear, other
than laces, shall melt, and all accessories shall remain functional.
5-3.2
Metal parts of protective footwear shall be examined for corrosion resistance after testing in
accordance with 5-4.8, Corrosion Resistance Test. Metals inherently resistant to corrosion,
including but not limited to stainless steel, brass, copper, aluminum, and zinc, shall show no
more than light surface-type corrosion or oxidation. Ferrous metals shall show no corrosion of
the base metals. Accessories shall remain functional.
5-3.3
The protective footwear upper shall not be cut through the full thickness of the test specimen at
any point when tested in accordance with 5-4.3, Upper Cut Resistance.
5-3.4
Protective footwear upper shall be tested for upper puncture resistance and shall not puncture
under an average applied force of 13.2 lb (6 kg) when tested in accordance with ASTM F 1342,
Standard Test Method for Resistance of Protective Clothing Materials to Puncture.
5-3.5
The protective footwear sole and heel, with the exception of caulked boots, shall have an
abrasion resistance rating of not less than 100 NBS Index when tested in accordance with FIA
Test Method 301, NBS Abrasion.
5-3.6
Protective footwear inside sole surface shall not exceed 111°F (44°C) when tested in
accordance with 5-4.5, Conductive Heat Resistance.
5-3.7
Protective footwear outsole shall be tested for 150,000 flexes, except caulked boots shall not
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exceed 350 percent cut growth, and shall be tested in accordance with FIA Test Method 308,
Ross Flex Endurance of Soling Materials, Modified ASTM Procedure.
5-3.8
Stud hooks shall have a minimum detachment strength of 66 lbf (30 kgf) when tested in
accordance with 5-4.6, Eyelet and Stud Post Attachment.
5-4 Testing Requirements.
5-4.1 Preconditioning.
5-4.1.1 Unless otherwise indicated, samples shall be prepared as specified in referenced or
included test methods.
5-4.1.2 Where indicated, samples shall be preconditioned in accordance with Section 4,
“Atmospheric Conditions for Testing,” of Federal Test Method Standard 191A, Textile Test
Methods. Testing shall begin not more than 5.0 minutes after removal from preconditioning.
5-4.2 Heat Resistance Test.
5-4.2.1 The protective footwear sample specimen to be tested shall be men’s size 9, half pair.
5-4.2.2 Sample specimens shall be tested after preconditioning in accordance with 5-4.1.2.
5-4.2.3 Sample specimens shall be filled with dry vermiculite. Any closures shall be fastened.
5-4.2.4 The test oven shall be a horizontal flow circulating oven with minimum interior
dimensions of 24 × 24 × 24 in. (61 × 61 × 61 cm). The test oven shall have an air flow rate of 125
to 250 linear feet (38 to 76 m) per minute, at a standard temperature and pressure of 70°F at 1
atmosphere (21°C at 1 atmosphere), measured at the center point of the oven. The test
thermocouple shall be positioned so that it is level with the horizontal centerline of the sample
specimen. The thermocouple shall be equidistant between the vertical centerline of the sample
specimen placed in the middle of the oven and the oven wall where the air flow enters the test
chamber. The thermocouple shall be an exposed bead type J or K 30 AWG thermocouple. The
oven shall be heated and the test thermocouple temperature stabilized at 500°F, +10/-0°F
(260°C, +6/-0°C) for a minimum of 30 minutes.
5-4.2.5 The sample specimen shall be placed in the center of the test oven with the centerline of
the front of the sample specimen facing the air flow. The oven door shall not remain open for
more than 15 seconds. The air circulation shall be shut off while the door is open and turned on
when the door is closed. The test temperature shall be 500°F, +10/-0°F (260°C, +6/-0°C).
Sample specimen exposure shall begin when the test thermocouple reading recovers to 500°F
(260°C). Total recovery time shall not exceed 30 seconds. Thermocouple reading shall remain at
500°F, +10/-0°F (260°C, +6/-0°C) for the duration of the test.
5-4.2.6 After an exposure time of 5 minutes, +15/-0 seconds, the sample specimen shall be
removed from the oven and allowed to cool at room temperature for not less than two minutes.
The sample specimen shall then be examined on the outside and inside for melting to determine
pass/fail, and all accessories shall be evaluated for function to determine pass/fail.
5-4.3 Upper Cut Resistance Test.
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5-4.3.1 Protective footwear shall be tested after preconditioning in accordance with 5-4.1.2.
5-4.3.2 Apparatus shall consist of an L-shaped metal frame and a pivoted arm that lowers a
sharp-edged blade onto a specimen, as shown in Figure 5-4.3.2.

Figure 5-4.3.2 Static cut test apparatus.

5-4.3.3 A locking mechanism shall be mounted on the L-frame upright to engage the pivoted arm
and secure it in a neutral position above the material specimen. The locking mechanism shall be
used when the blade is being replaced or when the specimen is being moved into or out of the
testing position.
5-4.3.4 The blade shall be mounted in a blade holder at the outer end of the pivoted arm, as
shown in Figure 5-4.3.4(a). The blade shall be mounted so its sharp edge is tangential to the
material specimen. The pivoted arm, blade holder, and blade shall be weighted together to a total
of 16.0 lb (7.6 kg). The sharp-edged blade shall be made of hardened tool steel with an edge
having a 60-degree included angle and a 0.001-in. (0.025-mm) radius as shown in Figure
5-4.3.4(b). The blade shall measure 1 in. (length) × 1 in. (height) × 1/32 in. (thickness) [(2.5 cm)
× (2.5 cm) × (0.8 mm)].

Copyright 1996 NFPA

Figure 5-4.3.4(a) Test blade holder.

Figure 5-4.3.4(b) Test blade.

5-4.3.5 The specimen support assembly shall consist of a 2.0 in. × 2.0 in. × 4.0 in. (5.1 cm × 5.1
cm × 10.2 cm) soft wood block and a 0.75-in. (1.9-cm) diameter, half-rounded, soft wood rod
mounted to the block as shown in Figure 5-4.3.5. A 0.05-in. (0.13-cm) thick soft leather strip
shall be draped over the rod and block as shown in Figure 5-4.3.5.
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Figure 5-4.3.5 Material specimen support.

5-4.3.6* The sharpness or geometry of the blade edge shall be closely monitored and controlled
to prevent changes in cutting characteristics in order to ensure a consistent baseline for
interpreting the cut data. A test blade shall be either replaced or resharpened when the sharpness
or geometry of the blade edge changes.
5-4.3.7 Specimens shall be taken from vamp and quarter. If different types of thicknesses of
materials are utilized for other areas of the upper, excluding gusset, these areas shall also be
tested. Specimens shall be 2.0 in. × 4.0 in. (5.1 × 10.2 cm).
5-4.3.8 The specimen shall be oriented so that the normal outer surface is the first to be
contacted by the edge of the blade. The material specimen shall be draped over the leather strip
covering the rod and block and tacked tightly in place, but not stretched, as shown in Figure
5-4.3.5. The support assembly shall be positioned on the base of the L-frame, as shown in Figure
5-4.3.2. The blade shall be inserted in the holder and the pivoted arm lowered to bring the blade
edge into contact with the specimen surface.
5-4.3.9 The specimen-edge contact shall be made 0.125 in. (0.3 cm) from the leading end of the
blade. The specimen support assembly shall be drawn smoothly under the weighted blade at a
rate of 20.0 in./min (50 cm/min) parallel to the blade edge.
5-4.3.10 The support assembly shall be stopped when the specimen edge contact is 0.125 in. (0.3
cm) from the trailing end of the blade. The pivoted arm shall be lifted to remove the blade edge
from the specimen and the locking mechanism engaged to secure the pivoted arm.
5-4.3.11 The sample specimen shall be visually inspected to determine if it was cut completely
through at any point by the blade edge. Care shall be taken in inspecting the sample surface for
cuts. Grooving can occur, but this shall not constitute a cut.
5-4.3.12 The samples shall be inspected to determine pass/fail.
5-4.4 Upper Puncture Resistance Test.
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5-4.4.1 Protective footwear shall be tested after preconditioning in accordance with 5-4.1.2.
5-4.4.2 The apparatus shall consist of a tensile testing machine, such as an Instron or equivalent,
that challenges a specimen with a pointed penetrometer. Force shall be detected by a
compression cell and shall be indicated by a recorder able to indicate the load at specimen
puncture ±1 percent. A penetrometer having the size and dimensions shown in Figure 5-4.4.2(a)
shall be mounted on the test apparatus and attached to the compression cell of the machine as
shown in Figure 5-4.4.2(b). The specimen support assembly shall consist of 2 flat metal plates
that clamp together so the specimen is held tightly between, as shown in Figure 5-4.4.2(c). Each
plate shall have three 0.25-in. (0.6-cm) diameter holes as shown in Figure 5-4.4.2(d). The
specimen support plates shall be connected to a metal support ring that mounts on the movable
arm of the test apparatus, as shown in Figure 5-4.4.2(b).

Figure 5-4.4.2(a) Cross section of 4d penetrometer.
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Figure 5-4.4.2(b) Static puncture test apparatus.

Figure 5-4.4.2(c) Side view of specimen support assembly.
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Figure 5-4.4.2(d) Support plate (two required).

5-4.4.3 Specimens shall be taken from the vamp and quarter. If different types or thickness of
materials are utilized for other areas of the upper, excluding gusset, these areas shall also be
tested. Specimens shall be at least 3.5 in. (8.9 cm) in diameter.
5-4.4.4 Specimens shall be mounted in the support assembly shown in Figure 5-4.4.2(c). The
specimen shall be oriented so that the normal outer surface is the first to be contacted by the
penetrometer. The support assembly shall be attached to the movable arm of the test apparatus.
The penetrometer shall be positioned on the compression cell of the test apparatus as shown in
Figure 5-4.4.2(b). The apparatus shall be operated with a uniform velocity of 20.0 in./min (50.0
cm/min) until the penetrometer has been driven through the specimen. The penetrometer shall be
repositioned under each of the other guide holes and the test repeated until 3 punctures have been
made.
5-4.4.5 The average penetration force for each specimen shall be calculated to determine
pass/fail.
5-4.5 Conductive Heat Resistance Test.
5-4.5.1 The apparatus shall consist of a thermocouple connected to a meter and a 1 in. × 6 in. ×
18 in. (2.5 cm × 15.2 cm × 45 cm) iron plate.
5-4.5.2 Testing shall be performed after preconditioning in accordance with 5-4.1.2.
5-4.5.3 The thermocouple shall be affixed to the insole wearing surface directly below the ball
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area of the foot. The plate shall be heated to a uniform temperature of 932°F (500°C). The
sample shall be placed on the plate in the upright position for 30.0 seconds.
5-4.5.4 The thermocouple temperature shall be recorded at 30 seconds of exposure to determine
pass/fail.
5-4.6 Eyelet and Stud Post Attachment Test.
5-4.6.1 The eyelets or stud post specimens shall be tested after preconditioning in accordance
with 5-4.1.2.
5-4.6.2 A tensile testing machine shall be used with a traverse rate of 2 in./min (5.1 cm/min).
Clamps measuring 1 in. × 1.5 in. (2.5 cm × 3.8 cm) shall have gripping surfaces parallel, flat, and
capable of preventing slippage of the specimen during the test.
5-4.6.3 Specimens shall be removed from the footwear and shall be 1.0 in. × 2.0 in. (2.54 cm ×
5.08 cm).
5-4.6.4 The stud post or eyelet puller shall be inserted or attached to the upper position of the
tensile machine. The traverse rate shall be set at 2.0 in./min (5 cm/min). The test eyelet or stud
post shall be attached using the appropriate puller fixture. The eyelet stay shall be clamped, but
clamping the metal portion of the eyelets or stud hook in the lower clamps shall be avoided. The
distance between the clamps and stud hooks or eyelets shall be 1/16 in. to 1/8 in. (1.6 mm to 3.2
mm). The test shall be started.
5-4.6.5 The force will reach a peak, decline slightly, then increase to complete failure; however,
the value at which the force first declines shall be recorded and reported as initial failure point,
as this is the separation point of the material around the eyelet or stud post. The force recorded
shall be used to determine pass/fail.
5-4.7 Product Label Permanency Test.
5-4.7.1 Specimens shall be tested in accordance with ASTM D 4966, Standard Test Method for
Abrasion Resistance of Textile Fabrics.
5-4.7.2 Four specimens shall be cut from the label samples. Two specimens shall be tested dry
and two specimens shall be tested wet. One dry and one wet test specimen shall include the edge
of the label.
5-4.7.3 Two specimens shall be subjected to 160 dry abrasion revolutions (10 cycles) and two
specimens shall be subjected to 80 wet abrasion revolutions (5 cycles). One dry and one wet
sample specimen shall be edge specimens.
5-4.7.4 Tested specimens shall then be examined visually with the unaided eye to determine
pass/fail.
5-4.8 Corrosion Resistance Test.
5-4.8.1 Specimens shall be tested in accordance with ASTM B 117, Standard Method of Salt
Spray (Fog) Testing. Salt spray shall be 5 percent saline solution and test exposure shall be for
20 hr, +30/-0 min.
5-4.8.2 Immediately following the test exposure and prior to examination, specimens shall be
rinsed under warm, running tap water and dried with compressed air.
5-4.8.3 Specimens shall then be examined visually with the unaided eye to determine pass/fail.
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Chapter 6 Protective Gloves
6-1 Design Requirements.
6-1.1 Configuration.
6-1.1.1 Protective gloves for wildland fire fighters shall be designed to minimize the effects of
flame, heat, sharp or abrasive objects, hand tool operation, and other hazards that are
encountered during wildland fire fighting.
6-1.1.2 Gloves shall be designed to minimally interfere with physical movement in the use of
wildland fire fighting tools, packs, fire shelters, and other equipment.
6-1.1.3 Glove bodies shall be designed such that they closely conform to the wrist or are
adjustable at the wrist and shall extend a minimum of 1.0 in. (2.54 cm) past the wrist crease. The
location of the wrist crease shall be as shown in Figure 6-1.1.3.

Figure 6-1.1.3 Anatomical landmarks at base of hand.

6-1.2 Sizing.
6-1.2.1 Hand dimensions for selection of proper glove size shall consist of taking 2 dimensions
as shown in Figure 6-1.2.1:
(a) Hand circumference
(b) Length of the hand.
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Figure 6-1.2.1 Method of taking hand dimensions for selection of proper glove.

6-1.2.1.1 Hand circumference shall be measured by placing the measuring tape on a table or
other flat surface with the numerals facing downward. The subject shall place the right hand,
palm down and fingers together, in the middle of the tape so that the tape can pass straight across
the knuckles (metacarpal). The circumference shall be measured to the nearest eighth of an inch
(3.2 mm), as shown in Figure 6-1.2.1.
6-1.2.1.2 Finger circumference shall be measured at the proximal interphalangeal joint (first
knuckle). Finger length shall be measured from the tip of the finger to the base of the finger
crease on the palm side.
6-1.2.1.3 Hand length shall be measured by placing the subject’s hand, palm down, on a piece of
paper, with the fingers together and the hand and arm in a straight line. The thumb shall be fully
abducted, extended away from the palm as far as possible. The paper shall be marked at the tip
of the third or middle finger. The pencil shall be placed in the notch at the base of the thumb
where the thumb joins the wrist and the paper shall be marked. The straight line distance
between the 2 points shall be measured to the nearest eighth of an inch (3.2 mm), as shown in
Figure 6-1.2.1.
6-1.2.2 In order to label or otherwise indicate that a glove complies with the requirements of this
standard, the manufacturer shall provide gloves in not less than 5 separate and distinct sizes. The
manufacturer shall provide the purchaser with the hand dimension ranges specified in 6-1.2.3.
6-1.2.3 The glove size indicated on the product label shall be determined as follows:
Sizing for Extra-Small (XS) Glove
(centimeters)

THE RANGE FOR HAND LENGTH:

CM

IN.

16.25 - 17.25

(6.40 - 6.79)
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THE RANGE FOR HAND
16.25 - 20.25

(6.40 - 7.97)

CIRCUMFERENCE:
Mid-Size Value

Range to Be Accommodated

cm

(in.)

cm

(in.)

Digit 1 Circumference

6.17

(2.43)

5.60 - 6.74

(2.20 - 2.65)

Digit 2 Circumference

6.06

(2.39)

5.50 - 6.63

(2.17 - 2.61)

Digit 3 Circumference

6.08

(2.39)

5.53 - 6.63

(2.18 - 2.61)

Digit 4 Circumference

5.69

(2.24)

5.12 - 6.26

(2.02 - 2.46)

Digit 5 Circumference

5.00

(1.97)

4.48 - 5.52

(1.76 - 2.17)

Digit 1 Length

4.94

(1.94)

4.36 - 5.52

(1.72 - 2.17)

Digit 2 Length

6.44

(2.54)

5.75 - 7.12

(2.26 - 2.80)

Digit 3 Length

7.29

(2.87)

6.71 - 7.87

(2.64 - 3.10)

Digit 4 Length

6.78

(2.67)

6.13 - 7.42

(2.41 - 2.92)

Digit 5 Length

5.09

(2.00)

4.52 - 5.66

(1.78 - 2.23)

Hand Circumference

18.25

(7.19)

16.34 - 20.16

(6.43 - 7.94)

Hand Length

16.75

(6.59)

16.27 - 17.23

(6.41 - 6.78)

Sizing for Small (S) Glove
(centimeters)

THE RANGE FOR HAND LENGTH:

CM

IN.

17.25 - 18.25

(6.79 - 7.19)

17.25 - 21.25

(6.79 - 8.37)

THE RANGE FOR HAND
CIRCUMFERENCE:
Mid-Size Value

Range to Be Accommodated

cm

(in.)

cm

(in.)

Digit 1 Circumference

6.40

(2.52)

5.82 - 6.97

(2.29 - 2.74)

Digit 2 Circumference

6.29

(2.48)

5.73 - 6.85

(2.26 - 2.70)

Digit 3 Circumference

6.31

(2.48)

5.76 - 6.87

(2.27 - 2.70)

Digit 4 Circumference

5.92

(2.33)

5.35 - 6.49

(2.11 - 2.56)

Digit 5 Circumference

5.22

(2.06)

4.70 - 5.74

(1.85 - 2.26)

Digit 1 Length

5.31

(2.09)

4.74 - 5.89

(1.87 - 2.32)
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Digit 2 Length

6.89

(2.71)

6.21 - 7.57

(2.44 - 2.98)

Digit 3 Length

7.71

(3.04)

6.55 - 7.83

(2.58 - 3.08)

Digit 4 Length

7.19

(2.83)

4.87 - 6.01

(1.92 - 2.37)

Digit 5 Length

5.44

(2.14)

4.87 - 6.01

(1.92 - 2.37)

Hand Circumference

19.25

(7.58)

17.34 - 21.16

(6.83 - 8.33)

Hand Length

17.75

(6.99)

17.27 - 18.23

(6.80 - 7.18)

Sizing for Medium (M) Glove
(centimeters)
CM

IN.

THE RANGE FOR HAND LENGTH:

18.25 - 19.25

(7.19 - 7.58)

THE RANGE FOR HAND
CIRCUMFERENCE:

18.25 - 22.25

(7.19 - 8.76)

Mid-Size Value

Range to Be Accommodated

cm

(in.)

cm

(in.)

Digit 1 Circumference

7.01

(2.76)

6.36 - 7.65

(2.50 - 3.01)

Digit 2 Circumference

6.82

(2.69)

6.31 - 7.32

(2.48 - 2.88)

Digit 3 Circumference

6.83

(2.69)

6.26 - 7.40

(2.46 - 2.91)

Digit 4 Circumference

6.34

(2.50)

5.78 - 6.90

(2.28 - 2.72)

Digit 5 Circumference

5.63

(2.22)

5.09 - 6.17

(2.00 - 2.43)

Digit 1 Length

5.63

(2.22)

5.00 - 6.26

(1.97 - 2.46)

Digit 2 Length

7.11

(2.80)

6.50 - 7.72

(2.56 - 3.04)

Digit 3 Length

8.07

(3.18)

7.55 - 8.58

(2.97 - 3.38)

Digit 4 Length

7.61

(3.00)

7.14 - 8.08

(2.81 - 3.18)

Digit 5 Length

5.78

(2.28)

5.16 - 6.41

(2.03 - 2.52)

Hand Circumference

20.25

(7.97)

18.34 - 22.16

(7.22 - 8.72)

Hand Length

18.75

(7.38)

18.27 - 19.23

(7.19 - 7.57)

Sizing for Large (L) Glove
(centimeters)
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CM

IN.

THE RANGE FOR HAND LENGTH:

19.25 - 20.25

(7.58 - 7.97)

THE RANGE FOR HAND
CIRCUMFERENCE:

19.25 - 23.25

(7.58 - 9.15)

Mid-Size Value

Range to Be Accommodated

cm

(in.)

cm

(in.)

Digit 1 Circumference

7.26

(2.86)

6.62 - 7.91

(2.61 - 3.11)

Digit 2 Circumference

7.03

(2.77)

6.53 - 7.54

(2.57 - 2.97)

Digit 3 Circumference

7.10

(2.80)

6.53 - 7.66

(2.57 - 3.02)

Digit 4 Circumference

6.60

(2.60)

6.04 - 7.16

(2.38 - 2.82)

Digit 5 Circumference

5.85

(2.30)

5.31 - 6.39

(2.09 - 2.52)

Digit 1 Length

5.87

(2.31)

5.24 - 6.50

(2.06 - 2.56)

Digit 2 Length

7.49

(2.95)

6.88 - 8.10

(2.71 - 3.19)

Digit 3 Length

8.54

(3.36)

8.03 - 9.06

(3.16 - 3.57)

Digit 4 Length

8.03

(3.16)

7.56 - 8.50

(2.98 - 3.35)

Digit 5 Length

6.13

(2.41)

5.51 - 6.75

(2.17 - 2.66)

Hand Circumference

21.25

(8.37)

19.34 - 23.16

(7.61 - 9.12)

Hand Length

19.75

(7.78)

19.27 - 20.23

(7.59 - 7.96)

Sizing for Extra-Large (XL) Glove
(centimeters)
CM

IN.

THE RANGE FOR HAND LENGTH:

20.25 - 21.25

(7.97 - 8.37)

THE RANGE FOR HAND
CIRCUMFERENCE:

20.25 - 24.25

(7.97 - 9.55)

Mid-Size Value

Range to Be Accommodated

cm

(in.)

cm

(in.)

Digit 1 Circumference

7.52

(2.96)

6.87 - 8.16

(2.70 - 3.21)

Digit 2 Circumference

7.25

(2.85)

6.74 - 7.76

(2.65 - 3.06)

Digit 3 Circumference

7.36

(2.90)

6.79 - 7.93

(2.67 - 3.12)

Digit 4 Circumference

6.86

(2.70)

6.30 - 7.42

(2.48 - 2.92)

Digit 5 Circumference

6.06

(2.39)

5.52 - 6.60

(2.17 - 2.60)
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Digit 1 Length

6.11

(2.41)

5.48 - 6.75

(2.16 - 2.66)

Digit 2 Length

7.86

(3.09)

7.26 - 8.47

(2.86 - 3.33)

Digit 3 Length

8.44

(3.32)

8.51 - 9.54

(3.35 - 3.76)

Digit 4 Length

6.48

(2.55)

7.97 - 8.91

(3.14 - 3.51)

Digit 5 Length

6.48

(2.55)

5.85 - 7.10

(2.30 - 2.80)

Hand Circumference

22.25

(8.76)

20.34 - 24.16

(8.01 - 9.51)

Hand Length

20.75

(8.17)

20.27 - 21.23

(7.98 - 8.36)

6-2 Product Labeling Requirements.
6-2.1*
Protective gloves shall have one or more product labels permanently attached inside each
glove upon which at least the following warnings and information are printed in letters at least
3/ in. (1.2 mm) in height.
64
“THIS WILDLAND FIRE FIGHTING GLOVE MEETS THE REQUIREMENTS
OF NFPA 1977, STANDARD ON PROTECTIVE CLOTHING AND EQUIPMENT
FOR WILDLAND FIRE FIGHTING, 1993 EDITION.
WARNING
DO NOT USE THIS GLOVE ALONE FOR WILDLAND FIRE FIGHTING
OPERATIONS; OTHER PROTECTIVE EQUIPMENT—HELMET,
FOOTWEAR, PROTECTIVE GARMENTS, FIRE SHELTER—IS REQUIRED
FOR PROTECTION. THIS GLOVE ALONE MAY NOT PROVIDE
PROTECTION FOR PROXIMITY OR FIRE ENTRY SITUATIONS, OR FOR
PROTECTION FROM CHEMICAL, RADIOLOGICAL, OR BIOLOGICAL
AGENTS. USERS MUST CLEAN, MAINTAIN, AND ALTER ONLY IN
ACCORDANCE WITH MANUFACTURER’S INSTRUCTIONS. NO GLOVE
CAN PROVIDE COMPLETE PROTECTION FROM ALL CONDITIONS; USE
EXTREME CARE FOR ALL EMERGENCY OPERATIONS. FAILURE TO
COMPLY WITH THESE WARNINGS MAY RESULT IN SERIOUS INJURY OR
DEATH.”
Name or designation of manufacturer
Model, name, number, or design
Lot or serial number
Country of manufacture
Date of manufacture (uncoded)
Date of certification tests
Authorized mark of certifying organization
Size
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“DO NOT REMOVE THIS LABEL.”
6-2.2
All product labels shall be clearly legible to the eye before and after 5 cycles of washing and
drying in accordance with the procedures specified in Section 5, 1, III, B, of AATCC 135,
Dimensional Changes in Automatic Home Laundering of Woven and Knit Fabrics. Product
labels not meeting specimen size requirements for the procedure listed above shall be sewn to a
support fabric of the required size.
6-3 Performance Requirements.
6-3.1
Sample gloves shall be tested for heat resistance in accordance with 6-4.2 and shall not
separate, melt, ignite or drip. The glove shall be measured in both length and width and shall not
shrink more than 10 percent in either direction. The glove length shall be measured from the tip
of the middle finger to the bottom of the glove body, and the width shall be measured from side
to side. If the glove is made with a wristlet of a different material, the wristlet shall be measured
separately.
6-3.2
Sample specimens shall be tested for flame resistance in accordance with 6-4.3 and shall not
melt or drip, shall not have any afterflame of more than 2.0 seconds, and shall not have any char
length in excess of 4.0 in. (10.16 cm).
6-3.3
Sample gloves shall be tested for conductive heat resistance in accordance with 6-4.4, and
shall have a second-degree burn time of not less than 7 seconds, and the pain time shall not be
less than 4 seconds.
6-3.4
Sample specimens shall be tested for thermal protective performance (TPP) in accordance with
6-4.5, and shall have an average TPP of not less than 20.
6-3.5
Sample specimens shall be tested for cut resistance in accordance with 6-4.6. Materials used
for the outer surfaces of the glove shall not be cut through under an applied force of 18 lb (8.2
kg).
6-3.6
Sample specimens shall be tested for puncture resistance in accordance with 6-4.7. Glove
palm, palm side of the fingers, and glove back shall not puncture under an average applied force
of 10 lb (4.6 kg).
6-3.7
Sample gloves shall be tested for dexterity in accordance with 6-4.8. Dexterity test timing shall
not exceed 140 percent of baseline time.
6-3.8
Sample gloves shall be tested for grip in accordance with 6-4.9. The weight-pulling capacity
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shall not be less than 80 percent of the bare hand control values where gloves are conditioned in
accordance with 6-4.1.
6-4 Testing Requirements.
6-4.1 Preconditioning.
6-4.1.1 Sample gloves and specimens shall be preconditioned at a temperature of 70°F, ±5°F
(21°C, ±3°C) and at a relative humidity of 65 percent, ±5 percent, for at least 24 hours. Sample
gloves and specimens shall be tested within 5 minutes after removal from preconditioning.
6-4.2 Heat Resistance Testing.
6-4.2.1 Sample gloves, including label, shall be preconditioned as specified in 6-4.1. Sample
gloves and sample specimens shall then be placed in a circulating air oven for not less than 4
hours at 120°F, +5°/-0°F (49°C, +2°/-0°C).
6-4.2.2 The test oven shall be a horizontal flow circulating oven with minimum interior
dimensions of 24 in. × 24 in. × 24 in. (61 cm × 61 cm × 61 cm). The test oven shall have an
airflow rate of 125 to 250 linear ft/min (38 m to 76 m) at the standard temperature and pressure
of 70°F (21°C) at 1 atmosphere, measured at the center point of the oven. A test thermocouple
shall be positioned so that it is level with the horizontal centerline of a mounted sample glove or
sample specimen. The thermocouple shall be equidistant between the vertical centerline of a
mounted sample glove or sample specimen placed in the middle of the oven and the oven wall
where the airflow enters the test chamber. The thermocouple shall be an exposed bead, Type J or
K No. 30 AWG thermocouple. The test oven shall be heated and the test thermocouple stabilized
at 400°F, +10°/-0°F (204°C, +6°/-0°C) for a minimum of 30 minutes.
6-4.2.2.1 When testing sample gloves, the glove opening shall be clamped together and the
sample glove shall be suspended by the clamp in the oven so that the entire glove is not less than
2 in. (5.1 cm) from any oven surface, or another sample glove, and the airflow is parallel to the
plane of the material.
6-4.2.2.2 When testing sample specimens, the specimen shall consist of the innermost surface of
the glove composite measuring 4 in. × 4 in. (10.2 cm × 10.2 cm). The sample specimen shall be
suspended by metal hooks at the top and centered in the oven so that the entire sample specimen
is not less than 2 in. (5.1 cm) from any oven surface, or other sample specimen, and the airflow
is parallel to the plane of the material.
6-4.2.3 The oven door shall not remain open more than 15 seconds. The air circulation shall be
shut off while the door is open and turned on when the door is closed. The total recovery time
shall not exceed 30 seconds. The thermocouple reading shall remain at 400°F, +10°/-0°F (204°C,
+6°/-0°C) for the duration of the test.
6-4.2.4 The sample glove or sample specimen, mounted as specified, shall be exposed in the test
oven for 5 minutes, +15/-0 seconds. The test exposure time shall begin when the test
thermocouple recovers to 400°F, +10°/-0°F (204°C, +6°/-0°C).
6-4.2.5 After the specified exposure, the sample glove or sample specimen shall be removed and
shall be examined and measured to determine pass/fail.
6-4.2.5.1 The sample glove shall also be measured to determine pass/fail. The length of the
Copyright 1996 NFPA

sample glove shall be measured from the tip of the middle finger to the end of the glove body on
the palm side. The width of the sample glove shall be the width measurement on the palm side 1
in. (2.5 cm) below the base of the fingers.
6-4.3 Flame Resistance Testing.
6-4.3.1 Sample specimens shall be preconditioned as specified in 6-4.1.
6-4.3.2 Each sample specimen to be tested shall be a rectangle at least 2 in. (5.1 cm) wide by 4
in. (10.2 cm) long.
6-4.3.3 Sample specimens shall consist of each single layer or the composite used in actual glove
construction, including wristlets, with all layers arranged in proper order. In each test the
specimen’s normal outer surface shall be exposed to the flame.
6-4.3.4 Three sample specimens shall be tested for each material.
6-4.3.5 If a proposed glove construction has stitched-through seams, three additional sample
specimens containing these seams shall be tested. The seam shall be in the direction of the 6-in.
(15.2-cm) dimension.
6-4.3.6 The flame resistance test apparatus shall consist of a cabinet fabricated in accordance
with the requirements of Figure 5903A, Section 4.1, “Test Method Flame Resistance of Cloth;
Vertical,” of Federal Test Method Standard 191A, Textile Test Methods, and Figure 6-4.3.6.

Figure 6-4.3.6 Vertical flame resistance textile apparatus.

6-4.3.7 The cabinet shall enclose a high-temperature, petroleum-type Fisher burner, as specified
in Section 4.1, Test Method 5905, “Flame Resistance of Material; High Heat Flux Flame
Contact,” of Federal Test Method Standard 191A, Textile Test Methods.
6-4.3.8 A pilot flame shall be used to ignite the burner flame. A tube to position the pilot flame
adjacent to the burner edge shall be provided as shown in Figure 6-4.3.6. The tube shall have a
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diameter of approximately 1/16 in. (1.6 mm) and shall be spaced 1/8 in. (3.2 mm) from the burner
edge. The pilot flame shall be 1/8 in. (3.2 mm) in height.
6-4.3.9 The fuel gas connection and associated plumbing shall be as specified in Section 4.7,
Test Method 5905, Flame Resistance of Material; High Heat Flux Flame Contact, of Federal
Test Method Standard 191A, Textile Test Methods. A control valve system with a delivery rate
designed to furnish butane gas to the burner under a pressure of 2.5 psi ± 0.25 psi (175 g/cm2 ±
17.5 g/cm2) at the reducing valve shall be used. The flame height shall be adjusted at the
reducing valve, producing a pressure at the burner of 0.1 psi (45 g/cm2).
6-4.3.10 A free-standing flame height indicator shall be used to assist in adjusting the burner
flame height. The indicator shall mark a flame height of 11/2 in. (3.8 cm) above the top of the
burner, as shown in Figure 6-4.3.6.
6-4.3.11 The specimen support assembly shall consist of a frame and steel rod of 1/16 in. (1.6
mm) diameter to support the specimen in an L-shaped position as shown in Figure 6-4.3.11.
6-4.3.11.1 The horizontal portion of the specimen shall be not less than 2 in. (5.1 cm), and the
vertical portion shall be not less than 4 in. (10.2 cm). The specimen shall be held at each end by
spring clips under light tension as shown in Figure 6-4.3.11.
6-4.3.12 The burner shall be fixed so that the center of the barrel is 3/4 in. (1.9 cm) below the
center of the specimen as shown in Figure 6-4.3.11.
6-4.3.13 Laboratory gas for Fisher burners shall be butane gas C.P. as specified in Section 4.6,
Test Method 5905, “Flame Resistance of Material; High Heat Flux Flame Contact,” of Federal
Test Method Standard 191A, Textile Test Methods.
6-4.3.14 A stopwatch or other timing device shall be used to measure the testing time to the
nearest 0.2 second.
6-4.3.15 A ruled-scale graduated in 1/8 in. (3.2 mm) increments shall be provided to measure
char.
6-4.3.16 A balance graduated in 0.1 g (0.04 oz) increments shall be used to determine the weight
of each specimen before and after testing.
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Figure 6-4.3.11 Relationship of test material to Bunsen burner.

6-4.3.17 Each conditioned specimen shall be weighed to the nearest 0.1 g (0.04 oz).
6-4.3.18 Before the first sample specimen is tested, the test flame shall be adjusted to a height of
approximately 11/2 in. (3.8 cm) with the gas on/off valve fully open and the air supply
completely and permanently off, as it is important that the flame height be closely controlled.
The 11/2-in. (3.8-cm) height shall be obtained by adjusting the orifice in the bottom of the burner
so that the top of the flame is level with the marked flame height indicator. The burner gas
supply shall then be shut off.
6-4.3.19 With the burner off, the first sample specimen to be tested shall be mounted in the
support assembly as shown in Figure 6-4.3.11. The cabinet door shall then be closed and shall
remain closed during testing.
6-4.3.20 The burner gas supply shall be turned on, igniting the burner flame by actuating the
Copyright 1996 NFPA

on/off valve, and the flame shall be applied to the sample specimen for 12 seconds. The gas
supply shall then be shut off.
6-4.3.21 A record shall be made of the afterflame time and whether melting or dripping
occurred. The afterflame time shall be considered that time, in seconds, to the nearest 0.2
seconds, that the sample specimen continues to flame after the burner flame is shut off.
6-4.3.22 The sample specimen shall then be removed and further examined for char length and
shrinkage.
6-4.3.22.1 The char length shall be determined by measuring the length of the tear through the
center of the charred area as follows: The sample specimen shall be folded lengthwise and
creased, by hand, along a line through the highest peak of the charred area. The hook shall be
inserted in the sample specimen; or a hole 1/4 in. (6.4 mm) in diameter or less, punched out for
the hook; at one side of the charred area 1/4 in. (6.4 mm) from the adjacent outside edge at the
point where the sample specimen contacted the steel rod, and 1/4 in. (6.4 mm) in from the lower
end. A weight of sufficient size such that the weight and hook together shall equal the total
tearing load required in 6-4.3.22.3 shall be attached to the hook.
6-4.3.22.2 A tearing force shall be applied gently to the sample specimen by grasping the side of
the material at the edge of the char opposite from the load and raising the sample specimen and
weight clear of the supporting surface. The end of the tear shall be marked off on the edge and
the char length measurement made along the undamaged edge.
6-4.3.22.3 The specific load for determining char length applicable to the weight of the test
material shall be as follows:
Specified weight per
square yard of material
before any fire retardant
treatment or coating
ounces/yd2

g/m2

Total tearing weight
for determining the
charred length
pounds

kg

2.0 - 6.0

68 - 203

0.25

0.1

over 6.0 - 15.0

over 203 - 508

0.5

0.2

over 15.0 - 23.0

over 508 - 780

0.75

0.3

over 23.0

over 780

1.0

0.45

6-4.3.23 After each sample specimen is removed, the test cabinet shall be cleared of fumes and
smoke before the next sample specimen is tested.
6-4.3.24 Each tested sample specimen shall be reconditioned as specified in 6-4.1 and then
weighed to the nearest 0.1 g (0.04 oz).
6-4.3.25 The percent consumed shall be calculated as the weight after testing times 100 divided
by the original weight, as shown in the formula:
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Where:
W = original preconditioned weight
R = conditioned weight 24 hours after testing.
6-4.3.26 The afterflame time, char length, and percent consumed shall be reported for each
sample specimen. The average afterflame time, char length, and percent consumed for each
sample specimen shall then be calculated and reported to determine pass/fail.
6-4.3.27 The afterflame time shall be reported to the nearest 0.2 second, the char length to the
nearest 1/10 in. (0.25 cm), and the percent consumed to the nearest 0.1 percent.
6-4.3.28 Observations made on the extent of melting or dripping for each material shall be
reported to determine pass/fail.
6-4.4 Conductive Heat Resistance Testing.
6-4.4.1 Sample gloves shall be preconditioned as specified in 6-4.1.
6-4.4.2 Samples shall be tested in accordance with ASTM F 1060, Standard Test Method for
Thermal Protective Performance of Materials for Protective Clothing for Hot Surface Contact.
6-4.4.3 Samples shall be tested using an exposure temperature of 536°F (280°C). The pressure
applied during the test shall be 0.5 psi (35 g/cm2).
6-4.4.4 The time in seconds to pain and to second-degree burn, as predicted by the Stoll Human
Tissue Burn Tolerance Criteria, shall be recorded. The average of the test results of the sample
specimens shall be reported.
6-4.5 Thermal Protective Performance (TPP) Testing.
6-4.5.1 Sample specimens shall be preconditioned in accordance with 6-4.1. Sample specimens
shall then be placed in a circulating air oven for not less than 4 hours at 120°F, +5°/-0°F (49°C,
+2°/-0°C).
6-4.5.2 TPP testing shall be performed in accordance with ASTM D 4108, Standard Test Method
for Thermal Protective Performance of Materials for Clothing; Open Flame Method, with the
following modifications.
6-4.5.3 Sample specimens shall consist of each single layer or composite used in actual glove
construction, with all layers arranged in proper order. In each test, the sample specimen’s normal
outer surface shall be exposed to the heat flux.
6-4.5.3.1 Sample specimens shall measure 6 in. × 5 in., +1/16 in./-0.0 in. (15.2 cm × 12.7 cm,
+0.16/-0.0 cm).
6-4.5.4 Apparatus shall consist of specimen holder assembly, specimen holder assembly support,
thermal flux source, protective shutter, sensor assembly, and recorder.
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6-4.5.5 The specimen holder assembly shall consist of upper and lower mounting plates.
Specimen holder mounting plates shall be 8 in. × 8 in., ±1/16 in., × 1/4 in., ±1/32 in. (203.2 mm ×
203.2 mm, ±1.6 mm, × 6.4 mm, ±0.8 mm). The lower specimen mounting plate shall have
centered a 4 in. × 4 in., ±1/16 in. (102 mm × 102 mm, ±1.6 mm) hole. The upper specimen
mounting plate shall have centered a 51/8 in. × 51/8 in., ±1/16 in. (127.3 mm × 127.3 mm, ±1.6
mm) hole. The lower specimen mounting plate shall have a 1 in., ±1/16 in. (height) × 1/8 in.,
±1/32 in. (thickness) (25.4 mm, ±1.6 mm, × 3.2 mm, ±0.8 mm) steel post welded to each corner
1/4 in., ±1/16 in., (6.4 mm, ±1.6 mm) from each side and perpendicular to the plane of the plate.
The upper sample mounting plate shall have a corresponding hole in each corner so that the
upper specimen mounting plate fits over the lower specimen mounting plate.
6-4.5.6 Specimen holder assembly support shall consist of a steel frame that, in a reproducible
manner, rigidly holds and positions the specimen holder assembly and specimen relative to the
thermal flux. Specimen holder assembly support shall be securely clamped at the edges such that
specimen shrinkage is prevented. Sensor assembly shall consist of 51/4 in. × 51/4 in. × 1/2 in.
(133.3 mm × 133.3 mm × 12.8 mm) heat-resistant block that fits without binding into the hole of
the upper specimen mounting plate and that shall be uniformly weighed such that the complete
sensor assembly, including copper calorimeter, weighs 2.2 lb, ±0.022 lb (1000 g, ±10 g).
6-4.5.7 The thermal flux shall consist of both convective and radiant thermal flux sources. The
convective thermal flux source shall consist of two Meker or Fisher burners affixed beneath the
specimen holder assembly opening, and subtended at a nominal 45-degree angle from the
vertical, so that the flames converge at a point immediately beneath the specimen. The radiant
thermal flux source shall consist of 9 quartz infrared tubes affixed beneath and centered between
the burners.
6-4.5.8 A protective shutter shall be placed between the thermal flux sources and the specimen.
The protective shutter shall be capable of completely dissipating thermal load from thermal flux
sources for the time periods before and after specimen exposure. The protective shutter shall be
controlled by means of an automatic timer with a resolution of not less than 0.10 second.
6-4.5.9 Specimens shall be exposed to a thermal flux of 2.0 cal/cm2/sec, ±0.1 cal/cm2/sec, as
measured with the copper calorimeter. The copper calorimeter shall be the only heat sensor used
in setting the 2.0 cal/cm2/sec exposure condition. The total flux shall be calculated directly from
the temperature response of the copper calorimeter and calorimeter constants. Other heat-sensing
devices shall not be used to reference or adjust the heat flux read by the copper calorimeter. The
2.0 cal/cm2/sec exposure shall be determined directly and only from the voltage output of the
thermocouples, using the measured temperature rise of the copper calorimeter, the area and mass
of the calorimeter, and the heat capacity of copper to calibrate the incoming heat flux. The
radiant load shall be set on 1.0 cal/cm2/sec, as measured using a calibrated commercial
radiometer.
6-4.5.10 The sensor assembly shall be fitted into the opening in the top plate of the specimen
holder and shall be in contact with the surface of the thermal barrier normally facing the wearer.
6-4.5.11 If the individual results vary more than ±8 percent from the average result, the average
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result shall be discarded, and another set of specimens shall be tested.
6-4.5.12 The individual test results of each specimen shall be reported. The average value for
each specimen and the pass/fail result shall be calculated and reported.
6-4.6 Cut Resistance Testing.
6-4.6.1 Specimens shall be preconditioned as specified in 6-4.1.
6-4.6.2 Each specimen to be tested shall be a rectangle at least 2 in. × 4.5 in. (5.1 cm × 11.4 cm).
6-4.6.3 Each specimen shall consist of each single layer or composite used in actual glove
construction, with all layers arranged in proper order.
6-4.6.4 Two specimens of each sample shall be tested and two cuts shall be made on each
specimen.
6-4.6.5 The static cut test and apparatus shall conform to the requirements of 5-4.3 with the
following modifications.
6-4.6.5.1 The pivoted arm shall be capable of supporting weights above the blade holder.
Incremental weights of 2 lb (0.91 kg) each shall be supplied to allow a maximum force of 18 lb
(9.1 kg) to be applied during testing. The pivoted arm, blade holder, and blade together shall
weigh 2 lb (0.91 kg) and shall contribute to the force applied to the blade.
6-4.6.5.2 A 0.05-in. (0.13-cm) thick soft leather strip shall be draped over the rod and block to
simulate the cushioning effects of hand skin and to protect the blade on cut-through.
6-4.6.5.3 The specimen support shall be designed to be freestanding so that several parallel-cut
attempts, spaced not less than 1/8 in. (0.3 cm) apart, can be made on each specimen.
6-4.6.5.4 The pivoted arm and blade holder shall be initially loaded with weights to the
maximum force of 18 lb (9.1 kg).
6-4.6.5.5 The specimen shall be inspected visually to determine whether the outer shell was cut
completely through at any point by the blade edge. Care shall be taken in inspecting the
specimen surface for cuts. Grooving can occur, but this shall not constitute a cut.
6-4.6.5.6 If the specimen surface has been cut, the weight shall be reduced by 2 lb (0.91 kg) and
the test procedure repeated.
6-4.6.5.6.1 In repeating the test procedure, the specimen shall be repositioned so that the blade
edge is 1/8 in. (0.3 cm) to the side of the previous cut attempt.
6-4.6.5.6.2 The weights shall be reduced at 2-lb (0.91-kg) intervals and the test procedure
repeated until the point of no-cut is reached or the minimum weight of 2 lb (0.91 kg) is reached.
6-4.6.5.7 If all available test sites on the specimen have been used, testing shall continue on an
identical, fresh specimen.
6-4.6.5.8 The minimum force causing cut shall be recorded.
6-4.6.5.9 The test procedure shall be repeated for the remaining specimens, starting with a
weight 4 lb (2 kg) greater than the first noted for cut, until 2 cuts have been made on a single
specimen.
6-4.6.5.10 If the specimen has not been cut, a force of 18 lb (8.2 kg) shall be recorded.
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6-4.6.5.11 The force required for each surface cut shall be reported to the nearest 2 lb (0.9 kg)
for each specimen. The average force for each specimen shall then be calculated and reported to
determine pass/fail.
6-4.7 Puncture Resistance Testing.
6-4.7.1 Sample specimens shall be preconditioned as specified in 6-4.1.
6-4.7.2 Sample specimens shall be tested in accordance with ASTM F 1342, Standard Test
Method for Resistance of Protective Clothing Materials to Puncture.
6-4.8 Dexterity Testing.
6-4.8.1 Sample gloves shall be preconditioned as specified in 6-4.1.
6-4.8.2 Dexterity shall be evaluated using the standardized procedure known as the “Bennett
Hand-Tool Dexterity Test.”
6-4.8.3 Sample gloves shall not receive special softening treatments prior to testing.
6-4.8.4 Three sample gloves shall be tested for each material and construction combination.
6-4.8.5 Each person performing the test shall practice until the baseline times of three
consecutive repetitions varies no more than 6 percent.
6-4.9 Grip Testing.
6-4.9.1 Sample gloves and ropes shall be preconditioned as specified in 6-4.1.
6-4.9.2 Grip testing shall be evaluated with the use of a 3/8-in. (9.5-mm) diameter, 3-strand,
prestretched polyester rope attached to a spring scale.
6-4.9.3 Bare-handed weight-lift capability shall be baseline weight.
6-4.9.4 All sample gloves shall be tested on a dry rope.
6-4.9.5 Weight-lift capability for bare hand tests and all performance tests shall be recorded.
Chapter 7 Protective Helmets
7-1 Design Requirements.
7-1.1
All materials used in construction of the helmet shall meet all requirements of this chapter. All
materials used in the construction of the helmet that are designed to come in contact with the
wearer’s head or skin shall be known to be nonirritating to normal skin.
7-1.2
Helmets shall have a brim or peak.
7-1.3
Helmets shall be designed to consist of a shell and a means of absorbing energy. Provisions
shall be made for ventilation between the head and the shell.
7-1.4
The helmet shall be generally dome shaped. The area under the peak or the front of the brim
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shall be permitted to be covered only with a nonconducting, nonflammable, antiglare material.
7-1.5
Head fit assemblies shall be provided and shall be removable and replaceable. Head fit
assemblies shall be adjustable in at least 1/8 in. (3.2 mm) hat size increments. The size range that
can be accommodated shall be marked on a product label. When the head fit assembly is
adjusted to the maximum designated size, there shall be sufficient clearance between the shell
and the head fit assembly to provide ventilation.
7-1.6
A sweatband shall be provided that shall cover at least the forehead portion of the head fit
assembly. Sweatbands shall be either removable and replaceable, or shall be integral with the
head fit assembly.
7-1.7
The helmet shall be designed so that the distance between the top of the head and the
underside of the shell cannot be adjusted to less clearance than the manufacturer’s requirements
for that specific helmet.
7-1.8
Chin straps shall be provided that attach to the helmet shell. Nape straps shall also be
permitted. Both chin and nape straps shall not be less than 0.5 in. (12.7 mm) in width.
7-1.9
Helmets shall have retroreflective markings on the exterior of the shell. A minimum of 4 sq in.
(25.8 cm) of retroreflective markings shall be visible when the helmet is viewed from either the
side or rear.
7-1.10 Accessories.
7-1.10.1 A face and neck shroud, where provided, shall meet the requirements specified in
Section 3-3.
7-1.10.2 Winter liners shall not be required, but shall be permitted to be provided by the
manufacturer.
7-1.10.3 Lamp brackets, where provided, shall be constructed of a suitable material to properly
hold the lamp.
7-1.10.4 Accessories shall be permitted to be mounted through the use of openings provided
along the lower edge of the helmet shell. These openings in the shell, where provided, shall be
designed with an inner wall that shall extend below the electrical test line as determined in
7-4.1.4.
7-1.10.5 The openings in helmet shells provided for mounting of accessories shall be permitted
to be filled by gasketing or other means, provided the helmet will continue to meet the
requirements specified in Section 7-3.
7-1.10.6 The addition of helmet accessories shall not interfere with the function of the helmet or
its component parts and shall not degrade the helmet’s performance below the requirements of
this standard.
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7-2 Product Labeling Requirements.
7-2.1
Each helmet shall have a product label or labels permanently and conspicuously attached to the
helmet upon which at least the following warnings and information are printed in letters at least
3/ in. (1.2 mm) in height.
64
“THIS WILDLAND FIRE FIGHTING HELMET MEETS THE REQUIREMENTS
OF NFPA 1977, STANDARD ON PROTECTIVE CLOTHING AND EQUIPMENT
FOR WILDLAND FIRE FIGHTING, 1993 EDITION.
WARNING
THIS HELMET MUST BE PROPERLY ADJUSTED AND SECURED TO THE
HEAD, WITH ALL COMPONENTS IN PLACE, AND USED AS SPECIFIED IN
MANUFACTURER’S INSTRUCTIONS. DO NOT USE THIS HELMET ALONE
FOR WILDLAND FIRE FIGHTING OPERATIONS; OTHER PROTECTIVE
EQUIPMENT—PROTECTIVE GARMENTS, GLOVES, FOOTWEAR, FIRE
SHELTER—IS REQUIRED FOR PROTECTION. DO NOT MODIFY OR
REPLACE ANY COMPONENTS OF THIS HELMET, INCLUDING THE
SHELL, ENERGY ABSORBING SYSTEM, RETENTION SYSTEM,
RETROREFLECTIVE MARKINGS, OR FACE SHROUD, WITH OTHER THAN
THOSE COMPONENTS OR ACCESSORIES APPROVED BY THE
MANUFACTURER. ANY SUCH MODIFICATION OR REPLACEMENT VOIDS
COMPLIANCE WITH NFPA 1977. FAILURE TO COMPLY WITH THESE
INSTRUCTIONS MAY RESULT IN SERIOUS INJURY OR DEATH.”
Manufacturer name
Model number or design
Month and year of manufacture (uncoded)
Lot number
Nominal weight of helmet
Recommended cleaning procedure
Helmet size, or size range
Authorized mark of certification organization
Date of certification
“DO NOT REMOVE THIS LABEL.”
7-2.2
All portions of the required product labels shall be printed in at least English.
7-2.3
Product labels and any other identification labels or markers used on shells shall be affixed
without making holes through the shell and without the use of any metal parts or metallic labels.
7-3 Performance Requirements.
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7-3.1*
Helmets shall be tested for electrical insulation as specified in 7-4.1, and any electrical leakage
shall not exceed 3 milliamperes.
7-3.2
Helmets shall be tested for top impact resistance as specified in 7-4.2 and shall transmit an
average force of not more than 850 lb (3781 N). No individual sample specimen shall transmit a
force of more than 1000 lb (4450 N). Disengagement of , deformation of, or damage to the
helmet shell or component parts shall not in itself constitute failure.
7-3.3
Helmets shall be tested for penetration resistance as specified in 7-4.3, and any penetration
shall not pierce the helmet shell by more than 3/8 in. (9.5 mm).
7-3.4
Helmets shall be tested for flammability resistance as specified in 7-4.4 and any afterflame
shall not have a duration greater than 5.0 seconds.
7-3.5
Any antiglare material, where provided as permitted in 7-1.4, shall be tested for flammability
resistance as specified in 7-4.5, and any afterflame shall not have a duration greater than 5.0
seconds.
7-3.6
Helmets shall be tested for heat resistance as specified in 7-4.9, and any deformation of the
brim or peak shall not exceed 25 percent of its length where measured from the junction of the
crown with the brim or peak.
7-3.7
Helmets shall be tested for suspension system separation as specified in 7-4.6. The minimum
force required to separate any individual attachment point of the suspension assembly from the
helmet shell shall be 5 lb (2.3 kg).
7-3.8
Helmet retroreflective markings shall be tested for coefficient or retroreflectivity (CPL) as
specified in 7-4.7 and shall have a coefficient or retroreflectivity (CPL) of not less than 90
cp/ft-c/ft2.
7-3.9
Each helmet chin strap and each adjusting mechanism of the suspension system assembly shall
be tested for retention system separation as specified in 7-4.8, without the failure of any
mechanism to function properly.
7-4 Testing Requirements.
7-4.1 Electrical Insulation Test.
7-4.1.1 The following equipment shall be provided for the test:
(a) A source of 60 Hz alternating current variable from 0 to 30,000 rms with at least a
Copyright 1996 NFPA

20-milliampere capability at 20,000 volts.
(b) Wiring and terminals for application of voltage across the crown of the sample helmet.
(c) A voltmeter to measure the applied voltage within 2 percent.
(d) A milliammeter to measure the leakage current to within 2 percent.
(e) A vessel, containing fresh tap water, of sufficient size to submerge an inverted sample
helmet to within 12.7 mm (0.5 in.) of the juncture of the brim with the crown.
(f) A frame for suspending the sample helmet in the water.
7-4.1.2 Where the sample helmet has a coating over the basic shell material, the exterior surface
of the shell shall be abraded with a No. 60 grit garnet paper until the basic shell material is
exposed.
7-4.1.3 Sample helmets shall be preconditioned at a temperature of 70°F, ±5°F (21°C, ±3°C) and
at a relative humidity of 65 percent, ±5 percent, for at least 24 hours. Sample helmets shall be
tested within 5 minutes after removal from preconditioning.
7-4.1.4 The inside of the sample helmet, with suspension system and permanent accessories
installed, shall be filled with fresh tap water within 12.7 mm (0.5 in.) of the juncture of the
crown and the peak or brim with the helmet inverted, unless the helmet has holes in the crown
for mounting the suspension system, in which case it shall be filled to within 12.7 mm (0.5 in.)
of these holes. No special provisions shall be made for any accessory-mounting holes above the
plane of the suspension system mounting holes. The sample helmet shall then be submerged in
the same type of water at the same level as the water on the inside of the helmet.
7-4.1.5 The voltmeter and milliammeter shall be attached to the circuit. Care shall be taken to
keep the unsubmerged portion of the sample helmet dry so that electrical flashover will not occur
when voltage is applied.
7-4.1.6 A 60 Hz alternating current voltage shall be applied and increased to 2,200 volts R.M.S.
The voltage shall be maintained at 2,200 volts for 1 minute. Any current leakage or evidence of
breakdown shall be recorded to determine pass/fail.
7-4.2 Top Impact Resistance Testing—Force.
7-4.2.1 Sample helmets shall be conditioned for each of the following environmental conditions
prior to each impact. Impact shall take place within 15 +0/-5 seconds unless otherwise specified.
7-4.2.1.1 Sample helmets shall be conditioned for room temperature at 68°F to 82°F (20°C to
28°C) for at least 2 hours.
7-4.2.1.2 Sample helmets shall be conditioned for low temperature 0°F, ±2°F (-18°C, ±1°C) for a
minimum of 2 hours.
7-4.2.1.3 Sample helmets shall be conditioned for water environment by immersing them in
water at a temperature of 68°F to 82°F (20°C to 28°C) for 2 hours, +2/-0 min. The helmet shall
be surface dried and shall be tested within 10 minutes after removal from the water.
7-4.2.1.4 Sample helmets shall be conditioned for radiant heat by exposing the area to be
impacted/penetrated to a radiant heat source with an irradiance of 1.0 W/cm2, ±0.1 W/cm2 for a
length of time determined by the exposure of a radiant heat transducer. The heat source shall be
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removed, and the helmet shall be tested.
7-4.2.1.4.1 The radiometer, radiant heat transducer, and radiant chamber/panel shall be as
specified in 5-2.3 through 5-2.5 of NFPA 1972, Standard on Helmets for Structural Fire
Fighting.
7-4.2.1.4.2 The procedure shall be as specified in 5-2.6 through 5-2.9 of NFPA 1972, Standard
on Helmets for Structural Fire Fighting. Paragraph 5-2.8 of NFPA 1972 shall be modified to
reflect a test temperature of 350°F, ±5°F, (177°C, ±3°C), and the test time shall be 1 minute,
+5/-0 seconds.
7-4.2.2 An aluminum headform, size 7, commonly known as the “ISEA Standard Headform,”
shall be used. The headform shall have a mass of 8.0 lb, ±1.0 lb (3.6 kg, ±0.5 kg).
7-4.2.3 A steel drop mass of 7.90 lb, ±0.10 lb (3.58 kg, ±0.05 kg) shall be used. The striking face
of the drop mass shall be a spherical segment with a radius of 1.9 in., ±0.3 in. (4.8 cm, ±0.8 cm)
and a chord length of at least 3.0 in. (7.6 cm).
7-4.2.4 An electronic force measurement system with the following minimum specifications
shall be used:

Range

1,000 lb (4450 N)

Peak force measurement accuracy

±2.5 percent

Resolution

5 lb (22 N)
2.5 × 107 lb/in.
(4.4 × 109 N/m)

Load cell rigidity

Minimum mechanical resonant frequency of the
headform/load cell system
Load cell diameter

5000 Hz
3.0 in. (7.6 cm)

7-4.2.4.1 The system frequency response shall comply with SAE J211 Channel Frequency Class
1000 specifications. The minimum mechanical resonant frequency shall be calculated from the
formula

where: k is the load cell rigidity (lb/ft or N/m) and m is the mass of the structure on top of the
load cell (slugs or kg).
7-4.2.4.2 All surfaces in contact with the load cell shall have a surface finish of at least 32 × 10-6
in. (0.8 × l0-6m) rms. In addition, those surfaces in contact with the load cell shall be flat to
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within 500 × 10-6 in. (12.7 × 10-6m).
7-4.2.5 The load cell shall have a back-up mass of at least 1,200 lbs (540 kg). The load cell
assembly shall be rigidly mounted between the headform structure and a steel plate at least 1 ft ×
1 ft (0.3 m × 0.3 m) and 1 in. (2.5 cm) thick. The back-up mass shall be concrete or a rigid
material of equal or greater density at least 2 ft × 2 ft (0.6 m × 0.6 m).
7-4.2.5.1 The surface of the steel plate, in the area of the load cell assembly mounting, shall be
flat within ±0.005 in. (±0.15 mm) and within 1 degree of level. The steel plate shall be rigidly
attached to, and in intimate contact with, the back-up mass.
7-4.2.6 The vertical centerline of the drop mass, the headform, and the load cell shall all be
colinear within .125 in. (3 mm). The sensitive axis of the load cell shall be aligned within 1
degree of vertical. The guide or guides shall be vertical, or parallel in the case of a double guide
system, to within 0.25 in. (6 mm) per 10 ft (3 m) of length.
7-4.2.7* The instrumentation calibration shall be verified at least before and after each test series
or at the beginning and end of each day of testing, whichever is the shorter length of time. The
results of each system verification shall be made part of the test results for the helmets being
tested. The verification tests shall demonstrate an accuracy of 2.5 percent or better in the
measured force.
7-4.2.8 The test system shall be analyzed dynamically to ensure that any mechanical resonances
associated with transducer mountings do not distort the output data.
7-4.2.9 Prior to testing, the instrumentation shall be allowed to warm up until stability is
achieved.
7-4.2.10 Throughout calibration, verification, and testing, the ambient temperature shall be 68°F
to 82°F (20°C to 28°C), and the relative humidity shall be 30 to 70 percent.
7-4.2.11 Sample helmets shall be adjusted to size 71/4 or larger to prevent binding. Sample
helmets shall be positioned on the headform, with the horizontal center plane parallel within 5
degrees of the reference plane. The front-to-back centerline of the shell shall be within 0.5 in.
(12.7 mm) of the mid-sagittal plane of the headform. Helmets shall be subjected to the
environmental conditions specified in 7-4.2.1 prior to each impact and within the specified time
after being removed from conditioning.
7-4.2.12 The impactor shall be dropped from a height that yields an impact velocity within 2
percent of 17.9 ft/sec (5.47 m/sec). A means of verifying the impact velocity to within 2 percent
for each impact shall be incorporated.
7-4.2.13 The peak force and impact velocity shall be recorded for each test, and pass/fail shall be
determined.
7-4.3 Penetration Resistance Testing.
7-4.3.1 Sample helmets shall be conditioned for each of the following environmental conditions
prior to each penetration.
7-4.3.1.1 Sample helmets shall be conditioned for room temperature at 68°F to 82°F (20°C to
28°C) for at least 2 hours.
7-4.3.1.2 Sample helmets shall be conditioned for low temperature at 0°F, ±2°F (-18°C, ±1°C)
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for a minimum of 2 hours.
7-4.3.1.3 Sample helmets shall be conditioned for water environment by immersing them in
water at a temperature of 68°F to 82°F (20°C to 28°C) for 2 hours, +2/-0 min. The helmet shall
be surface dried and shall be tested within 10 minutes after removal from the water.
7-4.3.1.4 Sample helmets shall be conditioned for radiant heat by exposing the area to be
impacted/penetrated to a radiant heat source with an irradiance of 1.0 W/cm2, ±0.1 W/cm2, for a
length of time determined by the exposure of a radiant heat transducer. The heat source shall be
removed, and the helmet shall be tested within 15 seconds, +0/-5 seconds.
7-4.3.1.4.1 The radiometer, radiant heat transducer, and radiant chamber/panel shall be as
specified in 5-2.3 through 5-2.5 of NFPA 1972, Standard on Helmets for Structural Fire
Fighting.
7-4.3.1.4.2 The procedure shall be as specified in 5-2.6 through 5-2.9 of NFPA 1972, Standard
on Helmets for Structural Fire Fighting. Paragraph 5-2.8 of NFPA 1972 shall be modified to
reflect a test temperature of 350°F, ±5°F (177°C, ±3°C), and the test time shall be 1 minute,
+5/-0 seconds.
7-4.3.2 Test apparatus shall consist of a standard headform as specified in 5-6.2 of NFPA 1972,
Standard on Helmets for Structural Fire Fighting, and a plumb bob that weighs 1 lb (0.45 kg)
and has a steel point with an included angle of 35 degrees, ±1 degree, and a maximum point
radius of 0.010 in. (0.25 mm).
7-4.3.3 Sample helmets shall be mounted as specified in 7-4.2.11. Testing shall be conducted
within 15 seconds after the sample helmet is removed from conditioning.
7-4.3.4 The conditioned sample helmet shall be placed on a rigidly mounted test headform. The
plumb bob shall be dropped 10 ft (3.048 m) to strike the sample helmet shell within a circle
whose diameter is 3.0 in. (76 mm) and whose center shall be the geometric center of the shell.
The plumb bob shall not fall on any portion of the ridges or make contact with the headform.
7-4.3.5 To determine pass/fail, the perpendicular distance traveled by the plumb bob into the
sample helmet, including the shell thickness, shall be the depth of penetration.
7-4.4 Flammability Testing.
7-4.4.1 The test apparatus shall consist of the following:
(a) Laboratory test stand
(b) Fume hood
(c) Bunsen burner, 0.5-in. (12.7-mm) bore
(d) Methane source of gas
(e) Gas regulator
(f) Stop watch.
7-4.4.2 The Bunsen burner shall be adjusted to produce a 2-in. (5.1-cm) blue flame with a 1-in.
(2.5-cm) inner cone.
7-4.4.3 The sample helmet shall be conditioned in accordance with 7-4.3.1.1 of this section, and
then shall be attached to the laboratory test stand so that it is held in an inverted horizontal
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position. The stand and sample helmet shall be placed in a draft-free fume hood. Any point
within 4 in. (102 mm) of the apex of the helmet crown shall be chosen, and the flame of the
Bunsen burner shall be applied so that the tip of the inner cone is at the helmet surface, ±0.2 in.
(±5.0 mm). The barrel of the Bunsen burner shall be held at an angle of 45 degrees, ±5 degrees,
to the helmet surface. The chosen point shall not be closer than 1 in. (25.4 mm) from any decals,
logos, or retroreflective markings. The flame shall be applied to the test surface for 10 seconds,
+1/-0 seconds. After removal of the flame, any afterflame shall be measured to determine
pass/fail.
7-4.5 Antiglare Material Flammability Test.
7-4.5.1 The sample helmet shall be conditioned to 7-4.3.1.1, and then shall be attached to the
laboratory test stand so that it is held in the “as worn” position. The stand and sample helmet
shall be placed in a draft-free fume hood. The flame of the Bunsen burner shall be applied so that
the tip of the inner cone is at the helmet surface, ±0.2 in. (±5.0 mm) at any point under the brim,
and 0.5 in., ±1/8 in. (12.7 mm, ±3.2 mm) from the edge of the brim.
7-4.5.2 The flame shall be applied to the test surface for 5 seconds, +1/-0 seconds. After removal
of the flame, any afterflame shall be measured to determine pass/fail.
7-4.6 Suspension System Retention Testing.
7-4.6.1 The suspension system retention test fixtures shall consist of rigid material of sufficient
thickness and optional design to facilitate firm attachment to the helmet suspension and the
tensile test machine.
7-4.6.2 Sample helmets shall be positioned and secured so that the helmet’s reference plane is
horizontal. Each attachment point of the suspension assembly to the helmet shall be tested by
slowly applying a perpendicular pull force to the reference plane, at a maximum of 5 lb, +0.25/-0
lb (22 N, +1/-0 N). The cross-head speed shall be 1 in., ±0.2 in. (25.4 mm, ±5 mm) per minute.
The force shall be applied through the centerline of each attachment point. If the pull force is
applied at any other angle, the test results shall be unacceptable, and the test shall be repeated.
7-4.6.3 The force gauge shall be accurate to 0.25 lb (1 N).
7-4.6.4 The individual pass/fail results for each attachment point shall be recorded to determine
pass/fail.
7-4.7 Retroreflectivity Testing.
7-4.7.1 Test procedure shall be in accordance with ASTM E 810, Standard Test Method for
Coefficient of Retroreflection of Retroreflective Sheeting, with an observation angle of 0.2
degrees and an entrance angle of -4 degrees.
7-4.8 Retention System Testing.
7-4.8.1 Each adjusting mechanism of the helmet chin strap assembly shall be secured and
unsecured, as applicable, for 20 repetitions. Each mechanism shall be observed for proper
functioning to determine pass/fail.
7-4.8.2 Each adjusting mechanism of the helmet suspension system assembly shall be secured
and unsecured, as applicable, for 20 repetitions. Each mechanism shall be observed for proper
functioning to determine pass/fail.
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7-4.9 Heat Distortion Test.
7-4.9.1 The test oven shall be a horizontal flow circulating air oven with minimum internal
dimensions of 18 in. × 18 in. × 18 in. (45 cm × 45 cm × 45 cm). The oven shall be heated and
stabilized to a temperature of 350°F, +10°/-0°F (177°C, +5°/-0°C).
7-4.9.2 Sample helmets shall be securely mounted on a room-temperature nonmetallic headform
in the “as worn” position. A liner, ear flaps, or a similar device shall be deployed to protect the
suspension, if necessary.
7-4.9.3 A series of points shall be marked 3 in. (76 mm) apart on the outer edge of the peak or
brim of the sample helmets, allowing at least 3 points on a peak and 8 or more points on a full
brim. The vertical distance from a known horizontal base plane to the mark points on the peak or
brim shall be measured and recorded.
7-4.9.4 The sample helmet mounted on the headform shall be placed in the center of the oven. If
the sample helmet contains a peak only, the sample helmet shall face into the airflow. The oven
door shall not remain open more than 15 seconds. The air circulation shall be shut off while the
door is open and turned on when the door is closed.
7-4.9.5 After 5 minutes, +15/-0 seconds, the sample helmet mounted on the headform shall be
removed and allowed to cool for a minimum of 2 minutes. The vertical distance from the marked
points to the base plane shall be measured, recorded, and compared with the measurements
recorded in 7-4.9.3 to determine pass/fail.
Chapter 8 Referenced Publications
8-1
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16, 1987.
Appendix A Explanatory Material
This appendix is not part of the requirements of this document, but is included for
informational purposes only.
A-1-1.2
At the time the Committee was developing this document, there was insufficient data available
to develop criteria for respiratory protection as a required element of wildland fire fighter
protective equipment.
A limited number of studies of air samples collected on wildland fire fighters and workers
involved with prescribed burning indicate potential for hazardous exposure (e.g., respirable
particulate, carbon monoxide, formaldehyde, and acrolein). Studies of the respiratory effects of
smoke exposure on wildland fire fighters indicate that exposure during a fire season may result
in changes in lung function. The health implications of short-term exposures and the potential
health effects of long-term exposures are yet to be quantified.
It is current practice to consider wildfire smoke not immediately dangerous to life and health
(IDLH) even though the human health hazards have not been quantified. As a prudent practice,
significant wildfire smoke exposure should be reduced when possible. Fire fighters and crew
supervisors should consider the level of smoke exposure of the tasks to be performed before
committing personnel to action. Mitigation efforts could include short work periods, removal of
crews from areas of heavy smoke concentration, or use of respiratory protection. While
self-contained breathing apparatus (SCBA) offers the most complete respiratory protection,
SCBA might not be practical for use by wildland fire fighters who work for extended periods in
remote locations. The weight of an SCBA, its limited use time, and breathing air cylinder
recharging logistics make it impractical for use by wildland fire fighters.
No currently available air-purifying respirator provides protection for all currently known
hazards of wildland smoke. A HEPA filter-equipped air-purifying respirator might be considered
as an option for the filtration of respirable particles from the air to be breathed. The addition of
sorbents to remove selected gases and vapors (e.g., cartridge with HEPA plus OV/AG) could
also be an option when greater exposure is anticipated, as in a direct attack on a prescribed fire.
Due to the potential for increased carbon monoxide exposure, the wildland fire fighters’ agency
should provide programs to expand training, and develop and implement procedures to monitor
CO exposure when fire fighters use air-purifying respirators.
Any respirator being considered for use by wildland fire fighters must be NIOSH certified.
Care should be exercised in the use of NIOSH certified respirators because they have not been
tested for heat resistance and flammability of the filter medium, and have not been evaluated for
their ability to provide protection from the products of combustion of wildfires.
A-1-2.1
Based on information studied by this committee, the majority of documented injuries to
wildland fire fighters are related to heat stress. The goal of this standard is to provide thermal
protection for the fire fighter against external heat sources with flame resistant clothing and
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equipment without inducing an extraordinary internal heat stress load.
The total protection package consists of protective clothing and equipment for normal
exposure limits, and an emergency fire shelter for severe exposure situations where serious
injury or death can result.
Objectively, the clothing should be flame resistant so that it does not contribute to burns
resulting primarily from radiant heat and limited conductive heat (direct flame contact). The
clothing should also have a thermal heat loss factor, which minimizes its adverse effect on the
retention of body heat caused by high work output over long periods.
Wildland fire fighters face working conditions characterized by work periods as long as 36 to
48 hours, in deserts, high mountains, in temperatures from below freezing to above 120°F
(49°C), and in relative humidities ranging from very dry to very humid. Their proximity to the
fire can be from as close as a few feet to several miles.
The work done by the wildland fire fighter involves manual labor. Firelines are constructed
with hand tools that are used to cut, dig, and scrape. Portable power equipment is carried to, and
used on, the fireline. Hoselines are also carried and pulled to the fire to provide water.
Mechanized equipment such as bulldozers and tractor plows are used where possible.
The fire environment that affects the fire fighter is smoke and heat. Smoke causes inefficient
respiration, causing fire fighters to work their bodies harder when performing tasks and
increasing stress. Accumulations of carbon monoxide in the bloodstream coupled with fatigue
can create a dangerous work situation. The long-term effects of wildland smoke exposure are
only now in the preliminary study stages.
Ambient air temperature is not the only source of external heat. Those working close to a fire
are affected primarily by radiant heat, some convective heat, and, in extreme situations,
conductive heat.
The minimum radiant protective requirements specified in this standard do not necessarily
address other important factors provided in wildland fire fighter protective clothing. However,
radiant heat is the primary thermal hazard requiring protection.
The RPP requirements are based on the factors listed above, which recognize that the upper
torso is the main heat-producing area of the body. The lower torso is more often subject to
abrasion, puncture, and tearing forces. Therefore, the potential user should consider that a
heavier fabric is needed for lower torso garments.
A-1-2.2
Protective apparel and equipment that complies with this standard are designed to improve the
safety of the wildland fire fighter and to mitigate adverse environmental effects to the fire
fighter’s body. Users are cautioned that, as unusual conditions prevail, or if there are signs of
abuse or mutilation of the equipment or any component thereof, or modifications or
replacements made without permission of the manufacturer, the margin of protection can be
reduced.
A-1-3.1 Accessories.
Any accessories carried on the person of the fire fighter should be examined for any possibility
of causing injury or contributing to an injury. Specifically, accessories such as utility belts,
goggles, back packs, chain saw chaps, and the like should not be made of materials that melt,
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drip, or ignite at temperatures of 350°F (177°C) or less.
A-1-3.1 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations or procedures, equipment, or materials, the
authority having jurisdiction may base acceptance on compliance with NFPA or other
appropriate standards. In the absence of such standards, said authority may require evidence of
proper installation, procedure, or use. The authority having jurisdiction may also refer to the
listings or labeling practices of an organization concerned with product evaluations which is in a
position to determine compliance with appropriate standards for the current production of listed
items.
A-1-3.1 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner
since jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety
is primary, the “authority having jurisdiction” may be a federal, state, local or other regional
department or individual such as a fire chief, fire marshal, chief of a fire prevention bureau, labor
department, health department, building official, electrical inspector, or others having statutory
authority. For insurance purposes, an insurance inspection department, rating bureau, or other
insurance company representative may be the “authority having jurisdiction.” In many
circumstances the property owner or his designated agent assumes the role of the “authority
having jurisdiction”; at government installations, the commanding officer or departmental
official may be the “authority having jurisdiction.”
A-1-3.1 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The “authority having jurisdiction” should utilize the system employed by the listing
organization to identify a listed product.
A-1-3.1 Major “A” Seams.
Examples of these seam assembly constructions include:
(a) Trousers—seat seams, outseams, inseams
(b) Shirts—side seams, sleeve seams, shoulder seams.
A-1-3.1 Major “B” Seams.
Examples of these seam assembly constructions include:
(a) Trousers—belt loops, cuffs, pocketing
(b) Shirts—cuff, collar flap, hem.
A-2-2.1
The certification organization should have sufficient breadth of interest and activity so that the
loss or award of a specific business contract is not a determining factor in the financial
well-being of the agency.
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A-2-2.3
The contractual provisions covering the certification programs should contain clauses advising
the manufacturer that, if requirements change, the product should be brought into compliance
with the new requirements by a stated effective date through a compliance review program
involving all currently listed products. Without these clauses, certifiers are not able to move
quickly to protect their name, marks, or reputation. A product safety certification program is
deficient without these contractual provisions and the administrative means to back them up.
A-2-2.4
Investigative procedures are important elements of an effective and meaningful product safety
certification program. A preliminary review should be carried out on products submitted to the
agency before major testing is undertaken.
A-2-2.7
Such inspections should include, in most instances, witnessing of product tests. In the case of
certain products, the certification organization inspectors should select samples from the
production line and submit them to the main laboratory for countercheck testing. With other
products, it might be desirable to purchase samples in the open market for test purposes.
A-3-1
The protective apparel ensemble comprises outer garments only, consisting of a shirt and
trousers, or a 1-piece garment. These garments are worn over other clothing or directly over
undergarments. Because the scope of this standard does not address various types of
undergarments that can be used with this ensemble, the following advice is provided for
information only.
The material type and style of undergarments worn in conjunction with the protective clothing
is extremely important. Undergarments serve several functions to the wildland fire fighter, since
they provide warmth and thermal protection, and assist in the absorption and transport of
perspiration.
Undergarments are necessary in order to provide basic warmth to the body under various
environmental conditions (e.g., cold weather and night conditions).
Undergarments can enhance the thermal protective performance of the protective clothing
ensemble, because the undergarments provide an additional layer of fabric and air between the
radiant heat source and the skin. The type of undergarment material and its construction also
affects the thermal protective performance (TPP) of the clothing ensemble. Research has shown
that knit undergarments enhance thermal protective performance where used in conjunction with
protective lightweight clothing (see “Burn Injury Potential of Navy Shipboard Work Clothing”).
Knit textiles (T-shirt fabrics) generally entrap more air than woven textiles (fabrics utilized for
boxer shorts). Increasing the entrapped air volume of the fabric increases the thermal protective
performance of the undergarment. T-shirt knit fabrics generally provide the wildland fire fighter
with better protection from radiant heat than the woven fabrics utilized in boxer shorts.
Increasing the weight of the undergarment (weight per unit area) also increases the protection
from thermal radiative heat. For a given fabric, a 6 oz/yd2 knit will provide better TPP protection
than a 4 oz/yd2 knit. Undergarments generally reduce the extent of burn injury by 15 percent.
The greater the area covered (e.g., long-sleeve T-shirts), the greater the protection against
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external heat sources. Conversely, the increased protection against external thermal hazards
provided by thicker, heavier fabrics and larger undergarment surface areas also increases the
probability of heat stress to the wildland fire fighter when physically active.
Undergarments used in conjunction with the wildland fire fighter’s protective garments should
demonstrate the capacity to absorb a high percentage of moisture and transport it away from the
body in order to cool the wildland fire fighter during heavy work. The materials used in
construction of the undergarment should exhibit resistance to melting where exposed to
temperatures such as those used to test components of these garments. Undergarment materials
that melt or shrink at elevated temperatures should be avoided, because they could potentially
adhere to the skin and add to the severity of burns.
Forest Service. Field experience has shown that knit undergarments of 100 percent cotton,
100 percent wool, 100 percent PBI, or high-blend ratios of these fibers meet all of the above
criteria and are recommended for use with wildland protective clothing.
Garment Safety Options - Trim
Historically, reflective trim has not been used on primary wildland fire fighting garments.
Environmental factors such as smoke, uneven terrain, and abundant undergrowth tend to block
trim visibility. The wide variety of equipment worn over primary clothing also retards trim
visibility. Reflective trim is usually placed on helmets, outerwear, and carrying equipment worn
above the waist.
Users should be aware that retroreflective trim will enhance the night-time visibility of the
wearer.
Placement of trim on the sleeves of the protective clothing, encircling the arm, provides greater
visibility due to the attention-focusing effect of motion. Trim placed near the wrist area provides
greater visibility than placement near the shoulder.
The trim color should not be in the red-orange portion of the color spectrum, as it can function
as a radiant energy heat sink that can transfer enough heat to the skin to cause burn injury. Silver
or white is the brightest, most visible retroreflective night-time color. This color offers the least
potential as a radiant heat sink.
Periodic inspection of the retroreflective performance of the trim should be a part of a regular
inspection procedure. Some working conditions can degrade the trim or cause it to be ineffective.
The inspection should be done according to manufacturer recommendation.
A-3-1.2
Turn-up cuffs are restricted in order to prevent flying embers from lodging in cuff cavities.
A-3-1.4
Cover flaps are required on patch pockets in order to prevent flying embers from lodging in
pocket cavities. Upper torso inserted pockets require closure systems in order to prevent flying
embers from lodging in pocket cavities.
A-3-1.5
Pass-through openings of 1-piece garments require closure systems in order to prevent flying
embers from lodging in pocket cavities.
A-3-1.14
Copyright 1996 NFPA

The USDA Forest Service and cooperating federal and state agencies have been active
developing wildland fire protective clothing and equipment for over 30 years. This includes
designing clothing and equipment, supporting procurement activities, and monitoring field use of
products. Designing includes choosing the best components and patterns to maximize protection,
comfort, and durability at a reasonable cost. Procurement support includes developing
specifications and drawings and performing first article and subsequent quality assurance
inspections. Monitoring field use includes performance trials prior to adoption, redesigning
based on user feedback after adoption, and retrieving clothing from entrapment fires. Analysis of
entrapment victim clothing and protective equipment proceeds sequentially from equipment and
primary protective clothing to undergarments, underwear, and finally to victim burn area and
severity. This extensive experience has shown that loose-fitting clothing is more important than
the fire resistance of materials in preventing serious burn injury. Clothing that is tight-fitting
poses a danger to the wildland fire fighter from radiant heat and heat stress, while, at the same
time, diminishing the fire fighter’s ability to perform. This standard includes a basic
measurement system, which ensures that a properly sized garment will provide adequate room or
ease for the wearer’s shoulders, chest, sleeves, seat, thighs, knees, and calves. USDA Forest
Service wildland fire fighting experience indicates that wearing an oversized protective garment
of the same nominal size as normal streetwear is the only way to ensure the comfort that is a
critical safety feature of these garments.
Size Ordering
The size tables provided in 3-1.14.1 are based on control dimensions listed at the top of each
column. Each garment provides the correct fit and ease when users order the control size
corresponding to their relevant body dimensions. The manufacturer should provide this ordering
information to the prospective customer.
The control dimensions for upper torso garments are neck circumference, sleeve length, and
body height (regular or tall). Sleeves should extend down to the base of the thumb.
The control dimensions for lower torso garments are waist, seat circumference, and inseam
length. Men should order using the waist circumference in Table 3-1.14.1(b). Women should
measure both waist and seat circumference. If a woman’s hip measurement is 11.0 in. or greater
than her waist measurement, a lower torso garment from Table 3-1.14.1(c) should be ordered.
Otherwise Table 3-1.14(b) should be used for proper sizing.
The control dimensions for 1-piece garments are chest size and body height (S-Short,
R-Regular, and T-Tall).
A-3-3
Textile fabric experience has shown that purchasers should consider fabrics that meet the
suggested additional specifications listed below.
Extensive-wear testing has shown that wildland fire fighters prefer a garment combination that
results in fabrics weights of 8 oz/yd2 to 12 oz/yd2. Suggested lower-torso fabric weight is 8
oz/yd2 to 12 oz/yd2, while suggested shirt weights are in the range of 5.5 oz/yd2 to 6.5 oz/yd2.
Knit T-shirt fabrics, in the 3.0 oz/yd2 to 4.0 oz/yd2 range, when worn in conjunction with the
shirt fabrics, produce a combined weight in the preferred 8 oz/yd2 to 12 oz/yd2 range. Lighter
combinations result in increased radiant heat stress and more punctures, tears, and abrasion.
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Heavier combinations impede body movement and cooling.
Specifiers and purchasers of wildland fire fighting protective garments might want to request a
mannequin test on the garments under consideration for procurement. The mannequin test
provides information on materials, as well as the cut and fit of the garment as it relates to heat
stress.
Dyed fabrics used in wildland fire fighter uniforms should be tested for colorfastness and
should exhibit a rating of “good” for laundering when tested, without bleach, in accordance with
Method 5605, of Federal Test Method Standard 191A, Textile Test Methods.
Dyed fabrics used in wildland fire fighters uniforms should be tested for crock resistance and
should exhibit a rating of “good” for crocking when tested in accordance with Method 5651, of
Federal Test Method Standard 191A, Textile Test Methods.
A-3-3.5
The tear resistance test is intended to measure a fabric’s resistance to tearing. Examples of the
types of snag hazards encountered are branches, thorns, stumps, and shrubs, as well as other
protrusions that could tear clothing. The requirement of 5.0 lb in this test is a minimum criterion
based on tests of currently available fabrics. The fabrics tested range from shirt-weight materials
to work trouser weights.
Because there is a wide range of fabrics available from which protective shirts, trousers, and
1-piece garments can be made, the authority having jurisdiction, or purchaser, should consider
the potential use of the clothing with relation to tear resistance needs.
Tear resistance is directly related to the type of material (natural, synthetic, hybrid blend),
weight (oz/yd2), and construction. The test can be used as an indicator of durability. While
trousers made of shirt-weight fabric meet the minimum tear resistance of 5.0 lb, they might not
provide an adequate service life.
Purchasers should determine the cost effectiveness that various types of material offer in their
work environment. Table A-3-3.5 shows some of the commonly used materials, weight ranges,
and tear strength ranges.
Table A-3-3.5
Garment
Shirts

Fabric Type
Natural Synthetic

Wt. Ranges (oz/yd2)

Tear Strength (lb)

Comments

5.5-7.0

5-10

generally light
weights for thermal
release

Hybrid
Pants

same

6.0- 11.0

7-12

generally heavier
material to protect
against snags, tears,
punctures, and
contusions

One-Piece

same

5.5- 11.0

5-12

wt. of fabric related
to use of garment
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A-3-4.3.1.1 An example of an alternate detergent for use is IEC test detergent (BS 5651).
A-3-4.5.2 The sweating hot plate apparatus is available from Holometrix, Inc., 99 Erie Street,
Cambridge, MA 02139, (617)-868-8050. An environmental chamber with air temperature,
humidity, and air velocity control should also be used.
A-3-4.5.11 The standard 7.5 oz/yd2 Nomex duck can be obtained from the Office of Standard
Reference Materials, National Institute of Standards and Technology, Gaithersburg, MD 20899,
(301)-975-6776.
A-3-4.5.14 A source for uncoated cellophane that will be suitable for this purpose is Olin Ecusta
Paper and Film Group, Pisgah Forest, NC 28768.
A-4-1.1
Fire shelter training should be provided prior to issuing fire shelters to fire fighters or fire
support personnel. Training is critical to ensure quick, correct use of fire shelters. Fatalities can
occur without adequate training. Minimal training is outlined in “Your Fire Shelter: Beyond the
Basics.” All users should be familiar with “Your Fire Shelter” video and pamphlet and should
have deployed a shelter during training.
Once an entrapment occurs, the fire shelter becomes the primary means of protection, and
clothing plays a secondary role. Protective clothing is designed to help fire fighters escape
entrapment and, where escape efforts fail, it protects the wildland fire fighter long enough to
deploy fire shelters.
The fire shelter, liner, and carrying case are made in accordance with design rather than
performance specifications. The fire shelter has evolved over a period of 35 years. The basic
design has not changed in years. Most of the development efforts have resulted in better
materials, increased durability, and decreased deployment times.
The history of fire shelter use documents that even minor changes in materials and design have
significantly reduced protective properties or increased deployment times. Fire shelters are
deployed where all other options have failed. Then both the shelter and the individual fire fighter
must perform ideally in a violent environment to survive.
Until all relevant features of the fire shelter have been identified and translated into
performance requirements, fire shelters, liners, and carrying cases remain design restrictive. It is
essential that fire shelters be inspected for damage when first issued and at a minimum of every
14 days thereafter, once in field use. Particular attention should be paid to the fire shelter area at
the open end of the rigid liner. Inspection criteria and guidance for removing fire shelters from
service are found in the pamphlet entitled “Your Fire Shelter.” Failure to inspect fire shelters on
a regular basis has resulted in the use of damaged fire shelters during entrapments. This is an
unacceptable risk.
A-4-3.1
Fire shelter carrying case liners are designed to protect fire shelters against punctures, tears,
and the flattening of the folded edges while carried to and from the field, and while on wildland
fire assignments. Field experience indicates that properly used liners more than double the usable
life of fire shelters and, therefore, are both cost effective and necessary for ensuring that fire
shelters are in the best condition when needed in an entrapment.
A-4-3.2
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Fire shelter carrying cases (or pockets) should completely enclose and fit snugly around the
carrying case liner in which the fire shelter is enclosed. The case (or pocket) must be easily
reached so a fire fighter can extract the fire shelter while on the run. The preferred method for
carrying a fire shelter is in a case fastened to a belt worn around the waist. A smaller pocket must
be attached to the carrying case or packsack pocket to store fire shelter use instructions. The use
instructions should include illustrations and should be printed in English on 1 side and in
Spanish on the reverse side.
A-5-1.1.1 This standard does not require protective steel toe caps. However, should the authority
having jurisdiction specify protective toe caps, they should meet ANSI Z41, Protective
Footwear.
The terrain features involving wildland fire fighting encompass the entire range of ground
conditions found across the United States. Slopes and ground fuels, the 2 main factors affecting a
fire fighter’s ability to move across the fire ground, range from flat or gently rolling hills with a
grass or brush cover in areas of the great basin; to the timber stands of the southeast with heavy,
herbaceous growth; to the steep slopes (up to 100 percent plus) with heavy, dead, downed timber
fuels in the Pacific Northwest. The footwear appropriate for wildland fire suppression in these
terrain and fuel conditions is also variable, ranging from flat-bottomed or rippled-soled boots in
the southeast, to lug-soled boots in the west, to the caulked-soled logger boots of the Pacific
coast. Each boot has specific applications in a given terrain and ground fuel condition that might
not be suitable in other conditions.
A-5-1.1.2 Due to the size grading of the upper patterns of some boots, to allow for proper
proportion of height to size, the height of the upper can be slightly lower for smaller sizes and
slightly higher for larger sizes. Therefore, the 9 or 9D medium size is to be used as the standard
for measuring upper height, since it is the mid-size between the smaller and larger sizes.
A-5-1.2.1 The United States Forest Service video, “Meet Your Feet,” addresses sizing
techniques. It is available from: USDA Forest Service Technology and Development Center,
Bldg. 1, Fort Missoula, Missoula, MT 59801.
A-5-4.3.6 A practical, easy-to-use technique for achieving this control utilizes a reference
material with known cut resistance. For example, the following vinyl tapes manufactured by the
3M Company, or their equivalents, should be used:
Tape Identification

Minimum Weight for Cut

No. 470 white vinyl tape

10 lb (4.5 kg)

No. 472 black vinyl tape

12 lb (5.4 kg)

A-6-2.1
Additional information can be provided by stamping, embossing, affixing, or other suitable
permanent method.
A-7-3.1
The electrical insulation tests to determine compliance with this performance requirement are
specified in 7-4.1, and these tests are equivalent to the electrical insulation requirements for class
A helmets in ANSI Z89.1, Protective Headwear for Industrial Workers, 1986 edition.
A-7-4.2.7 Calibration Procedures. The following multiple-step procedure is suggested:
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Procedure 1. Medium and System Calibration. This calibration step should be carried out
with an accelerometer, as described in Section 5-7, of NFPA 1972, Standard on Helmets for
Structural Fire Fighting, mounted in the impactor. The accelerometer should be mounted with
its sensitive axis within 5 degrees of vertical.
A calibrating medium should be mounted over the load cell, as described in 7-4.2. The centers
of the load cell, medium, impactor, and accelerometer should be colinear within 0.125 in. (3
mm), T.I.R. The impactor should be dropped from a height that yields a peak force of 2,023 lb
±112 lb (9000 N ±500 N). A means of verifying the impact velocity within 2 percent should be
utilized. The measured peak force should equal (within 2.5 percent) the measured peak
acceleration (in g) times the weight of the impactor. This accuracy should be reproducible
through at least 5 impacts.
Procedure 2. System Calibration Only. A calibrating medium that has been tested according
to Procedure 1 above can be used without accelerometer or guided mass. The force value
obtained when testing according to Procedure 1 should be recorded and provided with the
calibrating medium. The calibrating medium should be mounted over the load cell. The centers
of the load cell, medium, impactor, and accelerometer should be colinear within 0.125 in. (3
mm), T.I.R. The impactor should be dropped onto the medium, and the peak force measured by
the load cell should be recorded. The peak force should be within 21/2 percent of that recorded
while testing according to Procedure 1. The calibrating medium should be retested according to
Procedure 1 at not more than 4-month intervals.
Procedure 3. Electronics Calibration. Where in use, electronic calibration of the normally
used instrumentation scales should be undertaken at least every 6 months. This should be
accomplished by following the procedures recommended by the manufacturer of the
instrumentation.
Appendix B Referenced Publications
B-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the NFPA
issuance of this document.
B-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1972, Standard on Helmets for Structural Fire Fighting, 1992 edition.
B-1.2 Other Publications.
B-1.2.1 ANSI Publications. American National Standards Institute, 11 West 42nd Street, New
York, NY 10036.
ANSI Z41, Protective Footwear, 1991.
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ANSI Z89.1, Protective Headwear for Industrial Workers, 1986.
B-1.2.2 GSA Publication. U.S. Government Printing Office, Superintendent of Documents,
Washington, DC 20402.
Federal Test Method Standard 191A, Textile Test Methods, 1978.
B-1.2.3 USDI Publications. USDI Bureau of Land Management, National Interagency Fire
Center, Attn: Supply, 3905 Vista Avenue, Boise, ID, 83705.
PMS 409-1, “Your Fire Shelter,” May, 1991 (video and pamphlet).
PMS 409-2, “Your Fire Shelter: Beyond the Basics,” June 1991.
B-1.2.4 U.S. Navy Publication. Navy Publications and Forms Center, 5801 Tabor Avenue,
Philadelphia, PA 19120.
Navy Clothing and Textile Research Technical Report, No. 146, “Burn Injury Potential of
Navy Shipboard Work Clothing,” Krasny, J., Allen, P., and Maldonado, A., September 1981.
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1992 Edition
This edition of NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus
for Fire Fighters, was prepared by the Technical Committee on Fire Service Protective Clothing
and Equipment and acted on by the National Fire Protection Association, Inc. at its Annual
Meeting held May 18-21, 1992 in New Orleans, LA. It was issued by the Standards Council on
July 17, 1992, with an effective date of August 14, 1992, and supersedes all previous editions.
The 1992 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1981
The first NFPA document to address fire fighter respiratory protection was NFPA 19B,
Standard on Respiratory Protective Equipment for Fire Fighters. NFPA 19B was adopted on
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May 17, 1971 at the Association’s Annual Meeting in San Francisco, California. It was
developed by the Sectional Committee on Protective Equipment for Fire Fighters of the
Technical Committee on Fire Department Equipment. After 1975, the Sectional Committee was
removed from the Technical Committee on Fire Department Equipment and made its own
technical committee. The main thrust of NFPA 19B was to prohibit filter-type canister masks for
fire fighters and permit only self-contained breathing apparatus. NFPA 19B was officially
withdrawn by the Association on May 19, 1981 at the Annual Meeting in Dallas, Texas.
NFPA 1981, Standard on Self-Contained Breathing Apparatus for Fire Fighters, was adopted
at the same meeting to replace NFPA 19B. That first edition of NFPA 1981 essentially specified
NIOSH/MSHA approved SCBA with a minimum rated service life of 30 minutes. Open-circuit
SCBA was required to be positive pressure.
The Technical Committee on Protective Equipment for Fire Fighters undertook a complete
revision of NFPA 1981 to state performance requirements and appropriate testing procedures
designed to simulate various environmental conditions that fire fighters’ SCBA can be exposed
to during use and storage. These requirements are in addition to the basic NIOSH/MSHA
certification requirements and now NFPA 1981 only applies to open-circuit SCBA. A similar
document will be developed for closed-circuit SCBA.
The second edition of NFPA 1981 was completed in March, 1986 and adopted by the
Association at the 1987 Annual Meeting in Cincinnati, Ohio.
Since the second edition, the name of the Technical Committee has changed to Fire Service
Protective Clothing and Equipment and there is a standing Subcommittee on Self-Contained
Breathing Apparatus.
This third edition, 1992, incorporates new requirements for third party certification and quality
control, as well as a new total heat and flame test for the entire apparatus. Other test methods
covering facepiece lens abrasion and communications have been revised.
This third edition was completed in December, 1991 and presented to the Association at the
1992 Annual Meeting in New Orleans, Louisiana.
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NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 5 and Appendix B.

Chapter 1 Administration
1-1 Scope.
1-1.1*
This standard specifies minimum requirements for the design, performance, testing, and
certification of open-circuit self-contained breathing apparatus (SCBA) used in fire fighting,
rescue, and other hazardous duties.
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1-1.2
This standard does not apply to closed-circuit self-contained breathing apparatus.
1-1.3
This standard is not intended to serve as a detailed manufacturing or purchase specification,
but can be referenced in purchase specifications as minimum acceptable requirements.
1-2 Purpose.
1-2.1*
The purpose of this standard is to provide minimum performance requirements for open-circuit
SCBA utilized by fire fighters.
1-2.2*
Controlled laboratory environmental and physical tests are used to determine compliance with
the performance requirements of this standard. These tests shall not be deemed as establishing
SCBA performance levels for all situations to which fire fighting personnel may be exposed.
1-2.3
Nothing herein is intended to restrict any jurisdiction from specifying or manufacturer from
producing open-circuit SCBA that exceed these minimum requirements.
1-3 Definitions.
Approved.* Acceptable to the “authority having jurisdiction.”
Authority Having Jurisdiction.* The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
Breathing Air. See Compressed Breathing Gas.
Certification/Certified. A system whereby a certification organization determines that a
manufacturer has demonstrated the ability to produce a product that complies with the
requirements of this standard, authorizes the manufacturer to use a label on listed products that
comply with the requirements of this standard, and establishes a follow-up program conducted
by the certification organization as a check on the methods the manufacturer uses to determine
continued compliance of labeled and listed products with the requirements of this standard.
Certification Organization. An independent third party organization that determines product
compliance with the requirements of this standard with a labeling/listing/follow-up program.
Char. The formation of a brittle residue when material is exposed to thermal energy.
Closed-Circuit SCBA. A recirculation-type SCBA in which the exhaled gas is rebreathed by
the wearer after the carbon dioxide has been removed from the exhalation gas and the oxygen
content within the system has been restored from sources such as compressed breathing gas,
chemical oxygen, and liquid oxygen, or compressed gaseous oxygen.
Compliance/Compliant. Meeting or exceeding all applicable requirements of this standard.
Compressed Breathing Gas.* Oxygen or a respirable gas mixture stored in a compressed state
and supplied to the user in gaseous form.
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Demand SCBA. See Negative Pressure SCBA.
Drip. To run or fall in drops or blobs.
End-of-Service-Time Indicator. A warning device on an SCBA that warns the user that the end
of the service time of the SCBA is approaching.
Fabric Component. Any single or combination of pliable, natural, or synthetic material(s)
made by weaving, felting, forming, or knitting that is used to secure the backplate assembly to
the SCBA wearer, including but not limited to shoulder, waist, and chest straps.
Facepiece. The component of an SCBA that covers as a minimum the wearer’s nose, mouth,
and eyes.
Follow-Up Program. The sampling, inspections, tests, or other measures conducted by the
certification organization on a periodic basis to determine the continued compliance of listed
products that are being produced by the manufacturer to the requirements of this standard.
Gas. An aeriform fluid that is in a gaseous state at standard temperature and pressure.
Haze. Light that is scattered as a result of passing through a transparent object.
Identical SCBA. SCBA that are produced to the same engineering and manufacturing
specifications.
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the “authority having jurisdiction” and concerned with product evaluation, that maintains
periodic inspection of production of listed equipment or materials and whose listing states either
that the equipment or material meets appropriate standards or has been tested and found suitable
for use in a specified manner.
Melt. To change from solid to liquid, or become consumed, by action of heat.
Negative Pressure SCBA. An SCBA in which the pressure inside the facepiece, in relation to
the pressure surrounding the outside of the facepiece, is negative during any part of the
inhalation or exhalation cycle when tested by NIOSH in accordance with 30 CFR 11, Subpart H.
NIOSH/MSHA Certified. Tested and certified jointly by the National Institute for
Occupational Safety and Health (NIOSH) of the U.S. Department of Health and Human Services
and the Mine Safety and Health Administration (MSHA) of the U.S. Department of Labor in
accordance with the requirements of Title 30, Code of Federal Regulations, Part 11, Subpart H
(30 CFR 11). For the NIOSH/MSHA certification to remain in effect, the SCBA must be used
and maintained in the approved condition.
Open-Circuit SCBA. An SCBA in which exhalation is vented to the atmosphere and not
rebreathed. There are two types of open-circuit SCBA: negative pressure or demand type and
positive pressure or pressure demand type.
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Pink Noise. Noise that contains constant energy per octave band.
Positive Pressure SCBA. An SCBA in which the pressure inside the facepiece, in relation to
the pressure surrounding the outside of the facepiece, is positive during both inhalation and
exhalation when tested by NIOSH in accordance with 30 CFR 11, Subpart H.
Pressure Demand SCBA. See Positive Pressure SCBA.
Product Label. A label or marking affixed to the SCBA by the manufacturer containing general
information, warnings, care, maintenance, or similar data. This product label is not the
certification organization’s label, symbol, or identifying mark; however, the certification
organization’s label, symbol, or identifying mark may be attached to it or be part of it. (See also
Labeled.)
Rated Service Time. The period of time, stated on the SCBA’s NIOSH/MSHA certification
label, that the SCBA supplied air to the breathing machine when tested to 30 CFR 11.
SCBA. See Self-Contained Breathing Apparatus.
Self-Contained Breathing Apparatus (SCBA). A respirator worn by the user that supplies a
respirable atmosphere that is either carried in or generated by the apparatus and is independent of
the ambient environment.
Service Time. See Rated Service Time.
Shall. Indicates a mandatory requirement.
Should. This term, as used in the Appendix, indicates a recommendation or that which is
advised but not required.
1-4 Units.
1-4.1
In this standard, values for measurement are followed by an equivalent in parentheses, but only
the first stated value shall be regarded as the requirement. Equivalent values in parentheses shall
not be considered as the requirement as these values might be approximate.
Chapter 2 Certification
2-1 General.
2-1.1
Prior to certification of SCBA to the requirements of this standard, SCBA shall be
NIOSH/MSHA certified.
2-1.1.1 SCBA shall have NIOSH/MSHA certification as positive pressure.
2-1.1.2* SCBA shall have a NIOSH/MSHA certified weight not exceeding 35 lb.
2-1.1.3* SCBA shall have a NIOSH/MSHA certified rated service time of at least 30 minutes.
2-1.1.4 SCBA that is NIOSH/MSHA certified as positive pressure but capable of supplying air to
the user in a negative pressure, demand-type mode shall NOT be certified to this standard.
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2-1.2
SCBA that are labeled as being compliant with this standard shall meet or exceed all
applicable requirements specified in this standard and shall be certified. This certification shall
be to the program specified in Section 2-2 of this chapter and shall be in addition to, and shall
not be construed to be the same as, NIOSH/MSHA certification as specifically defined in
Section 1-3 of this standard.
2-1.3
All certification shall be performed by an approved certification organization.
2-1.4
Compliant SCBA shall be labeled and listed. Such SCBA shall also have a product label that
meets the requirements specified in Section 2-5 of this chapter.
2-1.5
Any accessory that is to be attached to or integrated with the SCBA shall be tested with and
certified as part of the SCBA under this standard.
2-1.6
The SCBA shall meet all of the performance requirements of the standard with the accessory
installed. The accessory itself shall not be required to meet any of the performance requirements
of this standard.
2-2 Certification Program.
2-2.1*
The certification organization shall not be owned or controlled by manufacturers or vendors of
the product being certified. The certification organization shall be primarily engaged in
certification work and shall not have a monetary interest in the product’s ultimate profitability.
2-2.2
The certification organization shall refuse to certify products to this standard that do not
comply with all requirements of this standard.
2-2.3*
The contractual provisions between the certification organization and the manufacturer shall
specify that certification is contingent upon compliance with all applicable requirements of this
standard. There shall be no conditional, temporary, or partial certifications. Manufacturers shall
not be authorized to use any label or reference to the certification organization on products that
are not manufactured in compliance with all applicable requirements of this standard.
2-2.4*
For certification, laboratory facilities and equipment for conducting proper tests shall be
available, a program for calibration of all instruments shall be in place and operating, and
procedures shall be in use to ensure proper control of all testing. Good practice shall be followed
regarding the use of laboratory manuals, form data sheets, documented calibration and
calibration routines, performance verification, proficiency testing, and staff qualification and
training programs.
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2-2.5
Manufacturers shall be required to establish and maintain a program of production inspection
and testing.
2-2.6
The manufacturers and the certification organization shall evaluate any changes affecting the
form, fit, or function of the certified product to determine its continued certification to this
standard.
2-2.7*
Product certifications shall include a follow-up inspection program, with at least 2 random and
unannounced visits per 12-month period.
2-2.8
The certification organization shall have a program for investigating field reports alleging
malperformance or failure of listed products.
2-2.9
The operating procedures of the certification organization shall provide a mechanism for the
manufacturer to appeal decisions. The procedures shall include the presentation of information
from both sides of a controversy to a designated appeals panel.
2-2.10
The certification organization shall be in a position to use legal means to protect the integrity
of its name and label. The name and label shall be registered and legally defended.
2-3 Inspection and Testing.
2-3.1
Four identical SCBA selected from the manufacturer’s production SCBA and that are to be
certified to this standard shall be subjected to the tests specified in Categories A, B, C, and D of
Table 2-3.1, for each test series. The first SCBA shall be subjected to the tests listed in Category
A, the second SCBA shall be subjected to the tests listed in Category B, the third SCBA shall be
subjected to the tests listed in Category C, and the fourth SCBA shall be subjected to the tests
listed in Category D as shown in Table 2-3.1. SCBA components shall be subjected to the tests
specified in Category E of Table 2-3.1.
Table 2-3.1 Test Series

Copyright 1996 NFPA

2-3.2
SCBA shall be initially tested and shall meet the performance requirements of three separate
test series of Categories A, B, C, and D as specified in Table 2-3.1. All tests within Categories A,
B, C, and D shall be conducted in the order specified and are designed as cumulative damage
tests.
SCBA components shall be initially tested and shall meet the performance requirements of one
test series of Category E as specified in Table 2-3.1. SCBA component testing in Category E
shall be conducted on test specimens as specified in each respective test method.
2-3.3
After certification, compliant SCBA shall be tested annually within twelve months from
previous tests and shall meet the performance requirements of one test series of Categories A, B,
C, D, and E as specified in Table 2-3.1. This requirement shall be waived every fifth year when
the testing required by 2-3.3.1 of this section is conducted.
2-3.3.1 Compliant SCBA shall be tested and shall meet the performance requirements of three
separate test series of Categories A, B, C, and D as specified in Table 2-3.1 every fifth year from
the date of the initial certification testing specified in 2-3.2 of this section.
SCBA components shall be tested and shall meet the performance requirements of one test
series of Category E as specified in Table 2-3.1 every fifth year from the date of initial
certification testing specified in 2-3.2 of this section.
2-3.4
No adjustment, repair, or replacement of parts is permitted to any SCBA being tested in
accordance with this standard. Breathing-gas containers shall be permitted to be filled as
required.
2-3.5
Copyright 1996 NFPA

Inspection and testing for determining compliance with the requirements of this standard shall
be performed on a complete SCBA unless otherwise specified within this standard.
2-3.6
After completion of these tests for a specific model SCBA or its variant, only those tests on
other similar SCBA models or variants shall be required where, in the determination of the
certification organization, the SCBA’s test results can be affected by any components that are
different from those on the original SCBA tested.
2-3.7
Any modifications made by the manufacturer to an SCBA after certification shall require the
retesting and meeting of the performance requirements of all those individual tests that the
certification organization determines may be affected by such changes. This retesting shall be
conducted before certifying the modified SCBA as being compliant with this standard.
2-4 Manufacturer’s Quality Assurance Program.
2-4.1
The manufacturer shall provide and maintain a quality assurance program that includes a
documented inspection and product recall system. The manufacturer shall have an inspection
system to substantiate conformance to this standard.
2-4.2
The manufacturer shall maintain written inspection and testing instructions. The instructions
shall prescribe inspection and test of materials, work in process, and completed articles. Criteria
for acceptance and rejection of materials, processes, and final product shall be part of the
instructions.
2-4.3
The manufacturer shall maintain records of all pass/fail tests. Pass/fail records shall indicate
the disposition of the failed material or product.
2-4.4
The manufacturer’s inspection system shall provide for procedures that assure the latest
applicable drawings, specifications, and instructions are used for fabrication, inspection, and
testing.
2-4.5
The manufacturer shall, as part of the quality assurance program, maintain a calibration
program of all instruments used to ensure proper control of testing. The calibration program shall
be documented as to the date of calibration and performance verification.
2-4.6
The manufacturer shall maintain a system for identifying the appropriate inspection status of
component materials, work in process, and finished goods.
2-4.7
The manufacturer shall establish and maintain a system for controlling nonconforming
material, including procedures for the identification, segregation, and disposition of rejected
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material. All nonconforming materials or products shall be identified to prevent use, shipment,
and intermingling with conforming materials or products.
2-4.8
The manufacturer’s quality assurance program shall be audited by the third party certification
agency to determine that the system is sufficient to ensure continued product compliance with
this standard.
2-5 Product Labeling.
2-5.1
In addition to the NIOSH/MSHA certification label and the certification organization’s label,
each SCBA shall have a product label permanently and conspicuously attached upon which at
least the following information and warning are printed in at least 1/16 in. (1.5 mm) high letters.
(a) The following statement:
“THIS SCBA MEETS THE REQUIREMENTS OF NFPA 1981, STANDARD ON
OPEN-CIRCUIT SELF-CONTAINED BREATHING APPARATUS FOR FIRE
FIGHTERS, 1992 EDITION.”
(b) The following warning:
“WARNING
FOR RESPIRATORY PROTECTION, SCBA MUST BE WORN AND USED AS
SPECIFIED IN MANUFACTURER’S INSTRUCTIONS. DO NOT USE SCBA
ALONE FOR ANY FIRE FIGHTING OR HAZARDOUS MATERIALS
OPERATIONS; ADDITIONAL PROTECTIVE CLOTHING AND EQUIPMENT
IS REQUIRED FOR PROTECTION. USERS MUST CLEAN AND MAINTAIN
THE SCBA ONLY IN ACCORDANCE WITH MANUFACTURER’S
INSTRUCTIONS. NO PROTECTIVE EQUIPMENT CAN PROVIDE
COMPLETE PROTECTION FROM ALL CONDITIONS—USE EXTREME
CARE FOR ALL EMERGENCY OPERATIONS. ACCESSORIES NOT
CERTIFIED FOR USE WITH THIS SCBA MAY DEGRADE THE
PERFORMANCE OF THIS SCBA OR MAY VOID NIOSH/MSHA
CERTIFICATION. FAILURE TO COMPLY WITH THESE WARNINGS MAY
RESULT IN SERIOUS INJURY OR DEATH.”
(c) The identification of the major components of the SCBA that are required for
certification to this standard.
(d) The following warning:
“DO NOT REMOVE THIS LABEL.”
2-5.2
The major components listed by the manufacturer in 2-5.1 of this section shall be identified
with the lot number or serial number or the year and the month of manufacture.
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2-5.3
All portions of the required product labels shall be printed at least in English.
2-6 User Information.
2-6.1
The SCBA manufacturer shall provide, with each SCBA, instructions and information for
maintenance, cleaning, disinfecting, storage, and inspection.
2-6.2
The SCBA manufacturer shall provide, with each SCBA, specific instructions and training
materials regarding the use, operation, safety considerations, and limitations of the SCBA.
Chapter 3 Performance Requirements
3-1* Air Flow Performance.
3-1.1
When tested in accordance with the air flow performance test specified in Section 4-1 of this
standard, the SCBA facepiece pressure shall not be less than 0.00 in. (0.00 mm) water column
nor greater than 3.50 in. (88.9 mm) water column above ambient pressure from the time the test
begins until the time the test is concluded.
3-2 Environmental Temperature Performance.
3-2.1
SCBA shall be tested in accordance with the environmental temperature tests specified in
Section 4-2 of this standard.
3-2.1.1 When conditioned in accordance with the cold environmental test specified in 4-2.4 of
this standard, the SCBA shall meet the performance requirements of Section 3-1 of this chapter.
3-2.1.2 When conditioned in accordance with the hot environmental test specified in 4-2.5 of this
standard, the SCBA shall meet the performance requirements of Section 3-1 of this chapter.
3-2.1.3 When conditioned in accordance with the hot to cold environmental test specified in
4-2.6 of this standard, the SCBA shall meet the performance requirements of Section 3-1 of this
chapter.
3-2.1.4 When conditioned in accordance with the cold to hot environmental test specified in
4-2.7 of this standard, the SCBA shall meet the performance requirements of Section 3-1 of this
chapter.
3-3 Vibration Resistance Performance.
3-3.1
When conditioned in accordance with the vibration tests specified in Section 4-3 of this
standard, the SCBA shall meet the performance requirements of Section 3-1 of this chapter.
3-4 Fabric Flame Resistance Performance.
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3-4.1
When tested to the fabric flame tests specified in Section 4-4 of this standard, the test
specimens shall have an average char length of not more than 4.0 in. (101.6 mm), shall have an
average afterflame of not more than 2.0 seconds, and shall not melt or drip.
3-5 Fabric Heat Resistance Performance.
3-5.1
When tested to the fabric heat tests specified in Section 4-5 of this standard, the test specimens
shall not melt, separate, or ignite.
3-6 Thread Heat Resistance Performance.
3-6.1
When tested in accordance with the thread heat test specified in Section 4-6 this standard, the
thread shall not melt or ignite.
3-7 Accelerated Corrosion Resistance Performance.
3-7.1
When conditioned in accordance with the accelerated corrosion test specified in Section 4-7 of
this standard, corrosion shall not prohibit the proper use and function as specified in the
manufacturer’s instructions of any control or operating feature of the SCBA. In addition, the
SCBA shall meet the performance requirements of Section 3-1 of this chapter.
3-8 Particulate Resistance Performance.
3-8.1
When conditioned in accordance with the particulate resistance test specified in Section 4-8 of
this standard, the SCBA shall meet the performance requirements of Section 3-1 of this chapter.
3-9* Facepiece Lens Abrasion Resistance Performance.
3-9.1
When tested in accordance with the facepiece lens abrasion test specified in Section 4-9 of this
standard, the average value of the tested samples shall not exhibit a delta haze greater than 14.0
percent.
3-10* Communications Performance.
3-10.1
When tested in accordance with the communication test specified in Section 4-10 of this
standard, the primary communication means as identified by the manufacturer shall have an
average calculated value of not less than 72 percent.
3-11 Heat and Flame Resistance Performance.
3-11.1
When tested in accordance with the heat and flame test specified in Section 4-11 of this
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standard, the SCBA facepiece pressure shall not be less than 0.00 in. (0.00 mm) water column
nor greater than 3.50 in. (88.9 mm) water column above ambient pressure from the time the test
begins until the time the test is concluded.
3-11.2
When tested as specified in 4-11.17 of this standard, no components of the SCBA shall have
an afterflame of more than 2.2 seconds.
3-11.3
When tested as specified in 4-11.17 and 4-11.19 of this standard, no component that secures
the SCBA to the user’s body or that secures the cylinder to the SCBA, such as chest, pull,
facepiece, waist, cylinder, and shoulder straps, shall separate or fail in such a manner that would
cause the SCBA to be worn and used in a position not specified by the manufacturer’s
instructions.
3-11.4
When tested as specified in 4-11.20 of this standard, the facepiece lens shall not obscure vision
below the 20/100 vision criterion.
Chapter 4 Test Methods
4-1 Air Flow Performance Test.
4-1.1*
The facepiece of the SCBA being tested shall be secured to Scott Aviation Model No.
803608-01 or 803608-02 test headform or equivalent. The facepiece shall be secured to the
headform to assure that an initial pressure of 1.0 in. ±0.1 in. (25.4 mm ±2.5 mm) water column
below ambient shall not decay by more than 0.2 in. (5.1 mm) water column in 5 seconds.
4-1.2
The remaining components of the SCBA shall be mounted in accordance with Figure 4-1.2 to
simulate its typical wearing position, as specified by the manufacturer, on a fire fighter.
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Figure 4-1.2 Typical apparatus configuration for air flow performance test.

4-1.3
A pressure probe shall be attached to the test headform to monitor facepiece pressure. The
pressure probe shall be a 0.25 in. (6.4 mm) O.D. with 0.062 in. (1.6 mm) wall thickness metal
tube having one open end and one closed end. The closed end shall have 4 equally spaced holes,
each 0.062 in. ±0.005 in. (1.6 mm ±0.1 mm), and positioned 0.250 in. ±0.02 in. (6.4 mm ±0.5
mm) from the end of the pressure probe.
4-1.4
The closed end of the pressure probe shall extend through the test headform exiting out the
center of the left eye. The pressure probe shall extend 0.50 in. +0.06/-0.0 in. (12.7 mm + 1.5/-0.0
mm) outward from the surface of the center of the left eye.
4-1.5
The open end of the pressure probe shall extend a maximum of 18 in. (457 mm) and a
minimum of 1.0 in. (25.4 mm) outward from the back surface of the test headform.
4-1.6
A maximum of a 5 ft (1.5 m) length of nominal 0.188 in. (4.8 mm) I.D. flexible smoothbore
tubing with a nominal 0.062 in. (1.6 mm) wall thickness shall be permitted to be connected from
the open end of the pressure probe to the inlet of the pressure transducer.
4-1.7*
A differential pressure transducer having the following characteristics shall be used:
Range: 8.9 in. (226 mm) of water differential
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Linearity: ±0.5% Full Scale (FS) best straight line
Line Pressure Effect: Less than 1% FS zero shift/1000 psig
Output: ±2.5 Vdc for ±FS
Output Ripple: 10 mv peak to peak
Regulation: FS output shall not change more than +0.1 percent for input voltage change from 22
to 35 Vdc
Temperature, Operating: -65°F to 250°F (–54°C to 121°C)
Temperature, Compensated: 0°F to 160°F (–18°C to 71°C)
Temperature Effects: Within 2 percent FS/100°F (55.6°C), Error band
4-1.8*
The differential pressure transducer shall be appropriately connected to a strip chart recorder
having the following characteristics:
(a) A chart width of 9.8 in. (250 mm)
(b) A pen speed of at least 29.5 in./sec (750 mm/sec) (0.333 sec FS)
(c) An accuracy of ±0.25 percent FS
(d) An input voltage range of 1 V FS
(e) A span set at 0.98 in. (25 mm) of chart per 1.0 in. (25.4 mm) water column.
4-1.9
The test headform shall be equipped with a stainless steel breathing tube having an 0.90 in.
(22.9 mm) I.D. with 0.024 in. (0.6 mm) wall thickness. The metal breathing tube shall be located
on the centerline of the mouth and shall be flush with the test headform.
4-1.10
The metal breathing tube shall extend outward from either the back or the base surface of the
test headform a minimum of 8 in. (203 mm) and a maximum of 18 in. (457 mm).
4-1.11
If flexible smoothbore tubing is used from the metal breathing tube to the inlet connection of
the breathing machine, it shall have a maximum length of 4 ft (1.2 m) and a 0.75 in. (19.0 mm)
I.D. with nominal 0.125 in. (3.2 mm) wall thickness.
4-1.12*
A Model 327-6 Breathing Machine as shown in Figures 4-1.12(a), (b), and (c) shall be used.
The breathing machine shall be set to the following characteristics:
Ventilation Rate
(liters/min)

Respiratory
Frequency
(breaths/min)

Tidal
Volume
(liters)

103 ±3

30 ±1

3.4 Nominal
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Figure 4-1.12(a) Model 327-6 Breathing Machine.
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Figure 4-1.12(b).

Figure 4-1.12(c) Model 327-6 Breathing Machine.

4-1.13
The test conditions shall be as follows:
Ambient temperature: 72°F ±5°F (22°C ±3°C)
Relative humidity: 50 percent ± 25 percent
Barometric pressure: 725 mm Hg +50/-70 mm Hg.
The dew point of air charged into the SCBA breathing gas containers shall not be higher than
–65°F (–54°C) at the outlet port of the charge line. The air shall meet or exceed the requirements
of the specification for Grade D breathing air as specified in ANSI/CGA G-7.1, Commodity
Specification for Air.
4-1.14*
The test set-up for conducting the air flow performance test shall be calibrated at least once
each day before conducting tests and shall be verified at least once each day after testing. The
calibration procedure utilized for the differential pressure transducer shall consist of confirming
at least three different pressures between 0.0 in. and 5.0 in. (0.0 mm and 127 mm) water column.
The pressure shall be measured using an incline manometer or equivalent with a scale measuring
in increments of ±0.02 in. (±0.5 mm) water column or less.
4-1.15
The SCBA being tested shall utilize a fully charged breathing gas container. The air flow
performance test shall begin after five cycles of the breathing machine and continue to operate
through 30 cycles of the breathing machine after actuation of the end-of-service-time indicator.
4-1.16
The facepiece pressure shall be read from the strip chart recorder to determine pass/fail.
4-2 Environmental Temperature Tests.
4-2.1
The environmental temperature tests specified in this section shall be permitted to be
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conducted in any sequence. After performing each test, the SCBA shall be placed in an ambient
environment of 72°F ±5°F (22°C ±3°C) with a relative humidity of 50 percent ±25 percent for a
minimum 12-hour dwell period.
4-2.2
The SCBA shall be placed in an appropriate environmental chamber and positioned to
simulate the normal wearing position of the SCBA on a fire fighter as specified by the
manufacturer. A test headform as specified in 4-1.1 of this chapter shall be equipped with a
thermocouple or other temperature-sensing element to monitor SCBA test chamber temperature.
The thermocouple or other temperature-sensing element used shall be attached to the test
headform in a manner in which it will be directly exposed to the chamber atmosphere. The test
headform shall be connected to the breathing machine in accordance with Section 4-1 of this
chapter. The breathing machine shall be permitted to be located either inside or outside the
environmental chamber.
4-2.3
The dwell period between environmental temperature tests shall be used for refilling the
breathing gas container and visually inspecting the SCBA for any gross damage that could cause
unsafe test conditions.
4-2.4
The SCBA shall be cold soaked at –25°F ±2°F (–32°C ±1°C) for a minimum of 12 hours. The
SCBA shall be tested in accordance with Section 3-1 of this standard at an ambient temperature
of –25°F ±10°F (–32°C ±5°C).
4-2.5
The SCBA shall be hot soaked at 160°F ±2°F (71°C ±1°C) for a minimum of 12 hours. The
SCBA shall then be tested in accordance with Section 3-1 of this standard at an ambient
temperature of 160°F ±10°F (71°C ±5°C).
4-2.6
The SCBA shall be hot soaked at 160°F ±2°F (71°C ±1°C) for a minimum of 12 hours. The
SCBA shall then be transferred to a chamber with an air temperature of –25°F ±2°F (–32°C
±1°C). The SCBA shall then be tested in accordance with Section 3-1 of this standard at a
chamber air temperature of –25°F ±10°F (–32°C ±5°C). The air flow performance test shall
commence within 3 minutes after removal from hot soak.
4-2.7
The SCBA shall be cold soaked at –25°F ±2°F (–32°C ±1°C) for a minimum of 12 hours. The
SCBA shall then be transferred to a chamber with an air temperature of 160°F ±2°F (71°C
±1°C). The SCBA shall then be tested in accordance with Section 3-1 of this standard at a
chamber air temperature of 160°F ±10°F (71°C ±5°C). The air flow performance test shall
commence within 3 minutes after removal from cold soak.
4-3 Vibration Tests.
4-3.1
The following test program shall be conducted according to sections in Method 514.4,
Vibration, of MIL-STD-810, Environmental Test Methods, specified herein. After being
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subjected to the tests, the SCBA shall be tested in accordance with Section 3-1 of this standard.
4-3.2
The complete SCBA, with full breathing gas container, shall be securely mounted on the
vibration fixture/table using a suitable rigid mounting bracket designed to maximize vibration
transfer directly to and through the breathing gas container. This restraining device shall be
acceptable to both the manufacturer and the certification organization. The SCBA shall be
vibrated as specified in the following frequency curves of MIL-STD-810, Environmental Test
Methods:
(a) Figure 514.1-1, vertical,
(b) Figure 514.4-2, transverse,
(c) Figure 514.4-3, longitudinal.
The SCBA shall be vibrated to simulate cargo tied or blocked in all three axes with respect to
the bed of the transport vehicle.
The definitions of the SCBA axes shall be as shown in Figure 4-3.2 of this standard. The total
test duration shall be nine hours, consisting of three 3-hr periods: one period for each frequency
curve.

Figure 4-3.2 Test specimen axes definitions.

4-3.3
Subsequently, the same complete SCBA shall be tested on a typical package tester similar to
that shown in Figure 514.4-19 of MIL-STD-810, Environmental Test Methods, within a plywood
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holding box(es) as specified in 4-3.4 of this section.
4-3.4
An SCBA holding box shall be constructed with nominal 3/4 in. plywood to encase the
complete SCBA. All SCBA regulators and hoses shall remain attached to the complete SCBA.
The SCBA facepiece and those components, excluding regulators, that attach directly to the
facepiece shall not be included in the holding box. The travel distance between the widest part of
the SCBA and the sideboards of the holding box shall be a total of 1.0 in. ± 0.2 in. or 0.5 in. ±
0.1 in. per side (2.5 cm ± 0.5 cm or 1.3 cm ± 0.3 cm/side).
The travel distance between the highest point of the SCBA and the bottom of the box top shall
be a total of 1.0 in. ± 0.2 in. (2.5 cm ± 0.5 cm).
4-3.4.1 A separate component holding box shall be constructed with nominal 3/4 in. plywood to
encase the facepiece and those components that attach directly to the facepiece, excluding the
regulator and associated hoses. The total travel distance between the widest part of the SCBA
components and the sideboards of the holding box shall be 1.0 in. ±0.2 in. or 0.5 in. ± 0.1 in. per
side (2.5 cm ±0.5 cm or 1.3 cm ± 0.3 cm/side).
The total travel distance between the highest point of the facepiece and the bottom of the box
shall be 1.0 in. ± 0.2 in. (2.5 cm ± 0.5 cm).
4-3.4.2 The total travel distances shall be measured with all movable components configured to
minimize the size of the holding box. The SCBA shall be oriented with the back plate resting on
the box bottom as shown in Figure 4-3.4.2. The SCBA facepiece shall be measured with the
outer portion of the lens facing the component holding box top.

Figure 4-3.4.2 SCBA in holding box.

4-3.5
The test items shall be placed unrestrained in the holding box(es) described in 4-3.4 of this
section and shall be tested to the level as specified in I-3.3.3.2 of Method 514.4, Vibration, of
MIL-STD-810, Environmental Test Methods.
4-3.6
The test shall be conducted with the test specimen situated in each of the two positions shown
in Figure 4-3.6(a) and Figure 4-3.6(b). The total test duration shall be three hours, consisting of
two 90-minute periods, one period for each position.
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Figure 4-3.6(a) SCBA cylinder axis perpendicular to direction of tester movement.

Figure 4-3.6(b) SCBA cylinder axis parallel to direction of tester movement.

4-3.7
For safety purposes, a restraining device or cover shall be secured to the top of the vibration
box throughout testing. The restraining device shall be designed to contain the SCBA within the
holding box without disrupting the normal motion of the SCBA in any manner during the test.
4-4 Fabric Flame Tests.
4-4.1
Five specimens of each different fabric component of the SCBA shall be tested in accordance
with Method 5903.1, Flame Resistance of Cloth; Vertical, of Federal Test Method Standard
191A, Textile Test Methods.
4-4.2
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Test specimens shall be a minimum of 12 in. (305 mm) long and shall be tested in the width
specified by the prescribed test method. Test specimens shall be cut from a standard production
run of the fabric components used in the SCBA. If the fabric components are not available in the
width specified in Method 5903.1, the width of the test specimen shall be the widest width as
used on the SCBA, but shall be a minimum of 12 in. (305 mm) long.
4-4.3
The five test specimens shall first be conditioned by five cycles of washing and drying in
accordance with the procedures specified in Machine Cycle 1, Wash Temperature V, Drying
Procedure Ai, of AATCC 135, Dimensional Changes in Automatic Home Laundering of Woven
and Knit Fabrics, prior to flame resistance testing.
4-4.4
The char lengths and afterflame shall be recorded, and each shall be averaged to determine
pass/fail. Melting and dripping shall be observed and recorded to determine pass/fail.
4-5 Fabric Heat Tests.
4-5.1
Five specimens of each different fabric component of the SCBA shall be tested in a forced
circulating air oven capable of achieving and maintaining an air stream temperature of 500°F
+10°/-0°F (260°C +5°/-0°C).
4-5.2
Test specimens shall be 15 × 15 in. ±0.5 in. (381 × 381 mm ±13 mm) and shall be cut from a
standard production run of the fabric components used in the SCBA. If the fabric is not available
in a 15-in. (381-mm) width, the width of the test specimen shall be the widest width as used on
the SCBA, but shall be a minimum of 15 in. (381 mm) long.
4-5.3
The five test specimens shall first be conditioned by five cycles of washing and drying in
accordance with the procedures specified in Machine Cycle 1, Wash Temperature V, Drying
Procedure Ai, of AATCC 135, Dimensional Changes in Automatic Home Laundering of Woven
and Knit Fabrics, prior to heat resistance testing.
4-5.4
The test specimen shall be suspended by a metal hook(s) at the top and centered in the oven so
that the entire test specimen is not less than 2 in. (51 mm) from any oven surface or another test
specimen. Oven air flow shall be parallel to the plane of the material.
4-5.5
Test specimens shall be exposed to the circulating air flow for 5 minutes +15/-0 seconds. Oven
recovery time after the door is closed shall not exceed one minute. Test specimen exposure time
shall begin when the oven has recovered to an air temperature of 500°F +10°/-0°F (260°C
+5°/-0°C).
4-5.6
The fabric shall be observed for melting or ignition to determine pass/fail.
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4-6 Thread Heat Test.
4-6.1
All thread utilized shall be tested in accordance with Method 1534, Melting Point of Synthetic
Fibers, of Federal Test Method Standard 191A, Textile Test Methods, to a temperature of 500°F
+10°/-0°F (260°C +5°/-0°C).
4-6.2
Thread shall be observed for melting or ignition to determine pass/fail.
4-7 Accelerated Corrosion Test.
4-7.1
An SCBA with a fully charged cylinder, and having the cylinder valve closed, shall be tested
in accordance with Method 509.3, Salt Fog, Section II, of MIL-STD-810, Environmental Test
Methods.
4-7.2
The SCBA shall be attached to a mannequin to simulate its typical wearing position on a fire
fighter as specified by the manufacturer. The mannequin shall then be placed in a test chamber.
The test chamber temperature shall be adjusted to 95°F ±3°F (35°C ±2°C). The SCBA shall be
placed in the chamber for 2 hours prior to the introduction of the salt solution.
4-7.3
The SCBA shall be exposed to a 5 percent ±1 percent salt fog for a period of 48 hours.
4-7.4
The SCBA shall then be stored in an environment of 72°F ±5°F (22°C ±3°C) with 50 percent
±5 percent relative humidity for a minimum of 48 hours.
4-7.5
The SCBA shall then be tested in accordance with Section 3-1 of this standard to determine
pass/fail. All controls or operating features of the SCBA shall operate per the SCBA
manufacturer’s instructions to determine pass/fail.
4-8 Particulate Test.
4-8.1
A fully charged SCBA shall be subjected to Method 510.3, Sand and Dust, Section II-3,
Procedure 1, of MIL-STD-810, Environmental Test Methods.
4-8.2
The facepiece of the SCBA being tested shall be secured to a test headform as specified in
4-1.1 of this chapter.
4-8.3
The test headform shall be joined to a mannequin with the remaining components of the SCBA
attached to the mannequin to simulate its typical wearing position on a fire fighter as specified
by the manufacturer.
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4-8.4
The test headform shall be connected as specified in Section 3-1 of this standard to a Model
327-6 Breathing Machine or other respiration simulator producing a minute volume of 40 liters,
±2 liters at ambient conditions as specified in 4-1.13 of this chapter with a minimum tidal
volume of 1.6 liters per breath at a minimum respiration of 10 breaths per minute.
4-8.5
The mannequin, including the test headform, shall be mounted upright and turned about its
vertical axis 180 degrees midway through the test. The test duration shall be 1 hour, and the
breathing machine shall be operating throughout the entire test. The test shall be permitted to be
interrupted to change the SCBA breathing gas container.
4-8.6
The test conditions as outlined per Method 510.3, Sand and Dust, of MIL-STD-810,
Environmental Test Methods, Section I-3d, shall be:
(a) Air velocity: Refer to subparagraph I-3.2c (1).
(b) Temperature: 72°F ±5°F (22°C ±3°C).
(c) Test item configuration and orientation: mannequin upright and rotated 180 degrees
midway through the test.
(d) Dust composition: Refer to Section I-3.2d (1).
(e) Dust concentration: Refer to Section I-3.2e (1).
(f) Test duration: 1.0 hour.
4-8.7
After the completion of the above test, the SCBA shall be removed from the test compartment;
it shall be lightly shaken or brushed free of dust and then shall be tested in accordance with
Section 3-1 of this standard to determine pass/fail.
4-9 Facepiece Lens Abrasion Test.
4-9.1
The test apparatus shall be constructed in accordance with Figure 4-9.1.
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Figure 4-9.1 Lens abrasion tester.
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Figure 4-9.1 (continued).

4-9.2
Seven samples shall be chosen from a minimum of three facepiece lenses. Four samples shall
be taken from the left viewing area, and three samples shall be taken from the right viewing area.
One of the four samples taken from the left viewing area shall be the set-up sample.
4-9.2.1 The left test samples shall include all of the following criteria:
(a) The sample shall be a square measuring 2 × 2 in. (51 × 51 mm).
(b) Two edges of the square section shall be parallel within ±2 degrees of the axis of the
cylinder or cone in the center of the sample.
(c) At least 11/2 in. (38 mm) of the 2 × 2 in. (51 × 51 mm) square shall be taken from the left
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side of the center line of the lens.
(d) The 2 × 2 in. (51 × 51 mm) square shall be cut at approximately eye level.
4-9.2.2 The right test samples shall include all of the following criteria:
(a) The sample shall be a square measuring 2 × 2 in. (51 × 51 mm).
(b) Two edges of the square section shall be parallel within ± 2 degrees of the axis of the
cylinder or cone in the center of the sample.
(c) At least 11/2 inches (38 mm) of the 2 × 2 in. (51 × 51 mm) square shall be taken from the
right side of the center line of the lens.
(d) The 2 × 2 in. (51 × 51 mm) square shall be cut at approximately eye level.
4-9.3
Each of the samples shall be cleaned in the following manner:
(a) The sample shall be rinsed with clean tap water.
(b) The sample shall be washed with a solution of nonionic/low phosphate detergent and water
using a clean, soft gauze pad.
(c) The sample shall be rinsed with deionized water.
(d) The sample shall be blown dry with clean compressed air or nitrogen.
4-9.4
The haze of the sample shall be measured using a haze meter in accordance with ASTM D
1003, Standard Test Method for Haze and Luminous Transmittance of Transparent Plastics, and
recorded with the following additions:
(a) The haze shall be measured in the middle of the sample ±1/16 in. (±1.6 mm).
(b) The sample shall be repositioned to achieve the maximum haze value within the area
defined in (a).
(c) The haze meter shall have a specified aperture of 7/8 in. (22.4 mm).
(d) The haze meter shall have a visual display showing 0.1 percent resolution.
(e) The haze meter shall be calibrated before and after each day’s use following procedures
outlined in ASTM D 1003, Standard Test Method for Haze and Luminous Transmittance of
Transparent Plastics.
4-9.5
The set-up sample shall be placed cover side up in the test apparatus sample holder. The
sample holder shall be configured with a flat surface under the lens or with an inner radius
support.
4-9.6
The pad holder shall consist of a cylinder 3/8 in. (9.6 mm) high and 1 in. (25.4 mm) in diameter
with a radius of curvature equal to the radius of curvature of the outside of the lens in the
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viewing area ±1/4 diopter. This cylinder shall be rigidly affixed to the stroking arm by a 10-32
UNF threaded rod.
4-9.7*
The pad shall be a Blue Streak M306M wool felt polishing pad 15/16 in. (23.8 mm) in
diameter.
4-9.8*
The abrasive disc shall be made from 3M Part Number 7415, Wood Finishing Pad. A disc
15/ in. (23.8 mm) in diameter shall be cut from the abrasive sheet. The marked side of the disc
16
shall be placed against the pad. Care shall be exercised to maintain this orientation for each
abrasive disc throughout the testing.
4-9.9
The pad holder, pad, and abrasive disc shall be installed on the stroking arm. The stroking arm
shall be leveled to ±3 degrees by adjusting the threaded pin. The pin shall be secured to prevent
rotation of the pad holder. The axis of curvature of the pad holder shall be coincident with the
axis of curvature of the lens.
4-9.10
The stroking arm shall be counterbalanced with the pad holder, pad, and abrasive disc in place.
4-9.11
The set-up sample shall be replaced with one of the six samples to be tested.
4-9.12
The 1000 g ±5 g test weight shall be installed on the pin above the test sample.
4-9.13
The test shall be run for 200 cycles ±1 cycle. One cycle shall consist of a complete revolution
of the eccentric wheel.
4-9.14
The length of stroke shall be 9/16 in. (14.4 mm) producing a pattern 11/2 in. (38.1 mm) long.
The frequency of the stroke shall be 60 cycles ±1 cycle per minute. The center of the stroke shall
be within ±1/16 in. (±1.6 mm) of the center of the sample.
4-9.15
The sample shall be removed and cleaned following the procedure specified in 4-9.3 of this
section. The abrasive disc shall be discarded.
4-9.16
The haze of the sample shall be measured following the procedure specified in 4-9.4 of this
section.
4-9.17
The delta haze shall be calculated by subtracting the initial haze from the final haze.
4-9.18
The testing steps specified in 4-9.3 through 4-9.16 of this section shall be repeated five times
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with a new sample and abrasive disc.
4-9.19
The six delta haze values shall be averaged. The resultant value shall be compared to the value
specified in 3-9.1 of this standard to determine pass/fail.
4-10 Communication Test.
4-10.1
The method for measuring word intelligibility shall be as specified in ANSI S3.2, Method for
Measuring the Intelligibility of Speech over Communication Systems, as modified by the
following requirements.
4-10.2
Testing shall be conducted in a chamber that absorbs a minimum of 90 percent of all sound
from 500 to 5000 Hz.
4-10.3
Five listening subjects and five talkers consisting of four males and one female shall be
available for testing. The subjects participating as listeners shall have “audiometrically normal”
hearing as defined in Section 5.3 of ANSI S3.2, Method for Measuring the Intelligibility of
Speech over Communication Systems. Talkers and listeners shall be selected and trained
according to Section 7 of ANSI S3.2, Method for Measuring the Intelligibility of Speech over
Communication Systems.
4-10.4
The five talkers shall not have facial hair, any unusual facial characteristics, or any other
condition that could cause interference with the seal of the facepiece from either. The talkers
shall perform and pass a qualitative fit check per the SCBA manufacturer’s instructions. If the
talker is qualified to wear several sizes of facepieces, then the talker shall choose the facepiece
that is most comfortable.
4-10.5
The five talkers shall be trained in the donning and usage of the SCBA per manufacturer’s
instructions.
4-10.6
The five talkers shall have no obvious speech defect or strong regional accent. Distance
between the talker and listener(s) shall be 5 ft +1/-0 ft, and they shall be facing each other.
4-10.7
The test material shall be the reading of one complete list of phonetically balanced words as
contained in Table 1 of ANSI S3.2, Method for Measuring the Intelligibility of Speech over
Communication Systems. The words shall be spoken singularly in the following carrier sentence:
“Would you write (list word) now?” The rate shall be approximately one test word every six
seconds. The talkers shall be trained to talk at 65-75 dBA without an SCBA facepiece, measured
at the listener’s ear, placing no unusual stress on any word. Training shall include the use of
background noise as defined in 4-10.9 of this section. The talkers shall not vary their voice level
after the facepiece is donned from that used without the facepiece. The listeners shall write each
Copyright 1996 NFPA

word as they hear it.
4-10.8
The talkers shall conduct two tests in the chamber having an ambient noise field as specified in
4-10.9 of this section, using a different word list for each of the following conditions:
(a) With no SCBA,
(b) With SCBA worn and operated per the SCBA manufacturer’s instructions.
4-10.9
The test chamber shall be filled with broadband “pink” noise with a tolerance of 6 dB per
octave band from 400 to 4,000 Hz. The forward axis of the loudspeaker shall be oriented away
from the listener group. The distance between the loudspeaker and the listeners shall be as great
as possible so as to create a quasi-uniform sound field over the listening group. More than one
loudspeaker shall be permitted to be used to achieve the desired sound field. The gain of the
power amplifier shall be adjusted to achieve an A-weighted sound level of 60 dB ±2 dB at each
listener’s head position, without listeners present.
4-10.10
Each listener’s response form shall be scored as to the number of correct responses out of the
50 words recited. Talkers’ speech shall be recorded or monitored closely during the tests to
determine if the talkers conform to the word list specified for that test. Listeners’ scores shall be
based on the words actually spoken by the talkers. Listeners’ scores shall not be reduced because
of speaking mistakes of the talkers or spelling errors that are phonetically correct.
4-10.11
All of the listeners’ scores without the SCBA used by the talker shall be averaged. All of the
listeners’ scores with the SCBA used by the talker shall be averaged. The average score of the
five listeners for the talker using the SCBA shall be divided by the average score of the five
listeners for the talker without using the SCBA, and the result shall be called the “score value.”
This procedure shall be performed for each of the five talkers.
4-10.12
The average of the score values obtained in 4-10.11 shall be calculated.
4-10.12.1 If the average of the score values ≤ 72 percent, this average score value shall be used
to determine pass/fail as specified in Section 3-10 of this standard.
4-10.12.2 If the average of the score values < 72 percent, the sample standard deviation (s.d.) of
the score values shall be calculated in the following manner:

where x = score values
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N = sample size (5).
4-10.12.3 If the calculated sample standard deviation of the test score values > 10.0, the test shall
be invalidated, and the procedures of 4-10.7 through 4-10.12.6 of this section shall be repeated.
4-10.12.4 If the calculated sample standard deviation of the test score values ≤ 10.0, a test
statistic T value shall be calculated to determine if the average of the score values obtained is or
is not equivalent to 72 percent; it shall be calculated in the following manner:

where x = average of the score values
N = sample size (5)
µ = 72 percent
s.d. = sample standard deviation.
4-10.12.5 For T values ≤ 2.13, the score value shall be considered to be equivalent to a score
value of 72 percent and shall be used to determine pass/fail as specified in Section 3-10 of this
standard.
4-10.12.6 For T values > 2.13, the score value shall be as calculated in 4-10.12 of this section.
This calculated score value shall be used to determine pass/fail as specified in Section 3-10 of
this standard.
4-11* Heat and Flame Test.
4-11.1
A test mannequin meeting the requirements specified in Figure 4-11.1 shall be provided.
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Figure 4-11.1.

4-11.2*
The test mannequin shall have a protective covering. The protective covering shall be designed
and constructed as follows.
4-11.2.1 The assembled protective covering composite consisting of an outer shell, moisture
barrier, and thermal liner shall have an average Thermal Protective Performance (TPP) of not
less than 35.0 when tested in accordance with Section 5-2 of NFPA 1971, Standard on
Protective Clothing for Structural Fire Fighting.
4-11.2.2 The outer shell shall be 40 percent PBI/60 percent Kevlar rip stop weave, weighing
approximately 7.5 oz/sq yd with a water repellent finish. Color shall be natural, undyed.
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4-11.2.3 The thermal liner shall be constructed of a 3.0 oz/sq yd rip stop pajama check NOMEX
III facecloth quilt stitched to 100 percent NOMEX III batting of approximately 6.0 oz/sq yd.
4-11.2.4 The moisture barrier shall be constructed of approximately 2.25 oz/sq yd
polyester/cotton fabric that is coated with approximately 6.5 oz/sq yd of flame resistant
neoprene.
4-11.2.5 The moisture barrier shall be completely sewn to the thermal liner at its perimeter with
the neoprene side facing outward from the thermal liner. All edges shall be sewn together and
bound with non-wicking moisture barrier material. The liner/moisture barrier shall be no more
than 3 in. (76 mm) from the coat hem.
4-11.2.6 The moisture barrier and thermal liner shall be completely detachable from the outer
shell.
4-11.2.7 The protective covering shall be stitched with Kevlar thread using a minimum of 6-8
stitches per inch. All major seams are to be double stitched and felled locked with all inside
seams to be finished with Kevlar thread. All stress points shall be reinforced. No metal shall pass
from the outside of the protective covering through the moisture barrier and liner to cause the
transfer of heat to the mannequin when the protective covering is completely assembled. The
protective covering, including the front closure, shall be constructed in a manner that provides
secure and complete moisture and thermal protection. If nonpositive fasteners, such as snaps or
hook and pile tape, are utilized in garment closures, a positive locking fastener, such as hooks
and dees or zippers, shall also be utilized. Pockets and fluorescent retroreflective trim shall not
be installed.
4-11.2.8 The collar shall be made of four-piece construction consisting of outer shell material on
both the back or outside and next to the mannequin neck. The two inner layers shall consist of a
thermal liner and moisture barrier. No throat strap shall be attached.
4-11.2.9 Sleeve outside seams shall be felled, while inside seams shall be lock stitched.
4-11.2.10 All protective covers shall measure 35 in. (889 mm) long when measured from the
center of the back collar seam to the hem. The protective cover size shall be 44-in. chest × 34 in.
sleeve (118 mm × 864 mm).
4-11.2.11 The complete protective covering shall be discarded and shall not be used after three
flame exposures of the flame and heat test.
4-11.3
A test headform meeting the requirements specified in 4-1.1 of this chapter shall be used on
the test mannequin.
4-11.4
The test headform shall be attached to the Model 327-6 Breathing Machine as specified in
Figures 4-1.12(a), (b), and (c), with the modification that a 0.75 in. I.D. breathing hose, not
longer than 25 ft (7.6 m), shall be attached to the tee in the breathing machine and the throat tube
of the test mannequin headform.
4-11.5
The test headform shall be covered with an undyed aramid hood for protection of the headform
during testing. The protective hood shall meet the requirements of Section 6-1 of NFPA 1971,
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Standard on Protective Clothing for Structural Fire Fighting.
4-11.6
The protective hood, when placed on the test headform, shall not affect the seal of the
facepiece to the headform. The protective hood shall not cover or protect any part of the
facepiece or the facepiece retention system that holds the facepiece to the headform.
4-11.7
The SCBA shall be mounted on the test mannequin to simulate the correct wearing position on
a fire fighter as specified by the SCBA manufacturer’s instructions.
4-11.8
The facepiece shall be mounted and tested on the test headform as specified in 4-1.1 of this
chapter.
4-11.9
The heat and flame test apparatus shall be as specified in Figure 4-11.9.
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Figure 4-11.9.
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Figure 4-11.9 (continued).

4-11.10
The test oven shall be a horizontal forced circulating air oven with an internal velocity of 200
linear ft (61 m) per minute. The test oven shall have minimum dimensions of 36 in. depth × 36
in. width × 48 in. height. (91 × 91 × 122 cm).
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4-11.11
The test oven shall be calibrated using a 30-gauge exposed bead type J iron/constantin wire
reference thermocouple that has been calibrated to set the 32.0°F (0.0°C) reference point with an
ice bath containing ice and deionized or distilled water. Boiling water shall be used to set the
212°F (100°C) reference value. The reference temperatures shall be corrected to standard
temperatures using a barometric pressure correction.
4-11.12
For calibration prior to the heat and flame test, the test mannequin shall be exposed to direct
flame contact for 10 seconds using the heat and flame test apparatus as specified in Figure
4-11.9. All peak temperature readings shall be within a temperature range of 1500°F to 2102°F
(815°C to 1150°C). The average mean of all peak temperature readings shall be no higher than
1742°F (950°C).
4-11.13
The test oven recovery time, after the door is closed, shall not exceed 1.0 minute.
4-11.14
The air flow performance test shall be conducted as specified in 4-1.12, 4-1.13, 4-1.14, and
4-1.15 of this chapter, with modifications to the ventilation rate specified in 4-11.15 of this
section and with test temperatures specified in 4-11.12 and 4-11.15 of this section. The air flow
performance test shall continue through the drop test as specified in 4-11.19 of this section.
4-11.14.1 The variation in pressure extremes caused by the flame and heat test mannequin
configuration shall be determined in the following manner. The air flow performance test as
specified in Section 4-1 of this chapter shall be carried out at a ventilation rate of 103 L/min ±3
L/min, and 40 L/min ±2 L/min. A second air flow performance test shall be carried out using the
configuration specified in 4-11.4 of this chapter at the same ventilation rates. The difference in
pressure between the two tests shall be calculated by subtracting the values obtained using the
configuration defined in 4-11.4 from the values obtained using the configuration specified in
Section 4-1.
4-11.15
The ventilation rate shall be set at 40 L/min ±2 L/min, with a respiratory frequency of 12 ±1
breaths/minute at ambient conditions as specified in 4-1.13 of this chapter. The SCBA mounted
on the test mannequin shall be placed in the test oven that has been preheated to 203°F ±4°F
(95°C ±2°C). After the door is closed and the oven temperature recovers to 203°F (95°C), the
test exposure time of 15 minutes shall begin.
4-11.16
At the completion of the 15-minute exposure, the ventilation rate shall be increased to 100
L/min as specified in 4-1.12 of this chapter. The oven door shall be opened and the SCBA
mounted on the test mannequin shall be moved out of the oven and into the center of the burner
array.
4-11.17
The SCBA shall then be exposed to direct flame contact for 10 seconds +0.25/-0.0 seconds.
This exposure shall begin within 20 seconds of removal of the SCBA from the test oven.
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4-11.17.1 The SCBA shall be observed for any afterflame, and the afterflame duration shall be
recorded to determine pass/fail as specified in 3-11.2 of this standard.
4-11.18
Within 20 seconds after completing the direct flame exposure, the SCBA mounted on the test
mannequin shall be raised 6 in. +0.25/-0.0 in. (152 mm +6.3/-0.0 mm) and dropped freely.
4-11.18.1 The SCBA shall be observed to determine pass/fail as specified in 3-11.3 of this
standard.
4-11.19
The facepiece pressure during the entire test shall be read from the strip chart recorder and
corrected by adding the value of the difference in pressure calculated in 4-11.14 of this section to
determine pass/fail as specified in 3-11.1 of this standard. Any pressure spike caused by the
impact of the drop test and measured within a duration of three cycles of the breathing machine
after the apparatus drop shall be disregarded.
4-11.20
The SCBA facepiece shall be removed from the test headform and, without touching the lens,
shall be donned by a test subject with visual acuity of 20/20 in each eye uncorrected or corrected
with contact lenses. The test shall be conducted using a standard 20 ft (65.8 m) eye chart with
normal lighting range of 100-150 ft-candles at the chart and with the test subject positioned at a
distance of 20 ft (6.1 m) from the chart. The test subject shall then read the standard eye chart
through the lens of the facepiece to determine pass/fail as specified in 3-11.4 of this standard.
Chapter 5 Referenced Publications
5-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
5-1.1* NFPA Publication.
NFPA 1971, Standard on Protective Clothing for Structural Fire Fighting, 1991 edition
5-1.2* AATCC Publication.
AATCC 135, Dimensional Changes in Automatic Home Laundering of Woven and Knit
Fabrics, 1989
5-1.3* ANSI Publications.
ANSI S3.2, Method for Measuring the Intelligibility of Speech over Communication Systems,
1989
ANSI/CGA G-7.1, Commodity Specification for Air, 1989
5-1.4* ASTM Publication.
ASTM D 1003, Standard Test Method for Haze and Luminous Transmittance of Transparent
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Plastics, 1988
5-1.5* GSA Publication.
Federal Test Method Standard 191A, Textile Test Methods, 20 July 1978
5-1.6* Navy Publication.
MIL-STD-810E, Environmental Test Methods, 14 July 1989
5-1.7* U.S. Government Publication.
30 CFR Part 11; Respiratory Protective Devices, Tests for Permissibility, 25 March 1972
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-1.1
The use of self-contained breathing apparatus (SCBA) by fire fighters is always assumed to be
in atmospheres immediately dangerous to life or health (IDLH). There is no way to predetermine
hazardous conditions, concentrations of toxic materials, or percentages of oxygen in air in a fire
environment, during overhaul (salvage) operations, or under other emergency conditions
involving spills or releases of hazardous materials. Thus, SCBA are required at all times during
any fire fighting, hazardous materials, or overhaul operations.
A-1-2.1
The following performance requirement is new for this edition of the standard:
Heat and Flame Test. This test is intended to provide a reasonable level of assurance that,
when a breathing apparatus is exposed to a variety of thermal and physical conditions and
breathing rates that simulate the conditions of a flashover accident, the apparatus will perform
and function properly.
The performance tests contained in the 1987 edition of this standard and continued or revised
in this edition are:
1. Air Flow Performance Test. This test increases the current NIOSH breathing machine
requirement of 40 L/min to 100 L/min. The 100 L/min ventilation rate was derived from a
review of several studies indicating that a ventilation rate of 100 standard liters per minute
encompasses the 98th percentile of all fire fighters studied.
2. Environmental Temperature Resistance Tests. This series of tests exposes the breathing
apparatus to various temperature extremes and temperature cycles that breathing apparatus might
be exposed to during storage conditions and certain environmental changes.
3. Particulate Resistance Test. This test exposes the breathing apparatus to a specified
concentration of particulates to provide a reasonable level of assurance that the apparatus is
designed to properly function when exposed to the dust conditions commonly present during fire
fighting operations.
4. Facepiece Lens Abrasion Resistance Test. This test is designed to provide a reasonable level
of assurance that the facepiece lens of the breathing apparatus is not easily scratched during fire
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fighting operations that could result in reduced visibility for the fire fighter.
5. Communications Test. This test is designed to assure that the facepiece of the breathing
apparatus does not significantly reduce a fire fighter’s normal voice communication.
6. Accelerated Corrosion Resistance Test. This test is to provide a reasonable level of
assurance that the breathing apparatus is designed to resist corrosion that may form and interfere
with the apparatus performance and function.
7. Vibration Test. This test is to provide a reasonable level of assurance that when the
breathing apparatus is exposed to vibration and impact, such as being carried on a vehicle that
often travels over rough road surfaces, the apparatus will properly perform and function.
8. Fabric Components Test. Flame, heat, and thread tests are added to provide a reasonable
level of assurance that the fabric components of a harness assembly used to hold the backplate to
the wearer’s body will remain intact during fire fighting operations.
Users are cautioned that if more unusual conditions prevail, such as higher or lower extremes
of temperatures than described herein, or if there are signs of abuse or damage to the SCBA or its
components, the user’s margin of safety may be reduced. All retrofits or repairs should be
approved by the manufacturers whose SCBA complies with this standard.
A-1-2.2
Although SCBA that meet this standard have been tested to more stringent requirements than
required for NIOSH/MSHA certification, there is no inherent guarantee against SCBA failure or
fire fighter injury. Even the best-designed SCBA cannot compensate for either abuse or the lack
of a respirator training and maintenance program. The severity of these tests should not
encourage or condone abuse of SCBA in the field.
The environmental tests utilized in this standard alone might not simulate actual field
conditions, but are devised to put extreme loads on SCBA in an accurate and reproducible
manner by test laboratories. However, the selection of the environmental tests was based on
summary values derived from studies of conditions that relate to field use.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations or procedures, equipment or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedures or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations which is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-3 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner
since jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety
is primary, the “authority having jurisdiction” may be a federal, state, local or other regional
department or individual such as a fire chief, fire marshal, chief of a fire prevention bureau, labor
department, health department, building official, electrical inspector, or others having statutory
authority. For insurance purposes, an insurance inspection department, rating bureau, or other
insurance company representative may be the “authority having jurisdiction.” In many
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circumstances the property owner or his designated agent assumes the role of the “authority
having jurisdiction”; at government installations, the commanding officer or departmental
official may be the “authority having jurisdiction.”
A-1-3 Compressed Breathing Gas.
The quality of breathing air to be used in open-circuit SCBA, as well as other SCBA use
criteria, is contained in NFPA 1500, Standard on Fire Department Occupational Safety and
Health Program.
A-1-3 Listed.
The means of identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The “authority having jurisdiction” should utilize the system employed by the listing
organization to identify a listed product.
A-2-1.1.2 Since additional weight can reduce the fire fighter’s ability to carry out assigned tasks,
weight reduction is a prime concern of the Committee. The Committee recommends that SCBAs
of rated 30-minute duration should be limited to a maximum weight of 25 lb (11 kg). Purchasers
are advised to specifically address weight in their purchase specifications regardless of the rated
service time.
A-2-1.1.3 SCBA that are certified by NIOSH/MSHA include a rated service time based on
laboratory tests required by NIOSH. The SCBA is tested using a specified breathing machine
with a breathing rate of 40 L/min. NIOSH uses this 40 L/min rate because it represents a
moderate work rate that an average user can sustain for a period of time. To attain a rated service
time of 30 minutes during this 40 L/min test, the typical SCBA cylinder must contain 1200 L or
more of compressed breathable air. A 45-cu ft cylinder has a capacity of 1273.5 L, based on 28.3
L/cu ft. Because actual work performed by a fire fighter often results in a ventilation rate that
exceeds 40 L/min, fire fighters will frequently not attain the rated service time of 30 minutes.
During extreme exertion, for example, actual service time can be reduced by 50 percent or more.
To assure proper utilization of equipment in actual situations, after training and instruction, it
is recommended that users gain confidence by actually using the SCBA in a series of tasks
representing or approximating the physical demands likely to be encountered.
In addition to the degree of user exertion, other factors that may affect the service time of the
SCBA include:
(a) The physical condition of the user. (See also ANSI Z88.6.)
(b) Emotional conditions, such as fear or excitement, that may increase the user’s breathing
rate.
(c) The degree of training or experience the user has had with such equipment.
(d) Whether or not the cylinder is fully charged at the beginning of use.
(e) The facepiece fit.
(f) Use in a pressurized tunnel or caisson. At two atmospheres of pressure (29.4 psig), the
duration will be one-half the duration obtained at one atmosphere of pressure (14.7 psig); at three
atmospheres of pressure (44.1 psig), the duration will be one-third the duration obtained at one
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atmosphere of pressure.
(g) The condition of the SCBA.
(h) The SCBA effective dead air space. Dead air space is a volume proportional to the CO2
concentration in the inhaled breathing gas.
During normal breathing without a facepiece, carbon dioxide, which is produced by the body’s
metabolism, is released to the environment on each breath. The facepiece of an SCBA reduces
this environment to a small space around the face. On exhalation, a portion of the carbon
dioxide-rich exhaled breath is trapped in this space. On inhalation, fresh air from the SCBA
cylinder mixes with this carbon dioxide-rich air and then enters the lungs. The concentration of
carbon dioxide is dependent on facepiece configuration, flow characteristics, and ventilation rate.
The full effect of increased dead air space has not been demonstrated. However, the scientific
work done in this area shows that an increase of CO2 in the inhalation air leads to increased
ventilation and, consequently, shorter service time for a given air supply. Means to reduce CO2
in the inhalation air by using, for example, a well-fitting nose cup have been demonstrated to
give longer service time. Contact each manufacturer for specific data.
A-2-2.1
The certification organization should have sufficient breadth of interest and activity so that the
loss or award of a specific business contract would not be a determining factor in the financial
well-being of the agency.
A-2-2.3
The contractual provisions covering certification programs should contain clauses advising the
manufacturer that if requirements change, the product should be brought into compliance with
the new requirements by a stated effective date through a compliance review program involving
all currently listed products.
Without these clauses, certifiers would not be able to move quickly to protect their name,
marks, or reputation. A product safety certification program would be deficient without these
contractual provisions and the administrative means to back them up.
A-2-2.4
Investigative procedures are important elements of an effective and meaningful product safety
certification program. A preliminary review should be carried out on products submitted to the
agency before any major testing is undertaken.
A-2-2.7
Such inspections should include, in most instances, witnessing of production tests. With
certain products the certification organization inspectors should select samples from the
production line and submit them to the main laboratory for countercheck testing. With other
products, it may be desirable to purchase samples in the open market for test purposes.
A-3-1
The current NIOSH certification test method, 30 CFR 11, uses a ventilation rate of 40 L/min,
while NFPA 1981 requires an air flow test based on a ventilation rate of 100 L/min. A
ventilation rate of 100 standard L/min encompasses the 98th percentile of all fire fighters
studied. The ability of the SCBA to supply the 100 L/min of breathing air is measured in this air
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flow performance test by monitoring the pressure within the facepiece.
Specific response times for both the pressure transducer and recorder are specified in this
standard. It is important to note that if other types of recording devices, measuring equipment,
and testing methods are used, pressure fluctuations might appear in the facepiece as short
(millisecond) negative pressure spikes. The significance of these spikes to the actual protection
afforded the user by the SCBA is not fully understood at this time. Additional studies are needed
to determine the significance, if any, of these spikes. Because these negative spikes might affect
the actual protection offered by the SCBA, it is recommended that a facepiece fitting program be
established. Quantitative fitting tests are recognized to be the best method for determining the
facepiece-to-face seal and should be performed by the fire service wherever SCBA are used. For
departments that wish to perform quantitative fit testing, a suggested procedure for conducting
such tests may be found in ANSI Z88.2, Practices for Respiratory Protection.
A-3-9
This standard contains an abrasion test that is used to evaluate the outside surface of the
facepiece lens. This standard does not address the abrasion resistance of the interior surface of
the facepiece lens. Current facepiece lens interior surfaces may be uncoated, coated with an
anti-fog agent, coated with an abrasion-resistant agent that does not comply with the
performance required in Section 3-9 of this standard, or coated with an abrasion-resistant coating
that does comply with the performance required in Section 3-9 of this standard. Information
regarding coatings on the lens interior surface should be obtained from the SCBA manufacturer.
A-3-10
As the communications test is the only test that requires human subjects, there were variations
in the data used to determine the appropriate pass/fail criteria. Therefore, a statistical approach to
analyze the data was required to determine whether an individual SCBA meets the pass/fail
criteria of Section 3-10. A null hypothesis test utilizing the Student t-distribution is the
appropriate method to do this.
The Student t-distribution of 2.13 results from the following conditions:
Degrees of freedom = 4
Confidence level = 95 percent.
Refer to any current statistical text for further information.
A-4-1.1
The headform, Models 803608-01 and 803608-02, can be obtained from Scott Aviation, 225
Erie St., Lancaster, NY 14086. Drawings can be obtained from NFPA for Model 803608-01 or
803608-02.
A-4-1.7
A Model P24 differential pressure transducer with a range of ±8.9 in. (±226 mm) of water
differential is recommended and available from Validyne Engineering Corporation, 8626 Wilbur
Avenue, Northridge, CA 91324.
A-4-1.8
A Model #1241 B00 one-pen recorder is recommended and available from Soltec Corporation,
11684 Pendleton Street, Sun Valley, CA 91352.
A-4-1.12
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Complete engineering drawings to construct the Model 327-6 Breathing Machine can be
obtained from NFPA. A fully fabricated machine can be obtained from Hy Tech Machine, Inc.,
25 Leonburg Road, Mashuda Industrial Park, Mars, PA 16046.
The respiratory frequency is determined by dividing the minute volume by the tidal volume for
each Model 327-6 Breathing Machine manufactured.
A-4-1.14 Calibration Procedure for NFPA Model 327-6 Breathing Machine.
CALIBRATION PROCEDURE FOR NFPA MODEL 327-6 BREATHING MACHINE
I. Set Up Equipment.
1. Remove plug fitting and open valve at side port of the breathing machine (BM), then
close the valve to the test headform.
2. Connect a non-return 2-way valve to the side port. (See Figure A-4-1.14.)
3. Make sure all gas has been expelled from a gas collection bag by rolling the bag up.
Connect the bag to the dead-ended gas-collection port of a 3-way valve. (See Detail 2.) A
recommended gas-collection bag is a 120-liter meteorological bag (Catalog No. 022631) or a
150-liter Douglas bag (Catalog No. 022622) available from Warren C. Collins, Inc., 220 Wood
Road, Braintree, MA 02184. Equivalent or similar collection bags may be substituted. Collins
also supplies a 3-way valve (T-shape stopcock - Catalog No. 021043).
4. Connect the common port of the 3-way valve to the exhalation port of the nonreturn
2-way valve. (See Detail 3.)
5. Connect the Validyne Transducer DP 24 to a pressure tap on the collection side of the
3-way valve. The transducer output goes to the Soltec Recorder.
II. Collect Gas
1. With the vent port of the 3-way valve open, start BM and allow BM to “warm up” for at
least ten minutes.
2. After the 10-minute “warm up” period, adjust the speed to approximately 30 rpm if the
machine has not been calibrated within the last few days. If the machine has recently been
calibrated, leave it at its preset adjustment.
3. Set the chart speed on the Soltec Recorder to 60 cm/min and start the recorder.
4. At the start of an inhalation, turn the 3-way valve so that the air exhaled from the BM
goes into the collection bag. (See Detail 4.)
5. Each exhalation stroke should produce a positive peak on the strip-chart recording, which
can be used as a counter. The operator may use a substitute method to count the exhaled tidal
volumes (TV) that go into the bag.
6. After 30 to 35 exhalations, turn the 3-way valve at the start of an inhalation so that the
gas collection port is closed and the BM vents to atmosphere. Turn off the Soltec Recorder.
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III. Measure the Volume (liters) of Gas Collected (VL).
1. The recommended method to measure the volume of gas in the bag is to transfer the air
into a Spirometer. Make sure the bag is completely empty by rolling it up.
2. Another method to measure the gas volume in the bag is to slowly empty the bag through
a calibrated dry-gas meter. Ensure that a correction factor is applied as required.
IV. Calculate Minute Volume.
1. From the positive peaks on the strip chart recording, count the number of exhalations
(NE) that were made into the bag or use your own counting method if you are sure it is correct.
2. Measure the total distance (in cm) between the peaks of 30 exhalations, which should be
approximately 60 cm at a chart speed of 60 cm/min. (See Detail 5.) If the pressure in the
gas-collection port has not been measured, the operator may use another method to accurately
measure the breathing machine’s rpms.
3. Calculate RPM,

4. Determine the tidal volume (TV),

5. Determine the Minute Volume, VM.
VM = TV × RPM
NOTE: A record of TV and RPM should be maintained for each machine. As the seals on the pistons wear, the
TV for a given RPM may decrease, an indication that the seals should be replaced.

V. Minute Volume Adjustment.
1. If the VM is between 100 liters and 106 liters, no adjustment is necessary and the BM is
ready to perform the NFPA Air Flow Performance Test at the present RPM setting.
2. If the VM < 100, the RPM must be increased and the VM recalculated.
3. If the VM > 106 liters the RPM must be decreased and the VM recalculated.
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Figure A-4-1.14.

Calibration Log A-4-1.14 Calibration Log for Model 327-6 Breathing Machine
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A-4-9.7
The Blue Streak M3-6M wool felt polishing pad can be obtained from J.I. Morris Co., 394 Elm
Street, Southbridge, MA.
A-4-9.8
The 3M, 7415 Wood Finishing Pad is an abrasive sheet that has markings on one side. The pad
can be obtained from 3M Corp. Box 33053, St. Paul, MN 55133.
A-4-11
Complete engineering drawings to construct the heat and flame test apparatus can be obtained
from the NFPA.
A-4-11.2
The protective covering has been selected solely for the purpose of protecting the Flame and
Heat Test mannequin and providing a reproducible exterior configuration to support the SCBA
being tested. The intention of this standard is to test the SCBA and not the protective covering.
A-5-1.1
NFPA publications can be obtained from the National Fire Protection Association, 1
Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101.
A-5-1.2
AATCC publications can be obtained from the American Association of Textile Chemists and
Colorists, Post Office Box 12215, Research Triangle Park, NC 27709.
A-5-1.3
ANSI publications can be obtained from the American National Standards Institute, 11 West
42nd Street, New York, NY 10036.
A-5-1.4
ASTM publications can be obtained from the American Society for Testing and Materials,
1916 Race Street, Philadelphia, PA 19103.
A-5-1.5
GSA publications can be obtained from the General Services Administration, Specifications
Activities, Printed Materials Supply Division, Building 197, Naval Weapons Plant, Washington,
DC 20407.
A-5-1.6
Navy publications can be obtained from the Navy Publications and Forms Center, 5801 Tabor
Avenue, Philadelphia, PA 19120.
A-5-1.7
U.S. government publications can be obtained from the Superintendent of Documents, U.S.
Government Printing Office, Washington, DC 20402.
Appendix B Referenced Publications
B-1
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The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
B-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition
B-1.2 Other Publications.
B-1.2.1 ANSI Publications. American National Standards Institute, 11 West 42nd Street, New
York, NY 10036.
ANSI Z88.2, Practices for Respiratory Protection, 1982
ANSI Z88.6, Respiratory Protection — Respirator Use — Physical Qualifications for
Personnel, 1984.
Formal Interpretation
NFPA 1981
Open-Circuit Self-Contained Breathing Apparatus for Fire Fighters
1992 Edition
Reference: 4-11.20
F.I. 92-1 (NFPA 1981)
Question: Is it the intent of 4-11.20 that the standard eye chart be read through the nominal
center of the lens area of the facepiece?
Answer: Yes.
Issue Edition: 1992
Reference: 4-11.20
Issue Date: October 5, 1995
Effective Date: October 25, 1995
Copyright © 1996 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
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NFPA 1982
1993 Edition
Standard on Personal Alert Safety Systems (PASS) for Fire
Fighters

Copyright © 1993 NFPA, All Rights Reserved
1993 Edition
This edition of NFPA 1982, Standard on Personal Alert Safety Systems (PASS) for Fire
Fighters, was prepared by the Technical Committee on Fire Service Protective Clothing and
Equipment, and acted on by the National Fire Protection Association, Inc. at its Annual Meeting
held May 24-27, 1993, in Orlando, FL. It was issued by the Standards Council on July 23, 1993,
with an effective date of August 20, 1993, and supersedes all previous editions.
The 1993 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1982
The Technical Committee on Protective Equipment for Fire Fighters began work on this
standard in 1980 in answer to requests from the fire service to establish requirements for a device
that would signal for aid if a fire fighter became incapacitated while operating at an emergency.
The International Association of Fire Fighters (IAFF) was instrumental in the developmental
work that resulted in this standard. Developmental work was completed in the spring of 1982,
and submitted to the NFPA for official adoption. The first edition was presented at the Annual
Meeting in Kansas City, MO, and released on June 9, 1983.
Between the first and second editions, the name of the technical committee changed to the
Technical Committee on Fire Service Protective Clothing and Equipment. A subcommittee was
organized to manage this document and is named the Subcommittee on Personal Alert Safety
Systems (PASS). The second edition was presented to the membership of the Association at the
1988 Annual Meeting in Los Angeles, CA, and had an effective date of June 28, 1988.
For this third edition, the Subcommittee on PASS undertook a complete revision to bring the
document into the same style format as other documents in this series. The subcommittee’s work
was completed in December, 1991, and the document was passed onto the Technical Committee
on Fire Service Protective Clothing and Equipment. This third edition was presented to the
membership of the Association at the 1993 Annual Meeting in Orlando, FL, and was issued with
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an effective date of August 20, 1993.
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This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: The Committee shall have primary responsibility for documents on the design,
construction, and performance criteria for protective clothing and equipment for the fire service
including chemical protective clothing and aircraft rescue and fire fighting protective clothing.

NFPA 1982
Standard on
Personal Alert Safety Systems (PASS)
for Fire Fighters
1993 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 6 and Appendix B.

Chapter 1 Administration
1-1 Scope.
1-1.1*
This standard specifies minimum design and performance criteria, and test methods for
personal alert safety systems (PASS), to be used by fire fighters engaged in rescue, fire fighting,
and other hazardous duties.
1-1.2
This standard does not provide criteria for specialty PASS for use in proximity, approach, or
entry fire fighting situations; or hazardous chemical operations.
1-1.3
This standard is not intended to serve as a detailed manufacturing or purchase specification,
but can be referenced in purchase specifications as minimum requirements.
1-2 Purpose.
1-2.1
The purpose of this standard shall be to set minimum requirements for personal alert safety
systems (PASS), which are to be worn by fire fighters during emergency operations, and which
will emit an audible alarm signal to summon aid in the event the fire fighter becomes
incapacitated or needs assistance.
1-2.2*
Controlled laboratory tests used to determine compliance with the performance requirements
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of this standard shall not be deemed as establishing PASS performance levels for all situations to
which fire fighting personnel can be exposed.
1-2.3
Nothing herein is intended to restrict any jurisdiction or manufacturer from exceeding these
minimum requirements.
1-3 Definitions.
Alarm Signal. An audible warning that is identifiable as an indication that a fire fighter is in
need of assistance.
Annunciator. The device on a PASS unit designed to emit the alarm signal.
Approach Fire Fighting. Limited, specialized exterior fire fighting operations at incidents
involving fires producing very high levels of conductive, convective, and radiant heat, such as
bulk flammable gas and bulk flammable liquid fires. Specialized thermal protection from
exposure to high levels of radiant heat is necessary for the persons involved in such operations
due to the limited scope of these operations and the greater distance from the fire that these
operations are conducted. Not entry, proximity, or structural fire fighting. (See also Entry Fire
Fighting, Proximity Fire Fighting, and Structural Fire Fighting.)
Approved.* Acceptable to the “authority having jurisdiction.”
Authority Having Jurisdiction.* The “authority having jurisdiction” is the organization, office,
or individual responsible for “approving” equipment, an installation, or a procedure.
Automatic. A functional mode in which the PASS motion detector is activated and is sensing
the motion of the wearer, and causes an alarm signal after not sensing motion after a specified
period of time.
Certification/Certified. A system whereby a certification organization determines that a
manufacturer has demonstrated the ability to produce a product that complies with the
requirements of this standard, authorizes the manufacturer to use a label on listed products that
comply with the requirements of this standard, and establishes a follow-up program conducted
by the certification organization as a check of the methods the manufacturer uses to determine
compliance with the requirements of this standard.
Certification Organization. An independent, third-party organization that determines product
compliance with the requirements of this standard with a label/listing/follow-up program.
Compliance/Compliant. Meeting or exceeding all applicable requirements of this standard.
Drip. To run or fall in drops or blobs.
Entry Fire Fighting. Extraordinarily specialized fire fighting operations that can include the
activities of rescue, fire suppression, and property conservation at incidents involving fires
producing very high levels of conductive, convective, and radiant heat; such as aircraft fires,
bulk flammable gas fires, and bulk flammable liquid fires. Highly specialized thermal protection
from exposure to extreme levels of conductive, convective, and radiant heat is necessary for
persons involved in such extraordinarily specialized operations due to the scope of these
operations and that direct entry into flames is made. Usually these operations are exterior
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operations; not structural fire fighting. (See also Approach Fire Fighting, Proximity Fire
Fighting, and Structural Fire Fighting.)
Follow-up Program. The sampling, inspection, tests, or other measures conducted by the
certification organization on a periodic basis to determine the continued compliance of listed
products that are being produced by the manufacturer to the requirements of this standard.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the “authority having jurisdiction” and concerned with product evaluation, that maintains
periodic inspection of production of listed equipment or materials, and whose listing states either
that the equipment or material meets appropriate standards or has been tested and found suitable
for use in a specified manner.
Manual. A functional mode in which the PASS/alarm signal is activated by hand.
Manufacturer. The entity that assumes the liability and provides the warranty for the compliant
product.
Melt. To change from solid to liquid, or be consumed, by action of heat.
Motion Detector. An integral portion of the PASS that senses movement, or lack of movement,
and activates the alarm signal under a specified sequence of events.
Off. A functional mode in which the PASS is deactivated.
PASS. See Personal Alert Safety System.
Personal Alert Safety System (PASS). A device that is certified as being compliant with this
standard that emits an audible alarm to notify others and assist in locating a fire fighter in danger.
Product Label. A label or marking affixed to the PASS unit by the manufacturer containing
general information, warnings, care, maintenance, or similar data. This product label is not the
certification organization’s label, symbol, or identifying mark; however, the certification
organization’s label, symbol, or identifying mark can be attached to it or be part of it.
Proximity Fire Fighting. Specialized fire fighting operations that can include the activities of
rescue, fire suppression, and property conservation at incidents involving fires producing very
high levels of conductive, convective, and radiant heat, such as aircraft fires, bulk flammable gas
fires, and bulk flammable liquid fires. Specialized thermal protection from exposure to high
levels of radiant heat, as well as thermal protection from conductive and convective heat, is
necessary for persons involved in such operations due to the scope of these operations and the
close distance to the fire that these operations are conducted although direct entry into flame is
NOT made. Usually these operations are exterior operations but might be combined with interior
operations; not structural fire fighting, but might be combined with structural fire fighting
operations; and not entry fire fighting. (See also Approach Fire Fighting, Entry Fire Fighting,
and Structural Fire Fighting.)
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Sample. A specified number of PASS units taken from a manufacturer’s current production lot.
Shall. Indicates a mandatory requirement.
Should. This term, as used in the Appendix, indicates a recommendation or that which is
advised but not required.
Structural Fire Fighting. The activities of rescue, fire suppression, and property conservation in
buildings, enclosed structures, vehicles, vessels, or like properties that are involved in a fire or
emergency situation.
1-4 Units.
1-4.1
In this standard, values for measurement are followed by an equivalent in parentheses, but only
the first stated value shall be regarded as the requirement. Equivalent values in parentheses shall
not be considered as the requirement as these values might be approximate.
Chapter 2 Certification
2-1 General.
2-1.1
Personal alert safety systems (PASS) that are labeled as being compliant with this standard
shall meet or exceed all applicable requirements specified in this standard and shall be certified.
2-1.2
All certification shall be performed by an approved certification organization.
2-1.3
Compliant units shall be labeled and listed. Such units shall also have a product label or labels
that meet the requirements specified in Section 2-5.
2-2 Certification Program.
2-2.1*
The certification organization shall not be owned or controlled by manufacturers or vendors of
the product being certified. The certification organization shall be primarily engaged in
certification work and shall not have a monetary interest in the product’s ultimate profitability.
2-2.2
The certification organization shall refuse to certify products to this standard that do not
comply with all applicable requirements of this standard.
2-2.3*
The contractual provisions between the certification organization and the manufacturer shall
specify that certification is contingent on compliance with all applicable requirements of this
standard. There shall be no conditional, temporary, or partial certifications. Manufacturers shall
not be authorized to use any label or reference to the certification organization on products that
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are not manufactured in compliance with all applicable requirements of this standard.
2-2.4*
For certification, laboratory facilities and equipment for conducting proper tests shall be
available, a program for calibration of all instruments shall be in place and operating, and
procedures shall be in use to ensure proper control of all testing. Good practice shall be followed
regarding the use of laboratory manuals, form data sheets, documented calibration and
calibration routines, performance verification, proficiency testing, and staff qualification and
training programs.
2-2.5
Manufacturers shall be required to establish and maintain a program of production inspection
and testing that meets the requirements of Section 2-4.
2-2.6
The manufacturers and the certification organization shall evaluate any changes affecting the
form, fit, or function of the certified product to determine its continual certification to this
standard.
2-2.7*
Product certification shall include a follow-up inspection program with at least two random
and unannounced visits per 12-month period.
2-2.8
The certification organization shall have a program for investigating field reports alleging
malperformance or failure of listed products.
2-2.9
The operating procedures of the certification organization shall provide a mechanism for the
manufacturer to appeal decisions. The procedures shall include the presentation of information
from both sides of a controversy to a designated appeals panel.
2-2.10
The certification organization shall be in a position to use legal means to protect the integrity
of its name and label. The name and label shall be registered and legally defended.
2-3 Inspection and Testing.
2-3.1
Sampling levels for inspection to determine compliance with this standard shall be established
by the certification organization and the manufacturer to ensure a reasonable and acceptable
reliability at a reasonable and acceptable confidence level that products certified as being
compliant with the standard are compliant.
2-3.2
Sampling levels for the test series for certification shall consist of 18 PASS units. PASS units
shall be subjected to the test or tests specified in the test matrix, Table 2-3.2. Where there is
more than one test for a specific sample PASS, the order of testing for that sample PASS shall be
from top to bottom as shown in Table 2-3.2.
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Table 2-3.2 Test Matrix

2-3.3*
Testing for determining compliance with the performance requirements specified in Chapter 4
shall be performed on complete PASS units. When a PASS incorporates additional features,
including but not limited to heat sensors, radio signaling or transmitting devices, etc., the
presence of those additional features shall not cause the PASS to fail any performance
requirement of this standard. Where a PASS is an integral part of another item of protective
clothing or protective equipment, that item with the PASS incorporated shall be tested as a
whole.
2-3.4
No substitution or repair of any PASS components shall be allowed during testing.
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2-3.5*
All testing and inspection shall be performed utilizing the battery power source(s) specified on
PASS in accordance with 2-5.1.2(d).
2-4 Manufacturer’s Quality Assurance Program.
2-4.1
The manufacturer shall provide and maintain a quality assurance program that includes a
documented inspection and product recall system. The manufacturer shall have an inspection
system to substantiate compliance with this standard.
2-4.2
The manufacturer shall maintain written inspection and testing instructions. The instructions
shall prescribe inspection and test of materials, work in process, and completed articles. Criteria
for acceptance and rejection of materials, processes, and final product shall be part of the
instructions.
2-4.3
The manufacturer shall maintain records of all pass/fail tests. Pass/fail records shall indicate
the disposition of the failed material or product.
2-4.4
The manufacturer’s inspection system shall provide for procedures that ensure the latest
applicable drawings, specifications, and instructions are used for fabrication, inspection, and
testing.
2-4.5
The manufacturer shall, as part of the quality assurance program, maintain a calibration
program of all instruments used to ensure proper control of testing. The calibration program shall
be documented as to the date of calibration and performance verification.
2-4.6
The manufacturer shall maintain a system for identifying the appropriate inspection status of
component materials, work in process, and finished goods.
2-4.7
The manufacturer shall establish and maintain a system for controlling nonconforming
material, including procedures for the identification, segregation, and disposition of rejected
material. All nonconforming materials or products shall be identified to prevent use, shipment,
and intermingling with conforming materials or products.
2-4.8
The manufacturer’s quality assurance program shall be audited by the third-party certification
agency to determine that the program is sufficient to ensure continued product compliance with
this standard.
2-5 Product Labeling.
2-5.1
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Each PASS unit shall have a product label or labels permanently attached.
2-5.1.1 The following information shall appear on a product label placed in a conspicuous
location and shall be printed in letters at least 1/16 in. (1.5 mm) in height:
“THIS PASS MEETS ALL REQUIREMENTS OF NFPA 1982, STANDARD ON
PERSONAL ALERT SAFETY SYSTEMS (PASS) FOR FIRE FIGHTERS, 1993
EDITION.”
2-5.1.2 At least the following information shall appear on a product label(s) placed on each
PASS unit in a user-accessible location, and shall be printed in letters at least 1/16 in. (1.5 mm) in
height:
(a) Manufacturer’s name
(b) Model number of design
(c) Lot or serial number
(d) Recommended battery type and size
(e) Month and year of manufacture (uncoded)
(f) Country of manufacturer.
2-5.1.3 The PASS product label shall bear the certification label, symbol, or identifying mark of
the certification organization denoting compliance. The label, symbol, or identifying mark
printing shall be in at least 1/4-in. (6-mm) high letters. The label, symbol, or identifying mark
shall be permitted to appear on the product label placed in the user-accessible location.
2-5.1.4 PASS also shall meet the labeling requirements for Class I, Division 1 hazardous
locations of ANSI/UL 913, Standard for Intrinsically Safe Apparatus and Associated Apparatus
for Use in Class I, II, and III, Division 1 Hazardous Locations.
2-5.2
All portions of the required product labels shall be printed at least in English.
2-5.3
All product labels also shall meet the requirements specified in Section 4-12.
2-6 User Information.
2-6.1
The PASS manufacturer shall provide, with each PASS unit, instructions for maintenance,
decontamination, cleaning, painting, storage, and frequency and details of inspection.
2-6.2
The PASS manufacturer shall provide, with each PASS unit, specific instructions regarding the
use, operation, and limitations of the PASS, training materials, and warranty details.
Chapter 3 Design Requirements

Copyright 1996 NFPA

3-1 Mode Selection.
3-1.1
Personal alert safety systems (PASS) shall incorporate a mode selection device or devices to
allow for operation in three modes: (1) off, (2) manual, and (3) automatic. All modes of
operation shall be clearly indicated to the user for the mode in use.
3-1.2
All mode selection devices shall be protected against accidental change of operation or impact
damage.
3-1.3
All mode selection devices shall be rated for a service life of not less than 50,000 cycles.
3-1.4
All mode selection devices shall be capable of being switched to the manual or automatic
mode by a single gloved hand. Gloves utilized for this function test shall have a thickness of 0.10
in. to 0.15 in. (2.5 mm to 3.8 mm).
3-1.5
Only one action shall be required to switch the mode selection device(s) from any mode to
manual.
3-1.6
When the PASS is sounding the alarm signal, either in the automatic mode or after being
switched from the automatic mode to the manual mode, it shall require at least two separate and
distinct manual actions to silence the alarm signal.
3-1.7
PASS shall be provided with a visual indication of mode status and an audible indication of a
change in mode selection when switching from off to automatic, off to manual, or manual to
automatic.
3-2 Motion Detector.
3-2.1
PASS shall incorporate a motion detector that shall sense movement and automatically sound
the alarm signal specified in 3-3.3 if no movement is sensed for 30 seconds, ±5 seconds. The
alarm signal shall be preceded by a pre-alert signal, specified in 3-3.2, that shall sound 7
seconds, +3/-0 seconds, before the sounding of the alarm signal.
3-2.2
The motion detector shall be operable independent of the angle of deployment of the PASS.
3-2.3
PASS shall sound the alarm signal specified in 3-3.3 within 30 seconds, ±5 seconds, of failure
of the motion detector to warn of such failure.
3-3 Signals.
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3-3.1 Operational Signal.
3-3.1.1 PASS shall emit an audible signal within 1.0 second of being switched to automatic
mode, indicating to the user that the unit is functioning properly.
3-3.2 Pre-Alert Signal.
3-3.2.1 The pre-alert signal shall have a frequency not less than 1000 Hertz (Hz) nor more than
4000 Hz.
3-3.2.2 PASS shall sound the pre-alert signal 7 seconds, +3/-0 seconds, preceding sounding of
the alarm signal.
3-3.2.3 During the pre-alert signal sounding, all other audible signals shall be rendered inactive.
3-3.2.4 The pre-alert signal shall be audible in a variable or noncontinuous tone and shall be a
distinct and different sound from the alarm signal.
3-3.2.5 PASS shall provide for a motion-induced cancellation of the alarm signal after the
pre-alert signal and prior to the sounding of the alarm signal.
3-3.2.6 Cancellation of the sounding of the pre-alert signal shall not require the use of the user’s
hand(s).
3-3.2.7 PASS shall return to the automatic mode upon cancellation of the pre-alert signal.
3-3.3 Alarm Signal.
3-3.3.1 The alarm signal shall consist of a minimum of three primary frequencies. Each primary
frequency shall not be less than 1000 Hertz (Hz) nor more than 4000 Hz. These frequencies shall
be sounded either sequentially or simultaneously.
3-3.3.2 PASS shall sound the alarm signal when placed in the manual mode.
3-3.3.3 PASS shall sound the alarm signal when activated by the motion sensor if no movement
is sensed for 30 seconds, ±5 seconds. When activated by the motion sensor, the alarm signal
shall be preceded by the pre-alert signal, which shall sound 7 seconds, +3/-0 seconds, before the
sounding of the alarm signal.
3-3.3.4 During the alarm signal sounding, all other audible signals shall be rendered inactive.
3-3.3.5 The alarm signal shall be audible in a variable or noncontinuous tone.
3-3.3.6 The alarm signal shall not be deactivated by the motion sensor.
3-3.4 Low Battery Warning Signal.
3-3.4.1 While in the automatic mode, PASS shall emit an audible low battery warning signal
that is distinct and different from the pre-alert and alarm signals.
3-4 General Design Requirements.
3-4.1*
Where the PASS is secured by the retention system in a wearing position in accordance with
the manufacturer’s instructions, the retention system shall not affect the proper function of the
mode selection device or devices specified in Section 3-1 and shall not affect the performance of
the PASS.
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3-4.2*
The battery compartment shall be isolated from the operating components so as to prevent
damage to the operating components from battery leakage. Wires between compartments shall be
sealed.
3-4.3
PASS shall meet the requirements for Class I, Division 1 hazardous locations of ANSI/UL
913, Standard for Intrinsically Safe Apparatus and Associated Apparatus for Use in Class I, II,
and III, Division 1 Hazardous Locations.
Chapter 4 Performance Requirements
4-1 Sound Pressure Level.
4-1.1 Pre-Alert Signal.
4-1.1.1 When tested as specified in Section 5-1, Sound Pressure Level Testing, personal alert
safety systems (PASS) shall function properly as specified in 3-3.2, and the pre-alert signal
sound pressure level shall be between 70 and 85 dBA.
4-1.2 Alarm Signal.
4-1.2.1 When tested as specified in Section 5-1, Sound Pressure Level Testing, PASS shall
function properly as specified in 3-3.3, and the alarm signal sound pressure level shall not be
less than 95 dBA for an uninterrupted duration of not less than 1 hour.
4-1.2.2 The alarm signal shall not be deactivated by the motion sensor.
4-1.3 Low Battery Warning Signal.
4-1.3.1 When tested as specified in Section 5-1, Sound Pressure Level Testing, PASS shall
function properly as specified in 3-3.4, and the low battery warning signal sound pressure level
shall be between 70 and 85 dBA.
4-2 Electronic Temperature Stress.
4-2.1
When tested as specified in Section 5-2, Electronic Temperature Stress Testing, PASS shall
function properly as specified in Sections 3-2 and 3-3.
4-3 Corrosion Resistance.
4-3.1
When tested as specified in Section 5-3, Corrosion Resistance Testing, PASS shall function
properly as specified in Sections 3-2 and 3-3.
4-4 Immersion/Leakage Resistance.
4-4.1
When tested as specified in Section 5-4, Immersion/Leakage Testing, PASS shall function
properly as specified in Sections 3-2 and 3-3, there shall be no water inside the battery
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compartment, and there shall be no water in the electronics compartment.
4-5 Case Integrity.
4-5.1
When tested as specified in Section 5-5, Case Integrity Testing, PASS shall function properly
as specified in Sections 3-2 and 3-3, and the PASS shall support the test weight without affecting
case integrity or causing visible damage.
4-6 Shock Sensitivity.
4-6.1
When tested as specified in Section 5-6, Shock Sensitivity Testing, the PASS pre-alert signal
shall not cancel.
4-7 Impact Resistance.
4-7.1
When tested as specified in Section 5-7, Impact Resistance Testing, PASS shall function
properly as specified in Sections 3-2 and 3-3.
4-8 Retention System.
4-8.1
When tested as specified in Section 5-8, Retention System Testing, PASS shall function
properly as specified in Sections 3-2 and 3-3, and the PASS retention system shall withstand a
static force of 100 lb, +1/-0 lb (445 N, +5/-0 N).
4-9 Water Drainage.
4-9.1
When tested as specified in Section 5-9, Water Drainage Testing, the PASS shall operate as
specified in 3-3.3 and 4-1.2.
4-10 Heat Resistance.
4-10.1
When tested as specified in Section 5-10, Heat Resistance Testing, PASS shall not melt, drip,
or ignite.
4-11 Heat and Flame Resistance.
4-11.1
When tested as specified in Section 5-11, Heat and Flame Testing — Test 1, PASS shall
function as follows:
(a) The alarm signal shall sound and continue to sound, as specified in 3-3.3.
(b) The after-flame shall not exceed 2.2 seconds.
(c) Nothing shall fall off the PASS, and the PASS shall not fall from its mounted position.
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(d) Two separate and distinct manual actions shall be required to change the mode selection
device from manual to off, as specified in 3-1.6.
(e) The pre-alert signal sound pressure level shall be as specified in 4-1.1.
(f) The alarm signal sound pressure level shall be as specified in 4-1.2.
4-11.2
When tested as specified in Section 5-11, Heat and Flame Testing — Test 2, PASS shall
function as follows:
(a) PASS shall emit the operational signal, as specified in 3-3.1.
(b) The after-flame shall not exceed 2.2 seconds.
(c) Nothing shall fall off the PASS, and the PASS shall not fall from its mounted position.
(d) PASS shall cycle from automatic to pre-alert, as specified in 3-2.1.
(e) The pre-alert signal shall sound as specified in 3-3.2.
(f) PASS shall cycle from pre-alert to alarm, as specified in 3-2.1.
(g) The alarm signal shall sound as specified in 3-3.3.
(h) Two separate and distinct manual actions shall be required to change the mode selection
device from manual to off, as specified in 3-1.6.
(i) The pre-alert signal sound pressure level shall be as specified in 4-1.1.
(j) The alarm signal sound pressure level shall be as specified in 4-1.2.
4-11.3
When tested as specified in Section 5-11, Heat and Flame Testing — Test 3, the PASS shall
function as follows:
(a) PASS shall emit the operational signal, as specified in 3-3.1.
(b) The after-flame shall not exceed 2.2 seconds.
(c) Nothing shall fall off the PASS, and the PASS shall not fall from its mounted position.
(d) The mode selection device shall be capable of being switched from automatic to manual,
as specified in 3-1.4 and 3-1.5.
(e) The alarm signal shall sound, as specified in 3-3.3.
(f) Two separate and distinct manual actions shall be required to change from manual to off, as
specified in 3-1.6.
(g) The pre-alert signal sound pressure level shall be as specified in 4-1.1.
(h) The alarm signal sound pressure level shall be as specified in 4-1.2.
4-12 Product Label Durability.
4-12.1
When tested as specified in Section 5-12, Product Label Durability Testing, product labels
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shall remain attached to the PASS and shall be legible to the unaided eye.
Chapter 5 Test Requirements
5-1 Sound Pressure Level Testing.
5-1.1
Sample personal alert safety systems (PASS) shall be tested for sound pressure levels of the
signals in accordance with ANSI S1.13, Methods for Measurement of Sound Pressure Level®.
The laboratory measurement defined in ANSI S1.13 shall be used for these tests. All sound
pressure level measurements shall be made with the sound level meter ballistics set to the peak
response setting.
5-1.1.1 The sound pressure level for the pre-alert signal shall be measured at a distance of 3.3 ft
(1 m).
5-1.1.2 The sound pressure level for the alarm signal shall be measured at a distance of 9.9 ft (3
m).
5-1.1.3 The sound pressure level for the low battery warning signal shall be measured at a
distance of 3.3 ft (1 m). The test shall be conducted when the battery can no longer maintain the
95 dBA sound for a period of 1 hour.
5-1.2
Prior to conducting these tests, the sample PASS batteries shall be discharged to the level at
which the PASS first emits the low battery warning signal specified in 3-3.4.
5-1.3
The sound pressure levels for each signal and the duration that the signal is emitted shall be
measured and recorded to determine pass/fail.
5-2 Electronic Temperature Stress Testing.
5-2.1
Sample PASS shall be subjected to a series of three temperature stress tests identified as Test 1
for elevated temperature, Test 2 for low operating temperature, and Test 3 for temperature shock.
Different sample PASS shall be used for each of the three test series. Each sample PASS tested
shall be complete with power source.
5-2.2
The test chamber or cabinet shall be capable of maintaining the required conditions throughout
the envelope of air surrounding the sample PASS being tested, and these conditions shall be
continuously monitored.
5-2.3
For all three tests, different sample PASS shall be conditioned and used for each of the three
test series. The conditioning shall be at the specified temperatures and exposure times. Following
each test, the sample PASS shall be allowed to stabilize at ambient conditions prior to
proceeding to the next test.
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5-2.3.1 For Test 1, the sample PASS shall be placed in the test apparatus that has been stabilized
at 120°F (49°C). After 6 hours, the temperature shall be raised within 1 hour to 160°F (71°C)
and maintained for 4 hours. The temperature shall then be decreased within 1 hour to 120°F
(49°C). This cycle shall be repeated twice. After the second cycle, the temperature shall be
raised to 160°F (71°C) for 4 hours.
5-2.3.2 For Test 2, the sample PASS shall be placed in the test apparatus that has been stabilized
at -40°F (-40°C) and maintained for a minimum of 4 hours.
5-2.3.3 For Test 3, the sample PASS shall be placed in the test apparatus that has been stabilized
at -40°F (-40°C), cold condition, for 4 hours. Sample PASS shall be removed from the cold
condition and shall be placed within 5 minutes into another test apparatus that has been
stabilized at 160°F (71°C), hot condition. After 4 hours, sample PASS shall be returned to cold
condition test apparatus for another 4 hours. This cycle shall be repeated twice. Sample PASS
shall then be allowed to stabilize at ambient conditions.
5-2.4
For all three tests, sample PASS shall be removed following the specified conditioning, and
function testing shall begin within 30 seconds of removal from conditioning. For each test,
sample PASS shall then be operated according to the manufacturer’s instructions to determine
the proper functioning as specified in Sections 3-2 and 3-3 for determining pass/fail.
5-3 Corrosion Testing.
5-3.1
A salt fog chamber shall be used for testing and shall meet the requirements of ASTM B 117,
Standard Test Method for Salt Spray (Fog) Testing.
5-3.2
Sample PASS shall be subjected to a 5 percent, ±1 percent, salt solution fog at a chamber
temperature of 95°F (35°C) for 48 hours in the typical wearing position as if worn by a fire
fighter, as specified by the manufacturer. The PASS shall then be stored in an environment of
72°F, ±5°F (22°C, ±3°C) at 50 percent ±5 percent relative humidity, for a minimum of 48 hours.
5-3.3
The sample PASS shall then be operated according to the manufacturer’s instructions to
determine the proper functioning as specified in Sections 3-2 and 3-3 for determining pass/fail.
5-4 Immersion/Leakage Testing.
5-4.1
The test water container shall be capable of covering the uppermost point of the sample PASS
with a depth of 3.3 ft (1 m) of water and shall maintain the PASS at that depth.
5-4.2
The water shall be 64°F, ±18°F (18°C, ±10°C) and the temperature of the water shall not
change more than 5°F (3°C) for the duration of the test.
5-4.3
Sample PASS shall be conditioned prior to immersion at a temperature of 49°F, ±5°F (27°C,
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±3°C) above the temperature of the water for a minimum of 2 hours. Sample PASS shall then be
immersed in the test water container for 2 hours. After 2 hours, the sample PASS shall be
removed from the test water container and shall be wiped dry.
5-4.4
The sample PASS shall then be operated according to the manufacturer’s instructions to
determine the proper functioning as specified in Sections 3-2 and 3-3 for determining pass/fail.
5-4.5*
The battery compartment of the sample PASS shall be opened and inspected for water leakage
to determine pass/fail.
5-4.6*
The sample PASS shall then be reimmersed in the test water container for an additional 5
minutes. The battery compartment shall be open, and the battery shall not be installed.
5-4.7
After 5 minutes, the sample PASS shall be removed from the test water container and shall be
wiped dry. The sample PASS shall be opened and inspected for water leakage to determine
pass/fail.
5-5 Case Integrity Testing.
5-5.1
Sample PASS shall be subjected to a test weight of 442 lb (200 kg). The test weight shall be
placed on each surface of the PASS case. The test weight shall be placed so as to avoid impact
loading.
5-5.2
The test weight shall remain on each surface of the sample PASS case for 1 minute, +15/-0
seconds.
5-5.3
After removal of the test weight, each surface of the sample PASS case shall be examined to
determine pass/fail.
5-5.4
The sample PASS shall then be operated according to the manufacturer’s instructions to
determine the proper functioning as specified in Sections 3-2 and 3-3 for determining pass/fail.
5-6 Shock Sensitivity Testing.
5-6.1
Sample PASS shall be subjected to one test series conducted on each test orientation as
specified in Figure 5-6.1. A single test series shall consist of dropping the test ball three times.
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Figure 5-6.1 Test orientation.

5-6.2
Sample PASS shall be placed on a granite surface plate with minimum dimensions of 12 in.
(width) × 12 in. (length) × 3 in. (thickness) (30.5 cm × 30.5 cm × 7.6 cm). Sample PASS shall be
in direct contact with the granite surface plate and secured in such a manner to prevent
movement of the sample PASS during the test. The method of securing the sample PASS shall
not interfere with the surface being tested.
5-6.3
The sample PASS shall be placed in the automatic mode. The testing shall be conducted
during the sounding of the pre-alert signal.
5-6.4
A 0.375-in. (9.5-mm) I.D. × 6-in. (15.2-cm) long tube shall be positioned, with the long axis
perpendicular within ±2 degrees, in a vertical orientation over the center of the surface of the
sample PASS being tested. The bottom of the tube shall be within 0.125 in. (3.2 mm) of the
surface of the sample PASS, but shall not touch the PASS. A stainless steel test ball measuring
0.313 in. (8 mm) O.D. shall be held at the top of the tube, then dropped through the tube and
allowed to fall on the surface of the sample PASS.
5-6.5
The sounding of the pre-alert signal shall be monitored to determine pass/fail.
5-7 Impact Resistance Testing.
5-7.1
Three sample PASS shall be subjected to a series of impact tests; one for impact at ambient
temperature, one for impact at cold temperature, and one for impact at elevated temperature. A
different sample PASS shall be used for each of the three impact test series. Each sample PASS
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tested shall be complete with power source.
5-7.2
A different sample PASS shall be conditioned and used for each of the three impact test series.
The conditioning at the specified temperatures shall be an exposure of at least 4 hours.
5-7.2.1 For the impact test series at ambient temperature, the sample PASS shall be exposed to a
temperature of 73°F, ±2°F (23°C, ±1°C).
5-7.2.2 For the impact test series at cold temperature, the sample PASS shall be exposed to a
temperature of -40°F, ±2°F (-40°C, ±1°C).
5-7.2.3 For the impact test series at elevated temperature, the sample PASS shall be exposed to a
temperature of 160°F, ±2°F (71°C, ±1°C).
5-7.3
The sample PASS shall be removed from conditioning and set in the automatic mode. Testing
shall begin within 30 seconds of removal from conditioning. For each conditioning, the sample
PASS shall be dropped a total of eight times from a distance of 9.9 ft (3 m) onto a concrete
surface so that impact is on each face and on one corner and one edge of the PASS. The sample
PASS shall not be permitted to bounce a second time.
5-7.4
Following each drop, the sample PASS shall remain motionless and shall sound the pre-alert
and alarm signals from the automatic mode to determine the proper functioning as specified in
3-3.3 for determining pass/fail, after which the alarm signal shall be stopped and the PASS reset
to automatic mode for the next drop.
5-7.5
The entire single series of drops shall be completed within 10 minutes of removal from
conditioning.
5-8 Retention System Testing.
5-8.1*
Sample PASS that are to be subjected to the retention system test shall first have the retention
system attachment method cycled 500 times.
5-8.2
From a base load of 10 lb (45 N), the sample PASS retention system shall have a force applied
steadily from 10 lb/sec (45 N) at a rate between 2.01 lb/sec (9.0 N/sec) and 10 lb/sec (45 N/sec).
The force shall be applied perpendicular to the plane of the PASS, as intended to be worn in
accordance with the manufacturer’s instructions. The force shall be applied until separation of
the retention system occurs.
5-8.3
The force at which the retention system separates shall be marked or noted to determine
pass/fail.
5-9 Water Drainage Testing.
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5-9.1
Sample PASS shall be subjected to two water drainage tests. The first test shall have the
sample PASS positioned with the annunciator oriented in the position it is intended to be worn,
in accordance with the manufacturer’s instructions. The second test shall have the sample PASS
positioned with the annunciator oriented horizontally, facing up.
5-9.2
Water shall be introduced into all openings, indentations, and grilles of the sample PASS until
water overflows from each such opening, indentation, and grille. The filling method shall ensure
that no air bubbles remain in any of the openings, indentations, and grilles.
5-9.3
The sample PASS shall then be placed in the manual mode and allowed to sound for at least
65 seconds without moving. The sound pressure level for the alarm signal shall be measured as
specified in 5-1.1 and 5-1.1.2.
5-9.4
The sound pressure level for the alarm signal shall be measured and recorded at the 60-second
mark to determine pass/fail.
5-10 Heat Resistance Testing.
5-10.1
The test oven shall be a horizontal flow circulating oven with minimum interior dimensions of
24 in. × 24 in. × 24 in. (61 cm × 61 cm × 61 cm). The test oven shall have an airflow rate of 125
to 250 linear ft/min (38 to 76 linear m/min) at the standard temperature and pressure of 70°F
(21°C) at 1 atmosphere, measured at the center point of the oven. A test thermocouple shall be
positioned so that it is level with the horizontal centerline of a mounted sample PASS. The
thermocouple shall be equidistant between the vertical centerline of a mounted sample PASS
placed in the middle of the oven and the oven wall where the airflow enters the test chamber.
The thermocouple shall be an exposed bead type J or K, No. 30 AWG thermocouple. The test
oven shall be heated and the test thermocouple stabilized at 500°F, +10°/-0°F (260°C, +3°/-0°C)
for a minimum of 30 minutes.
5-10.2
Sample PASS shall be mounted on a test fixture that includes an aramid belt that is at least 2
in. (5.1 cm) wide and fastened to mounting posts spaced 12 in., +1/-0 in. (30.5 cm, +2.5/-0 cm)
apart. The test fixture shall be designed to allow the sample PASS to be attached to the belt by
the retention system according to the sample PASS manufacturer’s instructions.
5-10.3
The test fixture with the sample PASS attached shall be placed in the test oven. The sample
PASS shall be set to the off mode. The test fixture shall be oriented in the test oven so that the
belt is perpendicular to the airflow. There shall be no obstructions between the sample PASS and
the test oven fan. The test fixture shall position the sample PASS equidistant from all interior
oven surfaces. The test oven door shall not remain open more than 15 seconds. The air
circulation shall be shut off while the door is open and turned on when the door is closed. The
total test oven recovery time shall not exceed 30 seconds. The thermocouple reading shall
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remain at 500°F, +10°/-0°F (260°C, +3°/-0°C) for the duration of the test.
5-10.4
The sample PASS, mounted as specified, shall be exposed in the test oven for 5 minutes,
+15/-0 seconds. The test exposure time shall begin when the test thermocouple recovers to
500°F, +10°/-0°F (260°C, +3°/-0°C).
5-10.5
After the specified exposure, the sample PASS shall be removed and shall be examined to
determine pass/fail.
5-11 Heat and Flame Testing.
5-11.1
A test mannequin meeting the requirements specified in Figure 5-11.1 shall be provided.
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Figure 5-11.1 Heat and flame test mannequin.

5-11.2*
The test mannequin shall have a protective covering. The protective covering shall be designed
and constructed as follows.
5-11.2.1 The assembled protective covering composite consisting of an outer shell, moisture
barrier, and thermal liner shall have an average thermal protective performance (TPP) of not less
than 35.0 when tested in accordance with Section 5-2 of NFPA 1971, Standard on Protective
Copyright 1996 NFPA

Clothing for Structural Fire Fighting.
5-11.2.2 The outer shell shall be 40 percent PBI®/60 percent Kevlar® rip stop weave, weighing
approximately 7.5 oz/sq yd, with a water-repellent finish. Color shall be natural, undyed.
5-11.2.3 The thermal liner shall be constructed of a 3 oz/sq yd rip stop pajama check Nomex
III® facecloth, quilt stitched to 100 percent Nomex III® batting of approximately 6 oz/sq yd.
5-11.2.4 The moisture barrier shall be constructed of approximately 2.25 oz/sq yd
polyester/cotton fabric that is coated with approximately 6.5 oz/sq yd of flame-resistant
neoprene.
5-11.2.5 The moisture barrier shall be completely sewn to the thermal liner at its perimeter, with
the neoprene side facing outward from the thermal liner. All edges shall be sewn together and
bound with nonwicking moisture barrier material. The liner/moisture barrier shall be no more
than 3 in. (7.62 cm) from the coat hem.
5-11.2.6 The moisture barrier and thermal liner shall be completely detachable from the outer
shell.
5-11.2.7 The protective covering shall be stitched with Kevlar® thread using a minimum of 6 to
8 stitches per in. (2.54 cm). All major seams are to be double stitched and felled locked, with all
inside seams to be finished with Kevlar® thread. All stress points shall be reinforced. No metal
shall pass from the outside of the protective covering through the moisture barrier and liner to
cause the transfer of heat to the mannequin when the protective covering is completely
assembled. The protective covering, including the front closure, shall be constructed in a manner
that provides secure and complete moisture and thermal protection. If nonpositive fasteners, such
as snaps or hook- and pile-tape, are utilized in garment closures, positive locking fasteners, such
as hooks and dees or zippers, shall also be utilized. Pockets and fluorescent retroreflective trim
shall not be installed.
5-11.2.8 The collar shall be of four-piece construction consisting of outer shell material on both
the back, or outside, and next to the mannequin neck. The two inner layers shall consist of a
thermal liner and moisture barrier. No throat strap shall be attached.
5-11.2.9 Outside sleeve seams shall be felled, while inside seams shall be lock stitched.
5-11.2.10 The protective covering shall measure 35 in. (88.9 cm) in length measured from the
center of the back collar seam to the hem. The protective covering size shall be 44-in. chest by
34-in. sleeve (111.8 cm by 86.4 cm).
5-11.2.11 The complete protective covering shall be discarded and shall not be used where the
damage to any portion indicates the covering can no longer provide thermal protection for the
test mannequin.
5-11.3
Where the test headform portion of the mannequin will not be protected by items of protective
clothing or protective equipment during testing, the test headform shall be fully covered with an
undyed, protective hood covering for protection of the headform during testing. The protective
hood covering shall meet the performance requirements of 6-1.3 of NFPA 1971, Standard on
Protective Clothing for Structural Fire Fighting.
5-11.4
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The heat and flame test apparatus shall be as specified in Figures 5-11.4(a) and (b).

Figure 5-11.4(a) Heat and flame test apparatus top view.
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Figure 5-11.4(b) Heat and flame test apparatus side view.

5-11.5
The test oven shall be a vertical forced circulating air oven with an internal velocity of 200
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linear ft (61 linear m) per minute. The test oven shall have minimum dimensions of 36 in.
(depth) × 36 in. (width) × 48 in. (height) (91 cm × 91 cm × 122 cm).
5-11.6
The test oven shall be calibrated using a 30-gauge exposed bead, Type J iron/constantan wire
reference thermocouple that has been calibrated to set the 32°F (0°C) reference point with an ice
bath containing ice and deionized or distilled water. Boiling water shall be used to set the 212°F
(100°C) reference value. The reference temperatures shall be corrected to standard temperatures
using a barometric pressure correction.
5-11.7
For calibration prior to the heat and flame test, the calibration mannequin, as specified in
Figure 5-11.7, shall be exposed to direct flame contact for 10 seconds using the heat and flame
test apparatus as specified in Figure 5-11.4. All peak temperature readings shall be within a
temperature range of 1500°F to 2102°F (815°C to 1150°C). The average mean of all peak
temperature readings shall be no higher than 1742°F (950°C).
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Figure 5-11.7 Calibration mannequin.

5-11.8
The test oven recovery time, after the door is closed, shall not exceed 1 minute.
5-11.9
Sample PASS shall be attached to the front or rear of the test mannequin by the retention
system, in accordance with the manufacturer’s instructions, by means of a loop, belt, SCBA
strap, etc., that is on the outside or over the mannequin protective covering. Sample PASS shall
be attached in such a manner that the unit is facing a burner array.
5-11.10
Sample PASS shall be subjected to three different test series of the heat and flame test
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identified in this section as Test 1, Test 2, and Test 3. Different sample PASS shall be used for
each of the three test series.
5-11.11
For all three tests, sample PASS mounted on the test mannequin shall first be placed in the test
oven that has been preheated to 203°F ± 4°F (95°C ±2°C) for 15 minutes. The test exposure time
of 15 minutes shall begin after the door is closed and the oven temperature recovers to 203°F
(95°C).
5-11.12
At the completion of the 15-minute exposure, the oven door shall be opened and the sample
PASS, mounted on the test mannequin, shall be moved out of the oven and into the center of the
burner array.
5-11.13
For Test 1, the sample PASS mode selection device shall be set in the manual mode, then
exposed to the flame and drop sequences of the test.
5.11.13.1 Sample PASS shall be observed for the sounding of the alarm signal to determine
pass/fail as specified in 4-11.1(a).
5-11.14
For Test 2, the sample PASS mode selection device shall be set in the automatic mode, then
exposed to the flame and drop sequences.
5.11.14.1 Sample PASS shall be observed for the sounding of the operational signal to determine
pass/fail as specified in 4-11.2(a).
5-11.15
For Test 3, the sample PASS mode selection device shall be set in the automatic mode, then
exposed to the flame and drop sequences.
5.11.15.1 Sample PASS shall be observed for the sounding of the operational signal to determine
pass/fail as specified in 4-11.3(a) of this standard.
5-11.16
After setting the mode selection device to the applicable setting for Test 1, Test 2, or Test 3, as
indicated in 5-11.13, 5-11.14, or 5-11.15, the sample PASS in all three tests shall then be
exposed to direct flame contact for 10 seconds, +0.25/-0 seconds. This exposure shall begin
within 20 seconds of removal of the sample PASS from the test oven.
5-11.16.1 For all three tests, sample PASS shall be observed for any after-flame, and the
after-flame duration shall be recorded to determine pass/fail as specified in 4-11.1(b), 4-11.2(b),
and 4-11.3(b).
5-11.16.2 For Test 1, sample PASS shall be observed for the continued sounding of the alarm
signal to determine pass/fail as specified in 4-11.1(a).
5-11.17
For all three tests, within 20 seconds of completing the direct flame exposure, sample PASS
mounted on the test mannequin shall be raised 6 in., +0.25/-0 in. (15.24 cm, +6.3/-0 mm) and
dropped freely.
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5-11.17.1 For all three tests, sample PASS shall be observed to determine pass/fail as specified
in 4-11.1(c), 4-11.2(c), and 4-11.3(c).
5-11.18
For Test 1, following the drop sequence, sample PASS shall be observed for the continued
sounding of the alarm signal to determine pass/fail as specified in 4-11.1(a). The sample PASS
mode selection device then shall be set to off.
5-11.18.1 The sample PASS shall be observed for the proper functioning of the mode selection
device to determine pass/fail as specified in 4-11.1(d).
5-11.19
For Test 2, following the flame and drop sequence, sample PASS shall remain motionless and
allowed to cycle to the pre-alert signal and then to the alarm signal. Following the sounding of
the alarm signal, the mode selection device shall be set to off.
5-11.19.1 Sample PASS shall be observed for the proper cycling to determine pass/fail as
specified in 4-11.2(d) and 4-11.2(f). Sample PASS shall be observed for the sounding of the
pre-alert signal and the alarm signal to determine pass/fail as specified in 4-11.2(e) and
4-11.2(g). Sample PASS shall be observed for the proper functioning of the mode selection
device to determine pass/fail as specified in 4-11.2(h).
5-11.20
For Test 3, following the flame and drop sequences, the sample PASS mode selection device
shall be set to manual. If the sample PASS begins to sound the pre-alert signal prior to being set
to manual, the sample PASS shall be jarred to cancel the pre-alert signal before setting to
manual. Following the sounding of the alarm signal, the mode selection device shall be set to
off.
5-11.20.1 Sample PASS shall be observed for the proper functioning of the mode selection
device while switching to manual to determine pass/fail as specified in 4-11.3(d). Sample PASS
shall be observed for the sounding of the alarm signal to determine pass/fail as specified in
4-11.3(e). Sample PASS shall be observed to determine the proper functioning of the mode
selection device while switching to off to determine pass/fail as specified in 4-11.3(f).
5-11.21
For all three tests, sample PASS shall be removed from the test mannequin and shall be tested
for the pre-alert signal sound pressure level as specified in 4-1.1 to determine pass/fail as
specified in 4-11.1(e), 4-11.2(i), and 4-11.3(g). Sample PASS shall then be tested for the alarm
signal sound pressure level as specified in 4-1.2 to determine pass/fail as specified in 4-11.1(f),
4-11.2(j), and 4-11.3(h).
5-12 Product Label Durability Testing.
5-12.1
Sample PASS with all product labels attached shall be subjected to the tests specified in
Sections 5-2, 5-3, and 5-4.
5-12.2
After each test, the product labels shall be examined to determine pass/fail. The product labels
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shall be permitted to be wiped clean with an untreated cloth prior to being examined.
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
6-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1971, Standard on Protective Clothing for Structural Fire Fighting, 1991 edition.
6-1.2 ANSI Publications.
American National Standards Institute, 11 W. 42nd St., New York, NY 10036.
ANSI S1.13, Methods for Measurement of Sound Pressure Level, 1986.
ANSI/UL 913, Standard for Intrinsically Safe Apparatus and Associated Apparatus for Use in
Class I, II, and III, Division 1 Hazardous Locations, 1988.
6-1.3 ASTM Publication.
American Society for Testing of Materials, 1916 Race St., Philadelphia, PA 19103.
ASTM B 117, Standard Test Method for Salt Spray (Fog) Testing, 1985.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1-1.1
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, requires
that each wearer involved in rescue, fire fighting, or other hazardous duties be provided with and
use a PASS device.
PASS units should be worn on protective clothing and used whenever the member is involved
in fire suppression or similar activities, regardless of whether SCBA is worn. This might require
the PASS to be moved from one protective clothing item to another, or for the department to
purchase additional PASS units for use where structural protective clothing is not worn, as in the
case of wildland fire fighting, technical rescue, high-angle rescue, etc.
PASS is designed to assist in the location of a fire fighter who is incapacitated or in need of
assistance.
Every fire department should establish a system of fire fighter accountability that provides for
the tracking and inventory of all members in accordance with Section 4-3 of NFPA 1561,
Standard on Fire Department Incident Management System, and Section 6-3 of NFPA 1500,
Standard on Fire Department Occupational Safety and Health Program.
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A-1-2.2
Although PASS that are in compliance with this standard have been tested to stringent
requirements, there is no inherent guarantee against PASS failure or fire fighter injury. The best
designed PASS cannot compensate for either abuse or the lack of a PASS training and
maintenance program. The severity of these tests should not encourage or condone abuse of
PASS in the field.
By themselves, the environmental and physical tests utilized in this standard might not
simulate actual field conditions, but they are tests devised to put extreme stress loads on PASS in
a manner that is accurate and reproducible by test laboratories. However, the selection of the
environmental tests was based on summary values derived from studies of conditions that relate
to field use.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations or procedures, equipment or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations which is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-3 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner
since jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety
is primary, the “authority having jurisdiction” may be a federal, state, local or other regional
department or individual such as a fire chief, fire marshal, chief of a fire prevention bureau, labor
department, health department, building official, electrical inspector, or others having statutory
authority. For insurance purposes, an insurance inspection department, rating bureau, or other
insurance company representative may be the “authority having jurisdiction.” In many
circumstances the property owner or his designated agent assumes the role of the “authority
having jurisdiction”; at government installations, the commanding officer or departmental
official may be the “authority having jurisdiction.”
A-1-3 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The “authority having jurisdiction” should utilize the system employed by the listing
organization to identify a listed product.
A-2-2.1
The certification organization should have a sufficient breadth of interest and activity so that
the loss or award of a specific business contract would not be a determining factor in the
financial well-being of the agency.
A-2-2.3
The contractual provisions covering certification programs should contain clauses advising the
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manufacturer that if requirements change, the product should be brought into compliance with
the new requirements by a stated effective date through a compliance review program involving
all currently listed products.
Without these clauses, certifiers would not be able to move quickly to protect their name,
marks, or reputation. A product safety certification program would be deficient without these
contractual provisions and the administrative means to back them up.
A-2-2.4
Investigative procedures are important elements of an effective and meaningful product safety
certification program. A preliminary review should be carried out on products submitted to the
agency before any major testing is undertaken.
A-2-2.7
Such factory inspections should include, in most instances, witnessing of production tests.
With certain products, the certification organization inspectors should select samples from the
production line and submit them to the main laboratory for countercheck testing. With other
products, it might be desirable to purchase samples in the open market for test purposes.
A-2-3.3
Some manufacturers of PASS offer units that incorporate temperature sensing, radio
transmission of distress signals, or other features that are not addressed by this document. This
document requires that the PASS, including all additional features installed on or in the PASS
unit, comply with all requirements of this standard.
The user might wish to investigate these features with the individual manufacturer to
determine if they wish to specify such additional features.
Certification of the PASS applies to the basic unit only and not for any additional features.
A-2-3.5
Users should be aware that batteries vary in structural integrity, current capacity, shelf life, and
ability to function under differing peak loads, duty cycles, and temperature extremes.
Substitution of power sources beyond those recommended by the device manufacturer may
cause unsatisfactory PASS performance during testing or in actual use.
A-3-4.1
The retention system should not cause the fire fighter’s protective clothing and protective
equipment to become degraded, such as what would occur if the outer shell of protective coats or
trousers, helmets, belts, etc., were pierced.
A-3-4.2
Removal of the battery cover and battery for inspection for water, and performing the extended
immersion test with battery cover removed, is to provide a test for the isolation requirement
between the battery compartment and electronics compartment stated in 3-4.2. The extended test
is also meant to verify that the electronics compartment maintains a watertight seal when the
battery cover is removed.
A-5-4.5
Removal of the battery cover and battery for inspection for water, and performing the extended
immersion test with battery cover removed, is to provide a test for the isolation requirement
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between the battery compartment and electronics compartment stated in 3-4.2. The extended test
is also meant to verify that the electronics compartment maintains a watertight seal when the
battery cover is removed.
A-5-4.6
See A-5-4.5.
A-5-8.1
The cycling of the retention system in 5-8.1 is intended to ensure the PASS will remain
attached to the wearer after it has been attached and removed repeatedly during its service life.
A-5-11.2
The criteria for the protective covering for the test mannequin described in 5-11.2 is not a
specification for a garment that is suitable for use as protection during fire fighting operations,
and must not be construed as such. The protective covering has been selected solely for the
purpose of protecting the test mannequin and providing a reproducible exterior configuration to
support the PASS being tested. The intention of this standard is to test the PASS and not the
protective covering.
Appendix B Referenced Publications
B-1
The following documents or portions thereof are referenced within Appendix A for
informational purposes only and thus should not be considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
B-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
NFPA 1561, Standard on Fire Department Incident Management System, 1990 edition.
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1995 Edition
This edition of NFPA 1983, Standard on Fire Service Life Safety Rope and System
Components, was prepared by the Technical Committee on Fire Service Protective Clothing and
Equipment, released by the Technical Correlating Committee on Fire and Emergency Services
Protective Clothing and Equipment, and acted on by the National Fire Protection Association,
Inc., at its Annual Meeting held May 22-25, 1995, in Denver, CO. It was issued by the Standards
Council on July 21, 1995, with an effective date of August 11, 1995, and supersedes all previous
editions.
This edition of NFPA 1983 was approved as an American National Standard on August 11,
1995.
Origin and Development of NFPA 1983
The Technical Committee on Protective Equipment for Fire Fighters (now renamed the
Technical Committee on Fire Service Protective Clothing and Equipment) began work on this
standard in 1982 in answer to requests from the fire service to establish requirements for rope
used by the fire service to perform rescues. During the development of this standard, it became
necessary to include harnesses and hardware that are used with the rope in rescue operations.
The work was completed in the Spring of 1984 and submitted to the NFPA for official adoption.
The first edition was issued on June 6, 1985.
The Subcommittee on Life Safety Ropes began the revision to the 1985 edition in late 1987
and turned over its proposals to the Technical Committee in December, 1988. The Technical
Committee completed its work on the document in April, 1989, and it was submitted for the
Annual Meeting 1990 cycle. The second edition was issued on July 20, 1990.
During the year 1993, the NFPA restructured the manner in which committees were organized,
and all standing subcommittees were eliminated. Within the Technical Committee on Fire
Service Protective Clothing and Equipment, the former standing subcommittees were
reorganized as task groups to address specific technical issues, and the technical committee
assumed the entire responsibility for NFPA 1983.
In October 1994, just after the revisions for the third edition were completed, the Standards
Council appointed the Technical Correlating Committee on Fire and Emergency Services
Protective Clothing and Equipment to oversee all fire and emergency services protective clothing
and equipment issues. The existing Technical Committee on Fire Service Protective Clothing
and Equipment ceased to exist in May 1995, and seven new technical committees, each
responsible for a different segment of the fire and emergency services protective clothing and
equipment spectrum, are now in place. The future responsibility for NFPA 1983 now rests with
the new Technical Committee on Special Operations Protective Clothing and Equipment,
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operating under the Technical Correlating Committee on Fire and Emergency Services
Protective Clothing and Equipment.
This third edition of NFPA 1983 is a comprehensive complete revision to the document. The
document was reformatted to present the certification requirements, the product labeling and
user information requirements, the design requirements, the performance requirements, and the
testing requirements each in separate chapters. A different approach has been taken to life safety
rope and the various items used in conjunction with this rope. While the life safety rope remains
as the key subject of this document, other items used in conjunction with the rope are now
addressed as system components.
New criteria for personal escape rope have been included to cover a type of life safety rope
that is carried by fire fighters/rescuers and used only for fire fighter/rescuer escape or self-rescue
in critical entrapment situations where the rope would provide the only viable means of escape.
There is also new criteria, in addition to the harness requirements, for three types of belts: one
intended for use to position a fire fighter on a ladder, a second type for escape/self-rescue using a
life safety rope, or a third type for both applications. Definitions have been expanded to provide
better understanding of terms. The testing requirements have been greatly expanded to provide
the criteria with which to evaluate the performance and determine pass/fail.
This third edition was acted on by the membership of the Association at the Annual Meeting in
Denver, Colorado on May 24, 1995, and was issued with an effective date of August 11, 1995.
Committee on Fire and Emergency Services Protective Clothing and Equipment
Technical Correlating Committee
Richard M. Duffy, Chair
Int’l Assn. of Fire Fighters, DC
Rep. Int’l Assn. of Fire Fighters
Thomas Augherton, Safety Equipment Inst., VA
Joseph A. Bigler, Mine Safety Appliances Co., PA
Rep. Compressed Gas Assn.
Dennis W. Browner, Scott Aviation, NC
Rep. Industrial Safety Equipment Assn.
Robert H. Chiostergi, Southern Mills, Inc., GA
Loui Clem, Alpine Center for Rescue Studies, CO
Rep. Nat’l Assn. for Search and Rescue
Paul H. Crawford, Southern Area Fire Equipment Research, CA
Robert A. Freese, Globe Mfg. Co., NH
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William L. Grilliot, Morning Pride Mfg., Co., OH
Rep. Fire and Emergency Mfrs. and Services Assoc.
Tod L. Jilg, Hoechst Celanese Corp., NC
James S. Johnson, Lawrence Livermore Nat’l. Labs, CA
Cy Long, TX Commission on Fire Protection, TX
David G. Matthews, UK Fire Brigades Assn., England
Rep. Int’l Standards Organization
Jim Minx, Oklahoma State Firefighters Assn., OK
Ted Putnam, USDA Forest Service, MT
Jeffrey O. Stull, Austin, TX
Bruce H. Varner, City of Carrollton Fire Dept., TX
Rep. Int’l Fire Service Training Assn.
John Watt, California Dept. of Forestry, CA
Thomas L. Wollan, Underwriters Laboratories, Inc., NC
Alternates
Mark B. Chambers, TX Commission on Fire Protection, TX
(Alt. to C. Long)
Robert Dahl, The DuPont Co., DE
(Alt. to T. L. Jilg)
Ann Marie Williams, Springs Industries, SC
(Alt. to R. H. Chiostergi)
Committee Scope: This Committee shall have primary responsibility for documents on the design,
performance, testing, and certification of protective clothing and protective equipment
manufactured for fire and emergency services organizations and personnel, to protect against
exposures encountered during emergency incident operations. This Committee shall also have the
primary responsibility for documents on the selection, care, and maintenance of such protective
clothing and protective equipment by fire and emergency services organizations and personnel.

Technical Committee on Fire Service Protective Clothing and Equipment
Kirk H. Owen, Chair
Plano Fire Dept., TX
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Rep. NFPA Fire Service Section
Wayde B. Miller, Secretary
Mine Safety Appliances Co., PA
(nonvoting)
Peter V. Ackerman, South Plainfield, NJ
Rep. Nat’l Volunteer Fire Council
Donald Aldridge, Lion Apparel Inc., OH
Curtis Berger, Menlo Park Fire Protection District, CA
Rep. Northern Area Fire Equipment Research Organization
Joseph A. Bigler, Mine Safety Appliances Co., PA
Rep. Compressed Gas Assn.
Donna P. Brehm, Virginia Beach Fire Dept., VA
Dennis W. Browner, Scott Aviation, NY
Rep. Industrial Safety Equipment Assn.
Rand-Scott Coggan, City Redmond Fire Dept., WA
Rep. Int’l Assn. of Fire Chiefs
Christopher E. Coombs, Cairns & Brother Inc., NJ
Paul H. Crawford, Riverside Fire Dept., CA
Rep. Southern Area Fire Equipment Research
Patricia A. Freeman, Globe Manufacturing Co., NH
Glen E. Gardner, U.S. Occupational Safety & Health Admin, DC
Daniel Gohlke, W. L. Gore & Assoc., MD
Jonathan J. Greenawalt, Kitsap Cnty Fire District #2, WA
William L. Grilliot, Morning Pride Mfg. Co., OH
Bryan C. Heirston, Oklahoma State Dept. of Labor, OK
James R. Lawson, U.S. Nat’l Inst. of Standards and Technology, MD
Cy Long, TX Commission on Fire Protection, TX
Robert T. McCarthy, U.S. Fire Administration, MD
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Robert William O’Gorman, ETL Testing Laboratories Inc., NY
Christopher B. Preu, Louisville Division of Fire, KY
Ray Reed, Dallas Fire Dept., TX
Alexander W. Santora, New York City Fire Dept., NY
Brian A. Stoneback, U.S. Air Force Fire Protection, FL
Jeffrey O. Stull, Austin, TX
Bruce H. Varner, City of Carrollton Fire Dept., TX
James H. Veghte, Biotherm Inc., OH
Thomas L. Wollan, Underwriters Laboratories, Inc., NC
Alternates
Roger L. Barker, N. Carolina State University, NC
(Alt. to P. A. Freeman)
Mary I. Grilliot, Morning Pride Mfg. Co. Inc., OH
(Alt. to W. L. Grilliot)
Thomas A. Hillenbrand, Underwriters Laboratories Inc., IL
(Alt. to T. L. Wollan)
Dominick A. Martucci, United States Testing Co., NJ
(Vot. Alt. to USTC Rep.)
Joanne E. Slattery, U.S. Dept. of Labor OSHA, DC
(Alt. to G. E. Gardner)
Richard L. Stein, Survivair, CA
(Alt. to D. W. Browner)
Jerry Swinford, Texas Commission on Fire Protection, TX
(Alt. to C. Long)
Frank P. Taylor, Lion Apparel Inc., OH
(Alt. to D. Aldridge)
Robert Vettori, U.S. Nat’l Inst. of Standards and Technology, MD
(Alt. to J. R. Lawson)
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Bruce W. Teele, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on the design,
construction, and performance criteria for protective clothing and equipment for the fire service
including chemical protective clothing and aircraft rescue and fire fighting protective clothing.

NFPA 1983
Standard on
Fire Service Life Safety Rope and
System Components
1995 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 7.

Chapter 1 Administration
1-1 Scope.
1-1.1
This standard shall specify minimum performance criteria, design criteria, and test methods for
new life safety rope and new system components including personal escape rope, life safety
harness, belts, and auxiliary equipment used for rescue and training by the fire service or similar
emergency service organizations.
1-1.2
This standard shall not apply to utility rope. This standard shall not apply to rope and
equipment used for special rescue operations, including but not limited to mountain rescue, cave
rescue, water rescue, lead climbing operations, or where specific rescue situations dictate other
performance requirements. This standard shall not apply to industrial fall situations or for
recreational uses.
1-1.3*
This standard shall not apply to rope or equipment for operations where personnel are required
to work above anchor points or in operations where the fall factor might exceed 0.25.
1-1.4
This standard is not intended to serve as a detailed manufacturing or purchase specification,
but shall be permitted to be referenced in purchase specifications as minimum requirements.
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1-2 Purpose.
1-2.1*
The purpose of this standard shall be to provide minimum performance requirements and a
reasonable degree of safety for new life safety rope and new system components used to support
fire service personnel, or other emergency services personnel, and civilians during rescue, fire
fighting, and other emergency operations, or during training evolutions.
1-2.2
Controlled laboratory tests used to determine compliance with the performance requirements
of this standard shall not be deemed as establishing performance for all situations to which this
equipment might be exposed.
1-2.3
Nothing herein shall be construed as intended to restrict any jurisdiction or manufacturer from
exceeding these minimum requirements.
1-3 Definitions.
Adjusting Device. An auxiliary equipment system component; a connector device that allows
adjustment to be made to the harness to meet the needs of the wearer.
Approved.* Acceptable to the authority having jurisdiction.
Ascent Device. An auxiliary equipment system component; a friction or mechanical device
utilized to allow ascending a fixed line.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Auxiliary Equipment. System components that are load-bearing accessories designed to be
utilized with life safety rope and harness including, but not limited to, ascending devices,
carabiners, descent control devices, rope grab devices, and snap-links.
Belt. A system component; material configured as a device that fastens around the waist only
and designated as a ladder belt, an escape belt, or a ladder/escape belt.
Escape Belt. A belt that is certified as compliant with the applicable requirements of this
standard and is intended for use only by the wearer as an emergency self-rescue device.
Ladder Belt. A belt that is certified as compliant with the applicable requirements of this
standard and is intended for use as a positioning device for a person on a ladder.
Ladder/Escape Belt. A belt that is certified as compliant with the applicable requirements of
this standard for both a ladder belt and an escape belt, and that is intended for use both as a
positioning device for a person on a ladder as well as for use only by the wearer as an emergency
self-rescue device.
Block Creel Construction. Rope constructed without knots or splices in the yarns, ply yarns,
strands or braids, or rope. Unavoidable knots might be present in individual fibers as received
from the fiber producer.
Buckle. A load-bearing connector that is an integral part of an auxiliary equipment system
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component and used to connect two pieces of webbing.
Carabiner. An auxiliary equipment system component; an oval or D-shaped metal,
load-bearing connector with a self-closing gate used to join other components of a rope system.
Certification/Certified. A system whereby a certification organization determines that a
manufacturer has demonstrated the ability to produce a product that complies with the
requirements of this standard, authorizes the manufacturer to use a label on listed products that
comply with the requirements of this standard, and establishes a follow-up program conducted
by the certification organization as a check on the methods the manufacturer uses to determine
compliance with the requirements of this standard.
Certification Organization. An independent, third-party organization that determines product
compliance with the requirements of this standard with a labeling/listing/follow-up program.
Compliant. Meeting or exceeding all applicable requirements of this standard.
Continuous Filament Fiber. Fiber of indefinite or unmeasurable length.
Corrosion. A condition exhibiting any signs of deterioration, including pitting or loss of metal.
Descent Control Device. An auxiliary equipment system component; a friction or mechanical
device utilized with rope to control descent.
Diameter (Rope). The length of a straight line through the center of the rope as calculated in
5-1.7 of this standard.
Elongation. The increase in length, expressed in a percent of the original gauge length, that
occurs in a sample of new rope when tested as specified herein.
Escape Belt. See Belt.
Fall Factor.* A measure of fall severity calculated by dividing the distance fallen by the length
of rope used to arrest the fall. See illustration in Appendix Au.
Follow-Up Program. The sampling, inspections, tests, or other measures conducted by the
certification organization on a periodic basis to determine the continued compliance of labeled
and listed products that are being produced by the manufacturer to the requirements of this
standard.
General Use. A designation of auxiliary equipment system components intended for use where
the system could be subjected to a two-person load.
Hardware. A type of auxiliary equipment that includes, but is not limited to, ascent devices,
carabiners, descent control devices, pulleys, rings, and snap-links.
Harness. See Life Safety Harness.
Impact Load. Sudden application of a force, which causes kinetic energy and momentum to be
converted into other forms of energy. For the purposes of this document, fall factors greater than
0.25 generate unacceptable impact loads.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
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equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Ladder Belt. See Belt.
Ladder/Escape Belt. See Belt.
Life Safety Harness. A system component; an arrangement of materials secured about the body
used to support a person during fire service rescue.
Life Safety Rope. See Rope.
Line. Rope when in use.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
Load-Bearing Connector. An auxiliary equipment system component; a device used to join
other system components including, but not limited to, carabiners, rings, rapid links, and
snap-links.
Manufacturer’s Lot. An identifiable series of products that can be the same as or a subset of a
production lot; used by the manufacturer for quality control or identification purposes.
Maximum Working Load. Weight supported by the life safety rope and system components
that must not be exceeded.
Melt. A response to heat by a material resulting in evidence of flowing or dripping.
Minimum Breaking Strength (MBS). The result of subtracting three standard deviations from
the mean result of the lot being tested using the formulas in 6-1.1.4 and 6-2.1.3.
One-Person Load. 300 lb (136 kg).
One-Person Rope. See Rope.
Personal Escape Rope. See Rope.
Personal Use. A designation of auxiliary equipment system components intended for the sole
use of the rescuer for personal escape or self-rescue, or for the sole use of the rescuer in gaining
access to victims.
Product Label. A label affixed to the product by the manufacturer containing general
information, warnings, care, maintenance, or similar data. This product label is not a certification
organization’s label, symbol, or identifying mark; however, the certification organization’s label,
symbol, or identifying mark can be attached to it or be part of it.
Production Lot. An identifiable series of products manufactured with identical design
specifications and identical materials, and produced without any alterations to technique or
procedure.
Proof Load. The application of force to a material as a nondestructive test to verify the
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performance of that material. The applied proof load is usually well above the allowable service
load, but low enough so as not to damage the product being tested.
Ring. An auxiliary equipment system component; an ungated load-bearing connector.
Rope. A compact but flexible, torsionally balanced, continuous structure of fibers produced
from strands that are twisted, plaited, or braided together, and that serve primarily to support a
load or transmit a force from the point of origin to the point of application.
Life Safety Rope. Rope dedicated solely for the purpose of supporting people during rescue,
fire fighting, other emergency operations, or during training evolutions. (See also Personal
Escape Rope.)
One-Person Rope. Life safety rope designed to support a one-person load when in use; also
can be used to support a two-person load when used in systems where two ropes are used as
separate and equal members.
Two-Person Rope. Life safety rope designed to support a two-person load when in use.
Personal Escape Rope. A system component; a single-purpose, one-person, one-time use,
emergency self-escape (self-rescue) rope; not classified as a life safety rope. (See also Life Safety
Rope.)
Rope Grab Device. An auxiliary equipment system component; a device used to grasp a life
safety rope for the purpose of supporting loads; can be used in ascending a fixed line.
Sample. A specified number of life safety ropes or a specified number of system components
taken from a manufacturer’s current production lot.
Self-Destructive Action. Interaction of materials in a manner that leads to deterioration.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Snap-Link. An auxiliary equipment system component; a self-closing, gated, load-bearing
connector.
Software. A type of auxiliary equipment that includes, but is not limited to, anchor straps,
pick-off straps, and rigging slings.
Standard Deviation. A parameter that indicates the way in which a probability function is
centered around its mean. In this standard, standard deviation is calculated using the formulas in
6-1.1.4 and 6-2.1.3.
System Components. Personal escape rope, life safety harness, belts, and auxiliary equipment
devices. (See respective definitions herein.)
Test Lanyard. Nonadjustable-type web strap used to connect the test mass to anchorage in
dynamic drop tests.
Two-Person Load. 600 lb (272 kg).
Two-Person Rope. See Rope.
Virgin Fiber. Fiber that is new and previously unused.
Webbing. Woven material in the form of a long strip; can be of flat or tubular weave.
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1-4 Units.
1-4.1
In this standard, values for measurement are followed by an equivalent in parentheses, but only
the first stated value shall be regarded as the requirement. Equivalent values in parentheses shall
not be considered as the requirement, as these values might be approximate.
Chapter 2 Certification
2-1 General.
2-1.1
Life safety rope and system components that are labeled and listed as being compliant with
this standard shall meet or exceed all applicable requirements specified in this standard and shall
be certified.
2-1.2
All certifications shall be performed by an approved certification organization that meets at
least the requirements specified in Section 2-2.
2-1.3
Compliant life safety rope and compliant system components shall be labeled and listed. Each
compliant life safety rope and each compliant system component shall also have a product label
or labels that meet the applicable requirements specified in Sections 3-1, 3-2, 3-3, 3-4, and 3-5.
The certification organization’s label, symbol, or identifying mark shall be permitted to be
attached to the product label or to be part of the product label.
2-2 Certification Organization.
2-2.1*
The certification organization shall not be owned or controlled by manufacturers or vendors of
the product being certified. The certification organization shall be primarily engaged in
certification work and shall not have a monetary interest in the product’s ultimate profitability.
2-2.2
The certification organization shall refuse to certify products to this standard that do not
comply with all applicable requirements of this standard.
2-2.3*
The contractual provisions between the certification organization and the manufacturer shall
specify that certification is contingent on compliance with all applicable requirements of this
standard. There shall be no conditional, temporary, or partial certifications. Manufacturers shall
not be authorized to use any label or reference to the certification organization on products that
are not manufactured in compliance with all applicable requirements of this standard.
2-2.4*
The certification organization shall have laboratory facilities and equipment for conducting
proper tests available, a program for calibration of all instruments in place and operating, and
Copyright 1996 NFPA

procedures in use to ensure proper control of all testing. Good practice shall be followed
regarding the use of laboratory manuals, form data sheets, documented calibration and
calibration routines, performance verification, proficiency testing, and staff qualification and
training programs.
2-2.5
The certification organization shall require the manufacturer to establish and maintain a
program of production inspection and testing that at least meets the requirements specified in
Section 2-4. The certification organization shall audit the manufacturer’s quality assurance
program to ensure that the quality assurance program provides continued product compliance
with this standard.
2-2.6
The certification organization and the manufacturer shall evaluate any changes affecting the
form, fit, or function of the certified product to determine the product’s continued compliance
with this standard.
2-2.7*
Product certification shall include a follow-up inspection program, with at least two random
and unannounced visits per 12-month period. At least one of the random and unannounced visits
shall include selected retesting as determined by the certification organization. The certification
organization either shall select sample product from the manufacturer’s production line or shall
purchase sample product in the open market.
2-2.8
The certification organization shall have a program for investigating field reports alleging
malperformance or failure of listed products.
2-2.9
The certification organization’s operating procedures shall provide a mechanism for the
manufacturer to appeal decisions. The procedures shall include the presentation of information
from both sides of a controversy to a designated appeals panel.
2-2.10
The certification organization shall be in a position to use legal means to protect the integrity
of its name and label. The name and label shall be registered and legally defended.
2-3 Inspection and Testing.
2-3.1
Sampling levels for testing and inspection shall be established by the certification organization
and the manufacturer to assure a reasonable and acceptable reliability at a reasonable and
acceptable confidence level that products certified to this standard are compliant. This
information shall be provided to the purchaser upon request.
2-3.2
Inspection by the certification organization shall include a review of all product labels to
ensure that all required worded statements, warnings, and other information specified in Sections
3-1, 3-2, 3-3, 3-4, and 3-5 are correctly stated and presented on the product labels as applicable
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for the specific product.
2-3.3
Inspection by the certification organization shall include a review of any graphic
representations used on product labels, as permitted by 3-1.4, 3-2.4, 3-3.3, 3-4.3, and 3-5.4, to
ensure that the symbols are consistent with the worded statements or warnings, are readily
understood, and clearly communicate the intended message.
2-3.4
Inspection by the certification organization shall include a review of the user information
required by Section 3-6 to ensure that the information has been developed and is available.
2-3.5
Inspection by the certification organization for determining compliance with the design
requirements specified in Chapter 4 shall be performed on whole or complete products.
2-3.6
Testing by the certification organization for determining product compliance with the
applicable requirements specified in Chapters 5 and 6 shall be performed on samples
representative of materials and components used in the actual construction of products certified
to this standard. The certification organization also shall be permitted to use sample materials cut
from a representative product.
2-3.7
The certification organization shall not allow the substitution or repair of any product during
testing.
2-4 Manufacturer’s Quality Assurance Program.
2-4.1
The manufacturer shall provide and maintain a quality assurance program that includes a
documented inspection and product recall system. The manufacturer shall have an inspection
system to substantiate conformance to this standard.
2-4.2
The manufacturer shall maintain written inspection and testing instructions. The instructions
shall prescribe inspection and test of materials, work in process, and completed articles. Criteria
for acceptance and rejection of materials, processes, and final product shall be part of the
instructions.
2-4.3
The manufacturer shall maintain records of all pass/fail tests. Pass/fail records shall indicate
the disposition of the failed material or product.
2-4.4
The manufacturer’s inspection system shall provide for procedures that ensure the latest
applicable drawings, specifications, and instructions are used for fabrication, inspection, and
testing.
2-4.5
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The manufacturer shall, as part of the quality assurance program, maintain a calibration
program of all instruments that are used to ensure proper control of testing. The calibration
program shall be documented as to the date of calibration and performance verification.
2-4.6
The manufacturer shall maintain a system for identifying the appropriate inspection status of
component materials, work in process, and finished goods.
2-4.7
The manufacturer shall establish and maintain a system for controlling nonconforming
material, including procedures for the identification, segregation, and disposition of rejected
material. All nonconforming materials or products shall be identified to prevent use, shipment,
and intermingling with conforming materials or products.
2-4.8
The manufacturer’s quality assurance program shall be audited by the certification
organization to determine that the program is sufficient to ensure continued product compliance
with this standard.
Chapter 3 Product Labeling and Information
3-1 Life Safety Rope Product Labeling and Marking.
3-1.1*
Each life safety rope shall be marked for its full length by insertion of a continuous
identification tape. At least the following statement and information shall be legibly printed on
the tape not less than once every 3 ft (1 m):
“Meets requirements for Life Safety Rope of NFPA 1983, 1995 edition”
Certification organization’s label, symbol, or identifying mark
Name of manufacturer
Year and quarter of manufacture (not coded)
(1- or 2-) person rope
3-1.2*
Life safety rope shall have a product label or labels affixed to each rope.
3-1.2.1 At least the following warning shall be printed on the product label(s). All letters shall be
at least 1/16 in. (1.6 mm) high. The format, color, and letter style of the warning shall be in
accordance with Chapters 6, 7, and 8 of ANSI Z535.4, Standard for Product Safety Signs and
Labels.
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“

WARNING

• YOU COULD BE KILLED OR SERIOUSLY INJURED IF YOU DO NOT
READ AND UNDERSTAND THIS LABEL BEFORE USING ROPE.
• SPECIAL TRAINING AND KNOWLEDGE ARE REQUIRED TO USE THIS
ROPE.
• YOU MUST THOROUGHLY READ AND UNDERSTAND ALL
MANUFACTURER’S INSTRUCTIONS BEFORE USE.
• USE AND INSPECT THIS ROPE ONLY IN ACCORDANCE WITH THE
MANUFACTURER’S INSTRUCTIONS.
• USE THIS ROPE ONLY FOR EMERGENCY LIFE SAFETY OR FOR ROPE
RESCUE TRAINING.
• REFER TO ADDITIONAL MANUFACTURER’S INSTRUCTIONS
FURNISHED WITH THIS ROPE BEFORE USE. YOU CAN CONTACT THE
MANUFACTURER AT (Manufacturer shall provide contact information here.)
FOR IMPORTANT SAFETY INFORMATION.
SAVE THIS LABEL”
3-1.2.2 At least the following statement and information also shall be legibly printed on the
product label(s). All letters shall be at least 1/16 in. (1.6 mm) high.
“THIS ROPE MEETS THE LIFE SAFETY ROPE REQUIREMENTS OF NFPA
1983, STANDARD ON FIRE SERVICE LIFE SAFETY ROPE AND SYSTEM
COMPONENTS, 1995 EDITION. NFPA 1500, STANDARD ON FIRE
DEPARTMENT OCCUPATIONAL SAFETY AND HEALTH PROGRAM,
PROVIDES USE REQUIREMENTS FOR LIFE SAFETY ROPE.
CLASS: ______________ PERSON ROPE
MAXIMUM WORKING LOAD: ________________ lbf
MINIMUM BREAKING STRENGTH: ____________lbf
CIRCUMFERENCE: ___________ in.
DIAMETER: _____________ in.”
Certification organization’s label, symbol, or identifying mark
Type of fiber(s)
Copyright 1996 NFPA

Name of manufacturer
Manufacturer’s product identification
Manufacturer’s lot number
Month and year of manufacture (not coded)
Country of manufacture
3-1.2.3 The class designation and maximum working load of the life safety rope required to be
stated on the product label shall be as determined by the certification organization in accordance
with Section 4-1.
3-1.2.4 The minimum breaking strength of the life safety rope required to be stated on the
product label shall be as determined by the certification organization in accordance with 5-1.1 or
5-1.2, as applicable.
3-1.2.5 The circumference of the life safety rope required to be stated on the product label shall
be as determined by the certification organization in accordance with 5-1.5 or 5-1.6, as
applicable.
3-1.2.6 The diameter of the life safety rope required to be stated on the product label shall be as
determined by the certification organization in accordance with 5-1.7.
3-1.3
All worded portions of the required marking tape and product label shall be printed at least in
English.
3-1.4
Symbols and other pictorial graphic representations shall be permitted to be used to
supplement worded statements and warnings on the product label(s). Such graphic
representations shall be consistent with the worded statements and warnings, shall be readily
understood, and shall clearly communicate the intended message.
3-1.5
Any life safety rope that is designed to include components with electrical carrying capabilities
shall also meet labeling requirements of Class I, Division 1, hazardous locations specified in
ANSI/UL 913, Standard for Intrinsically Safe Apparatus and Associated Apparatus for Use in
Class I, II, and III, Division 1, Hazardous (Classified) Locations.
3-2 Personal Escape Rope Product Labeling and Marking.
3-2.1*
Each personal escape rope shall be marked for its full length by insertion of a continuous
identification tape. At least the following statement and information shall be legibly printed on
the tape not less than once every 3 ft (1 m):
“Meets requirements for Personal Escape Rope of NFPA 1983, 1995 edition”
Certification organization’s label, symbol, or identifying mark
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Name of manufacturer
Year and quarter of manufacture
3-2.2*
Personal escape rope shall have a product label or labels affixed to each rope.
3-2.2.1* At least the following warning shall be printed on the product label(s). All letters shall
be at least 1/16 in. (1.6 mm) high. The format, color, and letter style of the warning shall be in
accordance with Chapters 6, 7, and 8 of ANSI Z535.4, Standard for Product Safety Signs and
Labels.

“

WARNING

• YOU COULD BE KILLED OR SERIOUSLY INJURED IF YOU DO NOT
READ AND UNDERSTAND THIS LABEL BEFORE USING ROPE.
• SPECIAL TRAINING AND KNOWLEDGE ARE REQUIRED TO USE THIS
ROPE.
• YOU MUST THOROUGHLY READ AND UNDERSTAND ALL
MANUFACTURER’S INSTRUCTIONS BEFORE USE.
• USE AND INSPECT THIS ROPE ONLY IN ACCORDANCE WITH THE
MANUFACTURER’S INSTRUCTIONS.
• USE THIS ROPE ONLY FOR EMERGENCY SELF-RESCUE/ESCAPE. THIS
IS A SINGLE-PURPOSE, ONE-PERSON, ONE-TIME USE ROPE.
•

ROPE MUST BE PREVIOUSLY UNUSED. DESTROY AFTER USE!

• REFER TO ADDITIONAL MANUFACTURER’S INSTRUCTIONS
FURNISHED WITH THIS ROPE BEFORE USE. YOU CAN CONTACT THE
MANUFACTURER AT (Manufacturer shall provide contact information here.)
FOR IMPORTANT SAFETY INFORMATION.
SAVE THIS LABEL”
3-2.2.2 The following statement and information also shall be legibly printed on the product
label(s). All letters shall be at least 1/16 in. (1.6 mm) high.
“THIS ROPE MEETS THE PERSONAL ESCAPE ROPE REQUIREMENTS OF
NFPA 1983, STANDARD ON FIRE SERVICE LIFE SAFETY ROPE AND
SYSTEM COMPONENTS, 1995 EDITION.
MAXIMUM WORKING LOAD ________ lbf
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MINIMUM BREAKING STRENGTH: ___________ lbf
DIAMETER: __________ in.”
Certification organization’s label, symbol, or identifying mark
Type of fiber(s)
Name of manufacturer
Manufacturer’s product identification
Manufacturer’s lot number
Month and year of manufacture (not coded)
Country of manufacture
3-2.2.3 The maximum working load of the personal escape rope required to be stated on the
product label shall be verified by the certification organization in accordance with 5-2.1.
3-2.2.4 The minimum breaking strength of the personal escape rope required to be stated on the
product label shall be as determined by the certification organization in accordance with 5-2.2.
3-2.2.5 The diameter of the personal escape rope required to be stated on the product label shall
be as determined by the certification organization in accordance with 5-2.4.
3-2.3
All worded portions of the required marking tape and product label(s) shall be printed at least
in English.
3-2.4
Symbols and other pictorial graphic representations shall be permitted to be used to
supplement worded statements and warnings on the product label(s). Such graphic
representations shall be consistent with the worded statements and warnings, shall be readily
understood, and shall clearly communicate the intended message.
3-3 Life Safety Harness Product Labeling.
3-3.1
Each life safety harness shall have a permanently affixed product label or labels.
3-3.1.1 More than one label piece shall be permitted in order to carry all warnings, statements,
and information required of the product label; however, all label pieces comprising the entire
product label shall be located adjacent to each other.
3-3.1.2 At least the following warning shall be legibly printed on the product label(s). All letters
shall be at least 1/16 in. (1.6 mm) high. The format, color, and letter style of the warning shall be
in accordance with Chapters 6, 7, and 8 of ANSI Z535.4, Standard for Product Safety Signs and
Labels.
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“

WARNING

• YOU COULD BE KILLED OR SERIOUSLY INJURED IF YOU DO NOT
READ AND UNDERSTAND THIS LABEL BEFORE USING HARNESS.
• SPECIAL TRAINING AND KNOWLEDGE ARE REQUIRED TO USE THIS
HARNESS.
• YOU MUST THOROUGHLY READ AND UNDERSTAND ALL
MANUFACTURER’S INSTRUCTIONS BEFORE USE.
• USE AND INSPECT THIS HARNESS ONLY IN ACCORDANCE WITH THE
MANUFACTURER’S INSTRUCTIONS.
• REFER TO ADDITIONAL MANUFACTURER’S INSTRUCTIONS
FURNISHED WITH THIS HARNESS BEFORE USE. YOU CAN CONTACT THE
MANUFACTURER AT (Manufacturer shall provide contact information here.)
FOR IMPORTANT SAFETY INFORMATION.
DO NOT REMOVE THIS LABEL”
3-3.1.3 The following statement and information also shall be legibly printed on the product
label(s). All letters shall be at least 1/16 in. (1.6 mm) high.
“THIS LIFE SAFETY HARNESS MEETS THE HARNESS REQUIREMENTS OF
NFPA 1983, STANDARD ON FIRE SERVICE LIFE SAFETY ROPE AND
SYSTEM COMPONENTS, 1995 EDITION; CLASS _________.”
Certification organization’s label, symbol, or identifying mark
Name of manufacturer
Manufacturer’s product identification
Manufacturer’s lot or serial number
Month and year of manufacture (not coded)
Country of manufacture
3-3.1.4* In addition, at least the following information shall be provided on the product label(s).
All letters shall be at least 1/16 in. (1.6 mm) high.
(a) For Class I and II harness:
“Fits waist size _________”
(b) For one-piece Class III harness:
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“Fits waist size __________
Fits height _________”
or
“Fits chest size ________
Fits height _________”
(c) For multiple-piece Class III harness:
“Fits waist size ________
Fits height _______”
or
“Fits chest size ________
Fits height _________
This is one part of a multiple-piece harness and must be used in conjunction with
component part number __________ in order to fully meet the criteria of Class III
harness.”
3-3.1.4 The class designation of the life safety harness required to be stated on the product
label(s) shall be as determined by the certification organization in accordance with 4-3.1.
3-3.2
All worded portions of the required product label(s) shall be printed at least in English.
3-3.3
Symbols and other pictorial graphic representations shall be permitted to be used to
supplement worded statements and warnings on the product label(s). Such graphic
representations shall be consistent with the worded statements and warnings, shall be readily
understood, and shall clearly communicate the intended message.
3-4 Belt Product Labeling.
3-4.1
Each belt shall have a permanently affixed synthetic fabric product label or labels.
3-4.1.1 More than one label piece shall be permitted in order to carry all warnings, statements,
and information required of the product label; however, all label pieces comprising the entire
product label shall be located adjacent to each other.
3-4.1.2 At least the following warning shall be legibly printed on the product label(s). All letters
shall be at least 1/16 in. (1.6 mm) high. The format, color, and letter style of the warning portion
shall be in accordance with Chapters 6, 7, and 8 of ANSI Z535.4, Standard for Product Safety
Signs and Labels.

“

WARNING

• YOU COULD BE KILLED OR SERIOUSLY INJURED IF YOU DO NOT
READ AND UNDERSTAND THIS LABEL BEFORE USING THIS BELT.
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• SPECIAL TRAINING AND KNOWLEDGE ARE REQUIRED TO USE THIS
BELT.
• YOU MUST THOROUGHLY READ AND UNDERSTAND ALL
MANUFACTURER’S INSTRUCTIONS BEFORE USE.
• USE AND INSPECT THIS BELT ONLY IN ACCORDANCE WITH THE
MANUFACTURER’S INSTRUCTIONS.
• DO NOT USE THIS BELT AS A LIFE SAFETY HARNESS. IT IS DESIGNED
ONLY FOR USE AS A PERSONAL PROTECTIVE DEVICE.
• REFER TO ADDITIONAL MANUFACTURER’S INSTRUCTIONS
FURNISHED WITH THIS BELT BEFORE USE. YOU CAN CONTACT THE
MANUFACTURER AT (Manufacturer shall provide contact information here.)
FOR IMPORTANT SAFETY INFORMATION.
DO NOT REMOVE THIS LABEL!”
3-4.1.3 The following statement and information also shall be legibly printed on the product
label(s). All letters shall be at least 1/16 in. (1.6 mm) high.
“THIS BELT MEETS THE BELT REQUIREMENTS OF NFPA 1983,
STANDARD ON FIRE SERVICE LIFE SAFETY ROPE AND SYSTEM
COMPONENTS, 1995 EDITION; TYPE ________.”
Certification organization’s label, symbol, or identifying mark
Name of manufacturer
Manufacturer’s product identification
Manufacturer’s lot or serial number
Month and year of manufacture (not coded)
Country of manufacture
3-4.1.4 In addition, at least the following information shall be provided on the product label(s):
“Fits waist size ________ ”
3-4.1.5 The type designation of belt required to be stated on the product label(s) shall be as
determined by the certification organization in accordance with 4-4.1.
3-4.2
All worded portions of the required product label(s) shall be printed at least in English.
3-4.3
Symbols and other pictorial graphic representations shall be permitted to be used to
supplement worded statements and warnings on the product label(s). Such graphic
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representations shall be consistent with the worded statements and warnings, shall be readily
understood, and shall clearly communicate the intended message.
3-5 Auxiliary Equipment Product Labeling.
3-5.1
Auxiliary equipment shall have a product label affixed to each piece.
3-5.1.1 At least the following warnings shall be printed as the warning portion of the product
label(s). All letters shall be at least 1/16 in. (1.6 mm) high. The format, color, and letter style of
the warning portion of the product label shall be in accordance with Chapters 6, 7, and 8 of
ANSI Z535.4, Standard for Product Safety Signs and Labels.

“

WARNING

• YOU COULD BE KILLED OR SERIOUSLY INJURED IF YOU DO NOT
READ AND UNDERSTAND THIS LABEL BEFORE USING THIS PIECE OF
AUXILIARY EQUIPMENT.
• SPECIAL TRAINING AND KNOWLEDGE ARE REQUIRED TO USE THIS
EQUIPMENT.
• YOU MUST THOROUGHLY READ AND UNDERSTAND ALL
MANUFACTURER’S INSTRUCTIONS BEFORE USE.
• USE AND INSPECT THIS EQUIPMENT ONLY IN ACCORDANCE WITH
THE MANUFACTURER’S INSTRUCTIONS.
• REFER TO ADDITIONAL MANUFACTURER’S INSTRUCTIONS
FURNISHED WITH THIS EQUIPMENT BEFORE USE. YOU CAN CONTACT
THE MANUFACTURER AT (Manufacturer shall provide contact information
here.) FOR IMPORTANT SAFETY INFORMATION.
SAVE THIS LABEL”
3-5.1.2 The following statement and information also shall be legibly printed on the product
label(s). All letters shall be at least 1/16 in. (1.6 mm) high.
“MEETS NFPA 1983 (95 ED.)”
Certification organization’s label, symbol, or identifying mark
Name of manufacturer or trademark
Manufacturer’s lot number
Minimum rated breaking strength
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(This figure shall be prefaced by the letters MBS.)
3-5.1.3 More than one label piece shall be permitted in order to carry all warnings, statements,
and information required of the product label; however, all label pieces comprising the entire
product label shall be located adjacent to each other.
3-5.1.4 The warning portion of the product label for any auxiliary equipment shall be permitted
to be a separate label from the remainder of the product label information.
3-5.1.5 Where the warning portion of the product label is a separate label, that warning portion
label shall be permitted to be hang tag affixed to each piece of auxiliary equipment, or shall be
permitted to be printed on a sheet that is inserted and sealed in the packaging that immediately
contains the piece of auxiliary equipment.
3-5.1.6 Load-bearing software auxiliary equipment shall have a product label or labels sewn,
stapled, riveted, or otherwise permanently affixed.
3-5.1.7 Load-bearing hardware auxiliary equipment shall be stamped, engraved, or otherwise
permanently marked with the required product label information.
3-5.1.8 Where auxiliary equipment are integral and nonseparable pieces of a system component
and that system component is certified as compliant with this standard, such integral and
nonseparable auxiliary equipment shall not be required to be individually labeled.
3-5.2
Auxiliary equipment also shall be stamped or otherwise permanently marked according to
intended use and load ranges with a “G” for general use or a “P” for personal use as designated
in accordance with 4-5.2.
3-5.3
All worded portions of the required product label(s) shall be printed at least in English.
3-5.4
Symbols and other pictorial graphic representations shall be permitted to be used to
supplement worded statements and warnings on the product label(s). Such graphic
representations shall be consistent with the worded statements and warnings, shall be readily
understood, and shall clearly communicate the intended message.
3-6 User Information.
3-6.1* Life Safety Rope User Information.
3-6.1.1 The manufacturer of life safety rope that is certified as being compliant with this
standard shall furnish the purchaser with at least use criteria, inspection procedures, maintenance
procedures, and retirement criteria for the product.
3-6.1.2 The manufacturer shall provide information for the user to consider prior to reusing life
safety rope, including that the rope be considered for reuse only if at least all of the following
conditions are met:
(a) Rope has not been visually damaged.
(b) Rope has not been exposed to heat, direct flame impingement, or abrasion.
(c) Rope has not been subjected to any impact load.
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(d) Rope has not been exposed to liquids, solids, gases, mists, or vapors of any chemical or
other material that can deteriorate rope.
(e) Rope passes inspection when inspected by a qualified person following the manufacturer’s
inspection procedures both before and after each use.
The manufacturer shall provide information for the user regarding not using the life safety rope
and removing the rope from service if the rope does not meet all of the above conditions, if the
rope does not pass inspection, or if there is any doubt about the safety or serviceability of the
rope.
3-6.1.3* The manufacturer shall provide information for the user regarding at least the following
issues:
(a) Inspecting the rope periodically according to the manufacturer’s inspection procedure.
(b) Removing the rope from service and destroying it if the rope does not pass inspection or if
there is any doubt about the safety or serviceability of the rope.
(c) Protecting the rope from abrasion.
(d) Not exposing the rope to flame or high temperature and carrying the rope where it will be
protected as the rope could melt or burn and fail if exposed to flame or high temperature.
(e) Keeping the product label and user instructions/information after they are
removed/separated from the rope and retaining them in the permanent rope record; copying the
product label and user instructions/information and keeping the copies with the rope.
(f) Referring to the user instructions/information before and after each use.
(g) Cautioning that, if the instructions/information are not followed, the user could be seriously
injured or could die.
3-6.1.4 The manufacturer shall provide information for the user that additional information
regarding life safety rope can be found at least in NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program, and NFPA 1983, Standard on Fire Service Life Safety
Rope and System Components.
3-6.1.5 The manufacturer of life safety rope that is certified as being compliant with this
standard shall furnish the purchaser with a sample of suggested records to be maintained by the
purchaser or user of life safety rope, and a list of items that the records need to contain.
3-6.2 Personal Escape Rope User Information.
3-6.2.1 The manufacturer of personal escape rope that is certified as being compliant with this
standard shall furnish the purchaser with at least use criteria, inspection procedures, maintenance
procedures, and retirement criteria for the product.
3-6.2.2 The manufacturer shall provide information for the user regarding at least the following
issues:
(a) Using the rope only with a life safety harness, escape belt, or ladder/escape belt.
(b) Inspecting the rope periodically according to the manufacturer’s inspection procedure.
(c) Removing the rope from service and destroying it if the rope does not pass inspection or if
Copyright 1996 NFPA

there is any doubt about the safety or serviceability of the rope.
(d) Protecting the rope from abrasion.
(e) Not exposing the rope to flame or high temperature and carrying the rope where it will be
protected as the rope could melt or burn and fail if exposed to flame or high temperature.
(f) Keeping the product label and user instructions/information after they are
removed/separated from the rope for future reference.
(g) Referring to the user instructions/information before and after each use.
(h) Cautioning that, if the instructions/information are not followed, the user could be seriously
injured or could die.
3-6.2.3 The manufacturer shall provide information for the user that additional information
regarding personal escape rope can be found at least in NFPA 1500, Standard on Fire
Department Occupational Safety and Health Program, and NFPA 1983, Standard on Fire
Service Life Safety Rope and System Components.
3-6.2.4 The manufacturer of personal escape rope that is certified as being compliant with this
standard shall furnish the purchaser with a sample of suggested records to be maintained by the
purchaser or user of personal escape rope, and a list of items that the records need to contain.
3-6.3 Life Safety Harness User Information.
3-6.3.1 The manufacturer of life safety harness that is certified as being compliant with this
standard shall furnish the purchaser with at least use criteria, inspection procedures, maintenance
procedures, and retirement criteria for the product.
3-6.3.2 The manufacturer shall provide information for the user regarding at least the following
issues:
(a) Inspecting the harness periodically according to the manufacturer’s inspection procedure.
(b) Removing the harness from service and destroying it if the harness does not pass inspection
or if there is any doubt about the safety or serviceability of the harness.
(c) Not exposing the harness to flame or high temperature and carrying the harness where it
will be protected as the harness could melt or burn and fail if exposed to flame or high
temperature.
(d) Repairing the harness only in accordance with the manufacturer’s instructions.
(e) Keeping the user instructions/information after it is separated from the harness and
retaining it in a permanent record; copying the user instructions/information and keeping the
copy with the harness.
(f) Referring to the user instructions/information before and after each use.
(g) Cautioning that, if the instructions/information are not followed, the user could be seriously
injured or could die.
3-6.3.3 The manufacturer shall provide information for the user that additional information
regarding life safety harness can be found at least in NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program, and NFPA 1983, Standard on Fire Service Life Safety
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Rope and System Components.
3-6.3.4 The manufacturer of life safety harness that is certified as being compliant with this
standard shall furnish the purchaser with a sample of suggested records to be maintained by the
purchaser or user of life safety harness, and a list of items that the records need to contain.
3-6.4 Belt User Information.
3-6.4.1 The manufacturer of belts that are certified as being compliant with this standard shall
furnish the purchaser with at least use criteria, inspection procedures, maintenance procedures,
and retirement criteria for the product.
3-6.4.2 The manufacturer shall provide information for the user regarding at least the following
issues:
(a) Inspecting the belt periodically according to the manufacturer’s inspection procedure.
(b) Removing the belt from service and destroying it if the belt does not pass inspection or if
there is any doubt about the safety or serviceability of the belt.
(c) Not exposing the belt to flame or high temperature and carrying the belt where it will be
protected as the belt could melt or burn and fail if exposed to flame or high temperature.
(d) Repairing the belt only in accordance with the manufacturer’s instructions.
(e) Keeping the user instructions/information after it is separated from the belt and retaining it
in a permanent record; copying the user instructions/information and keeping the copy with the
belt.
(f) Referring to the user instructions/information before and after each use.
(g) Cautioning that, if the instructions/information are not followed, the user could be seriously
injured or could die.
3-6.4.3 The manufacturer shall provide information for the user that additional information
regarding belts can be found at least in NFPA 1500, Standard on Fire Department Occupational
Safety and Health Program, and NFPA 1983, Standard on Fire Service Life Safety Rope and
System Components.
3-6.4.4 The manufacturer of belts that are certified as being compliant with this standard shall
furnish the purchaser with a sample of suggested records to be maintained by the purchaser or
user of belts, and a list of items that the records need to contain.
3-6.5 Auxiliary Equipment User Information.
3-6.5.1 The manufacturer of auxiliary equipment that is certified as being compliant with this
standard shall furnish the purchaser with at least use criteria, inspection procedures, maintenance
procedures, and retirement criteria for the product.
3-6.5.2 The manufacturer shall provide information for the user regarding at least the following
issues:
(a) Inspecting the auxiliary equipment periodically according to the manufacturer’s inspection
procedure.
(b) Removing the auxiliary equipment from service if the equipment does not pass inspection
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or if there is any doubt about the safety or serviceability of the equipment.
(c) Maintaining the auxiliary equipment in accordance with the manufacturer’s instructions
when metal components are subjected to corrosion or deterioration.
(d) Returning auxiliary equipment to the manufacturer or to a qualified inspection
person/center if the equipment is dropped or impact loaded.
(e) Not exposing the software auxiliary equipment to flame or high temperature and carrying
the equipment where it will be protected as it could melt or burn and fail if exposed to flame or
high temperature.
(f) Repairing the auxiliary equipment only in accordance with the manufacturer’s instructions.
(g) Keeping the user instructions/information after it is separated from the auxiliary equipment
and retaining it in a permanent record; copying the user instructions/information and keeping the
copy with the equipment.
(h) Referring to the user instructions/information before and after each use.
(i) Cautioning that, if the instructions/information are not followed, the user could be seriously
injured or could die.
3-6.5.3 The manufacturer shall provide information for the user that additional information
regarding auxiliary equipment can be found at least in NFPA 1500, Standard on Fire
Department Occupational Safety and Health Program, and NFPA 1983, Standard on Fire
Service Life Safety Rope and System Components.
3-6.5.4 The manufacturer of auxiliary equipment that is certified as being compliant with this
standard shall furnish the purchaser with a sample of suggested records to be maintained by the
purchaser or user of the auxiliary equipment, and a list of items that the records need to contain.
Chapter 4 Design and Construction Requirements
4-1 Life Safety Rope.
4-1.1
Life safety rope shall be designed and designated in accordance with one of the following
classes.
4-1.1.1 Rope designed to have a maximum working load of at least 300 lbf (1.34 kN) shall be
designated as a class one-person life safety rope.
4-1.1.2 Rope designed to have a maximum working load of at least 600 lbf (2.67 kN) shall be
designated as a class two-person life safety rope.
4-1.2
The life safety rope person class designation shall be calculated by dividing the maximum
working load by a factor of not less than 300. Fractions occurring in the product of this
calculation shall be rounded downward to the nearest whole number.
4-1.2.1* The maximum working load for class one- and two-person rope shall be expressed in
pounds and shall be calculated by dividing the new rope minimum breaking strength as specified
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in 5-1.1 or 5-1.2, as applicable, by a factor of not less than 15.
4-1.3*
Life safety rope shall be constructed of virgin fiber.
4-1.4
Life safety rope shall be of block creel construction; load-bearing elements shall be
constructed of continuous filament fiber.
4-1.5
Life safety rope that is designed to include components with electric current carrying
capabilities shall meet the requirements for Class I, Division 1, hazardous locations of ANSI/UL
913, Standard for Intrinsically Safe Apparatus and Associated Apparatus for Use in Class I, II,
and III, Division 1, Hazardous (Classified) Locations.
4-2 Personal Escape Rope System Component.
4-2.1
Rope designated as personal escape rope shall be designed to have a maximum working load
of at least 300 lbf (1.34 kN).
4-2.1.1 The maximum working load for personal escape rope shall be expressed in pounds and
shall be calculated by dividing the new rope minimum breaking strength as specified in 5-2.1 by
a factor of not less than 10.
4-2.2*
Personal escape rope shall be constructed of virgin fiber.
4-2.3
Personal escape rope shall be of block creel construction; load-bearing elements shall be
constructed of continuous filament fiber.
4-3 Life Safety Harness System Component.
4-3.1
Life safety harness shall be designed and designated in accordance with one of the following
classes.
4-3.1.1 Harness that fastens around waist and around thighs or under buttocks and designed to be
used for emergency escape with one-person loads shall be designated as Class I life safety
harness.
4-3.1.2 Harness that fastens around waist and around thighs or under buttocks and designed for
rescue where two-person loads can be encountered shall be designated as Class II life safety
harness.
4-3.1.3 Harness that fastens around waist, around thighs, or under buttocks, and over shoulders,
and designed for rescue where two-person loads can be encountered and inverting might occur,
shall be designated as Class III life safety harness. Class III life safety harness shall be permitted
to consist of one or more parts.
4-3.2*
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Life safety harness shall be permitted to be adjustable within a range of sizes, provided in a
range of sizes, or custom-fitted for individuals.
4-3.3*
Load-bearing textile materials used in the construction of life safety harness shall be made
from virgin, synthetic, continuous filament fiber.
4-3.4*
All webbing ends shall be secured by heat sealing or by another method that prevents
unraveling.
4-3.5*
All thread utilized in the construction of life safety harness shall be compatible with the
webbing used and shall allow for ease of inspection by the unaided eye with 20/20 vision, or
vision corrected to 20/20, at a nominal distance of 12 in. (30.5 cm). All stitching breaks or ends
shall be backtacked not less than 1/2 in. (1.27 cm).
4-4 Belt System Component.
4-4.1
Belts shall be designed and designated in accordance with one of the following types.
4-4.1.1 A belt that fastens only around the waist and is intended for use as a positioning device
for a person on a ladder shall be designated as a “ladder belt.”
4-4.1.2 A belt that fastens only around the waist and is intended for use only by the wearer as an
emergency self-rescue device shall be designated as an “escape belt.”
4-4.1.3 A belt that fastens only around the waist and is intended for use as a positioning device
for a person on a ladder and also intended for use only by the wearer as an emergency self-rescue
device shall be designated as a “ladder/escape belt.”
4-4.2*
All belts shall be permitted to be adjustable within a range of sizes, provided in a range of
sizes, or custom-fitted for individuals.
4-4.3*
Load-bearing textile materials used in the construction of all belts shall be made from virgin,
synthetic, continuous filament fiber.
4-4.4*
All belts shall have webbing ends secured by heat sealing or by another method that prevents
unraveling.
4-4.5*
All thread utilized in the construction of all belts shall be compatible with the webbing used
and shall allow for ease of inspection by the unaided eye with 20/20 vision, or vision corrected to
20/20, at a nominal distance of 12 in. (30.5 cm). All stitching breaks or ends shall be backtacked
not less than 1/2 in. (1.27 cm).
4-4.6
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The ladder belt tether or device that connects the wearer to a ladder shall be permanently
affixed to the ladder belt and shall not be greater than 18 in. (45.72 cm) in length.
4-5 Auxiliary Equipment System Component.
4-5.1
Auxiliary equipment shall not be designed or constructed in a manner that allows
self-destructive action.
4-5.2
Auxiliary equipment shall be designated by the manufacturer for its intended use and load
ranges as either personal use or general use.
4-5.2.1* The designation of “personal use” shall apply to auxiliary equipment intended for the
sole use of the rescuer for personal escape or self-rescue, or for the sole use of the rescuer in
gaining access to victims. The designation of “personal use” shall not be applied to auxiliary
equipment intended for use where the system could be subjected to the load of two or more
persons.
4-5.2.2* The designation of “general use” shall apply to auxiliary equipment intended for use
where the system could be subjected to a two-person load.
4-5.3
Load-bearing hardware auxiliary equipment shall be constructed of forged, machined,
stamped, extruded, or cast metal. Castings shall meet Class I, Grade A requirements of
MIL-STD 2175A, Castings, Classification and Inspection of.
4-5.4
Where a buckle is an integral part of an auxiliary equipment system component, the buckles
shall have a corner radius of not less than 0.25 in. (6.4 mm).
4-5.5
Where a buckle is an integral part of an auxiliary equipment system component, the buckle
manufacturer shall provide written evidence that all load-bearing buckles have been
proof-loaded to at least 2500 lbf (11.12 kN).
4-5.6*
Snap-link and carabiner gates shall be self-closing and of a locking design.
4-5.7
Webbing used to construct auxiliary equipment software shall be constructed of virgin,
synthetic, continuous filament fiber.
4-5.8
All webbing ends used to construct auxiliary equipment software shall be secured by heat
sealing or by another method that prevents unraveling.
4-5.9*
All thread utilized to construct auxiliary equipment software shall be compatible with webbing
used and shall allow for ease of inspection by the unaided eye with 20/20 vision, or vision
corrected to 20/20, at a nominal distance of 12 in. (30.5 cm). All stitching breaks or ends shall be
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backtacked not less than 1/2 in. (1.27 cm).
4-5.10
Rope grab devices shall be designated as being designed for use as component parts of
personal ascent systems or as grabbing devices for use in rescue systems.
Chapter 5 Performance Requirements
5-1* Life Safety Rope.
5-1.1
The minimum breaking strength for new one-person life safety rope shall not be less than 4500
lbf (20 kN) when tested as specified in 6-1.1, Breaking and Elongation Testing.
5-1.2
The minimum breaking strength for new two-person life safety rope shall not be less than 9000
lbf (40 kN) when tested as specified in 6-1.1, Breaking and Elongation Testing.
5-1.3*
The minimum elongation of all new life safety rope shall not be less than 15 percent at 75
percent of breaking strength when tested as specified in 6-1.1, Breaking and Elongation Testing.
5-1.4*
The maximum elongation of all new life safety rope shall not be more than 45 percent at 75
percent of breaking strength when tested as specified in 6-1.1, Breaking and Elongation Testing.
5-1.5
One-person life safety rope shall have a circumference of not less than 1.125 in. (3.18 cm) and
not more than 1.50 in. (3.8 cm) when tested in accordance with Method 6003, Circumference of
Cordage, of Federal Test Method Standard 191A, Textile Test Methods.
5-1.6
Two-person life safety rope shall have a circumference of not less than 1.50 in. (3.8 cm) and
not more than 2.25 in. (5.72 cm) when tested in accordance with Method 6003, Circumference of
Cordage, of Federal Test Method Standard 191A, Textile Test Methods.
5-1.7*
The diameter of all new life safety rope shall be calculated by dividing the result of
circumference determined in accordance with Method 6003, Circumference of Cordage, of
Federal Test Method Standard 191A, Textile Test Methods, by the value of Pi. The subsequent
result shall be rounded to the nearest 1/32 in. (0.8 mm).
5-1.8
New one-person life safety rope shall have a maximum weight of 0.09 lb/ft when tested in
accordance with Method 6004, Length per Unit Weight; Cordage, of Federal Test Method
Standard 191A, Textile Test Methods.
5-1.9
New two-person life safety rope shall have a maximum weight of 0.18 lb/ft when tested in
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accordance with Method 6004, Length per Unit Weight; Cordage, of Federal Test Method
Standard 191A, Textile Test Methods.
5-1.10*
Fiber utilized for all life safety rope shall not have a melting point of less than 400°F (204°C)
when tested in accordance with ASTM E 794, Standard Test Method for Melting and
Crystallization Temperatures by Thermal Analysis.
5-1.11
All dyed life safety rope shall have colorfastness to crocking of at least Class 4 when tested in
accordance with ANSI/AATCC Test Method 8, Colorfastness to Crocking.
5-1.12
All dyed life safety rope shall have colorfastness to washing of at least Class 2 color change
when tested in accordance with ANSI/AATCC Test Method 125, Colorfastness to Water and
Light: Alternate Exposure.
5-1.13
The product label(s) and the marking tape specified in Section 3-1 shall be legible to the
unaided eye with 20/20 vision, or vision corrected to 20/20, at a nominal distance of 12 in. (30.5
cm), both before and after the rope, with the identification tape inserted and with the product
label(s) attached, has been subjected to the washing test specified in 5-1.12.
5-2* Personal Escape Rope System Component.
5-2.1
The minimum breaking strength for new personal escape rope shall not be less than 3000 lbf
(13.34 kN) when tested as specified in 6-2.1, Breaking and Elongation Testing.
5-2.2*
The maximum elongation of all new personal escape rope shall not be more than 45 percent at
75 percent of breaking strength when tested as specified in 6-2.1, Breaking and Elongation
Testing.
5-2.3
Personal escape rope shall have a circumference of not less than 0.90 in. (2.29 cm) and not
more than 1.50 in. (3.8 cm) when tested in accordance with Method 6003, Circumference of
Cordage, of Federal Test Method Standard 191A, Textile Test Methods.
5-2.4*
The diameter of all new personal escape rope shall be calculated by dividing the result of
circumference determined in accordance with Method 6003, Circumference of Cordage, of
Federal Test Method Standard 191A, Textile Test Methods, by the value of Pi. The subsequent
result shall be rounded to the nearest 1/32 in. (0.8 mm).
5-2.5
New personal escape ropes shall have a maximum weight of 0.09 lb/ft when tested in
accordance with Method 6004, Length per Unit Weight; Cordage, of Federal Test Method
Standard 191A, Textile Test Methods.
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5-2.6*
Fiber utilized for all personal escape rope shall not have a melting point of less than 400°F
(204°C) when tested in accordance with ASTM E794, Standard Test Method for Melting and
Crystallization Temperatures by Thermal Analysis.
5-2.7
All dyed personal escape rope shall have colorfastness to crocking of at least Class 4 when
tested in accordance with ANSI/AATCC Test Method 8, Colorfastness to Crocking.
5-2.8
All dyed personal escape rope shall have colorfastness to washing of at least Class 2 color
change when tested in accordance with ANSI/AATCC Test Method 125, Colorfastness to Water
and Light: Alternate Exposure.
5-2.9
The product label(s) and the marking tape specified in Section 3-2 shall be legible to the
unaided eye with 20/20 vision, or vision corrected to 20/20, at a nominal distance of 12 in. (30.5
cm), both before and after the rope, with the identification tape inserted and with the product
label(s) attached, has been subjected to the washing test specified in 5-2.8.
5-3 Life Safety Harness System Component.
5-3.1
Samples of each design and model of finished life safety harness shall meet the applicable
requirements of this chapter.
5-3.2
Sample Class I life safety harness shall be tested as specified in 6-3.2, Static Test — Upright.
Sample harness shall not release from the test torso, the harness buckles and adjusting devices
shall not slip more than 0.4 in. (10 mm), and the harness shall show no visible signs of damage
that would affect its function.
5-3.3
Sample Class I life safety harness shall be tested as specified in 6-3.5, Dynamic Drop Test.
The test torso shall not contact the ground during any of the three test drops.
5-3.4
Sample Class II life safety harness shall be tested as specified in 6-3.2, Static Test — Upright;
and 6-3.4, Static Test — Horizontal. Sample harness shall not release from the test torso, the
harness buckles and adjusting devices shall not slip more than 0.4 in. (10 mm), and the harness
shall show no visible signs of damage that would affect its function.
5-3.5
Sample Class II life safety harness shall be tested as specified in 6-3.5, Dynamic Drop Test.
The test torso shall not contact the ground during any of the three test drops.
5-3.6
Sample Class III life safety harness shall be tested as specified in 6-3.2, Static Test — Upright;
6-3.3, Static Test — Head Down; and 6-3.4, Static Test — Horizontal. Sample harness shall not
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release from the test torso, the harness buckles and adjusting devices shall not slip more than 0.4
in. (10 mm), and the harness shall show no visible signs of damage that would affect its function.
5-3.6.1 For sample Class III life safety harness that include shoulder attachment points, such
shoulder attachment points shall be tested only during the Static Test — Upright as specified in
6-3.2. The shoulder attachment points shall not release from the test torso and shall show no
visible signs of damage that would affect their function.
5-3.7
Sample Class III life safety harness including shoulder attachment points, if any, shall be
tested as specified in 6-3.5, Dynamic Drop Test. The test torso shall not contact the ground
during any of the three test drops.
5-3.8*
All fiber and thread used in the construction of all life safety harness shall not have a melting
point of less than 400°F (204°C) when tested in accordance with ASTM E 794, Standard Test
Method for Melting and Crystallization Temperatures by Thermal Analysis.
5-3.9
All dyed life safety harness shall have colorfastness to crocking of at least Class 4 when tested
in accordance with ANSI/AATCC Test Method 8, Colorfastness to Crocking.
5-3.10
All dyed life safety harness shall have colorfastness to washing of at least Class 2 color change
when tested in accordance with ANSI/AATCC Test Method 125, Colorfastness to Water and
Light: Alternate Exposure.
5-3.11
The product label(s) specified in Section 3-3 shall remain in place, shall be legible to the
unaided eye with 20/20 vision, or vision corrected to 20/20, at a nominal distance of 12 in. (30.5
cm), and shall not be torn or otherwise damaged when tested for label permanency as specified
in 6-3.6, Product Label Permanency Test.
5-3.12
The product label(s) specified in Section 3-3 shall be legible to the unaided eye with 20/20
vision, or vision corrected to 20/20, at a nominal distance of 12 in. (30.5 cm), both before and
after the harness, with the product label(s) attached, has been subjected to the washing test
specified in 5-3.10.
5-3.13
Product labels used on life safety harnesses system components shall be tested as specified in
6-5.6, Product Label Heat Resistance Test. Product labels shall not melt, ignite, or separate and
shall be legible to the unaided eye with 20/20 vision, or vision corrected to 20/20, at a nominal
distance of 12 in. (30.5 cm).
5-4 Belt System Component.
5-4.1
Samples of each design and model of finished belts shall meet the applicable requirements of
this chapter.
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5-4.2
Sample ladder belts shall be tested as specified in 6-4.2, Static Test — Upright; and 6-4.3,
Static Test — Horizontal. Sample ladder belts shall not release from the test torso, the belt
buckles and adjusting devices shall not slip more than 0.4 in. (10 mm), and the belt shall show
no visible signs of damage that would affect its function.
5-4.3
Sample escape belts shall be tested as specified in 6-4.2, Static Test — Upright; and 6-4.3,
Static Test — Horizontal. Sample escape belts shall not release from the test torso, the belt
buckles and adjusting devices shall not slip more than 0.4 in. (10 mm), and the belt shall show
no visible signs of damage that would affect its function.
5-4.4
Sample escape belts shall be tested as specified in 6-4.4, Dynamic Drop Test. The test torso
shall not contact the ground during any of the three test drops.
5-4.5
Sample ladder/escape belts shall be tested as specified in 6-4.2, Static Test — Upright; and
6-4.3, Static Test — Horizontal. Sample ladder/escape belts shall not release from the test torso,
the belt buckles and adjusting devices shall not slip more than 0.4 in. (10 mm), and the belt shall
show no visible signs of damage that would affect its function.
5-4.6
Sample ladder/escape belts shall be tested as specified in 6-4.4, Dynamic Drop Test. The test
torso shall not contact the ground during any of the three test drops.
5-4.7*
All fiber and thread used in the construction of all belts shall not have a melting point of less
than 400°F (204°C) when tested in accordance with ASTM E 794, Standard Test Method for
Melting and Crystallization Temperatures by Thermal Analysis.
5-4.8
All dyed belts shall have colorfastness to crocking of at least Class 4 when tested in
accordance with ANSI/AATCC Test Method 8, Colorfastness to Crocking.
5-4.9
All dyed belts shall have colorfastness to washing of at least Class 2 color change when tested
in accordance with ANSI/AATCC Test Method 125, Colorfastness to Water and Light:
Alternate Exposure.
5-4.10
The product label(s) specified in Section 3-4 shall remain in place, shall be legible to the
unaided eye with 20/20 vision, or vision corrected to 20/20, at a nominal distance of 12 in. (30.5
cm), and shall not be torn or otherwise damaged when tested for label permanency as specified
in 6-4.5, Product Label Permanency Test.
5-4.11
The product label(s) specified in Section 3-4 shall be legible to the unaided eye with 20/20
vision, or vision corrected to 20/20, at a nominal distance of 12 in. (30.5 cm), both before and
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after the belt, with the product label(s) attached, has been subjected to the washing test specified
in 5-4.9.
5-5 Auxiliary Equipment System Components.
5-5.1
Carabiners and snap-link auxiliary equipment designated by the manufacturer for personal use
shall be tensile tested in the manner of function as specified 6-5.1, Carabiner and Snap-Link
Tensile Testing.
5-5.1.1 “Personal use” carabiners and snap-links shall have major axis minimum breaking
strengths, with the gate closed, of at least 6000 lbf (26.67 kN).
5-5.1.2 “Personal use” carabiners and snap-links shall have major axis minimum breaking
strengths, with the gate open, of at least 1650 lbf (7.33 kN).
5-5.1.3 “Personal use” carabiners and snap-links shall have a minor axis minimum breaking
strength of at least 1500 lbf (6.67 kN).
5-5.2
Carabiners and snap-link auxiliary equipment designated by the manufacturer for general use
shall be tensile tested in the manner of function as specified in 6-5.1, Carabiner and Snap-Link
Tensile Testing.
5-5.2.1 “General use” carabiners and snap-links shall have major axis minimum breaking
strengths, with the gate closed, of at least 9000 lbf (40 kN).
5-5.2.2 “General use” carabiners and snap-links shall have major axis minimum breaking
strengths, with the gate open, of at least 2400 lbf (10.67 kN).
5-5.2.3 “General use” carabiners and snap-links shall have a minor axis minimum breaking
strength of at least 2400 lbf (10.67 kN).
5-5.3
Ascending device auxiliary equipment designated by the manufacturer for personal use shall
be strength tested in the manner of function as specified in 6-5.2, Ascending and Rope Grab
Devices Testing, and shall withstand a minimum test load of at least 1200 lbf (5.33 kN) without
permanent damage to the device or damage to the rope.
5-5.4
Descent control device auxiliary equipment designated by the manufacturer for personal use
shall be strength tested in the manner of function as specified in 6-5.3, Descent Control Devices
Testing.
5-5.4.1 “Personal use” descent control devices shall withstand a minimum test load of at least
1200 lbf (5.33 kN) without permanent damage to the device or damage to the rope.
5-5.4.2 “Personal use” descent control devices shall withstand a minimum test load of at least
3000 lbf (13.34 kN) without failure.
5-5.5
Descent control device auxiliary equipment designated by the manufacturer for general use
shall be strength tested in the manner of function as specified in 6-5.3, Descent Control Devices
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Testing.
5-5.5.1 “General use” descent control devices shall withstand a minimum test load of at least
1200 lbf (5.33 kN) without permanent damage to the device or damage to the rope.
5-5.5.2 “General use” descent control devices shall withstand a minimum test load of at least
6000 lbf (26.67 kN) without failure.
5-5.6
Rope grab device auxiliary equipment designated by the manufacturer for general use shall be
strength tested in the manner of function as specified in 6-5.2, Ascending and Rope Grab
Devices Testing, and shall withstand a minimum test load of at least 2400 lbf (10.67 kN) without
permanent damage to the device or damage to the rope.
5-5.7
All other auxiliary equipment designated by the manufacturer for personal use and general use
that is not specifically addressed in this section shall be strength tested in the manner of function.
5-5.7.1 “Personal use” auxiliary equipment shall have a minimum tensile strength of at least
1200 lbf (5.33 kN) without permanent damage to the device or other associated equipment.
5-5.7.2 “Personal use” auxiliary equipment shall have a minimum tensile strength of at least
5000 lbf (22.22 kN) without failure.
5-5.7.3 “General use” auxiliary equipment shall have a minimum tensile strength of at least 5000
lbf (22.22 kN) without permanent damage to the device or other associated equipment.
5-5.7.4 “General use” auxiliary equipment shall have a minimum tensile strength of at least 8000
lbf (35.56 kN) without failure.
5-5.8
All auxiliary equipment metal hardware and hardware that includes metal parts shall be tested
for corrosion resistance as specified in 6-5.4, Corrosion Testing. Metals inherently resistant to
corrosion including, but not limited to, stainless steel, brass, copper, aluminum, and zinc shall
show no more than light surface-type corrosion or oxidation. Ferrous metals shall show no
corrosion of the base metal. All hardware shall remain functional as specified in the
manufacturer’s operating instructions.
5-5.9*
All fiber and thread utilized in the construction of all auxiliary equipment software shall not
have a melting point of less than 400°F (204°C) when tested in accordance with ASTM E 794,
Standard Test Method for Melting and Crystallization Temperatures by Thermal Analysis.
5-5.10
All dyed auxiliary equipment shall have colorfastness to crocking of at least Class 4 when
tested in accordance with ANSI/AATCC Test Method 8, Colorfastness to Crocking.
5-5.11
All dyed auxiliary equipment shall have colorfastness to washing of at least Class 2 color
change when tested in accordance with ANSI/AATCC Test Method 125, Colorfastness to Water
and Light: Alternate Exposure.
5-5.12
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The product label(s) specified in Section 3-5 shall remain in place, shall be legible to the
unaided eye with 20/20 vision, or vision corrected to 20/20, at a nominal distance of 12 in. (30.5
cm), and shall not be torn or otherwise damaged when tested for label permanency as specified
in 6-5.5, Product Label Permanency Test.
5-5.13
The product label(s) specified in Section 3-5 shall be legible to the unaided eye with 20/20
vision, or vision corrected to 20/20, at a nominal distance of 12 in. (30.5 cm), both before and
after the auxiliary equipment, with the product label(s) attached, has been subjected to the
washing test specified in 5-5.11.
Chapter 6 Testing Requirements
6-1 Life Safety Rope.
6-1.1 Breaking and Elongation Testing.
6-1.1.1 Samples shall be taken from each production lot of life safety rope and shall be tested for
elongation and minimum breaking strength in accordance with either Method 6015, Strength and
Elongation, Breaking of Cordage; Spliced Specimen Method, or Method 6016, Strength and
Elongation, Breaking of Cordage; Non-Spliced Specimen Method, of Federal Test Method
Standard 191A, Textile Test Methods.
6-1.1.2 In conducting this test for non-spliced specimens, the drum-type grips shall have a
diameter of 4 in. ± 0.1 in. (10.2 cm ± 2.5 mm). The rope shall be wrapped at least three complete
revolutions around each drum and shall be secured with a cleat at each end of the rope.
6-1.1.3 New rope minimum breaking strength shall be determined by subtracting three standard
deviations from the mean result of five samples from the same production lot. The standard
deviation shall be calculated using the formula:

6-1.1.4 Test results and calculations shall be examined to determine pass/fail.
6-2 Personal Escape Rope System Component.
6-2.1 Breaking and Elongation Testing.
6-2.1.1 Samples of personal escape rope shall be tested for elongation and minimum breaking
strength in accordance with either Method 6015, Strength and Elongation, Breaking of Cordage;
Spliced Specimen Method, or Method 6016, Strength and Elongation, Breaking of Cordage;
Non-Spliced Specimen Method, of Federal Test Method Standard 191A, Textile Test Methods.
6-2.1.2 In conducting this test, the drum-type grips shall have a diameter of 4 in. ±0.1 in. (10.2
cm ±2.5 mm). The ropes shall be wrapped at least three complete revolutions around each drum
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and shall be secured with a cleat at each end of the rope.
6-2.1.3 New personal escape rope minimum breaking strength shall be determined by subtracting
three standard deviations from the mean result of five samples from the same production lot. The
standard deviation shall be calculated using the formula:

6-2.1.4 Test results and calculations shall be examined to determine pass/fail.
6-3 Life Safety Harness System Component.
6-3.1 Testing Setup.
6-3.1.1 Samples of each model of each life safety harness class shall be selected randomly and
tested to the appropriate tests in accordance with Table 6-3.1.1. Test samples shall be new and in
unused condition and shall conform in all respects to the manufacturer’s specifications for the
model to be tested. At least three samples of each model of each harness class shall be tested to
all the static tests specified in 6-3.2, 6-3.3, and 6-3.4 for the respective harness. At least an
additional three samples of each model of each harness class shall be tested to the drop test
specified in 6-3.5. A total of at least six samples of each model of life safety harness of each
harness class shall be required for the test series specified in Table 6-3.1.1.
Table 6-3.1.1 Harness Test Matrix
Test
(paragraph number)

Class I

Class II

Class III

6-3.2 (Upright)

YES

YES

YES

6-3.3 (Head Down)

NO

NO

YES

6-3.4 (Horizontal)

NO

YES

YES

6-3.5 (Drop)

YES

YES

YES

6-3.1.1.1 If there are multiple load-bearing connecting points, all tests shall be repeated for each
combination of load-bearing connecting points specified in the manufacturer’s instructions or as
specified in 6-3.1.1.2.
6-3.1.1.2 For sample Class III harness that include shoulder attachment points, the shoulder
attachment points shall be required to pass only the Static Test — Upright specified in 6-3.2 and
the Dynamic Drop Test specified in 6-3.5.
6-3.1.2 For all tests, samples shall be put on and secured to a rigid test torso as shown in Figure
6-3.1.2. The rigid test torso shall weigh 300 lb (136 kg). The sample harness secured to the test
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torso shall be identified as the test mass.

Figure 6-3.1.2 Outline of the test torso.

6-3.1.3 For all static tests, the test mass shall be attached to the test machine at the load-bearing
connecting point, in accordance with the manufacturer’s instruction for use, with a suitable
locking carabiner.
6-3.1.4 For all static tests, each sample shall be secured to the test torso, i.e., the test mass, and
shall be tested first in the upright position as specified in 6-3.2, then tested as applicable, in
accordance with Table 6-3.1.1, in the head-down position as specified in 6-3.3, and finally in the
horizontal position as specified in 6-3.4.
6-3.1.5 For the drop test, each sample shall be secured to the test torso, i.e., the test mass, and
shall be connected to a drop tower anchorage point that shall not have a deflection greater than
0.04 in. (1 mm) when a force of 2250 lbf (10 kN) is applied.
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6-3.1.6 For the drop test, the test lanyard used in connecting the load-bearing connecting point(s)
to the test mass shall be a new, nonadjustable-type web that shall meet the specifications of Type
XX Webbing of MIL-W-4088 Webbing, Textile, Woven Nylon, or other material with equivalent
material strength and elongation characteristics. The test lanyard shall have connectors at each
end and shall have a total length of 6 ft ±2 in. (1.83 m ±5.1 cm).
6-3.2 Static Test — Upright.
6-3.2.1 The Static Test — Upright shall be set up as specified in 6-3.1.
6-3.2.2 The test mass shall be properly positioned by preloading up to 181 lbf (800 N) with the
test torso in the upright position. Under this load, the load-bearing connecting point(s) shall be
placed approximately symmetrically about the vertical axis of the test torso.
6-3.2.3* For the Static Test — Upright, the test torso shall be in an upright position. A force
shall be applied to the buttocks ring, increasing to 3600 lbf (16.01 kN) over a period of 2.0 min
±0.25 min. This force shall be held for 1.0 min ±0.25 min and then tension shall be completely
released over a maximum of 1 min. The force shall be reapplied immediately and shall be
increased to 3600 lbf (16 kN) as before and held for 5.0 min ±0.25 min before release.
6-3.2.4 At the conclusion of the Static Test - Upright series, the sample harness shall be
inspected to determine pass/fail. A harness shall be considered to be damaged to the point of
failing this test if any load-bearing material is torn or otherwise destroyed, if a buckle becomes
nonfunctional, or any other condition exists that would cause the safety of the user to be
compromised.
6-3.3 Static Test — Head Down.
6-3.3.1 The Static Test — Head Down shall be set up as specified in 6-3.1.
6-3.3.2 The test mass shall be properly positioned by preloading up to 181 lbf (800 N) with the
test torso in the upright position. Under this load, the load-bearing connecting point(s) shall be
placed approximately symmetrically about the vertical axis of the test torso.
6-3.3.3* For the Static Test — Head Down, the test torso shall be oriented in a head-down
position. A force shall be applied to the neck ring, increasing to 2250 lbf (10 kN) over a period
of 2.0 min ±0.25 min. This force shall be held for 1.0 min ±0.25 min and then the tension shall
be completely released over a maximum of 1 min. The force shall be reapplied immediately and
shall be increased to 2250 lbf (10 kN) as before and held for 5.0 min ±0.25 min before release.
6-3.3.4 At the conclusion of the Static Test - Head Down series, the sample harness shall be
inspected to determine pass/fail. A harness shall be considered to be damaged to the point of
failing this test if any load-bearing material is torn or otherwise destroyed, if a buckle becomes
nonfunctional, or any other condition exists that would cause the safety of the user to be
compromised.
6-3.4 Static Test — Horizontal.
6-3.4.1 The Static Test — Horizontal shall be set up as specified in 6-3.1.
6-3.4.2 The test mass shall be properly positioned by preloading up to 181 lbf (800 kN) with the
test torso in the upright position. Under this load, the load-bearing connecting point(s) shall be
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placed approximately symmetrically about the vertical axis of the test torso as shown in Figure
6-3.4.2.

Figure 6-3.4.2 Test torso orientations for test.

6-3.4.3 For the Static Test — Horizontal, the test torso shall be positioned in a horizontal
position supported by the neck and buttocks rings. A force shall be applied to the neck and
buttocks rings in the plane of symmetry of the test torso and normal to its axis as shown in
Figure 6-3.4.2. The force shall be increased to 2250 lbf (10 kN) over a period of 2.0 min ±0.25
min. This force shall be held for 1.0 min ±0.25 min and then the tension shall be completely
released over a maximum of 1 min. The force shall be reapplied immediately and increased to
2250 lbf (10 kN) as before and held for 5.0 min ±0.25 min before release.
6-3.4.4 At the conclusion of the Static Test - Horizontal series, the sample harness shall be
inspected to determine pass/fail. A harness shall be considered to be damaged to the point of
failing this test if any load-bearing material is torn or otherwise destroyed, if a buckle becomes
nonfunctional, or any other condition exists that would cause the safety of the user to be
compromised.
6-3.5 Dynamic Drop Test.
6-3.5.1 The Dynamic Drop Test shall be set up as specified in 6-3.1. At least three separate
sample life safety harnesses shall be used for the dynamic drop test series.
6-3.5.2 There shall be three drop tests for each sample. Two of the three required Dynamic Drop
Tests for each sample shall be conducted with the test mass in a head-up position and one of the
Dynamic Drop Tests shall be conducted with the test mass in a head-down position.
6-3.5.3 With one end of the test lanyard attached to the load-bearing connecting point and the
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other end to the anchorage, the test mass shall fall freely from a distance of 1.5 ft (46 cm) above
the anchorage level, a total distance of 7.5 ft (2.3 m), to a free-hanging position without
interference or obstruction, or striking the floor, ground, or any other object during the test.
6-3.5.4 During the Dynamic Drop Test series, the test drops shall be observed to determine
pass/fail. A harness shall be considered to have failed the test if, during any one of the three
required drops for each sample, the test mass impacts the ground.
6-3.6 Product Label Permanency Test.
6-3.6.1 Test specimens of synthetic fabric product label samples shall be tested in accordance
with ASTM D 4966, Standard Test Method for Abrasion Resistance of Textile Fabrics.
6-3.6.2 At least four test specimens shall be cut from product label(s) samples. At least two test
specimens shall include the edge of the product label(s).
6-3.6.3 At least two test specimens shall be subjected to 160 dry abrasion revolutions, 10 cycles;
and at least two test specimens shall be subjected to 80 wet abrasion revolutions, 5 cycles. At
least one dry and one wet test specimen shall be edge specimens.
6-3.6.4 Test specimens shall then be examined visually with the unaided eye to determine
pass/fail.
6-4 Belt System Component.
6-4.1 Testing Setup.
6-4.1.1 Samples of each model of each belt type shall be selected randomly and tested to the
appropriate tests in accordance with Table 6-4.1.1. Test samples shall be new and in unused
condition and shall conform in all respects to the manufacturer’s specifications for the model to
be tested. At least three samples of each model of each belt type shall be tested to all the static
tests specified in 6-4.2 and 6-4.3. At least an additional three samples of each model of each belt
type shall be tested to the drop test specified in 6-4.4. A total of at least six samples of each
model of each belt type shall be required for the test series specified in Table 6-4.1.1.
Table 6-4.1.1 Belt Test Matrix
Belt Types
Test
(paragraph number)

Ladder
Belt

Escape
Belt

Ladder/Escape
Belt

6-4.2 (Upright)

YES

YES

YES

6-4.3 (Horizontal)

YES

YES

YES

6-4.4 (Drop)

NO

YES

YES

6-4.1.1.1 If there are multiple load-bearing connecting points, all tests shall be repeated for each
combination of load-bearing connecting points specified in the manufacturer’s instructions.
6-4.1.2 For all tests, samples shall be put on and secured to a rigid test torso as shown in Figure
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6-4.1.2. The rigid test torso shall weigh 300 lb (136 kg). The sample belt secured to the test torso
shall be identified as the test mass.

Figure 6-4.1.2 Outline of the test torso.

6-4.1.3 For all static tests, the test mass shall be attached to the test machine at the load-bearing
connecting point, in accordance with the manufacturer’s instruction for use, with a suitable
locking carabiner.
6-4.1.4 For all static tests, each sample shall be secured to the test torso, i.e., the test mass, and
each sample shall be tested twice, first in the upright position as specified in 6-4.2, then in the
horizontal position as specified in 6-4.3.
6-4.1.5 For the drop test, each sample shall be secured to the test torso, i.e. the test mass, and
shall be connected to a drop tower anchorage point that shall not have a deflection greater than
0.04 in. (1 mm) when a force of 2250 lbf (10 kN) is applied.
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6-4.1.6 For the drop test, the test lanyard used in connecting the load-bearing connecting point(s)
to the test mass shall be a new, nonadjustable-type web that shall meet the specifications of
MIL-W-4088 Type XX Webbing, or other material with equivalent material strength and
elongation characteristics. The test lanyard shall have connectors at each end and shall have a
total length of 6 ft ±2 in. (1.83 m ±5.1 cm).
6-4.2 Static Test — Upright.
6-4.2.1 The Static Test — Upright shall be set up as specified in 6-4.1.
6-4.2.2 The test mass shall be properly positioned by preloading up to 181 lbf (800 N) with the
test torso in the upright position. Under this load, the load-bearing connecting point(s) shall be
placed approximately symmetrically about the vertical axis of the test torso.
6-4.2.3* For the Static Test — Upright, the test torso shall be in an upright position. A force
shall be applied to the buttocks ring, increasing to 3000 lbf (13.34 kN) over a period of 2.0 min
±0.25 min. This force shall be held for 1.0 min ±0.25 min and then tension shall be completely
released over a maximum of 1 min. The force shall be reapplied immediately and shall be
increased to 3000 lbf (13.34 kN) as before and held for 5.0 min ±0.25 min before release.
6-4.2.4 At the conclusion of the Static Test — Upright series, sample belts shall be inspected to
determine pass/fail. A belt shall be considered to be damaged to the point of failing this test if
any load-bearing material is torn or otherwise destroyed, if a buckle becomes nonfunctional, or
any other condition exists that would cause the safety of the user to be compromised.
6-4.3 Static Test — Horizontal.
6-4.3.1 The Static Test — Horizontal shall be set up as specified in 6-4.1.
6-4.3.2 The test mass shall be properly positioned by preloading up to 181 lbf (800 N) with the
test torso in the upright position. Under this load, the load-bearing connecting point(s) shall be
placed approximately symmetrically about the vertical axis of the test torso as shown in Figure
6-4.3.2.

Figure 6-4.3.2 Test torso orientations for test.

6-4.3.3 For the Static Test — Horizontal, the test torso shall be in a horizontal position supported
by the neck and buttocks rings. A force shall be applied to the neck and buttocks rings in the
plane of symmetry of the test torso and normal to its axis as shown in Figure 6-4.3.2. The force
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shall be increased to 2250 lbf (10 kN) over a period of 2.0 min ±0.25 min. This force shall be
held for 1.0 min ±0.25 min and then the tension shall be completely released over a maximum of
1 min. The force shall be reapplied immediately and increased to 2250 lbf (10 kN) as before and
held for 5.0 min ±0.25 min before release.
6-4.3.4 At the conclusion of the Static Test — Horizontal series, the sample belts shall be
inspected to determine pass/fail. A belt shall be considered to be damaged to the point of failing
this test if any load-bearing material is torn or otherwise destroyed, if a buckle becomes
nonfunctional, or any other condition exists that would cause the safety of the user to be
compromised.
6-4.4 Dynamic Drop Test.
6-4.4.1 The Dynamic Drop Test shall be set up as specified in 6-4.1. At least three separate
sample life safety harnesses shall be used for the Dynamic Drop Test series.
6-4.4.2 There shall be three drop tests for each sample. Two of the three required Dynamic Drop
Tests for each sample shall be conducted with the test mass in a head-up position, and one of the
Dynamic Drop Tests shall be conducted with the test mass in a head-down position.
6-4.4.3 With one end of the test lanyard attached to the load-bearing connecting point and the
other end to the drop tower anchorage point, the test mass shall fall freely from a distance of 1.5
ft (46 cm) above the anchorage level, a total distance of 7.5 ft (2.3 m), to a free hanging position
without interference or obstruction, or striking the floor, ground, or any other object during the
test.
6-4.4.4 During the Dynamic Drop Test series, the test drops shall be observed to determine
pass/fail. A belt shall be considered to have failed the test if, during any one of the three required
drops for each sample, the test mass impacts the ground.
6-4.5 Product Label Permanency Test.
6-4.5.1 Test specimens of synthetic fabric product label samples shall be tested in accordance
with ASTM D 4966, Standard Test Method for Abrasion Resistance of Textile Fabrics.
6-4.5.2 At least four test specimens shall be cut from product label(s) samples. At least two test
specimens shall include the edge of the product label(s).
6-4.5.3 At least two test specimens shall be subjected to 160 dry abrasion revolutions, 10 cycles;
and at least two test specimens shall be subjected to 80 wet abrasion revolutions, 5 cycles. At
least one dry and one wet test specimen shall be edge specimens.
6-4.5.4 Test specimens shall then be examined visually with the unaided eye to determine
pass/fail.
6-5 Auxiliary Equipment System Components.
6-5.1 Carabiner and Snap-Link Tensile Testing.
6-5.1.1 At least five randomly selected samples shall constitute a test series for each model of
carabiner or snap-link. A separate test series shall be tested for each performance requirement.
6-5.1.2 Both “personal use” and “general use” designated carabiners and snap-links shall be
tested in the manner of function at the specified force for major axis minimum breaking strength
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with gate closed as shown in Figure 6-5.1.2.

Figure 6-5.1.2 Major axis — gate closed test.

6-5.1.3 Both “personal use” and “general use” designated carabiners and snap-links shall be
tested in the manner of function at the specified force for major axis minimum breaking strength
with gate open as shown in Figure 6-5.1.3.
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Figure 6-5.1.3 Major axis — gate open test.

6-5.1.4 Both “personal use” and “general use” designated carabiners and snap-links shall be set
up for testing for minor axis minimum breaking strength as shown in Figure 6-5.1.4.
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Figure 6-5.1.4 Minor axis test set-up.

6-5.1.5 Both “personal use” and “general use” designated carabiners and snap-links shall be
tested in the manner of function at the specified force for minor axis minimum breaking strength
as shown in Figure 6-5.1.5.
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Figure 6-5.1.5 Minor axis test.

6-5.1.6 The tests shall be observed to determine pass/fail.
6-5.2 Ascending and Rope Grab Devices Testing.
6-5.2.1 This test shall apply to both personal use and general use designated ascending and rope
grab devices.
6-5.2.2 At least five randomly selected samples shall constitute a test series for each model of
ascending device or rope grab device. A separate test series shall be tested for each device and
each performance requirement.
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6-5.2.3 The “manner of function” shall be with the device attached onto a life safety rope, whose
diameter and construction is consistent with the manufacturer’s instructions for actual field
operations.
6-5.2.4 The device shall be attached to the rope in the manner intended according to the
manufacturer’s instructions. With the end of the rope anchored, the specified force shall be
applied to the device at the normal attachment point for 30 sec.
6-5.2.5 The test shall be observed and the device and rope shall be examined to determine
pass/fail.
6-5.3 Descent Control Devices Testing.
6-5.3.1 This test shall apply to both “personal use” and “general use” designated descent control
devices.
6-5.3.2 At least five randomly selected samples shall constitute a test series for each model of
descent control device. A separate test series shall be tested for each device and each
performance requirement.
6-5.3.3 The “manner of function” shall be with the device attached onto a life safety rope, whose
diameter and construction is consistent with the manufacturer’s instructions for actual field
operations.
6-5.3.4 The device shall be attached to the rope in the manner intended according to the
manufacturer’s instructions and then tied off at the point where the user’s hand would normally
grip the rope. With the end of the rope anchored, the specified force shall be applied to the
device at the normal attachment point for 30 sec.
6-5.3.5 The test shall be observed and the device and rope shall be examined, as applicable, to
determine pass/fail.
6-5.4 Corrosion Testing.
6-5.4.1 Specimens shall be tested in accordance with ASTM B 117, Standard Method of Salt
Spray (Fog) Testing. Salt spray shall be 5 percent saline solution, and test exposure shall be for
50 hr.
6-5.4.2 Immediately following the test exposure and prior to examination, specimens shall be
rinsed under warm, running tap water and dried with compressed air.
6-5.4.3 Specimens shall then be examined visually by the unaided eye with 20/20 vision, or
vision corrected to 20/20, to determine pass/fail.
6-5.4.4 Specimens shall be operated in the manner of function to determine pass/fail.
6-5.5 Product Label Permanency Test.
6-5.5.1 Test specimens of synthetic fabric product label samples shall be tested in accordance
with ASTM D 4966, Standard Test Method for Abrasion Resistance of Textile Fabrics.
6-5.5.2 At least four test specimens shall be cut from product label(s) samples. At least two test
specimens shall include the edge of the product label(s).
6-5.5.3 At least two test specimens shall be subjected to 160 dry abrasion revolutions, 10 cycles;
and at least two test specimens shall be subjected to 80 wet abrasion revolutions, 5 cycles. At
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least one dry and one wet test specimen shall be edge specimens.
6-5.5.4 Test specimens shall then be examined visually with the unaided eye to determine
pass/fail.
6-5.6 Product Label Heat Resistance Test.
6-5.6.1 The product label specimen to be tested shall be conditioned in accordance with Section
4, Atmospheric Conditions for Testing, of Federal Test Method Standard 191A, Textile Test
Methods, at a relative humidity of 65 percent, ±5 percent. Specimens shall be tested not more
than 5 min after removal from conditioning.
6-5.6.2 Specimens shall be suspended in the oven utilizing metal clips.
6-5.6.3 The forced circulating air oven shall achieve and maintain an air temperature of 400°F,
+10/–0°F (205°C, +3/–0°C) for a period of not less than 5 min. Oven recovery time after the
door is closed shall not exceed 1 min.
6-5.6.4 The product label specimen shall be suspended by metal hooks at the top and centered in
the oven so that the entire specimen is not less than 2 in. (50.8 mm) from any oven surface or
other specimen and airflow is parallel to the plane of the material.
6-5.6.5 Specimens, mounted as specified in 6-5.6.4 of this section, shall be placed in the
circulating air oven for 5 min, +0.15/-0 min. Specimen exposure time shall begin when the oven
has recovered to an air temperature of 400°F, +10/–0°F (205°C, +3/–0°C).
6-5.6.6 Results shall be reported as pass or fail.
Chapter 7 Referenced Publications
7-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
7-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch, Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1500, Standard on Fire Department Occupational Safety and Health Program, 1992
edition.
7-1.2 Other Publications.
7-1.2.1 ANSI Publications. American National Standards Institute, 11 West 42nd Street, New
York, NY 10036.
ANSI/AATCC Test Method 8, Colorfastness to Crocking, 1989 edition.
ANSI/AATCC Test Method 125, Colorfastness to Water and Light: Alternate Exposure, 1991
edition.
ANSI Z535.4, Standard for Product Safety Signs and Labels, 1991 edition.
ANSI/UL 913, Standard for Intrinsically Safe Apparatus and Associated Apparatus for Use in
Class I, II, and III, Division 1, Hazardous (Classified) Locations, 1988 edition.
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7-1.2.2 ASTM Publications. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM B 117, Standard Method of Salt Spray (Fog) Testing, 1985 edition.
ASTM D 4966, Standard Test Method for Abrasion Resistance of Textile Fabrics, 1989
edition.
ASTM E 794, Standard Test Method for Melting and Crystallization Temperatures by
Thermal Analysis, 1989 edition.
7-1.2.3 GSA Publication. General Services Administration, Specifications Activity, Printed
Materials Supply Division, Building 197, Naval Weapons Plant, Washington, DC 20407.
Federal Test Method Standard 191A, Textile Test Methods, 1978.
MIL-STD-2175A, Castings, Classification and Inspection of, 8/25/93.
MIL-W-4088 Webbing, Textile, Woven Nylon, 11/21/88.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1.3
Fall factors are calculated by dividing the distance the person attached to the rope will fall by
the length of the rope between him and the rope anchor or belay. Thus, a 1-ft (30.5-cm) fall on a
1/ -ft (15.25-cm) rope would be a fall factor of 2.0, a 1-ft (30.5-cm) fall on a 1-ft (30.5-cm) rope
2
would be a 1.0 fall factor, a 1-ft (30.5-cm) fall on a 4-ft (1.22-m) rope would be a 0.25 fall
factor, and a 1-ft (30.5-cm) fall on a 40-ft (12.2-m) rope would be a 0.025 fall factor. Note as
well that a 25-ft (7.6-m) fall on a 100-ft (30.5-m) rope is also a 0.25 fall factor. This formula
assumes the fall takes place in free air without rope drag across building edges or through
intermediate equipment.
When fall factors of greater than 0.25 are anticipated, such as are possible in lead climbing,
dynamic climbing ropes should be considered. Such operations are outside the scope of this
document.
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Figure A-1-1.3 Fall factor. The severity of a fall that is expressed as a ratio calculated by dividing the distance
fallen by the length of rope used to arrest the fall. A fall factor of 0.25 is the maximum considered for NFPA
1983.

A-1-2.1
Fire fighting and rescue are hazardous activities. It is the responsibility of the fire department
to obtain expert instruction and to take adequate safety precautions based upon manufacturers’
recommendations. Fire department training should include use techniques; maintenance
procedures, including properties of personal escape rope, life safety harness, belts, and auxiliary
equipment; and deployment techniques of this equipment.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
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standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-3 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-1-3 Fall Factor.
See A-1-1.3.
A-1-3 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The authority having jurisdiction should utilize the system employed by the listing organization
to identify a listed product.
A-2-2.1
The certification organization should have sufficient breadth of interest and activity so that the
loss or award of a specific business contract would not be a determining factor in the financial
well-being of the agency.
A-2-2.3
The contractual provisions covering certification programs should contain clauses advising the
manufacturer that, if requirements change, the product should be brought into compliance with
the new requirements by a stated effective date through a compliance review program involving
all currently listed products. Without the clauses, certifiers would not be able to move quickly to
protect their name, marks, or reputation. A product safety certification program would be
deficient without these contractual provisions and the administrative means to back them up.
A-2-2.4
Investigative procedures are important elements of an effective and meaningful product safety
certification program. A preliminary review should be carried out on products submitted to the
agency before any major testing is undertaken.
A-2-2.7
Such inspections should include, in most instances, witnessing of production tests. With
certain products, the certification organization inspectors should select samples from the
production line and submit them to the main laboratory for countercheck testing. With other
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products, it might be desirable to purchase samples in the open market for test purposes.
A-3-1.1
Information could be added to the tape that applies to a particular rope, such as date of
manufacture or any pertinent information useful to the purchaser.
A-3-1.2
When life safety rope is purchased, the authority having jurisdiction should assure that the
product label(s) with the information as specified in 3-1.2.1 and 3-1.2.2 is attached and remains
with the rope until placed in service. When the product label is removed from the rope, the label
should be retained in the authority’s permanent rope records.
It is very important that the information on the product label(s) and the information required in
3-6.1 to be supplied by the manufacturer reach the persons who will actually be using the rope. It
is useless for the supply personnel or equipment officer to remove the product label and other
pertinent information and simply retain them in the rope record file. The persons who potentially
will be using the rope need to be provided with all the information that might be available.
Copies of the product label(s) and other pertinent information should be maintained with the
rope wherever the rope is in-service awaiting use so that the potential users can consult the
information.
Where life safety or personal escape rope is purchased in long lengths, and then cut by the end
user agency to make several life safety ropes or personal escape ropes, the product label(s)
should be photocopied or otherwise reproduced and attached to each life safety rope when it is
sent into service. The end user person or persons (in a fire department it probably would be a fire
company) should keep the copy of the product label(s) and any other pertinent information for
reference and have the product label and other information readily available so that they can be
reviewed by all potential users whenever necessary.
Ropes can be damaged in use by high stresses, impact loading situations, abrasion, kinking,
heat, and exposure to chemicals and other products.
Ropes should be inspected by a qualified person before and after every operation and carefully
stored between each use. Records should provide a history of each rope, and should call for
regular inspection and replacement as necessary. Any rope that fails to pass inspection or has
been impact loaded should be destroyed immediately.
It is highly recommended that departments establish an inspection program and shelf life
criteria for their ropes based on the conditions and environments encountered in their respective
operations.
It is highly recommended that training ropes and rescue ropes be separate ropes.
The destruction of rope means that it should be removed from service and altered in such a
manner that it could not mistakenly be used as a life safety rope. This could include disposal or
removal of label and cutting into short length to be used for utility purposes.
A-3-2.1
Information useful to the purchaser that applies to a particular rope could be added to the tape.
A-3-2.2
When personal escape rope is purchased, the purchaser or the authority having jurisdiction
should ensure that a product label with the information as specified in 3-2.2 is attached and
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remains with the rope until placed in service. This label should be retained either in the
authority’s rope records or with the user of the rope for reference.
Personal escape rope is intended only for emergency self-rescue situations and cannot be used
for other rope rescue situations. Personal escape rope is designed for one use only and must be
destroyed after any use.
Personal escape rope is intended to be carried by a fire fighter, or other emergency services
personnel, so that it will be available in unanticipated situations from which self-rescue using the
rope is the only option. Therefore, the personal escape rope should be carefully stored and
periodically inspected by a qualified person to ensure status and condition of the rope. During
inspection, if there is any doubt as to the suitability of the personal escape rope for use, it should
be destroyed immediately and replaced.
A-3-2.2.1 The term “destroy” for the personal escape rope component means that it should be
removed from service and destroyed by cutting into less than 1-ft (30.5-cm) pieces, burning, or
otherwise ruining the rope to prevent reuse.
A-3-3.1.4 For calculating the “fit height,” it will be assumed the wearer has a 40-in. (101.6-cm)
chest.
A-3-6.1
To avoid possible damage, and possible reduction and loss of strength of the life safety rope or
harness, the manufacturer should be contacted prior to disinfecting or cleaning by a method not
prescribed in the maintenance procedures and retirement criteria.
A-3-6.1.3 When life safety rope is purchased, the authority having jurisdiction should assure that
the product label(s) with the information as specified in 3-1.2.1 and 3-1.2.2 is attached and
remains with the rope until placed in service. When the product label is removed from the rope,
the label should be retained in the authority’s permanent rope records.
It is very important that the information on the product label(s) and the information required in
3-6.1 to be supplied by the manufacturer reach the persons who will actually be using the rope. It
is useless for the supply personnel or equipment officer to remove the product label and other
pertinent information and simply retain them in the rope record file. The persons who potentially
will be using the rope need to be provided with all the information that might be available.
Copies of the product label(s) and other pertinent information should be maintained with the
rope wherever the rope is in-service awaiting use so that the potential users can consult the
information.
Where life safety or personal escape rope is purchased in long lengths, and then cut by the end
user agency to make several life safety ropes or personal escape ropes, the product label(s)
should be photocopied or otherwise reproduced and attached to each life safety rope when it is
sent into service. The end user person or persons (in a fire department it probably would be a fire
company) should keep the copy of the product label(s) and any other pertinent information for
reference and have the product label and other information readily available so that they can be
reviewed by all potential users whenever necessary.
A-4-1.2.1 Any rope can be severely damaged and can fail when cut by a sharp edge or when
subject to abrasion over rough surfaces. Rope should be protected from such hazards with
appropriate abrasion protection. Many constructions of rope that meet the requirements of this
standard could pose difficulties with knotting or splicing easily or interfacing effectively with all
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systems of use and all types of life safety harness and associated equipment. Evaluation should
be done by the fire department before purchase to ensure compatibility. Rope end terminations
such as knots and splices should be made in accordance with the manufacturer’s instructions.
A-4-1.3
If a finish is applied to rope fiber during production, it should not interfere with safe usage of
the rope due to excessive slipperiness; this characteristic should be evaluated by the fire
department before the rope is purchased.
A-4-2.1.1 See A-4-1.2.1.
A-4-2.2
See A-4-1.3.
A-4-3.2
Fire departments should ensure that proper sizes are available to accommodate on-duty
personnel.
A-4-3.3
Many life safety harness and system components that meet the requirements of this standard
might not interface effectively with all systems of use and all types of life safety rope. Evaluation
should be done before purchase to ensure compatibility.
Load-bearing textile materials should have strength, aging, ultraviolet resistance, abrasion
resistance, and heat and cold resistance characteristics equivalent or superior to polyamides.
A-4-3.4
Alternative methods for finishing and securing webbing ends can be hardware capping,
tucking and sewing, and coating the webbing ends with an air-drying solvent base sealant.
A-4-3.5
To aid the visual inspection of thread, it is recommended that the manufacturer use a thread
that is of contrasting color to the webbing.
A-4-4.2
See A-4-3.2.
A-4-4.3
See A-4-3.3.
A-4-4.4
See A-4-3.4.
A-4-4.5
See A-4-3.5.
A-4-5.2.1 It is recommended that rescue personnel use “general use” instead of “personal use”
auxiliary equipment in those one-person load situations where the victim is the load, and in any
situations where unusual or extreme forces could be placed on the system.
A-4-5.2.2 See A-4-5.2.1.
A-4-5.6
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Locking designs can include screw and spring collars that are designed to prevent gates from
opening accidentally during use.
A-4-5.9
See A-4.3.5.
A-5-1
Even properly stored rope can lose strength over a period of time. Life safety ropes should be
stored in a manner to avoid degradation from the environment. Examples include, but are not
limited to, sunlight, fluorescent light, heat, exhaust fumes, battery acid, and fumes.
A-5-1.3
Rope elongation is related to the amount of energy a rope can safely absorb when used to
arrest a fall. For all ropes, and especially when impact loading of greater than a fall factor of
0.25, manufacturers should be consulted to assure that rope with appropriate elongation and
energy absorption is selected for each application.
A-5-1.4
See A-5-1.3.
A-5-1.7
The following table shows comparisons of rope diameters to circumference in both millimeters
and inches.
Diameter in
Fraction
(Inch)
5/

Diameter in
Decimal
(Inch)

Diameter
in
Decimal
(Millimeter)

Equivalent
Circumference
(Inch)

0.3125

7.937

0.9817

8

0.3759

9.525

1.1781

16

0.4375

11.11

1.3744

16

3/
7/

1/

2

0.5000

12.7

1.5708

5/

8

0.6250

15.87

1.9635

When selecting the size of rope to purchase, a systems approach should be considered.
Evaluation should be done before purchase to ensure the rope size works while wearing gloves
with the selected ascender and descender auxiliary equipment.
A-5-1.10
The thermal requirement is intended to limit melting of rope, harness, and certain other system
components due to friction caused by activities such as rappelling. The thermal requirement is
NOT intended to qualify these items for use during fire fighting operations or other operations
where high temperature exposures are encountered.
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Many life safety ropes have thermoplastic materials as all or part of the construction because
of the excellent stretch and resilient properties. However, thermoplastic materials are not highly
resistant to elevated temperatures and can lose strength at temperatures common during fire
fighting operations. If life safety rope is carried by fire fighters during fire fighting operations, it
should be shielded or protected from flame or high temperature exposures. Repeat exposures of
the life safety rope to flame or high temperatures can cause degradation of the rope over time and
could result in failure during use. Exposure of the life safety rope to flame or high temperatures
during use can cause melting of thermoplastic materials of the rope and result in failure.
A-5-2
See A-5-1.
A-5-2.2
See A-5-1.3.
A-5-2.4
See A-5-1.7.
A-5-2.6
The thermal requirement is intended to limit melting of rope, harness, and certain other system
components due to friction caused by activities such as rappelling. The thermal requirement is
NOT intended to qualify these items for use during fire fighting operations or other operations
where high temperature exposures are encountered.
Most personal escape ropes have thermoplastic materials as all or part of the construction
because of the excellent stretch and resilient properties. However, thermoplastic materials are not
highly resistant to elevated temperatures and can lose strength at temperatures common during
fire fighting operations. If personal escape rope is carried by fire fighters during fire fighting
operations, it should be shielded or protected from flame or high temperature exposures and
falling hot debris. The rope can be carried in the pocket of the protective coat or inside a
thermally protective pouch or storage bag. Repeat exposures of the personal escape rope to flame
or high temperatures can cause degradation of the rope over time and could result in failure
during use. Exposure of the personal escape rope to flame or high temperatures during use can
cause melting of thermoplastic materials of the rope and result in failure.
A-5-3.8
The thermal requirement is intended to limit melting of rope, harness, and certain other system
components due to friction caused by activities such as rappelling. The thermal requirement is
NOT intended to qualify these items for use during fire fighting operations or other operations
where high temperature exposures are encountered.
Many life safety harness have thermoplastic materials as all or part of the construction because
of the excellent strength and resilient properties. However, thermoplastic materials are not highly
resistant to elevated temperatures and can lose strength at temperatures common during fire
fighting operations. If life safety harness is carried or used by fire fighters during fire fighting
operations, it should be shielded or protected from flame or high temperature exposures. Repeat
exposures of the life safety rope to flame or high temperatures can cause degradation of the
harness over time and could result in failure during use. Exposure of the life safety harness to
flame or high temperatures during use can cause melting of thermoplastic materials of the
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harness and result in failure.
A-5-4.7
The thermal requirement is intended to limit melting of rope, harness, and certain other system
components due to friction caused by activities such as rappelling. The thermal requirement is
NOT intended to qualify these items for use during fire fighting operations or other operations
where high temperature exposures are encountered.
Many belts have thermoplastic materials as all or part of the construction because of the
excellent strength and resilient properties. However, thermoplastic materials are not highly
resistant to elevated temperatures and can lose strength at temperatures common during fire
fighting operations. If belts are carried or used by fire fighters during fire fighting operations,
they should be shielded or protected from flame or high temperature exposures. Repeat
exposures of belts to flame or high temperatures can cause degradation of the belt over time and
could result in failure during use. Exposure of the belt to flame or high temperatures during use
can cause melting of thermoplastic materials of the belt and result in failure.
A-5-5.9
The thermal requirement is intended to limit melting of rope, harness, and certain other system
components due to friction caused by activities such as rappelling. The thermal requirement is
NOT intended to qualify these items for use during fire fighting operations or other operations
where high temperature exposures are encountered.
Many auxiliary equipment software items have thermoplastic materials as all or part of the
construction because of the excellent strength and resilient properties. However, thermoplastic
materials are not highly resistant to elevated temperatures and can lose strength at temperatures
common during fire fighting operations. If auxiliary equipment software items are carried by fire
fighters during fire fighting operations, they should be shielded or protected from flame or high
temperature exposures. Repeat exposures of the auxiliary equipment software to flame or high
temperatures can cause degradation of the item(s) over time and could result in failure during
use. Exposure of the auxiliary equipment software to flame or high temperatures during use can
cause melting of thermoplastic materials of the item(s) and result in failure.
A-6-3.2.3 The 3600-lbf (16.01-kN) test value selected for this static test, which employs a rigid
test torso, equates to having a dynamic force exerted on the body greatly exceeding that which is
considered reasonable to survive.
A-6-3.3.3 The force selected for this test is less than that selected for the previous test because,
in realistic fire ground operations, a fire fighter falling headfirst will impact the harness with less
force in the head down position, then be inverted and arrested, producing the maximum force in
the upright position.
A-6-4.2.3 A lesser force is used in this test than in the rescue harness test due to the personal
protective application of belts. The indicated test force of 3000 lbf (13.34 kN) is compliant with
the requirements for personal escape rope.

Formal Interpretation
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NFPA 1983
Fire Service Life Safety Rope and System Components
1995 Edition
Reference: 3-5.1.1, 3-5.1.2, 3-5.1.4, 3-5.1.5, 3-5.1.7, 5-5.12, and 5-5.13
F.I. 95-1 (NFPA 1983)
Question No. 1: Do the requirements of 5-5.12 (that reference the test in 6-5.5), and the
requirements of 5-5.13 only apply to synthetic fabric product labels?
Answer: Yes.
Question No. 2: Do the requirements of 3-5.1.7 apply to the information required by 3-5.1.1?
Answer: No.
Question No. 3: Do the requirements of 3-5.1.7 only apply to the information required by
3-5.1.2?
Answer: Yes.
Question No. 4: Do the requirements of 5-5.12 and 5-5.13 apply to 3-5.1.7?
Answer: No.
Question No. 5: Where the warning portion of a product label is printed on paper or cardboard
stock and is provided as specified in 3-5.1.5, do the requirements of 5-5.12 and 5-5.13 apply to
the warning portion of the product label?
Answer: No.
Question No. 6: Do the requirements of 3-5.1.4 also apply to the warning portion of software
auxiliary equipment product labels?
Answer: Yes.
Question No. 7: Where the warning portion of a software auxiliary equipment product label is
printed on paper or cardboard stock and is provided as specified in 3-5.1.5, do the requirements
of 5-5.12 and 5-5.13 apply to the warning portion of the product label?
Answer: No.
Issue Edition: 1995
Reference: 3-5.1.1, 3-5.1.2, 3-5.1.4, 3-5.1.5, 3-5.1.7, 5-5.12, and 5-5.13
Issue Date: September 4, 1996
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Effective Date: September 24, 1996
Copyright 1997 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION

NFPA 1991
1994 Edition
Standard on Vapor-Protective Suits for Hazardous Chemical
Emergencies

Copyright © 1994 NFPA, All Rights Reserved
1994 Edition
This edition of NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical
Emergencies, was prepared by the Technical Committee on Fire Service Protective Clothing and
Equipment and acted on by the National Fire Protection Association, Inc., at its Annual Meeting
held May 16-18, 1994, in San Francisco, CA. It was issued by the Standards Council on July 14,
1994, with an effective date of August 5, 1994, and supersedes all previous editions.
The 1994 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1991
In 1985, the National Transportation Safety Board (NTSB) issued report I-004-5 on a
hazardous material incident that occurred in Benicia, California. In that report, the NTSB
recommended that standards be developed for protective clothing for protection from hazardous
chemicals. The United States Department of Transportation (DOT) issued a position that
requested private sector standards development to undertake the project of writing the standards
on hazardous chemical protective clothing and asked other governmental agencies to assist and
participate in the private sector standards development system. DOT at this time also directly
requested that the NFPA develop documents on hazardous chemical protective clothing. The
Environmental Protection Agency (EPA), the United States Coast Guard (USCG), the Federal
Emergency Management Agency (FEMA), and the Occupational Safety and Health
Administration (OSHA) either adopted position statements modeled after the DOT position or
endorsed the DOT position.
During 1985, the NFPA Standards Council approved a project for development of these
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standards and assigned the project to the Technical Committee on Fire Service Protective
Clothing and Equipment. The Technical Committee on Fire Service Protective Clothing and
Equipment established a standing Subcommittee on Hazardous Chemicals Protective Clothing,
and they began their work in Phoenix, Arizona, in March 1986. Representatives from the USCG,
FEMA, and OSHA participated on the subcommittee.
At the same time, ASTM was developing a document on a selection of chemicals for
evaluating protective clothing materials that would serve as one of several ASTM testing criteria
that would be referenced in the NFPA standards.
The subcommittee met several times over a 21/2-year period at different locations across the
country and developed two standards, one for vapor-protective suits and one for liquid
splash-protective suits.
NFPA 1991 addresses vapor-protective suits designed to protect emergency response
personnel against exposure to specified chemicals in vapor and liquid splash environments
during hazardous chemical emergencies. Chemical permeation resistance documentation is
required for primary suit materials (garment, visor, gloves, and boots) against each chemical in
the NFPA battery of chemicals and any additional chemicals or specific chemical mixtures for
which the manufacturer is certifying the suit. The NFPA battery of chemicals consists of 21
chemicals: those specified in ASTM F1001, Standard Guide for Chemicals to Evaluate
Protective Clothing Materials. These chemicals were selected because they are representative of
the classes of chemicals that are encountered during hazardous chemical emergencies.
The standard includes performance requirements that were established to reflect simulated use
conditions. A suit pressurization test is used to check the airtight integrity of each protective suit.
Also, an overall suit water penetration test is designed to ensure the suit provides full body
protection against liquid splashes. Primary suit materials must resist permeation for one hour or
more by each chemical in the NFPA battery. Manufacturers may certify protective suits for
additional chemicals when the same permeation performance is met. Also included are
penetration resistance testing of closures, and leak and cracking pressure tests for exhaust valves.
These tests allow determination of adequate suit component performance in hazardous chemical
environments.
Material testing for burst strength, tear strength, abrasion resistance, flammability resistance,
cold temperature performance, and flexural fatigue are required so that materials used for
vapor-protective suits will afford adequate protection in the environment where they will be
used.
NFPA 1992 addresses liquid splash-protective suits designed to protect emergency response
personnel against exposure to specified chemicals in liquid splash environments during
hazardous chemical emergencies. Chemical penetration resistance documentation of garment
material against an NFPA battery of test chemicals and any additional chemicals or specific
chemical mixtures for which the manufacturer is certifying the suit is required. The NFPA
battery of chemicals were selected from ASTM Fl00l, Standard Guide for Chemicals to Evaluate
Protective Clothing Materials. These do not include liquid chemicals with known or suspected
carcinogenicity or skin toxicity because these garments deal with skin exposure and not
inhalation. This criterion produces a different subset of ASTM Fl00l chemicals to be certified.
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The standard includes performance requirements that were established to reflect simulated use
conditions. An overall suit water penetration test is included to ensure the suit provides full body
splash protection. Materials testing includes burst strength, tear resistance, flammability
resistance testing, abrasion resistance, cold temperature performance, and flexural fatigue
testing. These tests are required so that garment materials will provide adequate protection in the
environment in which they will be used.
The first edition was voted on by the Association at the 1989 Fall Meeting in Seattle,
Washington, on November 15, 1989, and had an effective date of February 5, 1990.
The Subcommittee on Hazardous Chemicals Protective Clothing began an early revision
(4-year cycle) of the 1990 edition of NFPA 1991 in December 1991. During 1993, the NFPA
restructured the manner in which committees were organized, and all standing subcommittees
were eliminated. Within the Technical Committee on Fire Service Protective Clothing and
Equipment, the former standing subcommittees were reorganized as task groups to address
specific technical issues, and the technical committee assumed the entire responsibility for
NFPA 1991.
This second edition of NFPA 1991 encompasses revised scope and purpose sections to include
optional components for enhanced protection and replacement items. Test methods were updated
and refined to better ensure repeatability of testing results. Extensive changes were made to the
product labels to better accommodate the optional and replacement items.
This second edition was acted on by the membership of the Association at the NFPA Annual
Meeting in San Francisco, California, on May 18, 1994, and was issued with an effective date of
August 5, 1994.
Technical Committee on Fire Service Protective Clothing and Equipment
Kirk H. Owen, Chair
Plano Fire Dept., TX
Rep. NFPA Fire Service Section
Wayde B. Miller, Secretary
Mine Safety Appliances Co., PA
(Nonvoting)
Peter V. Ackerman, S. Plainfield, NJ
Rep. Nat’l Volunteer Fire Council
Donald Aldridge, Lion Apparel Inc., OH
Curtis Berger, Menlo Park Fire Protection District, CA
Rep. Northern Area Fire Equipment Research Organization
Joseph A. Bigler, Mine Safety Appliances Co., PA
Rep. Compressed Gas Assn.
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Donna P. Brehm, Virginia Beach Fire Dept., VA
Dennis W. Browner, Scott Aviation, NY
Rep. Industrial Safety Equipment Assn.
Rand-Scott Coggan, City of Redmond Fire Dept., WA
Rep. Int’l Assn. of Fire Chiefs
Christopher E. Coombs, Cairns & Brother Inc., NJ
Paul H. Crawford, Riverside Fire Dept., CA
Rep. Southern Area Fire Equipment Research
Patricia A. Freeman, Globe Fire Fighters Suits, NH
Glen E. Gardner, U.S. Occupational Safety & Health Admin., DC
Daniel Gohlke, W. L. Gore & Assoc., MD
Jonathan J. Greenawalt, Kitsap Cnty Fire District #2, WA
William L. Grilliot, Morning Pride Manufacturing Co. Inc., OH
Bryan C. Heirston, Oklahoma State Dept. of Labor, OK
James R. Lawson, Nat’l Inst. of Standards & Technology, MD
Cy Long, Commission on Fire Protection, TX
Robert T. McCarthy, U.S. Fire Administration, MD
Christopher B. Preu, Louisville Division of Fire, KY
Alexander W. Santora, New York City Fire Dept., NY
Kenneth L. Simmons, Arizona State Fire Marshal, AZ
Brian A. Stoneback, U.S. Air Force Fire Protection, FL
Jeffrey O. Stull, TRI/Environmental Inc., TX
Bruce H. Varner, City of Carrollton Fire Dept., TX
James H. Veghte, Biotherm Inc., OH
Thomas L. Wollan, Underwriters Laboratories Inc., NC
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Alternates
Roger L. Barker, N. Carolina State University, NC
(Alt. to P. A. Freeman)
Mary I. Grilliot, Morning Pride Manufacturing Co. Inc., OH
(Alt. to W. L. Grilliot)
Tom Hillenbrand, Underwriters Laboratories Inc., IL
(Alt. to T. L. Wollan)
Dominick A. Martucci, United States Testing Co., NJ
(Alt. to U.S. Testing Rep.)
Robert J. Richter, Cairns & Brother Inc., NJ
(Alt. to C. E. Coombs)
Joanne E. Slattery, U.S. Occupational Safety & Health Admin., DC
(Alt. to G. E. Gardner)
Richard L. Stein, Survivair, CA
(Alt. to D. W. Browner)
Frank P. Taylor, Lion Apparel Inc., OH
(Alt. to D. Aldridge)
Robert Vettori, Nat’l Inst. of Standards & Technology, MD
(Alt. to J. R. Lawson)
Bruce W. Teele, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on the design,
construction, and performance criteria for protective clothing and equipment for the fire service,
including chemical protective clothing and aircraft rescue and firefighting protective clothing.

NFPA 1991
Standard on
Vapor-Protective Suits for
Hazardous Chemical Emergencies
1994 Edition

Copyright 1996 NFPA

NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 10 and Appendix D.

Chapter 1 Administration
1-1 Scope.
1-1.1*
This standard specifies minimum requirements for vapor-protective suits and replacement
components designed to protect emergency response personnel from specified chemicals and
chemical mixtures in vapor, liquid splash, and particulate environments during hazardous
chemical emergencies.
1-1.2*
The requirements of this standard specify minimum certification, documentation, design, and
performance criteria; test methods for chemical protection; and additional optional criteria for
chemical flash fire protection and liquefied gas protection.
1-1.3*
This standard does not apply to protective clothing for any fire fighting applications and does
not provide criteria for protection from radiological, biological, or cryogenic gas hazards, or
against explosive atmospheres.
1-1.4*
This standard is not intended to be utilized as a detailed manufacturing or purchase
specification but can be referenced in purchase specifications as minimum requirements.
1-2 Purpose.
1-2.1
The purpose of this standard is to provide minimum requirements for:
(a) Vapor-protective suits and replacement components used in hazardous chemical
emergencies.
(b) Vapor-protective suits described in 1-2.1(a) combined with chemical flash fire protection.
(c) Vapor-protective suits described in 1-2.1(a) combined with liquefied gas protection.
(d) Vapor-protective suits described in 1-2.1(a) combined with chemical flash fire protection
and liquefied gas protection.
1-2.2
The purpose of the options in 1-2.1 is to provide users with the flexibility to choose the
combination of features that matches their anticipated exposure.
1-2.3
Controlled laboratory tests used to determine compliance with the performance requirements
of this standard shall not be deemed as establishing performance levels for all situations to which
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personnel might be exposed.
1-2.4
Nothing herein is intended to restrict any jurisdiction or manufacturer from exceeding these
minimum requirements.
1-3 Definitions.
Afterflame Time. The length of time for which a material, component, or chemical-protective
suit continues to burn after the simulated chemical flash fire has ended.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Biological Agents. Biological materials that are capable of causing acute or long-term damage
to the human body.
Boot. See “Footwear.”
Bootie. A sock-like extension of the suit leg designed to protect the wearer’s feet where worn
in conjunction with an outer boot.
Certification/Certified. A system whereby a certification organization determines that a
manufacturer has demonstrated the ability to produce a product that complies with the
requirements of this standard, authorizes the manufacturer to use a label on listed products that
comply with the requirements of this standard, and establishes a follow-up program conducted
by the certification organization as a check on the methods the manufacturer uses to determine
compliances with the requirements of this standard.
Certification Organization. An independent, third-party organization that determines product
compliance with the requirements of this standard with a labeling/listing/follow-up program.
Chemical Flash Fire.* The ignition of a flammable and ignitible vapor or gas that produces an
outward expanding flame front as those vapors or gases burn. This burning and expanding flame
front, or fireball, will release both thermal and kinetic energy to the environment.
Chemical Protection Layer. The layer or layers included in the composite that are intended to
provide permeation resistance to chemicals and provide gastight integrity for the overall
chemical-protective suit.
Chemical-Protective Clothing Material. Any material or composite used in an item of clothing
for the purpose of protecting parts of the wearer’s body from chemical or physical hazards.
Chemical-Protective Suit.* A single or multipiece garment constructed of chemical-protective
clothing materials designed and configured to protect the wearer’s torso, head, arms, legs, hands,
and feet. It shall be permitted to completely enclose the wearer by itself or in combination with
the wearer’s respiratory equipment, hood, gloves, and boots.
Cold Zone. Those geographical areas designated as contamination-free from a chemical spill
or release. These areas contain the command post and other support functions necessary to
control the incident. The cold zone is also referred to as the “clean” or “support zone.” (See also
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Hot Zone and Warm Zone.)
Compliant. Meeting or exceeding all applicable requirements of this standard.
Component. Gloves or footwear used in the construction of the vapor-protective suit.
Composite. Any layering of protective clothing materials or components as they appear in the
final garment construction.
Cracking Pressure. The pressure at which the suit exhaust valve begins to open, releasing
exhaust air to the outside suit environment.
Cryogenic Gas.* A refrigerated, liquid gas having a boiling point below –130°F (–90°C) at
atmospheric pressure.
Emergency Response Personnel. Personnel assigned to organizations that have responsibility
for responding to hazardous chemical emergencies.
Exhaust Valve. One-way vent valves designed to release exhaust air from the inside of the
chemical-protective suit to the outside environment and prevent entry of contaminated air into
the chemical protective suit from the outside environment.
External Fittings. Any fitting externally located on, and part of, the vapor-protective suit that is
not part of the garment material, visor material, gloves, footwear, seams, or closure assembly.
Airline, cooling device, and communications system connections or pass-throughs and glove and
boot interface materials on the chemical protective suit are examples of external fittings.
External Gaskets. Any gasket externally located on, and part of, the vapor-protective suit that
is not part of the garment material, visor material, boot assembly, glove assembly, or closure
assembly. External gaskets can be used in conjunction with external fittings.
Flammable or Explosive Atmospheres. Atmospheres containing chemical vapors or gases at
concentrations that will burn or explode if ignited.
Follow-Up Program. The sampling, inspections, tests, or other measures conducted by the
certification organization on a periodic basis to determine the continued compliance of listed
products that are being produced by the manufacturer to the requirements of this standard.
Footwear. The segment of the chemical-protective suit designed to protect the wearer’s feet
and ankles. Footwear includes boots or outer boots in conjunction with booties.
Footwear Upper. That portion of the footwear above the sole.
Garment Material. The principal chemical-protective clothing material used in the construction
of the chemical-protective suit.
Glove. The segment of the chemical-protective suit designed to protect the wearer’s hands and
wrists.
Hazardous Chemical. Any solid, liquid, gas, or mixture thereof that can potentially cause harm
to the human body through respiration, ingestion, skin absorption, or contact.
Hazardous Chemical Emergencies.* Incidents involving the release or potential release of
hazardous chemicals into the environment, which can cause loss of life, personnel injury, or
damage to property and the environment.
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Hot Zone. The area immediately surrounding a hazardous material incident that extends far
enough to prevent adverse effects from hazardous materials releases to personnel outside the
zone. This zone is also referred to as the “exclusion zone” or “restricted zone.” (See also Cold
Zone and Warm Zone.)
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Ladder Shank. Reinforcement to the shank area of protective footwear designed to provide
additional support to the instep when standing on a ladder rung.
Liquefied Gas.* A gas that, under its charged pressure, is partially liquid at 70°F (21°C).
Liquid Splash-Protective Suit. A chemical-protective suit that meets at least the base
requirements of NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous
Chemical Emergencies, and protects against chemical liquid splashes but not against chemical
vapors or gases.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
Normalized Breakthrough Detection Time. The time at which the permeation rate of a
chemical through a material reaches 0.1 µg/cm2/min.
Outer Boot. A boot worn over footwear or bootie for the purposes of providing additional
protection to the wearer and for meeting the requirements of this standard.
Outer Garment. A secondary garment worn over a chemical-protective suit for the purposes of
providing additional protection to the wearer and for meeting the requirements of this standard.
Particulates. Solid matter that is dispersed in air as a mixture. Particulates, for the purpose of
this standard, do not include aerosol, or suspended liquid droplets in air. Aerosols are considered
liquids.
Primary Suit Materials. Chemical-protective suit materials limited to the garment material,
visor or faceshield material, glove material, and footwear material. This includes, in addition to
the above mentioned materials, the wearer’s respiratory equipment when designed to be worn
outside the vapor-protective suit, the umbilical air hose, and all other exposed respiratory
equipment materials designed to protect the wearer’s breathing air and air path. Primary
materials can be either single layers or composites.
Product Label. A label affixed to the garment by the manufacturer containing general
information, warnings, care, maintenance, or similar data.
Radiological Agents. Radiation associated with x-rays; alpha, beta, and gamma emissions from
radioactive isotopes; or other materials in excess of normal background radiation levels.
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Replacement Component. A component that meets the respective requirements of Chapter 8.
For this standard, replacement components only include gloves and footwear.
Respiratory Equipment. A positive pressure, self-contained breathing apparatus (SCBA) or
combination SCBA/supplied-air breathing apparatus certified by the National Institute for
Occupational Safety and Health (NIOSH) and the Mine Safety and Health Administration
(MSHA).
Seam. Any permanent attachment of two or more chemical-protective clothing materials,
excluding external fittings, gaskets, and suit closure assemblies, in a line formed by joining the
separate material pieces.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Suit Closure. The suit component designed and configured to allow the wearer to enter (don)
and exit (doff) the chemical-protective suit.
Suit Closure Assembly. The combination of the suit closure and the seam attaching the suit
closure to the garment, excluding any protective flap or cover.
Support Function. Activities of the hazardous materials incident that take place outside the hot
zone involving controlled chemical uses or exposures in nonflammable atmospheres with
minimum threats to loss of life, personnel injury, or damage to property or to the environment.
Functions include decontamination, remedial cleanup of identified chemicals, and training.
Support Function Protective Clothing. An item of chemical-protective clothing or a
chemical-protective suit that meets all requirements of NFPA 1993, Standard on Support
Function Protective Clothing for Hazardous Chemical Operations.
Vapor-Protective Suit. A chemical-protective suit that protects against chemical vapors, gases,
and liquids and meets at least all base requirements of this standard, except those requirements in
Chapters 5 and 6.
Vapor-Protective Suit with Additional Chemical Flash Fire Escape and Liquefied Gas
Protection. A vapor-protective suit also meeting the requirements in Chapter 7 of this standard.
Vapor-Protective Suit with Additional Chemical Flash Fire Escape Protection.* A
vapor-protective suit also meeting the requirements in Chapter 5 of this standard.
Vapor-Protective Suit with Additional Liquefied Gas Protection.* A vapor-protective suit also
meeting the requirements in Chapter 6 of this standard.
Visor or Faceshield Material. The transparent chemical-protective clothing material that allows
the wearer to see outside the chemical protective suit.
Warm Zone. The area where personnel and equipment decontamination and hot zone support
takes place. It includes control points for the access corridor and thus assists in reducing the
spread of contamination. This is also referred to as the decontamination, contamination
reduction, or limited access zone. (See also Cold Zone and Hot Zone.)
1-4 Units.
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1-4.1
In this standard, values for measurement are followed by an equivalent in parentheses, but only
the first stated value shall be regarded as the requirement. Equivalent values in parentheses shall
not be considered as the requirement, as these values might be approximate.
Chapter 2 Certification
2-1 General.
2-1.1*
Vapor-protective suits that are labeled as being compliant with this standard shall meet or
exceed all applicable requirements specified in this standard and shall be certified.
2-1.2
Compliant vapor-protective suits shall be labeled and listed. Such vapor-protective suits also
shall have a product label that meets the requirements specified in Section 2-5.
2-1.3
Replacement components that are labeled as compliant with this standard shall meet or exceed
all applicable requirements in Chapter 8 and shall be certified.
2-1.4
Compliant replacement components shall be labeled and listed. Such replacement components
also shall have a product label that meets the applicable requirements specified in Chapter 8.
2-1.5
Where vapor-protective suits and replacement components are certified for additional
chemicals and mixtures, as provided for in 4-2.2, then they shall also meet or exceed the
requirements specified in 4-3.1, 4-3.2, 4-5.4, 4-5.5, 4-6.4, 4-6.5, and, if applicable, 6-2.2.
2-1.6
All certification shall be performed by an approved certification organization.
2-2 Certification Program.
2-2.1*
The certification organization shall not be owned or controlled by manufacturers or vendors of
the product being certified. The certification organization shall be primarily engaged in
certification work and shall not have a monetary interest in the product’s ultimate profitability.
2-2.2
The certification organization shall refuse to certify products to this standard that do not
comply with all requirements of this standard.
2-2.3*
The contractual provisions between the certification organization and the manufacturer shall
specify that certification is contingent on compliance with all applicable requirements of this
standard. There shall be no conditional, temporary, or partial certifications. Manufacturers shall
not be authorized to use any label or reference to the certification organization on products that
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are not manufactured in compliance with all applicable requirements of this standard.
2-2.4*
For certification, laboratory facilities and equipment for conducting proper tests shall be
available, a program for calibration of all instruments shall be in place and operating, and
procedures shall be in use to ensure proper control of all testing. Good practice shall be followed
regarding the use of laboratory manuals, from data sheets, documented calibration and
calibration routines, performance verification, proficiency testing, and staff qualification and
training programs.
2-2.5
Manufacturers shall be required to establish and maintain a program of production inspection
and testing that meets the requirements of Section 2-4.
2-2.6
The manufacturer and the certification organization shall evaluate any changes affecting the
form, fit, or function of the certified product to determine its continual certification to this
standard.
2-2.7*
Product certifications shall include a follow-up inspection program, with at least two random
and unannounced visits per 12-month period.
2-2.8
The certification organization shall have a program for investigating field reports alleging
malperformance or failure of listed products.
2-2.9
The operating procedures of the certification organization shall provide a mechanism for the
manufacturer to appeal decisions. The procedures shall include the presentation of information
from both sides of a controversy to a designated appeals panel.
2-2.10
The certification organization shall be in a position to use legal means to protect the integrity
of its name and label. The name and label shall be registered and legally defended.
2-3 Inspection and Testing.
2-3.1
Sampling levels for testing and inspection shall be established by the certification organization
and the manufacturer to assure a reasonable and acceptable reliability at a reasonable and
acceptable confidence level that products certified as being compliant with the standard are
compliant. This information shall be included in the manufacturer’s technical data package.
2-3.2
Each vapor-protective suit shall be tested to the requirements of 4-1.2.
2-3.3
Testing for determining material and component compliance with the requirements specified in
Chapters 4, 5, and 6 shall be performed on samples representative of materials and components
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used in the actual construction of the vapor-protective suit. The certification organization shall
also be permitted to use sample materials cut from a representative vapor-protective suit.
2-3.4
Except where otherwise noted, determinations of pass or fail performance shall be based on
the average measurement. In cases where materials are tested in more than one direction,
determinations of pass or fail performance shall be based on the average result in each direction.
Failure in any one direction shall constitute failure of the material for the test.
2-3.5*
Except where otherwise noted, any combination of materials or multipiece garment that is
needed to meet any of the performance requirements specified in Chapters 4, 5, and 6 shall also
be required to meet all the requirements for that particular segment of the vapor-protective suit
or replacement component.
2-3.6
The certification organization shall review the technical data package to determine compliance
with the requirements of Chapter 3.
2-4 Manufacturer’s Quality Assurance.
2-4.1
The manufacturer shall provide and maintain a quality assurance program that includes a
documented inspection and product recall system. The manufacturer shall have an inspection
system to substantiate conformance to this standard.
2-4.2
The manufacturer shall maintain written inspection and testing instructions. The instructions
shall prescribe inspection and test of materials, work in process, and completed articles. Criteria
for acceptance and rejection of materials, processes, and final product shall be part of the
instructions.
2-4.3
The manufacturer shall maintain records of all pass/fail tests. Pass/fail records shall indicate
the disposition of the failed material or product.
2-4.4
The manufacturer’s inspection system shall provide for procedures that ensure the latest
applicable drawings, specifications, and instructions are used for fabrication, inspection, and
testing.
2-4.5
The manufacturer shall, as part of the quality assurance process, maintain a calibration
program of all instruments used to ensure proper control of testing. The calibration program shall
be documented as to the date of calibration and performance verification.
2-4.6
The manufacturer shall establish and maintain a system for identifying the appropriate
inspection status of component materials, work in process, and finished goods.
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2-4.7
The manufacturer shall maintain a system for controlling nonconforming material, including
procedures for the identification, segregation, and disposition of rejected material. All
nonconforming materials or products shall be identified to prevent use, shipment, and
intermingling with conforming materials or products.
2-4.8
The manufacturer’s quality assurance systems and procedures shall be audited by the
third-party certification agency to determine that the system is sufficient to ensure continued
compliance to this standard.
2-5 Product Labeling.
2-5.1*
The vapor-protective suit shall have a product label permanently and conspicuously attached
to the inside of the garment upon which at least the following warning and information are
printed in at least 1/16-in. (1.5-mm) high letters.
“THIS VAPOR-PROTECTIVE SUIT MEETS:
YES THE BASE REQUIREMENTS IN CHAPTERS 2, 3, AND 4;
NO ADDITIONAL REQUIREMENTS IN CHAPTER 5 FOR LIMITED
CHEMICAL FLASH FIRE PROTECTION; THIS ENSEMBLE PROVIDES
LIMITED PROTECTION IN THE EVENT OF CHEMICAL FLASH FIRES TO
ALLOW ESCAPE ONLY.
NO ADDITIONAL REQUIREMENTS IN CHAPTER 6 FOR LIQUEFIED GAS
PROTECTION;
OF NFPA 1991, STANDARD ON VAPOR-PROTECTIVE SUITS FOR
HAZARDOUS CHEMICAL EMERGENCIES, 1994 EDITION, FOR THE
CHEMICALS LISTED BELOW. THE TECHNICAL DATA PACKAGE
CONTAINS ADDITIONAL INFORMATION ON THESE AND ANY
ADDITIONAL CHEMICALS AND SPECIFIC CHEMICAL MIXTURES FOR
WHICH THIS SUIT IS CERTIFIED.
Acetone
Hexane
Acetonitrile

Hydrogen chloride (gas)

Anhydrous ammonia (gas)

Methanol

1,3-Butadiene (gas)

Methyl chloride (gas)

Carbon disulfide

Nitrobenzene

Chlorine (gas)

Sodium hydroxide
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Dichloromethane

Sulfuric acid

Diethyl amine

Tetrachloroethylene

Dimethyl formamide

Tetrahydrofuran

Ethyl acetate

Toluene

Ethylene oxide (gas)
CONSULT THE TECHNICAL DATA PACKAGE, MANUFACTURER’S
INSTRUCTIONS, AND MANUFACTURER’S RECOMMENDATIONS BEFORE
USE.

WARNING
WHERE MULTIPLE LAYERS ARE PROVIDED AS A SINGLE AND INTEGRATED
UNIT, ALL SEPARABLE LAYERS MUST BE WORN TOGETHER. UNLESS THIS
GARMENT IS SPECIFICALLY CERTIFIED AS APPROPRIATE TO THE
FOLLOWING APPLICATIONS, DO NOT USE FOR ANY FIRE FIGHTING
APPLICATIONS OR FOR PROTECTION FROM RADIOLOGICAL, BIOLOGICAL,
OR CRYOGENIC AGENTS, OR IN FLAMMABLE OR EXPLOSIVE
ATMOSPHERES. CHEMICAL CONTAMINATION OF THIS SUIT MAY WARRANT
ITS DISPOSAL. MAINTAIN ONLY IN ACCORDANCE WITH MANUFACTURER’S
INSTRUCTIONS. NO PROTECTIVE CLOTHING CAN PROVIDE PROTECTION
FROM ALL CONDITIONS. USE EXTREME CARE FOR ALL EMERGENCY
OPERATIONS, PARTICULARLY IN HAZARDOUS ATMOSPHERES. FAILURE TO
COMPLY WITH THESE INSTRUCTIONS MAY RESULT IN SERIOUS INJURY OR
DEATH.”
Manufacturer’s name
Manufacturer’s address
Country of manufacture
Suit model, style, and serial number
Date of compliance testing to ASTM F1052
Size
Garment material(s)
Visor material(s)
Glove(s)
Footwear item(s)
“DO NOT REMOVE THIS LABEL.”
2-5.2*
The manufacturer shall identify on the product label any other clothing items such as outer
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garments, outer gloves, or outer boots that must be worn in order to meet the performance
requirements of this standard using the following language:
FOR COMPLIANCE WITH NFPA 1991, THE FOLLOWING PROTECTIVE
CLOTHING ITEMS MUST BE WORN IN CONJUNCTION WITH THIS
GARMENT:
(List items by type and identification.)
2-5.3
Other clothing items used to meet the performance requirements of this standard shall meet the
label requirements specified in ASTM F1301, Standard Practice for Labeling Chemical
Protective Clothing. The label shall be printed in at least 1/16-in. (1.5-mm) high letters.
2-5.4
All portions of the required product label shall be printed in at least English.
2-6* User Information.
2-6.1*
Vapor-protective suit manufacturers shall provide the following instructions and information
with each suit:
(a) Cleaning instructions;
(b) Marking and storage instructions;
(c) Frequency and details of inspections;
(d) Maintenance criteria;
(e) How to use test equipment, where applicable;
(f) Methods of repair, if recommended by manufacturer; and
(g) Warranty information.
2-6.2
Vapor-protective suit manufacturers shall furnish training materials that address, but are not
limited to:
(a) Donning procedures;
(b) Doffing procedures;
(c) Safety considerations;
(d) Optimum storage conditions;
(e) Recommended storage life;
(f) Decontamination recommendations and considerations;
(g) Retirement considerations;
(h) Closure lubricants, if applicable;
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(i) Visor/faceshield antifog agents or procedures; and
(j) Recommended undergarments.
2-6.3*
Vapor-protective suit manufacturers shall furnish a logbook with each vapor-protective suit
along with instructions on its proper completion and maintenance.
Chapter 3 Documentation Requirements
3-1 Technical Data Package.
3-1.1*
The manufacturer shall furnish a technical data package with each vapor-protective suit.
3-1.2*
The technical data package shall contain all documentation required by this standard and the
data showing compliance with this standard.
3-1.3
In the technical data package, the manufacturer shall describe the vapor-protective suit in
terms of manufacturer trade name and model number, manufacturer replaceable components and
available options, accessories such as testing devices, and sizes.
3-1.4*
In the technical data package, the manufacturer shall describe the available sizes of the
vapor-protective suit. Descriptions of size shall include the range in height and weight for
persons fitting each particular size and shall provide information to the wearer as to whether
these sizes apply to persons wearing SCBA, hard hats, communications devices, turnout
clothing, and other similar gear.
3-1.5*
In the technical data package, the manufacturer shall document the average donning and
doffing times for the vapor-protective suit where measured as specified in Section 9-1.
3-2 Suit Material and Component Descriptions.
3-2.1*
Where specific clothing items and equipment are required for certifying the vapor-protective
suit to this standard, the manufacturer shall list these clothing items and equipment in the
technical data package.
3-2.2
The manufacturer shall provide, in the technical data package, a list and descriptions of the
following suit materials and components, if applicable:
(a) Garment material;
(b) Visor/faceshield material;
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(c) Glove material and type of attachment;
(d) Footwear material and type of attachment;
(e) Zipper/closure type and materials;
(f) Material seam types and composition;
(g) Exhaust valve types and material(s);
(h) External fitting types and material(s);
(i) External gasket types and material(s);
(j) Outer garment, glove, or boot material(s); and
(k) Type or style of head protection accommodated within the suit.
3-2.2.1 All descriptions of material composition shall specify either the generic material names
or trade names if the composition of the material is proprietary.
3-2.2.2 Descriptions of respective suit materials and components shall include the following
information, if applicable:
(a) Visor/faceshield material.
(1) The availability of any permanent detachable covers and films.
(b) Gloves.
(1) Type of linings or surface treatments
(2) Available glove sizes.
(c) Footwear.
(1) Type of linings or surface treatments
(2) Type of soles or special toe reinforcements
(3) Available footwear sizes.
(d) Suit zipper or closure.
(1) The material(s) of construction for the closure (including chain, slide, pull, and tape for
zippers)
(2) The location and the length of the completed closure assembly
(3) A description of any protective covers or flaps.
(e) Suit exhaust valves or ports.
(1) Type (such as flapper, pressure demand)
(2) Number and method of attachment to the suit
(3) A description of any protective covers or pockets.
(f) Other clothing items (e.g., outer garments).
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(1) Type and how used with protective suit.
3-2.3
The manufacturer shall describe, in the technical data package, the type of seams or methods
of attachment for the following suit material and component combinations:
(a) Garment material—garment material,
(b) Garment material—visor,
(c) Garment material—glove,
(d) Garment material—footwear,
(e) Garment material—suit closure, and
(f) Garment material—outer cover.
3-2.4*
Sample gloves shall be tested for dexterity and results where tested as specified in Section
9-17.
Chapter 4 Design and Performance Requirements
4-1 Overall Suit Requirements.
4-1.1
Protective covers or pockets constructed using the garment material shall be provided to
protect the exhaust valves from direct chemical splashes to the seat of the exhaust valves. The
pockets or covers shall allow access to the valves for removal and inspection.
4-1.2
Each vapor-protective suit shall be tested for gastight integrity and shall show an ending
pressure of at least 1.6 in. (40 mm Hg) water gauge pressure where tested as specified in Section
9-2. The date of the test shall be placed on the label.
4-1.3
Sample suits shall be tested for liquidtight integrity and shall allow no water penetration where
tested as specified by Section 9-3.
4-1.4
Sample suits shall be tested for overall function and integrity, as specified in Section 9-4, and
shall show an ending pressure of at least 1.6 in. (40 mm Hg) water gauge pressure after testing
for gastight integrity as specified in Section 9-2.
4-1.5
Sample vapor-protective suits shall be tested for airflow capacity and shall exhibit no internal
pressures greater than 1.5 in. (38 mm Hg) water gauge pressure, and show an ending pressure of
at least 1.6 in. (40 mm Hg) water gauge pressure after subsequent testing for gastight integrity
where tested in accordance with Section 9-5.
4-1.6
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Vapor-protective suits shall be designed to at least accommodate head protection meeting the
dimensional requirements for Class B Caps of ANSI Z89.1, Protective Headwear for Industrial
Workers.
4-1.7*
Other than outer gloves and outer boots, vapor-protective suits shall be designed so that all
separate parts and components are securely attached and provided as a single and integrated unit.
4-2 Primary Suit Material Requirements.
4-2.1
Samples of the primary suit materials shall be tested for permeation resistance and shall not
exhibit normalized breakthrough detection times of one hour or less for each chemical in ASTM
F1001, Standard Guide for Chemicals to Evaluate Protective Clothing Materials, where tested
as specified in Section 9-6.
4-2.2
For any additional chemicals or specific chemical mixtures for which the manufacturer is
certifying the suit, samples of the primary suit materials shall be tested for permeation resistance
and shall not exhibit normalized breakthrough detection times of one hour or less for each
additional chemical or specific chemical mixture where tested as specified in Section 9-6.
4-2.3
Primary suit materials shall not ignite during the initial 3.0-second exposure period, shall not
burn a distance of greater than 4.0 in. (10.2 cm), shall not sustain burning for more than 10
seconds, and shall not melt as evidenced by flowing or dripping during the subsequent 12-second
exposure period where tested for flame resistance as specified in Section 9-7.
4-3 Additional Garment Material Requirements.
4-3.1
Garment material samples shall not exhibit a normalized breakthrough detection time of one
hour or less after abrasion for each chemical in ASTM F1001, Standard Guide for Chemicals to
Evaluate Protective Clothing Materials, where tested as specified in Section 9-8 of this standard.
4-3.2
Garment material samples shall not exhibit a normalized breakthrough detection time of one
hour or less after flexing for each chemical in ASTM F1001, Standard Guide for Chemicals to
Evaluate Protective Clothing Materials, where tested as specified in Section 9-9 of this standard.
4-3.3
Garment material samples shall be tested for bursting strength and shall have a bursting
strength of not less than 100 psi (7.0 kg/cm2) as specified in Section 9-10.
4-3.4
Garment material samples shall be tested for puncture propagation tear resistance and shall
have a puncture propagation tear resistance of not less than 11 lb (5 kg) where tested as specified
in Section 9-11.
4-3.5
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Garment material samples shall have a bending moment of not greater than 0.50 in.-lb (0.057
Nm) at an angular deflection of 60 degrees and –13°F (–25°C) where tested for cold weather
performance as specified in Section 9-12.
4-4 Additional Visor or Faceshield Requirements.
4-4.1
The visor or faceshield of sample suits shall be tested for clarity and test subjects shall have a
visual acuity of 20/35 or better where tested as specified in Section 9-13.
4-4.2
Visor or faceshield material samples shall be tested for bursting strength and shall have a
bursting strength of not less than 100 psi (7.0 kg/cm2) where tested as specified in Section 9-10.
4-4.3
Visor or faceshield samples shall be tested for puncture propagation tear resistance and shall
have a puncture propagation tear resistance of not less than 11 lb (5 kg) where tested as specified
in Section 9-11.
4-4.4
Visor or faceshield samples shall be tested for cold temperature bending at –13°F (–25°C) and
shall not crack or show evidence of visible damage where tested as specified in Section 9-14.
4-5 Additional Glove Requirements.
4-5.1
Gloves shall provide protection from the finger tips to at least 1 in. (25.4 mm) beyond the wrist
crease.
4-5.2
Glove material samples shall be tested for cut resistance and shall have a cut resistance of not
less than 6.5 lb (3.0 kg) where tested as specified in Section 9-15.
4-5.3
Glove material samples shall be tested for puncture resistance and shall have a puncture
resistance of not less than 5 lb (2.3 kg) where tested as specified in Section 9-16.
4-5.4
Glove material samples shall be tested for abrasion resistance and shall not exhibit a
normalized breakthrough detection time of one hour or less for each chemical in ASTM F1001,
Standard Guide for Chemicals to Evaluate Protective Clothing Materials, where tested as
specified in Section 9-8 of this standard.
4-5.5
Glove material samples shall be tested for flex fatigue resistance and shall not exhibit a
normalized breakthrough detection time of one hour or less for each chemical in ASTM F1001,
Standard Guide for Chemicals to Evaluate Protective Clothing Materials, where tested as
specified in Section 9-9 of this standard.
4-5.6
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Glove material samples shall have a bending moment of 0.50 in.-lb (0.057 Nm) at an angular
deflection of 60 degrees and –13°F (–25°C) where tested for cold weather performance as
specified in Section 9-12.
4-6 Additional Footwear Requirements.
4-6.1
Footwear shall provide protection not less than 8.0 in. (20.3 cm) in height where measured
from the plane of the sole bottom.
4-6.2
Footwear upper material samples shall be tested for cut resistance and shall have a cut
resistance of not less than 10 lb (4.5 kg) where tested as specified in Section 9-15.
4-6.3
Footwear upper material samples shall be tested for puncture resistance and shall have a
puncture resistance of not less than 8 lb (3.6 kg) where tested as specified in Section 9-16.
4-6.4
Footwear upper material samples shall be tested for abrasion resistance and shall not exhibit a
normalized breakthrough detection time of one hour or less for each chemical in ASTM F1001,
Standard Guide for Chemicals to Evaluate Protective Clothing Materials, where tested as
specified in Section 9-8 of this standard.
4-6.5
Footwear upper material samples shall be tested for flex fatigue resistance and shall not exhibit
a normalized breakthrough detection time of one hour or less for each chemical in ASTM F1001,
Standard Guide for Chemicals to Evaluate Protective Clothing Materials, where tested as
specified in Section 9-18 of this standard.
4-6.6
Footwear sole and heel samples shall be tested for puncture resistance and shall have a
puncture resistance of not less than 272 lb (123.4 kg) as specified in Section 9-19.
4-6.7
Footwear sole and heel samples shall be tested for abrasion resistance and shall have an
abrasion-resistance rating of not less than 65 where tested as specified in Section 9-20.
4-6.8
Sample footwear toes shall be tested for impact and compression resistance and shall have an
impact resistance of not less than 75 ft-lb (101.7 J) and a compression resistance of not less than
2500 lb (11121 N) where tested as specified in Section 9-21.
4-6.9
Sample footwear soles (or ladder shanks) shall be tested for bending resistance and shall not
deflect more than 0.25 in. (0.6 cm) where tested as specified in Section 9-22.
4-6.10
Sample footwear soles shall be tested for slip resistance and shall have a static coefficient of
0.75 or greater in a dry condition, and 0.50 or greater in a wet condition, where tested as
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specified in Section 9-23.
4-7 Seam Requirements.
4-7.1
Seams shall not exhibit normalized breakthrough detection times of one hour or less for each
chemical in ASTM F1001, Standard Guide for Chemicals to Evaluate Protective Clothing
Materials, and for any additional chemicals or specific chemical mixtures for which the
manufacturer is certifying the suit, where tested as specified in Section 9-6 of this standard.
4-7.2
All seams shall possess a breaking strength of not less than 30 lbf/2 in. (2.88 kN/m) where
tested as specified in Section 9-24.
4-8 Suit Closure Assembly Requirements.
4-8.1
Sample suit closure assemblies shall show no penetration for each liquid chemical in ASTM
F1001, Standard Guide for Chemicals to Evaluate Protective Clothing Materials, and for any
additional chemicals or specific chemical mixtures for which the manufacturer is certifying the
suit, where tested as specified in Section 9-25 of this standard.
4-8.2
The suit closure assembly shall possess a breaking strength of not less than 30 lbf/2 in. (2.88
kN/m) where tested as specified in Section 9-24.
4-9* Suit Exhaust Valve Requirements.
4-9.1
The mounting mechanism of exhaust valves shall be designed to allow for their removal from
and reinstallation or replacement in the vapor-protective suit for inspection.
4-9.2
Each exhaust valve installed in a vapor-protective suit shall be tested for inward leakage and
shall not exhibit a flow rate exceeding 1.83 in.3/min (30 ml/min) where tested as specified in
Section 9-26.
4-10 External Fitting Requirements.
4-10.1
All external fittings shall be free of rough spots, burrs, or sharp edges that could tear primary
materials.
4-10.2
Vapor-protective suits, on which external fittings are installed that penetrate any primary
materials, shall be tested for gastight integrity and shall show an ending pressure of at least 1.6
in. (40 mm Hg) water gauge where tested as specified in Section 9-2.
Chapter 5 Optional Requirements for Chemical Flash Fire Protection
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5-1 Product Labeling Requirements.
5-1.1
The vapor-protective suit shall have a product label permanently and conspicuously attached
to the inside of the garment upon which at least the following warning and information are
printed in at least 1/16-in. (1.5-mm) high letters.
“THIS VAPOR-PROTECTIVE SUIT MEETS:
YES THE BASE REQUIREMENTS IN CHAPTERS 2, 3, AND 4;
YES ADDITIONAL REQUIREMENTS IN CHAPTER 5 FOR LIMITED
CHEMICAL FLASH FIRE PROTECTION; THIS ENSEMBLE PROVIDES
LIMITED PROTECTION IN THE EVENT OF CHEMICAL FLASH FIRES TO
ALLOW ESCAPE ONLY.
NO ADDITIONAL REQUIREMENTS IN CHAPTER 6 FOR LIQUEFIED GAS
PROTECTION;
OF NFPA 1991, STANDARD ON VAPOR-PROTECTIVE SUITS FOR
HAZARDOUS CHEMICAL EMERGENCIES, 1994 EDITION, FOR THE
CHEMICALS LISTED BELOW. THE TECHNICAL DATA PACKAGE
CONTAINS ADDITIONAL INFORMATION ON THESE AND ANY
ADDITIONAL CHEMICALS AND SPECIFIC CHEMICAL MIXTURES FOR
WHICH THIS SUIT IS CERTIFIED.
Acetone
Hexane
Acetonitrile

Hydrogen chloride (gas)

Anhydrous ammonia (gas)

Methanol

1,3-Butadiene (gas)

Methyl chloride (gas)

Carbon disulfide

Nitrobenzene

Chlorine (gas)

Sodium hydroxide

Dichloromethane

Sulfuric acid

Diethyl amine

Tetrachloroethylene

Dimethyl formamide

Tetrahydrofuran

Ethyl acetate

Toluene

Ethylene oxide (gas)
CONSULT THE TECHNICAL DATA PACKAGE, MANUFACTURER’S
INSTRUCTIONS, AND MANUFACTURER’S RECOMMENDATIONS BEFORE
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USE.

WARNING
WHERE MULTIPLE LAYERS ARE PROVIDED AS A SINGLE AND INTEGRATED
UNIT, ALL SEPARABLE LAYERS MUST BE WORN TOGETHER. UNLESS THIS
GARMENT IS SPECIFICALLY CERTIFIED AS APPROPRIATE TO THE
FOLLOWING APPLICATIONS, DO NOT USE FOR ANY FIRE FIGHTING
APPLICATIONS OR FOR PROTECTION FROM RADIOLOGICAL, BIOLOGICAL,
OR CRYOGENIC AGENTS, OR IN FLAMMABLE OR EXPLOSIVE
ATMOSPHERES. CHEMICAL CONTAMINATION OF THIS SUIT MAY WARRANT
ITS DISPOSAL. MAINTAIN ONLY IN ACCORDANCE WITH MANUFACTURER’S
INSTRUCTIONS. NO PROTECTIVE CLOTHING CAN PROVIDE PROTECTION
FROM ALL CONDITIONS. USE EXTREME CARE FOR ALL EMERGENCY
OPERATIONS, PARTICULARLY IN HAZARDOUS ATMOSPHERES. FAILURE TO
COMPLY WITH THESE INSTRUCTIONS MAY RESULT IN SERIOUS INJURY OR
DEATH.”
Manufacturer’s name
Manufacturer’s address
Country of manufacture
Suit model, style, and serial number
Date of compliance testing to ASTM F1052
Size
Garment material(s)
Visor material(s)
Glove(s)
Footwear items(s)
“DO NOT REMOVE THIS LABEL.”
5-1.2
The manufacturer shall identify on the product label any other clothing items, such as outer
garments, outer gloves, or outer boots that must be worn in order to meet the performance
requirements of this standard using the following language:
FOR COMPLIANCE WITH NFPA 1991, THE FOLLOWING PROTECTIVE
CLOTHING ITEMS MUST BE WORN IN CONJUNCTION WITH THIS
GARMENT:
(List items by type and identification.)
5-1.3
Other clothing items used to meet the performance requirements of this standard shall meet the
label requirements specified in ASTM F1301, Standard Practice for Labeling Chemical
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Protective Clothing. The label shall be printed in at least 1/16-in. (1.5-mm) high letters.
5-1.4
All portions of the required product label shall be printed in at least English.
5-2 Design and Performance Requirements.
5-2.1
Sample vapor-protective suits shall be tested for overall ensemble flash protection and shall
show afterflame times no longer than 2 seconds, show an ending pressure of at least 1.6 in. (40
mm Hg) water gauge pressure in a subsequent gastight integrity test, and in subsequent human
wearing of the sample ensemble, shall allow test subjects to have a visual acuity of 20/100 where
tested as specified in Section 9-27.
5-2.2
Samples of primary materials shall have an average thermal protective performance (TPP) of
not less than 12 where tested as specified in Section 9-28.
5-2.3
Samples of primary materials shall be tested for flame impingement and shall display no
afterflame, and shall not melt, as evidenced by flowing or dripping, after either the 3- or
12-second exposure period where tested as specified in Section 9-7.
5-2.4
Samples of primary materials shall be tested for the rate of static electric discharge and shall
show no voltage greater than 350 volts, 5 seconds after termination of charge generation, where
tested as specified in Section 9-29.
Chapter 6 Optional Requirements for Liquefied Gas Protection
6-1 Product Labeling Requirements.
6-1.1
The vapor-protective suit shall have a product label permanently and conspicuously attached
to the inside of the garment upon which at least the following warning and information are
printed in at least 1/16-in. (1.5-mm) high letters.
“THIS VAPOR-PROTECTIVE SUIT MEETS:
YES THE BASE REQUIREMENTS IN CHAPTERS 2, 3, AND 4;
NO ADDITIONAL REQUIREMENTS IN CHAPTER 5 FOR LIMITED
CHEMICAL FLASH FIRE PROTECTION; THIS ENSEMBLE PROVIDES
LIMITED PROTECTION IN THE EVENT OF CHEMICAL FLASH FIRES TO
ALLOW ESCAPE ONLY.
YES ADDITIONAL REQUIREMENTS IN CHAPTER 6 FOR LIQUEFIED GAS
PROTECTION;
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OF NFPA 1991, STANDARD ON VAPOR-PROTECTIVE SUITS FOR
HAZARDOUS CHEMICAL EMERGENCIES, 1994 EDITION, FOR THE
CHEMICALS LISTED BELOW. THE TECHNICAL DATA PACKAGE
CONTAINS ADDITIONAL INFORMATION ON THESE AND ANY
ADDITIONAL CHEMICALS AND SPECIFIC CHEMICAL MIXTURES FOR
WHICH THIS SUIT IS CERTIFIED.
Acetone
Hexane
Acetonitrile

Hydrogen chloride (gas

Anhydrous ammonia (gas

and liquefied gas)

and liquefied gas)

Methanol

1,3-Butadiene (gas and

Methyl chloride (gas and

liquefied gas)

liquefied gas)

Carbon disulfide

Nitrobenzene

Chlorine (gas and liquefied

Sodium hydroxide

gas)

Sulfuric acid

Dichloromethane

Tetrachloroethylene

Diethyl amine

Tetrahydrofuran

Dimethyl formamide

Toluene

Ethyl acetate
Ethylene oxide (gas
and
liquefied gas)
CONSULT THE TECHNICAL DATA PACKAGE, MANUFACTURER’S
INSTRUCTIONS, AND MANUFACTURER’S RECOMMENDATIONS BEFORE
USE.

WARNING
WHERE MULTIPLE LAYERS ARE PROVIDED AS A SINGLE AND INTEGRATED
UNIT, ALL SEPARABLE LAYERS MUST BE WORN TOGETHER. UNLESS THIS
GARMENT IS SPECIFICALLY CERTIFIED AS APPROPRIATE TO THE
FOLLOWING APPLICATIONS, DO NOT USE FOR ANY FIRE FIGHTING
APPLICATIONS OR FOR PROTECTION FROM RADIOLOGICAL, BIOLOGICAL,
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OR CRYOGENIC AGENTS, OR IN FLAMMABLE OR EXPLOSIVE
ATMOSPHERES. CHEMICAL CONTAMINATION OF THIS SUIT MAY WARRANT
ITS DISPOSAL. MAINTAIN ONLY IN ACCORDANCE WITH MANUFACTURER’S
INSTRUCTIONS. NO PROTECTIVE CLOTHING CAN PROVIDE PROTECTION
FROM ALL CONDITIONS. USE EXTREME CARE FOR ALL EMERGENCY
OPERATIONS, PARTICULARLY IN HAZARDOUS ATMOSPHERES. FAILURE TO
COMPLY WITH THESE INSTRUCTIONS MAY RESULT IN SERIOUS INJURY OR
DEATH.”
Manufacturer’s name
Manufacturer’s address
Country of manufacture
Suit model, style, and serial number
Date of compliance testing to ASTM F1052
Size
Garment material(s)
Visor material(s)
Glove material(s)
Footwear material(s)
“DO NOT REMOVE THIS LABEL.”
6-1.2
The manufacturer shall identify on the product label any other clothing items, such as outer
garments, outer gloves, or outer boots, that must be worn in order to meet the performance
requirements of this standard using the following language:
FOR COMPLIANCE WITH NFPA 1991, THE FOLLOWING PROTECTIVE
CLOTHING ITEMS MUST BE WORN IN CONJUNCTION WITH THIS
GARMENT:
(List items by type and identification.)
6-1.3
Other clothing items used to meet the performance requirements of this standard shall meet the
label requirements specified in ASTM F1301, Standard Practice for Labeling Chemical
Protective Clothing. The label shall be printed in at least 1/16-in. (1.5-mm) high letters.
6-1.4
All portions of the required product label shall be printed in at least English.
6-2 Design and Performance Requirements.
6-2.1
Samples of the primary suit materials shall be tested for permeation resistance and shall not
exhibit normalized breakthrough detection times of 15 minutes or less for each gaseous chemical
in ASTM F1001, Standard Guide for Chemicals to Evaluate Protective Clothing Materials,
where tested as specified in Section 9-30 of this standard.
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6-2.2
For any additional liquefied gas chemicals or specific liquefied gas chemical mixtures for
which the manufacturer is certifying the suit, samples of the primary suit materials shall be tested
for permeation resistance and shall not exhibit normalized breakthrough detection times of 15
minutes or less for each additional chemical or specific chemical mixture where tested as
specified in Section 9-30.
6-2.3
Samples of primary materials shall be tested for cold temperature embrittlement and shall not
exhibit normalized breakthrough detection times of 60 minutes or less and shall show no signs of
damage where tested as specified in Section 9-31.
Chapter 7 Requirements for Combined Chemical
Flash Fire and Liquefied Gas Protection
7-1 Product Labeling Requirements.
7-1.1
The vapor-protective suit shall have a product label permanently and conspicuously attached
to the inside of the garment upon which at least the following warning and information are
printed in at least 1/16- in. (1.5-mm) high letters.
“THIS VAPOR-PROTECTIVE SUIT MEETS:
YES THE BASE REQUIREMENTS IN CHAPTERS 2, 3, AND 4;
YES REQUIREMENTS IN CHAPTER 5 FOR ADDITIONAL CHEMICAL
FLASH FIRE PROTECTION;
YES REQUIREMENTS IN CHAPTER 6 FOR ADDITIONAL LIQUEFIED GAS
PROTECTION;
OF NFPA 1991, STANDARD ON VAPOR-PROTECTIVE SUITS FOR
HAZARDOUS CHEMICAL EMERGENCIES, 1994 EDITION, FOR THE
CHEMICALS LISTED BELOW. THE TECHNICAL DATA PACKAGE
CONTAINS ADDITIONAL INFORMATION ON THESE AND ANY
ADDITIONAL CHEMICALS AND SPECIFIC CHEMICAL MIXTURES FOR
WHICH THIS SUIT IS CERTIFIED.
Acetone
Hexane
Acetonitrile

Hydrogen chloride (gas

Anhydrous ammonia (gas

and liquefied gas)

and liquefied gas)

Methanol

1,3-Butadiene (gas and

Methyl chloride (gas and
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liquefied gas)

liquefied gas)

Carbon disulfide

Nitrobenzene

Chlorine (gas and liquefied

Sodium hydroxide

gas)

Sulfuric acid

Dichloromethane

Tetrachloroethylene

Diethyl amine

Tetrahydrofuran

Dimethyl formamide

Toluene

Ethyl acetate
Ethylene oxide (gas and
liquefied gas)
CONSULT THE TECHNICAL DATA PACKAGE, MANUFACTURER’S
INSTRUCTIONS, AND MANUFACTURER’S RECOMMENDATIONS BEFORE
USE.

WARNING
WHERE MULTIPLE LAYERS ARE PROVIDED AS A SINGLE AND INTEGRATED
UNIT, ALL SEPARABLE LAYERS MUST BE WORN TOGETHER. UNLESS THIS
GARMENT IS SPECIFICALLY CERTIFIED AS APPROPRIATE TO THE
FOLLOWING APPLICATIONS, DO NOT USE FOR ANY FIRE FIGHTING
APPLICATIONS OR FOR PROTECTION FROM RADIOLOGICAL, BIOLOGICAL,
OR CRYOGENIC AGENTS, OR IN FLAMMABLE OR EXPLOSIVE
ATMOSPHERES. CHEMICAL CONTAMINATION OF THIS SUIT MAY WARRANT
ITS DISPOSAL. MAINTAIN ONLY IN ACCORDANCE WITH MANUFACTURER’S
INSTRUCTIONS. NO PROTECTIVE CLOTHING CAN PROVIDE PROTECTION
FROM ALL CONDITIONS. USE EXTREME CARE FOR ALL EMERGENCY
OPERATIONS, PARTICULARLY IN HAZARDOUS ATMOSPHERES. FAILURE TO
COMPLY WITH THESE INSTRUCTIONS MAY RESULT IN SERIOUS INJURY OR
DEATH.”
Manufacturer’s name
Manufacturer’s address
Country of manufacture
Suit model, style, and serial number
Date of compliance testing to ASTM F1052
Size
Garment material(s)
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Visor material(s)
Glove material(s)
Footwear material(s)
“DO NOT REMOVE THIS LABEL.”
7-1.2
The manufacturer shall identify on the product label any other clothing items, such as outer
garments, outer gloves, or outer boots, that must be worn in order to meet the performance
requirements of this standard using the following language:
FOR COMPLIANCE WITH NFPA 1991, THE FOLLOWING PROTECTIVE
CLOTHING ITEMS MUST BE WORN IN CONJUNCTION WITH THIS
GARMENT:
(List items by type and identification.)
7-1.3
Other clothing items used to meet the performance requirements of this standard shall meet the
label requirements specified in ASTM F1301, Standard Practice for Labeling Chemical
Protective Clothing. The label shall be printed in at least 1/16-in. (1.5-mm) high letters.
7-1.4
All portions of the required product label shall be printed in at least English.
7-2 Design and Performance Requirements.
7-2.1
The vapor-protective suit and all primary materials shall meet the requirements in Chapters 4,
5, and 6.
Chapter 8 Replacement Components
8-1 Gloves.
8-1.1
Sample gloves shall be tested for gastight integrity and shall show an ending pressure of at
least 1.6 in. (40 mm Hg) water gauge where tested as specified in Section 9-32.
8-1.2
Gloves for use with vapor-protective suits meeting the base requirements in this standard shall
also meet or exceed all requirements in Sections 4-2 and 4-5.
8-1.2.1 Gloves for use with vapor-protective suits meeting the base requirements and additional
optional requirements for limited chemical flash fire protection in this standard shall also meet
the requirements in Sections 4-2, 4-5, and 5-2.
8-1.2.2 Gloves for use with vapor-protective suits meeting the base requirements and additional
optional requirements for liquefied gas protection in this standard shall also meet the
requirements in Sections 4-2, 4-5, and 6-2.
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8-1.2.3 Gloves for use with vapor-protective suits meeting the base requirements and additional
optional requirements for limited chemical flash fire protection and liquefied gas protection in
this standard shall also meet the requirements in Sections 4-2, 4-5, 5-2, and 6-2.
8-1.3
Gloves shall have a label that meets the requirements in ASTM F1301, Standard Practice for
Labeling Chemical Protective Clothing. The label shall be printed in at least 1/16-in. (1.5-mm)
high letters.
8-1.3.1 Gloves for use with vapor-protective suits meeting the base requirements shall also
include the following statement on the product label:
THIS REPLACEMENT COMPONENT MEETS THE BASE REQUIREMENTS
OF NFPA 1991 (1994 EDITION).
8-1.3.2 Gloves for use with vapor-protective suits meeting the base requirements and additional
optional requirements for limited chemical flash fire protection in this standard shall also include
the following statement on the product label:
THIS REPLACEMENT COMPONENT MEETS THE BASE REQUIREMENTS
OF NFPA 1991 (1994 EDITION) PLUS REQUIREMENTS FOR OPTIONAL
LIMITED CHEMICAL FLASH FIRE PROTECTION.
8-1.3.3 Gloves for use with vapor-protective suits meeting the base requirements and additional
optional requirements for liquefied gas protection shall also include the following statement on
the product label:
THIS REPLACEMENT COMPONENT MEETS THE BASE REQUIREMENTS
OF NFPA 1991 (1994 EDITION) PLUS REQUIREMENTS FOR OPTIONAL
LIQUEFIED GAS PROTECTION.
8-1.3.4 Gloves for use with vapor-protective suits meeting the base requirements and additional
optional requirements for limited chemical flash fire protection and liquefied gas protection shall
also include the following statement on the product label:
THIS REPLACEMENT COMPONENT MEETS THE BASE REQUIREMENTS
OF NFPA 1991 (1994 EDITION) PLUS REQUIREMENTS FOR BOTH
OPTIONAL LIMITED CHEMICAL FLASH FIRE PROTECTION AND
LIQUEFIED GAS PROTECTION.
8-1.4
Replacement glove components that consist of more than one part shall have each item labeled
with a statement describing how each part must be worn together to form the replacement
components.
8-2 Footwear.
8-2.1
Sample footwear shall be tested for gastight integrity and shall show an ending pressure of at
least 1.6 in. (40 mm Hg) water gauge where tested as specified in Section 9-32.
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8-2.2
Footwear for use with vapor-protective suits meeting the base requirements in this standard
shall also meet or exceed all requirements in Sections 4-2 and 4-6.
8-2.2.1 Footwear for use with vapor-protective suits meeting the base requirements and
additional optional requirements for limited chemical flash fire protection in this standard shall
also meet the requirements in Sections 4-2, 4-6, and 5-2.
8-2.2.2 Footwear for use with vapor-protective suits meeting the base requirements and
additional optional requirements for liquefied gas protection in this standard shall also meet the
requirements in Sections 4-2, 4-6, and 6-2.
8-2.2.3 Footwear for use with vapor-protective suits meeting the base requirements and
additional optional requirements for limited chemical flash fire protection and liquefied gas
protection in this standard shall also meet the requirements in Sections 4-2, 4-6, 5-2, and 6-2.
8-2.3
Footwear shall have a label that meets the requirements in ASTM F1301, Standard Practice
for Labeling Chemical Protective Clothing. The label shall be printed in at least 1/16-in.
(1.5-mm) high letters.
8-2.3.1 Footwear for use with vapor-protective suits meeting the base requirements shall also
include the following statement on the product label:
THIS REPLACEMENT COMPONENT MEETS THE BASE REQUIREMENTS
OF NFPA 1991 (1994 EDITION)
8-2.3.2 Footwear for use with vapor-protective suits meeting the base requirements and
additional optional requirements for limited chemical flash fire protection in this standard shall
also include the following statement on the product label:
THIS REPLACEMENT COMPONENT MEETS THE BASE REQUIREMENTS
OF NFPA 1991 (1994 EDITION) PLUS REQUIREMENTS FOR OPTIONAL
LIMITED CHEMICAL FLASH FIRE PROTECTION.
8-2.3.3 Footwear for use with vapor-protective suits meeting the base requirements and
additional optional requirements for liquefied gas protection shall also include the following
statement on the product label:
THIS REPLACEMENT COMPONENT MEETS THE BASE REQUIREMENTS
OF NFPA 1991 (1994 EDITION) PLUS REQUIREMENTS FOR OPTIONAL
LIQUEFIED GAS PROTECTION.
8-2.3.4 Footwear for use with vapor-protective suits meeting the base requirements and
additional optional requirements for limited chemical flash fire protection and liquefied gas
protection shall also include the following statement on the product label:
THIS REPLACEMENT COMPONENT MEETS THE BASE REQUIREMENTS
OF NFPA 1991 (1994 EDITION) PLUS REQUIREMENTS FOR BOTH
OPTIONAL LIMITED CHEMICAL FLASH FIRE PROTECTION AND
LIQUEFIED GAS PROTECTION.
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8-2.4
Replacement footwear components that consist of more than one part shall have each item
labeled with a statement describing how each part must be worn together to form the
replacement component.
Chapter 9 Test Methods
9-1 Donning and Doffing Time Test.
9-1.1
Donning and doffing time testing shall be conducted with a test subject. Suits tested shall meet
the sizing range of the test subject as determined in 3-1.4.
9-1.2
The suit to be worn shall be unpacked and laid out in front of the test subject.
9-1.3
The test subject shall be permitted to be assisted in donning or doffing the suit by an attendant.
9-1.4
The starting time shall begin when the seated test subject is dressed in the designated level of
protection, including appropriate underclothing and the self-contained breathing apparatus, for
the vapor-protective suit ensemble. The suit shall be donned in accordance with the
manufacturer’s instructions.
9-1.5
The donning time shall be measured when the complete vapor-protective suit and all
components have been donned.
9-1.6
The doffing time shall be measured when the complete protective suit and all components have
been removed.
9-1.7
The same test subject shall be used in three repetitive donning/doffing trials.
9-1.8
The test subject shall practice the test until the baseline time of the last repetition varies no
more than 10 percent.
9-1.9
The average of three time trials shall be used for documenting the donning and doffing time.
9-1.10
The type of underclothing, self-contained breathing apparatus, and any other equipment shall
be documented with the test results.
9-2 Overall Gastight Integrity Test.
9-2.1
Copyright 1996 NFPA

Overall suit gastight integrity shall be measured in accordance with ASTM F1052, Standard
Practice for Pressure Testing of Gas-Tight Totally Encapsulating Chemical-Protective Suits.
9-2.2
The following pressures shall be used during testing:
(a) Pretest expansion pressure of 3 in. (76 mm Hg) water gauge,
(b) Suit test pressure of 2 in. (51 mm Hg) water gauge.
9-2.3
If the ending suit pressure is less than 1.6 in. (40 mm Hg), the suit has failed the test.
9-2.4
Suits failing the test shall be permitted to be repaired. A report indicating the repairs made
shall be provided by the manufacturer.
9-3 Overall Liquidtight Integrity Test.
9-3.1
Suit overall liquidtight integrity shall be measured in accordance with ASTM F1359, Standard
Practice for Determining the Liquid-Tight Integrity of Chemical Protective Suits or Ensembles
Under Static Conditions.
9-3.2
Evidence of liquid, either inside the vapor-protective suit or on the inner water-absorptive
garment, shall constitute failure of the suit to this test.
9-3.3
If outer gloves are to be worn in conjunction with chemical-protective suit gloves or if outer
boots are worn in conjunction with suit booties to meet foot protection requirements, the
vapor-protective suit shall not fill with liquid.
9-4 Overall Suit Function and Integrity Test.
9-4.1
Overall suit function and integrity shall be measured in accordance with ASTM F1154,
Standard Practices for Qualitatively Evaluating the Comfort, Fit, Function, and Integrity of
Chemical-Protective Suit Ensembles, with the following parameters:
(a) Both exercise procedures A and B shall be used.
(b) Suits tested shall meet the sizing range of the test subject as determined in 3-1.4. The suit
shall be donned in accordance with the manufacturer’s instructions.
(c) Testing shall be conducted at 77°F, ±10°F (25°C, ±7°C) and relative humidity of 50
percent, ±20 percent.
(d) Gastight integrity shall be measured as specified in Section 9-2.
9-4.2
Following the test subject exercises, an ending suit pressure of less than 1.6 in. (40 mm Hg)
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water column gauge constitutes failing performance.
9-5 Maximum Suit Ventilation Rate Test.
9-5.1
A suit wall connector capable of accommodating the attachment of an airline hose from a
pressurized air source shall be installed in the mid-torso region of the vapor-protective suit to be
tested as indicated in Figure 9-5.1. The connector and airline hose shall allow an airflow rate of
500 L/min. The connector used in this test shall be permitted to be a standard airline connection
that is used with airline respiratory equipment.

Figure 9-5.1 Configuration of whole suit maximum airflow test.

9-5.2
A flow meter capable of measuring airflow rates of 0 to 1000 L/min, ±25 L/min, shall be used
on the airline hose.
9-5.3
A pressure gauge capable of measuring pressures from 0 to 20 in., ±1 in. (0 to 510 mm Hg,
±25 mm Hg) water gauge pressure shall be attached via a second suit wall connector at the very
top of the vapor-protective suit.
9-5.4
Following the attachment of the two connectors, the gastight integrity of the suit shall be tested
as specified in Section 9-2. During the test, the pressure gauge specified in 9-5.3 shall be
attached to one bulkhead connector; the other bulkhead connector shall be plugged. During the
test, a soapy water solution shall be applied around the edges of the connectors to ensure that no
leakage occurs through the installed suit wall connectors. The remaining steps of this procedure
shall be completed only if the sample suit shows an ending pressure of 1.6 in. (40 mm Hg) water
gauge or higher.
9-5.5
The suit shall be connected to a pressurized air source capable of providing 500 L/min by
attaching an airline to the installed mid-torso suit wall connector.
9-5.6
Beginning at time zero, air shall be flowed into the suit at a rate of 500 L/min.
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9-5.7
After a period of five minutes, the pressure at the head connector shall be measured. A
pressure of 1.5 in. (38 mm Hg) water gauge or higher shall constitute failing performance.
9-5.8
The specialized fittings installed in the suit for this test shall be plugged to prevent air leakage
and the suit shall be subjected to a second overall gastight integrity test as specified in Section
9-2. Following the maximum airflow test, an ending suit pressure of less than 1.6 in. (40 mm Hg)
shall constitute failing performance.
9-6 Chemical Permeation Resistance Test.
9-6.1
For composite materials, only the chemical protection layer shall be tested for chemical
permeation resistance.
9-6.2
Permeation resistance shall be measured in accordance with ASTM F739, Standard Test
Method for Resistance of Protective Clothing Materials to Permeation by Liquids or Gases
Under Conditions of Continuous Contact, at 77°F, ±3°F (25°C, ±2°C) for a test duration of at
least three hours.
9-6.3*
The minimum detectable permeation rate for the permeation test apparatus shall be measured
for each chemical tested. The minimum detectable permeation rate shall be less than or equal to
0.10 μg/cm2/min for all permeation resistance tests. Where using closed loop systems, the testing
laboratory shall assume one hour accumulated permeation.
9-6.4
The following information and results shall be reported:
(a) Material type or name,
(b) Chemical or chemical mixture (volume composition of mixture),
(c) Permeation normalized breakthrough detection time (minutes) calculated at a system
detectable permeation rate of 0.10 μg/cm2/min,
(d) Maximum permeation rate (μg/cm2/min) observed,
(e) Minimum detectable rate for test apparatus (μg/cm2/min),
(f) Detection method,
(g) Date of test, and
(h) Testing laboratory.
9-6.5*
In the technical data package, the manufacturer shall report all three measured times for that
time at which the permeation rate reaches 0.10 μg/cm2/min (i.e., normalized breakthrough
detection time). The shortest normalized breakthrough detection time for each material/chemical
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combination shall be used to determine compliance. Any normalized breakthrough detection
time less than 60 minutes shall constitute failing performance.
9-6.6
The manufacturer shall report all three observed permeation rates in the technical data
package.
9-7 Flammability Resistance Test.
9-7.1
All samples to be tested shall be conditioned for not less than 4 hours in standard atmospheric
conditions at a relative humidity of 65 percent, ±2 percent and a temperature of 70°F, ± 2°F
(21°C, ±1°C). Samples shall be tested not more than 5 minutes after removal from conditioning.
9-7.2
Vertical flammability testing shall be performed in accordance with Method 5903.1, Flame
Resistance of Cloth; Vertical, of Federal Test Method Standard 191A, Textile Test Methods, with
the following modifications:
(a) Specimens shall consist of at least ten protective clothing material samples measuring 3 ×
16 in., ±1/16 in. (76 × 203 mm, ±1.6 mm). If the material is anisotropic, specimens shall be cut in
both the machine and transverse directions.
(b) Specimens shall be folded in half such that the folded edge is exposed in the apparatus
holder. The fold shall be produced by placing a 1/4-in. (6.4-mm) rod at the bend of the material.
The rod shall then be removed after the material is clamped in the holder prior to flame contact.
The folded edge of the specimen shall protrude 1/4 in. (6.4 mm) below the lower horizontal end
of the metal specimen clamp.
(c) A stopwatch or other device reading in seconds shall be started. The tip of the flame shall
be applied to the end of the specimen until it is ignited, but no longer than 3 seconds. The
operator shall observe and note whether or not the specimen ignites and supports self-sustaining
burning after removal of the flame from the specimen.
(d) If the specimen fails to ignite in 3 seconds, the time shall be restarted and the flame shall be
reapplied to the end of the specimen for an additional 12 seconds. If the specimen ignites, the
timer shall be stopped when the flame is extinguished.
(e) The vertical distance, measured from the horizontal edge of the specimen to which the
ignition flame is applied, to the farthest point on the specimen visibly charred or melted by the
burning process, shall be recorded. This measurement shall be made on the specimen after
exposure. The apparent cause of extinguishment, such as melting or dripping, shall be noted.
9-7.3
The ignition propensity shall be noted as those specimens igniting within the 3-second
exposure period, specimens igniting within the 12-second exposure period, and specimens not
igniting at all.
9-7.4
Burning time shall be the time, reported in seconds, from the moment that the operator
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removes the flame from the sample until burning is extinguished.
9-7.5
The distance of burn shall be the distance, reported in inches (cm), from the ignited edge of the
sample to the farthest vertical point on the sample that is burned in the test.
9-7.6
The burning behavior of the specimen shall be noted and characterized for the samples that
ignite, are self-extinguishing, or as otherwise observed. The specimen shall be considered
self-extinguishing if the distance of burning is less than 4.0 in. (10.24 cm) and the burning time
is less than 10 seconds. The appearance of decomposition by melting or dripping shall be noted.
9-7.7
Report items for determining pass/fail shall be summarized as:
(a) Test specimens igniting in 3 seconds or less;
(b) Test specimens igniting in 12 seconds or less;
(c) Test specimens not igniting in the test;
(d) Test specimens with an ignition time exceeding 3 seconds but that support burning for 10
seconds or more;
(e) Test specimens with an ignition time exceeding 3 seconds but that have a burn distance
exceeding 4 in. (10.24 cm):
(f) Notation of specimen melting or dripping.
9-8 Abrasion Resistance Test.
9-8.1
Abrasion resistance testing shall be conducted in accordance with ASTM D4157, Standard
Test Method for Abrasion Resistance of Textile Fabrics (Oscillatory Cylinder Method), with the
following conditions:
(a) A 5-lb (2.27-kg) tension weight shall be used;
(b) A 31/2-lb (1.60-kg) head weight shall be used;
(c) An 80 grit abradant trimite D-weight open coat #1A4180, or equivalent, shall be used;
(d) The specimen shall be abraded for 25 continuous cycles; and
(e) Permeation resistance testing as specified in Section 9-6 shall be substituted for abrasion to
rupture and percentage loss in breaking load for interpreting abrasion resistance test results.
9-8.2
Only one specimen for permeation resistance testing shall be taken from each sample subjected
to abrasion. The permeation test specimen shall be taken from the exact center of the abraded
sample so that the center of the permeation test and the center of the abraded sample coincide.
For composite materials, only the chemical protection layer shall be tested for chemical
permeation resistance.
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9-8.3
The average normalized breakthrough detection time in minutes for the abraded samples shall
be reported. An average normalized breakthrough detection time of less than 60 minutes shall
constitute failing performance.
9-8.4
The average minimum permeation rate observed for abraded samples in μg/cm2/min shall be
reported.
9-8.5
Any visual observations, such as sample rupture, loss of luster, or deformation of the outside
coating for tested specimens, shall be reported.
9-9 Garment and Glove Material Flexural Fatigue Test.
9-9.1
Garment material flexural fatigue testing shall be conducted in accordance with ASTM F392,
Standard Test Method for Flex Durability of Flexible Barrier Materials, with the following
modifications:
(a) In lieu of flexing conditions A, B, C, D, or E, test specimens shall have a flex period of 100
cycles at 45 cycles per minute. A cycle shall be a full flex and twisting action.
(b) Permeation resistance testing, as specified in Section 9-6, shall be substituted for pinhole
counting.
(c) Anisotropic materials shall be tested in both machine and transverse directions.
9-9.2
Only one specimen for permeation resistance testing shall be taken from each sample subjected
to flexing conditions. The permeation test specimen shall be taken from the exact center of the
flexed sample so that the center of the permeation test and the center of the flexed sample shall
coincide. For composite materials, only the chemical protection layer shall be tested for chemical
permeation resistance.
9-9.3
The average normalized breakthrough detection time in minutes for the abraded samples shall
be reported. An average normalized breakthrough detection time of less than 60 minutes shall
constitute failing performance.
9-9.4
The average minimum permeation rate observed for flexible samples in μg/cm2/min shall be
reported.
9-9.5
Any unusual visual observations for test specimens, such as delamination or tears, shall be
reported.
9-10 Garment and Visor Material Burst Strength Test.
9-10.1
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Material burst strength shall be measured in accordance with ASTM D751, Standard Test
Methods for Coated Fabrics, Bursting Strength, using the Mullen burst machine.
9-10.2
The average test result shall be used to determine compliance.
9-11 Garment Material and Visor Puncture Propagation Tear Resistance Test.
9-11.1
Material puncture propagation tear resistance shall be measured in accordance with ASTM
D2582, Standard Test Method for Puncture-Propagation Tear Resistance of Plastic Film and
Thin Sheeting.
9-11.2
Puncture propagation tear resistance results shall be reported as the average for each material
direction.
9-11.3
Failure of the material in any direction shall constitute failing performance.
9-12 Garment and Glove Material Cold Temperature Performance Test.
9-12.1
Garment and glove material cold temperature performance shall be measured in accordance
with ASTM D747, Standard Test Method for Apparent Bending Modulus of Plastics by Means
of a Cantilever Beam, with the following modifications:
(a) The test temperature shall be –25°C (–13°F).
(b) The bending moment shall be that applied when the specimen is bent to a 60 degree
angular deflection and shall be calculated in in.-lb as follows:

Bending moment (Nm) = Bending moment (in.-lb × 0.113).
9-12.2
Cold temperature performance results shall be reported as the average for each material
direction.
9-12.3
Failure of the material in any direction shall constitute failing performance.
9-13 Visor Clarity Test.
9-13.1
Testing shall be conducted with a test subject. The test subject shall have a minimum visual
acuity of 20/20 in each eye uncorrected or corrected with contact lenses as determined in a visual
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acuity test or doctor’s examination. Suits tested shall meet the sizing range of the test subject as
determined in 3-1.4. The suit shall be donned in accordance with manufacturer’s instructions.
9-13.2*
Appropriate underclothing and a self-contained breathing apparatus shall be worn. For
consistency in testing, a Scott 4.5 Air Pak SCBA facepiece shall be used.
9-13.3
The test shall be conducted using a standard 20-ft (6.1-m) eye chart with a normal lighting
range of 100 footcandles to 150 footcandles at the chart and with the test subject positioned at a
distance of 20 ft (6.1 m) from the chart.
9-13.4
The test subject shall then read the standard eye chart through the lens of the SCBA facepiece
and suit visor to determine his or her visual acuity.
9-14 Visor Cold Temperature Bending Test.
9-14.1
Cold temperature bending of visors shall be evaluated in accordance with ASTM D2136,
Standard Test Method for Coated Fabrics—Low-Temperature Bend Test.
9-14.2
Following this testing, sample visor specimens shall be examined for evidence of damage.
Damage shall include any breakage, cracks, tears, or separations, but shall not include
discoloration along the folded area.
9-14.3
Rigid visors that do not bend but show no evidence of damage shall be considered to have
passed the test.
9-15 Glove and Footwear Upper Material Cut Resistance Test.
9-15.1
Each sample specimen to be tested shall be a rectangle at least 2 in. × 41/2 in. (5.1 cm × 11.4
cm). Multiple cut attempts shall be permitted to be made on each specimen. Glove samples for
puncture resistance testing shall be taken from the palm of the glove or palm and back, if
different. Footwear upper samples for puncture resistance testing shall be taken from areas of the
footwear upper away from seams where the thickness is uniform.
9-15.2
During the test, the sample specimen shall be oriented so that the normal outer surface is the
first to be contacted by the edge of the blade.
9-15.3
Three sample specimens shall be tested and two cuts shall be made on each sample specimen.
9-15.4
The static cut test apparatus shall consist of an L-shaped metal frame and pivoted arm that
lowers a sharp-edged blade onto a sample specimen, as shown in Figure 9-15.4.
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Figure 9-15.4 Static cut test apparatus.

9-15.5
A locking mechanism shall be mounted on the L-frame upright to engage the pivoted arm and
secure it in a neutral position above the sample specimen. The locking mechanism shall be used
when the blade is being replaced or when the specimen is being moved into or out of the testing
position.
9-15.6
The blade shall be mounted in a blade holder at the outer end of the pivoted arm, as shown in
Figure 9-15.6. The blade shall be mounted so its sharp edge is tangential.

Figure 9-15.6 Test blade holder.
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9-15.7
The pivoted arm shall be capable of supporting weights above the blade holder. Incremental
weights of 2 lb (0.91 kg) each shall be supplied to allow a maximum force of 20 lb (9.1 kg) to be
applied during testing. The pivoted arm, blade holder, and blade together shall weigh 2 lb (0.91
kg) and shall contribute to the force applied to the blade.
9-15.8
The sharp-edged blade shall be made of tool-hardened steel with an edge having a 60 degree
inclined angle and a 0.001 in. (0.025 mm) radius, as shown in Figure 9-15.8.

Figure 9-15.8 Test blade.

9-15.8.1 The sharpness or geometry of the blade edge shall be closely monitored and controlled
to prevent changes in cutting characteristics in order to ensure a consistent baseline for
interpreting the cut data.
9-15.8.2 A test blade shall be either replaced or resharpened when the sharpness (geometry) of
the blade edge changes.
9-15.9
The specimen support assembly shall consist of a 2 in. × 2 in. × 4 in. (5.1 cm × 5.1 cm × 10.2
cm) soft wooden block and a 3/4-in. (1.9-cm) diameter, half-rounded, soft wooden rod mounted
to the block, as shown in Figure 9-15.9.
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Figure 9-15.9 Material specimen support.

9-15.10
A 0.05-in. (0.13-cm) thick soft leather strip shall be draped over the rod and block to simulate
the cushioning effects of hand skin and to protect the blade on a cut-through, as shown in Figure
9-15.9.
9-15.11
The sample specimen support shall be designed to be freestanding so that several parallel-cut
attempts, spaced not less than 1/8 in. (0.3 cm) apart, can be made on each sample specimen.
9-15.12
The sample specimen shall be draped over the leather strip covering the rod and block and then
tacked tightly in place, but not stretched, as shown in Figure 9-15.9. The support assembly shall
be positioned on the base of the L-frame, as shown in Figure 9-15.4.
9-15.13
The pivoted arm and blade holder shall be initially loaded with weights to the maximum force
of 20 lb (9.1 kg). A blade shall be inserted in the holder and the pivoted arm shall be lowered to
bring the blade edge into contact with the sample specimen surface.
9-15.14
The initial specimen-edge contact shall be made 1/8 in. (0.3 cm) from the leading edge of the
blade.
9-15.15
The specimen assembly shall be drawn smoothly under the weighted blade at a rate no greater
than 20 in./min (50.8 cm/min) in a direction parallel to the blade edge. The support assembly
shall be stopped when the specimen-edge contact reaches 1/8 in. (0.3 cm) from the trailing edge
of the blade.
9-15.16
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The pivoted arm shall be lifted to remove the blade edge from the sample specimen, and the
locking mechanism shall be engaged to secure the pivot arm.
9-15.17
The sample specimen shall be inspected visually to determine whether it was cut completely
through at any point by the blade edge. Care shall be taken in inspecting the sample specimen
surface for a cut. Grooving can occur, but this shall not constitute a cut.
9-15.18
If the sample specimen surface has been cut, the weight shall be reduced by 2 lb (0.91 kg) and
the test procedure shall be repeated.
9-15.18.1 In repeating the test procedure, the sample specimen shall be repositioned so that the
blade edge is 1/8 in. (0.3 cm) to the side of the previous cut attempt.
9-15.18.2 The weights shall be reduced at 2-lb (0.91-kg) intervals and the test procedure
repeated until the point of no cut is reached or the minimum of 2 lb (0.91 kg) is reached.
9-15.18.3 If available test sites on the sample specimen have been used, testing shall continue on
an identical, fresh sample location.
9-15.18.4 The minimum force causing a cut shall be recorded.
9-15.18.5 The test procedure shall be repeated for the remaining sample specimens starting with
a weight 4 lb (2 kg) heavier than the first noted for cut until two cuts have been made on a single
sample specimen.
9-15.19
If the sample specimen has not been cut, a force of >20 lb (>9.1 kg) shall be recorded.
9-15.20
Additional sample specimens shall be tested until the requirement of 9-15.3 is met.
9-15.21
The force required for each surface cut shall be reported to the nearest 2 lb (1.0 kg) for each
sample specimen. The average force for each sample specimen shall be calculated and reported.
9-16 Glove and Footwear Puncture Resistance Test.
9-16.1
Glove samples for puncture resistance testing shall be taken from the palm of the glove or
palm and back, if different. Footwear upper samples for puncture resistance testing shall be taken
from areas of the footwear upper away from seams where the thickness is uniform.
9-16.2
Material puncture resistance shall be measured in accordance with ASTM F1342, Standard
Test Method for Protective Clothing Material Resistance to Puncture.
9-16.3
The average of all test replicates shall be used to determine compliance.
9-17 Glove Dexterity Test.
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9-17.1
Glove dexterity shall be evaluated using the standardized procedure known as the Bennett
hand-tool dexterity test.
9-17.2
Each sample glove shall be tested as a complete glove in new, as distributed, condition.
9-17.3
Three sample pairs of gloves shall be tested.
9-17.4
Each person used to perform the test shall practice until the baseline times of that person’s last
three repetitions vary no more than 6 percent. The average of these last three repetitions shall be
used as the dexterity time for each test subject.
9-17.5
The average of each test subject’s dexterity test time shall be reported.
9-18 Footwear Upper Material Flex Fatigue Resistance Test.
9-18.1
This test shall apply to all types of footwear configurations. If the footwear incorporates a
bootie constructed of garment material, the garment material flex fatigue resistance test shall be
permitted to be substituted for this test. However, the outer boot still shall be tested for flex
fatigue resistance using this test.
9-18.2
Footwear upper material flex fatigue resistance testing shall be tested in accordance with FIA
1209, Whole Shoe Flex.
9-18.3
The test shall consist of 10,000 flexes.
9-18.4
Samples for the flexed footwear upper shall be taken in areas where the greatest flexing
occurs, usually at the footwear quarter or vamp.
9-18.5
Permeation resistance testing shall be conducted on these samples as specified in Section 9-6.
For composite materials, only the chemical-protection layer shall be tested.
9-18.6
The average normalized breakthrough detection times in minutes for the flexed samples shall
be reported. An average normalized breakthrough detection time less than 60 minutes shall
constitute failing performance.
9-18.7
The average minimum permeation rate observed for flexed samples in μg/cm2/min shall be
reported.
9-18.8
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Any visual observations for tested specimens, such as sample rupture, loss of luster, or
deformation of the outside coating, shall be reported.
9-19 Footwear Sole Puncture Resistance Test.
9-19.1
Puncture resistance of footwear soles shall be measured in accordance with CSA Z195-M,
Standard for Protective Footwear, Occupational Health and Safety.
9-19.2
The average measured puncture resistance shall be used to determine compliance with this
standard.
9-20 Footwear Sole Abrasion Resistance Test.
9-20.1
Abrasion resistance of footwear soles shall be measured in accordance with ASTM D1630,
Standard Test Method for Rubber Property—Abrasion Resistance (NBS Abrader).
9-20.2
The average measured abrasion rating shall be used to determine compliance with this
standard.
9-21 Footwear Toe Compression and Impact Resistance Test.
9-21.1
The compression and impact resistance of footwear toes shall be measured in accordance with
Section 1.4 of ANSI Z41, Standard for Safety-Toe Footwear.
9-21.2
The average measured compression and impact resistance forces shall be used to determine
compliance with this standard.
9-22 Footwear Bottom Bending Resistance Test.
9-22.1
Samples for this test shall consist of the footwear sole separated from the footwear, but
including the ladder shank if present.
9-22.2
The apparatus shall consist of a tensile testing machine, such as an Instron or equivalent, that
challenges a specimen with a simulated ladder rung. A 11/4 in. diameter × 2.0 in. long (3.25 cm ×
5 cm) noncompressible probe shall be mounted on the movable arm. The specimen support
assembly shall consist of two 2.0 in. × 1.0 in. × 1.0 in. (5 cm × 2.5 cm × 2.5 cm) noncompressible
blocks placed 2.0 in. (5 cm) apart, as shown in Figure 9-22.2.
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Figure 9-22.2 Ladder shank bend test set-up.

9-22.3
The footwear bottom shall be preconditioned for one hour, +5/-0 minutes, at 70°F, ±5°F
(21°C, ±2°C).
9-22.4
The footwear shall be placed on the mounting blocks as it would be oriented toward the ladder
when affixed into the footwear and subjected to force on its center with the test probe operated at
2.0 in./min (5 cm/min).
9-22.5
Deflection at 400 lb (182 kg) shall be recorded. The average of all sample measurements shall
be used to determine compliance with this standard.
9-23 Footwear Sole Slip Resistance Test.
9-23.1
The slip resistance of footwear soles shall be measured in accordance with ASTM F489,
Standard Test Method for Static Coefficient of Friction of Shoe Sole and Heel Materials as
Measured by the James Machine.
9-23.2
Slip resistance shall be measured in both a wet and a dry condition, as specified in ASTM
F489, Standard Test Method for Static Coefficient of Friction of Shoe Sole and Heel Materials
as Measured by the James Machine.
9-23.3
The average measurements of slip resistance in both wet and dry conditions shall be used to
determine compliance with this standard.
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9-24 Seam and Closure Strength Test.
9-24.1
A seam representative of construction in the entire suit shall be used. Closure assembly
samples shall include the seam of garment material-to-closure in addition to the closure.
9-24.2
Seam and closure strength shall be measured in accordance with ASTM D751, Standard Test
Methods for Coated Fabrics, Seam Strength.
9-24.3
The average seam and closure strength measurements shall be used to determine compliance
with this standard.
9-25 Closure Penetration Resistance Test.
9-25.1
Penetration resistance testing of suit closure assemblies shall be conducted in accordance with
ASTM F903, Standard Test Method for Resistance of Protective Clothing Materials to
Penetration by Liquids, Procedure C, using the following modifications:
(a) All tests shall be conducted at 77°F, ±5°F (25°C, ±3°C).
(b) A minimum of three suit closure assemblies shall be tested for each liquid listed in ASTM
F1001, Standard Guide for Chemicals to Evaluate Protective Clothing Materials, and any
additional liquid chemicals or specific chemical mixtures for which the manufacturer is
certifying the suit.
(c) The suit closure assembly to be tested shall be preconditioned by 50 cycles of completely
opening and completely closing the closure assembly.
(d) The test cell shall be modified to accommodate the shape of the suit closure assembly
without affecting other parts of the test procedure. The plexiglass shield shall be omitted from
the test cell.
9-25.2*
An observation to determine specimen penetration shall be made at the end of the chemical
contact period. Any visually observed liquid penetration at the end of the test for any specimen
shall constitute failure of this test.
9-25.3*
Use of blotting paper at the end of the test shall be permitted to assist in the visual observation
of liquid penetration. Visually observed chemical on the blotting paper shall constitute failure of
this test.
9-25.4
The report shall include the pass/fail results for each chemical tested and an identification of
location where penetration occurs, if discernible.
9-26 Exhaust Valve Inward Leakage Test.
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9-26.1
All suit exhaust valves to be tested shall be conditioned at 90°F, ±5°F (30°C, ±3°C) at a
relative humidity of 50 percent, ±5 percent, for a minimum period of four hours. Valves shall be
tested not more than five minutes after removal from conditioning.
9-26.2
The test fixture used to measure exhaust valve inward leakage shall have the following
characteristics:
(a) The fixture shall allow mounting of an exhaust valve such that an airtight seal is achieved
between the valve body and the fixture.
(b) The fixture shall provide for the application of suction from a vacuum pump capable of
sustaining a 1.0 in. water gauge vacuum (-25.4 mm Hg water column height).
(c) The fixture shall include a pressure gauge or manometer capable of measuring pressures
ranging from -1.0 in. to 3.0 in., ±0.25 in. water gauge (-25.4 mm Hg to 76.2 mm Hg, ±6.35 mm
Hg water column height).
(d) The fixture shall allow for the measurement of flow into the valve (valve exterior to valve
interior sides) with a flow-measuring device capable of measuring flow rates from at least 0
in.3/min to 6.10 in.3/min, ±0.61 in.3/min (100 ml/min, ±1 ml/min).
9-26.3
With the exhaust valve mounted in the test fixture, a suction of 1.0 in. water gauge pressure
(-25.4 mm Hg water column height) shall be applied to the side of the valve representing the suit
interior for 30 seconds while the flow rate into the valve is measured.
9-26.4
The flow rate into the valve shall be noted and reported for each exhaust valve tested.
9-27 Overall Ensemble Flash Test.
9-27.1
Each protective suit selected shall be tested for gastight integrity in accordance with ASTM
F1052, Standard Practice for Pressure Testing of Gas-Tight Totally Encapsulating
Chemical-Protective Suits.
9-27.2
Additional protective clothing components and equipment that are necessary to provide full
body flash protection to the wearer shall be tested in conjunction with the protective suit.
9-27.3
A human form mannequin shall be used to support the protective suit during chemical flash
fire testing. The mannequin shall be coated with a suitable flame-retardant coating.
9-27.4
A one-piece flame-retardant coverall shall be placed over the mannequin.
9-27.5
The protective suit to be tested shall be placed on the mannequin, over the flame-resistant
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clothing, in accordance with the manufacturer’s instructions.
9-27.6
A flash chamber shall be constructed, as illustrated in Figure 9-27.6, and shall include the
following:
(a) It shall have an internal width and depth of 6.0 ft, ±0.3 ft (1.9 m, ±0.1 m) and a height of
8.0 ft, ±3 ft (2.3 m, ±0.1 m).
(b) It shall be constructed of 2 in. × 4 in. (5.08 cm × 10.16 cm) framing lumber or other suitable
structural material. A fire wall, at least 3/4 in. (2.0 cm) thick, or other suitable flame-resistant
paneling shall be used on the opposite two walls of the chamber. Half-inch (1.3-cm),
heat-tempered safety glass shall be used on the remaining walls to allow for multiple viewing
points during testing. At least one of the glass walls shall be attached by a means that allows for
easy removal of the mannequin. Both glass walls shall be configured to achieve gastight seals
with the chamber.
(c) All fire wall seams shall be taped and the interior walls of the chamber coated with a
suitable flame-retardant material.
(d) It shall have a port for filling the chamber with propane gas located as shown in Figure
9-27.6. The port shall allow isolation of the propane source through a valve. The port shall be
leak-free with respect to the outside environment.
(e) It shall have one port for electric ignitors, located as shown in Figure 9-27.6. The ports
shall be leak-free with respect to the outside environment.
(f) It shall have a top that allows containment of propane gas within the chamber during filling
and venting of flash pressure after ignition.
(g) A suitable stand should be constructed that allows the mannequin to be positioned 12 in.,
±1 in. (30.5 cm, ±2.5 cm) above the chamber floor.
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Figure 9-27.6 Overall ensemble chemical flash chamber.

9-27.7
The suited mannequin shall be placed on the stand in the center of the flash chamber in an
upright stationary position.
9-27.8
Propane gas at 99 percent purity or better shall be metered into the chamber at a concentration
to produce a visible chemical flash fire lasting 7 seconds, ±1 second. The appropriate metering
requirements for introducing propane into the chamber shall be determined in a pretest
calibration trial without the suited mannequin in the chamber. The concentration of the propane
shall be permitted to be checked by a combustible gas meter or similar detector.
9-27.9
The flash chamber shall be viewed at both vantage points, front and back, throughout the test.
Video documentation also shall be conducted from the front vantage point.
9-27.10
The chamber atmosphere shall be remotely ignited 30 seconds, ±5 seconds, after the chamber
has been filled with propane gas.
9-27.11
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The suited mannequin shall not be removed until all surfaces have cooled to ambient
temperature.
9-27.12
Without removing the suit from the mannequin, a gastight integrity test shall be performed on
the suit in accordance with ASTM F1052, Standard Practice for Pressure Testing of Gas-Tight
Totally Encapsulating Chemical-Protective Suits, after the chemical flash fire exposure. Passing
performance for this test shall be meeting the “pass” requirements for the gastight integrity test
following the simulated chemical flash fire.
9-27.13
The protective suit shall be removed from the mannequin and examined visually for physical
signs of damage from thermal exposure. An illustration of the protective suit shall be prepared
that shows the location of any damage. Separate illustrations shall be prepared for overcovers if
tested with the protective suit. Damage shall include, but shall not be limited to:
(a) Charring,
(b) Blistering,
(c) Evidence of material melting,
(d) Delamination, and
(e) Destruction of any suit components.
This damage shall be documented in the technical data package.
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Figure 9-27.13 Suit diagram (for noting damaged locations).

9-27.14
Following gastight integrity testing, the suit shall be donned by a test subject and evaluated as
specified in Section 9-13.
9-27.15
All testing shall be performed at a temperature of 75°F, ±20°F (24°C, ±11°C) and a relative
humidity of 70 percent, ±25 percent. Tests shall not be conducted outdoors during precipitation.
9-28 Thermal Protective Performance Test.
9-28.1
All samples to be tested shall be preconditioned first by placement in a circulating air oven for
not less than four hours at 120°F, ±5°C, (49°C, ±2°C) and then conditioned in accordance with
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Section 4, Atmospheric Conditions for Testing, of Federal Test Method Standard 191A, Textile
Test Methods, with a relative humidity of 65 percent, ±5 percent. Samples shall be tested not
more than five minutes after removal from conditioning.
9-28.2
Thermal protective performance (TPP) testing shall be performed in accordance with ASTM
D4108, Standard Test Method for Thermal Protective Performance of Materials for Clothing,
Open-Flame Method, with the following modifications:
(a) Specimens shall consist of protective clothing composites measuring 6 in. × 6 in., ±1/16 in.
(152.4 mm × 152.4 mm, ±1.6 mm) consisting of all layers used in the construction of the
chemical-protective suit.
(b) Apparatus shall consist of specimen holder assembly, specimen holder assembly support,
thermal flux source, protective shutter, sensor assembly, and recorder.
(c) The specimen holder assembly shall consist of upper and lower mounting plates. Specimen
holder maintaining plates shall be 8 in. × 8 in., ±1/16 in., × 1/4 in., ±1/32 in. (203.2 mm × 203.2
mm, ± 1.6 mm, × 6.4 mm, ±0.8 mm). The lower specimen mounting plate shall have centered a 4
in. × 4 in., ±1/16 in. (101.6 mm × 101.6 mm, ±1.6 mm) hole. The upper specimen mounting plate
shall have centered a 51/8 in. × 51/8 in., ±1/16 in. (130.2 mm × 130.2 mm, ±1.6 mm) hole. The
lower specimen mounting plate shall have a 1 in., ±1/16 in., high × 1/8 in., ±1/32 in., thick (25.4
mm, ±1.6 mm, × 3.2 mm, ±0.8 mm) steel post welded to each corner 1/4 in., ±1/16 in., (6.4 mm,
±1.6 mm) from each side and perpendicular to the plane of the plate. The upper sample mounting
plate shall have a corresponding hole in each corner so that the upper specimen mounting plate
fits over the lower specimen mounting plate.
(d) Specimen holder assembly support shall consist of a steel frame that rigidly holds and
positions in a reproducible manner the specimen holder assembly and specimen relative to the
thermal flux. Specimen holder assembly support shall be securely clamped at the edges to
prevent specimen shrinkage. The sensor assembly shall consist of 51/4 in. × 51/4 in. × 1/2 in.
(133.3 mm × 133.3 mm × 12.8 mm) heat-resistant block that fits without binding into the hole of
upper specimen mounting plate and shall be uniformly weighted such that complete sensor
assembly, including copper calorimeter, weighs 2.2 lb, ±0.022 lb (1000 g, ±10 g).
(e) Thermal flux source shall consist of a convective thermal flux source and a radiant thermal
flux source. The convective thermal flux source shall consist of two Meker or Fisher burners
affixed beneath the specimen holder assembly opening and subtended at a nominal 45 degree
angle from the vertical so that the flames converge at a point immediately beneath the specimen.
The radiant thermal flux source shall consist of nine quartz infrared tubes affixed beneath and
centered between the burners.
(f) A protective shutter shall be placed between the thermal flux source and the specimen. The
protective shutter shall be capable of completely dissipating thermal load from thermal flux
source of the time periods before and after specimen exposure. The protective shutter shall be
controlled by means of an automatic timer with a resolution of not less than 0.10 second.
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(g) Specimens shall be exposed to a thermal flux of 2.0 cal/cm2/sec, ±0.1 cal/cm2/sec as
measured with the copper calorimeter. The copper calorimeter shall be the only heat sensor used
in setting the 2.0 cal/cm2/sec exposure condition. The total heat flux shall be calculated directly
from the temperature response of the copper calorimeter and calorimeter constants. Other
heat-sensing devices shall not be used to reference or adjust the heat flux read by the copper
calorimeter. The 2.0 cal/cm2/sec exposure shall be determined directly and only from the voltage
output of the thermocouples, using the measured temperature rise of the copper calorimeter, the
area and mass of the calorimeter, and the heat capacity of copper to calibrate the incoming heat
flux. The radiant load shall be set on 1.0 cal/cm2/sec as measured using a calibrated commercial
radiometer.
(h) The sensor assembly shall be fitted into the opening in the top plate of the specimen holder
and shall be in contact with the surface of the thermal barrier normally facing the wearer.
(i) If the individual results vary more than ±5 percent from the average result, the results shall
be discarded and another set of specimens shall be tested.
(j) The individual test results of each specimen shall be reported. The average value for each
sample and pass/fail result shall be calculated and reported.
9-29 Material Static Charge Accumulation Resistance Test.
9-29.1
The outside surface of the chemical protection layer, plus any surfaces external to that layer, of
each primary suit material, except the visor, shall be tested. The visor and the inside surface of
the chemical protection layer shall be tested for documentation purposes only. For composite
materials, interior surfaces shall be tested using the actual material surfaces. For example, in a
two-layer material composite, the external side of the inner layer and the internal side of the
outer layer shall be tested. The felt PTFE pad on the rubbing wheel shall be replaced with one of
the material layers.
9-29.2
A total of five specimens, each 8.0 in., ±0.2 in. (20.4 cm, ±0.4 cm) square, shall be cut from
the material to be tested.
9-29.3
Test specimens shall be conditioned at the standard temperature of 75°F, ±5°F (24°C, ±3°C)
and the standard relative humidity of 45 percent, ±5 percent.
9-29.4
The following test equipment shall be used:
9-29.4.1* Triboelectric Test Device. The triboelectric test device shall consist of a grounded
aluminum frame with two cutouts in the front faceplate.
(a) The lower right cutout shall house the static detector head that is connected to an
electrometer.
(b) The upper left cutout shall be for the rubbing wheel used to generate the triboelectric
charge.
Copyright 1996 NFPA

(c) This rubbing wheel shall be connected to a 1/8 horsepower electric drive motor. A manual
lever shall be used to slide the motor/rubbing wheel combination forward so that the wheel
gently makes intimate contact with the test specimen at the proper time.
(d) The test pressure shall be held constant during the test by means of a weight and cord
system. In this system, a cord shall be attached to the motor assembly, shall run over a pulley
wheel, and a 3.0-lb, ±0.2 lb (1.36-kg, ±0.05 kg) weight shall be attached to the end of the cord.
(e) The test specimen shall be mounted taut in a grounded aluminum sample holder.
9-29.4.2* Rubbing Wheel. The rubbing wheel shall have a diameter of 5.0 in., ±0.1 in. (12.7
cm, ±0.2 cm). The standard wheel shall be constructed with a phenolic plastic (such as Micarta)
back, a 1-in. (2.54-cm) thick foam cushion, and a felt PTFE rubbing surface. Rubbing wheels
shall be cleaned with a dry cloth after the completion of tests on a given material.
9-29.4.3 Data Gathering System. A digital oscilloscope with memory shall be used for
gathering data.
(a) The oscilloscope trigger shall be initiated with a 6 V battery connected to the oscilloscope
trigger circuit through a microswitch on the sliding mechanism of the rubbing wheel.
(b) When the rubbing wheel is moved away from the test specimen (thus ceasing the charge
generation), the micro-switch shall initiate the oscilloscope trigger. The detector head senses the
electrostatic field and the electrometer generates a dc voltage proportional to the electrostatic
field sensed by the detector head. This voltage shall be fed into the oscilloscope input and shall
be displayed on the oscilloscope y axis versus time. The zero time shall be the time the
microswitch circuit triggers the oscilloscope sweep that occurs at the cessation of sample
rubbing.
(c) The oscilloscope presentation also shall be permitted to be recorded on an x-y plotter
directly connected to the oscilloscope.
(d) The oscilloscope shall also be permitted to have a digital interface to send the data to a
digital computer for further analysis and storage.
9-29.4.4* Static Eliminator. A static eliminator shall be used that is capable of removing a
25,000 V charge from a 7 in. × 5/8 in. (20 cm × 1.6 cm) square material specimen within 30
seconds. The static eliminator shall be placed in the test chamber or other testing area.
9-29.5
The following test procedure shall be used:
9-29.5.1 A clean rubbing wheel shall be placed in the test apparatus.
9-29.5.2 The triboelectric test apparatus shall be conditioned at the standard temperature of 75°F,
±5°F (24°C, ±3°C) and the standard relative humidity of 45 percent, ±5 percent, for a minimum
of 24 hours.
9-29.5.3 The electrometer and oscilloscope shall be turned on and allowed to warm up for 30
minutes.
9-29.5.4 The test specimen shall be mounted in the sample holder.
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9-29.5.5 The test operator shall verify or install the proper weights on the cord. [The standard
mass is 3.0 lb (1.36 kg.)]
9-29.5.6 The static eliminator shall be turned on for 30 seconds to remove any residual charge on
the test specimen and rubbing wheel.
9-29.5.7 The rubbing wheel motor shall be turned on and adjusted to 200 rpm.
9-29.5.8 The oscilloscope shall be adjusted for the display needed.
9-29.5.9 The electrometer shall be zeroed.
9-29.5.10 The sample holder shall be raised and locked into position in front of the rubbing
wheel.
9-29.5.11 The control lever shall be moved to initiate rubbing of the test specimen and shall
continue to rub the sample for precisely 10 seconds. During the rubbing, the oscilloscope circuit
shall be armed and the electrometer shall be ungrounded.
9-29.5.12 The rubbing wheel shall be retracted and the sample holder shall be permitted to drop
in front of the detector head to initiate the measurement of the electrostatic field.
9-29.5.13 Voltage versus time shall be measured for the peak voltage at 0.5, 1.0, 2.0, 3.0, 4.0,
and 5.0 seconds. Alternatively, the voltage shall be permitted to be measured continuously using
a data logger for at least 5.0 seconds.
9-29.5.14 The test shall be repeated with a fresh sample each time, beginning with 9-29.5.2.
9-29.6
For each specimen, the peak charge generated, the corresponding charge after 5.0 seconds, and
the time required for the charge to reach 10 percent or the maximum charge measured shall be
recorded.
9-29.7
The average measured voltage at five seconds for each surface tested shall be used individually
to determine pass/fail with this standard.
9-30 Liquefied Gas Permeation Resistance Test.
9-30.1
Permeation resistance of liquefied gases shall be measured as specified in Section 9-6.
9-30.2
The test cell and test chemical shall be maintained at a temperature sufficient to keep the test
chemical as a liquid such that a 1/2-in. (1.3-cm) liquid layer is maintained at all times during the
test.
9-30.3
The permeation test shall be conducted for a minimum of one hour.
9-31 Garment, Glove, and Footwear Material Embrittlement Test.
9-31.1
Garment, glove, and footwear material embrittlement shall be measured in accordance with
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ASTM D2136, Standard Test Method for Coated Fabrics—Low-Temperature Bend Test, with
the following modifications:
(a) Testing shall be conducted in a freezer having a temperature no higher than –13°F (–25°C).
(b) The material specimen shall first be placed on a flat sheet of dry ice with outer surface of
the material in contact with the dry ice for a period of 15 minutes under a pressure of 0.5 psi (3.5
kPa).
(c) The material specimen shall be removed from the dry ice after 15 minutes of contact and
shall be immediately placed in the test apparatus.
(d) The bending action of the test apparatus shall be immediately activated while the sample is
still in the freezer.
(e) Permeation resistance testing as specified in Section 9-6 shall be substituted for a visual
examination of the specimen for interpreting failure.
9-31.2
Only one specimen for permeation resistance testing shall be taken from each sample subjected
to embrittlement conditioning. The permeation test specimen shall be taken from the exact center
of the folded sample so that the center of the permeation test and the center of the folded sample
coincide.
9-31.3
The average normalized breakthrough detection time in minutes for the folded samples shall be
reported.
9-31.4
The average minimum permeation rate observed for folded samples in µg/cm2/min shall be
reported.
9-31.5
Any visual observations, such as delamination, breakage, or cracking for tested specimens,
shall be reported.
9-32 Glove and Footwear Gastight Integrity Test.
9-32.1
The gastight integrity of complete gloves or footwear shall be measured in accordance with
ASTM F1052, Standard Practice for Pressure Testing of Gas-Tight Totally Encapsulating
Chemical-Protective Suits, with the following modifications:
(a) Test gloves or footwear shall be substituted for encapsulated chemical-protective suits.
(b) A test fixture shall be designed that provides a gastight seal between the glove cuff (or
footwear top line) and the fixture; the fixture shall have a valved port to allow air introduction
and pressure measurement.
9-32.2
Glove or footwear tests shall be reported as pass or fail. Tests for which gloves or footwear
sustain a pressure drop greater than 20 percent shall be classified as failures.
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9-32.3
If the gastight integrity of gloves and footwear is assessed when attached to the
vapor-protective suit, then the results for the overall vapor-protective suit shall be used in lieu of
individual results for gloves and footwear.
Chapter 10 Referenced Publications
10-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
10-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous Chemical
Emergencies, 1994 edition.
NFPA 1993, Standard on Support Function Protective Clothing for Hazardous Chemical
Operations, 1994 edition.
10-1.2 Other Publications.
10-1.2.1 ANSI Publications. American National Standards Institute, 1450 Broadway, New
York, NY 10018.
ANSI Z41, Standard for Safety-Toe Footwear, 1983.
ANSI Z89.1, Protective Headwear for Industrial Workers, 1986.
10-1.2.2 ASTM Publications. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM D747, Standard Test Method for Apparent Bending Modulus of Plastics by Means of a
Cantilever Beam, 1990.
ASTM D751, Standard Test Methods for Coated Fabrics, 1989.
ASTM D1630, Standard Test Method for Rubber Property—Abrasion Resistance (NBS
Abrader), 1983.
ASTM D2136, Standard Test Method for Coated Fabrics—Low-Temperature Bend Test, 1989.
ASTM D2582, Standard Test Method for Puncture-Propagation Tear Resistance of Plastic
Film and Thin Sheeting, 1992.
ASTM D4108, Standard Test Method for Thermal Protective Performance of Materials for
Clothing, Open-Flame Method, 1987.
ASTM D4157, Standard Test Method for Abrasion Resistance of Textile Fabrics (Oscillatory
Cylinder Method), 1992.
ASTM F392, Standard Test Method for Flex Durability of Flexible Barrier Materials, 1993.
ASTM F489, Standard Test Method for Static Coefficient of Friction of Shoe Sole and Heel
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Materials as Measured by the James Machine, 1988.
ASTM F739, Standard Test Method for Resistance of Protective Clothing Materials to
Permeation by Liquids or Gases Under Conditions of Continuous Contact, 1991.
ASTM F903, Standard Test Method for Resistance of Protective Clothing Materials to
Penetration by Liquids, 1990.
ASTM F1001, Standard Guide for Chemicals to Evaluate Protective Clothing Materials,
1989.
ASTM F1052, Standard Practice for Pressure Testing of Gas-Tight Totally Encapsulating
Chemical-Protective Suits, 1991.
ASTM F1154, Standard Practices for Qualitatively Evaluating the Comfort, Fit, Function,
and Integrity of Chemical-Protective Suit Ensembles, 1988.
ASTM F1301, Standard Practice for Labeling Chemical Protective Clothing, 1990.
ASTM F1342, Standard Test Method for Protective Clothing Material Resistance to Puncture,
1991.
ASTM F1359, Standard Practice for Determining the Liquid-Tight Integrity of Chemical
Protective Suits or Ensembles Under Static Conditions, 1991.
10-1.2.3 Bennett Dexterity Test. The Psychology Corporation, 555 Academic Court, San
Antonio, TX 78204.
10-1.2.4 CSA Publication. Canadian Standards Association, 178 Rexdale Boulevard, Toronto,
Canada M9W 1R3.
CSA Z195-M, Standard for Protective Footwear, Occupational Health and Safety, 1984.
10-1.2.5 FIA Publication. Footwear Industry of America, 3700 Market Street, Philadelphia, PA
19104.
FIA 1209, Whole Shoe Flex.
10-1.2.6 GSA Publication. General Services Administration, Specifications Activity, Printed
Materials Supply Division, Building 197, Naval Weapons Plant, Washington, DC 20407.
Federal Test Method Standard 191A, Textile Test Methods, 1978.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1.1
The requirements of this standard were developed taking into consideration the needs of
emergency response personnel for hazardous chemical emergencies. This application might
entail a variety of chemical, physical, and other hazards. Other protection needs should warrant a
thorough review of the requirements in this standard, such as routine industrial operations, to
determine their applicability.
There are no requirements in this standard that address reuse or multiple wearings of
vapor-protective suits. Users are cautioned that exposure of vapor-protective suits to chemicals
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might require disposal.
A-1-1.2
At the time this standard was prepared, the characteristics of a dust or particulate flash fire had
not been defined by the committee. Therefore, the committee has chosen not to assume that these
exposures are similar to a chemical flash fire nor are the requirements for chemical flash fire
protection adequate as minimum requirements for dust or particulate flash fire protection.
A-1-1.3
Organizations responsible for specialized chemical response functions including radiological,
biological, cryogenic, or fire fighting applications should use protective clothing and equipment
specifically designed for those activities.
A-1-1.4
It is strongly recommended that purchasers of vapor-protective suits consider the following:
(a) Emergency response personnel must wear many items of protective clothing and
equipment. Any interference by one item of another’s use might result in inefficient operations
or unsafe situations.
(b) Different breathing apparatus, communications systems, cooling devices, and other
protective equipment might not be accommodated equally by each vapor-protective suit.
(c) Specification of additional reinforcement in high-wear or load-bearing areas, such as the
knees, elbows, shoulders, and back, might be necessary. Reinforcing materials should be the
same as the garment material. Purchasers are cautioned that additional weight caused by
excessive reinforcement could lead to fatigue or injury to the wearer and change or shorten the
life of the garment.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-3 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
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departmental official may be the authority having jurisdiction.
A-1-3 Chemical Flash Fire.
The committee realized that a policy of wearing protective clothing was needed that
recognized the significant threat to fire fighters who might be exposed to flash fires in either
structural fire fighting or hazardous chemical environments. It is hoped that fire fighters utilize
awareness training on burn injuries caused by the ignition of the environment. There is a distinct
difference between chemical flash fires and flashovers occurring in structural fire fighting
environments.
Flashover is a phenomenon that requires heat and generates temperatures in the range of
1200°F to 1500°F (649°C to 816°C). A chemical flash fire requires an ignition source and a
chemical atmosphere that contains a concentration above the lower explosive limit of the
chemical. Chemical flash fires generate heat from 1000°F to 1900°F (538°C to 1038°C). A
structural fire flashover, as a rule, is confined to a designated area with walls as a boundary. A
chemical flash fire depends on the size of the gas or vapor cloud, and, when ignited, the flame
front expands outward in the form of a fireball. The resulting effect of the fireball’s energy with
respect to radiant heat significantly enlarges the hazard areas around the gas released.
A-1-3 Chemical-Protective Suit.
For the purposes of this standard, the chemical-protective suit is an ensemble of clothing items
designed to provide complete protection to the wearer in combination with the wearer’s
respiratory protection equipment. This means that both suit and respiratory equipment must be
worn in combination to achieve the protection dictated by this standard.
A-1-3 Cryogenic Gas.
Examples of cryogenic gases include helium, nitrogen, and oxygen. This is not an inclusive list
of cryogenic gases.
A-1-3 Hazardous Chemical Emergencies.
Hazardous chemical emergencies are a special subset of activities during hazardous materials
incidents. They are characterized by activity where significant hazards exist to personnel or the
environment. Emergency activity takes place in the hot zone as opposed to support functions,
which take place in the warm and cold zones.
A-1-3 Liquefied Gas.
Examples of liquefied gases include ammonia, 1,2-butadiene, chlorine, ethylene oxide,
hydrogen chloride, liquefied petroleum gas, and methyl chloride. This is not an inclusive list of
liquefied gases. Testing in this standard is only conducted for a limited number of liquefied
gases. Users should consult the technical data package to determine which liquefied gases have
been tested with the suit’s primary materials.
A-1-3 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The authority having jurisdiction should utilize the system employed by the listing organization
to identify a listed product.
A-1-3 Vapor-Protective Suit with Additional Chemical Flash Fire Escape Protection.
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Suits meeting these requirements are intended to offer the wearer protection for escape only in
situations that might result in chemical flash fires. The subcommittee, in developing
requirements for this area, did not consider or imply any protection beyond that necessary for
allowing emergency responders to survive the thermal effects of a chemical flash fire with no
loss of suit gastight integrity.
A-1-3 Vapor-Protective Suit with Additional Liquefied Gas Protection.
Suits meeting these requirements are intended to offer the wearer limited protection for
exposure to liquefied gases. The subcommittee, in developing requirements for this area,
considered a maximum exposure time of 15 minutes for maintaining all protective qualities of
the suit.
A-2-1.1
The compliance of vapor-protective suits in meeting this standard is determined by the NFPA
battery of chemicals. Each vapor-protective suit meeting the requirements of this standard will
have a list of chemicals or chemical mixtures associated with it.
Vapor-protective suits by definition also meet the requirements of NFPA 1992, Standard on
Liquid Splash-Protective Suits for Hazardous Chemical Emergencies, and NFPA 1993, Standard
on Support Function Protective Clothing for Hazardous Chemical Operations.
A-2-2.1
The certification organization should have a sufficient breadth of interest and activity so that
the loss or award of a specific business contract would not be a determining factor in the
financial well-being of the agency.
A-2-2.3
The contractual provisions covering certification programs should contain clauses advising the
manufacturer that, if requirements change, the product should be brought into compliance with
the new requirements by a stated effective date through a compliance review program involving
all currently listed products.
With these clauses, certifiers would not be able to move quickly to protect their name, marks,
or reputation. A product safety certification program would be deficient without these
contractual provisions and the administrative means to back them up.
A-2-2.4
Investigative procedures are important elements of an effective and meaningful product safety
certification program. A preliminary review should be carried out on products submitted to the
certification organization before any major testing is undertaken.
A-2-2.7
Such factory inspections should include, in most instances, witnessing of production tests.
With certain products, the certification organization inspectors should select samples from the
production line and submit them to the main laboratory for countercheck testing. With other
products, it might be desirable to purchase samples in the open market for test purposes.
A-2-3.5
Manufacturers are not limited in their approaches for designing vapor-protective suits
compliant with this standard. If the suit design uses combinations of materials or garments to
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meet one part of the standard, then the same combinations must be assessed for all parts of the
standard. For example, if a two-part visor is used such that the visor materials meet the
chemical-resistance requirement, the outer visor cannot be removed to meet the light
transmission requirement. The same configuration must be used for all performance
requirements.
A-2-5.1
Purchasers and users should be aware that no reliable nondestructive methods exist to
determine the level of contamination for exposed vapor-protective suits or their materials. Users
might not be able to determine how effective decontamination methods are in removing chemical
contamination from the vapor-protective suit. Vapor-protective suits that have received a
significant exposure to a chemical or chemical mixture, in the estimation of the responsible
supervisor, should be disposed of.
A-2-5.2
Examples of other clothing items that might be required to be worn for meeting performance
criteria in this standard include, but are not limited to, over garments, over gloves, and over
boots. Purchasers must realize that all items specified by the manufacturer and used to determine
compliance with this standard must be worn together. Otherwise, the certification of the garment
is voided.
A-2-6
Purchasers should consider testing prospective suits by evaluating their comfort, function, fit,
and integrity as specified in ASTM F1154, Standard Practices for Qualitatively Evaluating the
Comfort, Fit, Function, and Integrity of Chemical-Protective Suit Ensembles. These practices
entail having a test subject don the suit and wear it during a series of exercises. Two exercise
batteries are used. The first includes a number of in-place exercises such as toe touches, deep
knee bends, and cross arm reaches, which are intended to assess suit subject mobility and create
stresses on different parts of the suit. The second involves more realistic activities such as
crawling, climbing a ladder, turning a valve, operating a hand truck, and coiling a hose. These
tasks attempt to simulate actions that an emergency responder might undertake during a
hazardous chemical emergency.
A-2-6.1
Purchasers should follow the instructions provided by the manufacturer for completing the
logbook for their own means of recording suit use and maintenance and also for documenting
levels of contamination when returning suits to the manufacturer.
A-2-6.3
The manufacturer should prepare the logbook so that it provides for at least the following data
entries:
(a) Dates of each inspection, inspection findings, and the name of the inspector;
(b) Dates of each use, the length of use, and the user’s name;
(c) Names of chemicals the suit is exposed to, including the length and concentration of
exposure;
(d) Dates of all repairs, including a description of the repairs and the name of the person
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making the repairs;
(e) Dates and types of decontamination to which the suit is subjected and the name of the
person or facility responsible for the decontamination;
(f) Dates the suit is taken out of service and the reason for action; and
(g) Dates the suit is returned to the manufacturer and the reason for the return.
A-3-1.1
Purchasers should use the technical data package to compare suit performance data when
purchasing vapor-protective suits. The purchaser should determine the relative ranking of
performance data to aid in this selection process.
A-3-1.2
Purchasers should request that all documentation and performance data be provided in a
format that will allow easy comparison of products to aid selection. A recommended format for
presenting this data is given in Appendix B. Appendix C provides a description of the test
methods and performance criteria used in this standard and in related standards NFPA 1992,
Standard on Liquid Splash-Protective Suits for Hazardous Chemical Emergencies, and NFPA
1993, Standard on Support Function Protective Clothing for Hazardous Chemical Operations.
A-3-1.4
Manufacturers should determine the size range of their ensembles by matching human
dimensions with available suit sizes. These determinations should account for other clothing and
equipment to be worn by the wearer as recommended by the manufacturer. Assessment of
acceptable fit should be determined by using ASTM F1154, Standard Practices for Qualitatively
Evaluating the Comfort, Fit, Function, and Integrity of Chemical-Protective Suit Ensembles.
A-3-1.5
Purchasers should use donning and doffing times as a measure of design quality as they affect
the ability of a hazardous materials team to respond quickly. Donning times over 10 minutes
should be considered excessive.
A-3-2.1
Manufacturers should specify other items that are required for meeting performance
requirements in terms of listing the type and identification of each item.
A-3-2.4
The dexterity test involves measuring the time needed for a test subject to complete a series of
fine and gross hand manipulations representative of tasks expected during hazardous chemical
emergencies. Testing is conducted both bare handed and with sample gloves. Test results are
reported as the time necessary for the test subject to complete the test over a series of three trials.
The impairment of dexterity by wearing gloves can be determined by comparing how much
longer it takes different test subjects to perform the test with gloves than without gloves. Since
the general dexterity and coordination for performing the test might vary with test subjects, end
users should compare the percentage increase in the test time and not the actual test time for
bare-handed and gloved tests.
A-4-1.7
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Purchasers should be strongly cautioned to use all parts and components of the certified system
in order to provide the minimum acceptable performance required by this standard. It is
important that the users do not take it upon themselves to determine which components are
required for a specific mission, since the performance contributions of individual components are
not readily apparent, although they might appear to be.
For example, certification allows for the use of an inner chemical-protective garment with an
overcover to achieve acceptable performance. Some of these overcovers are constructed using
aluminized fabric, which is often mistakenly believed to provide flash fire protection. In fact, the
overcovers, in some cases, are required even to provide adequate abrasion resistance and basic
flame contact protection. Unless marked in accordance with 5-1.1 or 7-1.1, the combined
aluminized overcover and chemical-protective suit do not provide limited flash fire protection as
defined in this standard. Users are cautioned to examine the product labels closely in order to
determine system capabilities and should not rely on the physical appearance of the clothing
articles.
Garments certified as using separable components must be configured so that a physical
reminder is present in the event of separation. The use of tabs, straps, or other physical
attachment points provides such a reminder. Separable boots and gloves are not included in this
requirement.
A-4-9
Exhaust valves should be periodically examined for evidence of damage. Ideally, this
examination should take place each time the suit is pressure tested for vaportight integrity.
During the examination, exhaust valves should:
(a) Be free of any lint or other particles that might interfere with valve closure;
(b) Show no evidence of discoloration or physical degradation; and
(c) Have intact gaskets for installation into the suit.
Care should be taken for properly reinstalling exhaust valves back into the suit.
A-9-6.3
The minimum detectable permeation rate in a closed-loop system is dependent on analytical
sensitivity, surface area in the test cell, volume of the collection medium (total), and length of
time for accumulation of permeant. Paragraph 9-6.3 specifies the permeation rate at 0.10
μg/cm2/min and the length of accumulation at one hour. Thus, the required analytical sensitivity
depends on the surface area and collection volume. For example, if the surface area is 20.27 cm2
and the total collection volume is 100 ml, then the analytical sensitivity required to detect
permeation after one hour is (0.10 μg/cm2/min × 60 min) × 20.27 cm2/100 ml = 1.2 μg/ml. Yet,
if the surface area is 20.27 cm2 and the collection volume is only 10 ml, then the required
analytical sensitivity is (0.10 μg/cm2/min × 60 min) × 20.27 cm2/10 ml = 12 μg/ml. Since this
standard specifies a minimum detectable permeation rate of 0.10 μg/cm2/min and one hour
accumulation time, analytical sensitivity is a function of the test cell surface area and collection
volume. This is true for liquid and gas closed-loop systems.
A-9-6.5
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Normalized breakthrough detection times are determined at a standard permeation rate of 0.10
μg/cm2/min following the practice adopted by ASTM Committee F23 on Protective Clothing.
This facilitates performance comparisons among materials and removes a measurement bias
introduced by the sensitivity of the analytical detection methods used in this test. This rate is
achievable by existing technique for most chemicals and is consistent with experience with
incumbent materials.
A-9-13.2
A Scott Air Pack 4.5 facepiece, model # 804191-01, is available from Scott Aviation, 225 Erie
Street, Lancaster NY 14086.
A-9-25.2
This test is intended for the observation of bulk liquid penetration only. The test is defined to
distinguish between bulk liquid penetration and liquid accumulation that is the result of
permeation. Current technology does not permit a closure that provides broad chemical
resistance combined with the practicality of easy donning and doffing.
A-9-25.3
Blotting material suitable for this test can be obtained from AATCC, P.O. Box 12215,
Research Triangle Park, NC 27709.
A-9-29.4.1 Engineering drawings for the test apparatus can be obtained by contacting NFPA.
A-9-29.4.2 A 1-in. (2.54-cm) ester-type polyurethane foam cushion (#2118), available from
Boyd Corporation, 13885 Romona Ave., Chino, CA 91710 (714-591-9325), has been found
satisfactory in performing this test. No. 2357 polytetrafluoroethylene (PTFE) felt, available from
Tex Tech Industries, Inc., 152 Industrial Park Road, Middletown, CT 06457, has been found
satisfactory in performing this test.
A-9-29.4.4 It is also recommended to place the test apparatus on an anti-static mat. A Simco
Model ATMB Portable Static Eliminator or Model A300 Static Eliminator has been found
satisfactory and is available from Simco, Inc., 2257 Penn Road, Hatfield, PA 19440.
Appendix B
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
Table B-1 Recommended Format for Report Compliance Information in Technical Data
Package

Product

Manufacturer

Name:
Model No.:
Classification:
EPA Level:
Integrity:
Compliance:
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Available Sizes:
Garment

Gloves

Material:
Thickness:
Weight:
Tensile Strength:
Burst Strength:
Tear Resistance:
Puncture/Tear Resistance:
Bending Moment @ –13°F (–25°C):

Material:
Thickness:
Interface:
Available Sizes:

Seams

Footwear

Type:
Seam Strength:

Type:
Material:
Thickness:
Interface:
Toe Type:
Sole Type:
Available Sizes:

Visor
Material:
Thickness:
Interface
Light Transmission:
Haze:
Closure

Exhaust
Valves

Type:
Length:
Orientation:
Interface: Cover:
Crosswise Strength:

Fittings

Number:
Type:
Location:
Installation:
Cover:
Cracking Pressure:
Inward Leakage:
Other

Respirator:
Cooling System:
Inflation:

Table B-2(a) NFPA 1991 Primary Material and Seam Chemical Resistance

Copyright 1996 NFPA

Table B-2(b) NFPA 1991 Primary Suit Material Flame Resistance3
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Appendix C
Comparison of NFPA 1991, 1992, and 1993 Requirements, Test Methods, and Performance
Criteria
Requirement

NFPA Standard
1991

1992

Test Method and Description

Application and Criteria

1993

Base Requirements
Protective pockets or covers
4-1.1
shall be used over exhaust valves.

Design Requirement: Visual
inspection.

Protects exhaust valves from direct
chemical splashes to valve sealing
surface.

Overall suit shall provide
gastight integrity.

4-1.2

ASTM F1052: The suit is inflated to 3
in. water gauge pressure, which is then
reduced to 2 in. The pressure in the suit
is observed after 2 minutes.

The internal suit pressure must
remain above 1.6 in. water gauge
pressure after 2 minutes. Lower
ending test pressures indicate air
leakage out of the suit and lack of
overall suit gastight integrity.

Overall suit shall provide
watertight integrity.

4-1.3

NFPA Test Protocol: The suit is
placed on a mannequin dressed with an
inner water-absorptive garment. The
suited mannequin is placed in a special
shower stall that has five different
water nozzles. Surfactant-treated water
is sprayed at the suited mannequin in
several orientations for 1 hour. The suit
is then removed from the mannequin
and the inner garment and suit interior
examined for signs of water penetration.

In NFPA 1991, this test is used to
evaluate the effectiveness of
exhaust valve covers in preventing
water penetration through the
valves. In NFPA 1992 and 1993, the
test is used to assess watertight
integrity of the suit or garment,
particularly seams, closures, and
interfaces, with other clothing or
equipment (e.g., suit sleeve to glove
attachment).

Overall suit shall provide
gastight integrity following
simulated single use.

4-1.4

ASTM F1154/F1052: The
chemical-protective suit is worn by a
test subject who follows the exercise
protocols in ASTM F1154 to simulate
use. Gastight integrity of the suit is
determined before and after the test.

This test is intended to simulate
stress on the suit from a single
wearing. Suits must not impede any
wearer actions and must maintain
acceptable gastight integrity
following the test.

ASTM F1154/F1359: The
chemical-protective suit is worn by a
test subject who follows the exercise
protocols in ASTM F1154 to simulate
use. Liquidtight integrity of the suit is
determined before and after the test.

This test is intended to simulate
stress on the suit from a single
wearing. Suits must not impede any
wearer actions and must maintain
acceptable liquidtight integrity
following the test.

NFPA Test Protocol/ASTM F1052:
Fixtures are added onto the suit for
introducing high volume air and
measuring internal suit pressure. Air is
introduced into the suit at a rate of 500
L/min, and the internal suit pressure is
monitored. Gastight integrity of the suit
is determined before and after the test.

This test simulates high volume
airflows into the suit that might
occur as the result of SCBA failure.
Suits must accommodate this flow
without a buildup of pressure and
must maintain gastight integrity.
Pressures inside the suit must not
exceed 1.5 in. water gauge pressure,
as this pressure has been determined

Overall suit shall provide
watertight integrity following
simulated single use.

Overall suit shall provide
sufficient exhaust flow and shall
not overpressurize in event of
SCBA failure.

4-1.1

4-1.2

4-1.5

4-1.2
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to cause reductions in wearer
mobility. In addition, the suit must
meet gas integrity requirements as
established above.

Comparison of NFPA 1991, 1992, and 1993 Requirements, Test Methods, and Performance
Criteria

Requirement

NFPA Standard
1991

1992

1993

Overall suit shall accommodate
head protective devices.

4-1.6

4-1.3

4-1.3

Overall suit shall be provided as a
single and integrated unit.

4-1.7

4-1.4

Primary materials shall resist
chemical permeation.

4-2.1
4-2.2

Primary materials shall resist
chemical penetration.

4-2.1
4-2.2

4-1.4
4-1.5
4-2.1
4-2.2
4-3.4
4-3.5
4-4.7
4-4.8

Test Method and Description

Application and Criteria

Design Requirement: Visual
inspection.

Chemical-protective suits must accommoda
head-protective caps worn inside the suit th
conform to ANSI Z89.1

Design Requirement: Visual
inspection.

This requirement is intended to ensure that
multilayered suits are provided as a single u
to be worn by the end user.

ASTM F739: A material sample
disc is placed in a test cell dividing
the cell into two separate chambers.
Chemical is introduced into one
chamber while air or water in the
other chamber is sampled for
chemical that permeates the material
sample. The time at which chemical
is first detected and the rate at
which chemical permeates is
reported. The test is conducted for
21 liquid and gaseous chemicals
listed in ASTM F1001.

The normalized breakthrough detection tim
must be 1-hour or greater for all test
chemicals. The 1-hour criterion was selecte
to represent a worst case exposure for the
emergency responder. While the permeation
rate must be reported, no criterion is
established for this measurement.

ASTM F903: A material sample is
placed in a test cell forming a closed
chamber on the external side of the
material. Chemical is introduced
into the closed chamber contacting
the material sample. After 5 minutes
exposure, the pressure is raised to 2
psig for 1 minute and then reduced
to ambient pressure for the
remainder of 1 hour. The opposite
side of the material is then viewed
for evidence of visible liquid
penetration. The test is conducted
for the eight liquid chemicals in
ASTM F1001 that are not
suspected/actual carcinogens or

Materials must show no penetration within
1-hour test period for all battery chemicals.
The 1-hour contact of the chemical with the
material was chosen to represent a worst ca
exposure. Pressure is applied at 1 minute to
simulate liquid under pressure from a burst
pipe. The test is intended to demonstrate ho
well the material prevents liquid transfer to
the suit interior. MATERIALS SHOWING
LIQUID PENETRATION CAN STILL
ALLOW CHEMICAL PERMEATION.
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skin-toxic chemicals.
Primary materials shall resist
ignition and burning resulting
from flame impingement.

4-2.3

4-2.3

NFPA Test Protocol (Modification
of Method 5903.1, FTMS 191A): A
folded material sample is placed in a
vertical flame chamber. A flame of
specified characteristics is applied
to the material’s folded edge for 3
seconds. If the sample ignites, the
test is discontinued. If the sample
does not ignite, the flame is
reapplied to the same specimen for
12 seconds. If the sample ignites
during this subsequent exposure, the
time the material continues to burn
and the distance burned are
measured. Observations of burning
behavior are also recorded.

Materials fail if they ignite during the first
3-second flame exposure. Samples that igni
during the subsequent 12-second exposure c
only burn for 10 seconds or less and have
burn distances less than 4 in. This requirem
is intended to eliminate the use of materials
that contribute to the suit wearer’s hazards.
THIS REQUIREMENT DOES NOT
IMPLY PROTECTION FROM OPEN
FLAME OR OTHER SEVERE HEAT
EXPOSURES.

Comparison of NFPA 1991, 1992, and 1993 Requirements, Test Methods, and Performance
Criteria
Requirement

NFPA Standard
1991

Garment materials shall resist
chemical permeation after abrasion.

4-3.1

Garment materials shall resist
chemical penetration after abrasion.

Garment materials shall resist
chemical permeation after repeated
flexing.

1992

4-3.1

4-3.2

Test Method and Description

Application and Criteria

1993
ASTM D4157/F739: A sample of
material is placed on an oscillating
drum-like abrading machine. A special
coarse sandpaper is used to abrade the
material for 25 back and forth cycles at a
specified tension and pressure. Circular
specimens are then cut out of the abraded
material and tested for chemical
permeation resistance as described above.

Abraded primary materials must
show normalized breakthrough
detection times of 1 hour or greater
for all test chemicals. The type of
abrasion provided by the test
simulates abrasion that might occur
from crawling on an asphalt surface.
The amount of abrasion was
selected to be consistent with a
single wearing of the suit.

ASTM D4157/F903: Same abrasion
technique as above, except specimens cut
from the abraded material are tested for
chemical penetration resistance, as
already described.

Abraded primary materials must
show no penetration in 1 hour for all
test chemicals. The basis for the
abrasion technique is the same as
above.

ASTM F392/F739: A rectangular
sample of material is formed into a
cylinder along its long axis and placed on
a Gelbo flex machine. The machine then
reproducibly twists and compresses the
sample for 100 cycles at a rate of 45
cycles per minute. Circular specimens
are then cut out of the flexed material
and tested for chemical permeation

Flexed primary materials must show
normalized breakthrough detection
times of 1 hour or greater for all test
chemicals. Flexing of materials is
intended to simulate stress on the
suit during a single wearing. The
Gelbo test device offers a method
for consistently flexing materials.
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resistance as described above.
Garment materials shall resist
chemical penetration after repeated
flexing.

4-3.2

ASTM F392/F903: Same abrasion
technique as above, except specimens cut
from the flexed material are tested for
chemical penetration resistance, as
already described.

Flexed primary materials must show
no penetration in 1 hour for all test
chemicals. The basis for the flexing
technique is the same as above.

Garment materials shall not burst
when a force is applied perpendicular
to the material surface.

4-3.3

4-3.3

4-1.6

ASTM D751 (Mullen Burst): This test
measures the force required to burst a
material. A circular material sample is
clamped over a diaphragm that is inflated
with oil until the specimen bursts. The
pressure at which the material bursts is
the bursting strength.

Burst strength is a measure of how
easily a material can be penetrated
by a hard, round object. NFPA 1991
and 1992 require a garment material
burst strength of 100 psi, while
NFPA 1993 requires a burst
strength of 50 psi. These criteria
were based on field trials
demonstrating acceptable and
unacceptable performance for
selected garments.

Garment materials shall resist
snagging and tearing by sharp
protruding objects.

4-3.4

4-3.4

4-1.7

ASTM D2582: A material sample is
draped over the material holder platform
on a puncture propagation tear tester. A
carriage on which a puncture probe is
mounted slides down a vertical track,
striking the material sample, causing it to
tear. The length of the tear is related to
the force required to propagate that tear.

This test simulates how material can
be snagged and torn by a protruding
nail or other similar sharp object.
NFPA 1991 and 1992 both require a
puncture/tear resistance of 11 lb,
while NFPA 1993 requires a
puncture/tear resistance of 5.5 lb.
These criteria were based on field
trials demonstrating acceptable and
unacceptable performance for
selected garments.

Comparison of NFPA 1991, 1992, and 1993 Requirements, Test Methods, and Performance
Criteria

Requirement

NFPA Standard
1991

1992

4-3.5

4-3.5

Chemcial-protective suit visors shall 4-4.1
provide clear vision.

4-4.1

Garment materials shall not become
objectionably stiff at cold
temperatures.

Test Method and Description

Application and Criteria

1993

4-2.3

ASTM D747 (Modified): A small
sample of material is placed in a
stiffness testing machine. The machine
is placed in an environmental chamber
where the temperature is maintained at
-13°F (–30°C). The machine measures
the force (moment) required to bend the
material at this temperature.

This test measures how materials
become stiff in cold temperatures,
which can lead to reduced wearer
mobility. Materials must have a
bending moment of less than 0.50
in.-lb. Higher bending moments
represent stiffer materials. This
requirement is based on materials
with known stiffness problems.

NFPA Test Protocol: A human subject
with 20/20 corrected vision wears both
the sample suit and the Scott 4.5
respirator facepiece. The human subject

This test is a measure of how easily a
suit wearer can see through the visor
A drop in visual acuity to 20/35 is
permitted.
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reads a Snelling eye chart and the
subject’s visual acuity is determined.
Visor materials shall not burst when
a force is applied perpendicular to
the material surface.

4-4.2

4-4.2

4-2.4

ASTM D751 (Mullen Burst): This test
measures the force required to burst a
material. A circular material sample is
clamped over a diaphragm that is
inflated with oil until the specimen
bursts. The pressure at which the
material bursts is the bursting strength.

Burst strength is a measure of how
easily a material can be penetrated by
a hard, round object. NFPA 1991 and
1992 require a garment material burs
strength of 100 psi, while NFPA 199
requires a burst strength of 50 psi.
These are the same criteria as used fo
garment materials.

Visor materials shall not continue to
tear once cut or punctured.

4-4.3

4-4.3

4-2.5

ASTM D2582: A material sample is
draped over the material holder
platform on a puncture propagation tear
tester. A carriage on which a puncture
probe is mounted slides down a vertical
track, striking the material sample,
causing it to tear. The length of the tear
is related to the force required to
propagate that tear.

This test simulates how material can
be snagged and torn by a protruding
nail or other similar sharp object.
NFPA 1991 and 1992 both require a
puncture/tear resistance of 11 lb,
while NFPA 1993 requires a
puncture/tear resistance of 5.5 lb.
These are the same criteria as used fo
garment materials.

Visor materials shall not crack when 4-4.4
folded in cold temperatures.

4-4.4

ASTM D2136: A sample material is
placed in a special test jig with the
whole assembly placed in an
environmental chamber at a
temperature of –13°F (–30°C) for 60
minutes. The jig rapidly bends the
material and the sample is then
examined for evidence of damage.

This test is intended to evaluate
embrittlement of flexible visors that
might become folded in use. Visors
that crack or otherwise become
damaged fail the test. Rigid visors
that do not bend cannot be tested and
are not considered for this test
requirement.

Gloves shall extend at least 1 in.
beyond the wrist crease.

4-5.1

Design Requirement: Visual
inspection.

This requirement specifies the length
of gloves for the purpose of defining
the protectionoffered by the glove.

4-5.1

Comparison of NFPA 1991, 1992, and 1993 Requirements, Test Methods, and Performance
Criteria

Requirement

Glove materials shall resist cut.

NFPA Standard
1991

1992

1993

4-5.2

4-5.2

4-3.6

Test Method and Description

Application and Criteria

NFPA Test Protocol: Sample gloves
are placed on a specimen support
holder. The specimen and holder are
drawn under a weighted blade test
fixture, which uses a standard razor
blade. Following this process, the

This test is intended to simulate
damage to clothing materials
produced by a slicing action. Sample
materials must not yield to a
cut-through under a force of 6.5 lb.
This requirement was based on a
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Glove materials shall resist puncture. 4-5.3

Glove materials shall resist
chemical permeation following
abrasion.

4-3.7

4-5.4

Glove materials shall resist
chemical penetration following
abrasion.

Glove materials shall resist
chemical permeation following
flexing.

4-5.3

4-5.4

4-5.5

4-3.8

material specimen is examined to
determine whether or not the razor
blade cut through the material. If there
is no cut-through, the weight is
increased on the fixture pivot arm that
holds the razor blade.

review of field experience for glove
physical hazard resistance.

ASTM F1342: A sample glove
material specimen is then placed in a
sample holder that is attached to a
tensile testing machine. The tensile
testing machine, which is outfitted with
a compression cell, has a probe on the
opposite end with dimensions similar to
a six-penny nail. The nail is pushed
into the material sample at a fixed rate
of speed, and the force required to
puncture the material is measured.

This test is intended to simulate
damage to clothing materials
produced by a protruding nail.
Sample materials must not yield to a
puncture-through under a force of 5
lb. This requirement was based on a
review of field experience for glove
physical hazard resistance.

ASTM D4157/F739: A sample of
material is placed on an oscillating
drum-like abrading machine. A special
coarse sandpaper is used to abrade the
material for 25 back and forth cycles at
a specified tension and pressure.
Circular specimens are then cut out of
the abraded material and tested for
chemical permeation resistance as
described above.

Abraded primary materials must show
normalized breakthrough detection
times of 1 hour or greater for all test
chemicals. The type of abrasion
provided by the test simulates
abrasion that can occur from crawlin
on an asphalt surface. The amount of
abrasion was selected to be consisten
with a single wearing of the suit.

ASTM D4157/F903: Same abrasion
technique as above, except specimens
cut from the abraded material are tested
for chemical penetration resistance, as
already described.

Abraded primary materials must show
no penetration in 1 hour for all test
chemicals. The basis for the abrasion
technique is the same as above.

NFPA Test Protocol/ASTM F739: A
sample glove is placed on an automated
hand and flexed for 1000 cycles in a
fist-clenching motion. Flexed whole
gloves are then tested for chemical
permeation resistance using a modified
permeation test cell.

Flexed gloves must show normalized
breakthrough detection times of 1
hour or greater for all test chemicals.
Flexing of materials is intended to
simulate hand stress on the glove
during a single wearing. The
automated hand device offers a
method for consistently flexing
gloves.

Comparison of NFPA 1991, 1992, and 1993 Requirements, Test Methods, and Performance
Criteria
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Requirement

NFPA Standard
1991

Glove materials shall resist chemical
penetration following flexing.

1992

1993

4-5.5

4-3.9

Test Method and Description

Application and Criteria

NFPA Test Protocol/ASTM F903:
Same flexing technique as above, except
whole gloves are tested for chemical
penetration resistance.

Flexed gloves must show no
penetration in 1 hour for all test
chemicals. The basis for the flexing
technique is the same as above.

ASTM D747 (Modified): A small sample
of material is placed in a stiffness testing
machine. The machine is placed in an
environmental temperature where the
temperature is maintained at –13°F
(–30°C). The machine measures the
force (moment) required to bend the
material at this temperature.

This test measures how materials
become stiff in cold temperatures,
which can lead to reduced wearer
mobility. Materials must have a
bending moment of less than 0.50
in.-lb. This requirement is based on
materials with known stiffness
problems.

Glove materials shall not become
objectionably stiff at cold
temperatures.

4-5.6

4-5.6

Footwear shall be at least 8 in. high.

4-6.1

4-6.1

4-4.1

Design Requirement: Visual
inspection.

This requirement specifies the heig
of footwear for the purpose of
defining what protection is to be
offered by the footwear item.

Footwear upper shall resist cut.

4-6.2

4-6.2

4-4.9

NFPA Test Protocol: Sample footwear
upper specimens are placed on a
specimen support holder. The specimen
and holder are drawn under a weighted
blade test fixture, which uses a standard
razor blade. Following this process, the
material specimen is examined to
determine whether or not the razor blade
cut through the material. If there is no
cut-through, the weight is increased on
the fixture pivot arm that holds the razor
blade.

This test is intended to simulate
damage to clothing materials
produced by a slicing action. Samp
materials must not yield to a
cut-through under a force of 10 lb.
This requirement was based on a
review of field experience for
footwear physical hazard resistance

Footwear upper shall resist puncture.

4-6.3

4-6.3

4-4.10

ASTM F1342: A sample footwear upper
material specimen is then placed in a
sample holder that is attached to a tensile
testing machine. The tensile testing
machine, which is outfitted with a
compression cell, has a probe on the
opposite end with dimensions similar to a
six-penny nail. The nail is pushed into
the material sample at a fixed rate of
speed, and the force required to puncture
the material is measured.

This test is intended to simulate
damage to clothing materials
produced by a protruding nail.
Sample materials must not yield to
puncture-through under a force of 8
lb. This requirement was based on
review of field experience for
footwear physical hazard resistance

Footwear upper shall resist chemical
permeation after abrasion.

4-6.4

ASTM D4157/F739: A sample of
material is placed on an oscillating
drum-like abrading machine. A special
coarse sandpaper is used to abrade the
material for 25 back and forth cycles at a
specified tension and pressure. Circular

Abraded primary materials must sh
normalized breakthrough detection
times of 1 hour or greater for all tes
chemicals. The type of abrasion
provided by the test simulates
abrasion that can occur from crawli
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specimens are then cut out of the abraded on an asphalt surface. The amount
material and tested for chemical
abrasion was selected to be consiste
permeation resistance as described above. with a single wearing of the suit.

Comparison of NFPA 1991, 1992, and 1993 Requirements, Test Methods, and Performance
Criteria

Requirement

NFPA Standard
1991

Footwear upper shall resist chemical
penetration after abrasion.

1992

1993

4-6.4

4-4.11

Footwear upper shall resist chemical 4-6.5
permeation after flexing.

Footwear upper shall resist chemical
penetration after flexing.

Test Method and Description

Application and Criteria

ASTM D4157/F903: Same abrasion
technique as above, except specimens
cut from the abraded material are tested
for chemical penetration resistance, as
already described.

Abraded primary materials must show
no penetration in 1 hour for all test
chemicals. The basis for the abrasion
technique is the same as above.

FIA 1209/ASTM F739: A sample boot
is placed on a footwear flexing machine
and flexed for 10,000 cycles in a
manner simulating walking. Samples
are cut from the flexed footwear upper
and then are tested for chemical
permeation resistance, as described
above.

Flexed footwear upper material must
show normalized breakthrough
detection times of 1 hour or greater f
all test chemicals. Flexing of materia
is intended to simulate walking stres
on the boots during a single wearing.
The FIA machine offers a method fo
consistently flexing footwear.

4-6.5

4-4.12

FIA 1209/ASTM F903: Same flexing
technique as above, except footwear
upper samples are tested for chemical
penetration resistance.

Flexed footwear must show no
penetration in 1 hour for all test
chemicals. The basis for the flexing
technique is the same as above.

4-4.13

CSA Z195-M: Samples of footwear
sole/heel material are placed in a
holder. The holder is attached to a
tensile testing machine that has been
outfitted with a compression cell. A
probe, with dimensions similar to a
six-penny nail, is attached to the other
end of the tensile testing machine. The
probe is pushed into the material
sample at a fixed rate of speed, and the
force required to puncture the material
is measured.

This test is designed to measure the
resistance of the sole/heel material to
sharp objects. Footwear must protect
the responder from sharp objects that
might puncture the sole/heel materia
during fire ground activity.
NFPA-compliant footwear must not
exhibit signs of puncture during this
test.

ASTM F903: Samples of the suit
closure plus the seam attaching the
closure to the garment material are
tested for chemical penetration

Closures must show no penetration
within the 1 hour test period for all
battery chemicals. Closures represen
one of the “weak” links in chemical

Footwear soles shall resist puncture.

4-6.6

4-6.6

Closures shall resist chemical
penetration.

4-8.1

4-8.1
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Closures shall resist breaking apart
when pulled in tension.

4-8.2

4-8.2

4-1.9

resistance as described earlier. NFPA
1991 seams are tested against the 15
ASTM F1001 liquids, while NFPA
1992 seams are tested against the 8
liquid chemicals in ASTM F1001 that
are not suspected/actual carcinogens or
skin-toxic chemicals.

protective suits or garments. Closure
are tested for chemical penetration
resistance for both NFPA 1991 suits
since permeation testing per ASTM
F739 does not easily accommodate
closure type samples. The requireme
in NFPA 1992 ensures consistency o
primary material, seam, and closure
chemical resistance.

ASTM D751 (Seam Strength): The
strength of a closure is measured in the
same way as seam breaking. In this
test, a closure assembly sample is
placed between two grips in a tensile
testing machine and pulled until it
breaks.

A minimum seam closure requiremen
prevents opening of the suit closure
while under stress. NFPA 1991 and
1992 require that closures have a
breaking strength of 30 lb per 2-in.
width of seam. NFPA 1993 requires
that closure seams have a breaking
strength of 15 lb per 2-in. width of
seam. These requirements are
consistent with seam strength for eac
standard.

Comparison of NFPA 1991, 1992, and 1993 Requirements, Test Methods, and Performance
Criteria

Requirement

NFPA Standard
1991

The mounting mechanisms of
exhaust valves shall permit removal
and reinstallation or replacement for
inspection.

4-9.1

Suit materials must provide
sufficient insulation to prevent
second-degree burns in a chemical
flashover.

5-2.2

1992

5-2.2

Test Method and Description

Application and Criteria

1993
Design Requirement: Visual
inspection.

Exhaust valves are an important
component for maintaining overall su
integrity and performance. The abilit
remove exhaust valves allows easy
inspection.

NFPA Test Protocol: A material
specimen is placed on a thermal
protective performance (TPP) testing
device. The specimen is exposed to a
combination of quartz lamps and
burners that simulate both radiant and
convective heat, respectively. A
weighted block is placed on the sample.
This block contains a thermocouple
that measures the rise in temperature on
the side of the material specimen
opposite the side exposed to heat. The
rate of the temperature rise is compared
to the known skin response to heat in
order to determine the amount of time

TPP is a measure of material insulati
to heat. This means that the test meas
how quickly heat is transferred from
heat outside of the material to the ins
where skin might be in contact with t
garment material. This test is intende
simulate the environment where
emergency responders might face bo
convective and radiant heat from a
chemical flash fire. Primary material
must exhibit a TPP of at least 12. Th
equivalent to the 6 seconds required
result in a second-degree burn.
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required for a second-degree burn. This
time, multiplied by the heat exposure
energy, is the TPP rating.
Primary suit material shall not ignite 5-2.3
when exposed to flame.

5-2.3

ASTM F1358: A folded material
sample is placed in a vertical flame
chamber. A flame of specified
characteristics is applied to the
material’s folded edge for 3 seconds. If
the sample ignites, the test is
discontinued. If the sample does not
ignite, the flame is reapplied to the
same specimen for 12 seconds. If the
sample ignites during this subsequent
exposure, the time the material
continues to burn, and the distance
burned, are measured. Observations of
burning behavior are also recorded.

Materials fail if they ignite during eit
the first 3-second or subsequent
12-second flame exposure. This
requirement is more restrictive than t
base requirement and is intended to
eliminate the use of materials that
contribute to the suit wearer’s hazard
during chemical flash fires. THIS
REQUIREMENT DOES NOT IMP
PROTECTION FROM OPEN
FLAME OR OTHER SEVERE HE
EXPOSURES.

Primary materials shall not produce
static charge.

5-2.4

NFPA Test Protocol: A sample
material is placed in a specimen holder
and is contacted with a rotating wheel
that is covered with Teflon felt. After
10 seconds, the sample holder falls in
front of an electrostatic detector, and
the potential of the material is
measured.

This test evaluates charge produced o
materials by rubbing action. The test
applied to both surfaces of the mater
a temperature of 75°F (24°C) and
relative humidity of 45 percent.
Materials must not show potentials
greater than 350 volts 5 seconds after
being released in front of the detecto
This requirement was developed by
NASA for their fuel handlers’ ensem

5-2.4

Comparison of NFPA 1991, 1992, and 1993 Requirements, Test Methods, and Performance
Criteria

Requirement

NFPA Standard
1991

1992

Test Method and Description

Application and Criteria

Primary materials must exhibit
normalized breakthrough detectio
times of 15 minutes or greater. Th
time was chosen by end users as t
maximum exposure time for a
responder with liquified gases.

1993

Primary materials shall resist
permeation by liquefied gases.

6-2.1
6-2.2

ASTM F739 (Modified): Permeation
testing is conducted as described above,
except a liquified gas level is maintained
on the challenge side of the test cell. This
testing is conducted using a minimum of
all ASTM F1001 gases in the form of
liquids.

Primary materials shall resist
embrittlement when contacted by
liquified gases.

6-2.3

ASTM D2136 (Modified): Sample
This test is intended to simulate th
materials are placed in contact with dry ice cold contact that might occur whe
for a period of 15 minutes and then placed liquified gases come in contact w
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in the ASTM D2136 test jig and subjected
to a rapid bend. Materials showing no
damage are also subjected to a permeation
test against the six ASTM F1001 gases.

chemical-protective suit materials
Dry ice represents the low end
temperature for most liquified
gases. A 15-minute contact period
consistent with the requirement
above.

Appendix D Referenced Publications
D-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
D-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous Chemical
Emergencies, 1994 edition.
NFPA 1993, Standard on Support Function Protective Clothing for Hazardous Chemical
Operations, 1994 edition.
D-1.2 Other Publications.
D-1.2.1 ANSI Publication. American National Standards Institute, 1450 Broadway, New York,
NY 10018.
ANSI Z89.1, Protective Headwear for Industrial Workers, 1986.
D-1.2.2 ASTM Publications. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM D747, Standard Test Method for Apparent Bending Modulus of Plastics by Means of a
Cantilever Beam, 1990.
ASTM D751, Standard Test Methods for Coated Fabrics, 1989.
ASTM D2136, Standard Test Method for Coated Fabrics — Low-Temperature Bend Test,
1989.
ASTM D2582, Standard Test Method for Puncture-Propagation Tear Resistance of Plastic
Film and Thin Sheeting, 1992.
ASTM D4157, Standard Test Method for Abrasion Resistance of Textile Fabrics (Oscillatory
Cylinder Method), 1992.
ASTM F392, Standard Test Method for Flex Durability of Flexible Barrier Materials, 1993.
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ASTM F739, Standard Test Method for Resistance of Protective Clothing Materials to
Permeation by Liquids or Gases Under Conditions of Continuous Contact, 1991.
ASTM F903, Standard Test Method for Resistance of Protective Clothing Materials to
Penetration by Liquids, 1990.
ASTM F1001, Standard Guide for Chemicals to Evaluate Protective Clothing Materials,
1989.
ASTM F1052, Standard Practice for Pressure Testing of Gas-Tight Totally Encapsulating
Chemical-Protective Suits, 1991.
ASTM F1154, Standard Practices for Qualitatively Evaluating the Comfort, Fit, Function,
and Integrity of Chemical-Protective Suit Ensembles, 1988.
ASTM F1342, Standard Test Method for Protective Clothing Material Resistance to Puncture,
1991.
D-1.2.3 CSA Publication. Canadian Standards Association, 178 Rexdale Boulevard, Toronto,
Canada, M9W 1R3.
CSA Z195-M, Standard for Protective Footwear, Occupational Health and Safety, 1984.
D-1.2.4 FIA Publication. Footwear Industry of America, 3700 Market Street, Philadelphia, PA
19104.
FIA 1209, Whole Shoe Flex.
D-1.2.5 GSA Publication. General Services Administration, Specifications Activity, Printed
Materials Supply Division, Building 197, Naval Weapons Plant, Washington, DC 20407.
Federal Test Method 191A, Textile Test Methods, 1978.

NFPA 1992
1994 Edition
Standard on Liquid Splash-Protective Suits for Hazardous
Chemical Emergencies

Copyright © 1994 NFPA, All Rights Reserved
1994 Edition
This edition of NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous
Chemical Emergencies, was prepared by the Technical Committee on Fire Service Protective
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Clothing and Equipment and acted on by the National Fire Protection Association, Inc., at its
Annual Meeting held May 16-18, 1994, in San Francisco, CA. It was issued by the Standards
Council on July 14, 1994, with an effective date of August 5, 1994, and supersedes all previous
editions.
The 1994 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1992
In 1985, the National Transportation Safety Board (NTSB) issued report I-004-5 on a
hazardous material incident that occurred in Benicia, California. In that report, the NTSB
recommended that standards be developed for protective clothing for protection from hazardous
chemicals. The United States Department of Transportation (DOT) issued a position that
requested private sector standards development to undertake the project of writing the standards
on hazardous chemical protective clothing and asked other governmental agencies to assist and
participate in the private sector standards development system. DOT at this time also directly
requested that the NFPA develop documents on hazardous chemical protective clothing. The
Environmental Protection Agency (EPA), the United States Coast Guard (USCG), the Federal
Emergency Management Agency (FEMA), and the Occupational Safety and Health
Administration (OSHA) either adopted position statements modeled after the DOT position or
endorsed the DOT position.
During 1985, the NFPA Standards Council approved a project for development of these
standards and assigned the project to the Technical Committee on Fire Service Protective
Clothing and Equipment. The Technical Committee on Fire Service Protective Clothing and
Equipment established a standing Subcommittee on Hazardous Chemicals Protective Clothing,
and they began their work in Phoenix, Arizona, in March 1986. Representatives from the USCG,
FEMA, and OSHA participated on the subcommittee.
At the same time, ASTM was developing a document on a selection of chemicals for
evaluating protective clothing materials that would serve as one of several ASTM testing criteria
that would be referenced in the NFPA standards.
The subcommittee met several times over a 2 1/2-year period at different locations across the
country and developed two standards, one for vapor-protective suits and one for liquid
splash-protective suits.
NFPA 1991 addresses vapor-protective suits designed to protect emergency response
personnel against exposure to specified chemicals in vapor and liquid splash environments
during hazardous chemical emergencies. Chemical permeation resistance documentation is
required for primary suit materials (garment, visor, gloves, and boots) against each chemical in
the NFPA battery of chemicals and any additional chemicals or specific chemical mixtures for
which the manufacturer is certifying the suit. The NFPA battery of chemicals consists of 21
chemicals: those specified in ASTM F1001, Standard Guide for Chemicals to Evaluate
Protective Clothing Materials. These chemicals were selected because they are representative of
the classes of chemicals that are encountered during hazardous chemical emergencies.
The standard includes performance requirements that were established to reflect simulated use
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conditions. A suit pressurization test is used to check the airtight integrity of each protective suit.
Also, an overall suit water penetration test is designed to ensure the suit provides full body
protection against liquid splashes. Primary suit materials must resist permeation for one hour or
more by each chemical in the NFPA battery. Manufacturers may certify protective suits for
additional chemicals when the same permeation performance is met. Also included are
penetration resistance testing of closures, and leak and cracking pressure tests for exhaust valves.
These tests allow determination of adequate suit component performance in hazardous chemical
environments.
Material testing for burst strength, tear strength, abrasion resistance, flammability resistance,
cold temperature performance, and flexural fatigue are required so that materials used for
vapor-protective suits will afford adequate protection in the environment where they will be
used.
NFPA 1992 addresses liquid splash-protective suits designed to protect emergency response
personnel against exposure to specified chemicals in liquid splash environments during
hazardous chemical emergencies. Chemical penetration resistance documentation of garment
material against an NFPA battery of test chemicals and any additional chemicals or specific
chemical mixtures for which the manufacturer is certifying the suit is required. The NFPA
battery of chemicals were selected from ASTM Fl00l, Standard Guide for Chemicals to Evaluate
Protective Clothing Materials. These do not include liquid chemicals with known or suspected
carcinogenicity or skin toxicity because these garments deal with skin exposure and not
inhalation. This criterion produces a different subset of ASTM Fl00l chemicals to be certified.
The standard includes performance requirements that were established to reflect simulated use
conditions. An overall suit water penetration test is included to ensure the suit provides full body
splash protection. Materials testing includes burst strength, tear resistance, flammability
resistance testing, abrasion resistance, cold temperature performance, and flexural fatigue
testing. These tests are required so that garment materials will provide adequate protection in the
environment in which they will be used.
The first edition was voted on by the Association at the 1989 Fall Meeting in Seattle,
Washington, on November 15, 1989, and had an effective date of February 5, 1990.
The Subcommittee on Hazardous Chemicals Protective Clothing began an early revision
(4-year cycle) of the 1990 edition of NFPA 1992 in December 1991. During 1993, the NFPA
restructured the manner in which committees were organized, and all standing subcommittees
were eliminated. Within the Technical Committee on Fire Service Protective Clothing and
Equipment, the former standing subcommittees were reorganized as task groups to address
specific technical issues, and the technical committee assumed the entire responsibility for
NFPA 1992.
This second edition of NFPA 1992 encompasses revised scope and purpose sections to include
optional components for enhanced protection and replacement items. Test methods were updated
and refined to better ensure repeatability of testing results. Extensive changes were made to the
product labels to better accommodate the optional and replacement items.
This second edition was acted on by the membership of the Association at the NFPA Annual
Meeting in San Francisco, California, on May 18, 1994, and was issued with an effective date of
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August 5, 1994.
Technical Committee on Fire Service Protective Clothing and Equipment
Kirk H. Owen, Chair
Plano Fire Dept., TX
Rep. NFPA Fire Service Section
Wayde B. Miller, Secretary
Mine Safety Appliances Co., PA
(Nonvoting)
Peter V. Ackerman, S. Plainfield, NJ
Rep. Nat’l Volunteer Fire Council
Donald Aldridge, Lion Apparel Inc., OH
Curtis Berger, Menlo Park Fire Protection District, CA
Rep. Northern Area Fire Equipment Research Organization
Joseph A. Bigler, Mine Safety Appliances Co., PA
Rep. Compressed Gas Assn.
Donna P. Brehm, Virginia Beach Fire Dept., VA
Dennis W. Browner, Scott Aviation, NY
Rep. Industrial Safety Equipment Assn.
Rand-Scott Coggan, City of Redmond Fire Dept., WA
Rep. Int’l Assn. of Fire Chiefs
Christopher E. Coombs, Cairns & Brother Inc., NJ
Paul H. Crawford, Riverside Fire Dept., CA
Rep. Southern Area Fire Equipment Research
Patricia A. Freeman, Globe Fire Fighters Suits, NH
Glen E. Gardner, U.S. Occupational Safety & Health Admin., DC
Daniel Gohlke, W. L. Gore & Assoc., MD
Jonathan J. Greenawalt, Kitsap Cnty Fire District #2, WA
William L. Grilliot, Morning Pride Manufacturing Co. Inc., OH
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Bryan C. Heirston, Oklahoma State Dept. of Labor, OK
James R. Lawson, Nat’l Inst. of Standards & Technology, MD
Cy Long, Commission on Fire Protection, TX
Robert T. McCarthy, U.S. Fire Administration, MD
Christopher B. Preu, Louisville Division of Fire, KY
Alexander W. Santora, New York City Fire Dept., NY
Kenneth L. Simmons, Arizona State Fire Marshal, AZ
Brian A. Stoneback, U.S. Air Force Fire Protection, FL
Jeffrey O. Stull, TRI/Environmental Inc., TX
Bruce H. Varner, City of Carrollton Fire Dept., TX
James H. Veghte, Biotherm Inc., OH
Thomas L. Wollan, Underwriters Laboratories Inc., NC
Alternates
Roger L. Barker, N. Carolina State University, NC
(Alt. to P. A. Freeman)
Mary I. Grilliot, Morning Pride Manufacturing Co. Inc., OH
(Alt. to W. L. Grilliot)
Tom Hillenbrand, Underwriters Laboratories Inc., IL
(Alt. to T. L. Wollan)
Dominick A. Martucci, United States Testing Co., NJ
(Alt. to U.S. Testing Rep.)
Robert J. Richter, Cairns & Brother Inc., NJ
(Alt. to C. E. Coombs)
Joanne E. Slattery, U.S. Occupational Safety & Health Admin., DC
(Alt. to G. E. Gardner)
Richard L. Stein, Survivair, CA
(Alt. to D. W. Browner)
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Frank P. Taylor, Lion Apparel Inc., OH
(Alt. to D. Aldridge)
Robert Vettori, Nat’l Inst. of Standards & Technology, MD
(Alt. to J. R. Lawson)
Bruce W. Teele, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on the design,
construction, and performance criteria for protective clothing and equipment for the fire service,
including chemical protective clothing and aircraft rescue and fire fighting protective clothing.

NFPA 1992
Standard on
Liquid Splash-Protective Suits
for Hazardous Chemical Emergencies
1994 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 8 and Appendix D.

Chapter 1 Administration
1-1 Scope.
1-1.1*
This standard specifies minimum requirements for liquid splash-protective suits and
replacement components designed to protect emergency response personnel from specified
chemicals and chemical mixtures in liquid splash and particulate environments during hazardous
chemical emergencies.
1-1.2*
The requirements of this standard specify minimum certification, documentation, design, and
performance criteria, test methods for chemical protection, and additional optional criteria for
chemical flash fire protection.
1-1.3*
This standard does not apply to protective clothing for any fire fighting applications, or
hazardous chemical emergencies involving known or suspected carcinogens, or chemicals with
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known skin toxicity, and does not provide criteria for protection from radiological, biological, or
cryogenic gas hazards; or from immersion in liquid chemicals; exposure to liquefied gases; or
against explosive or chemical vapor atmospheres.
1-1.4*
This standard is not intended to be utilized as a detailed manufacturing or purchase
specification but can be referenced in purchase specifications as minimum requirements.
1-2 Purpose.
1-2.1
The purpose of this standard is to provide minimum requirements for liquid splash-protective
suits and replacement components used in hazardous chemical emergencies.
1-2.1.1 This standard also provides optional minimum performance requirements for combined
chemical flash fire-protective and liquid splash-protective suits used in hazardous chemical
emergencies.
1-2.2
It is not the purpose of this standard to provide criteria for protection from vapors given off
from liquids. Vapor protection requirements are specified in NFPA 1991, Standard on
Vapor-Protective Suits for Hazardous Chemical Emergencies.
1-2.3
Controlled laboratory tests used to determine compliance with the performance requirements
of this standard shall not be deemed as establishing performance levels for all situations to which
personnel might be exposed.
1-2.4
Nothing herein is intended to restrict any jurisdiction or manufacturer from exceeding these
minimum requirements.
1-3 Definitions.
Afterflame Time. The length of time for which a material, component, or chemical-protective
suit continues to burn after the simulated chemical flash fire has ended.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Biological Agents. Biological materials that are capable of causing acute or long-term damage
to the human body.
Boot. See “Footwear.”
Bootie. A sock-like extension of the suit leg designed to protect the wearer’s feet where worn
in conjunction with an outer boot.
Certification/Certified. A system whereby a certification organization determines that a
manufacturer has demonstrated the ability to produce a product that complies with the
requirements of this standard, authorizes the manufacturer to use a label on listed products that
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comply with the requirements of this standard, and establishes a follow-up program conducted
by the certification organization as a check on the methods the manufacturer uses to determine
compliances with the requirements of this standard.
Certification Organization. An independent, third-party organization that determines product
compliance with the requirements of this standard with a labeling/listing/follow-up program.
Chemical Flash Fire.* The ignition of a flammable and ignitible vapor or gas that produces an
outward expanding flame front as those vapors or gases burn. This burning and expanding flame
front, or fireball, will release both thermal and kinetic energy to the environment.
Chemical Protection Layer. The layer or layers included in the composite that are intended to
provide permeation resistance to chemicals and provide gastight integrity for the overall
chemical-protective suit.
Chemical-Protective Clothing Material. Any material or composite used in an item of clothing
for the purpose of protecting parts of the wearer’s body from chemical or physical hazards.
Chemical-Protective Suit.* A single or multipiece garment constructed of chemical-protective
clothing materials designed and configured to protect the wearer’s torso, head, arms, legs, hands,
and feet. It shall be permitted to completely enclose the wearer by itself or in combination with
the wearer’s respiratory equipment, hood, gloves, and boots.
Cold Zone. Those geographical areas designated as contamination-free from a chemical spill
or release. These areas contain the command post and other support functions necessary to
control the incident. The cold zone is also referred to as the “clean” or “support zone.” (See also
Hot Zone and Warm Zone.)
Compliant. Meeting or exceeding all applicable requirements of this standard.
Component. Gloves or footwear used in the construction of the liquid splash-protective suit.
Composite. Any layering of protective clothing materials or components as they appear in the
final garment construction.
Cracking Pressure. The pressure at which the suit exhaust valve begins to open, releasing
exhaust air to the outside suit environment.
Cryogenic Gas.* A refrigerated, liquid gas having a boiling point below –130°F (–90°C) at
atmospheric pressure.
Emergency Response Personnel. Personnel assigned to organizations that have responsibility
for responding to hazardous chemical emergencies.
Exhaust Valve. One-way vent valves designed to release exhaust air from the inside of the
chemical-protective suit to the outside environment and prevent entry of contaminated air into
the chemical-protective suit from the outside environment.
External Fittings. Any fitting externally located on, and part of, the liquid splash-protective
suit that is not part of the garment material, visor material, gloves, footwear, seams, or closure
assembly. Airline, cooling device, and communications system connections or pass-throughs,
and glove and boot interface materials on the chemical-protective suit are examples of external
fittings.
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External Gaskets. Any gasket externally located on, and part of, the liquid splash-protective
suit that is not part of the garment material, visor material, boot assembly, glove assembly, or
closure assembly. External gaskets can be used in conjunction with external fittings.
Flammable or Explosive Atmospheres. Atmospheres containing chemical vapors or gases at
concentrations that will burn or explode if ignited.
Follow-Up Program. The sampling, inspections, tests, or other measures conducted by the
certification organization on a periodic basis to determine the continued compliance of listed
products that are being produced by the manufacturer to the requirements of this standard.
Footwear. The segment of the chemical-protective suit designed to protect the wearer’s feet
and ankles. Footwear includes boots or outer boots in conjunction with booties.
Footwear Upper. That portion of the footwear above the sole.
Garment Material. The principal chemical-protective clothing material used in the construction
of the chemical-protective suit.
Glove. The segment of the chemical-protective suit designed to protect the wearer’s hands and
wrists.
Hazardous Chemical. Any solid, liquid, gas, or mixture thereof that can potentially cause harm
to the human body through respiration, ingestion, skin absorption, or contact.
Hazardous Chemical Emergencies.* Incidents involving the release or potential release of
hazardous chemicals into the environment, which can cause loss of life, personnel injury, or
damage to property and the environment.
Hot Zone. The area immediately surrounding a hazardous material incident that extends far
enough to prevent adverse effects from hazardous materials releases to personnel outside the
zone. This zone is also referred to as the “exclusion zone” or “restricted zone.” (See also Cold
Zone and Warm Zone.)
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Ladder Shank. Reinforcement to the shank area of protective footwear designed to provide
additional support to the instep when standing on a ladder rung.
Liquefied Gas.* A gas that, under its charged pressure, is partially liquid at 70°F (21°C).
Liquid Splash-Protective Suit. A chemical-protective suit that meets at least all the base
requirements in Chapters 2, 3, and 4 and that protects against chemical liquid splashes but not
against chemical vapors or gases.
Liquid Splash-Protective Suit with Additional Chemical Flash Fire Escape Protection.* A
liquid splash-protective suit also meeting the requirements in Chapter 5.
Listed.* Equipment or materials included in a list published by an organization acceptable to
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the authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
Outer Boot. A boot worn over footwear or bootie for the purposes of providing additional
protection to the wearer and for meeting the requirements of this standard.
Outer Garment. A secondary garment worn over a chemical-protective suit for the purposes of
providing additional protection to the wearer and for meeting the requirements of this standard.
Particulates. Solid matter that is dispersed in air as a mixture. Particulates, for the purpose of
this standard, do not include aerosol, or suspended liquid droplets in air. Aerosols are considered
liquids.
Primary Suit Materials. Chemical-protective suit materials limited to the garment material,
visor or faceshield material, glove material, and footwear material. This includes, in addition to
the above mentioned materials, the wearer’s respiratory equipment when designed to be worn
outside the liquid splash-protective suit, the umbilical air hose, and all other exposed respiratory
equipment materials designed to protect the wearer’s breathing air and air path. Primary
materials can be either single layers or composites.
Product Label. A label affixed to the garment by the manufacturer that contains general
information, warnings, care, maintenance, or similar data.
Radiological Agents. Radiation associated with x-rays; alpha, beta, and gamma emissions from
radioactive isotopes; or other materials in excess of normal background radiation levels.
Replacement Component. A component that meets the respective requirements of Chapter 6.
For this standard, replacement components only include gloves and footwear.
Respiratory Equipment. A positive pressure, self-contained breathing apparatus (SCBA) or
combination SCBA/supplied-air breathing apparatus certified by the National Institute for
Occupational Safety and Health (NIOSH) and the Mine Safety and Health Administration
(MSHA).
Seam. Any permanent attachment of two or more chemical-protective clothing materials,
excluding external fittings, gaskets, and suit closure assemblies, in a line formed by joining the
separate material pieces.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Suit Closure. The suit component designed and configured to allow the wearer to enter (don)
and exit (doff) the chemical-protective suit.
Suit Closure Assembly. The combination of the suit closure and the seam attaching the suit
closure to the garment, excluding any protective flap or cover.
Support Function. Activities of the hazardous materials incident that take place outside the hot
zone involving controlled chemical uses or exposures in nonflammable atmospheres with
minimum threats to loss of life, personnel injury, or damage to property or to the environment.
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Functions include decontamination, remedial cleanup of identified chemicals, and training.
Support Function Protective Clothing. An item of chemical protective clothing or a
chemical-protective suit that meets at least all requirements of NFPA 1993, Standard on Support
Function Protective Clothing for Hazardous Chemical Operations.
Vapor-Protective Suit. A chemical-protective suit that protects against chemical vapors, gases,
and liquids and meets at least all the base requirements of NFPA 1991, Standard on
Vapor-Protective Suits for Hazardous Chemical Emergencies.
Visor or Faceshield Material. The transparent chemical-protective clothing material that allows
the wearer to see outside the chemical-protective suit.
Warm Zone. The area where personnel and equipment decontamination and hot zone support
takes place. It includes control points for the access corridor and thus assists in reducing the
spread of contamination. This is also referred to as the decontamination, contamination
reduction, or limited access zone in other documents. (See also Cold Zone and Hot Zone.)
1-4 Units.
1-4.1
In this standard, values for measurement are followed by an equivalent in parentheses, but only
the first stated value shall be regarded as the requirement. Equivalent values in parentheses shall
not be considered as the requirement, as these values might be approximate.
Chapter 2 Certification
2-1 General.
2-1.1*
Liquid splash-protective suits that are labeled as being compliant with this standard shall meet
or exceed all applicable requirements specified in this standard and shall be certified.
2-1.2*
Compliant liquid splash-protective suits shall be labeled and listed. Such liquid
splash-protective suits shall also have a product label that meets the requirements specified in
Section 2-5.
2-1.3
Replacement components that are labeled as compliant with this standard shall meet or exceed
all applicable requirements in Chapter 6 of this standard and shall be certified.
2-1.4
Compliant replacement components shall be labeled and listed. Such replacement components
shall also have a product label that meets the applicable requirements specified in Chapter 6.
2-1.5
Liquid splash-protective suits and replacement components shall not be certified for chemicals
or specific chemical mixtures with known or suspected carcinogenicity as indicated by any one
of the following documents:
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(a) N. Irving Sax, Dangerous Properties of Industrial Chemicals
(b) NIOSH Pocket Guide to Chemical Hazards
(c) U.S. Coast Guard Chemical Hazard Response Information System (CHRIS), Volumes 1-3,
Hazardous Chemical Data.
2-1.6
Liquid splash-protective suits and replacement components shall not be certified for chemicals
or specific chemical mixtures with skin toxicity notations as indicated by the American
Conference of Governmental Industrial Hygienists, Threshold Limit Values and Biological
Exposure Indices for 1993-1994.
2-1.7
Where liquid splash-protective suits and replacement components are certified for additional
chemicals and specific chemical mixtures as provided for in 4-2.2, then they shall also meet or
exceed the requirements specified in 4-3.1, 4-3.2, 4-5.4, 4-5.5, 4-6.4, and 4-6.5.
2-1.8
All certification shall be performed by an approved certification organization.
2-2 Certification Program.
2-2.1*
The certification organization shall not be owned or controlled by manufacturers or vendors of
the products being certified. The certification organization shall be primarily engaged in
certification work and shall not have a monetary interest in the product’s ultimate profitability.
2-2.2
The certification organization shall refuse to certify products to this standard that do not
comply with all requirements of this standard.
2-2.3*
The contractual provisions between the certification organization and the manufacturer shall
specify that certification is contingent on compliance with all applicable requirements of this
standard. There shall be no conditional, temporary, or partial certifications. Manufacturers shall
not be authorized to use any label or reference to the certification organization on products that
are not manufactured in compliance with all applicable requirements of this standard.
2-2.4*
For certification, laboratory facilities and equipment for conducting proper tests shall be
available, a program for calibration of all instruments shall be in place and operating, and
procedures shall be in use to ensure proper control of all testing. Good practice shall be followed
regarding the use of laboratory manuals, from data sheets, documented calibration and
calibration routines, performance verification, proficiency testing, and staff qualification and
training programs.
2-2.5
Manufacturers shall be required to establish and maintain a program of production inspection
and testing that meets the requirements of Section 2-4.
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2-2.6
The manufacturers and the certification organization shall evaluate any changes affecting the
form, fit, or function of the certified product to determine its continual certification to this
standard.
2-2.7*
Product certifications shall include a follow-up inspection program, with at least two random
and unannounced visits per 12-month period.
2-2.8
The certification organization shall have a program for investigating field reports alleging
malperformance or failure of listed products.
2-2.9
The operating procedures of the certification organization shall provide a mechanism for the
manufacturer to appeal decisions. The procedures shall include the presentation of information
from both sides of a controversy to a designated appeals panel.
2-2.10
The certification organization shall be in a position to use legal means to protect the integrity
of its name and label. The name and label shall be registered and legally defended.
2-3 Inspection and Testing.
2-3.1
Sampling levels for testing and inspection shall be established by the certification organization
and the manufacturer to ensure a reasonable and acceptable reliability at a reasonable and
acceptable confidence level that products certified as being compliant with the standard are
compliant. This information shall be included in the manufacturer’s technical data package.
2-3.2
Testing for determining material and component compliance with the requirements specified in
Chapters 4 and 5 shall be performed on samples representative of materials and components used
in the actual construction of the liquid splash-protective suit. The certification organization shall
also be permitted to use sample materials cut from a representative liquid splash-protective suit.
2-3.3
Except where otherwise noted, determinations of pass or fail performance shall be based on
the average measurement. In cases where materials are tested in more than one direction,
determinations of pass or fail performance shall be based on the average result in each direction.
Failure in any one direction shall constitute failure of the material for the test.
2-3.4*
Unless otherwise noted herein, any combination of materials or multipiece garment that is
needed to meet any of the performance requirements specified in Chapters 4 and 5 shall also be
required to meet all the requirements for that particular segment of the liquid splash-protective
suit or replacement component.
2-3.5
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The certification organization shall review the technical data package to determine compliance
with the requirements of Chapter 3.
2-4 Manufacturer’s Quality Assurance.
2-4.1
The manufacturer shall provide and maintain a quality assurance program that includes a
documented inspection and product recall system. The manufacturer shall have an inspection
system to substantiate conformance to this standard.
2-4.2
The manufacturer shall maintain written inspection and testing instructions. The instructions
shall prescribe inspection and test of materials, work in process, and completed articles. Criteria
for acceptance and rejection of materials, processes, and final product shall be part of the
instructions.
2-4.3
The manufacturer shall maintain records of all pass/fail tests. Pass/fail records shall indicate
the disposition of the failed material or product.
2-4.4
The manufacturer’s inspection system shall provide for procedures that ensure the latest
applicable drawings, specifications, and instructions are used for fabrication, inspection, and
testing.
2-4.5
The manufacturer shall, as part of the quality assurance process, maintain a calibration
program of all instruments used to ensure proper control of testing. The calibration program shall
be documented as to the date of calibration and performance verification.
2-4.6
The manufacturer shall establish and maintain a system for identifying the appropriate
inspection status of component materials, work in process, and finished goods.
2-4.7
The manufacturer shall maintain a system for controlling nonconforming material, including
procedures for the identification, segregation, and disposition of rejected material. All
nonconforming materials or products shall be identified to prevent use, shipment, and
intermingling with conforming materials or products.
2-4.8
The manufacturer’s quality assurance systems and procedures shall be audited by the
third-party certification agency to determine that the system is sufficient to ensure continued
compliance to this standard.
2-5 Product Labeling.
2-5.1*
The liquid splash-protective suit shall have a product label permanently and conspicuously
attached to the inside of the garment upon which at least the following warning and information
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are printed in at least 1/16-in. (1.5-mm) high letters.
“ALL SEPARATE GARMENTS COMPRISING THIS LIQUID
SPLASH-PROTECTIVE SUIT MEET:
YES THE BASE REQUIREMENTS IN CHAPTERS 2, 3, AND 4;
NO ADDITIONAL REQUIREMENTS IN CHAPTER 5 FOR LIMITED
CHEMICAL FLASH FIRE PROTECTION; THIS ENSEMBLE PROVIDES
LIMITED PROTECTION IN THE EVENT OF CHEMICAL FLASH FIRES TO
ALLOW ESCAPE ONLY.
OF NFPA 1992, STANDARD ON LIQUID SPLASH-PROTECTIVE SUITS FOR
HAZARDOUS CHEMICAL EMERGENCIES, 1994 EDITION, FOR THE
CHEMICALS LISTED BELOW. THE TECHNICAL DATA PACKAGE
CONTAINS ADDITIONAL INFORMATION ON THESE AND ANY
ADDITIONAL CHEMICALS AND SPECIFIC CHEMICAL MIXTURES FOR
WHICH THIS SUIT IS CERTIFIED.
Acetone
Sodium hydroxide
Acetonitrile

Sulfuric acid

Ethyl acetate

Tetrahydrofuran

Hexane
CONSULT THE TECHNICAL DATA PACKAGE, MANUFACTURER’S
INSTRUCTIONS, AND MANUFACTURER’S RECOMMENDATIONS BEFORE
USE.

WARNING
WHERE MULTIPLE LAYERS ARE PROVIDED AS A SINGLE AND INTEGRATED
UNIT, ALL SEPARABLE LAYERS MUST BE WORN TOGETHER. USE THIS
GARMENT FOR PROTECTION FROM LIQUID SPLASHES ONLY. LIQUIDS GIVE
OFF VAPORS, AND THIS GARMENT MAY NOT PROTECT YOU FROM
CONTACT WITH THESE VAPORS. DO NOT USE THIS GARMENT IF VAPORS
ARE HAZARDOUS. DO NOT USE FOR SUSPECTED OR KNOWN CARCINOGENS
OR SKIN-TOXIC CHEMICALS. UNLESS THIS GARMENT IS SPECIFICALLY
CERTIFIED AS APPROPRIATE TO THE FOLLOWING APPLICATIONS, DO NOT
USE FOR ANY FIRE FIGHTING APPLICATIONS OR FOR PROTECTION FROM
RADIOLOGICAL, BIOLOGICAL, OR CRYOGENIC AGENTS, OR IN CHEMICAL
VAPOR, FLAMMABLE, OR EXPLOSIVE ATMOSPHERES. CHEMICAL
CONTAMINATION OF THIS SUIT MAY WARRANT ITS DISPOSAL. MAINTAIN
ONLY IN ACCORDANCE WITH MANUFACTURER’S INSTRUCTIONS. NO
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PROTECTIVE CLOTHING CAN PROVIDE PROTECTION FROM ALL
CONDITIONS. USE EXTREME CARE FOR ALL EMERGENCY OPERATIONS,
PARTICULARLY IN HAZARDOUS ATMOSPHERES. FAILURE TO COMPLY
WITH THESE INSTRUCTIONS MAY RESULT IN SERIOUS INJURY OR DEATH.”
Manufacturer’s name
Manufacturer’s address
Country of manufacture
Suit model, style, and serial number
Size
Garment material(s)
Visor material(s)
Glove(s)
Footwear item(s)
“DO NOT REMOVE THIS LABEL.”
2-5.2*
The manufacturer shall identify on the product label any other clothing items such as outer
garments, outer gloves, or outer boots that must be worn in order to meet the performance
requirements of this standard using the following language:
“FOR COMPLIANCE WITH NFPA 1992, THE FOLLOWING PROTECTIVE
CLOTHING ITEMS MUST BE WORN IN CONJUNCTION WITH THIS
GARMENT:”
(List items by type and identification.)
2-5.3
Other clothing items used to meet the performance requirements of this standard shall meet the
label requirements specified in ASTM F1301, Standard Practice for Labeling Chemical
Protective Clothing. The label shall be printed in at least 1/16-in. (1.5-mm) high letters.
2-5.4
All portions of the required product label shall be printed in at least English.
2-6* User Information.
2-6.1*
Liquid splash-protective suit manufacturers shall provide the following instructions and
information with each suit:
(a) Cleaning instructions;
(b) Marking and storage instructions;
(c) Frequency and details of inspections;
(d) Maintenance criteria;
(e) How to use test equipment, where applicable;
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(f) Methods of repair, if recommended by manufacturer; and
(g) Warranty information.
2-6.2*
Liquid splash-protective suit manufacturers shall furnish training materials that address, but
are not limited to:
(a) Donning procedures;
(b) Doffing procedures;
(c) Safety considerations;
(d) Optimum storage conditions;
(e) Recommended storage life;
(f) Decontamination recommendations and considerations;
(g) Retirement considerations;
(h) Closure lubricants, if applicable;
(i) Visor/faceshield antifog agents or procedures; and
(j) Recommended undergarments.
2-6.3*
Liquid splash-protective suit manufacturers shall furnish a logbook with each liquid
splash-protective suit along with instructions on its proper completion and maintenance.
Chapter 3 Documentation Requirements
3-1 Technical Data Package.
3-1.1*
The manufacturer shall furnish a technical data package with each liquid splash-protective suit.
3-1.2*
The technical data package shall contain all documentation required by this standard and the
data showing compliance with this standard.
3-1.3
In the technical data package, the manufacturer shall describe the liquid splash-protective suit
in terms of manufacturer trade name and model number, manufacturer replaceable components
and available options, accessories such as testing devices, and sizes.
3-1.4*
In the technical data package, the manufacturer shall describe the available sizes of the liquid
splash-protective suit. Descriptions of size shall include the range in height and weight for
persons fitting each particular size and shall provide information to the wearer as to whether
these sizes apply to persons wearing SCBA, hard hats, communications devices, turnout
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clothing, and other similar gear.
3-1.5*
In the technical data package, the manufacturer shall document the average donning and
doffing times for the liquid splash-protective suit where measured as specified in Section 7-1.
3-2 Suit Material and Component Descriptions.
3-2.1*
Where specific clothing items and equipment are required for certifying the liquid
splash-protective suit to this standard, the manufacturer shall list these clothing items and
equipment in the technical data package.
3-2.2
The manufacturer shall provide, in the technical data package, a list and descriptions of the
following suit materials and components, if applicable:
(a) Garment material;
(b) Visor/faceshield material;
(c) Glove material and type of attachment;
(d) Footwear material and type of attachment;
(e) Zipper/closure type and material(s);
(f) Material seam types and composition;
(g) Exhaust valve types and material(s);
(h) External fitting types and material(s);
(i) External gasket types and material(s);
(j) Outer garment, glove, or boot material(s); and
(k) Type or style of head protection accommodated within the suit.
3-2.2.1 All descriptions of material composition shall specify either the generic material names
or trade names if the composition of the material is proprietary.
3-2.2.2 Descriptions of respective suit materials and components shall include the following
information, if applicable:
(a) Visor/faceshield material.
(1) The availability of any permanent detachable covers and films.
(b) Gloves.
(1) Type of linings or surface treatments
(2) Available glove sizes.
(c) Footwear.
(1) Type of linings or surface treatments
Copyright 1996 NFPA

(2) Type of soles or special toe reinforcements
(3) Available footwear sizes.
(d) Suit zipper or closure.
(1) The material(s) of construction for the closure (including chain, slide, pull, and tape for
zippers)
(2) The location and the length of the completed closure assembly
(3) A description of any protective covers or flaps.
(e) Suit exhaust valves or ports.
(1) Type, such as flapper, pressure demand
(2) Number and method of attachment to the suit
(3) A description of any protective covers or pockets.
(f) Other clothing items (e.g., outer garments).
(1) Type and how used with protective suit.
3-2.3
The manufacturer shall describe, in the technical data package, the type of seams or methods
of attachment for the following suit material and component combinations:
(a) Garment material—garment material;
(b) Garment material—visor;
(c) Garment material—glove;
(d) Garment material—footwear;
(e) Garment material—suit closure; and
(f) Garment material—outer cover.
3-2.4*
Sample gloves shall be tested for dexterity and results reported where tested as specified in
Section 7-15.
Chapter 4 Design and Performance Requirements
4-1 Overall Suit Requirements.
4-1.1
Sample suits shall be tested for liquidtight integrity and shall allow no liquid penetration where
tested as specified by Section 7-2.
4-1.2
Sample suits shall be tested for overall function and integrity and shall allow no liquid
penetration where tested as specified in Section 7-3.
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4-1.3
Liquid splash-protective suits shall be designed to accommodate at least head protection
meeting the dimensional requirements of ANSI Z89.1, Protective Headwear for Industrial
Workers.
4-1.4*
Other than outer gloves and outer boots, liquid splash-protective suits shall be designed so that
all separate parts and components are securely attached and provided as a single and integrated
unit.
4-2 Primary Suit Material Requirements.
4-2.1
Samples of the primary suit materials shall be tested for penetration resistance and shall exhibit
no penetration for at least one hour for each of the NFPA battery of chemicals where tested as
specified in Section 7-4.
4-2.2
For any additional chemicals or specific chemical mixtures that are not constrained by 2-1.5 or
2-1.6 and for which the manufacturer is certifying the suit, samples of the primary suit materials
shall be tested for penetration resistance and shall exhibit no penetration for at least one hour for
each additional chemical or specific chemical mixture where tested as specified in Section 7-4.
4-2.3
Primary suit materials shall not ignite during the initial 3.0-second exposure period, shall not
burn a distance of greater than 4.0 in. (10.2 cm), shall not sustain burning for more than 10
seconds, and shall not melt as evidenced by flowing or dripping during the subsequent 12-second
exposure period where tested for flame resistance as specified in Section 7-5.
4-3 Additional Garment Material Requirements.
4-3.1
Garment material samples shall exhibit no penetration for at least one hour after abrasion for
each of the NFPA battery of chemicals where tested as specified in Section 7-6.
4-3.2
Garment material samples shall exhibit no penetration for at least one hour after flexing for
each of the NFPA battery of chemicals where tested as specified in Section 7-7.
4-3.3
Garment material samples shall be tested for bursting strength and shall have a bursting
strength of not less than 100 psi (7.0 kg/cm2) where tested as specified in Section 7-8.
4-3.4
Garment material samples shall be tested for puncture propagation tear resistance and shall
have a puncture propagation tear resistance of not less than 11 lb (5 kg) where tested as specified
in Section 7-9.
4-3.5
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Garment material samples shall have a bending moment not greater than 0.50 in.-lb (0.057
Nm) at an angular deflection of 60 degrees and –13°F (–25°C) where tested for cold weather
performance as specified in Section 7-10.
4-4 Additional Visor or Faceshield Requirements.
4-4.1
The visor or faceshield of sample suits shall be tested for clarity, and test subjects shall have a
visual acuity of 20/35 or better where tested as specified in Section 7-11.
4-4.2
Visor or faceshield material samples shall be tested for bursting strength and shall have a
bursting strength of not less than 100 psi (7.0 kg/cm2) where tested as specified in Section 7-8.
4-4.3
Visor or faceshield samples shall be tested for puncture propagation tear resistance and shall
have a puncture propagation tear resistance of not less than 11 lb (5 kg) where tested as specified
in Section 7-9.
4-4.4
Visor or faceshield samples shall be tested for cold temperature bending at –13°F (–25°C) and
shall not crack or show evidence of visible damage where tested as specified in Section 7-12.
4-5 Additional Glove Requirements.
4-5.1
Gloves shall provide protection from the finger tips to at least 1 in. (25.4 mm) beyond the wrist
crease.
4-5.2
Glove material samples shall be tested for cut resistance and shall have a cut resistance of not
less than 6.5 lb (3.0 kg) where tested as specified in Section 7-13.
4-5.3
Glove material samples shall be tested for puncture resistance and shall have a puncture
resistance of not less than 5 lb (2.3 kg) where tested as specified in Section 7-14.
4-5.4
Glove material samples shall be tested for abrasion resistance and shall exhibit no penetration
for at least one hour for each chemical in the NFPA battery of chemicals where tested as
specified in Section 7-6.
4-5.5
Glove material samples shall be tested for flex fatigue resistance and shall exhibit no
penetration for at least one hour for each chemical in the NFPA battery of chemicals where
tested as specified in Section 7-7.
4-5.6
Glove material samples shall have a bending moment of 0.5 in.-lb (0.057 Nm) at an angular
deflection of 60 degrees and –13°F (–25°C) where tested for cold weather performance as
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specified in Section 7-10.
4-6 Additional Footwear Requirements.
4-6.1
Footwear shall provide protection not less than 8.0 in. (20.3 cm) in height where measured
from the plane of the sole bottom.
4-6.2
Footwear upper material samples shall be tested for cut resistance and shall have a cut
resistance of not less than 10 lb (4.5 kg) where tested as specified in Section 7-13.
4-6.3
Footwear upper material samples shall be tested for puncture resistance and shall have a
puncture resistance of not less than 8 lb (3.6 kg) where tested as specified in Section 7-14.
4-6.4
Footwear upper material samples shall be tested for abrasion resistance and shall exhibit no
penetration for at least one hour for each chemical in the NFPA battery of chemicals where
tested as specified in Section 7-6.
4-6.5
Footwear upper material samples shall be tested for flex fatigue resistance and shall exhibit no
penetration for at least one hour for each chemical in the NFPA battery of chemicals where
tested as specified in Section 7-16.
4-6.6
Footwear sole and heel samples shall be tested for puncture resistance and shall have a
puncture resistance of not less than 272 lb (123.4 kg) where tested as specified in Section 7-17.
4-6.7
Footwear sole and heel samples shall be tested for abrasion resistance and shall have an
abrasion-resistance rating of not less than 65 where tested as specified in Section 7-18.
4-6.8
Sample footwear toes shall be tested for impact and compression resistance and shall have an
impact resistance of not less than 75 ft-lb (101.7 J) and a compression resistance of not less than
2500 lb (11121 N) where tested as specified in Section 7-19.
4-6.9
Sample footwear soles (or ladder shanks) shall be tested for bending resistance and shall not
deflect more than 0.25 in. (0.6 cm) where tested as specified in Section 7-20.
4-6.10
Sample footwear soles shall be tested for slip resistance and shall have a static coefficient of
0.75 or greater in a dry condition and 0.50 or greater in a wet condition where tested as specified
in Section 7-21.
4-7 Seam Requirements.
4-7.1
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Seams shall exhibit no penetration for at least one hour for each of the NFPA battery of
chemicals, and for any additional chemicals or specific chemical mixtures for which the
manufacturer is certifying the suit, where tested as specified in Section 7-4.
4-7.2
All seams shall possess a breaking strength of not less than 30 lbf/2 in. (2.88 kN/m) where
tested as specified in Section 7-22.
4-8 Suit Closure Assembly Requirements.
4-8.1
Sample suit closure assemblies shall show no penetration for each of the NFPA battery of
chemicals, and for any additional chemicals or specific chemical mixtures for which the
manufacturer is certifying the suit, where tested as specified in Section 7-4.
4-8.2
The suit closure assembly shall possess a breaking strength of not less than 30 lbf/2 in. (2.88
kN/m) where tested as specified in Section 7-22.
4-9 External Fitting Requirements.
4-9.1
All external fittings shall be free of rough spots, burrs, or sharp edges that could tear primary
materials.
4-9.2
Liquid splash-protective suits, on which external fittings are installed that penetrate any
primary materials, shall be tested for liquidtight integrity and shall allow no liquid penetration
where tested as specified in Section 7-3.
Chapter 5 Chemical Flash Fire Protection Requirements
5-1 Product Labeling Requirements.
5-1.1
The liquid splash-protective suit shall have a product label permanently and conspicuously
attached to the inside of the garment upon which at least the following warning and information
are printed in at least 1/16-in. (1.5-mm) high letters.
“ALL SEPARATE GARMENTS COMPRISING THIS LIQUID
SPLASH-PROTECTIVE SUIT MEET:
YES THE BASE REQUIREMENTS IN CHAPTERS 2, 3, AND 4;
YES ADDITIONAL REQUIREMENTS IN CHAPTER 5 FOR LIMITED
CHEMICAL FLASH FIRE PROTECTION; THIS ENSEMBLE PROVIDES
LIMITED PROTECTION IN THE EVENT OF CHEMICAL FLASH FIRES TO
ALLOW ESCAPE ONLY.
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OF NFPA 1992, STANDARD ON LIQUID SPLASH-PROTECTIVE SUITS FOR
HAZARDOUS CHEMICAL EMERGENCIES, 1994 EDITION, FOR THE
CHEMICALS LISTED BELOW. THE TECHNICAL DATA PACKAGE
CONTAINS ADDITIONAL INFORMATION ON THESE AND ANY
ADDITIONAL CHEMICALS AND SPECIFIC CHEMICAL MIXTURES FOR
WHICH THIS SUIT IS CERTIFIED.
Acetone
Sodium hydroxide
Acetonitrile

Sulfuric acid

Ethyl acetate

Tetrahydrofuran

Hexane
CONSULT THE TECHNICAL DATA PACKAGE, MANUFACTURER’S
INSTRUCTIONS, AND MANUFACTURER’S RECOMMENDATIONS BEFORE
USE.

WARNING
WHERE MULTIPLE LAYERS ARE PROVIDED AS A SINGLE AND INTEGRATED
UNIT, ALL SEPARABLE LAYERS MUST BE WORN TOGETHER. USE THIS
GARMENT FOR PROTECTION FROM LIQUID SPLASHES ONLY. LIQUIDS GIVE
OFF VAPORS, AND THUS GARMENT MAY NOT PROTECT YOU FROM
CONTACT WITH THESE VAPORS. DO NOT USE THIS GARMENT IF VAPORS
ARE HAZARDOUS. DO NOT USE FOR KNOWN OR SUSPECTED CARCINOGENS
OR SKIN-TOXIC CHEMICALS. UNLESS THIS GARMENT IS SPECIFICALLY
CERTIFIED AS APPROPRIATE TO THE FOLLOWING APPLICATIONS, DO NOT
USE FOR ANY FIRE FIGHTING APPLICATIONS OR FOR PROTECTION FROM
RADIOLOGICAL, BIOLOGICAL, OR CRYOGENIC AGENTS, OR IN CHEMICAL
VAPOR, FLAMMABLE, OR EXPLOSIVE ATMOSPHERES. CHEMICAL
CONTAMINATION OF THIS SUIT MAY WARRANT ITS DISPOSAL. MAINTAIN
ONLY IN ACCORDANCE WITH MANUFACTURER’S INSTRUCTIONS. NO
PROTECTIVE CLOTHING CAN PROVIDE PROTECTION FROM ALL
CONDITIONS. USE EXTREME CARE FOR ALL EMERGENCY OPERATIONS,
PARTICULARLY IN HAZARDOUS ATMOSPHERES. FAILURE TO COMPLY
WITH THESE INSTRUCTIONS MAY RESULT IN SERIOUS INJURY OR DEATH.”
Manufacturer’s name
Manufacturer’s address
Country of manufacture
Suit model, style, and serial number
Size
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Garment material(s)
Visor material(s)
Glove(s)
Footwear items(s)
“DO NOT REMOVE THIS LABEL.”
5-1.2
The manufacturer shall identify on the product label any other clothing items such as outer
garments, outer gloves, or outer boots that must be worn in order to meet the performance
requirements of this standard using the following language:
“FOR COMPLIANCE WITH NFPA 1992, THE FOLLOWING PROTECTIVE
CLOTHING ITEMS MUST BE WORN IN CONJUNCTION WITH THIS
GARMENT:”
(List items by type and identification.)
5-1.3
Other clothing items used to meet the performance requirements of this standard shall meet the
label requirements specified in ASTM F1301, Standard Practice for Labeling Chemical
Protective Clothing. The label shall be printed in at least 1/16-in. (1.5-mm) high letters.
5-1.4
All portions of the required product label shall be printed in at least English.
5-2 Design and Performance Requirements.
5-2.1
Sample liquid splash-protective suits shall be tested for overall ensemble flash protection and
shall show afterflame times no longer than 2 seconds, show no liquid penetration in a subsequent
liquidtight integrity test; and, in subsequent human wearing of the sample ensemble, test subjects
shall have a visual acuity of 20/100 where tested as specified in Section 7-23.
5-2.2
Samples of primary materials shall have an average thermal protective performance (TPP) of
not less than 12 where tested as specified in Section 7-24.
5-2.3
Samples of primary materials shall be tested for flame impingement and shall display no
afterflame and shall not melt, as evidenced by flowing or dripping, after either the 3- or
12-second exposure period where tested as specified in Section 7-5.
5-2.4
Samples of primary materials shall be tested for the rate of static electric discharge and shall
show no voltage greater than 350 volts, 5 seconds after termination of charge generation, where
tested as specified in Section 7-25.
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Chapter 6 Replacement Components
6-1 Gloves.
6-1.1
Sample gloves shall be tested for liquidtight integrity and shall show no liquid penetration
where tested as specified in Section 7-26.
6-1.2
Gloves for use with liquid splash-protective suits meeting the base requirements in this
standard shall also meet or exceed all requirements in Sections 4-2 and 4-5.
6-1.2.1 Gloves for use with liquid splash-protective suits meeting the base requirements and
additional optional requirements for limited chemical flash fire protection in this standard shall
also meet the requirements in Sections 4-2, 4-5, and 5-2.
6-1.3
Gloves shall have a label that meets the requirements in ASTM F1301, Standard Practice for
Labeling Chemical Protective Clothing. The label shall be printed in at least 1/16-in. (1.5-mm)
high letters.
6-1.3.1 Gloves for use with liquid splash-protective suits meeting the base requirements also
shall include on the product label the following statement:
“THIS REPLACEMENT COMPONENT MEETS THE BASE REQUIREMENTS
OF NFPA 1992 (1994 EDITION).”
6-1.3.2 Gloves for use with liquid splash-protective suits meeting the base requirements and
additional optional requirements for limited chemical flash fire protection in this standard also
shall include on the product label the following statement:
“THIS REPLACEMENT COMPONENT MEETS THE BASE REQUIREMENTS
OF NFPA 1992 (1994 EDITION) PLUS REQUIREMENTS FOR OPTIONAL
LIMITED CHEMICAL FLASH FIRE PROTECTION.”
6-1.4
Replacement glove components that consist of more than one part shall have each item labeled
with a statement describing how each part must be worn together to form the replacement
component.
6-2 Footwear.
6-2.1
Sample footwear shall be tested for liquidtight integrity and shall show no liquid penetration
where tested as specified in Section 7-26.
6-2.2
Footwear for use with liquid splash-protective suits meeting the base requirements in this
standard shall also meet or exceed all requirements in Sections 4-2 and 4-6.
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6-2.2.1 Footwear for use with liquid splash-protective suits meeting the base requirements and
additional optional requirements for limited chemical flash fire protection in this standard shall
also meet the requirements in Sections 4-2, 4-6, and 5-2.
6-2.3
Footwear shall have a label that meets the requirements in ASTM F1301, Standard Practice
for Labeling Chemical Protective Clothing. The label shall be printed in at least 1/16-in.
(1.5-mm) high letters.
6-2.3.1 Footwear for use with liquid splash-protective suits meeting the base requirements also
shall include on the product label the following statement:
“THIS REPLACEMENT COMPONENT MEETS THE BASE REQUIREMENTS
OF NFPA 1992 (1994 EDITION).”
6-2.3.2 Footwear for use with liquid splash-protective suits meeting the base requirements and
additional optional requirements for limited chemical flash fire protection in this standard also
shall include on the product label the following statement:
“THIS REPLACEMENT COMPONENT MEETS THE BASE REQUIREMENTS
OF NFPA 1992 (1994 EDITION) PLUS REQUIREMENTS FOR OPTIONAL
LIMITED CHEMICAL FLASH FIRE PROTECTION.”
6-2.4
Replacement footwear components that consist of more than one part shall have each item
labeled with a statement describing how each part must be worn together to form the
replacement component.
Chapter 7 Test Methods
7-1 Donning and Doffing Time Test.
7-1.1
Donning and doffing time testing shall be conducted with a test subject. Suits tested shall meet
the sizing range of the test subject as determined in 3-1.4.
7-1.2
The suit to be worn shall be unpacked and laid out in front of the test subject.
7-1.3
The test subject shall be permitted to be assisted in donning or doffing the suit by an attendant.
7-1.4
The starting time shall begin when the seated test subject is dressed in the designated level of
protection (including appropriate underclothing and self-contained breathing apparatus) for the
liquid splash-protective suit ensemble. The suit shall be donned in accordance with the
manufacturer’s instructions.
7-1.5
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The donning time shall be measured when the complete liquid splash-protective suit and all
components have been donned.
7-1.6
The doffing time shall be measured when the complete liquid splash-protective suit and all
components have been removed.
7-1.7
The same test subject shall be used in three repetitive donning and doffing trials.
7-1.8
The test subject shall practice the test until the baseline time of the last repetition varies no
more than 10 percent.
7-1.9
The average of three time trials shall be used for documenting the donning and doffing time.
7-1.10
The type of underclothing, self-contained breathing apparatus, and any other equipment shall
be documented with the test results.
7-2 Overall Liquidtight Integrity Test.
7-2.1
Overall suit liquidtight integrity shall be measured in accordance with ASTM F1359, Standard
Practice for Determining the Liquid-Tight Integrity of Chemical Protective Suits or Ensembles
Under Static Conditions.
7-2.2
Evidence of liquid either inside the liquid splash-protective suit or on the inner
water-absorptive garment shall constitute failure of the suit to this test.
7-2.3
If outer gloves are to be worn in conjunction with chemical-protective suit gloves or if outer
boots are worn in conjunction with suit booties to meet foot protection requirements, there shall
be no visible signs of liquid in these items.
7-3 Overall Suit Function and Integrity Test.
7-3.1
Overall suit function and integrity shall be measured in accordance with ASTM F1154,
Standard Practices for Qualitatively Evaluating the Comfort, Fit, Function, and Integrity of
Chemical-Protective Suit Ensembles, with the following parameters:
(a) Both exercise procedures A and B shall be used.
(b) Suits tested shall meet the sizing range of the test subject as determined in 3-1.4. The suit
shall be donned in accordance with the manufacturer’s instructions.
(c) Testing shall be conducted at 77°F, ±10°F (25°C, ±7°C) and relative humidity of 50
percent, ±20 percent.
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(d) Liquidtight integrity shall be measured after the exercises as specified in Section 7-2.
7-3.2
Evidence of any liquid penetration shall constitute failing performance.
7-4 Chemical Penetration Resistance Test.
7-4.1
For the purpose of this standard, the NFPA battery of chemicals shall consist of those liquids
specified in ASTM F1001, Standard Guide for Chemicals to Evaluate Protective Clothing
Materials, that are not constrained by 2-1.5 or 2-1.6 of this standard.
7-4.2*
Penetration resistance testing of material specimens shall be conducted in accordance with
ASTM F903, Standard Test Method for Resistance of Protective Clothing Materials to
Penetration by Liquids, Procedure C, using the following modifications:
(a) All tests shall be conducted at 77°F, ±5°F (25°C, ±3°C).
(b) A minimum of three material, seam, or suit closure assembly specimens shall be tested for
each chemical.
(c) The test cell shall be modified to accommodate the shape of the suit seams or closure
assembly without affecting other parts of the test procedure.
(d) The plexiglass shield shall be omitted from the test cell.
(e) A contrasting dye shall be used for each chemical tested.
(f) The suit closure assembly to be tested shall be preconditioned by 50 cycles of completely
opening and completely closing the closure assembly.
7-4.3
An observation to determine specimen penetration shall be made at the end of the chemical
contact period. Visually observed liquid penetration at the end of the test for any specimen shall
constitute failure of this test.
7-4.4*
Blotting paper at the end of the test shall be used to assist in the visual observation of liquid
penetration. Visually observed chemical on the blotting paper shall constitute failure of this test.
7-4.5
The report shall include the pass/fail results for each specimen/chemical combination tested.
7-5 Flammability Resistance Test.
7-5.1
All samples to be tested shall be conditioned for not less than 4 hours in standard atmospheric
conditions at a relative humidity of 65 percent, ±2 percent and a temperature of 70°F, ±2°F
(21°C, ±1°C). Samples shall be tested not more than 5 minutes after removal from conditioning.
7-5.2
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Vertical flammability testing shall be performed in accordance with Method 5903.1, Flame
Resistance of Cloth; Vertical, of Federal Test Method Standard 191A, Textile Test Methods, with
the following modifications:
(a) Specimens shall consist of at least ten protective clothing material samples measuring 3 ×
16 in., ±1/16 in. (76 × 203 mm, ±1.6 mm). If the material is anisotropic, specimens shall be cut in
both the machine and transverse directions.
(b) Specimens shall be folded in half such that the folded edge is exposed in the apparatus
holder. The fold shall be produced by placing a 1/4-in. (6.4-mm) rod at the bend of the material.
The rod shall then be removed after the material is clamped in the holder prior to flame contact.
The folded edge of the specimen shall protrude 1/4 in. (6.4 mm) below the lower horizontal end
of the metal specimen clamp.
(c) A stopwatch or other time device reading in seconds shall be started. The tip of the flame
shall be applied to the end of the specimen until it is ignited, but no longer than 3 seconds. The
operator shall observe and note whether or not the specimen ignites and supports self-sustaining
burning after removal of the flame from the specimen.
(d) If the specimen fails to ignite in 3 seconds, the time shall be restarted and the flame shall be
reapplied to the end of the specimen for an additional 12 seconds. If the specimen ignites, the
timer shall be stopped when the flame is extinguished.
(e) The vertical distance, measured from the horizontal edge of the specimen to which the
ignition flame is applied, to the farthest point on the specimen visibly charred or melted by the
burning process, shall be recorded. This measurement shall be made on the specimen after
exposure. The apparent cause of extinguishment, such as melting or dripping, shall be noted.
7-5.3
The ignition propensity shall be noted as those specimens igniting within the 3-second
exposure period, specimens igniting within the 12-second exposure period, and specimens not
igniting at all.
7-5.4
Burning time shall be the time, reported in seconds, from the moment that the operator
removes the flame from the sample until burning is extinguished.
7-5.5
The distance of burn shall be the distance, reported in inches (cm), from the ignited edge of the
sample to the farthest vertical point on the sample that is burned in the test.
7-5.6
The burning behavior of the specimen shall be noted and characterized for the samples that
ignite, are self-extinguishing, or as otherwise observed. The specimen shall be considered
self-extinguishing if the distance of burning is less than 4.0 in. (10.24 cm) and the burning time
is less than 10 seconds. The appearance of decomposition by melting or dripping shall be noted.
7-5.7
Report items for determining pass/fail shall be summarized as:
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(a) Test specimens igniting in 3 seconds or less;
(b) Test specimens igniting in 12 seconds or less;
(c) Test specimens not igniting in the test;
(d) Test specimens with an ignition time exceeding 3 seconds but that support burning for 10
seconds or more;
(e) Test specimens with an ignition time exceeding 3 seconds but that have a burn distance
exceeding 4 in. (10.24 cm):
(f) Notation of specimen melting or dripping.
7-6 Abrasion Resistance Test.
7-6.1
Abrasion resistance testing shall be conducted in accordance with ASTM D4157, Standard
Test Method for Abrasion Resistance of Textile Fabrics (Oscillatory Cylinder Method), with the
following conditions:
(a) A 5-lb (2.27-kg) tension weight shall be used;
(b) A 31/2-lb (1.60-kg) head weight shall be used;
(c) An 80 grit abradant trimite D-weight open coat #1A4180, or equivalent, shall be used;
(d) The specimen shall be abraded for 25 continuous cycles; and
(e) Penetration resistance testing as specified in Section 7-4 shall be substituted for abrasion to
rupture and percentage loss in breaking load for interpreting abrasion resistance test results.
7-6.2
Only one specimen for penetration resistance testing shall be taken from each sample
subjected to abrasion. The penetration test specimen shall be taken from the exact center of the
abraded sample so that the center of the penetration test and the center of the abraded sample
coincide. For composite materials, only the chemical protection layer shall be tested for chemical
penetration resistance.
7-6.3
Evidence of liquid penetration for any samples shall constitute failing performance.
7-6.4
Any visual observations, such as sample rupture, loss of luster, or deformation of the outside
coating for tested specimens, shall be reported.
7-7 Garment and Glove Material Flexural Fatigue Test.
7-7.1
Garment material flexural fatigue testing shall be conducted in accordance with ASTM F392,
Standard Test Method for Flex Durability of Flexible Barrier Materials, with the following
modifications:
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(a) In lieu of flexing conditions A, B, C, D, or E, test specimens shall have a flex period of 100
cycles at 45 cycles per minute. A cycle shall be a full flex and twisting action.
(b) Penetration resistance testing as specified in Section 7-4 shall be substituted for pinhole
counting.
(c) Anisotropic materials shall be tested in both machine and transverse directions.
7-7.2
Only one specimen for penetration resistance testing shall be taken from each sample
subjected to flexing conditions. The penetration test specimen shall be taken from the exact
center of the flexed sample so that the center of the penetration test and the center of the flexed
sample shall coincide. For composite materials, only the chemical protection layer shall be tested
for chemical penetration resistance.
7-7.3
Evidence of liquid penetration for any samples shall constitute failing performance.
7-7.4
Any unusual visual observations, such as delamination or tears, shall be reported.
7-8 Garment and Visor Material Burst Strength Test.
7-8.1
Material burst strength shall be measured in accordance with ASTM D751, Standard Test
Methods for Coated Fabrics, Bursting Strength, using the Mullen burst machine.
7-8.2
The average test result shall be used to determine compliance.
7-9 Garment Material and Visor Puncture Propagation Tear Resistance Test.
7-9.1
Material puncture propagation tear resistance shall be measured in accordance with ASTM
D2582, Standard Test Method for Puncture-Propagation Tear Resistance of Plastic Film and
Thin Sheeting.
7-9.2
Puncture propagation tear resistance results shall be reported as the average for each material
direction.
7-9.3
Failure of the material in any direction shall constitute failing performance.
7-10 Garment and Glove Material Cold Temperature Performance Test.
7-10.1
Garment and glove material cold temperature performance shall be measured in accordance
with ASTM D747, Standard Test Method for Apparent Bending Modulus of Plastics by Means
of a Cantilever Beam, with the following modifications:
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(a) The test temperature shall be –13°F (–25°C).
(b) The bending moment shall be that applied when the specimen is bent to a 60 degree
angular deflection and shall be calculated in in.-lb as follows:

Bending moment (Nm) = Bending moment (in.-lb × 0.113).
7-10.2
Cold temperature performance results shall be reported as the average for each material
direction.
7-10.3
Failure of the material in any direction shall constitute failing performance.
7-11 Visor Clarity Test.
7-11.1
Testing shall be conducted with a test subject. The test subject shall have a minimum visual
acuity of 20/20 in each eye uncorrected or corrected with contact lenses as determined in a visual
acuity test or doctor’s examination. Suits tested shall meet the sizing range of the test subject as
determined in 3-1.4. The suit shall be donned in accordance with manufacturer’s instructions.
7-11.2*
Appropriate underclothing and a self-contained breathing apparatus shall be worn. For
consistency in testing, a Scott 4.5 Air Pak SCBA facepiece shall be used.
7-11.3
The test shall be conducted using a standard 20-ft (6.1-m) eye chart with a normal lighting
range of 100 footcandles to 150 footcandles at the chart and with the test subject positioned at a
distance of 20 ft (6.1 m) from the chart.
7-11.4
The test subject shall then read the standard eye chart through the lens of the SCBA facepiece
and suit visor to determine his or her visual acuity.
7-12 Visor Cold Temperature Bending Test.
7-12.1
Cold temperature bending of sample visors shall be evaluated in accordance with ASTM
D2136, Standard Test Method for Coated Fabrics—Low-Temperature Bend Test.
7-12.2
Following this testing, sample visor specimens shall be examined for evidence of damage.
Damage shall include any breakage, cracks, tears, or separations, but shall not include
discoloration along the folded area.
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7-12.3
Rigid visors that do not bend but show no evidence of damage shall be considered to have
passed the test.
7-13 Glove and Footwear Upper Material Cut Resistance Test.
7-13.1
Each sample specimen to be tested shall be a rectangle at least 2 in. × 4.5 in. (5.1 cm × 11.4
cm). Multiple cut attempts shall be permitted to be made on each specimen. Glove samples for
puncture resistance testing shall be taken from the palm of the glove or palm and back, if
different. Footwear upper samples for puncture resistance testing shall be taken from areas of the
footwear upper away from seams where the thickness is uniform.
7-13.2
During the test, the sample specimen shall be oriented so that the normal outer surface is the
first to be contacted by the edge of the blade.
7-13.3
Three sample specimens shall be tested and two cuts shall be made on each sample specimen.
7-13.4
The static cut test apparatus shall consist of an L-shaped metal frame and pivoted arm that
lowers a sharp-edged blade onto a sample specimen, as shown in Figure 7-13.4.

Figure 7-13.4 Static cut test apparatus.

7-13.5
A locking mechanism shall be mounted on the L-frame upright to engage the pivoted arm and
secure it in a neutral position above the sample specimen. The locking mechanism shall be used
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when the blade is being replaced or when the specimen is being moved to or from the testing
position.
7-13.6
The blade shall be mounted in a blade holder at the outer end of the pivoted arm, as shown in
Figure 7-13.6. The blade shall be mounted so its sharp edge is tangential.

Figure 7-13.6 Test blade holder.

7-13.7
The pivoted arm shall be capable of supporting weights above the blade holder. Incremental
weights of 2 lb (0.91 kg) each shall be supplied to allow a maximum force of 20 lb (9.1 kg) to be
applied during testing. The pivoted arm, blade holder, and blade together shall weigh 2 lb (0.91
kg) and shall contribute to the force applied to the blade.
7-13.8
The sharp-edged blade shall be made of tool-hardened steel with an edge having a 60 degree
inclined angle and a 0.001 in. (0.025 mm) radius, as shown in Figure 7-13.8.
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Figure 7-13.8 Test blade.

7-13.8.1 The sharpness or geometry of the blade edge shall be closely monitored and controlled
to prevent changes in cutting characteristics in order to ensure a consistent baseline for
interpreting the cut data.
7-13.8.2 A test blade shall be either replaced or resharpened when the sharpness (geometry) of
the blade edge changes.
7-13.9
The specimen support assembly shall consist of a 2 in. × 2 in. × 4 in. (5.1 cm × 5.1 cm × 10.2
cm) soft wooden block and a 3/4-in. (1.9-cm) diameter, half-rounded, soft wooden rod mounted
to the block, as shown in Figure 7-13.9.
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Figure 7-13.9 Material specimen support.

7-13.10
A 0.05-in. (0.13-cm) thick, soft leather strip shall be draped over the rod and block to simulate
the cushioning effects of hand skin and to protect the blade on a cut-through, as shown in Figure
7-13.9.
7-13.11
The sample specimen support shall be designed to be freestanding so that several parallel-cut
attempts, spaced not less than 1/8 in. (0.3 cm) apart, shall be permitted to be made on each
sample specimen.
7-13.12
The sample specimen shall be draped over the leather strip covering the rod and block and then
tacked tightly in place, but not stretched, as shown in Figure 7-13.9. The support assembly shall
be positioned on the base of the L-frame, as shown in Figure 7-13.4.
7-13.13
The pivoted arm and blade holder shall be initially loaded with weights to the maximum force
of 20 lb (9.1 kg). A blade shall be inserted in the holder and the pivoted arm shall be lowered to
bring the blade edge in contact with the sample specimen surface.
7-13.14
The initial specimen-edge contact shall be made 1/8 in. (0.3 cm) from the leading edge of the
blade.
7-13.15
The specimen assembly shall be drawn smoothly under the weighted blade at a rate no greater
than 20 in./min (50.8 cm/min) in a direction parallel to the blade edge. The support assembly
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shall be stopped when the specimen-edge contact reaches 1/8 in. (0.3 cm) from the trailing edge
of the blade.
7-13.16
The pivoted arm shall be lifted to remove the blade edge from the sample specimen, and the
locking mechanism shall be engaged to secure the pivoted arm.
7-13.17
The sample specimen shall be inspected visually to determine whether it was cut completely
through at any point by the blade edge. Care shall be taken in inspecting the sample specimen
surface for a cut. Grooving can occur, but this shall not constitute a cut.
7-13.18
If the sample specimen surface has been cut, the weight shall be reduced by 2 lb (0.91 kg) and
the test procedure shall be repeated.
7-13.18.1 In repeating the test procedure, the sample specimen shall be repositioned so that the
blade edge is 1/8 in. (0.3 cm) to the side of the previous cut attempt.
7-13.18.2 The weights shall be reduced at 2-lb (0.91-kg) intervals and the test procedure
repeated until the point of no cut is reached or the minimum of 2 lb (0.91 kg) is reached.
7-13.18.3 If available test sites on the sample specimen have been used, testing shall continue on
an identical, fresh sample location.
7-13.18.4 The minimum force causing a cut shall be recorded.
7-13.18.5 The test procedure shall be repeated for the remaining sample specimens starting with
a weight 4 lb (2 kg) heavier than the first noted for cut, until two cuts have been made on a single
sample specimen.
7-13.19
If the sample specimen has not been cut, a force of >20 lb (>9.1 kg) shall be recorded.
7-13.20
Additional sample specimens shall be tested until the requirement of 7-13.3 is met.
7-13.21
The force required for each surface cut shall be reported to the nearest 2 lb (1.0 kg) for each
sample specimen. The average force for each sample specimen shall be calculated and reported.
7-14 Glove and Footwear Puncture Resistance Test.
7-14.1
Glove samples for puncture resistance testing shall be taken from the palm of the glove or
palm and back, if different. Footwear upper samples for puncture resistance testing shall be taken
from areas of the footwear upper away from seams where the thickness is uniform.
7-14.2
Material puncture resistance shall be measured in accordance with ASTM F1342, Standard
Test Method for Protective Clothing Material Resistance to Puncture.
7-14.3
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The average of all test replicates shall be used to determine compliance.
7-15 Glove Dexterity Test.
7-15.1
Glove dexterity shall be evaluated using the standardized procedure known as the Bennett
hand-tool dexterity test.
7-15.2
Each sample glove shall be tested as a complete glove in new, as distributed, condition.
7-15.3
Three sample pairs of gloves shall be tested.
7-15.4
Each person used to perform the test shall practice until the baseline times of that person’s last
three repetitions vary no more than 6 percent. The average of these last three repetitions shall be
used as the dexterity time for each test subject.
7-15.5
The average of each test subject’s dexterity test time shall be reported.
7-16 Footwear Upper Material Flex Fatigue Resistance Test.
7-16.1
This test shall apply to all types of footwear configurations. If the footwear incorporates a
bootie constructed of garment material, the garment material flex fatigue resistance test shall be
permitted to be substituted for this test. However, the outer boot shall still be tested for flex
fatigue resistance using this test.
7-16.2
Footwear upper material flex fatigue resistance testing shall be tested in accordance with FIA
1209, Whole Shoe Flex.
7-16.3
The test shall consist of 10,000 flexes.
7-16.4
Samples for the flexed footwear upper shall be taken in areas where the greatest flexing
occurs, usually at the footwear quarter or vamp.
7-16.5
Penetration resistance testing shall be conducted on these samples as specified in Section 7-4.
For composite materials, only the chemical protection layer shall be tested.
7-16.6
Evidence of liquid penetration for any samples shall constitute failing performance.
7-16.7
Any visual observations, such as sample rupture, loss of luster, or deformation of the outside
coating for tested specimens, shall be reported.
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7-17 Footwear Sole Puncture Resistance Test.
7-17.1
Puncture resistance of footwear soles shall be measured in accordance with CSA Z195-M,
Standard for Protective Footwear, Occupational Health and Safety.
7-17.2
The average measured puncture resistance shall be used to determine compliance with this
standard.
7-18 Footwear Sole Abrasion Resistance Test.
7-18.1
Abrasion resistance of footwear soles shall be measured in accordance with ASTM D1630,
Standard Test Method for Rubber Property—Abrasion Resistance (NBS Abrader).
7-18.2
The average measured abrasion rating shall be used to determine compliance with this
standard.
7-19 Footwear Toe Compression and Impact Resistance Test.
7-19.1
The compression and impact resistance of footwear toes shall be measured in accordance with
Section 1.4 of ANSI Z41, Standard for Safety-Toe Footwear.
7-19.2
The average measured compression and impact resistance forces shall be used to determine
compliance with this standard.
7-20 Footwear Bottom Bending Resistance Test.
7-20.1
Samples for this test shall consist of the footwear sole separated from the footwear, but
including the ladder shank if present.
7-20.2
The apparatus shall consist of a tensile testing machine, such as an Instron or equivalent, that
challenges a specimen with a simulated ladder rung. A 11/4 in. diameter × 2 in. long (3.25 cm × 5
cm) noncompressible probe shall be mounted on the movable arm. The specimen support
assembly shall consist of two 2.0 in. × 1.0 in. × 1.0 in. (5 cm × 2.5 cm × 2.5 cm) noncompressible
blocks placed 2.0 in. (5 cm) apart, as shown in Figure 7-20.2.
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Figure 7-20.2 Ladder shank bend test set-up.

7-20.3
The footwear bottom shall be preconditioned for one hour, +5/-0 minutes, at 70°F, ±5°F
(21°C, ±2°C).
7-20.4
The footwear shall be placed on the mounting blocks as it would be oriented toward the ladder
rung when affixed into the footwear and shall be subjected to force on its center with the test
probe operated at 2 in./min (5 cm/min).
7-20.5
Deflection at 400 lb (182 kg) shall be recorded. The average of all sample measurements shall
be used to determine compliance with this standard.
7-21 Footwear Sole Slip Resistance Test.
7-21.1
The slip resistance of footwear soles shall be measured in accordance with ASTM F489,
Standard Test Method for Static Coefficient of Friction of Shoe Sole and Heel Materials as
Measured by the James Machine.
7-21.2
Slip resistance shall be measured in both a wet and a dry condition, as specified in ASTM
F489, Standard Test Method for Static Coefficient of Friction of Shoe Sole and Heel Materials
as Measured by the James Machine.
7-21.3
The average measurements of slip resistance in both wet and dry conditions shall be used to
determine compliance with this standard.
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7-22 Seam and Closure Strength Test.
7-22.1
A seam representative of construction in the entire suit shall be used. Closure assembly
samples shall include the garment material-to-seam closure in addition to the closure.
7-22.2
Seam and closure strength shall be measured in accordance with ASTM D751, Standard Test
Methods for Coated Fabrics, Seam Strength.
7-22.3
The average seam and closure strength measurements shall be used to determine compliance
with this standard.
7-23 Overall Ensemble Flash Test.
7-23.1
Each protective suit selected shall be tested for liquidtight integrity as specified in Section 7-2.
7-23.2
Additional protective clothing components and equipment that are necessary to provide full
body flash protection to the wearer shall be tested in conjunction with the protective suit.
7-23.3
A human form mannequin shall be used to support the protective suit during chemical flash
fire testing. The mannequin shall be coated with a suitable flame-retardant coating.
7-23.4
A one-piece flame-retardant coverall shall be placed over the mannequin.
7-23.5
The protective suit to be tested shall be placed on the mannequin, over the flame-resistant
clothing, in accordance with the manufacturer’s instructions.
7-23.6
A flash chamber shall be constructed as illustrated in Figure 7-23.6 and shall include the
following:
(a) It shall have an internal width and depth of 6 ft, ±0.3 ft (1.9 m, ±0.1 m) and a height of 8 ft,
±0.3 ft (2.3 m, ±0.1 m).
(b) It shall be constructed of 2 in. × 4 in. (5.08 cm × 10.16 cm) framing lumber or other suitable
structural material. A fire wall, at least 3/4 in. (2.0 cm) thick, or other suitable flame-resistant
paneling shall be used on the opposite two walls of the chamber. Half-inch (1.3-cm),
heat-tempered safety glass shall be used on the remaining walls to allow for multiple viewing
points during testing. At least one of the glass walls shall be attached by a means that allows for
easy removal of the mannequin. Both glass walls shall be configured to achieve gastight seals
with the chamber.
(c) All fire wall seams shall be taped and the interior walls of the chamber coated with a
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suitable flame-retardant material.
(d) It shall have a port for filling the chamber with propane gas located as shown in Figure
7-23.6. The port shall allow isolation of the propane source through a valve. The port shall be
leak-free with respect to the outside environment.
(e) It shall have one port for electric ignitors located as shown in Figure 7-23.6. The port shall
be leak-free with respect to the outside environment.
(f) It shall have a top that allows containment of propane gas within the chamber during filling
and venting of flash pressure after ignition.
(g) A suitable stand should be constructed that allows the mannequin to be positioned 12 in.,
±1 in. (30.5 cm, ±2.5 cm) above the chamber floor.

Figure 7-23.6 Overall ensemble chemical flash chamber.

7-23.7
The suited mannequin shall be placed on the stand in the center of the flash chamber in an
upright stationary position.
7-23.8
Propane gas at 99 percent purity or better shall be metered into the chamber at a concentration
to produce a visible chemical flash fire lasting 7 seconds, ±1 second. The appropriate metering
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requirements for introducing propane into the chamber shall be determined in a pretest
calibration trial without the suited mannequin in the chamber. The concentration of the propane
shall be permitted to be checked by a combustible gas meter or similar detector.
7-23.9
The flash chamber shall be viewed at both vantage points (front and back) throughout the test.
Video documentation also shall be conducted from the front vantage point.
7-23.10
The chamber atmosphere shall be remotely ignited 30 seconds, ±5 seconds, after the chamber
has been filled with propane gas.
7-23.11
The suited mannequin shall not be removed until all surfaces have cooled to ambient
temperature.
7-23.12
Without removing the suit from the mannequin, a liquidtight integrity test shall be performed
on the suit as specified in Section 7-2. There shall be no evidence of liquid penetration into the
suit to constitute passing performance.
7-23.13
The protective suit shall be removed from the mannequin and examined visually for physical
signs of damage from thermal exposure. An illustration of the protective suit and the location of
any damage shall be prepared. Separate illustrations shall be prepared for overcovers if tested
with the protective suit. Damage shall include, but shall not be limited to:
(a) Charring,
(b) Blistering,
(c) Evidence of material melting,
(d) Delamination, and
(e) Destruction of any suit components.
This damage shall be documented in the technical data package.
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Figure 7-23.13 Suit diagram (for noting damaged locations).

7-23.14
Following liquidtight integrity testing, the suit shall be donned by a test subject and evaluated
as specified in Section 7-11.
7-23.15
All testing shall be performed at a temperature of 75°F, ±20°F (24°C, ±11°C) and a relative
humidity of 70 percent, ±25 percent. Tests shall not be conducted outdoors during precipitation.
7-24 Thermal Protective Performance Test.
7-24.1
All samples to be tested shall be preconditioned first by placement in a circulating air oven for
not less than four hours at 120°F, ±5°F (49°C, ±2°C) and then conditioned in accordance with
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Section 4, Atmospheric Conditions for Testing, of Federal Test Method 191A, Textile Test
Methods, with a relative humidity of 65 percent, ±5 percent. Samples shall be tested not more
than five minutes after removal from conditioning.
7-24.2
Thermal protective performance (TPP) testing shall be performed in accordance with ASTM
D4108, Standard Test Method for Thermal Protective Performance of Materials for Clothing,
Open-Flame Method, with the following modifications:
(a) Specimens shall consist of protective clothing composites measuring 6 in. × 6 in., ±1/16 in.
(152.4 mm × 152.4 mm, ±1.6 mm) consisting of all layers used in the construction of the
chemical protective suit.
(b) Apparatus shall consist of specimen holder assembly, specimen holder assembly support,
thermal flux source, protective shutter, sensor assembly, and recorder.
(c) The specimen holder assembly shall consist of upper and lower mounting plates. Specimen
holder maintaining plates shall be 8 in. × 8 in., ±1/16 in. × 1/4 in., ±1/32 in. (203.2 mm × 203.2
mm, ±1.6 mm × 6.4 mm, ±0.8 mm). The lower specimen mounting plate shall have centered a 4
in. × 4 in., ±1/16 in. (101.6 mm × 101.6 mm, ±1.6 mm) hole. The upper specimen mounting plate
shall have centered a 51/8 in. × 51/8 in., ±1/16 in. (130.2 mm × 130.2 mm, ±1.6 mm) hole. The
lower specimen mounting plate shall have a 1 in., ±1/16 in. high × 1/8 in., ±1/32 in. thick (25.4
mm, ±1.6 mm × 3.2 mm, ±0.8 mm) steel post welded to each corner 1/4 in., ±1/16 in. (6.4 mm,
±1.6 mm) from each side and perpendicular to the plane of the plate. The upper sample mounting
plate shall have a corresponding hole in each corner so that the upper specimen mounting plate
fits over the lower specimen mounting plate.
(d) Specimen holder assembly support shall consist of a steel frame that rigidly holds and
positions in a reproducible manner the specimen holder assembly and specimen relative to the
thermal flux. Specimen holder assembly support shall be securely clamped at the edges to
prevent specimen shrinkage. The sensor assembly shall consist of 51/4 in. × 51/4 in. × 1/2 in.
(133.3 mm × 133.3 mm × 12.8 mm) heat-resistant block that fits without binding into the hole of
upper specimen mounting plate and shall be uniformly weighted such that complete sensor
assembly, including copper calorimeter, weighs 2.2 lb, ±0.022 lb (1000 g, ±10 g).
(e) Thermal flux source shall consist of a convective thermal flux source and a radiant thermal
flux source. The convective thermal flux source shall consist of two Meker or Fisher burners
affixed beneath the specimen holder assembly opening and subtended at a nominal 45 degree
angle from the vertical so that the flames converge at a point immediately beneath the specimen.
The radiant thermal flux source shall consist of nine quartz infrared tubes affixed beneath and
centered between the burners.
(f) A protective shutter shall be placed between the thermal flux source and the specimen. The
protective shutter shall be capable of completely dissipating thermal load from thermal flux
source of the time periods before and after specimen exposure. The protective shutter shall be
controlled by means of an automatic timer with a resolution of not less than 0.10 second.
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(g) Specimens shall be exposed to a thermal flux of 2.0 cal/cm2/sec, ±0.1 cal/cm2/sec as
measured with the copper calorimeter. The copper calorimeter shall be the only heat sensor used
in setting the 2.0 cal/cm2/sec exposure condition. The total heat flux shall be calculated directly
from the temperature response of the copper calorimeter and calorimeter constants. Other
heat-sensing devices shall not be used to reference or adjust the heat flux read by the copper
calorimeter. The 2.0 cal/cm2/sec exposure shall be determined directly and only from the voltage
output of the thermocouples, using the measured temperature rise of the copper calorimeter, the
area and mass of the calorimeter, and the heat capacity of copper to calibrate the incoming heat
flux. The radiant load shall be set on 1.0 cal/cm2/sec as measured using a calibrated commercial
radiometer.
(h) The sensor assembly shall be fitted into the opening in the top plate of the specimen holder
and shall be in contact with the surface of the thermal barrier normally facing the wearer.
(i) If the individual results vary more than ±5 percent from the average result, the results shall
be discarded and another set of specimens shall be tested.
(j) The individual test results of each specimen shall be reported. The average value for each
sample and pass/fail result shall be calculated and reported.
7-25 Material Static Charge Accumulation Resistance Test.
7-25.1
The outside surface of the chemical protection layer, plus any surfaces external to that layer, of
each primary suit material, except the visor, shall be tested. The visor and the inside surface of
the chemical protection layer shall be tested for documentation purposes only. For composite
materials, interior surfaces shall be tested using the actual material surfaces. In a two-layer
material composite, the external side of the inner layer and the internal side of the outer layer
shall be tested. The Teflon pad on the material shall be replaced with one of the material layers.
7-25.2
A total of five specimens, each 8.0 in., ±0.2 in. (20.4 cm, ±0.4 cm) square, shall be cut from
the material to be tested.
7-25.3
Test specimens shall be conditioned at the standard temperature of 75°F, ±5°F (24°C, ±3°C)
and the standard relative humidity of 45 percent, ±5 percent.
7-25.4
The following test equipment shall be used:
7-25.4.1* Triboelectric Test Device. The triboelectric test device shall consist of a grounded
aluminum frame with two cutouts in the front faceplate.
(a) The lower right cutout shall house the static detector head that is connected to an
electrometer.
(b) The upper left cutout shall be for the rubbing wheel used to generate the triboelectric
charge.
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(c) This rubbing wheel shall be connected to a 1/8 horsepower electric drive motor. A manual
lever shall be used to slide the motor/rubbing wheel combination forward so that the wheel
gently makes intimate contact with the test specimen at the proper time.
(d) The test pressure shall be held constant during the test by means of a weight and cord
system. In this system, a cord shall be attached to the motor assembly, shall run over a pulley
wheel, and a 3.0-lb, ±0.2 lb (1.36-kg, ±0.05 kg) weight shall be attached to the end of the cord.
(e) The test specimen shall be mounted taut in a grounded aluminum sample holder.
7-25.4.2* Rubbing Wheel. The rubbing wheel shall have a diameter of 5.0 in., ±0.1 in. (12.7
cm, ±0.3 cm). The standard wheel shall be constructed with a phenolic plastic (such as Micarta)
back, a 1-in. (2.54-cm) thick foam cushion, and a felt PTFE rubbing surface. Rubbing wheels
shall be cleaned with a dry cloth after the completion of tests on a given material.
7-25.4.3* Data Gathering System. A digital oscilloscope with memory shall be used for
gathering data.
(a) The oscilloscope trigger shall be initiated with a 6 V battery connected to the oscilloscope
trigger circuit through a microswitch on the sliding mechanism of the rubbing wheel.
(b) When the rubbing wheel is moved away from the test specimen (thus ceasing the charge
generation), the microswitch shall initiate the oscilloscope trigger. The detector head senses the
electrostatic field and the electrometer generates a dc voltage proportional to the electrostatic
field sensed by the detector head. This voltage shall be fed into the oscilloscope input and shall
be displayed on the oscilloscope y axis versus time. The zero time shall be the time the
microswitch circuit triggers the oscilloscope sweep that occurs at the cessation of sample
rubbing.
(c) The oscilloscope presentation also shall be permitted to be recorded on an x-y plotter
directly connected to the oscilloscope.
(d) The oscilloscope shall also be permitted to have a digital interface to send the data to a
digital computer for further analysis and storage.
7-25.4.4* Static Eliminator. A static eliminator shall be used that is capable of removing a
25,000 V charge from a 7 in. × 5/8 in. (20 cm × 1.6 cm) square material specimen within 30
seconds. The static eliminator shall be placed in the test chamber or other testing area.
7-25.5
The following test procedure shall be used:
7-25.5.1 A clean rubbing wheel shall be placed in the test apparatus.
7-25.5.2 The triboelectric test apparatus shall be conditioned at the standard temperature of 75°F,
±5°F (24°C, ±3°C) and the standard relative humidity of 45 percent, ±5 percent, for a minimum
of 24 hours.
7-25.5.3 The electrometer and oscilloscope shall be turned on and allowed to warm up for 30
minutes.
7-25.5.4 The test specimen shall be mounted in the sample holder.
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7-25.5.5 The test operator shall verify or install the proper weights on the cord. [The standard
mass is 3.0 lb (1.36 kg).]
7-25.5.6 The static eliminator shall be turned on for 30 seconds to remove any residual charge on
the test specimen and rubbing wheel.
7-25.5.7 The rubbing wheel motor shall be turned on and adjusted to 200 rpm.
7-25.5.8 The oscilloscope shall be adjusted for the display needed.
7-25.5.9 The electrometer shall be zeroed.
7-25.5.10 The sample holder shall be raised and locked into position in front of the rubbing
wheel.
7-25.5.11 The control lever shall be moved to initiate rubbing of the test specimen and shall
continue to rub the sample for precisely 10 seconds. During the rubbing, the oscilloscope circuit
shall be armed and the electrometer shall be ungrounded.
7-25.5.12 The rubbing wheel shall be retracted and the sample holder shall be permitted to drop
in front of the detector head to initiate the measurement of the electrostatic field.
7-25.5.13 Voltage versus time shall be measured for the peak voltage and at 0.5, 1.0, 2.0, 3.0,
4.0, and 5.0 seconds. Alternatively, the voltage shall be permitted to be measured continuously
using a data logger for at least 5.0 seconds.
7-25.5.14 The test shall be repeated with a fresh sample each time, beginning with 7-25.5.2.
7-25.6
For each specimen, the peak charge generated, the corresponding charge after 5.0 seconds, and
the time required for the charge to reach 10 percent or the maximum charge measured shall be
recorded.
7-25.7
The average measured voltage at five seconds for each surface tested shall be individually used
to determine pass/fail with this standard.
7-26 Glove and Footwear Liquidtight Integrity Test.
7-26.1*
The liquidtight integrity of complete gloves or footwear shall be measured in accordance with
ASTM D5151, Standard Test Method for Detection of Holes in Medical Gloves, with the
following modifications:
(a) Chemical-protective gloves or footwear shall be substituted for medical gloves;
(b) Water shall be replaced with water that contains a nonfoaming surfactant that lowers the
surface tension of the liquid to less than 34 dynes/cm.
(c) The test duration shall be extended to 1 hour, ±3 minutes.
7-26.2
Glove or footwear tests shall be reported as pass or fail. Tests for gloves or footwear that show
any liquid leakage shall be classified as failures.
7-26.3
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If the liquidtight integrity of gloves and footwear is assessed when attached to the liquid
splash-protective suit, then the results for the overall liquid splash-protective suit shall be used in
lieu of individual results for gloves and footwear.
Chapter 8 Referenced Publications
8-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
8-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical Emergencies, 1994
edition.
NFPA 1993, Standard on Support Function Protective Clothing for Hazardous Chemical
Operations, 1994 edition.
8-1.2 Other Publications.
8-1.2.1 ANSI Publications. American National Standards Institute, 1450 Broadway, New York,
NY 10018.
ANSI Z41, Standard for Safety-Toe Footwear, 1983.
ANSI Z89.1, Protective Headwear for Industrial Workers, 1986.
8-1.2.2 ASTM Publications. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM 747, Standard Test Method for Apparent Bending Modulus of Plastics by Means of a
Cantilever Beam, 1990.
ASTM D751, Standard Test Methods for Coated Fabrics, 1989.
ASTM D1630, Standard Test Method for Rubber Property—Abrasion Resistance (NBS
Abrader), 1983.
ASTM D2136, Standard Test Method for Coated Fabrics—Low-Temperature Bend Test, 1989.
ASTM D2582, Standard Test Method for Puncture-Propagation Tear Resistance of Plastic
Film and Thin Sheeting, 1992.
ASTM 4108, Standard Test Method for Thermal Protective Performance of Materials for
Clothing, Open-Flame Method, 1987.
ASTM D4157, Standard Test Method for Abrasion Resistance of Textile Fabrics (Oscillatory
Cylinder Method), 1992.
ASTM D5151, Standard Test Method for Detection of Holes in Medical Gloves, 1992.
ASTM F392, Standard Test Method for Flex Durability of Flexible Barrier Materials, 1993.
ASTM F489, Standard Test Method for Static Coefficient of Friction of Shoe Sole and Heel
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Materials as Measured by the James Machine, 1988.
ASTM F903, Standard Test Method for Resistance of Protective Clothing Materials to
Penetration by Liquids, 1990.
ASTM F1001, Standard Guide for Chemicals to Evaluate Protective Clothing Materials,
1989.
ASTM F1154, Standard Practices for Qualitatively Evaluating the Comfort, Fit, Function,
and Integrity of Chemical-Protective Suit Ensembles, 1988.
ASTM F1301, Standard Practice for Labeling Chemical Protective Clothing, 1990.
ASTM F1342, Standard Test Method for Protective Clothing Material Resistance to Puncture,
1991.
ASTM F1359, Standard Practice for Determining the Liquid-Tight Integrity of Chemical
Protective Suits or Ensembles Under Static Conditions, 1991.
8-1.2.3 Bennett Dexterity Test. The Psychology Corporation, 555 Academic Court, San
Antonio, TX 78204.
8-1.2.4 CSA Publication. Canadian Standards Association, 178 Rexdale Boulevard, Toronto,
Canada M9W 1R3.
CSA Standard Z195-M, Standard for Protective Footwear, Occupational Health and Safety,
1984.
8-1.2.5 FIA Publication. Footwear Industry of America, 3700 Market Street, Philadelphia, PA
19104.
FIA 1209, Whole Shoe Flex.
8-1.2.6 GSA Publication. General Services Administration, Specifications Activity, Printed
Materials Supply Division, Building 197, Naval Weapons Plant, Washington, DC 20407.
Federal Test Method 191A, Textile Test Methods, 1978.
8-1.3 Additional Publications.
Dangerous Properties of Industrial Chemicals, 6th Edition, Sax, N. Irving, 1988.
NIOSH Pocket Guide to Chemical Hazards, U.S. Department of Health and Human Services,
Public Health Services, Publication DHHS No. 85-114, September 1985.
Threshold Limit Values and Biological Exposure Indices for 1993-1994, American Conference
of Governmental Industrial Hygienists, 1988.
U.S. Coast Guard Chemical Hazard Response Information System (CHRIS), Volumes 1-3,
Hazardous Chemical Data, October 1978.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1.1
Suits that are compliant with this standard are designed to protect the user from direct liquid
Copyright 1996 NFPA

contact to the specified chemicals. Suits that are compliant with this standard might not be
designed to protect the user from chemical exposure by vapors. Use of a suit certified as
compliant with this standard presumes chemical exposure by vapor contact is acceptable.
However, vapor contact with certain chemical exposures is not acceptable. Therefore, this suit
will not be certified for these certain chemicals, which, for the purposes of this standard, are
characterized by known or suspected carcinogenicity and/or by skin toxicity notations in the
specified references.
The requirements of this standard were developed taking into consideration the needs of
emergency response personnel for hazardous chemical emergencies. This application might
entail a variety of chemical, physical, and other hazards. Other protection needs should warrant a
thorough review of the requirements in this standard, such as routine industrial operations, to
determine their applicability.
There are no requirements in this standard that address reuse or multiple wearings of liquid
splash-protective suits. Users are cautioned that exposure of liquid splash-protective suits to
chemicals might require disposal.
A-1-1.2
At the time this standard was prepared, the characteristics of a dust or particulate flash fire had
not been defined by the committee. Therefore, the committee has chosen not to assume that these
exposures are similar to a chemical flash fire, nor are the requirements for chemical flash fire
protection adequate as minimum requirements for dust or particulate flash fire protection.
A-1-1.3
Organizations responsible for specialized chemical response functions including radiological,
biological, cryogenic, or fire fighting applications should use protective clothing and equipment
specifically designed for those activities.
A-1-1.4
It is strongly recommended that purchasers of liquid splash-protective suits should consider
the following:
(a) Emergency response personnel wear many items of protective clothing and equipment. Any
interference by one item of another’s use might result in inefficient operations or unsafe
situations.
(b) Different breathing apparatus, communications systems, cooling devices, and other
protective equipment might not be accommodated equally by each liquid splash-protective suit.
(c) Specification of additional reinforcement in high-wear or load-bearing areas, such as the
knees, elbows, shoulders, and back, might be necessary. Reinforcing materials should be the
same as the garment material. Purchasers are cautioned that additional weight caused by
excessive reinforcement could lead to fatigue or injury to the wearer and change or shorten the
life of the garment.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
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having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-3 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-1-3 Chemical Flash Fire.
The committee realized that a policy of wearing protective clothing was needed that
recognized the significant threat to fire fighters who might be exposed to flash fires in either
structural fire fighting or hazardous chemical environments. It is hoped that fire fighters utilize
awareness training on burn injuries caused by the ignition of the environment. There is a distinct
difference between chemical flash fires and flashovers occurring in structural fire fighting
environments.
Flashover is a phenomenon that requires heat and generates temperatures in the range of
1200°F to 1500°F (649°C to 816°C). A chemical flash fire requires an ignition source and a
chemical atmosphere that contains a concentration above the lower explosive limit of the
chemical. Chemical flash fires generate heat from 1000°F to 1900°F (538°C to 1038°C). A
structural fire flashover, as a rule, is confined to a designated area with walls as a boundary. A
chemical flash fire depends on the size of the gas or vapor cloud, and, when ignited, the flame
front expands outward in the form of a fireball. The resulting effect of the fireball’s energy with
respect to radiant heat significantly enlarges the hazard areas around the gas released.
A-1-3 Chemical-Protective Suit.
For the purposes of this standard, the chemical-protective suit is an ensemble of clothing items
designed to provide complete protection to the wearer in combination with the wearer’s
respiratory protection equipment. This means that both suit and respiratory equipment must be
worn in combination to achieve the protection dictated by this standard.
A-1-3 Cryogenic Gas.
Examples of cryogenic gases include helium, nitrogen, and oxygen. This is not an inclusive list
of cryogenic gases.
A-1-3 Hazardous Chemical Emergencies.
Hazardous chemical emergencies are a special subset of activities during hazardous materials
incidents. They are characterized by activity where significant hazards exist to personnel or the
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environment. Emergency activity takes place in the hot zone as opposed to support functions,
which take place in the warm and cold zones.
A-1-3 Liquefied Gas.
Examples of liquefied gases include ammonia, 1,2-butadiene, chlorine, ethylene oxide,
hydrogen chloride, liquefied petroleum gas, and methyl chloride. This is not an inclusive list of
liquefied gases.
A-1-3 Liquid Splash-Protective Suit with Additional Chemical Flash Fire Escape
Protection.
Suits meeting these requirements are intended to offer the wearer protection for escape only in
situations that might result in chemical flash fires. The subcommittee, in developing
requirements for this area, did not consider or imply any protection beyond that necessary for
allowing emergency responders to survive the thermal effects of a chemical flash fire with no
loss of suit airtight integrity.
A-1-3 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The authority having jurisdiction should utilize the system employed by the listing organization
to identify a listed product.
A-2-1.1
The compliance of liquid splash-protective suits in meeting this standard is determined by the
NFPA battery of chemicals. Each liquid splash-protective suit meeting the requirements of this
standard will have a list of chemicals or chemical mixtures associated with it.
A-2-1.2
Liquid splash-protective suits by definition also meet the requirements of NFPA 1993,
Standard on Support Function Protective Clothing for Hazardous Chemical Operations.
A-2-2.1
The certification organization should have a sufficient breadth of interest and activity so that
the loss or award of a specific business contract would not be a determining factor in the
financial well-being of the agency.
A-2-2.3
The contractual provisions covering certification programs should contain clauses advising the
manufacturer that, if requirements change, the product should be brought into compliance with
the new requirements by a stated effective date through a compliance review program involving
all currently listed products.
With these clauses, certifiers would not be able to move quickly to protect their name, marks,
or reputation. A product safety certification program would be deficient without these
contractual provisions and the administrative means to back them up.
A-2-2.4
Investigative procedures are important elements of an effective and meaningful product safety
certification program. A preliminary review should be carried out on products submitted to the
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certification organization before any major testing is undertaken.
A-2-2.7
Such factory inspections should include, in most instances, witnessing of production tests.
With certain products the certification organization inspectors should select samples from the
production line and submit them to the main laboratory for countercheck testing. With other
products, it might be desirable to purchase samples in the open market for test purposes.
A-2-3.4
Manufacturers are not limited in their approaches for designing liquid splash-protective suits
compliant with this standard. If the suit design uses combinations of materials or garments to
meet one part of the standard, then the same combinations must be assessed for all parts of the
standard. For example, if a two-part visor is used such that the visor materials meet the chemical
resistance requirement, the outer visor cannot be removed to meet the light transmission
requirement. The same configuration must be used for all performance requirements.
A-2-5.1
Purchasers and users should be aware that no reliable nondestructive methods exist to
determine the level of contamination for exposed liquid splash-protective suits or their materials.
Users might not be able to determine how effective decontamination methods are in removing
chemical contamination from the liquid splash-protective suit. Liquid splash-protective suits that
have received a significant exposure to a chemical or chemical mixture in the estimation of the
responsible supervisor should be disposed of.
A-2-5.2
Examples of other clothing items that might be required to be worn for meeting performance
criteria in this standard include, but are not limited to, over garments, over gloves, and over
boots. Purchasers must realize that all items specified by the manufacturer and used to determine
compliance with this standard must be worn together. Otherwise, the certification of the garment
is void.
A-2-6
Purchasers should consider testing prospective suits by evaluating their comfort, function, fit,
and integrity as specified in ASTM F1154, Standard Practices for Qualitatively Evaluating the
Comfort, Fit, Function, and Integrity of Chemical-Protective Suit Ensembles. These practices
entail having a test subject don the suit and wear it during a series of exercises. Two exercise
batteries are used. The first includes a number of in-place exercises such as toe touches, deep
knee bends, and cross arm reaches, which are intended to assess suit subject mobility and create
stresses on different parts of the suit. The second involves more realistic activities such as
crawling, climbing a ladder, turning a valve, operating a hand truck, and coiling a hose. These
tasks attempt to simulate actions that an emergency responder might undertake during a
hazardous chemical emergency.
A-2-6.1
Purchasers should follow the instructions provided by the manufacturer for completing the
logbook for their own means of recording suit use and maintenance, and also for documenting
levels of contamination when returning suits to the manufacturer.
A-2-6.2
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See A-2-6.1.
A-2-6.3
The manufacturer should prepare the logbook so that it provides for at least the following data
entries:
(a) Dates of each inspection, inspection findings, and the name of the inspector;
(b) Dates of each use, the length of use, and the user’s name;
(c) Names of chemicals the suit is exposed to, including the length and concentration of
exposure;
(d) Dates of all repairs, including a description of the repairs and the name of the person
making the repairs;
(e) Dates and types of decontamination the suit is subjected to and the name of the person or
facility responsible for the decontamination;
(f) Dates the suit is taken out of service and the reason for action; and
(g) Dates the suit is returned to the manufacturer and the reason for the return.
A-3-1.1
Purchasers should use the technical data package to compare suit performance data when
purchasing liquid splash-protective suits. The purchaser should determine the relative ranking of
performance data to aid in this selection process.
A-3-1.2
Purchasers should request that all documentation and performance data be provided in a
format that will allow easy comparison of products to aid selection. A recommended format for
presenting this data is given in Appendix B. Appendix C provides a description of test methods
and performance criteria used in this standard and in related standards NFPA 1991, Standard on
Vapor-Protective Suits for Hazardous Chemical Emergencies, and NFPA 1993, Standard on
Support Function Protective Clothing for Hazardous Chemical Operations.
A-3-1.4
Manufacturers should determine the size range of their ensembles by matching human
dimensions with available suit sizes. These determinations should account for other clothing and
equipment to be worn by the wearer as recommended by the manufacturer. Assessment of good
fit should be determined by using ASTM F1154, Standard Practices for Qualitatively
Evaluating the Comfort, Fit, Function, and Integrity of Chemical-Protective Suit Ensembles.
A-3-1.5
Purchasers should use donning and doffing times as a measure of design quality as they affect
the ability of a hazardous materials team to respond quickly. Donning times of over 10 minutes
should be considered excessive.
A-3-2.1
Manufacturers should specify other items that are required for meeting performance
requirements in terms of listing the type and identification of each item.
A-3-2.4
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The dexterity test involves measuring the time needed for a test subject to complete a series of
fine and gross hand manipulations, representative of tasks expected during hazardous chemical
emergencies. Testing is conducted both bare handed and with sample gloves. Test results are
reported as the time necessary for the test subject to complete the test over a series of three trials.
The impairment of dexterity by wearing gloves can be determined by comparing how much
longer it takes different test subjects to perform the test with gloves than without gloves. Since
the general dexterity and coordination for performing the test might vary with test subjects, end
users should compare the percentage increase in the test time and not the actual test time for
bare-handed and gloved tests.
A-4-1.4
Purchasers should be strongly cautioned to use all parts and components of the certified system
in order to provide the minimum acceptable performance required by this standard. It is
important that the users do not take it upon themselves to determine which components are
required for a specific mission, since the performance contributions of individual components are
not readily apparent, although they might appear to be.
For example, certification allows for the use of an inner chemical-protective garment with an
overcover to achieve acceptable performance. Some of these overcovers are constructed using
aluminized fabric, which is often mistakenly believed to provide flash fire protection. In fact, the
overcovers, in some cases, are required even to provide adequate abrasion resistance and basic
flame contact protection. Unless marked in accordance with 5-1.1 or 7-1.1, the combined
aluminized overcover and chemical-protective suit do not provide limited flash fire protection as
defined in this standard. Users are cautioned to examine the product labels closely in order to
determine system capabilities and should not rely on the physical appearance of the clothing
articles.
Garments certified as using separable components must be configured so that a physical
reminder is present in the event of separation. The use of tabs, straps, or other physical
attachment points provides such a reminder. Separable boots and gloves are not included in this
requirement.
A-7-4.2
This test is intended for the observation of bulk liquid penetration only. The test is designed to
distinguish between bulk liquid penetration and liquid accumulation that is the result of
permeation.
A-7-4.4
Blotting material suitable for this test can be obtained from AATCC, P.O. Box 12215,
Research Triangle Park, NC 27709.
A-7-11.2
The facepiece used should be a Scott Air Pack 4.5 face, model # 804191-01, available from
Scott Aviation, 225 Erie St., Lancaster, NY 14086.
A-7-25.4.1 Engineering drawings for the test apparatus can be obtained by contacting NFPA.
A-7-25.4.2 A 1-in. (2.54-cm) ester-type polyurethane foam cushion (#2118), available from
Boyd Corporation, 13885 Romona Ave., Chino, CA 91710 (714-591-9325), has been found
satisfactory in performing this test. No. 2357 polytetrafluoroethylene (PTFE) felt, available from
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Tex Tech Industries, Inc., 152 Industrial Park Road, Middletown, CT 06457, has been found
satisfactory in performing this test.
A-7-25.4.3 A Nicolet Model 3091 Digital Oscilloscope has been found to be satisfactory
(Nicolet Instruments, 5225-T, Verona Road, Madison, WI 53711).
A-7-25.4.4 It is also recommended to place the test apparatus on an anti-static mat. A Simco
Model ATMB Portable Static Eliminator or Model A300 Static Eliminator has been found
satisfactory and is available from Simco, Inc., 2257 Penn Road, Hatfield, PA 19440.
A-7-26.1
A 0.1 wt percent solution of Surfynol 104H, available from Air Products and Chemical, Inc.,
Performance Chemicals, Box 538, Allentown, PA 18105, with water gives a surface tension of
33.8 dynes/cm.
Appendix B
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
Table B-1 Recommended Format for Report Compliance
Information in Technical Data Package
Product

Manufacturer

Name:
Model No.:
Classification:
EPA Level:
Integrity: Compliance:
Available Sizes:
Garment
Material:
Thickness:
Weight:
Tensile Strength:

Gloves
Material:
Thickness:
Interface:
Available Sizes:

Burst Strength:
Tear Resistance:
Puncture/Tear Resistance:
Bending Moment @ –13°F (–25°C):
Seams
Type:
Seam Strength:

Footwear
Type:
Material:
Thickness:
Interface:
Toe Type:
Sole Type:
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Available Sizes:
Visor
Material:
Thickness:
Interface:
Light Transmission:
Haze:
Closure
Type:
Length:
Orientation:
Interface:
Cover:
Crosswise Strength:

Exhaust
Valves
Number:
Type:
Location:
Installation:
Cover:
Cracking Pressure:
Inward Leakage:

Fittings
Respirator:
Cooling System:
Inflation:

Other

Table B-2(a) NFPA 1992 Primary Material and Seam Chemical Resistance

Chemical

Garment

Visor

Gloves

Boots

Seam

Result1,2

Result

Result

Result

Result

Acetone
Acetonitrile
Ethyl acetate
Hexane
Sodium hydroxide (50%)
Sulfuric acid (98%)
Tetrahydrofuran

Table B-2(b) NFPA 1992 Primary Suit Material Flame Resistance3
Test Parameter

Garment

Visor
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Gloves

Boots

Ignition time < 3 sec
Ignition time < 12 sec
Burn time (sec)
Burn distance (in.)

NOTE 1: Results indicate pass/fail performance for penetration resistance test per ASTM F903, Procedure
C; pass results indicate no visual penetration of chemical within 1 hour.
NOTE 2: If pass result is provided, permeation resistance data per ASTM F739 can be reported in place of
penetration resistance data including shortest measured normalized breakthrough detection time in minutes
interpreted at a permeation rate of 0.10 µg/cm2/min. If breakthrough is not detected, result is reported as
greater than the duration of test.
PR = Highest measured permeation rate in µg/cm2/min. Permeation rate is not reported if no normalized
breakthrough detection time is detected.
NOTE 3: Tests conducted using modified form of FTMS 191A, Method 5903, with folded material edge
instead of cut edge and two separate flame exposures (3 seconds and 12 seconds).
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Comparison of NFPA 1991, 1992, and 1993 Requirements, Test Methods, and Performance
Criteria
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Appendix D Referenced Publications
D-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
D-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical Emergencies, 1994
edition.
NFPA 1993, Standard on Support Function Protective Clothing for Hazardous Chemical
Operations, 1994 edition.
D-1.2 Other Publications.
D-1.2.1 ANSI Publication. American National Standards Institute, 1450 Broadway, New York,
NY 10018.
ANSI Z89.1, Protective Headwear for Industrial Workers, 1986.
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D-1.2.2 ASTM Publications. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM D747, Standard Test Method for Apparent Bending Modulus of Plastics by Means of a
Cantilever Beam, 1990.
ASTM D751, Standard Test Methods for Coated Fabrics, 1989.
ASTM D2136, Standard Test Method for Coated Fabrics—Low-Temperature Bend Test, 1989.
ASTM D2582, Standard Test Method for Puncture-Propagation Tear Resistance of Plastic
Film and Thin Sheeting, 1992.
ASTM D4157, Standard Test Method for Abrasion Resistance of Textile Fabrics (Oscillatory
Cylinder Method), 1992.
ASTM F392, Standard Test Method for Flex Durability of Flexible Barrier Materials, 1993.
ASTM F739, Standard Test Method for Resistance of Protective Clothing Materials to
Permeation by Liquids or Gases Under Conditions of Continuous Contact, 1991.
ASTM F903, Standard Test Method for Resistance of Protective Clothing Materials to
Penetration by Liquids, 1990.
ASTM F1001, Standard Guide for Chemicals to Evaluate Protective Clothing Materials,
1989.
ASTM F1052, Standard Practice for Pressure Testing of Gas-Tight Totally Encapsulating
Chemical-Protective Suits, 1991.
ASTM F1154, Standard Practices for Qualitatively Evaluating the Comfort, Fit, Function,
and Integrity of Chemical-Protective Suit Ensembles, 1988.
ASTM F1342, Standard Test Method for Protective Clothing Material Resistance to Puncture,
1991.
ASTM F1359, Standard Practice for Determining the Liquid-Tight Integrity of Chemical
Protective Suits or Ensembles Under Static Conditions, 1991.
D-1.2.3 CSA Publication. Canadian Standards Association, 178 Rexdale Blvd., Toronto,
Canada, M9W 1R3.
CSA Z195-M, Standard for Protective Footwear, Occupational Health and Safety, 1984.
D-1.2.4 FIA Publication. Footwear Industry of America, 3700 Market Street, Philadelphia, PA
19104.
FIA 1209, Whole Shoe Flex.
D-1.2.5 GSA Publication. General Services Administration, Specifications Activity, Printed
Materials Supply Division, Building 197, Naval Weapons Plant, Washington, DC 20407.
Federal Test Method 191A, Textile Test Methods, 1978.
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NFPA 1993
1994 Edition
Standard on Support Function Protective Clothing for
Hazardous Chemical Operations

Copyright © 1994 NFPA, All Rights Reserved
1994 Edition
This edition of NFPA 1993, Standard on Support Function Protective Clothing for Hazardous
Chemical Operations, was prepared by the Technical Committee on Fire Service Protective
Clothing and Equipment and acted on by the National Fire Protection Association, Inc., at its
Annual Meeting held May 16–18, 1994, in San Francisco, CA. It was issued by the Standards
Council on July 14, 1994, with an effective date of August 5, 1994, and supersedes all previous
editions.
The 1994 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1993
In 1985, the National Transportation Safety Board (NTSB) issued report I-004-5 on a
hazardous material incident that occurred in Benicia, California. In that report, the NTSB
recommended that standards be developed for protective clothing for protection from hazardous
chemicals. The United States Department of Transportation (DOT) issued a position that
requested private sector standards development to undertake the project of writing the standards
on hazardous chemical protective clothing and asked other governmental agencies to assist and
participate in the private sector standards development system. DOT at this time also directly
requested that the NFPA develop documents on hazardous chemical protective clothing. The
Environmental Protection Agency (EPA), the United States Coast Guard (USCG), the Federal
Emergency Management Agency (FEMA), and the Occupational Safety and Health
Administration (OSHA) either adopted position statements modeled after the DOT position or
endorsed the DOT position.
During 1985, the NFPA Standards Council approved a project for development of these
standards and assigned the project to the Technical Committee on Fire Service Protective
Clothing and Equipment. The Technical Committee on Fire Service Protective Clothing and
Equipment established a standing subcommittee on Hazardous Chemicals Protective Clothing,
and they began their work in Phoenix, Arizona, in March 1986. Representatives from the USCG,
Copyright 1996 NFPA

FEMA, and OSHA participated on the subcommittee.
At the same time, ASTM was developing a document on a selection of chemicals for
evaluating protective clothing materials that would serve as one of several ASTM testing criteria
that would be referenced in the NFPA standards.
The subcommittee met several times over a 21/2-year period at different locations across the
country and developed two standards, one for vapor-protective suits and one for liquid
splash-protective suits. NFPA 1991 addresses vapor-protective suits designed to protect
emergency response personnel against exposure to specified chemicals in vapor and liquid splash
environments during hazardous chemical emergencies. NFPA 1992 addressed liquid
splash-protective suits designed to protect emergency response personnel against exposure to
specified chemicals in liquid splash environments during hazardous chemical emergencies.
These two documents became effective on February 5, 1990.
The subcommittee also developed NFPA 1993 as a companion document covering garments to
be worn outside of the “hot zone” during support functions that could include decontamination,
remedial cleanup, or training in controlled, known environments.
The first edition was voted on by the Association at the 1990 Annual Meeting in San Antonio,
Texas, on May 23, 1990, with an effective date of August 17, 1990.
The Subcommittee on Hazardous Chemicals Protective Clothing began an early revision
(4-year cycle) of the 1990 edition of NFPA 1993 in December 1991. During 1993, the NFPA
restructured the manner in which committees were organized, and all standing subcommittees
were eliminated. Within the Technical Committee on Fire Service Protective Clothing and
Equipment, the former standing subcommittees were reorganized as task groups to address
specific technical issues, and the technical committee assumed the entire responsibility for
NFPA 1993.
This second edition of NFPA 1993 encompasses revised scope and purpose sections to include
optional components for enhanced protection and replacement items. Test methods were updated
and refined to better ensure repeatability of testing results. Extensive changes were made to the
product labels to better accommodate the optional and replacement items.
This second edition was acted on by the membership of the Association at the NFPA Annual
Meeting in San Francisco, California, on May 18, 1994, and was issued with an effective date of
August 5, 1994.
Technical Committee on Fire Service Protective Clothing and Equipment
Kirk H. Owen, Chair
Plano Fire Dept., TX
Rep. NFPA Fire Service Section
Wayde B. Miller, Secretary
Mine Safety Appliances Co., PA
(Nonvoting)
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Peter V. Ackerman, S. Plainfield, NJ
Rep. Nat’l Volunteer Fire Council
Donald Aldridge, Lion Apparel Inc., OH
Curtis Berger, Menlo Park Fire Protection District, CA
Rep. Northern Area Fire Equipment Research Organization
Joseph A. Bigler, Mine Safety Appliances Co., PA
Rep. Compressed Gas Assn.
Donna P. Brehm, Virginia Beach Fire Dept., VA
Dennis W. Browner, Scott Aviation, NY
Rep. Industrial Safety Equipment Assn.
Rand-Scott Coggan, City of Redmond Fire Dept., WA
Rep. Int’l Assn. of Fire Chiefs
Christopher E. Coombs, Cairns & Brother Inc., NJ
Paul H. Crawford, Riverside Fire Dept., CA
Rep. Southern Area Fire Equipment Research
Patricia A. Freeman, Globe Fire Fighters Suits, NH
Glen E. Gardner, U.S. Occupational Safety & Health Admin., DC
Daniel Gohlke, W. L. Gore & Assoc., MD
Jonathan J. Greenawalt, Kitsap Cnty Fire District #2, WA
William L. Grilliot, Morning Pride Manufacturing Co. Inc., OH
Bryan C. Heirston, Oklahoma State Dept. of Labor, OK
James R. Lawson, Nat’l Inst. of Standards & Technology, MD
Cy Long, Commission on Fire Protection, TX
Robert T. McCarthy, U.S. Fire Administration, MD
Christopher B. Preu, Louisville Division of Fire, KY
Alexander W. Santora, New York City Fire Dept., NY
Kenneth L. Simmons, Arizona State Fire Marshal, AZ
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Brian A. Stoneback, U.S. Air Force Fire Protection, FL
Jeffrey O. Stull, TRI/Environmental Inc., TX
Bruce H. Varner, City of Carrollton Fire Dept., TX
James H. Veghte, Biotherm Inc., OH
Thomas L. Wollan, Underwriters Laboratories Inc., NC
Alternates
Roger L. Barker, N. Carolina State University, NC
(Alt. to P. A. Freeman)
Mary I. Grilliot, Morning Pride Manufacturing Co. Inc., OH
(Alt. to W. L. Grilliot)
Tom Hillenbrand, Underwriters Laboratories Inc., IL
(Alt. to T. L. Wollan)
Dominick A. Martucci, United States Testing Co., NJ
(Alt. to U.S. Testing Rep.)
Robert J. Richter, Cairns & Brother Inc., NJ
(Alt. to C. E. Coombs)
Joanne E. Slattery, U.S. Occupational Safety & Health Admin., DC
(Alt. to G. E. Gardner)
Richard L. Stein, Survivair, CA
(Alt. to D. W. Browner)
Frank P. Taylor, Lion Apparel Inc., OH
(Alt. to D. Aldridge)
Robert Vettori, Nat’l Inst. of Standards & Technology, MD
(Alt. to J. R. Lawson)
Bruce W. Teele, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on the design,
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construction, and performance criteria for protective clothing and equipment for the fire service,
including chemical protective clothing and aircraft rescue and fire fighting protective clothing.

NFPA 1993
Standard on
Support Function Protective Clothing for
Hazardous Chemical Operations
1994 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 6 and Appendix D.

Chapter 1 Administration
1-1 Scope.
1-1.1*
This standard specifies minimum documentation, design criteria, performance criteria, and test
methods for protective clothing used by personnel in support functions during hazardous
chemical operations.
1-1.2*
This standard does not apply to protective clothing for any fire fighting applications.
1-1.3*
This standard does not provide criteria for protection from radiological, biological, or
cryogenic gas hazards; immersion in liquid chemicals; exposure to liquefied gases; or
flammable, explosive, or hazardous chemical vapor atmospheres.
1-1.4*
This standard is not intended to be utilized as a detailed manufacturing or purchase
specification but can be referenced in purchase specifications as minimum requirements.
1-2 Purpose.
1-2.1*
The purpose of this standard is to provide minimum requirements for protective clothing,
which includes garments, gloves, and footwear used by personnel outside the hot zone in support
functions.
1-2.2
It is not the purpose of this standard to provide criteria for protection from hazardous chemical
vapor atmospheres or liquid contact in the hot zone at hazardous chemical emergencies.
Protection from hazardous chemical vapor atmospheres is specified in NFPA 1991, Standard on
Vapor-Protective Suits for Hazardous Chemical Emergencies. Protection from liquid splash
contact in the hot zone is specified in NFPA 1992, Standard on Liquid Splash-Protective Suits
for Hazardous Chemical Emergencies.
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1-2.3
Controlled laboratory tests used to determine compliance with the performance requirements
of this standard shall not be deemed as establishing performance levels for all situations to which
personnel might be exposed.
1-2.4
Nothing herein is intended to restrict any jurisdiction or manufacturer from exceeding these
minimum requirements.
1-3 Definitions.
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Biological Agents. Biological materials that are capable of causing acute or long-term damage
to the human body.
Boot. See “Footwear.”
Bootie. A sock-like extension of the garment leg designed to protect the wearer’s feet where
worn in conjunction with an outer boot.
Chemical Flash Fire.* The ignition of a flammable and ignitible vapor or gas that produces an
outward expanding flame front as those vapors or gases burn. This burning and expanding flame
front, or fireball, will release both thermal and kinetic energy to the environment.
Chemical Protection Layer. The layer or layers included in the composite that are intended to
provide permeation resistance to chemicals and provide gastight integrity for the overall
chemical-protective suit.
Chemical-Protective Clothing. An item of clothing constructed of chemical-protective clothing
materials designed and configured to protect any portion of the wearer’s body. Examples of
chemical-protective clothing include, but are not limited to, garments, gloves, and boots or
combinations of these items as chemical-protective suits.
Chemical-Protective Clothing Material. Any material or composite used in an item of clothing
for the purpose of protecting parts of the wearer’s body from chemical or physical hazards.
Chemical-Protective Suit. A single or multipiece garment constructed of chemical-protective
clothing materials designed and configured to protect the wearer’s torso, head, arms, legs, hands,
and feet. It shall be permitted to completely enclose the wearer by itself or in combina- tion with
the wearer’s respiratory equipment, hood, gloves, and boots.
Cold Zone. Those geographical areas designated as contamination-free from a chemical spill
or release. These areas contain the command post and other support functions necessary to
control the incident. The cold zone is also referred to as the “clean” or “support zone.” (See also
Hot Zone and Warm Zone.)
Compliant. Meeting or exceeding all applicable requirements of this standard.
Composite. Any layering of protective clothing materials or components as they appear in the
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final garment construction.
Cryogenic Gas.* A refrigerated, liquid gas having a boiling point below –13°F (–90°C) at
atmospheric pressure.
Emergency Response Personnel. Personnel assigned to organizations that have responsibility
for responding to hazardous chemical emergencies.
Exhaust Valve. One-way vent valves designed to release exhaust air from the inside of the
chemical-protective suit to the outside environment and prevent entry of contaminated air into
the chemical-protective suit from the outside environment.
External Fittings. Any fitting externally located on, and part of, the chemical-protective suit
that is not part of the garment material, visor material, gloves, footwear, seams, or closure
assembly. Airline, cooling device, and communications system connections or pass-throughs,
and glove and boot interface materials on the chemical-protective suit are examples of external
fittings.
External Gaskets. Any gasket externally located on, and part of, the chemical-protective suit
that is not part of the garment material, visor material, boot assembly, glove assembly, or closure
assembly. External gaskets can be used in conjunction with external fittings.
Flammable or Explosive Atmospheres. Atmospheres containing chemical vapors or gases at
concentrations that will burn or explode if ignited.
Follow-Up Program. The sampling, inspections, tests, or other measures conducted by the
certification organization on a periodic basis to determine the continued compliance of listed
products that are being produced by the manufacturer to the requirements of this standard.
Footwear. The segment of the chemical-protective suit designed to protect the wearer’s feet
and ankles. Footwear can include boots or outer boots in conjunction with booties.
Footwear Upper. That portion of the footwear above the sole.
Garment. Items of protective clothing that cover any part of the wearer’s skin, excluding
accessory items like gloves or boots, and including, but not limited to, full body clothing such as
one or multipiece suits and hood coveralls, and non-full body clothing such as aprons, sleeve
protectors, and shoe covers.
Garment Material. The principal chemical-protective clothing material used in the construction
of the chemical-protective suit.
Glove. The segment of the chemical-protective suit designed to protect the wearer’s hands and
wrists.
Hazardous Chemical. Any solid, liquid, gas, or mixture thereof that can potentially cause harm
to the human body through respiration, ingestion, skin absorption, or contact.
Hazardous Chemical Emergencies.* Incidents involving the release or potential release of
hazardous chemicals into the environment, which can cause loss of life, personnel injury, or
damage to property and the environment.
Hot Zone. The area immediately surrounding a hazardous material incident that extends far
enough to prevent adverse effects from hazardous materials releases to personnel outside the
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zone. The hot zone is also referred to as the “exclusion zone” or “restricted zone.” (See also Cold
Zone and Warm Zone.)
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Ladder Shank. Reinforcement to the shank area of protective footwear designed to provide
additional support to the instep when standing on a ladder rung.
Liquefied Gas.* A gas that, under its charged pressure, is partially liquid at 70°F (21°C).
Liquid Splash-Protective Suit. A chemical-protective suit that meets at least all the base
requirements of NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous
Chemical Emergencies, and protects against chemical liquid splashes but not against chemical
vapors or gases.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
Outer Boot. A boot worn over footwear or bootie for the purposes of providing additional
protection to the wearer and for meeting the requirements of this standard.
Outer Garment. A secondary garment worn over a chemical-protective suit for the purposes of
providing additional protection to the wearer and for meeting the requirements of this standard.
Package. The wrapping or enclosure directly containing the individual pair of support function
gloves or boots.
Particulates. Solid matter that is dispersed in air as a mixture. Particulates, for the purpose of
this standard, do not include aerosol, or suspended liquid droplets in air. Aerosols are considered
liquids.
Primary Suit Materials. Chemical-protective suit materials limited to the garment material,
visor or faceshield material, glove material, and footwear material.
Product Label. A label affixed to the garment by the manufacturer that contains general
information, warnings, care, maintenance, or similar data.
Radiological Agents. Radiation associated with x-rays; alpha, beta, and gamma emissions from
radioactive isotopes; or other materials in excess of normal background radiation levels.
Seam. Any permanent attachment of two or more chemical-protective clothing materials,
excluding external fittings, gaskets, and suit closure assemblies, in a line formed by joining the
separate material pieces.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
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Suit Closure. The suit component designed and configured to allow the wearer to enter (don)
and exit (doff) the chemical-protective suit.
Suit Closure Assembly. The combination of the suit closure and the seam attaching the suit
closure to the garment, excluding any protective flap or cover.
Support Function. Activities of the hazardous materials incident that take place outside the hot
zone involving controlled chemical uses or exposures in nonflammable atmospheres with
minimum threats to loss of life, personnel injury, or damage to property or to the environment.
Functions include decontamination, remedial cleanup of identified chemicals, and training.
Support Function Protective Boot. A boot that meets all applicable requirements of this
standard.
Support Function Protective Clothing. An item of chemical-protective clothing or a
chemical-protective suit that meets at least all the requirements of this standard.
Support Function Protective Garment. A garment that meets at least all applicable
requirements of this standard.
Support Function Protective Glove. A glove that meets at least all applicable requirements of
this standard.
Vapor-Protective Suit. A chemical-protective suit that protects against chemical vapors, gases,
and liquids and meets at least all the base requirements of this standard and NFPA 1991,
Standard on Vapor-Protective Suits for Hazardous Chemical Emergencies.
Visor or Faceshield Material. The transparent chemical-protective clothing material that allows
the wearer to see outside the chemical-protective suit.
Warm Zone. The area where personnel and equipment decontamination and hot zone support
takes place. It includes control points for the access corridor and thus assists in reducing the
spread of contamination. This is also referred to as the decontamination, contamination
reduction, or limited access zone. (See also Cold Zone and Hot Zone.)
1-4 Units.
1-4.1
In this standard, values for measurement are followed by an equivalent in parentheses, but only
the first stated value shall be regarded as the requirement. Equivalent values in parentheses shall
not be considered as the requirement, as these values might be approximate.
Chapter 2 Certification
2-1 General.
2-1.1*
Support function protective clothing that is labeled and listed as being compliant with this
standard shall meet or exceed all applicable requirements specified in this standard and shall be
certified.
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2-1.2
Compliant support function protective clothing shall be labeled and listed. Such support
function protective clothing also shall have a product label that meets the requirements specified
in Section 2-5.
2-1.3
Support function protective clothing shall not be certified for chemicals or specific chemical
mixtures with known or suspected carcinogenicity as indicated by any one of the following
documents:
(a) N. Irving Sax, Dangerous Properties of Industrial Chemicals
(b) NIOSH Pocket Guide to Chemical Hazards
(c) U.S. Coast Guard Chemical Hazard Response Information System (CHRIS), Volumes 1-3,
Hazardous Chemical Data.
2-1.4
Support function protective clothing shall not be certified for chemicals or specific chemical
mixtures with skin toxicity notations as indicated by the American Conference of Governmental
Industrial Hygienists, Threshold Limit Values and Biological Exposure Indices for 1993-1994.
2-1.5
Support function protective clothing shall be permitted to be certified to specific chemicals and
mixtures other than those in the NFPA battery of chemicals, where meeting or exceeding the
applicable and optional requirements specified in 4-1.5, 4-2.2, 4-3.5, and 4-4.8.
2-1.6
All certifications shall be performed by an approved certification organization.
2-2 Certification Program.
2-2.1*
The certification organization shall not be owned or controlled by manufacturers or vendors of
the product being certified. The certification organization shall be primarily engaged in
certification work and shall not have a monetary interest in the product’s ultimate profitability.
2-2.2
The certification organization shall refuse to certify products to this standard that do not
comply with all applicable requirements of this standard.
2-2.3*
The contractual provisions between the certification organization and the manufacturer shall
specify that certification is contingent on compliance with all applicable requirements of this
standard. There shall be no conditional, temporary, or partial certifications. Manufacturers shall
not be authorized to use any label or reference to the certification organization on products that
are not manufactured in compliance with all applicable requirements of this standard.
2-2.4*
For certification, laboratory facilities and equipment for conducting proper tests shall be
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available, a program for calibration of all instruments shall be in place and operating, and
procedures shall be in use to ensure proper control of all testing. Good practice shall be followed
regarding the use of laboratory manuals, from data sheets, documented calibration and
calibration routines, performance verification, proficiency testing, and staff qualification and
training programs.
2-2.5
Manufacturers shall be required to establish and maintain a program of product inspection and
testing that meets the requirements of Section 2-4.
2-2.6
The manufacturer and the certification organization shall evaluate any changes affecting the
form, fit, or function of the certified product to determine its continued certification to this
standard.
2-2.7*
Product certifications shall include a follow-up inspection program, with at least two random
and unannounced visits per 12-month period.
2-2.8
The certification organization shall have a program for investigating field reports alleging
malperformance or failure of listed products.
2-2.9
The operating procedures of the certification organization shall provide a mechanism for the
manufacturer to appeal decisions. The procedures shall include the presentation of information
from both sides of a controversy to a designated appeals panel.
2-2.10
The certification organization shall be in a position to use legal means to protect the integrity
of its name and label. The name and label shall be registered and legally defended.
2-3 Inspection and Testing.
2-3.1
Sampling levels for testing and inspection shall be established by the certification organization
and the manufacturer to ensure a reasonable and acceptable reliability at a reasonable and
acceptable confidence level that products certified to this standard are compliant. This
information shall be included in the manufacturer’s technical data package.
2-3.2
Testing for determining material and component compliance with the requirements specified in
Chapter 3 shall be performed on samples representative of materials and components used in the
actual construction of the support function protective garment. The certification organization
also shall be permitted to use materials cut from a representative support function protective
garment.
2-3.3
Except where otherwise noted, determinations of pass or fail performance shall be based on
the average measurement. In cases of the anisotropic materials, determinations of pass or fail
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performance shall be based on the average result in each direction. Failure in any one direction
shall constitute failure of the material for the test.
2-3.4*
Any combination of materials or multipiece garment that is needed to meet any of the
performance requirements specified in Chapter 4 of this standard, shall also be required to meet
all requirements for that particular segment of the support function protective clothing.
2-3.5
The certification organization shall review the technical data package to determine compliance
with the requirements of Chapter 3.
2-4 Manufacturer’s Quality Assurance.
2-4.1
The manufacturer shall provide and maintain a quality assurance program that includes a
documented inspection and product recall system. The manufacturer shall have an inspection
system to substantiate conformance to this standard.
2-4.2
The manufacturer shall maintain written inspection and testing instructions. The instructions
shall prescribe inspection and test of materials, work in process, and completed articles. Criteria
for acceptance and rejection of materials, processes, and final product shall be part of the
instructions.
2-4.3
The manufacturer shall maintain records of all pass/fail tests. Pass/fail records shall indicate
the disposition of the failed material or product.
2-4.4
The manufacturer’s inspection system shall provide for procedures that ensure the latest
applicable drawings, specifications, and instructions are used for fabrication, inspection, and
testing.
2-4.5
The manufacturer shall, as part of the quality assurance process, maintain a calibration
program of all instruments used to ensure proper control of testing. The calibration program shall
be documented as to the date of calibration and performance verification.
2-4.6
The manufacturer shall establish and maintain a system for identifying the appropriate
inspection status of component materials, work in process, and finished goods.
2-4.7
The manufacturer shall maintain a system for controlling nonconforming material, including
procedures for the identification, segregation, and disposition of rejected material. All
nonconforming materials or products shall be identified to prevent use, shipment, and
intermingling with conforming materials or products.
2-4.8
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The manufacturer’s quality assurance systems and procedures shall be audited by the
third-party certification agency to determine that the system is sufficient to ensure continued
compliance to this standard.
2-5 Product Labeling.
2-5.1
Each separate item of support function protective clothing shall have a product label
permanently and conspicuously attached to the clothing item. For chemical-protective suits and
garments, this product label shall be inside of the clothing item upon which at least the following
warnings and information are printed in at least 1/16-in. (1.5-mm) high letters. For each
individual pair of gloves and boots, this product label shall be attached to, or printed on, or
inserted in the glove or boot package in at least 1/16-in. (1.5-mm) high letters.
“THIS SUPPORT FUNCTION PROTECTIVE (fill in name of clothing item)
MEETS THE REQUIREMENTS OF NFPA 1993, STANDARD ON SUPPORT
FUNCTION PROTECTIVE CLOTHING FOR HAZARDOUS CHEMICAL
OPERATIONS, 1994 EDITION, FOR THE CHEMICALS LISTED BELOW. THE
TECHNICAL DATA PACKAGE CONTAINS ADDITIONAL INFORMATION
ON THESE AND ANY ADDITIONAL CHEMICALS AND SPECIFIC
CHEMICAL MIXTURES FOR WHICH THIS (name of clothing item) IS
CERTIFIED.
Acetone
Sodium hydroxide
Acetonitrile

Sulfuric acid

Ethyl acetate

Tetrahydrofuran

Hexane
CONSULT THE TECHNICAL DATA PACKAGE, MANUFACTURER’S
INSTRUCTIONS, AND MANUFACTURER’S RECOMMENDATIONS BEFORE
USE.

WARNING
DO NOT USE THIS (name of clothing item) IN ANY HOT ZONE OF A HAZARDOUS
CHEMICAL EMERGENCY. UNLESS THIS (name of clothing item) IS
SPECIFICALLY CERTIFIED AS APPROPRIATE TO THE FOLLOWING
APPLICATIONS, DO NOT USE FOR FIRE FIGHTING APPLICATIONS OR FOR
PROTECTION FROM RADIOLOGICAL, BIOLOGICAL, OR CRYOGENIC
AGENTS; FROM FLAMMABLE OR EXPLOSIVE ATMOSPHERES; OR FROM
HAZARDOUS CHEMICAL VAPOR ATMOSPHERES. THIS (name of clothing item)
MAY BURN. IT HAS NOT BEEN REQUIRED TO MEET A FLAMMABLE
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PERFORMANCE TEST. USE THIS GARMENT FOR SUPPORT FUNCTIONS
OUTSIDE THE HOT ZONE. LIQUIDS GIVE OFF VAPORS AND THIS (name of
clothing item) MAY NOT PROTECT YOU FROM CONTACT WITH THESE
VAPORS. DO NOT USE FOR SUSPECTED OR KNOWN CARCINOGENS OR
SKIN-TOXIC CHEMICALS. NO PROTECTIVE CLOTHING CAN PROVIDE
PROTECTION FROM ALL CONDITIONS. OTHER SUPPORT FUNCTION
PROTECTIVE CLOTHING MAY BE NECESSARY FOR PROTECTION FROM THE
EXPECTED HAZARDS. CHEMICAL CONTAMINATION OF THIS (name of clothing
item) MAY WARRANT ITS DISPOSAL. MAINTAIN IN ACCORDANCE WITH
MANUFACTURER’S INSTRUCTIONS. FAILURE TO COMPLY WITH THESE
INSTRUCTIONS MAY RESULT IN SERIOUS INJURY OR DEATH.”
Manufacturer’s name
Manufacturer’s address
Country of manufacture
Suit model and style
Trace number
Date of manufacture
Size
Material(s) of construction
“DO NOT REMOVE THIS LABEL.”
2-5.2
In addition to the package product label as required in 2-5.1, support function protective
gloves shall have a glove product label on the outside of the gauntlet for each glove that includes
the following statement printed in at least 1/4-in. (6.0-mm) high letters:
“MEETS NFPA 1993 (1994 EDITION). WARNING: READ INSTRUCTIONS
PRIOR TO USE.”
2-5.3
All portions of the required clothing product labels shall be printed at least in English.
2-6 User Information.
2-6.1*
The manufacturer of support function protective clothing certified as being in compliance with
this standard shall provide the following instructions and information with each clothing item:
(a) Cleaning instructions;
(b) Marking and storage instructions;
(c) Frequency and details of inspections;
(d) Maintenance criteria;
(e) How to test equipment, where applicable;
(f) Methods of repair, if recommended by manufacturer; and
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(g) Warranty information.
2-6.2
The manufacturer of support function protective clothing shall also furnish training materials
that address, but are not limited to:
(a) Donning procedures;
(b) Doffing procedures;
(c) Safety considerations;
(d) Optimum storage conditions;
(e) Recommended storage life;
(f) Decontamination recommendations and considerations;
(g) Retirement considerations;
(h) Closure lubricants, if applicable;
(i) Visor/faceshield antifog agents or procedures, if applicable; and
(j) Recommended undergarments.
2-6.3*
When support function protective clothing is designed for reuse, the manufacturer shall also
furnish a logbook with each support function protective clothing garment along with instructions
on proper completion and maintenance of the log.
Chapter 3 Documentation Requirements
3-1 Technical Data Package.
3-1.1*
The manufacturer shall furnish a technical data package with each support function protective
clothing item.
3-1.2*
The technical data package shall contain all documentation required by this standard and the
data showing compliance with this standard.
3-1.3
In the technical data package, the manufacturer shall describe the support function protective
clothing item in terms of manufacturer trade name and model number, manufacturer replaceable
components and available options, accessories such as testing devices, and sizes.
3-1.4*
In the technical data package, the manufacturer shall describe the available sizes of the full
body garments. Descriptions of size shall include the range in height and weight for persons
fitting each particular size.
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3-2 Clothing Material and Component Descriptions.
3-2.1
Where other specific clothing items and equipment are required for certifying a
chemical-protective suit to this standard, the manufacturer shall list these clothing items and
equipment in the technical data package.
3-2.2
The manufacturer shall provide, in the technical data package, a list and descriptions of the
following clothing materials and components, if applicable:
(a) Garment material,
(b) Visor/faceshield material,
(c) Glove material and assembly,
(d) Boot or bootie material and assembly,
(e) Zipper/closure type and materials,
(f) Material seam types and composition,
(g) Exhaust valve types and material(s),
(h) External fitting types and material(s),
(i) External gasket types and material(s),
(j) Outer cover or garment material(s), and
(k) Type of head protection accommodated within garment.
3-2.2.1 All descriptions of material composition shall specify either the generic material names
or trade names if the composition of the material is proprietary.
3-2.2.2 Descriptions of respective suit materials and components shall include the following
information, if applicable:
(a) Visor/faceshield material.
(1) The availability of any permanent or detachable covers and films.
(b) Gloves.
(1) Type of linings or surface treatments
(2) Available glove sizes.
(c) Footwear (boots or booties).
(1) Type of linings or surface treatments
(2) Type of soles or special toe reinforcements
(3) Available footwear sizes.
(d) Suit zipper or closure.
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(1) The material(s) of construction for the closure (including chain, slide, pull, and tape for
zippers)
(2) The location and the length of the completed closure assembly
(3) A description of any protective covers or flaps.
(e) Suit exhaust valves or ports.
(1) Type (such as Flapper, pressure demand)
(2) Number and method of attachment to the suit
(3) A description of any protective covers or pockets.
(f) Supplemental covers and garments.
(1) Type and how used with protective suit.
3-2.3
The manufacturer shall describe, in the technical data package, the type of seams or methods
of attachment for the following suit material and component combinations:
(a) Garment material—garment material,
(b) Garment material—visor,
(c) Garment material—glove,
(d) Garment material—footwear,
(e) Garment material—suit closure, and
(f) Garment material—outer cover.
3-3 Chemical Penetration Resistance Documentation.
3-3.1
The manufacturer shall document, in the technical data package, the penetration resistance of
the applicable chemical-protective clothing material(s) for one hour against each chemical in the
NFPA battery of chemicals, and any additional chemicals or specific chemical mixtures for
which the suit is certified, using the test method specified in Section 5-1.
3-4 Physical Property Documentation.
3-4.1
The manufacturer shall document, in the technical data package, the flame resistance of each
primary material where tested as specified in Section 5-2.
3-4.2
The manufacturer shall document, in the technical data package, the cold temperature
performance of garment, glove, and boot materials as specified in Section 5-3.
Chapter 4 Design and Performance Requirements
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4-1 Garment Requirements.
4-1.1
All external fittings shall be free of rough spots, burrs, or sharp edges that could tear the
garment material.
4-1.2
Sample units shall be tested for watertight integrity and shall allow no water penetration where
tested as specified by Section 5-4.
4-1.3
Chemical-protective suits or garments having hoods shall be designed to at least accommodate
head protection meeting the dimensional requirements of ANSI Z89.1, Protective Headwear for
Industrial Workers.
4-1.4
Garment material samples shall exhibit no penetration for at least one hour for each of the
NFPA battery of chemicals where tested as specified in Section 5-1.
4-1.5
For any additional chemicals or specific chemical mixtures for which the suit is certified,
garment material samples shall exhibit no penetration for at least one hour for each additional
chemical or specific chemical mixture where tested as specified in Section 5-1.
4-1.6
Garment material samples shall be tested for bursting strength and shall have a bursting
strength of not less than 50 psi (3.5 kg/cm2) where tested as specified in Section 5-5.
4-1.7
Garment material samples shall be tested for puncture resistance and shall have a puncture
resistance of not less than 5.5 lb (2.5 kg) where tested as specified in Section 5-6.
4-1.8
All garment seams shall possess a breaking strength of not less than 15 lbf/2 in. (1.44 kN/m)
where tested as specified in Section 5-7.
4-1.9
Garment closure assembly samples, excluding apron ties, shall possess a breaking strength of
not less than 15 lbf/2 in. (1.44 kN/m) where tested as specified in Section 5-7.
4-2 Visor or Faceshield Requirements.
4-2.1
Visor or faceshield material samples, where part of chemical-protective suits or garments, shall
exhibit no penetration for at least one hour for each of the NFPA battery of chemicals where
tested as specified in Section 5-1.
4-2.2
For any additional chemicals or specific chemical mixtures for which the suit is certified, visor
or faceshield material samples shall exhibit no penetration for at least one hour for each
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additional chemical or specific chemical mixture where tested as specified in Section 5-1.
4-2.3
Visor or faceshield samples, where part of chemical-protective suits or garments, shall be
tested for clarity, and test subjects shall have a visual acuity of 20/35 or better where tested as
specified in Section 5-8.
4-2.4
Visor or faceshield material samples, where part of chemical-protective suits or garments, shall
be tested for bursting strength and shall have a bursting strength of not less than 50 psi (3.5
kg/cm2) where tested as specified in Section 5-5.
4-2.5
Visor or faceshield material samples, where part of chemical-protective suits or garments, shall
be tested for puncture propagation tear resistance and shall have a puncture propagation tear
resistance of not less than 5.5 lb (2.5 kg) where tested as specified in Section 5-6.
4-3 Glove Requirements.
4-3.1
Gloves shall provide protection from the finger tips to at least 1 in. (25.4 cm) beyond the wrist
crease.
4-3.2
In order to label or otherwise represent a glove that meets the requirements of this standard,
the manufacturer shall provide gloves in not less than five separate and distinct sizes as specified
in Section 5-9.
4-3.3
Sample gloves shall be tested for liquidtight integrity and shall show no liquid leakage where
tested as specified by Section 5-10.
4-3.4
Glove material samples shall exhibit no penetration for at least one hour for each of the NFPA
battery of chemicals where tested as specified in Section 5-1.
4-3.5
For any additional chemicals or specific chemical mixtures for which the suit is certified,
glove material samples shall exhibit no penetration for at least one hour for each additional
chemical or specific chemical mixture where tested as specified in Section 5-1.
4-3.6
Glove material samples shall be tested for cut resistance and shall have a cut resistance of not
less than 6.5 lb (3.0 kg) where tested as specified in Section 5-11.
4-3.7
Glove material samples shall be tested for puncture resistance and shall have a puncture
resistance of not less than 5 lb (2.3 kg) where tested as specified in Section 5-12.
4-3.8
Glove material samples shall be tested for abrasion resistance and shall show no liquid leakage
Copyright 1996 NFPA

where tested as specified in Section 5-13.
4-3.9
Glove material samples shall be tested for flex fatigue resistance and shall show no liquid
leakage where tested as specified in Section 5-14.
4-4 Footwear Requirements.
4-4.1
Footwear shall provide protection not less than 8 in. (20.3 cm) in height where measured from
the plane of the sole bottom.
4-4.2
The heel breast shall not be less than 0.5 in. (1.27 cm) nor more than 1.0 in. (2.54 cm). The
heel breasting angle shall not be less than 90 degrees nor more than 135 degrees. The sides and
rear of the heel shall not be flared or tapered, and the heel edges shall not extend less than 0.4 in.
(1.02 cm) or more than 0.6 in. (1.52 cm) laterally from the upper at any point.
4-4.3
Footwear shall be available in all of the following sizes where measured in accordance with
Footwear Industries of America, Shoe Size Conversion, Research Results and Recommendations:
Men: 6-15
Women: 5-10
4-4.4
Metal parts shall not penetrate from the outside into the lining or insole at any point.
4-4.5
No metal parts, including but not limited to nails or screws, shall be present or utilized in the
construction or attachment of the sole (with heel) to the puncture-resistant device, insole, or
upper.
4-4.6
Sample footwear shall be tested for liquidtight integrity and shall show no liquid leakage
where tested as specified by Section 5-10.
4-4.7
Footwear material samples shall exhibit no penetration for at least one hour for each of the
NFPA battery of chemicals where tested as specified in Section 5-1.
4-4.8
For any additional chemicals or specific chemical mixtures for which the suit is certified,
footwear material samples shall exhibit no penetration for at least one hour for each additional
chemical or specific chemical mixture where tested as specified in Section 5-1.
4-4.9
Footwear upper material samples shall be tested for cut resistance and shall have a cut
resistance of not less than 10 lb (4.5 kg) where tested as specified in Section 5-11.
4-4.10
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Footwear upper material samples shall be tested for puncture resistance and shall have a
puncture resistance of not less than 8 lb (3.6 kg) where tested as specified in Section 5-12.
4-4.11
Footwear upper material samples shall be tested for abrasion resistance and shall show no
liquid leakage where tested as specified in Section 5-13.
4-4.12
Footwear upper material samples shall be tested for flex fatigue resistance and shall exhibit no
penetration for at least one hour where tested as specified in Section 5-15.
4-4.13
Footwear sole and heel samples shall be tested for puncture resistance and shall have a
puncture resistance of not less than 272 lb (123.4 kg) where tested as specified in Section 5-16.
4-4.14
Footwear sole and heel samples shall be tested for abrasion resistance and shall have an
abrasion-resistance rating of not less than 65 where tested as specified in Section 5-17.
4-4.15
Sample footwear toes shall be tested for impact and compression resistance and shall have an
impact resistance of not less than 75 ft-lb (101.7 J) and a compression resistance of not less than
2500 lb (11 121 N) where tested as specified in Section 5-18.
4-4.16
Sample footwear soles (or ladder shanks) shall be tested for bending resistance and shall not
deflect more than 0.25 in. (0.6 cm) where tested as specified in Section 5-19.
4-4.17
Sample footwear soles shall be tested for slip resistance and shall have a static coefficient of
0.75 or greater in a dry condition and 0.50 or greater in a wet condition where tested as specified
in Section 5-20.
Chapter 5 Test Methods
5-1 Chemical Penetration Resistance Test.
5-1.1
For the purpose of this standard, the NFPA battery of chemicals shall consist of the liquids
specified in ASTM F1001, Standard Guide for Chemicals to Evaluate Protective Clothing
Materials, that are not constrained by 2-1.3 or 2-1.4 of this standard.
5-1.2*
Penetration resistance testing of material specimens shall be conducted in accordance with
ASTM F903, Standard Test Method for Resistance of Protective Clothing Materials to
Penetration by Liquids, Procedure C, using the following modifications:
(a) All tests shall be conducted at 77°F, ±5°F (25°C, ±3°C).
(b) A minimum of three material specimens shall be tested for each chemical.
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(c) The plexiglass shield shall be omitted from the test cell.
5-1.3*
An observation to determine specimen penetration shall be made at the end of the chemical
contact period. Visually observed liquid penetration at the end of the test for any specimen shall
constitute failure of this test.
5-1.4
Blotting paper shall be used at the end of the test to assist in the visual observation of liquid
penetration. Visually observed chemical on the blotting paper shall constitute failure of this test.
5-1.5
The report shall include the pass/fail results for each specimen/chemical combination tested.
5-2 Flammability Resistance Test.
5-2.1
All samples to be tested shall be conditioned for not less than 4 hours in standard atmospheric
conditions at a relative humidity of 65 percent, ±2 percent and a temperature of 70°F, ± 2°F
(21°C, ±1°C). Samples shall be tested not more than 5 minutes after removal from conditioning.
5-2.2
Vertical flammability testing shall be performed in accordance with Method 5903.1, Flame
Resistance of Cloth; Vertical, of Federal Test Method Standard 191A, Textile Test Methods, with
the following modifications:
(a) Specimens shall consist of at least ten protective clothing material samples measuring 3 ×
16 in., ± 1/16 in. (76 × 203 mm, ±1.6 mm). If the material is anisotropic, specimens shall be cut
in both the machine and transverse directions.
(b) Specimens shall be folded in half such that the folded edge is exposed in the apparatus
holder. The fold shall be produced by placing a 1/4-in. (6.4-mm) rod at the bend of the material.
The rod shall then be removed after the material is clamped in the holder prior to flame contact.
The folded edge of the specimen shall protrude 1/4 in. (6.4 mm) below the lower horizontal end
of the metal specimen clamp.
(c) A stopwatch or other time device reading in seconds shall be started. The tip of the flame
shall be applied to the end of the specimen until it is ignited, but no longer than 3 seconds. The
operator shall observe and note whether or not the specimen ignites and supports self-sustaining
burning after removal of the flame from the specimen.
(d) If the specimen fails to ignite in 3 seconds, the time shall be restarted and the flame shall be
reapplied to the end of the specimen for an additional 12 seconds. If the specimen ignites, the
timer shall be stopped when the flame is extinguished.
(e) The vertical distance, measured from the horizontal edge of the specimen to which the
ignition flame is applied, to the farthest point on the specimen visibly charred or melted by the
burning process, shall be recorded. This measurement shall be made on the specimen after
exposure. The apparent cause of extinguishment, such as melting or dripping, shall be noted.
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5-2.3
The ignition propensity shall be noted as those specimens igniting within the 3-second
exposure period, specimens igniting within the 12-second exposure period, and specimens not
igniting at all.
5-2.4
Burning time shall be the time, reported in seconds, from the moment that the operator
removes the flame from the sample until burning is extinguished.
5-2.5
The distance of burn shall be the distance, reported in inches (cm), from the ignited edge of the
sample to the farthest vertical point on the sample that is burned in the test.
5-2.6
The burning behavior of the specimen shall be noted and characterized for the samples that
ignite, are self-extinguishing, or as otherwise observed. The specimen shall be considered
self-extinguishing if the distance of burning is less than 4.0 in. (10.24 cm) and the burning time
is less than 10 seconds. The appearance of decomposition by melting or dripping shall be noted.
5-2.7
Report items for determining pass/fail shall be summarized as:
(a) Test specimens igniting in 3 seconds or less;
(b) Test specimens igniting in 12 seconds or less;
(c) Test specimens not igniting in the test;
(d) Test specimens with an ignition time exceeding 3 seconds but that support burning for 10
seconds or more;
(e) Test specimens with an ignition time exceeding 3 seconds but that have a burn distance
exceeding 4 in. (10.24 cm):
(f) Notation of specimen melting or dripping.
5-3 Cold Temperature Performance Test.
5-3.1
Garment and glove material cold temperature performance shall be measured in accordance
with ASTM D747, Standard Test Method for Apparent Bending Modulus of Plastics by Means
of a Cantilever Beam, with the following modifications:
(a) The test temperature shall be –13°F (–25°C).
(b) The bending moment shall be that applied when the specimen is bent to a 60 degree
angular deflection and shall be calculated in in.-lb as follows:
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Bending moment (Nm) = Bending moment (in.-lb × 0.113).
5-3.2
Cold temperature performance results shall be reported as the average for each material
direction.
5-4 Overall Suit Liquid Penetration Test.
5-4.1
Garment overall liquidtight integrity shall be measured in accordance with ASTM F1359,
Standard Practice for Determining the Liquid-Tight Integrity of Chemical Protective Suits or
Ensembles Under Static Conditions.
5-4.2
Evidence of liquid, either inside the garment or on the inner liquid-absorptive garment, shall
constitute failure of the suit to this test.
5-4.3
If outer gloves are to be worn in conjunction with chemical-protective suit gloves or if outer
boots are worn in conjunction with suit booties to meet foot protection requirements, there shall
be no visible signs of liquid in these items.
5-5 Garment and Visor Material Burst Strength Test.
5-5.1
Material burst strength shall be measured in accordance with ASTM D751, Standard Test
Methods for Coated Fabrics, Bursting Strength, using the Mullen burst machine.
5-5.2
The average test result shall be used to determine compliance.
5-6 Garment Material and Visor Puncture Propagation Tear Resistance Test.
5-6.1
Material puncture propagation tear resistance shall be measured in accordance with ASTM
D2582, Standard Test Method for Puncture-Propagation Tear Resistance of Plastic Film and
Thin Sheeting.
5-6.2
Puncture propagation tear resistance results shall be reported as the average for each material
direction.
5-6.3
Failure of the material in any direction shall constitute failing performance.
5-7 Seam and Closure Strength Test.
5-7.1
Seams representative of construction in the entire suit shall be used. Closure assembly samples
shall include the seam of garment material-to-closure in addition to the closure.
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5-7.2
Seam and closure strength shall be measured in accordance with ASTM D751, Standard Test
Methods for Coated Fabrics, Seam Strength.
5-7.3
The average seam and closure strength measurements shall be used to determine compliance
with this standard.
5-8 Visor Clarity Test.
5-8.1
Testing shall be conducted with a test subject. The test subject shall have a minimum visual
acuity of 20/20 in each eye uncorrected or corrected with contact lenses as determined in a visual
acuity test or doctor’s examination. Suits tested shall meet the sizing range of the test subject as
determined in 3-1.4. The suit shall be donned in accordance with manufacturer’s instructions.
5-8.2*
Appropriate underclothing and a self-contained breathing apparatus shall be worn. For
consistency in testing, a Scott 4.5 Air Pak SCBA facepiece shall be used.
5-8.3
The test shall be conducted using a standard 20-ft (6.1-m) eye chart with a normal lighting
range of 100 footcandles to 150 footcandles at the chart and with the test subject positioned at a
distance of 20 ft (6.1 m) from the chart.
5-8.4
The test subject shall then read the standard eye chart through the lens of the SCBA facepiece
and suit visor to determine his or her visual acuity.
5-9 Glove Sizing Determination.
5-9.1
Glove size indicated on the label shall be determined by the following:
Labeled Size to Fit Hand Circumference

Hand Length

XS

7 in. to 8 in.

Up to 63/4 in.

S

8 in. to 9 in.

Up to 71/8 in.

M

9 in. to 10 in.

Up to 71/2 in.

L

10 in. to 11 in.

Up to 8 in.

XL

11 in. to 12 in.

Up to 83/8 in.

5-9.2
Hand dimensions for selection of proper glove size shall consist of taking two dimensions as
shown in Figure 5-9.2: (1) hand circumference and (2) length of the right hand.

Copyright 1996 NFPA

Figure 5-9.2 Method of measuring hand dimensions for selection of proper glove size.

5-9.2.1 Hand circumference shall be measured by placing the measuring tape on a table or other
flat surface with the numerals facing downward. The subject shall place the right hand, palm
down and fingers together, in the middle of the tape so that the tape can pass straight across the
hand just beneath the knuckles (metacarpal). The circumference shall be measured snugly to the
nearest 1/8 in. (3.2 mm), as shown in Figure 5-9.2.
5-9.2.2 Hand length shall be measured by placing the subject’s right hand, palm down, on a
piece of paper with the fingers together and the hand and arm in a straight line. The thumb shall
be fully abducted, extended away from the palm as far as possible. The paper shall be marked at
the tip of the third or middle finger. The notch at the base of the thumb where the thumb joins the
wrist shall be marked with a pencil. The straight line distance between the two points shall be
measured to the nearest 1/8 in. (3.2 mm), as shown in Figure 5-9.2.
5-10 Glove and Footwear Liquidtight Integrity Test.
5-10.1*
The liquidtight integrity of complete gloves and complete footwear shall be measured in
accordance with ASTM D5151, Standard Test Method for Detection of Holes in Medical Gloves,
with the following modifications:
(a) When testing footwear, the footwear shall be held upright in a normal vertical position.
Test footwear shall be filled with water to a distance of 1 in. (2.5 cm) from the top lip of the
footwear.
(b) Water used in this testing shall contain a nonfoaming surfactant that lowers the surface
tension to less than 34 dynes/cm.
5-10.2
Glove or footwear tests shall be reported as pass or fail. Tests for which gloves or footwear
Copyright 1996 NFPA

show visible leakage after one hour, ±3 minutes, shall be classified as failures.
5-11 Glove and Footwear Upper Material Cut Resistance Test.
5-11.1
Each sample specimen to be tested shall be a rectangle at least 2 in. × 4.5 in. (5.1 cm × 11.4
cm). Multiple cut attempts shall be permitted to be made on each specimen. Glove samples for
puncture resistance testing shall be taken from the palm of the glove or palm and back, if
different. Footwear upper samples for puncture resistance testing shall be taken from areas of the
footwear upper away from seams where the thickness is uniform.
5-11.2
During the test, the sample specimen shall be oriented so that the normal outer surface is the
first to be contacted by the edge of the blade.
5-11.3
Three sample specimens shall be tested and two cuts shall be made on each sample specimen.
5-11.4
The static cut test apparatus shall consist of an L-shaped metal frame and pivoted arm that
lowers a sharp-edged blade onto a sample specimen, as shown in Figure 5-11.4.

Figure 5-11.4 Static cut test apparatus.

5-11.5
A locking mechanism shall be mounted on the L-frame upright to engage the pivoted arm and
secure it in a neutral position above the sample specimen. The locking mechanism shall be used
when the blade is being replaced or when the specimen is being moved to or from the testing
position.
5-11.6
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The blade shall be mounted in a blade holder at the outer end of the pivoted arm, as shown in
Figure 5-11.6. The blade shall be mounted so its sharp edge is tangential.

Figure 5-11.6 Test blade holder.

5-11.7
The pivoted arm shall be capable of supporting weights above the blade holder. Incremental
weights of 2 lb (0.91 kg) each shall be supplied to allow a maximum force of 20 lb (9.1 kg) to be
applied during testing. The pivoted arm, blade holder, and blade together shall weigh 2 lb (0.91
kg) and shall contribute to the force applied to the blade.
5-11.8
The sharp-edged blade shall be made of tool-hardened steel with an edge having a 60 degree
inclined angle and a 0.001 in. (0.025 mm) radius as shown in Figure 5-11.8.
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Figure 5-11.8 Test blade.

5-11.8.1 The sharpness or geometry of the blade edge shall be closely monitored and controlled
to prevent changes in cutting characteristics in order to ensure a consistent baseline for
interpreting the cut data.
5-11.8.2 A test blade shall be either replaced or resharpened when the sharpness (geometry) of
the blade edge changes.
5-11.9
The specimen support assembly shall consist of a 2 in. × 2 in. × 4 in. (5.1 cm × 5.1 cm × 10.2
cm) soft wooden block and a 3/4-in. (1.9-cm) diameter, half-rounded, soft wooden rod mounted
to the block, as shown in Figure 5-11.9.
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Figure 5-11.9 Material specimen support.

5-11.10
A 0.05-in. (0.13-cm) thick soft leather strip shall be draped over the rod and block to simulate
the cushioning effects of hand skin and to protect the blade on a cut-through, as shown in Figure
5-11.9.
5-11.11
The sample specimen support shall be designed to be freestanding so that several parallel-cut
attempts, spaced not less than 1/8 in. (0.3 cm) apart, shall be permitted to be made on each
sample specimen.
5-11.12
The sample specimen shall be draped over the leather strip covering the rod and block and then
tacked tightly in place, but not stretched, as shown in Figure 5-11.9. The support assembly shall
be positioned on the base of the L-frame, as shown in Figure 5-11.4.
5-11.13
The pivoted arm and blade holder shall be initially loaded with weights to the maximum force
of 20 lb (9.1 kg). A blade shall be inserted in the holder, and the pivoted arm shall be lowered to
bring the blade edge into contact with the sample specimen surface.
5-11.14
The initial specimen-edge contact shall be made 1/8 in. (0.3 cm) from the leading edge of the
blade.
5-11.15
The specimen assembly shall be drawn smoothly under the weighted blade at a rate no greater
than 20 in./min (50.8 cm/min) in a direction parallel to the blade edge. The support assembly
shall be stopped when the specimen-edge contact reaches 1/8 in. (0.3 cm) from the trailing edge
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of the blade.
5-11.16
The pivoted arm shall be lifted to remove the blade edge from the sample specimen, and the
locking mechanism shall be engaged to secure the pivoted arm.
5-11.17
The sample specimen shall be inspected visually to determine whether it was cut completely
through at any point by the blade edge. Care shall be taken in inspecting the sample specimen
surface for a cut. Grooving can occur, but this shall not constitute a cut.
5-11.18
If the sample specimen surface has been cut, the weight shall be reduced by 2 lb (0.91 kg) and
the test procedure shall be repeated.
5-11.18.1 In repeating the test procedure, the sample specimen shall be repositioned so that the
blade edge is at least 1/8 in. (0.3 cm) to the side of the previous cut attempt.
5-11.18.2 The weights shall be reduced at 2-lb (0.91-kg) intervals and the test procedure
repeated until the point of no cut is reached or the minimum of 2 lb (0.91 kg) is reached.
5-11.18.3 If available test sites on the sample specimen have been used, testing shall continue on
an identical, fresh sample location.
5-11.18.4 The minimum force causing a cut shall be recorded.
5-11.18.5 The test procedure shall be repeated for the remaining sample specimens starting with
a weight 4 lb (2 kg) heavier than the first noted for cut until two cuts have been made on a single
sample specimen.
5-11.19
If the sample specimen has not been cut, a force of >20 lb (>9.1 kg) shall be recorded.
5-11.20
Additional sample specimens shall be tested until the requirement of 5-11.3 is met.
5-11.21
The force required for each surface cut shall be reported to the nearest 2 lb (1.0 kg) for each
sample specimen. The average force for each sample specimen shall be calculated and reported.
5-12 Glove and Footwear Puncture Resistance Test.
5-12.1
Glove samples for puncture resistance testing shall be taken from the palm of the glove or
palm and back, if different. Footwear upper samples for puncture resistance testing shall be taken
from areas of the footwear upper away from seams where the thickness is uniform.
5-12.2
Material puncture resistance shall be measured in accordance with ASTM F1342, Standard
Test Method for Protective Clothing Material Resistance to Puncture.
5-12.3
The average of all test replicates shall be used to determine compliance.
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5-13 Abrasion Resistance Test.
5-13.1
Abrasion resistance testing shall be conducted in accordance with ASTM D4157, Standard
Test Method for Abrasion Resistance of Textile Fabrics (Oscillatory Cylinder Method), with the
following conditions:
(a) A 5-lb (2.27-kg) tension weight shall be used.
(b) A 31/2-lb (1.60-kg) head weight shall be used.
(c) An 80 grit abradant trimite D-weight open coat #1A4180, or equivalent, shall be used.
(d) The specimen shall be abraded for 25 continuous cycles.
(e) Penetration resistance testing as specified in Section 5-1 shall be substituted for abrasion to
rupture and percentage loss in breaking load for interpreting abrasion resistance test results.
(f) The test chemical shall be isopropanol.
5-13.2
Only one specimen for penetration resistance testing shall be taken from each sample
subjected to abrasion. The penetration test specimen shall be taken from the exact center of the
abraded sample so that the center of the penetration test and the center of the abraded sample
coincide. For composite materials, only the chemical protection layer shall be tested for chemical
penetration resistance.
5-13.3
Evidence of liquid penetration for any samples shall constitute failing performance.
5-13.4
Any visual observations, such as sample rupture, loss of luster, or deformation of the outside
coating for tested specimens, shall be reported.
5-14 Glove Material Flexural Fatigue Test.
5-14.1
Glove material flexural fatigue testing shall be conducted in accordance with ASTM F392,
Standard Test Method for Flex Durability of Flexible Barrier Materials, with the following
modifications:
(a) In lieu of Flexing Conditions A, B, C, D, or E, test specimens shall have a flex period of
100 cycles at 45 cycles per minute. A cycle shall be a full flex and twisting action.
(b) Penetration resistance testing as specified in Section 5-1 of this standard shall be
substituted for pinhole counting.
5-14.2
For composite materials, only the chemical protection layer shall be tested for chemical
penetration resistance.
5-14.3
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The pass/fail result shall be reported.
5-14.4
Any unusual visual observations such as delamination or tears for test specimens shall be
reported.
5-15 Footwear Upper Material Flex Fatigue Resistance Test.
5-15.1
This test shall apply to all types of footwear configurations. If the footwear incorporates a
bootie constructed of garment material, the garment material flex fatigue resistance test shall be
permitted to be substituted for this test. However, the outer boot shall still be tested for flex
fatigue resistance using this test.
5-15.2
Footwear upper material flex fatigue resistance testing shall be tested in accordance with FIA
1209, Whole Shoe Flex.
5-15.3
The test shall consist of 10,000 flexes.
5-15.4
Footwear samples shall be tested for liquidtight integrity as specified in Section 5-10.
5-15.5
Evidence of liquid leakage for any samples shall constitute failing performance.
5-16 Footwear Sole Puncture Resistance Test.
5-16.1
Puncture resistance of footwear soles shall be measured in accordance with CSA Z195-M,
Standard for Protective Footwear, Occupational Health and Safety.
5-16.2
The average measured puncture resistance shall be used to determine compliance with this
standard.
5-17 Footwear Sole Abrasion Resistance Test.
5-17.1
Abrasion resistance of the footwear soles shall be measured in accordance with ASTM D1630,
Standard Test Method for Rubber Property—Abrasion Resistance (NBS Abrader).
5-17.2
The average measured abrasion rating shall be used to determine compliance with this
standard.
5-18 Footwear Toe Compression and Impact Resistance Test.
5-18.1
The compression and impact resistance of footwear toes shall be measured in accordance with
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Section 1.4 of ANSI Z41, Standard for Safety-Toe Footwear.
5-18.2
The average measured compression and impact resistance forces shall be used to determine
compliance with this standard.
5-19 Footwear Bottom Bending Resistance Test.
5-19.1
Samples for this test shall consist of the footwear sole separated from the footwear, but
including the ladder shank if present.
5-19.2
The apparatus shall consist of a tensile testing machine, such as an Instron or equivalent, that
challenges a specimen with a simulated ladder rung. A 11/4 in. diameter × 2.0 in. long (3.25 cm ×
5 cm) noncompressible probe shall be mounted on the movable arm. The specimen support
assembly shall consist of two 2.0 in. × 1.0 in. × 1.0 in. (5 cm × 2.5 cm × 2.5 cm) noncompressible
blocks placed 2.0 in. (5 cm) apart, as shown in Figure 5-19.2.

Figure 5-19.2 Ladder shank bend test set-up.

5-19.3
The footwear bottom shall be preconditioned for one hour, +5/-0 minutes, at 70°F, ±5°F
(21°C, ±2°C).
5-19.4
The footwear shall be placed on the mounting blocks as it would be oriented toward the ladder
rung when affixed into the footwear and subjected to force on its center with the test probe
operated at 2.0 in./min (5 cm/min).
5-19.5
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Deflection at 400 lb (182 kg) shall be recorded. The average of all sample measurements shall
be used to determine compliance with this standard.
5-20 Footwear Sole Slip Resistance Test.
5-20.1
The slip resistance of footwear soles shall be measured in accordance with ASTM F489,
Standard Test Method for Static Coefficient of Friction of Shoe Sole and Heel Materials as
Measured by the James Machine.
5-20.2
Slip resistance shall be measured in both a wet and a dry condition, as specified in ASTM
F489, Standard Test Method for Static Coefficient of Friction of Shoe Sole and Heel Materials
as Measured by the James Machine.
5-20.3
The average measurements of slip resistance in both wet and dry conditions shall be used to
determine compliance with this standard.
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
6-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical Emergencies, 1994
edition.
NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous Chemical
Emergencies, 1994 edition.
6-1.2 Other Publications.
6-1.2.1 ANSI Publications. American National Standards Institute, 1450 Broadway, New York,
NY 10018.
ANSI Z41, Standard for Safety-Toe Footwear, 1983.
ANSI Z89.1, Protective Headwear for Industrial Workers, 1986.
6-1.2.2 ASTM Publications. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM D747, Standard Test Method for Apparent Bending Modulus of Plastics by Means of a
Cantilever Beam, 1990.
ASTM D751, Standard Test Methods for Coated Fabrics, 1989.
Copyright 1996 NFPA

ASTM D1630, Standard Test Method for Rubber Property—Abrasion Resistance (NBS
Abrader), 1983.
ASTM D2582, Standard Test Method for Puncture-Propagation Tear Resistance of Plastic
Film and Thin Sheeting, 1992.
ASTM D4157, Standard Test Method for Abrasion Resistance of Textile Fabrics (Oscillatory
Cylinder Method), 1992.
ASTM D5151, Standard Test Method for Detection of Holes in Medical Gloves, 1992.
ASTM F392, Standard Test Method for Flex Durability of Flexible Barrier Materials, 1993.
ASTM F489, Standard Test Method for Static Coefficient of Friction of Shoe Sole and Heel
Materials as Measured by the James Machine, 1988.
ASTM F903, Standard Test Method for Resistance of Protective Clothing Materials to
Penetration by Liquids, 1990.
ASTM F1001, Standard Guide for Chemicals to Evaluate Protective Clothing Materials,
1989.
ASTM F1342, Standard Test Method for Protective Clothing Material Resistance to Puncture,
1991.
ASTM F1359, Standard Practice for Determining the Liquid-Tight Integrity of Chemical
Protective Suits or Ensembles Under Static Conditions, 1991.
6-1.2.3 CSA Publication. Canadian Standards Association, 178 Rexdale Boulevard, Toronto,
Canada M9W 1R3.
CSA Z195-M, Standard for Protective Footwear, Occupational Health and Safety, 1984.
6-1.2.4 FIA Publications. Footwear Industry of America, 3700 Market Street, Philadelphia, PA
19104.
FIA, Shoe Size Conversion, Research Results and Recommendations.
FIA, 1209, Whole Shoe Flex.
6-1.2.5 GSA Publication. General Services Administration, Specifications Activity, Printed
Materials Supply Division, Building 197, Naval Weapons Plant, Washington, DC 20407.
Federal Test Method Standard 191A, Textile Test Methods, 1978.
6-1.3 Additional Publications.
Dangerous Properties of Industrial Chemicals, 6th Edition, Sax, N. Irving, 1988.
NIOSH Pocket Guide to Chemical Hazards, U.S. Department of Health and Human Services,
Public Health Services, Publication DHHS No. 85-114, September 1985.
Threshold Limit Values and Biological Exposure Indices for 1993-1994, American Conference
of Governmental Industrial Hygienists, 1988.
U.S. Coast Guard Chemical Hazard Response Information System (CHRIS), Volumes 1-3,
Hazardous Chemical Data, October 1978.
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Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1.1
This standard differs from NFPA 1992, Standard on Liquid Splash-Protective Suits for
Hazardous Chemical Emergencies, in that primary suit materials might not meet the flame
resistance requirements and have reduced or different physical properties. This standard differs
from NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical Emergencies, in
that primary suit materials are not tested for and might not meet the flame resistance
requirements and the permeation resistance requirements and have reduced or different physical
properties.
A-1-1.2
Organizations responsible for fire fighting applications should use protective clothing and
equipment specifically designed for those activities.
A-1-1.3
Organizations responsible for specialized chemical response functions including radiological,
biological, cryogenic, or substances in IDLH concentration exposures should use protective
clothing and equipment specifically designed for those activities.
A-1-1.4
Purchasers should specify desired features that are not in conflict with the design requirements
of this standard. Purchasers of support function protective clothing should consider the
following:
(a) Personnel might be wearing many items of protective clothing and equipment. Any
interference by one item of another’s use might result in inefficient operations or unsafe
situations.
(b) Different breathing apparatus, communications systems, cooling devices, and other
protective equipment might not be accommodated equally by the support function protective
garment.
(c) Specifications of additional reinforcement in high-wear or load-bearing areas such as the
knees, elbows, shoulders, and back might be necessary. Reinforcing material should be the same
as the garment material. Purchasers are cautioned that additional weight caused by excessive
reinforcement could lead to fatigue or injury.
A-1-2.1
Because this clothing is intended for use by personnel who are only indirectly involved with
the emergency, the physical property requirements are lower than those requirements for
protective garments intended for use in the hot zone. Therefore flame resistance, abrasion
resistance, and flex fatigue performance requirements have not been included.
A-1-3 Approved.
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The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-3 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-1-3 Chemical Flash Fire.
The committee realized that a policy of wearing protective clothing was needed that
recognized the significant threat to fire fighters who might be exposed to flash fires in either
structural fire fighting or hazardous chemical environments. It is hoped that fire fighters utilize
awareness training on burn injuries caused by the ignition of the environment. There is a distinct
difference between chemical flash fires and flashovers occurring in structural fire fighting
environments.Flashover is a phenomenon that requires heat and generates temperatures in the
range of 1200°F to 1500°F (649°C to 816°C). A chemical flash fire requires an ignition source
and a chemical atmosphere that contains a concentration above the lower explosive limit of the
chemical. Chemical flash fires generate heat from 1000°F to 1900°F (538°C to 1038°C). A
structural fire flashover, as a rule, is confined to a designated area with walls as a boundary. A
chemical flash fire depends on the size of the gas or vapor cloud, and, when ignited, the flame
front expands outward in the form of a fireball. The resulting effect of the fireball’s energy with
respect to radiant heat significantly enlarges the hazard areas around the gas released.
A-1-3 Cryogenic Gas.
Examples of cryogenic gases include helium, nitrogen, and oxygen. This is not an inclusive list
of cryogenic gases.
A-1-3 Hazardous Chemical Emergencies.
Hazardous chemical emergencies are a special subset of activities during hazardous materials
incidents. They are characterized by activity where significant hazards exist to personnel or the
environment. Emergency activity takes place in the hot zone as opposed to support functions,
which take place in the warm and cold zones.
A-1-3 Liquefied Gas.
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Examples of liquefied gases include ammonia, 1,2-butadiene, chlorine, ethylene oxide,
hydrogen chloride, liquefied petroleum gas, and methyl chloride. This is not an inclusive list of
liquefied gases.
A-1-3 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The authority having jurisdiction should utilize the system employed by the listing organization
to identify a listed product.
A-2-1.1
The compliance of support function protective clothing in meeting this standard is determined
by the NFPA battery of chemicals. Each garment meeting the requirements of this standard has a
list of chemicals or chemical mixtures associated with it.
A-2-2.1
The certification organization should have sufficient breadth of interest and activity so that the
loss or award of a specific business contract would not be a determining factor in the financial
well being of the agency.
A-2-2.3
The contractual provisions covering certification programs should contain clauses advising the
manufacturer that, if requirements change, the product should be brought into compliance with
the new requirements by a stated effective date through a compliance review program involving
all currently listed products.
Without the clauses, certifiers would not be able to move quickly to protect their name, marks,
or reputation. A product safety certification program would be deficient without these
contractual provisions and the administrative means to back them up.
A-2-2.4
Investigative procedures are important elements of an effective and meaningful product safety
certification program. A preliminary review should be carried out on products submitted to the
agency before any major testing is undertaken.
A-2-2.7
Such factory inspections should include, in most instances, witnessing of production tests.
With certain products, the certification organization inspectors should select samples from the
production line and submit them to the main laboratory for countercheck testing. With other
products, it might be desirable to purchase samples in the open market for test purposes.
A-2-3.4
Manufacturers are not limited in their approaches for designing liquid splash-protective suits
compliant with this standard. If the suit design uses combinations of materials or garments to
meet one part of the standard, then the same combinations must be assessed for all parts of the
standard. For example, if a two-part visor is used such that the visor materials meet the chemical
resistance requirement, the outer visor cannot be removed to meet the light transmission
requirement. The same configuration must be used for all performance requirements.
A-2-6.1
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Purchasers should be aware that no reliable nondestructive methods exist to determine the
level of contamination for exposed support function protective garments or their materials.
Therefore, purchasers will not be able to determine how effective decontamination methods are
in removing chemical contamination from the support function protective garment. Support
function protective garments that have received a significant exposure to a chemical or chemical
mixture (in the estimation of the responsible supervisor) should be disposed of.
A-2-6.3
Purchasers should follow the instructions provided by the manufacturer for completing the
logbook for their own means of recording suit use and maintenance, and also for documenting
levels of contamination when returning suits to the manufacturer. The manufacturer should
prepare the logbook so that it provides for at least the following data entries:
(a) Dates of each inspection, inspection findings, and the name of the inspector;
(b) Dates of each use, the length of use, and the user’s name;
(c) Names of chemicals the suit is exposed to, including the length and concentration of
exposure;
(d) Dates of all repairs, including a description of the repairs and the name of the person
making the repairs;
(e) Dates and types of decontamination the suit is subjected to and the name of the person or
facility responsible for the decontamination;
(f) Dates the suit is taken out of service and the reason for the action; and
(g) Dates the suit is returned to the manufacturer and the reason for the return.
A-3-1.1
Purchasers should use the technical data package to compare suit performance data in
purchasing support function protective garments. The purchaser should determine the relative
ranking of performance data to aid in this selection process.
A-3-1.2
Purchasers should request that all documentation and performance data be provided in a
format that will allow easy comparison of products to aid selection. A recommended format for
presenting this data is given in Appendix B. Appendix C provides a description of test methods
and performance criteria used in this standard and in related standards (NFPA 1991, Standard on
Vapor-Protective Suits for Hazardous Chemical Emergencies, and NFPA 1992, Standard on
Liquid Splash-Protective Suits for Hazardous Chemical Emergencies.)
A-3-1.4
Manufacturers should determine the size range of their ensembles by matching human
dimensions with available suit sizes. These determinations should account for other clothing and
equipment to be worn by the wearer as recommended by the manufacturer. Assessment of good
fit should be determined by using ASTM F1154, Standard Practices for Qualitatively
Evaluating the Comfort, Fit, Function, and Integrity of Chemical-Protective Suit Ensembles.
A-5-1.2
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This test is intended for the observation of bulk liquid penetration only. The test is designed to
distinguish between bulk liquid penetration and liquid accumulation that is the result of
permeation.
A-5-1.3
Blotting material suitable for this test can be obtained from AATCC, P.O. Box 12215,
Research Triangle Park, NC 27709.
A-5-8.2
The facepiece used should be a Scott Air Pack 4.5 face, model #804191-01, available from
Scott Aviation, 225 Erie St., Lancaster, NY 14086.
A-5-10.1
A 0.1 wt percent solution of Surfynol 104H, available from Air Products and Chemical, Inc.,
Performance Chemicals, Box 538, Allentown, PA 18105, with water gives a surface tension of
33.8 dynes/cm.
Appendix B
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
Table B-1 Recommended Format for Report Compliance Information in Technical Data
Package
Product
Name:
Model No.:
Classification:
EPA Level:
Integrity:
Compliance:
Available Sizes:

Manufacturer

Garment
Material:
Thickness:
Weight:
Tensile Strength:
Burst Strength:
Tear Resistance:
Puncture/Tear Resistance:
Bending Moment @ –13°F (–25°C):

Gloves
Material:
Thickness:
Interface:
Available Sizes:

Seams
Type:
Seam Strength:

Footwear
Type:
Material:
Thickness:
Interface:
Toe Type:
Sole Type:
Available Sizes:

Visor
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Material:
Thickness:
Interface:
Light Transmission:
Haze:
Closure
Type:
Length:
Orientation:
Interface:
Cover:
Crosswise Strength:

Exhaust
Valves
Number:
Type:
Location:
Installation:
Cover:
Cracking Pressure:
Inward Leakage:

Fittings
Respirator:
Cooling System:
Inflation:

Other

Table B-2(a) NFPA 1993 Primary Material and Seam Chemical Resistance

Table B-2(b) NFPA 1993 Primary Suit Material Flame Resistance3,4
Test Parameter

Garment

Visor

Gloves

Ignition time < 3 sec
Ignition time < 12 sec
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Boots

Burn time (sec)
Burn distance (in.)

NOTE 1: Results indicate pass/fail performance for penetration resistance test per ASTM F903, Procedure
C; pass results indicate no visual penetration of chemical within 1 hour.
NOTE 2: If pass result is provided, permeation resistance data per ASTM F739 can be reported in place of
penetration resistance data including shortest measured normalized breakthrough detection time in minutes
interpreted at a permeation rate of 0.10 µ/cm2/min. If breakthrough is not detected, result is reported as greater
than the duration of test.
PR = Highest measured permeation rate in µg/cm2/min. Permeation rate is not reported if no normalized
breakthrough detection time is detected.
NOTE 3: Tests conducted using a modified form of FTMS 191A, Method 5903, with folded material edge
instead of cut edge and two separate flame exposures (3 seconds and 12 seconds).
NOTE 4: Flame resistance performance criteria are not provided by NFPA 1993.

Appendix C
Comparison of NFPA 1991, 1992, and 1993 Requirements, Test Methods, and Performance
Criteria
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Appendix D Referenced Publications
D-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
D-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical Emergencies, 1994
edition.
NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous Chemical
Emergencies, 1994 edition.
D-1.2 Other Publications.
D-1.2.1 ANSI Publication. American National Standards Institute, 1450 Broadway, New York,
NY 10018.
ANSI Z89.1, Protective Headwear for Industrial Workers, 1986.
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D-1.2.2 ASTM Publications. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM D747, Standard Test Method for Apparent Bending Modulus of Plastics by Means of a
Cantilever Beam, 1990.
ASTM D751, Standard Test Methods for Coated Fabrics, 1989.
ASTM D2136, Standard Test Method for Coated Fabrics—Low-Temperature Bend Test, 1989.
ASTM D2582, Standard Test Method for Puncture-Propagation Tear Resistance of Plastic
Film and Thin Sheeting, 1992.
ASTM D4157, Standard Test Method for Abrasion Resistance of Textile Fabrics (Oscillatory
Cylinder Method), 1992.
ASTM F392, Standard Test Method for Flex Durability of Flexible Barrier Materials, 1993.
ASTM F739, Standard Test Method for Resistance of Protective Clothing Materials to
Permeation by Liquids or Gases Under Conditions of Continuous Contact, 1991.
ASTM F903, Standard Test Method for Resistance of Protective Clothing Materials to
Penetration by Liquids, 1990.
ASTM F1001, Standard Guide for Chemicals to Evaluate Protective Clothing Materials,
1989.
ASTM F1052, Standard Practice for Pressure Testing of Gas-Tight Totally Encapsulating
Chemical-Protective Suits, 1991.
ASTM F1154, Standard Practices for Qualitatively Evaluating the Comfort, Fit, Function,
and Integrity of Chemical-Protective Suit Ensembles, 1988.
ASTM F1342, Standard Test Method for Protective Clothing Material Resistance to Puncture,
1991.
ASTM F1359, Standard Practice for Determining the Liquid-Tight Integrity of Chemical
Protective Suits or Ensembles Under Static Conditions, 1991.
D-1.2.3 CSA Publication. Canadian Standards Association, 178 Rexdale Boulevard., Toronto,
Canada, M9W 1R3.
CSA Z195-M, Standard for Protective Footwear, Occupational Health and Safety, 1984.
D-1.2.4 FIA Publication. Footwear Industry of America, 3700 Market Street, Philadelphia, PA
19104.
FIA 1209, Whole Shoe Flex.
D-1.2.5 GSA Publication. General Services Administration, Specifications Activity, Printed
Materials Supply Division, Building 197, Naval Weapons Plant, Washington, DC 20407.
Federal Test Method 191A, Textile Test Methods, 1978.
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NFPA 1999
1992 Edition
Standard on Protective Clothing for Emergency Medical
Operations

Copyright © 1992 NFPA, All Rights Reserved
1992 Edition
This edition of NFPA 1999, Standard on Protective Clothing for Emergency Medical
Operations, was prepared by the Technical Committee on Fire Service Protective Clothing and
Equipment and acted on by the National Fire Protection Association, Inc. at its Annual Meeting
held May 18-21, 1992 in New Orleans, LA. It was issued by the Standards Council on July 17,
1992, with an effective date of August 14, 1992.
The 1992 edition of this document has been approved by the American National Standards
Institute.
Origin and Development of NFPA 1999
This new standard was developed to address protective garments, gloves, and facewear
designed to protect persons providing emergency medical care against exposure to liquid-borne
pathogens during emergency medical operations. NFPA 1999 defines minimum performance for
protective clothing as required by the Occupational Safety and Health Administration (OSHA)
Final Rule (29 CFR 1910.1030) on Protective Health Care Workers from Occupational
Exposure to Bloodborne Pathogens. The Final Rule states:
“When there is occupational exposure, the employer shall provide at no cost to the
employee, appropriate personal protective equipment, such as, but not limited to, gloves,
gowns, laboratory coats, face shields or masks, and eye protection, and mouthpieces,
resuscitation bags, pocket masks, or other ventilation devices. Personal protective
equipment will be considered ‘appropriate’ only if it does not permit blood or other
potential infectious materials to pass through to or reach the employees work clothes,
street clothes, undergarments, skin, eyes, mouth, or other mucous membranes under
normal conditions of use and for the duration of time which the protective equipment will
be used.”
NFPA 1999 offers specific performance criteria that involves exposing protective clothing
materials to surrogate virus challenge utilizing a specific time and pressure protocol. This
Copyright 1996 NFPA

procedure has been documented to discriminate between current protective clothing materials
and correlate with visual penetration results that are obtained with a human factors evaluation.
Each type of clothing must resist penetration to blood-borne pathogens as determined by this
test.
Additional garments requirements cover overall liquid-tight integrity, material strength,
physical hazard resistance, seam strength, and closure strength.
Additional requirements for gloves cover minimum performance for tensile and elongation
properties in an “as received” condition as well as following heat aging and isopropyl alcohol
immersion, minimum sizing, and liquid-tight integrity for intended areas of penetration.
Additional requirements for facewear or face protective devices cover adequate visibility and
integrity, in addition to resisting penetration of blood-borne pathogens.
The selection of test methods and performance requirements was based on surveys of EMS
personnel and a technical study supported by the U.S. Fire Administration.
The Subcommittee on Hazardous Chemicals Protective Clothing began its work in 1990 and
passed its work on to the Technical Committee in January, 1991. This first edition was presented
to the Association at the 1992 Annual Meeting in New Orleans, Louisiana.
Technical Committee on Fire Service Protective Clothing and Equipment
Richard M. Duffy, Chairman
International Assn. of Fire Fighters, DC
Rep. IAFF
Wayde B. Miller, Secretary
Mine Safety Appliances Co., PA
(Nonvoting)
Peter V. Ackerman, South Plainfield, NJ
Rep. NVFC
Donald Aldridge, Lion Apparel Inc., OH
Joseph A. Bigler, Mine Safety Appliances Co., PA
Rep. CGA
Donna P. Brehm, Virginia Beach Fire Dept., VA
Dennis W. Browner, Scott Aviation, NY
Rep. ISEA Respiratory
Rand-Scott Coggan, Redmond Fire Dept., WA
Christopher E. Coombs, Cairns & Brother Inc., NJ
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Paul H. Crawford, Riverside Fire Dept., CA
Rep. SAFER
Patricia A. Freeman, Globe Fire Fighters Suits, NH
Glen E. Gardner, U.S. Occupational Safety & Health Admin., DC
William L. Grilliot, Morning Pride Mfg. Co., OH
Cliff Haskell, IAFF Local 522, CA
Rep. IAFF
David A. Heywood, U.S. Testing Co., CA
Cy Long, Texas Comm. on Fire Prot. Personnel Standards & Education, TX
Robert T. McCarthy, U.S. Fire Administration, MD
Jim Minx, IAFF Local 1524, OK
Rep. IAFF
Kirk H. Owen, Plano Fire Department, TX
Rep. NFPA/FSS
Ray Reed, Dallas Fire Fighters Association, TX
Alexander W. Santora, New York City Fire Department, NY
Charles C. Soros, Seattle Fire Dept., WA
Jeffrey O. Stull, Texas Research Institute, Inc., TX
Bruce H. Varner, Phoenix Fire Department, AZ
James H. Veghte, Biotherm Inc., OH
Kay M. Villa, National Institute of Standards and Technology, MD
Thomas L. Wollan, Underwriters Laboratories Inc., IL
Alternates
Roger L. Barker, North Carolina State University, NC
(Alternate to P. A. Freeman)
Don R. Forrest, United Firefighters of LA City, CA
(Alternate to C. Haskell)
Copyright 1996 NFPA

Mary I. Grilliot, Morning Pride Mfg. Co., OH
(Alternate to W. L. Grilliot)
Tom Hillenbrand, Underwriters Laboratories Inc., IL
(Alternate to T. L. Wollan)
Raymond J. Kelley, Pawtucket Fire Fighters Local 1261, RI
(Alternate to K. H. Owen)
Dominick A. Martucci, U.S. Testing Co., NJ
(Alternate to D. A. Heywood)
Joseph Reyes, IAFF Local 341, TX
(Alternate to J. Minx)
Robert J. Richter, Cairns & Brothers, NJ
(Alternate to C. E. Coombs)
Kenneth L. Simmons, Phoenix Fire Dept., AZ
(Alternate to B. H. Varner)
Joanne E. Slattery, U.S. Department of Labor OSHA, DC
(Alternate to G. E. Gardner)
Frank P. Taylor, Lion Apparel Inc., OH
(Alternate to D. Aldridge)
Robert Vettori, National Institute of Standards and Technology, MD
(Alternate to K. M. Villa)
Frank E. Wilcher, Industrial Safety Equipment Assn Inc., VA
(Alternate to ISEA Rep. - Clothing)
Subcommittee on Hazardous Chemicals Protective Clothing
Jeffrey O. Stull, Chairman
Texas Research Institute, Inc., TX
Jan Dunbar, Secretary
Sacramento Fire Dept., CA
Robert Anderson, Milwaukee Fire Dept., WI
James L. Daneker, Los Angeles City Fire Dept., CA
Mike Ferguson, Dow Chemical Co., OH
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Joseph P. Gallagher, New York City Fire Dept., NY
Daniel Gohike, W. L. Gore & Assoc., MD
John Granby, Industrial Safety Markets, OH
John J. Hickey, San Francisco Fire Dept., CA
James S. Johnson, Lawrence Livermore Nat’l Labs, CA
Christopher J. Kairys, Mine Safety Appliances, PA
John D. Langley, Kappler Safety Group, Inc., AL
Robert T. McCarthy, U.S. Fire Administration, MD
Gregory G. Noll, Hildebrand & Noll Assoc., Inc., PA
David F. Peterson, Lakeshore Technical College, WI
John Schramko, Chemical Fabrics Corp., NH
Charles C. Soros, Seattle Fire Dept., WA
Steven Storment, Phoenix Fire Dept., AZ
James H. Veghte, Biotherm, Inc., OH
Dennis Wheeler, City of Miami Fire Dept., FL
James P. Zeigler, E. I. du Pont de Nemours & Co., Inc., VA
Michael Ziskin, Field Safety Corp., CT
Alternate
Tom L. Bates, Phoenix Fire Dept., AZ
(Alternate to S. Storment)
Nonvoting
Roger L. Barker, North Carolina State University, NC
Bruce W. Teele, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
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NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.

NFPA 1999
Standard on
Protective Clothing for Emergency Medical Operations
1992 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 6 and Appendix C.

Chapter 1 Administration
1-1 Scope.
1-1.1*
This standard specifies minimum documentation, design criteria, performance criteria, and test
methods for emergency medical clothing, including garments, gloves, and face protection
devices, designed to protect emergency medical service personnel or victims and patients from
exposure to liquid-borne pathogens during emergency medical operations.
1-1.2*
This standard does not apply to protective clothing for any fire fighting application.
1-1.3*
This standard does not provide criteria for protection from radiological or cryogenic agents,
hazardous chemicals, or flammable or explosive atmospheres.
1-1.4*
This standard is not intended to be utilized as a detailed manufacturing or purchase
specification, but can be referenced in purchase specifications as minimum requirements.
1-2 Purpose.
1-2.1
The purpose of this standard is to provide minimum requirements for emergency medical
garments, gloves, and face protection devices designed to minimize skin exposure to
liquid-borne pathogens under the various conditions that might exist at the scene of an
emergency.
1-2.2*
It is not the purpose of this standard to provide criteria for protection from biological agents
that are not liquid borne.
1-2.3
Controlled laboratory tests used to determine compliance with the performance requirements
of this standard shall not be deemed as establishing performance levels for all situations to which
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personnel may be exposed.
1-3 Definitions.
Approved.* Acceptable to the “authority having jurisdiction.”
Authority Having Jurisdiction.* The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
Biological Agents. Biological materials that are capable of causing a disease or long term
damage to the human body.
Body Fluids. Fluids that the body makes including, but not limited to, blood, semen, mucus,
feces, urine, vaginal secretions, breast milk, amniotic fluid, cerebrospinal fluid, synovial fluid,
and pericardial fluid.
Boot. A protective clothing item designed to protect the wearer’s feet.
Bootie. A sock-like extension of the garment leg designed to protect the wearer’s feet when
worn in conjunction with an outer boot.
Certification/Certified. A system whereby a certification organization determines that a
manufacturer has demonstrated the ability to produce a product that complies with the
requirements of the standard, authorizes the manufacturer to use a label on listed products that
comply with the requirements of this standard and establishes a follow-up program conducted by
the certification organization as a check on the methods the manufacturer uses to determine
compliance with the requirements of this standard.
Certification Organization. An independent, third party organization that determines product
compliance with the requirements of this standard with a labeling/listing/follow-up program.
Compliant. Meeting or exceeding all applicable requirements of this standard.
Cryogenic Agents. Low temperature materials that are capable of causing acute or long term
freeze burn damage to the human body.
Emergency Medical Clothing. A single garment or an assembly of multiple garments
constructed of protective clothing material, designed and configured to cover any part of the
wearer’s skin, and that meets all applicable requirements of this standard.
Emergency Medical Face Protection Device. A face protection device that meets all applicable
requirements of this standard.
Emergency Medical Glove. A glove constructed of protective clothing materials, designed and
configured to cover the wearer’s hand to at least the wrist, and meeting all applicable
requirements of this standard.
Emergency Medical Operations. Delivery of emergency patient care and transportation prior to
arrival at a hospital or other health care facility.
Emergency Patient Care. The provision of treatment to patients, including first aid,
cardiopulmonary resuscitation, basic life support (EMT level), advanced life support (Paramedic
level), and other medical procedures that occur prior to arrival at a hospital or other health care
facility.
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Exposure. Contact with an infectious agent, such as body fluids, through inhalation,
percutaneous inoculation, or contact with an open wound, nonintact skin, or mucous membrane.
Face Protection Device Product Label. A tag, symbol, or other identifying mark affixed to or
imprinted on the face protection device by the manufacturer indicating compliance with this
standard.
Face Protection Devices. Devices constructed of protective clothing materials, designed and
configured to cover part or all of the wearer’s entire face or head. Face protection devices may
include splash resistant eyewear, hooded visors, or respirators.
Flammable or Explosive Atmospheres. Atmospheres containing substances or gases at
concentrations that will burn or explode if ignited.
Follow-Up Program. The sampling, inspections, tests, or other measures conducted by the
certification organization on a periodic basis to determine the continued compliance of labeled
and listed products that are being produced by the manufacturer to the requirements of this
standard.
Garment. An item of clothing that covers any part of the wearer’s skin, excluding accessory
items like gloves or face protection devices, including but not limited to full body clothing such
as suits, coveralls, and patient/victim isolation bag and non-full body clothing such as aprons,
sleeve protectors, and shoe covers.
Garment Closure. The garment component designed and configured to allow the wearer to
enter (don) and exit (doff) the emergency medical garment.
Garment Closure Assembly. The combination of the garment closure and the seam attaching
the garment closure to the garment, excluding any protective flap or cover.
Garment Material. The primary protective clothing material(s) used in the construction of
emergency medical garments.
Garment Product Label. A tag, symbol, or other identifying mark affixed to the garment by the
manufacturer containing general information, warnings, care, maintenance, or similar data.
Glove. A protective clothing item designed to protect the wearer’s hands.
Glove Material. The primary protective clothing material(s) used in the construction of
emergency medical gloves.
Glove Product Label. A tag, symbol, or other identifying mark affixed to or imprinted on the
glove by the manufacturer indicating compliance with this standard.
Hazardous Chemical. Any solid, liquid, gas, or mixture thereof that can potentially cause harm
to the human body through respiration, ingestion, skin absorption, or contact.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
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Liquid-Borne Pathogen. An infectious bacteria or virus carried in human, animal, or clinical
body fluids, organs, or tissues.
Listed.* Equipment or materials included in a list published by an organization acceptable to
the “authority having jurisdiction” and concerned with product evaluation, that maintains
periodic inspection of production of listed equipment or materials and whose listing states either
that the equipment or material meets appropriate standards or has been tested and found suitable
for use in a specified manner.
Package. The wrapping or enclosure directly containing the emergency medical glove or face
protection device.
Protective Clothing Material. Any material or combination of materials used in garments,
gloves, or face protection devices for the purpose of isolating parts of the wearer’s body from
contact with liquid-borne pathogens or physical hazards.
Radiological Agents. Radiation associated with X-rays, alpha and gamma emissions from
radioactive isotopes, or other material in excess of normal radiation background levels.
Seam. Any permanent attachment of two or more garment or glove materials, excluding
external fittings, gaskets, and garment closure assemblies, in a line formed by joining the
separate material pieces.
Shall. This term indicates a mandatory requirement.
Should. This term, as used in the Appendix, indicates a recommendation or that which is
advised but not required.
Splash Resistant Eyewear. Safety glasses, prescription eyewear, goggles, or chin-length face
shields that when properly worn provide limited protection against splashes, spray, spatters,
droplets, or aerosols of body fluids or other potentially infectious material.
Trace Number. A code that can be used to retrieve the production history of a product, for
example a lot or serial number.
1-4 Units.
1-4.1*
In this standard, values for measurement are followed by an equivalent in parentheses, but only
the first stated value shall be regarded as the requirement. Equivalent values in parentheses shall
not be considered as the requirement as these values might be approximate.
Chapter 2 Certification
2-1 General.
2-1.1
Emergency medical garments, gloves, and face protection devices that are labeled as being
compliant with this standard shall meet or exceed all applicable requirements specified in this
standard and shall be certified.
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2-1.2
All certifications shall be performed by an approved certification organization.
2-1.3
Compliant emergency medical garments shall be labeled and listed. Such garments shall also
have a garment product label that meets the requirements specified in Section 2-5 of this chapter.
2-1.4
Compliant emergency medical gloves shall be labeled and listed. Such gloves shall also have
product labels that meets the requirements specified in Section 2-6 of this chapter.
2-1.5
Compliant emergency medical face protection devices shall be labeled and listed. Such face
protection devices shall also have product labels that meet the requirements specified on Section
2-7 of this chapter.
2-2 Certification Program.
2-2.1*
The certification organization shall not be owned or controlled by manufacturers or vendors of
the product being certified. The certification organization shall be primarily engaged in
certification work and shall not have a monetary interest in the product’s ultimate profitability.
2-2.2
The certification organization shall refuse to certify products to this standard that do not
comply with all applicable requirements of this standard.
2-2.3*
The contractual provisions between the certification organization and the manufacturer shall
specify that certification is contingent on compliance with all applicable requirements of this
standard. There shall be no conditional, temporary, or partial certifications.
2-2.4*
For certification, laboratory facilities and equipment for conducting proper tests shall be
available, a program for calibration of all instruments shall be in place and operating, and
procedures shall be in use to ensure proper control of all testing. Good practice shall be followed
regarding the use of laboratory manuals, form data sheets, documented calibration and
calibration routines, performance verification, proficiency testing, and staff qualification and
training programs.
2-2.5
Manufacturers shall be required to establish and maintain a program of production inspection
and testing that meets the requirements of Section 2-4 of this chapter.
2-2.6
The manufacturer and the certification organization shall evaluate any changes affecting the
form, fit, or function of the certified product to determine its continued certification to this
standard.
2-2.7*
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Product certifications shall include a follow-up inspection program, with at least 2 random and
unannounced visits per 12-month period.
2-2.8
The certification organization shall have a program for investigating field reports alleging
malperformance or failure of listed products.
2-2.9
The operating procedures of the certification organization shall provide a mechanism for the
manufacturer to appeal decisions. The procedures shall include the presentation of information
from both sides of a controversy to a designated appeals panel.
2-2.10
The certification organization shall be in a position to use legal means to protect the integrity
of its name and label. The name and label shall be registered and legally defended.
2-3 Inspection and Testing.
2-3.1
Sampling levels for testing and inspection shall be established by the certification organization
and the manufacturer to assure a reasonable and acceptable reliability at a reasonable and
acceptable confidence level that products certified to this standard are compliant. This
information shall be included in the manufacturer’s technical data package.
2-3.2
Testing for determining material and component compliance with the requirements specified in
Chapter 4 of this standard shall be performed on samples representative of materials and
components used in the actual construction of the emergency medical garments, gloves, or face
protection devices. The certification organization shall also be permitted to use sample materials
cut from representative emergency medical clothing.
2-3.3
Any combination of materials used in emergency medical clothing that is needed to meet any
of the performance requirements specified in Chapter 4 of this standard shall also be required to
meet all of the requirements for that particular segment of the emergency medical clothing.
2-4 Manufacturer’s Quality Assurance Program.
2-4.1
The manufacturer shall provide and maintain a quality assurance program that includes a
documented inspection and product recall system. The manufacturer shall have an inspection
system to substantiate conformance to this standard.
2-4.2
The manufacturer shall maintain written inspection and testing instructions. The instructions
shall prescribe inspection and test of materials, work in process, and completed articles. Criteria
for acceptance and rejection of materials, processes, and final product shall be part of the
instructions.
2-4.3
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The manufacturer shall maintain records of all pass/fail tests. Pass/fail records shall indicate
the disposition of the failed material or product.
2-4.4
The manufacturer’s inspection system shall provide for procedures that assure the latest
applicable drawings, specifications, and instructions are used for fabrication, inspection, and
testing.
2-4.5
The manufacturer shall, as part of the quality assurance program, maintain a calibration
program of all instruments used to ensure proper control of testing. The calibration program shall
be documented as to the date of calibration and performance verification.
2-4.6
The manufacturer shall maintain a system for identifying the appropriate inspection status of
component materials, work in process, and finished goods.
2-4.7
The manufacturer shall establish and maintain a system for controlling nonconforming
material, including procedures for the identification, segregation, and disposition of rejected
material. All nonconforming materials or products shall be identified to prevent use, shipment,
and intermingling with conforming materials or products.
2-4.8
The manufacturer’s quality assurance program shall be audited by the third party certification
agency to determine that the program is sufficient to ensure continued product compliance with
this standard.
2-5 Garment Product Labeling.
2-5.1
The emergency medical garment shall have a garment product label permanently and
conspicuously attached to the inside of the garment upon which at least the following warnings
and information are printed in at least 1/16 in. (1.5 mm) high letters.
“THIS EMERGENCY MEDICAL GARMENT (insert name of garment type, e.g.,
coveralls, sleeve protector) MEETS THE REQUIREMENTS OF NFPA 1999,
STANDARD ON PROTECTIVE CLOTHING FOR EMERGENCY MEDICAL
OPERATIONS, 1992 EDITION.
WARNING
THIS GARMENT MAY BURN. IT HAS NOT BEEN REQUIRED TO MEET A
FLAMMABLE PERFORMANCE TEST. USE THIS GARMENT FOR EMERGENCY
MEDICAL RESPONSE ONLY. DO NOT USE FOR PROTECTION FROM ANY
HAZARDOUS CHEMICAL EMERGENCIES, FIRE FIGHTING APPLICATIONS,
CRYOGENIC AGENTS, OR IN FLAMMABLE OR EXPLOSIVE ATMOSPHERES.
CONTAMINATION OF THIS GARMENT MAY WARRANT ITS DISPOSAL.
MAINTAIN ONLY IN ACCORDANCE WITH MANUFACTURER’S
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INSTRUCTIONS. NO PROTECTIVE GARMENT CAN PROVIDE PROTECTION
FROM ALL CONDITIONS. FAILURE TO COMPLY WITH THESE INSTRUCTIONS
MAY RESULT IN SERIOUS INJURY OR DEATH.”
Manufacturer’s name
Manufacturer’s address
Country of manufacture
Garment model and style
Trace number
Date of manufacture
Size
“DO NOT REMOVE THIS LABEL”
2-5.2
All portions of this required garment product label shall be printed at least in English. The
label shall be clearly legible to the eye.
2-5.3
The garment product label shall bear the certification label, symbol, or identifying mark of the
certification organization denoting compliance. The label, symbol, or identifying mark printing
shall be in at least 1/4 in. (6.0 mm) high letters.
2-6 Glove Product Labeling.
2-6.1
The emergency medical glove shall have at least a glove product label on the outside of the
gauntlet that includes the following statement printed in at least 1/4 in. (6.0 mm) high letters.
“MEETS NFPA 1999 (1992 EDITION)”
2-6.2
Each package containing one or more emergency medical gloves shall have a package product
label permanently and conspicuously attached to the outside or printed on the package upon
which at least the following warnings and information are printed in at least 1/16 in. (1.5 mm)
high letters.
“THIS EMERGENCY MEDICAL GLOVE MEETS THE REQUIREMENTS OF NFPA
1999, STANDARD ON PROTECTIVE CLOTHING FOR EMERGENCY MEDICAL
OPERATIONS, 1992 EDITION.
WARNING
THIS GLOVE MAY BURN. IT HAS NOT BEEN REQUIRED TO MEET A
FLAMMABLE PERFORMANCE TEST. USE THIS GLOVE FOR EMERGENCY
MEDICAL OPERATIONS ONLY. DO NOT USE FOR PROTECTION FROM ANY
HAZARDOUS CHEMICAL EMERGENCIES, FIRE FIGHTING APPLICATIONS,
CRYOGENIC AGENTS, OR IN FLAMMABLE OR EXPLOSIVE ATMOSPHERES.
CONTAMINATION OF THIS GLOVE MAY WARRANT ITS DISPOSAL.
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MAINTAIN ONLY IN ACCORDANCE WITH MANUFACTURER’S
INSTRUCTIONS. NO PROTECTIVE CLOTHING CAN PROVIDE PROTECTION
FROM ALL CONDITIONS. FAILURE TO COMPLY WITH THESE INSTRUCTIONS
MAY RESULT IN SERIOUS INJURY OR DEATH.”
Manufacturer’s name
Manufacturer’s address
Country of manufacture
Glove model and style
Trace number
Date of manufacture
Size
“DO NOT REMOVE THIS LABEL”
2-6.3
All portions of the required glove and package product labels shall be printed at least in
English. All labels shall be clearly legible to the eye.
2-6.4
The glove and package product labels shall bear the certification label, symbol, or identifying
mark of the certification organization denoting compliance. The label, symbol, or identifying
mark printing shall be in at least 1/4 in. (6.0 mm) high letters.
2-7 Face Protection Device Product Labeling.
2-7.1
The emergency medical face protection device shall have a face protection device product
label in a conspicuous location not interfering with vision that includes the following statement
printed in at least 1/4 in. (6.0 mm) high letters.
“MEETS NFPA 1999 (1992 EDITION)”
2-7.2
Each package containing one or more emergency medical face protection devices shall have a
package product label permanently and conspicuously attached to the outside of the package
upon which at least the following warnings and information are printed in at least 1/16 in. (1.5
mm) high letters.
“THIS EMERGENCY MEDICAL FACE PROTECTION DEVICE MEETS THE
REQUIREMENTS OF NFPA 1999, STANDARD ON PROTECTIVE CLOTHING FOR
EMERGENCY MEDICAL OPERATIONS, 1992 EDITION.
WARNING
THIS FACE PROTECTION DEVICE MAY BURN. IT HAS NOT BEEN REQUIRED
TO MEET A FLAMMABLE PERFORMANCE TEST. USE THIS FACE
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PROTECTION DEVICE FOR EMERGENCY MEDICAL OPERATIONS ONLY. DO
NOT USE FOR PROTECTION FROM ANY HAZARDOUS CHEMICAL
EMERGENCIES, FIRE FIGHTING APPLICATIONS, CRYOGENIC AGENTS, OR IN
FLAMMABLE OR EXPLOSIVE ATMOSPHERES. CONTAMINATION OF THIS
FACE PROTECTION DEVICE MAY WARRANT ITS DISPOSAL. MAINTAIN
ONLY IN ACCORDANCE WITH MANUFACTURER’S INSTRUCTIONS. NO
PROTECTIVE DEVICE CAN PROVIDE PROTECTION FROM ALL CONDITIONS.
FAILURE TO COMPLY WITH THESE INSTRUCTIONS MAY RESULT IN
SERIOUS INJURY OR DEATH.”
Manufacturer’s name
Manufacturer’s address
Country of manufacture
Device model and style
Trace number
Date of manufacture
Size
“DO NOT REMOVE THIS LABEL”
2-7.3
All portions of the required face protection device and package product labels shall be printed
at least in English. All labels shall be clearly legible to the eye.
2-7.4
The face protection device and package product labels shall bear the certification label,
symbol, or identifying mark of the certification organization denoting compliance. The label,
symbol, or identifying mark printing shall be in at least 1/4 in. (6.0 mm) high letters.
2-8 Garment User Information.
2-8.1
The manufacturer of emergency medical garments certified as being compliant with this
standard shall provide the following instructions and information with each garment:
(a) Cleaning instructions;
(b) Marking and storage instructions;
(c) Frequency and details of inspections;
(d) Maintenance criteria;
(e) How to use test equipment, where applicable;
(f) Method of repair, if recommended by manufacturer;
(g) Warranty information.
2-8.2
The manufacturer of emergency medical garments shall also furnish training materials that
address, but are not limited to:
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(a) Donning procedures;
(b) Doffing procedures;
(c) Safety considerations;
(d) Optimum storage conditions;
(e) Recommended storage life;
(f) Decontamination recommendations and considerations;
(g) Retirement considerations;
(h) Disposal considerations;
(i) Closure lubricants, if applicable.
2-9 Glove User Information.
2-9.1
The manufacturer of emergency medical gloves certified as being compliant with this standard
shall provide the following instructions and information with each package of gloves:
(a) Donning procedures;
(b) Doffing procedures;
(c) Safety considerations;
(d) Optimum storage conditions;
(e) Recommended storage life;
(f) Decontamination recommendations and considerations;
(g) Retirement considerations;
(h) Disposal considerations.
2-10 Face Protection Device User Information.
2-10.1
The manufacturer of emergency medical face protection devices certified as being compliant
with this standard shall provide the following instructions and information with each package of
face protection devices:
(a) Donning procedures;
(b) Doffing procedures;
(c) Safety considerations;
(d) Optimum storage conditions;
(e) Recommended storage life;
(f) Decontamination recommendations and considerations;
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(g) Retirement considerations;
(h) Disposal considerations;
(i) Visor/faceshield antifog agents or procedures, if applicable.
Chapter 3 Documentation Requirements
3-1 Technical Data Package.
3-1.1*
Upon the request of the purchaser or end user, the manufacturer shall furnish a technical data
package with each type of clothing.
3-1.2
The technical data package shall contain all documentation required by this standard and the
data showing compliance with this standard.
3-2 Emergency Medical Garment Information.
3-2.1
In the technical data package, the manufacturer shall describe the emergency medical garment
in terms of manufacturer trade name and model number, manufacturer replaceable components
and available options, accessories such as repair kits, and sizes.
3-2.2
The manufacturer shall provide, in the technical package, the list and descriptions of the
following garment materials and components, if applicable:
(a) Garment material;
(b) Boot or bootie material;
(c) Zipper/closure type and materials;
(d) Material seam types and composition;
(e) External fitting types and material(s);
(f) External gasket types and material(s).
3-2.2.1 All descriptions of material composition shall specify either the generic material names
or the trade names if the composition of the material is proprietary. The manufacturer shall
identify those portions of the garment or materials intended to act as a barrier to liquid-borne
pathogens.
3-2.2.2 Descriptions of respective suit materials and components shall include the following
information, if applicable:
(a) Boots or booties.
1. Type of linings or surface treatments;
2. Type of soles or special toe reinforcements;
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3. Available boot sizes.
(b) Garment zipper or closure.
1. The material(s) of construction for the closure (including chain, slide, pull, and tape for
zippers);
2. The location and the length of the completed closure assembly;
3. A description of any protective covers or flaps.
3-2.3
The manufacturer shall describe, in the technical data package, the type of seams or methods
of attachment for the following garment material and component combinations, if applicable:
(a) Garment material-garment material;
(b) Garment material-visor;
(c) Garment material-glove;
(d) Garment material-boot;
(e) Garment material-garment closure.
3-2.4*
The manufacturer shall document, in the technical data package, the flame resistance of the
garment material when tested in accordance with ASTM F 1358, Standard Test Method for
Resistance of Protective Clothing Materials to Flame Impingement.
3-2.5*
This manufacturer shall document, in the technical data package, penetration resistance to
liquid-borne pathogens after abrasion of the garment material for one hour, when tested as
specified in Section 5-1 of this standard.
3-2.6*
The manufacturer shall document, in the technical data package, penetration resistance to
liquid-borne pathogens after flexing of the garment material for one hour, when tested as
specified in Section 5-2 of this standard.
3-3 Emergency Medical Glove Information.
3-3.1
In the technical data package, the manufacturer shall provide the following information, if
applicable:
(a) Name or designation of manufacturer;
(b) Model number or design;
(c) Material composition;
(d) Description of material seams;
(e) Type of linings or surface treatments;
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(f) Available glove sizes.
3-3.2
Description of the material composition shall specify either the generic material name or the
trade name if the composition of the material is proprietary.
3-4 Emergency Medical Face Protection Device Information.
3-4.1
In the technical data package, the manufacturer shall provide the following information, if
applicable:
(a) Name or designation of manufacturer;
(b) Model number or design;
(c) Material composition;
(d) Description of any hardware;
(e) Replaceable items;
(f) Available sizes.
3-4.2
Description of the material composition shall specify either the generic material name or the
trade name if the composition of the material is proprietary.
Chapter 4 Design and Performance Requirements
4-1* Emergency Medical Garment Requirements.
4-1.1
Only those portions of the garment or garment materials that are intended to act as a barrier to
liquid-borne pathogens shall be tested to the requirements specified in this section. Garment
material samples shall refer to those materials intended to provide barrier protection.
4-1.2
All external fittings including, but not limited to, zippers, snaps, or other fasteners shall be free
of rough spots, burrs, or sharp edges that could tear the garment or glove materials.
4-1.3
Sample garments shall be tested for watertight integrity and shall allow no water penetration
when tested as specified by Section 5-3 of this standard.
4-1.4
Garment material samples shall exhibit no penetration of Phi-X-174 Bacteriophage for at least
one hour when tested as specified by Section 5-4 of this standard.
4-1.5
Garment material samples shall be tested for tensile strength and have a tensile strength of not
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less than 30 lb (13.6 kg) when tested in accordance with Section 9, Breaking Strength, A —
Grab Method, of ASTM D 751, Standard Test Methods for Coated Fabrics.
4-1.6
Garment material samples shall be tested for bursting strength and have a bursting strength of
not less than 50 psi (3.5 kg/cm2) in accordance with Section 15.3, Bursting Strength, using the
Diaphragm Bursting Testing, of ASTM D 751, Standard Test Methods for Coated Fabrics.
4-1.7
Garment material samples shall be tested for puncture resistance and shall have a puncture
resistance of not less than 5.5 lb (2.5 kg) when tested in accordance with ASTM D 2582,
Standard Test Method for Puncture Propagation Tear Resistance of Plastic Film and Thin
Sheeting.
4-1.8
Garment material samples shall be tested for tear strength and shall have a tear strength of not
less than 8.0 lb (35.6 N) when tested as specified in Section 5-5 of this standard.
4-1.9
All garment seams shall possess a breaking strength of not less than 15 lbf/2 in. (66.7 N/5.0
cm) when tested in accordance with Section 50-55, Seam Strength, of ASTM D 751, Standard
Test Methods for Coated Fabrics.
4-1.10
The garment closure assembly shall possess a breaking strength of not less than 15 lbf/2 in.
(66.7 N/5.0 cm) when tested in accordance with Section 50-55, Seam Strength, of ASTM D 751,
Standard Test Methods for Coated Fabrics.
4-2* Emergency Medical Glove Requirements.
4-2.1
Sample gloves and related hardware shall be free of rough spots, burrs, or sharp edges that
could tear the garment or glove material.
4-2.2
Sample gloves shall be tested for watertight integrity and meet the “pass” requirements when
tested in accordance with ASTM D 5151, Standard Test Method for Detection of Holes in
Medical Gloves.
4-2.3
Sample gloves shall be measured for physical dimensions and shall meet the length and width
dimension requirements when tested in accordance with ASTM D 3577, Standard Specification
for Rubber Surgical Gloves.
4-2.4
Glove material and seam samples shall exhibit no penetration of Phi-X-174 Bacteriophage for
at least one hour when tested as specified in Section 5-4 of this standard.
4-2.5
Glove material samples shall have an ultimate tensile strength elongation of not less than 2000
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psi (13.7 MPa) and a 300 percent modulus of not more than 300 psi (2.07 MPa) when tested in
accordance with ASTM D 412, Standard Test Methods for Rubber Properties in Tension,
Method A, Dumbbell Specimens.
4-2.6
Glove material samples shall be tested for ultimate elongation following whole glove
immersion in isopropanol and shall have an ultimate elongation of not less than 500 percent
when tested as specified in Section 5-6 of this standard.
4-2.7
Glove material samples shall be tested for ultimate elongation following heat aging and shall
have an ultimate elongation of not less than 500 percent when tested as specified in Section 5-7
of this standard.
4-2.8
Glove material samples shall be tested for puncture resistance and shall have a puncture
resistance of not less than 1.0 lb (0.45 kg) when tested in accordance with ASTM F 1342,
Standard Test Method for Resistance of Protective Clothing Materials to Puncture.
4-2.9
Sample gloves shall be tested for small parts dexterity, and test times shall be no greater than
106 percent of baseline test measurements when tested in accordance with Section 5-6 of this
standard.
4-3* Emergency Medical Face Protection Device Requirements.
4-3.1
Sample face protection devices and related hardware shall be free of rough spots, burrs, or
sharp edges that could tear garment or glove materials.
4-3.2
Visor or faceshield material samples shall be tested for total visible luminous transmittance
and percentage haze as specified in Section 5-9 of this standard. Visor material samples shall
transmit not less than 95 percent of the incident visible radiation. The percentage haze of visor
material samples shall not exceed 3 percent.
4-3.3
Sample face protection devices shall be tested for watertight integrity and shall allow no water
penetration when tested as specified in Section 5-3 of this standard.
4-3.4
Samples representing protective clothing materials used in construction of the face protection
device shall exhibit no penetration of Phi-X-174 Bacteriophage for at least one hour when tested
as specified by Section 5-4 of this standard.
Chapter 5 Test Methods
5-1 Abrasion Resistance Test.
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5-1.1
Abrasion resistance testing shall be conducted in accordance with ASTM D 4157, Standard
Test Method for Abrasion Resistance of Textile Fabrics (Oscillatory Cylinder Method), with the
following conditions:
(a) A 5 lb (2.27 kg) tension weight shall be used.
(b) A 31/2 lb (1.6 kg) head weight shall be used.
(c) An 80 grit abradant trimite D-weight open coat #1A4180, or equivalent, shall be used.
(d) The specimen shall be abraded for 25 continuous cycles.
(e) Penetration resistance to Phi-X-174 Bacteriophage testing as specified in Section 5-4 of
this chapter shall be substituted for abrasion to rupture and percentage loss in breaking load for
interpreting abrasion resistance test results.
5-1.2
Only one specimen for bacteriophage penetration resistance testing shall be taken from each
sample subjected to abrasion. The test specimen shall be taken from the exact center of the
abraded sample so that the center of the bacteriophage exposure test and the center of the
abraded sample coincide.
5-1.3
The pass/fail determination shall be reported.
5-1.4
Any visual observations, such as sample rupture, loss of luster, or deformation of the outside
coating of tested specimens, shall be reported.
5-2 Flexural Fatigue Test.
5-2.1
Flexural fatigue testing shall be conducted in accordance with ASTM F 392, Standard Test
Method for Flex Durability of Flexible Barrier Materials, with the following modifications:
(a) In lieu of Flexing Conditions A, B, C, D, or E, test specimens shall have a flex period of
100 cycles at 45 cycles per minute. A cycle shall be full flex and twisting action.
(b) Penetration resistance to Phi-X-174 Bacteriophage testing as specified in Section 5-4 of
this chapter shall be substituted for pinhole counting.
(c) Anisotropic materials shall be tested in both machine and transverse directions.
5-2.2
Only one specimen for bacteriophage penetration testing shall be taken from each sample
subjected to flexing conditions. The test specimen shall be taken from the exact center of the
flexed sample so that the center of the bacteriophage exposure and the center of the flexed
sample coincide.
5-2.3
The pass/fail determination shall be reported.
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5-2.4
Any unusual observations for test specimens, such as delamination or tears, shall be reported.
5-3 Clothing Watertight Integrity Test.
5-3.1
Garment and face protection device watertight integrity testing shall be conducted in
accordance with ASTM F 1359, Standard Practice for Determining Liquid-Tight Integrity of
Chemical Protective Suits or Ensembles under Static Conditions, using the following
modifications:
(a) Water shall be sprayed at the mannequin for a duration of 5 minutes for each of the
specified suit orientations.
(b) When non-full body garments are tested, those portions of the body for which protection is
not intended shall be blocked off and shall not be evaluated for watertight integrity.
5-4 Bacteriophage Penetration Resistance Test.
5-4.1
A thickness gauge, suitable for measuring thickness to the nearest 0.001 in. (0.01 mm), as
specified in Method 5030.2, “Thickness of Textile Materials,” of Federal Test Method Standard
191A, Textile Test Methods, shall be used to determine the thickness of each emergency medical
clothing material specimen tested.
5-4.2*
A test cell shall be used to restrain the specimen during contact with the pressurized test liquid.
It shall consist of a chamber that will contain at least 60 ml (2.0 oz) of the challenge liquid in
contact with the specimen’s normal outside surface and a restraining ring with a viewing port
that will allow observation of the specimen’s normal inside surface during the test.
Specifications for the test cell shall be as specified in ASTM F 903, Standard Test Method for
Resistance of Protective Clothing Materials to Penetration by Liquids.
5-4.3
The following other equipment shall be used in this test:
(a) Air pressure source.
(b) Cell incubator capable of 35° to 37°C (95° to 99°F).
(c) Waterbath capable of 45°C ± 2°C (113°F ± 4°F).
(d) Analytical balance capable of 0.001 g.
(e) Vortex mixer.
(f) Refrigerator capable of 2° to 8°C (36° to 46°F).
(g) Autoclave capable of 121°C (250°F); 15 psi (105 kPa) pressure.
(h) Electronic timer.
(i) Orbital shaker.
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(j) pH meter sensitive to 0.1 pH units.
(k) Inoculating loop.
(l) Torque wrench capable of 120 in.-lb (13 J).
5-4.4*
The following supplies shall be used in this test:
(a) Sterile petri dishes, 15 × 100 mm.
(b) Sterile 1, 5, 10 ml pipettes.
(c) 13 × 100 mm test tubes.
(d) Stainless steel test tube rack.
(e) 0.22 μm sterile membrane filters.
(f) Sterile glass bottles, 100 ml - 500 ml.
(g) Micropipette capable of delivering 2 μl accurately and consistently.
(h) Phi-X-174 ATCC 13706-B1.
(i) E. coli C ATCC 13706.
5-4.5*
The following reagent shall be used in this test:
(a) Tween 80. Sterilize by filtering through sterile 0.22 μm membrane filter.
5-4.6*
Test media shall be prepared as follows:
(a) Bacteriophage Nutrient Broth (Phi-X):
Nutrient Broth
8.0 g
Potassium Chloride
5.0 g
Calcium Chloride
0.20 g
Purified Water, Q.S. to
1000 ml
Adjust pH to 7.2 to 7.4 with 2.5 N Sodium Hydroxide; Sterilize by autoclaving.
(b) Bottom Agar (Phi-X):
Bacto-Agar
15.0 g
Nutrient Broth
8.0 g
Calcium Chloride
0.2 g
Potassium Chloride
5.0 g
Purified Water, Q.S. to
1000 ml
Adjust pH to 7.2 to 7.4 with 2.5 N Sodium Hydroxide; Sterilize by autoclaving.
(c) Top Agar (Phi-X):
Bacto Agar
7.0 g
Nutrient Broth
8.0 g
Calcium Chloride
0.2 g
Potassium Chloride
5.0 g
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Purified Water, Q.S. to
1000 ml
Adjust pH to 7.2 to 7.4 with 2. 5 N Sodium Hydroxide; Sterilize by autoclaving.
5-4.7*
Material specimens shall be tested separately in both directions to challenge both normal
exterior and interior surfaces of the material. A minimum of three random specimens shall be
tested for each material or each of the product areas to be evaluated, including but not limited to
seams versus flat material, in each direction.
5-4.8
The bacteriophage suspension shall be prepared as follows:
(a) Using an inoculating loop, 100 ml of nutrient broth shall be inoculated with E. coli C and
incubated overnight at 35° to 37°C (95° to 99°F) with shaking at 200 rpm.
(b) A 1:100 dilution of the culture shall be prepared in bacteriophage nutrient broth and
incubated at 35° to 37°C (95° to 99°F) with shaking at 200 rpm for 90 minutes, ± 5 minutes.
(c) The 90 minute culture shall be inoculated with 0.5 ml of the Phi-X-174 Bacteriophage
stock.
(d) The culture shall be incubated at 35° to 37°C (95° to 99°F) with rapid shaking for 3 hours
±2 hours or until lysis is complete. Complete lysis of the host bacteria shall be noted when the
broth is clear.
(e) The bacteriophage suspension shall be filtered through a sterile 0.22 µm microporous
membrane filter to remove the host cell debris.
(f) The bacteriophage suspension shall be refrigerated at 5°C ±3°C.
(g) Sterile 0.1 percent Tween 80 in nutrient broth shall be made and diluted 1 volume to 9
volumes of the bacteriophage suspension.
(h) The titer of the bacteriophage suspension shall be adjusted to at least 1.0 × 108 PFU/ml
with 0.01 percent Tween 80. The titer shall be verified using the procedure specified in 5-4.10 of
this section.
5-4.9
The test cell shall be prepared as follows:
(a) The penetration test cell shall be autoclaved at 121°C ± 5°C at 15 psig (105 kPa) for 15
minutes. The test cell shall be allowed to cool to room temperature.
(b) The material sample shall be aseptically inserted in the cell with the normal outside surface
oriented away from the challenge.
5-4.9.1* A retaining screen shall be placed outside the material in the test cell, away from the
bacteriophage suspension. The retaining screen shall be inert material with a minimum mesh per
in. of 20 and open area of 45 percent. Gaskets shall be placed between the test cell and material,
between the material and retaining screen, and between the retaining screen and the top flange.
(a) The bolts in the test cell shall be torqued to 120 in.-lb (13 J) each.
(b) The test cell shall be placed in test apparatus but not connected in the air line.
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(c) The drain valve shall be closed.
(d) With the test cell in a vertical orientation the chamber shall be carefully filled with
approximately 60 ml of challenge.
(e) The material shall be observed for five minutes.
(f) The air line shall be connected to the cell.
(g) The test cell valve to the pressure source shall be opened to pressure and brought to 2 psig
(0.14 kg/cm2) at a rate no faster than 0.5 psig/sec.
(h) The test pressure shall be held constant for one minute. The surface of the sample shall be
monitored for the appearance of liquid. The test shall be terminated if liquid appears.
(i) The cell valve shall be turned to the vent position.
(j) The surface of the sample shall be observed for 54 minutes.
(k) The drain valve shall be opened, and the test cell drained of the bacteriophage suspension.
The titer of the drained bacteriophage suspension shall be quantified using the procedures
specified in 5-4.10 of this section.
(l) The test cell shall be removed from the apparatus.
(m) With the test cell in a horizontal position, 5 ml sterile nutrient broth shall be added with
0.01 percent Tween 80 onto the inner surface of the sample. The test cell shall be swirled for 1
minute, ±0.15 min., to ensure contact with the entire viewing surface of the test specimen. The
nutrient broth shall be removed as soon as possible. This removed nutrient broth shall become
the assay fluid.
(n) The assay fluid shall be quantified immediately following its removal from the test cell.
(o) The material sample shall be removed from the test cell.
(p) The test apparatus shall be disassembled. The cover plate and retaining screen shall be
removed.
5-4.10
The assay fluid shall be quantified as follows:
(a) 2.5 ml of sterile molten top agar shall be dispensed into sterile test tubes containing top
agar under heat at 45°C ±2°C (113°F ±4°F).
(b) Immediately after removing the test tube from the heat, 0.5 ml of the assay fluid shall be
added to three top agar tubes. This procedure shall be repeated three times for each replicate.
(c) One to two drops of an overnight culture of E. coli C shall be added to each of the inoculate
tubes.
(d) The tubes shall be mixed well and poured over the surface of the bottom agar plates.
(e) The agar shall be allowed to solidify and incubated at 35° to 37°C (95° to 99°F) for 4 to 18
hours.
(f) The plaques shall be counted and the bacteriophage titer calculated.
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(g) If necessary, serial 1 to 10 dilutions shall be prepared in nutrient broth of the assay fluid
and assayed for bacteriophage as above.
5-4.11
All tests shall be run with a “blank” that uses nutrient broth without bacteriophage, which shall
be tested and titered using the procedure specified in 5-4.10 of this section.
5-4.12
Background aerosol/airborne counts of the Phi-X-174 Bacteriophage shall be made utilizing
settling plates. Settling plates shall be placed in strategic locations during the aseptic test sample
insertion, filling, testing, draining, and assay operations. If settle plate counts are found, then the
results of the test shall be considered invalid.
5-4.13*
Negative test sample controls shall be selected at random and introduced into the test program.
Mylar film shall be used as the test sample controls.
5-4.14
The possibility of false positives resulting from contamination not affecting the “blank” cell
shall be minimized by repeating the test. Tests shall be repeated if bacteriophage is found in only
one cell and the number of counts is less than ten. Less than ten bacteriophage particles in one
out of six replicates with no contamination of two blanks shall be considered passing results.
5-4.15
The bacteriophage suspension shall be quantified before and after contact with the material. If
the titer falls below 108 PFU/ml, the test shall be repeated with a sufficient titer to achieve 108
PFU/ml after one hour.
5-4.16
If the material contains substances that inactivate the bacteriophage, the compatibility of the
test material with the bacteriophage shall be assessed.
5-4.17
Material specimens that show any bacteriophage penetration shall be classified as failing this
test.
5-5 Tear Resistance Testing.
5-5.1
The specimen shall be a 3 × 6 in. (76.2 × 152.4 mm) rectangle. The long dimension shall be
parallel to the warp for the warp tests and parallel to the filling for filling tests. No two
specimens for warp tests shall contain the same warp yarns, nor shall any two specimens for
filling tests contain the same filling yarns. The specimen shall be taken no nearer to salvage than
one-tenth of the width of the cloth. An isosceles trapezoid having an altitude of 3 in. (76.2 mm)
and bases of 1 and 4 in. (25.4 and 101.6 mm) in length, respectively, shall be marked on each
specimen, with the aid of a template. A cut 3/8 in. (9.5 mm) in length shall then be made in the
center of a line perpendicular to the 1 in. (25.4 mm) edge.
5-5.2
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Apparatus shall consist of a straining mechanism, two clamps for holding specimens, and load
and elongation recording mechanisms, wherein the specimen is held between two clamps and
strained by a uniform movement of the pulling clamp.
5-5.2.1 Straining mechanism shall be of such capacity that the maximum load required to break
the specimen shall be not greater than 85 percent or less than 15 percent of the manufacturer’s
rated capacity.
5-5.2.2 Clamps shall be designed such that the 6 oz (170 g) of weight are distributed evenly
across the complete width of the sample. The clamps shall have two jaws on each clamp. The
design of the clamps shall be such that one gripping surface or jaw shall be permitted to be an
integral part of the rigid frame of the clamp or be fastened to allow a slight vertical movement,
while the other gripping surface or jaw shall be completely moveable.
The dimensions of the immovable jaw of each clamp parallel to the application of the load
shall measure 1 in. (25.4 mm) and the dimension of the jaw perpendicular to this direction shall
measure 3 in. (76.2 mm) or more. The face of the moveable jaw of each clamp shall measure 1
in. × 3 in. (25.4 mm × 76.2 mm). Each jaw face shall have a flat, smooth gripping surface. All
edges that might cause a cutting action shall be rounded to a radius of not more than 1/64 in. (0.4
mm).
In cases where a cloth tends to slip when being tested, the jaws shall be faced with rubber or
other material to prevent slippage. The distance between the jaws shall be 1 in. (25.4 mm) at the
start of the test.
5-5.2.3 Recorder shall consist of calibrated dial, scale, or chart used to indicate applied load and
elongation. Error shall not exceed 2 percent up to and including a 50 lb (22.7 kg) load and 1
percent over a 50 lb (22.7 kg) load at any reading within its loading range. All machine
attachments for determining maximum loads shall be disengaged during test.
5-5.3
The specimen shall be clamped along the non-parallel sides of the trapezoid so that these sides
lie along the lower edge of the upper clamp and the upper edge of the lower clamp with the cut
halfway between the clamps. The short trapezoid base shall be held taut, and the long trapezoid
base shall lie in the folds.
The strain mechanism shall be started, and the force necessary to tear the clothing shall be
observed by means of the recording device. Five specimens in each of the warp and filling
directions shall be tested from each sample unit. If a specimen individual measurement falls
markedly below the average test results for the sample unit, such result shall be discarded and
another specimen shall be tested.
5-5.4
The tear strength shall be the average of the five highest peak loads of resistance registered in
inches of separation of the tear. The tear strength shall be reported to the nearest 0.1 lb (45.4 g).
5-6 Isopropanol Degradation Test.
5-6.1
Isopropanol degradation shall be measured in accordance with ASTM D 412, Standard Test
Methods for Rubber Properties in Tension, Method A, Dumbbell Specimen, with the following
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modifications:
(a) Test specimens shall be conditioned by total immersion in 100 percent isopropanol at room
temperature for a period of 2 hours.
(b) The test specimens shall be blotted dry and tested within 5 minutes following removal from
the isopropanol.
5-6.2
Ultimate elongation (percentage) shall be measured and reported.
5-7 Heat Aging Degradation Test.
5-7.1
Specimen degradation shall be measured in accordance with ASTM D 412, Standard Test
Methods for Rubber Properties in Tension, Method A, Dumbbell Specimen, following heat aging
conducted in accordance with ASTM D 573, Test Method for Rubber — Deterioration in an Air
Oven.
5-7.2
Specimens shall be subjected to a temperature of 100°C ±2°C (212°F ±4°F) for 22 hours ±0.3
hours.
5-7.3
Ultimate elongation (percentage) shall be measured and reported.
5-8 Dexterity Testing.
5-8.1
Dexterity shall be evaluated using the Crawford Small Parts Dexterity Test, Screws Technique.
5-8.2
Each sample glove shall be tested as a complete glove in new, as-distributed condition. The
size most comfortably fitting the test subject shall be selected.
5-8.3
Sample gloves shall not receive special softening treatments prior to tests.
5-8.4
For each glove style or type to be certified the test shall be repeated three times using three
separate test subjects and glove specimens for each material and construction combination.
5-8.5
Each test subject shall practice without wearing any glove until the baseline times of that
person’s last three repetitions vary no more than 6 percent.
5-8.6
Each test subject’s first time wearing gloves shall be compared with the average time from the
three last practice trials to determine percentage of baseline test time required to perform the
exercise while wearing gloves.
5-9 Luminous (Visible) Transmittance Testing.
Copyright 1996 NFPA

5-9.1
Luminous (visible) transmittance shall be measured in accordance with ASTM D 1003, Test
Method for Haze and Luminous Transmittance of Transparent Plastics, Method A, with the
following modifications:
(a) The standard source of radiant energy used in the measurement of luminous transmittance
of filter lenses shall be a projection-type lamp T-8, or other high-powered, gas-filled,
tungsten-filament incandescent lamp, operated at the color temperature corresponding to
Commission Internationale de l’Eclairage (CIE) Source A.
(b) Luminous transmittance shall be determined by measuring the spectral transmittance and
calculating the luminous transmittance through the use of published data on the special radiant
energy of CIE Source A and the relative luminous efficiency of the average eye. The standards
of luminous transmittance maintained by the National Bureau of Standards shall be tested.
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
6-1.1* ASTM Publications.
ASTM D 412, Standard Test Methods for Rubber Properties in Tension, 1987
ASTM D 573, Standard Test Method for Rubber—Deterioration in an Air Oven, 1988
ASTM D 751, Standard Test Methods for Coated Fabrics, 1989
ASTM D 1003, Standard Test Method for Haze and Luminous Transmittance of Transparent
Plastics, 1988
ASTM D 2582, Standard Test Method for Puncture Propagation Tear Resistance of Plastic
Film and Thin Sheeting, 1990
ASTM D 3577, Standard Specification for Rubber Surgical Gloves, 1991
ASTM D 4157, Standard Test Method for Abrasion Resistance of Textile Fabrics (Oscillatory
Cylinder Methods), 1982
ASTM D 5151, Standard Test Method for Detection of Holes in Medical Gloves, 1991
ASTM F 392, Standard Test Method for Flex Durability of Flexible Barrier Materials, 1987
ASTM F 903, Standard Test Method for Resistance of Protective Clothing Materials to
Penetration by Liquids, 1990
ASTM F 1342, Standard Test Method for Resistance of Protective Clothing Materials to
Puncture, 1991
ASTM F 1358, Standard Test Method for Resistance of Protective Clothing Methods to Flame
Impingement, 1992
ASTM F 1359, Standard Practice for Determining Liquid-Tight Integrity of Chemical
Protective Suits or Ensemblies under Static Conditions, 1991
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6-1.2* GSA Publications.
Federal Test Method Standard 191A, Textile Test Methods, 20 July 1978
Military Standard MIL-STD-105D Sampling Procedures and Tables for Inspection by
Attributes, 29 April 1983
6-1.3* Psychological Corporation Publication.
Crawford Small Parts Dexterity Test, 1981
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but it is included for
information purposes only.
A-1-1.1
Use of emergency medical clothing is addressed in NFPA 1581, Standard on Fire Department
Infection Control Program. Particularly relevant sections are:
2-2—Training and Education
2-5—Exposures
4-2—Infection Control Garments and Equipment
5-1—Skin Washing
5-2—Disinfectants
5-3—Emergency Medical Equipment
5-4—Clothing
A-1-1.2
Organizations responsible for fire fighting applications should use protective clothing and
equipment specifically designed for those activities.
A-1-1.3
Organizations responsible for chemical response functions and other hazard protection
including radiological, cryogenic, or hazardous chemical should use protective clothing and
equipment specifically designed for those activities. Criteria for protection from hazardous
chemicals are provided in the following standards:
(a) NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical Emergencies
(b) NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazardous Chemical
Emergencies
(c) NFPA 1993, Standard on Support Function Protective Garments for Hazardous Chemical
Operations
A-1-1.4
Purchasers should specify desired features that are not in conflict with the design requirements
of this standard. It is recommended that purchasers of emergency medical garments should
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consider the following:
(a) Personnel may be wearing many items of protective clothing and equipment. Any
interference by one item of another’s use might result in inefficient operations or unsafe
situations.
(b) Different breathing apparatus, communications systems, cooling devices, and other
protective equipment may not be accommodated by the emergency medical garments equally.
(c) Specifications of additional reinforcement in high-wear or load-bearing areas such as the
knees, elbows, shoulders, and back may be necessary. Reinforcing materials should be the same
as the garment material. Purchasers are cautioned that additional weight caused by excessive
reinforcement could lead to fatigue or injury.
A-1-2.2
Biological agents may also be transmitted via aerosols.
A-1-3 Approved.
The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations or procedures, equipment or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations which is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-3 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner
since jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety
is primary, the “authority having jurisdiction” may be a federal, state, local or other regional
department or individual such as a fire chief, fire marshal, chief of a fire prevention bureau, labor
department, health department, building official, electrical inspector, or others having statutory
authority. For insurance purposes, an insurance inspection department, rating bureau, or other
insurance company representative may be the “authority having jurisdiction.” In many
circumstances the property owner or his designated agent assumes the role of the “authority
having jurisdiction”; at government installations, the commanding officer or departmental
official may be the “authority having jurisdiction.”
A-1-3 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The “authority having jurisdiction” should utilize the system employed by the listing
organization to identify a listed product.
A-1-4.1
English units are used throughout Chapter 4 with metric equivalents provided in parentheses.
This practice is also followed in Chapter 5 with the exception of Section 5-4, where metric units
are exclusively used for units of volume.
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A-2-2.1
The certification organization should have sufficient breadth of interest and activity so that the
loss or award of a specific business contract would not be a determining factor in the financial
well being of the agency.
A-2-2.3
The contractual provisions covering a certification program should contain clauses advising
the manufacturer that if requirements change, the product should be brought into compliance
with the new requirements by a stated effective date through a compliance review program
involving all currently listed products.
Without the clauses, certifiers would not be able to move quickly to protect their name, marks,
or reputation. A product safety certification program would be deficient without these
contractual provisions and the administrative means to back them up.
A-2-2.4
Investigative procedures are important elements of an effective and meaningful product safety
certification program. A preliminary review should be carried out on products submitted to the
agency before any major testing is undertaken.
A-2-2.7
Such inspections should include, in most instances, witnessing of production tests. With
certain products the certification organization inspectors should select samples from the
production line and submit them to main laboratory for countercheck testing. With other
products, it may be desirable to purchase samples in the open market for test purposes.
A-3-1.1
Purchasers should use the technical data package to compare garment or glove performance
data in purchasing emergency medical garments or gloves. The purchaser should determine the
relative ranking of performance data to aid this selection process.
A-3-2.4
This documentation requirement provides information to the end user about the flame
resistance of the garment material. Material flame resistance is measured using a modified
version Method 5903.1 of FTMS 191A, where a folded edge of the material is suspended over a
flame. The test involves two flame exposures: an initial 3 second exposure and subsequent 12
second exposure.
Ignition of the material is noted after each exposure period, with measurement of both burn
distance and burn time for each material specimen tested, if the specimen ignites. These
measurements provide an assessment for the ease of material ignition, if the material does ignite,
and whether the material is self-extinguishing.
A-3-2.5
This documentation requirement provides information to the end user about the abrasion
resistance of the garment material. Material abrasion resistance is measured by subjecting
material specimens to a standard abrasion technique designed to simulate wear on an asphalt-like
surface. These material specimens are then tested for penetration resistance to bacteriophage
(described in A-4-1). End users should assess the abrasion resistance of the garment material by
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comparing the material bacteriophage penetration before abrasion (as required in 4-1.4 of this
standard) and after abrasion.
A-3-2.6
This documentation requirement provides information to the end user about the flexing
resistance of the garment material. Material abrasion resistance is measured by subjecting
material specimens to a standard flexing technique designed to simulate wear from repeated
material bending, twisting, and compression. These material specimens are then tested for
penetration resistance to bacteriophage (described in A-4-1). End users should assess the flexing
resistance of the garment material by comparing the material bacteriophage penetration before
flexing (as required in 4-1.4 of this standard) and after flexing.
A-4-1
There are one design and eight performance requirements for emergency medical garments.
Only those portions of the garment intended to act as a barrier to liquid-borne pathogens are
evaluated for performance. This approach permits the certification of partial or non-full body
protective clothing used in emergency medical operations. An example of a possible clothing
configuration would be a clothing item designed to provide barrier protection to the wearer’s
front torso and arms by using barrier materials on the front of the garment while the back of the
garment is composed of non-barrier materials. In this case, only the front of the garment and
garment sleeves would be evaluated to the requirements in Section 4-1.
(a) Fittings Quality (4-1.2). This design requirement prevents fittings being used in the
construction of garments that could potentially snag or test protective clothing materials.
(b) Overall Watertight Integrity (4-1.3). This performance requirement entails testing of the
complete garment in a “shower-like” test that is designed to assess how well garment materials,
seams, and closures and interfaces resist penetration from liquid splashes. The test is not
intended to simulate exposure from liquid splashes. This requirement is similar to that required
in NFPA 1993, Standard on Support Function Protective Garments in Hazardous Chemical
Operations. The test is intended to assess watertight integrity of those portions of the garment for
which protection is to be provided. Non-full body clothing such as coveralls, aprons, and sleeve
protectors may be tested using the procedure in Section 5-3.
(c) Bacteriophage Penetration Resistance (4-1.4). This test is intended to determine how well
garment materials prevent penetration of biological agents (liquid-borne pathogens). The
resistance of protective clothing materials to penetration by blood-borne pathogens is determined
using a modified form of ASTM F 903, Standard Test Method for Resistance of Protective
Clothing Materials to Penetration by Liquids. Procedure C from ASTM F 903 was chosen as the
most appropriate because of its high degree of correlation to human factors evaluations as shown
by Mccullough and Schoenberger, Liquid Barrier Properties of Nine Surgical Gown Fabrics,
INDA Journal of Nonwovens Research, Vol. 3, No. 3, Summer 1991. The protective clothing
materials are challenged with a Phi-X-174 Bacteriophage suspension for 5 minutes at
atmospheric pressure, 1 minute at 2.0 psi, and 54 minutes at atmospheric pressure, or until liquid
penetration. Then the reverse side of the test material is rinsed and assayed for the Phi-X-174.
Phi-X-174 Bacteriophage best approximates Hepatitis C virus but also simulates Hepatitis B
virus and Human Immunodeficiency Virus (HIV). It was chosen as the most appropriate
blood-borne pathogen model because of its size, spherical morphology, environmental stability,
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non-human infectivity, high assay sensitivity, rapid growth, and high titer (available in large
concentrations).
Testing prior to degradation by other physical, chemical, and thermal stress that could
negatively impact the performance of the protective barrier could lead to a false sense of
security. See 3-2.5 and 3-2.6 for the affects of abrasion and flexing. Other affects might be shelf
life, laundering, and sterilization. Prewetting by such things as alcohol and contamination by
such things as perspiration can also affect barrier performance of the material. The authority
having jurisdiction should consider these affects when comparing materials.
All remaining performance requirements are identical to those provided in NFPA 1993,
Standard on Support Function Protective Garments for Hazardous Chemical Operations. The
same requirements were adopted since the subcommittee believed the working environment for
emergency medical clothing to be the same as for support function protective clothing.
(d) Tensile Strength (4-1.5). This requirement was designed to ensure materials provide
adequate strength when pulled or stretched.
(e) Burst Strength (4-1.6). This requirement was designed to simulate material bursting from
protruding objects within the emergency medical garment.
(f) Puncture Propagation Tear Resistance (4-1.7). This requirement is designed to simulate
material snagging and subsequent tearing from sharp objects, such as walking past a protruding
rail.
(g) Tear Resistance (4-1.8). This requirement is designed to simulate how the material tears
when pulled apart.
(h) Seam Strength (4-1.9). This requirement is based on documentation of adequate strength
from field performance data.
(i) Closure Strength (4-1.10). Garment closure assemblies are required to meet the same
minimum tensile strength requirements as garment seams.
A-4-2
There are one design and eight performance requirements for emergency medical gloves.
(a) Hardware Quality (4-2.1). This requirement prevents any glove hardware that could
potentially snag or tear protective clothing materials from being used in the construction of the
glove.
(b) Watertight Integrity (4-2.2). This requirement assesses the overall integrity of the gloves in
a procedure developed by ASTM in which water is poured into a glove, with the glove checked
for leakage after 2 minutes.
(c) Sizing (4-2.3). This requirement addresses dimensional requirements of gloves. ASTM D
3578, Standard Specification for Rubber Surgical Gloves, specifies width and length
requirements for 8 different glove sizes.
(d) Bacteriophage Penetration Resistance (4-2.4). This requirement is analogous to the
Bacteriophage Penetration Resistance test described in A-4-1(c). The test is conducted
differently in that entire gloves are evaluated as opposed to material specimens. Gloves are
turned inside out and placed in a flask. The “new” inside surface of the glove is filled with media
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containing the Phi-X-174 Bacteriophage. The “new” outside surface of the glove is rinsed and
assayed for bacteriophage penetration after one hour contact with the bacteriophage. The
analysis of the assay media is evaluated in the same manner as done for garment material
specimens.
(e) Tensile Strength Elongation and 300 Percent Modulus (4-2.5). This requirement is
designed to simulate the failure mode of gloves that occurs from pulling the glove onto the hand
with its subsequent breaking and tearing.
(f) Isopropanol Degradation Resistance (4-2.6). In this requirement, the degradation resistance
of the glove is measured following a 2-hour immersion in isopropanol with measurement of
glove elongation. The inability of the glove to elongate 500 percent is cause for failure.
Isopropanol is a common medical solvent that, when in contact with glove materials, may
remove plasticizer or other additives necessary for adequate glove function.
(g) Heat Aging Degradation Resistance (4-2.7). Analogous to Isopropanol Degradation
Resistance, the heat aging degradation resistance is measured by subjecting sample gloves to an
accelerated heat aging at 100°C for 22 hours. This protocol was adopted from ASTM D 3577,
Standard Specification for Rubber Surgical Gloves, and is designed to simulate the effects of
long term storage of gloves at elevated temperature and subsequent glove degradation through
loss of plasticizers or other additives necessary for adequate glove function. Glove degradation
resistance is measured using glove elongation.
(h) Puncture Resistance (4-2.8). This requirement is designated to simulate the puncture of
gloves by sharp (nail-like) objects. It is not designed to simulate needle-pricks or similar medical
instrument punctures.
(i) Dexterity (4-2.9). The overall glove performance is assessed through a standard glove
dexterity test in which test subjects ability to manipulate fine objects is determined. Test subject
performance is compared with and without gloves.
A-4-3
There are one design and three performance requirements for emergency medical face
protection devices. The basis and rationale for each requirement are given below:
(a) Hardware Quality (4-3.1). This design requirement prevents hardware that could
potentially snag or tear protective clothing materials from being used on face protective devices.
(b) Light Transmission (4-3.2). This requirement ensures emergency medical devices provide
clear and undistorted visor through the vision or eye piece portions of the device. Although
similar, this requirement is not the same as that established in ANSI Z87.1 for protective visors.
(c) Watertight Integrity (4-3.3). This requirement is analogous to the test performed on
emergency medical garments described in A-4-1(b). Watertight integrity is assessed on a
standard mannequin head form.
(d) Bacteriophage Penetration Resistance (4-3.4). This requirement is analogous to the
requirement for medical emergency garments described in A-4-1(c). It applies only to those
portions of the face protection device intended to provide protection to the face or head.
A-5-4.2
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The penetration test cell and apparatus is available from Wilson Road Machine Shop, 1170
Wilson Road, Rising Sun, MD 21911; PFFE Gasket material needed to seal the test cell and
material specimen may be obtained from W.L. Gore & Associates, Inc., Industrial Sealant
Group, Elkton, MD 21921.
A-5-4.4
Phi-X-174 ATCC 13706 B1 Bacteriophage and E. coli C ATCC 13706 are available from
American Type Culture Collection, 12301 Parklawn Drive, Rockville, MD 20852.
A-5-4.5
Tween 80 is available from Aldrich Chemical Company, Inc., 1001 West Saint Paul Avenue,
Milwaukee, WI 53233.
A-5-4.6
Nutrient Broth and Bacto-Agar are available from Difco, Detroit, Michigan.
A-5-4.7
A 2.8 in. (70 mm) square is convenient. Protective clothing materials that incorporate an
impervious layer between two fabric layers or have absorptive substrates may be sensitive to
false positives by wicking. In order to prevent “wicking” modes of failure, the edges of the test
sample should be sealed with an adhesive or parafin wax prior to testing.
A-5-4.9.1 11 × 11 nylon screen (No. 9818T12), 14 × 14 Polypropylene screen (No. 9275T11),
and 13 × 13 Polyester screen (No. 9218T12), available from McMaster-Carr Supply Company,
P.O. Box 4355, Chicago, IL 60680, meet this purpose.
A-5-4.13
Mylar film is available from E. I. du Pont de Nemours & Co., Wilmington, DE 19898.
A-6-1.1
ASTM publications can be obtained from American Society for Testing and Materials, 1916
Race Street, Philadelphia, PA 19130.
A-6-1.2
GSA publications can be obtained from General Services Administration Specifications
Activity; Printed Materials Supply Division; Building 197, Naval Weapons Plant, Washington,
DC 20407. Single copies are generally available without charge at the General Service
Administration Business Centers in cities throughout the U.S. Federal Test Method standards are
available from the U.S. Government Printing Office, Washington, DC 20402.
A-6-1.3
This publication is available from The Psychological Corporation, 555 Academic Court, San
Antonio, TX 78204.
Appendix B
This appendix is not part of the requirements of this NFPA document, but is included for
information purposes only.
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B-1 NOTICE TO THE READER.
The following test method is given so that persons who are interested in evaluating and
comparing the heat transfer qualities of fabrics can do so to an established method.
This test method is NOT a requirement of this document, and nothing contained herein can be
construed to be a part of the mandatory requirements of this document. The use of the term
“shall” in this test method is to emphasize critical procedures that are part of the test and not to
indicate a mandatory requirement of this document. A simple criterion — the watts/m2 of heat
transferred through the composite by the combined dry and evaporative heat exchanges from
95°F (35°C), fully sweating test plate surface in a 77°F (25°C), 65 percent RH environment —
provides a single number for comparing each fabric.
B-1.1 Total Heat Loss Test.
NOTE: Practitioners of this method should be intimately familiar with ASTM D 1518, although this Total
Heat Loss Test contains significant differences.

B-1.2
The test plate and guard ring shall have a wettable surface.
NOTE: One useful sweating hot plate, apparatus is available form Holometrix, Inc., 99 Erie Street, Cambridge,
MA 02139 (telephone 617-868-8050). An environmental chamber with air temperature, humidity, and air
velocity control is also required.

B-1.3
The test plate shall have a temperature of 35°C ± 0.5°C (95°F ± 1°F). The guard ring and
bottom plate shall be controlled to eliminate lateral and downward heat transfer from the test
plate.
B-1.4
The local environmental climate shall be 25°C ± 0.5°C (77°F ± 1°F) and 65 percent RH, ± 4
percent RH. The air velocity shall be the same for all calibrations and tests. These conditions
shall be measured continuously in the free flow air stream uninfluenced by the boundary of the
test plate. Apparatus used to measure temperature shall be accurate to within ± 0.25°C.
Apparatus used to measure humidity shall be accurate to within ± 4 percent RH.
B-1.5
The average bare plate thermal resistance, including the air layer and any apparatus
contribution (Rcbp), shall be an average of at least 3 measurements with nothing mounted on the
test plate.
B-1.6
The average intrinsic thermal resistance of the sample alone (Rcf) shall be determined by
subtracting the average bare plate resistance (Rcbp) from the average of the total thermal
resistance (Rct) of the specimens tested.
B-1.7
The total thermal resistance (Rct) of the specimen shall be calculated from the following
equation:
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where
Rct = total thermal resistance of the specimen and surface air layer (cm2/w)
Ts = temperature at the place surface (°C)
Ta = temperature in the local environment (°C)
A = area of the test plate (m2)
B = power input (watts)
B-1.8
Data shall be collected when equilibrium is reached. Data shall be collected every 5 minutes.
Equilibrium shall be a rate of change of less than 3 percent per hour of calculated thermal
resistance over a period not less than 30 minutes. The standard deviation of the calculated
thermal resistance shall be less than 1 percent.
B-1.9
The specimens shall be mounted on the test plate in the orientation it has in the finished
garment from the skin surface (plate surface) to the outside.
B-1.10
The apparatus shall be calibrated to meet the following constraints:
(a) A graph of total thermal resistance versus number of layers of 7.5 oz/yd2 Nomex duck shall
be linear for the bare plate value, one, two, three, and four layers.
(b) The slope of the linear regression shall be 0.0206 cm2 ±10%/W.
(c) No individual data measurement shall be outside ±10% of the value predicted by the linear
regression.
(d) The intrinsic thermal resistance of four layers of 7.5 oz/yd2 Nomex duck shall be 0.082cm2
±10%/W.
NOTE: The standard sample of 7.5 oz/yd2 Nomex duck should be obtained from Office of Standard Reference
Materials, National Institute of Standards and Technologies, Gaithersburg, MD 20899; 301-957-6776.

B-1.11
The average intrinsic thermal resistance of the specimens shall be determined by averaging all
values obtained over the equilibrium period (minimum of 6). The average intrinsic thermal
resistance of the sample shall be determined by averaging the values for all specimens. If the
results for any of the 3 individual specimens vary more than ±10% from the average of all 3,
then the test shall be repeated on the specimen(s) lying outside the ±10% limit. If the retest
produces a value(s) within the ±10% limit, then the new value(s) shall be used instead. If the
retest remains outside the ±10% limit, then an additional 3 specimens shall be tested, and all
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original and retest results shall be reported along with the average and standard deviation for
intrinsic thermal resistance and a statement identifying this sample as having a high variability.
B-1.12
Water shall be fed to the test plate and guard ring so that water uniformly wets the test plate
and guard ring surface.
B-1.13
The test plate and guard ring shall be covered with a liquid barrier that prevents wetting of the
test specimen by the liquid water. The permeability index of the bare plate with the liquid barrier
in place shall be greater than 0.7.
NOTE: The permeability index of the bare plate should be calculated from the following equation:

im= 0.061 × Rcbp/Rebp
where
im= permeability index
Rcbp = average bare plate thermal resistance (without liquid barrier) described in B-1.5
(°C/m2/W)
Rebp = average bare plate evaporative resistance (with liquid barrier in place) described in
B-1.15 (kPa/m2/W)
NOTE: One source for uncoated cellophane that will meet this is 0lin, Ecusta Paper and Film Group, NC
28768.

B-1.14
The average bare plate evaporative resistance, including the air layer, the liquid barrier, and
any apparatus contribution (Rebp), shall be an average of at least 3 measurements with only the
liquid barrier mounted on the plate. The local environmental climate may be increased above
25°C (77°F) if necessary to maintain test plate temperature at 35°C (95°F).
B-1.15
The apparent total evaporative resistance (ARet) of the specimen shall be calculated from the
following equation:

where
ARet = apparent total evaporative resistance of the specimen and surface air layer (kPa/m2/W)
Ps = water vapor pressure at the plate surface (kPa)
Pa = water vapor pressure in the local environment (kPa)
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A = area of the test plate (m2)
H = power input (watts)
Ts = temperature at the plate surface (°C)
Ta = temperature in the local environment (°C)
Rct = total thermal resistance of the specimen and surface air layer (°C/m2/W)
NOTE: The term “apparent” is used as a modifier for evaporative resistance to reflect the fact that
condensation may occur within the specimen.

B-1.16
Data shall be collected when equilibrium is reached. Data shall be collected every 5 minutes.
Equilibrium shall be a rate of change of less than 3 percent per hour of calculated apparent
evaporative resistance over a period not less than 30 minutes. The standard deviation of the
calculated apparent evaporative resistance shall be less than 1 percent.
If data collection cannot be completed within 4 hr after mounting the specimen on the test
plate, the specimen shall be removed form the test plate and allowed to dry at least 24 hr at 60° 80°F (16° - 25°C) before retesting. Subsequent data reporting shall state that drying was
required. If the retest of the specimen still cannot meet these constraints, then it shall be reported
that the specimen cannot be tested by this method.
B-1.17
The average apparent intrinsic evaporative resistance of the sample alone (ARef) shall be the
apparent total evaporative resistance (ARet) minus the average bare plate evaporative resistance
(Rebp).
B-1.18
The apparatus shall be calibrated to meet the following constraints:
(a) A graph of apparent total evaporative resistance versus number of layers of 7.5 oz/yd2
Nomex duck shall be linear for the bare plate value, one, two, three and four layers.
(b) The slope of the linear regression shall be 0.005 kPa/m2/W.
(c) No individual data measurement shall be outside ±10% of the value predicted by the linear.
(d) The apparent intrinsic evaporative resistance of four layers of 7.5 oz/yd2 Nomex duck shall
be 0.020 kPa ±10%/m2/W.
B-1.19
The average apparent intrinsic evaporative resistance of the specimen shall be determined by
averaging all values obtained over the equilibrium period (minimum of 6). The average apparent
intrinsic evaporative resistance of the sample shall be determined by averaging the values of all
specimens. If the results for any of the 3 individual specimens vary more than ±10% from the
average of all 3, then the test shall be repeated on the specimens(s) lying outside the ±10% limit.
If the retest produces a value(s) within the ±10% limit, then the new value(s) shall be used
instead. If the retest remains outside the ±10% limit, then an additional 3 specimens shall be
tested and all original and retest results shall be reported along with the average and standard
deviation for apparent intrinsic evaporative resistance, and a statement identifying this sample as
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having a high variability.
B-1.20
The average total heat loss of the sample shall be determined and reported, subject of the
reporting requirements in paragraphs 11, 16, and 19. The total heat loss of the sample shall be
calculated from the following equation:

where
Qt = total heat loss (W/m2)
Rct = average intrinsic thermal resistance of the sample determined in paragraph 5 (°C/m2/W)
ARef = average apparent intrinsic evaporative resistance of the sample determined in
paragraph 17 (kPa/m2/W)
* These values are appropriate for a surface air layer at an air temperature of 25°C, a relative
humidity of 65 percent, a skin temperature of 35°C, and a nominal effective air velocity of 2 m/s.
NOTE: This calculation is based on the temperature and vapor pressure differences between and the test plate
and local environmental climate specified in this procedure. Other environmental conditions may alter the
performance measured.

Using the total heat calculated under the conditions used here to extrapolate to other
environmental temperatures and other environmental humidities may also produce inaccurate
results because of possible condensation within a composite that would not be accounted for.
The permeability index of the specimen and its associated air layer may also be calculated using
the following equation:
im = 0.061 × Rct/ARet
where
im = permeability index
Rct = total thermal resistance described in paragraph 6(°C/m2/W)
ARet = apparent total evaporative resistance described in paragraph 15 (kPa/m2/W)
im is the measure of the efficiency of evaporative heat transport in a clothing system. An im of
0 indicates that the clothing system allows no evaporative heat transfer. An im of 1 indicates that
the clothing system achieves the theoretical maximum evaporative heat transfer allowed by its
insulation. Casual dress clothing typically has values for im of 0.3 to 0.5. Protective clothing
typically has values of im of 0.1 to 0.3.
Appendix C Referenced Publications

Copyright 1996 NFPA

C-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
C-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 1581, Standard on Fire Department Infection Control Program, 1991 edition
NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical Emergencies, 1990
edition
NFPA 1992, Standard on Liquid Splash Protective Suits for Hazardous Chemical
Emergencies, 1990 edition
NFPA 1993, Standard on Support Function Garments for Hazardous Chemical Operations,
1990 edition
C-1.2 ASTM Publications.
American Society for Testing and Materials, 1916 Race Street, Philadelphia, PA 19130.
ASTM F 903, Standard Test Method for Resistance of Protective Clothing Materials to
Penetration by Liquids, 1990
ASTM D 1518, Standard Test Method for Thermal Transmittance of Textile Material, 1985
TENTATIVE INTERIM AMENDMENT
NFPA 1999
Protective Clothing for Emergency Medical Operations
1992 Edition

Reference: 3-2.4, 6-1.1, 5-10(New)
TIA 92-1 (NFPA 1999)
Pursuant to Section 4 of the NFPA Regulations Governing Committee Projects, the National Fire
Protection Association has issued the following Tentative Interim Amendment to NFPA 1999,
Standard on Protective Clothing for Emergency Medical Operations, 1992 edition. The TIA was
processed by the Fire Service Protective Clothing and Equipment Committee and was issued by
the Standards Council on October 13, 1994, with an effective date of November 2, 1994.
A Tentative Interim Amendment is tentative because it has not been processed through the entire
standards-making procedures. It is interim because it is effective only between editions of the
standard. A TIA automatically becomes a proposal of the proponent for the next edition of the
standard; as such, it then is subject to all of the procedures of the standards-making process.
1. Revise 3-2.4 to read as follows:
3-2.4*
The manufacturer shall document, in the technical data package, the flame resistance of the
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garment material when tested as specified in Section 5-10 of this standard.
2. Delete the reference to ASTM F 1358 in 6-1.1.
3. Add a new Section 5-10 to read as follows:
5-10—Flammability Resistance Test.
5-10.1
All samples to be tested shall be conditioned for not less than 4 hours in standard atmospheric
conditions at a relative humidity of 65 percent, ±2 percent and a temperature of 70°F, ±2°F
(21°C, ±1°C). Samples shall be tested not more than 5 minutes after removal from conditioning.
5-10.2
Vertical flammability testing shall be performed in accordance with Method 5903.1, “Flame
Resistance of Cloth; Vertical,” of Federal Test Method Standard 191A, Textile Test Methods,
with the following modifications:
(a) Specimens shall consist of at least ten protective clothing material samples measuring 3 ×
16 in., ±1/16 in. (76 × 203 mm, ±1.6 mm). If the material is anisotropic, specimens shall be cut in
both the machine and transverse directions.
(b) Specimens shall be folded in half such that the folded edge is exposed in the apparatus
holder. The fold shall be produced by placing a 1/4-in. (6.4-mm) rod at the bend of the material.
The rod shall then be removed after the material is clamped in the holder prior to flame contact.
The folded edge of the specimen shall protrude 1/4 in. (6.4 mm) below the lower horizontal end
of the metal specimen clamp.
(c) A stopwatch or other device reading in seconds shall be started. The tip of the flame shall
be applied to the end of the specimen until it is ignited, but no longer than 3 seconds. The
operator shall observe and note whether or not the specimen ignites and supports self-sustaining
burning after removal of the flame from the specimen.
(d) If the specimen fails to ignite in 3 seconds, the time shall be restarted and the flame shall be
reapplied to the end of the specimen for an additional 12 seconds. If the specimen ignites, the
timer shall be stopped when the flame is extinguished.
(e) The vertical distance, measured from the horizontal edge of the specimen to which the
ignition flame is applied, to the farthest point on the specimen visibly charred or melted by the
burning process, shall be recorded. This measurement shall be made on the specimen after
exposure. The apparent cause of extinguishment, such as melting or dripping, shall be noted.
5-10.3
The ignition propensity shall be noted as those specimens igniting within the 3-second
exposure period, specimens igniting within the 12-second exposure period, and specimens not
igniting at all.
5-10.4
Burning time shall be the time, reported in seconds, from the moment that the operator
removes the flame from the sample until burning is extinguished.
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5-10.5
The distance of burn shall be the distance, reported in inches (cm), from the ignited edge of the
sample to the farthest vertical point on the sample that is burned in the test.
5-10.6
The burning behavior of the specimen shall be noted and characterized for the samples that
ignite, are self-extinguishing, or as otherwise observed. The specimen shall be considered
self-extinguishing if the distance of burning is less than 4.0 in. (10.24 cm) and the burning time
is less than 10 seconds. The appearance of decomposition by melting or dripping shall be noted.
5-10.7
Report items for determining pass/fail shall be summarized as:
(a) Test specimens igniting in 3 seconds or less;
(b) Test specimens igniting in 12 seconds or less;
(c) Test specimens not igniting in the test;
(d) Test specimens with an ignition time exceeding 3 seconds but that support burning for 10
seconds or more;
(e) Test specimens with an ignition time exceeding 3 seconds but that have a burn distance
exceeding 4 in. (10.24 cm);
(f) Notation of specimen melting or dripping.
Copyright © 1994 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION

NFPA 2001
1996 Edition
Standard on Clean Agent Fire Extinguishing Systems

Copyright © 1996 NFPA, All Rights Reserved
1996 Edition
This edition of NFPA 2001, Standard on Clean Agent Fire Extinguishing Systems, was
prepared by the Technical Committee on Alternative Protection Options to Halon and acted on
by the National Fire Protection Association, Inc., at its Fall Meeting held November 13-15,
1995, in Chicago, IL. It was issued by the Standards Council on January 12, 1996, with an
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effective date of February 2, 1996, and supersedes all previous editions.
Changes other than editorial are indicated by a vertical rule in the margin of the pages on
which they appear. These lines are included as an aid to the user in identifying changes from the
previous edition.
This edition of NFPA 2001 has been submitted to the American National Standards Institute
for approval as an American National Standard.
Origin and Development of NFPA 2001
The Technical Committee on Alternative Protection Options to Halon was organized in 1991,
and immediately started work to address the new total flooding clean agents that were being
developed to replace Halon 1301. A need existed on how to design, install, maintain, and operate
systems using these new clean agents, and NFPA 2001 was established to address these needs.
The 1994 edition was the first edition of NFPA 2001.
Technical Committee on Alternative Protection Options to Halon
Phillip J. DiNenno, Chair
Hughes Assoc. Inc., MD
Jeff L. Harrington, Secretary
Harrington Group, Inc., GA
William M. Carey, Underwriters Laboratories Inc., IL
Jon S. Casler, Fike Protection Systems, MO
Salvatore A. Chines, Industrial Risk Insurers, CT
Rep. Industrial Risk Insurers
Logan T. Fidler, Ansul Fire Protection, FL
Rep. Halon Alternative Research Corp.
John Foreacre, St. Paul Companies, IL
William J. Fries, Liberty Mutual Insurance Co., MA
Rep. The Alliance of American Insurers
William A. Froh, U.S. Dept. of Energy, DC
Ello Guglielmi, North American Fire Guardian Tech. Inc., Canada
Alankar Gupta, Boeing Commercial Airplane Group, WA
David H. Kay, U.S. Dept. of the Navy, DC
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George A. Krabbe, Automatic Suppression Systems Inc., IL
Rep. Fire Suppression Systems Assn.
James D. Lake, Nat’l Fire Sprinkler Assn., NY
Michelle Maynard-Collins, Nat’l Aeronautics & Space Admin., FL
Robert C. Merritt, Factory Mutual Research Corp., MA
Karen Metchis, U.S. Environmental Protection Agency, DC
Daniel W. Moore, The DuPont Company, DE
William J. Pearson, Cerberus Pyrotronics, NJ
Rep. Nat’l Electrical Mfrs. Assn.
John A. Pignato, Jr., 3M Co., MN
W. Douglas Register, Great Lakes Chemical Corp., IN
William J. Satterfield, Hartford Steam Boiler Inspection & Insurance Co., CT
Joseph A. Senecal, Fenwal Safety Systems, MA
Clifford R. Sinopoli, Baltimore Gas & Electric, MD
Rep. Electric Light Power Group/Edison Electric Inst.
Louise C. Speitel, Federal Aviation Administration, NJ
Steven W. Stone, CIGNA Loss Control Services Inc., TX
Rep. American Insurance Services Group, Inc.
Robert E. Tapscott, New Mexico Engr Research Inst., NM
Tim N. Testerman, Procter & Gamble, OH
Stephen B. Waters, Fireline Corp., MD
Rep. Nat’l Assn. of Fire Equipment Distributors Inc.
Alternates
Kerry M. Bell, Underwriters Laboratories Inc., IL
(Alt. to W. M. Carey)
Robert L. Darwin, U.S. Dept. of the Navy, DC
(Alt. to D. H. Kay)
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David B. Hampton, MCI Communications, TX
(Vot. Alt .to MCI Rep.)
Christopher P. Hanauska, Hughes Assoc., Inc., MN
(Alt. to P. J. DiNenno)
James P. Hebert, Universal Fire Equipment Co., TX
(Alt. to S. B. Waters)
Lorne MacGregor, North American Fire Guardian Tech., Inc., Canada
(Alt. to E. Guglielmi)
Jeffrey F. Moore, Fike Protection Systems, MO
(Alt. to J. S. Casler)
Michael J. Prowse, Cerberus Pyrotronics, NJ
(Alt. to W. J. Pearson)
Paul E. Rivers, 3M Co., MN
(Alt. to J. A. Pignato)
Todd E. Schumann, Industrial Risk Insurers, IL
(Alt. to S. Chines)
David C. Smith, Factory Mutual Research Corp., MA
(Alt. to R. C. Merritt)
Al Thornton, Great Lakes Chemical Corp. TX
(Alt. to W. D. Register)
Charles F. Willms, Fire Suppression Systems Assoc., NC
(Alt. to G. A. Krabbe)
Joseph A. Wright, Federal Aviation Administration Tech Ctr., NJ
(Alt. to L. C. Speitel)
Nonvoting
Anatoly Baratov, Civil Engr University, Russia
Ole Bjarnsholt, Unitor Denmark A/S, Denmark
Michael John Holmes, Preussag Fire Protection Ltd, England
Peter F. Johnson, Scientific Services Laboratory, Australia
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Douglas J. Pickersgill, Fire and Safety Systems, Australia
Fernando Vigara, Vimpex - Security Devises, SA, Spain
Mark T. Conroy, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the text of this
edition. Since that time, changes in the membership may have occurred.
NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the
Association or any document developed by the Committee on which the member serves.
Committee Scope: This Committee shall have primary responsibility for documents on alternative
protection options to Halon 1301 and 1211 fire extinguishing systems. It shall not deal with
design, installation, operation, testing, and maintenance of systems employing carbon dioxide, dry
chemical, wet chemical, foam, Halon 1301, Halon 1211, Halon 2402, or water as the primary
extinguishing media.

NFPA 2001
Standard on
Clean Agent Fire Extinguishing Systems
1996 Edition
NOTICE: An asterisk (*) following the number or letter designating a paragraph indicates explanatory
material on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 5 and Appendix C.

Chapter 1 General
1-1 Scope.
This standard contains minimum requirements for total flooding, clean agent fire extinguishing
systems. It does not cover fire extinguishing systems that use carbon dioxide, Halon 1301, Halon
1211, Halon 2402, or water, which are addressed by other NFPA documents.
1-2 Purpose.
1-2.1
The agents in this standard were introduced in response to international restrictions on the
production of certain halon fire extinguishing agents under the Montreal Protocol signed
September 16, 1987, as amended. This standard is prepared for the use and guidance of those
charged with purchasing, designing, installing, testing, inspecting, approving, listing, operating,
and maintaining engineered or pre-engineered clean agent extinguishing systems, so that such
equipment will function as intended throughout its life. Nothing in this standard is intended to
restrict new technologies or alternate arrangements provided the level of safety prescribed by
this standard is not lowered.
1-2.2
No standard can be promulgated that will provide all the necessary criteria for the
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implementation of a total flooding, clean agent fire extinguishing system. Technology in this
area is under constant development, and this will be reflected in revisions to this standard. The
user of this standard must recognize the complexity of clean agent fire extinguishing systems.
Therefore, the designer is cautioned that the standard is not a design handbook. The standard
does not do away with the need for the engineer or for competent engineering judgment. It is
intended that a designer capable of applying a more complete and rigorous analysis to special or
unusual problems shall have latitude in the development of such designs. In such cases, the
designer is responsible for demonstrating the validity of the approach.
1-3 Definitions and Units.
1-3.1 Definitions.
For purpose of clarification, the following general terms used with special technical meanings
in this standard are defined:
Approved.* Acceptable to the authority having jurisdiction.
Authority Having Jurisdiction.* The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
Class A Fires. Fires in ordinary combustible materials, such as wood, cloth, paper, rubber, and
many plastics.
Class B Fires. Fires in flammable liquids, oils, greases, tars, oil-base paints, lacquers, and
flammable gases.
Class C Fires. Fires that involve energized electrical equipment where the electrical
nonconductivity of the extinguishing media is of importance.
Clean Agent. Electrically nonconducting, volatile, or gaseous fire extinguishant that does not
leave a residue upon evaporation. The word “agent” as used in this document shall mean “clean
agent” unless otherwise indicated.
Clearance. The air distance between clean agent equipment, including piping and nozzles, and
unenclosed or uninsulated live electrical components at other than ground potential.
Engineered Systems. Those requiring individual calculation and design to determine the flow
rates, nozzle pressures, pipe size, area or volume protected by each nozzle, quantity of clean
agent, and the number and types of nozzles and their placement in a specific system.
Fill Density. The mass of clean agent per unit of container volume (e.g., lb/ft3, kg/m3).
Halocarbon Agent. A clean agent that contains as primary components one or more organic
compounds containing one or more of the elements fluorine, chlorine, bromine, or iodine.
Examples are hydrofluorocarbons (HFCs), hydrochlorofluorocarbons (HCFCs),
perfluorocarbons (PFCs or FCs), and fluoroiodocarbons (FICs).
Inert Gas Agent. A clean agent that contains as primary components one or more of the gases
helium, neon, argon, or nitrogen. Inert gas agents that are blends of gases can also contain carbon
dioxide as a secondary component.
Listed.* Equipment or materials included in a list published by an organization acceptable to
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the authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
Lowest Observable Adverse Effect Level (LOAEL). The lowest concentration at which an
adverse physiological or toxicological effect has been observed.
No Observed Adverse Effect Level (NOAEL). The highest concentration at which no adverse
toxicological or physiological effect has been observed.
Normally Occupied Area.* One that is intended for occupancy.
Pre-Engineered Systems. Those having predetermined flow rates, nozzle pressures, and
quantities of clean agent. These systems have the specific pipe size, maximum and minimum
pipe lengths, flexible hose specifications, number of fittings, and number and types of nozzles
prescribed by a testing laboratory. The hazards protected by these systems are specifically
limited as to type and size by a testing laboratory based upon actual fire tests. Limitations on
hazards that can be protected by these systems are contained in the manufacturer’s installation
manual, which is referenced as part of the listing.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Superpressurization. The addition of a gas to the fire suppression agent container necessary to
achieve the pressure required for proper system operation.
Total Flooding. A system consisting of a supply of clean agent arranged to discharge into, and
fill to the proper concentration, an enclosed space or enclosure about the hazard.
1-3.2 Units.
1-3.2.1 Metric units of measurement in this standard are in accordance with the modernized
metric system known as the International System of Units (SI). Two units (liter and bar), outside
of but recognized by SI, are commonly used in international fire protection. These units are
listed in Table 1-3.2 with conversion factors.
1-3.2.2 If a value for measurement as given in this standard is followed by an equivalent value in
other units, the first stated is to be regarded as the requirement. A given equivalent value might
be approximate.
Table 1-3.2 Metric Conversion Factors
Name of Unit

Unit Symbol

Conversion Factor

millimeter

mm

1 in. = 25.4 mm

liter

L

1 gal = 3.785 L

cubic decimeter

dm3

1 gal = 3.785 dm3

cubic meter

m3

1 ft3 = 0.028317 m3
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kilogram

kg

1 lb = 0.4536 kg

kilograms per cubic meter

kg/m3

1 lb/ft3 = 16.0183 kg/m3

pascal

Pa

1 psi = 6895 Pa

bar

bar

1 psi = 0.0689 bar

bar

bar

1 bar = 105 Pa

NOTE 1: For additional conversions and information see ASTM E 380, Standard for Metric
Practice.
NOTE 2: In Canada refer to Canadian Metric Practice Guide, CSA Standard
CAN3-Z234.1-89.

1-4 General Information.
1-4.1* Applicability of Clean Agents.
1-4.1.1 The clean agents addressed in this standard are electrically nonconductive agents that
extinguish fires and leave no residue upon evaporation.
1-4.1.2* Clean agents that meet the criteria of 1-4.1.1 and are discussed in this standard are
shown in Table 1-4.1.2.
Table 1-4.1.2 Clean Agents Addressed in this Standard
FC-3-1-10

Perfluorobutane

C4F10

HCFC Blend A

Dichlorotrifluoroethane
HCFC-123 (4.75%)

CHCl2CF3

Chlorodifluoromethane
HCFC-22 (82%)

CHClF2

Chlorotetrafluoroethane
HCFC-124 (9.5%)

CHClFCF3

Isopropenyl-1methylcyclohexene
(3.75%)
HCFC-124

Chlorotetrafluoroethane

CHClFCF3

HFC-125

Pentafluoroethane

CHF2CF3

HFC-227ea

Heptafluoropropane

CF3CHFCF3

HFC-23

Trifluoromethane

CHF3

HFC-236fa

Hexafluoropropane

CF3CH2CF3

FIC-13I1

Trifluoiodomethane

CF3I
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IG-01

Argon (99.9%)

Ar

IG-541

Nitrogen (52%)

N2

Argon (40%)

Ar

Carbon dioxide (8%)

CO2

Nitrogen (50%)

N2

Argon (50%)

Ar

IG-55

NOTE 1: Other agents might become available at later dates. They might be added via the
NFPA process in future editions or amendments of the standard.
NOTE 2: Composition of inert gas agents are given in percent by volume. Composition of
HCFC Blend A is given in percent by weight.

1-4.1.3 The design, installation, service, and maintenance of clean agent systems shall be
performed by those skilled in clean agent fire extinguishing system technology.
1-4.2 Use and Limitations.
1-4.2.1 Pre-engineered systems consist of system components designed to be installed according
to pretested limitations as listed by a testing laboratory. Pre-engineered systems might
incorporate special nozzles, flow rates, methods of application, nozzle placement, and
pressurization levels that might differ from those detailed elsewhere in this standard. All other
requirements of the standard apply. Pre-engineered systems shall be installed to protect hazards
within the limitations that have been established by the testing laboratories where listed.
1-4.2.2 Clean agent fire extinguishing systems are useful within the limits of this standard in
extinguishing fires in specific hazards or equipment and in occupancies where an electrically
nonconductive medium is essential or desirable, or where cleanup of other media presents a
problem.
1-4.2.3* Total flooding, clean agent fire extinguishing systems are used primarily to protect
hazards that are in enclosures or equipment that, in itself, includes an enclosure to contain the
agent. Some typical hazards that might be suitable include, but are not limited to, the following:
(a) Electrical and electronic hazards;
(b) Telecommunications facilities;
(c) Flammable and combustible liquids and gases; and
(d) Other high value assets.
1-4.2.4* Clean agent systems might also be used for explosion prevention and suppression where
flammable materials might collect in confined areas.
1-4.2.5 Clean agents shall not be used on fires involving the following materials unless they have
been tested to the satisfaction of the authority having jurisdiction:
(a) Certain chemicals or mixtures of chemicals, such as cellulose nitrate and gunpowder, that
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are capable of rapid oxidation in the absence of air;
(b) Reactive metals such as lithium, sodium, potassium, magnesium, titanium, zirconium,
uranium, and plutonium;
(c) Metal hydrides; or
(d) Chemicals capable of undergoing autothermal decomposition, such as certain organic
peroxides and hydrazine.
1-4.2.6 Electrostatic charging of nongrounded conductors might occur during the discharge of
liquefied gases. These conductors might discharge to other objects, causing an electric arc of
sufficient energy to initiate an explosion. (See NFPA 77, Recommended Practice on Static
Electricity.)
1-4.2.7 Where clean agent systems are used, a fixed enclosure shall be provided about the hazard
that is adequate to enable the specified concentration to be achieved and maintained for the
specified period of time.
1-4.2.8* The effects of agent decomposition on fire protection effectiveness and equipment shall
be considered where using clean agents in hazards with high ambient temperatures (e.g.,
furnaces and ovens).
1-5 Safety.
1-5.1* Hazards to Personnel.
1-5.1.1* Any agent that is to be recognized by this standard as acceptable for use in normally
occupied spaces shall first be evaluated in a manner equivalent to the process used by the U.S.
Environmental Protection Agency’s SNAP Program.
NOTE: The U.S. Environmental Protection Agency’s SNAP Program was originally outlined in Federal
Register 59 FR 13044.

1-5.1.2* Halocarbon Clean Agents.
1-5.1.2.1 Unnecessary exposure to all halocarbon clean agents and their decomposition products
shall be avoided. Halocarbon agents for which the design concentration is equal to or less than
the NOAEL shall be permitted for use in normally occupied areas. Halocarbon agents for which
the design concentration is greater than the NOAEL shall not be permitted for use in normally
occupied areas.
Exception: For Class B hazards and where acceptable to the authority having jurisdiction,
concentrations up to the LOAEL shall be permitted in normally occupied areas where a
predischarge alarm and time delay are provided. The time delay shall be set to ensure that the
occupants of the enclosure under consideration have time to evacuate prior to the start of
discharge.
1-5.1.2.2 To maintain oxygen concentrations above 16 percent (sea level equivalent), the point at
which onset of impaired personnel function occurs, no halocarbon fire extinguishing agents of
concentration greater than 24 percent addressed in this standard shall be used in a normally
occupied area.
1-5.1.3* Inert Gas Clean Agents. No inert gas agent with a design concentration above 43
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percent, which corresponds to an oxygen concentration of 12 percent (sea level equivalent), shall
be permitted for use in normally occupied areas.
Exception: For Class B hazards and where acceptable to the authority having jurisdiction,
concentrations up to 53 percent, which corresponds to an oxygen concentration of 10 percent
(sea level equivalent), are permitted in normally occupied areas where a predischarge alarm
and time delay are provided. The time delay shall be set to ensure that the occupants of the
enclosure under consideration have time to evacuate prior to the start of discharge.
1-5.1.4 Safety Requirements.
1-5.1.4.1* For fire situations, suitable safeguards shall be provided to ensure prompt evacuation
of and prevent entry into hazardous atmospheres and also to provide means for prompt rescue of
any trapped personnel. Safety items such as personnel training, warning signs, discharge alarms,
self-contained breathing apparatus, evacuation plans, and fire drills shall be considered.
1-5.1.4.2* Consideration shall be given to the possibility of a clean agent migrating to adjacent
areas outside of the protected space.
1-5.2 Electrical Clearances.
1-5.2.1 All system components shall be located to maintain no less than minimum clearances
from energized electrical parts. The following references shall be considered as the minimum
electrical clearance requirements for the installation of clean agent systems:
(a) ANSI C-2, National Electrical Safety Code
(b) NFPA 70, National Electrical Code®
(c) 29 CFR 1910 Subpart S.
1-5.2.2 Where the design basic insulation level (BIL) is not available, and where nominal
voltage is used for the design criteria, the highest minimum clearance listed for this group shall
be used.
1-5.2.3 The selected clearance to ground shall satisfy the greater of the switching surge or BIL
duty, rather than being based on nominal voltage.
1-5.2.4 The clearance between uninsulated energized parts of the electrical system equipment
and any portion of the clean agent system shall not be less than the minimum clearance provided
elsewhere for electrical system insulations on any individual component.
1-5.2.5 Where BIL is not available and where nominal voltage is used for the design criteria, the
highest minimum clearance listed for this group shall be used.
1-6* Environmental Factors.
When an agent is being selected to protect a hazard area, the effects of the agent on the
environment shall be considered. Selection of the appropriate fire suppressant agent shall include
consideration of the following items:
(a) Potential environmental effect of a fire in the protected area; and
(b) Potential environmental effect of the various agents that might be used.
1-7 Retrofitability.
Retrofitting of any clean agent into an existing fire extinguishing system shall result in a
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system that is listed or approved.
1-8 Compatibility with Other Agents.
1-8.1*
Mixing of clean agents in the same container shall be permitted only if the system is listed.
1-8.2
Systems employing the simultaneous discharge of different clean agents to protect the same
enclosed space shall not be permitted.
Chapter 2 Components
2-1 Agent Supply.
2-1.1 Quantity.
2-1.1.1 The amount of clean agent in the system shall be at least sufficient for the largest single
hazard protected or group of hazards that are to be protected simultaneously. This quantity of
agent is defined as the primary agent supply.
2-1.1.2* Where required, the reserve quantity shall be as many multiples of the primary supply
as the authority having jurisdiction considers necessary.
2-1.1.3 Where uninterrupted protection is required, both the primary and the reserve supply shall
be permanently connected to the distribution piping and arranged for easy changeover.
2-1.2* Quality.
New clean agents shall comply with the standard of quality as shown in Tables 2-1.2(a),
2-1.2(b), and 2-1.2(c). Each manufacturer’s batch shall be tested and certified to the tolerances or
specifications as indicated in the tables. Clean agent blends shall remain homogeneous in storage
and use under the listed temperature range and conditions of service that they will encounter.
Table 2-1.2(a) Halogenated Clean Agent Quality Requirements
All Clean Agents Listed in
Standard
Mole %, minimum

99.0

Acidity ppm (by weight HCl equivalent),
maximum

3.0

Water content, % by weight, maximum

0.001

Nonvolatile residues, grams/100 mL
maximum

0.05

Table 2-1.2(b) Inert Gas Clean Agent Quality Requirements
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IG-01
Composition, %
by volume

N2

Ar

99.9%

CO2

IG-541

IG-55

52% ± 4%

50% ± 5%

40% ± 4%

50% ± 5%

8% + 1%
- 0.0%

Water content, %
by weight

Maximum 0.005

Maximum 0.005

Maximum 0.005

Table 2-1.2(c) Blend Agent Quality Requirements
HCFC Blend A

Agent Quality Requirements

HCFC-22

82 ± 0.8%

HCFC-124

9.50 ± 0.9%

HCFC-123

4.75 ± 0.5%

isopropenyl-1-methylcyclohexene

3.75 ± 0.5%

Note percent by weight.

2-1.3 Storage Container Arrangement.
2-1.3.1 Storage containers and accessories shall be so located and arranged that inspection,
testing, recharging, and other maintenance are facilitated and interruption of protection is held to
a minimum.
2-1.3.2* Storage containers shall be located as close as possible to or within the hazard or
hazards they protect.
2-1.3.3 Storage containers shall not be located so as to be subject to severe weather conditions or
to potential damage due to mechanical, chemical, or other causes. Where potentially damaging
exposures might exist, suitable enclosures or guards shall be provided.
2-1.3.4 Storage containers shall be securely installed and secured according to the
manufacturer’s listed installation manual and in a manner that provides for convenient individual
servicing or content weighing.
2-1.3.5 Where storage containers are manifolded, automatic means such as a check valve shall be
provided to prevent agent loss if the system is operated when any containers are removed for
maintenance.
2-1.4 Storage Containers.
2-1.4.1* Storage Containers. The clean agent supply shall be stored in containers designed to
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hold that specific agent at ambient temperatures. Containers shall not be charged to a fill density
or superpressurization level different from the manufacturer’s listing.
2-1.4.2* Each agent container shall have a permanent nameplate or other permanent marking that
indicates the following:
(a) For halocarbon agent containers, the agent, tare and gross weights, and superpressurization
level (where applicable) of the container; or
(b) For inert gas agent containers, the agent, pressurization level of the container, and nominal
agent volume.
2-1.4.3 The containers used in these systems shall be designed to meet the requirements of the
U.S. Department of Transportation or the Canadian Transport Commission, if used as shipping
containers. If not shipping containers, they shall be designed, fabricated, inspected, certified, and
stamped in accordance with Section VIII of the ASME Boiler and Pressure Vessel Code;
independent inspection and certification is recommended. The design pressure shall be suitable
for the maximum pressure developed at 130°F (55°C) or at the maximum controlled temperature
limit.
2-1.4.4 A reliable means of indication shall be provided to determine the pressure in refillable
superpressurized containers.
2-1.4.5 Manifolded Containers.
(a) For halocarbon clean agents in a multiple container system, all containers supplying the
same manifold outlet for distribution of the same agent shall be interchangeable and of one select
size and charge.
(b) Inert gas agents shall be permitted to utilize multiple storage container sizes connected to a
common manifold. Inert gas agents are single-phase gases in storage and at all times during
discharge.
2-1.4.6 Storage temperatures shall not exceed or be less than the manufacturer’s listed limits.
External heating orcooling shall be used to keep the temperature of the storage container within
desired ranges.
2-2 Distribution.
2-2.1* Piping.
2-2.1.1* Piping shall be of noncombustible material having physical and chemical characteristics
such that its integrity under stress can be predicted with reliability. Special corrosion-resistant
materials or coatings shall be required in severely corrosive atmospheres. The thickness of the
piping wall shall be calculated in accordance with ASME B31.1, Power Piping Code. The
internal pressure used for this calculation shall be the maximum pressure in the container at a
maximum storage temperature of not less than 130°F (55°C) (use manufacturer’s maximum
allowable fill density), but in no case shall the value used for the pressure be less than the
following:
(a) For clean agents in Table A-2-1.4.1 having a charging pressure up to and including 360
psig (2482 kPa) at 70°F (21°C), use an internal pressure of 620 psig (4275 kPa) at 130°F (55°C).
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(b) For HFC-23, use an internal pressure of 2250 psig (15,514 kPa) at 130°F (55°C).
Exception: Steel piping used in HFC-23 systems shall meet the following requirements:
Pipe 1/8 in. through 3/4 in. NPS shall be a minimum of Schedule 40.
Pipe 1 in. through 4 in. NPS shall be a minimum of Schedule 80.
Black or galvanized steel pipe shall be either ASTM A-106 Seamless, Grade A, B, or C; or
ASTM A-53 Seamless or Electric Welded, Grade A or B.
ASTM A-120 and ASTM A-53 Class F Furnace Welded Pipe shall not be used.
Table 2-2.1.1 Internal Pressures Used for Calculations
Normal Charging
Pressure

Internal Pressure @ 130°F (55°C)
Piping upstream
of pressure reducer

Piping downstream of
pressure reducer

IG-01 charged to 2371
psig
(16,341 kPa)

2650 psig
(18,972 kPa)

975 psig (6723 kPa)

IG-541 charged to
2175 psig
(14,997 kPa)

2575 psig
(17,755 kPa)

1000 psig (6895 kPa)

IG-55 charged to 2222
psig
(15,318 kPa)

2475 psig
(17,065 kPa)

950 psig (6550 kPa)

IG-55 charged to 2962
psig
(20,424 kPa)

3300 psig
(22,753 kPa)

950 psig (6550 kPa)

IG-55 charged to 4443
psig
(30,636 kPa)

4950 psig
(34,130 kPa)

950 psig (6550 kPa)

(c) For clean agents in Table 2-1.4.1 having a charging pressure of 600 psig (4137 kPa) at
70°F (21°C), use an internal pressure of 1000 psig (6895 kPa) at 130°F (55°C).
(d) For inert gases use Table 2-2.1.1. The pressure-reducing device shall be readily
identifiable.
(e) If higher storage temperatures are approved for a given system, the internal pressure shall
be adjusted to the maximum internal pressure at maximum temperature. In performing this
calculation, all joint factors and threading, grooving, or welding allowances shall be taken into
account.
2-2.1.2 Cast-iron pipe, steel pipe conforming to ASTM A 120, or nonmetallic pipe shall not be
used.
2-2.1.3 Stenciled pipe identification shall not be painted over, concealed, or removed prior to
approval by the authority having jurisdiction.
2-2.1.4 Where used, flexible piping, tubing, or hoses (including connections) shall be of
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approved materials and pressure ratings.
2-2.1.5 Each pipe section shall be cleaned internally after preparation and before assembly by
means of swabbing, utilizing a suitable nonflammable cleaner. The piping network shall be free
of particulate matter and oil residue before installation of nozzles or discharge devices.
2-2.1.6 In sections where valve arrangement introduces sections of closed piping, such sections
shall be equipped with pressure relief devices or the valves shall be designed to prevent
entrapment of liquid. In systems using pressure-operated container valves, means shall be
provided to vent any container leakage that could build up pressure in the pilot system and cause
unwanted opening of the container valve. The means of pressure venting shall be arranged so as
not to prevent reliable operation of the container valve.
2-2.1.7 All pressure relief devices shall be designed and located so that the discharge from the
device will not injure personnel or pose a hazard.
2-2.2 Pipe Joints.
Pipe joints other than threaded, welded, brazed, flared, compression, or flanged type shall be
listed or approved.
2-2.3 Fittings.
2-2.3.1* Fittings shall have a minimum rated working pressure equal to or greater than the
maximum pressure in the container at 130°F (54°C) when filled to the maximum allowable fill
density for the clean agent being used, or as otherwise listed or approved. For systems that
employ the use of a pressure reducing device in the distribution piping, the fittings downstream
of the device shall have a minimum rated working pressure equal to or greater than the
maximum anticipated pressure in the downstream piping.
2-2.3.2 Cast-iron fittings shall not be used. Class 150 lb fittings shall not be used unless it can be
demonstrated that they comply with the appropriate ANSI stress calculations.
2-2.3.3 All threads used in joints and fittings shall conform to ANSI B1.20.1, Standard for Pipe
Threads, General Purpose, or ISO 7, Requirements for Standards Suitable for Product
Certification. Joint compound, tape, or thread lubricant shall be applied only to the male threads
of the joint.
2-2.3.4 Welding and brazing alloys shall have a melting point above 1000°F (538°C).
2-2.3.5 Welding shall be performed in accordance with Section IX, “Qualification Standard for
Welding and Brazing Procedures, Welders, Brazers and Welding and Brazing Operators,” of the
ASME Boiler and Pressure Vessel Code.
2-2.3.6 Where copper, stainless steel, or other suitable tubing is jointed with compression-type
fittings, the manufacturer’s pressure temperature ratings of the fitting shall not be exceeded.
2-2.4 Valves.
2-2.4.1 All valves shall be listed or approved for the intended use.
2-2.4.2* All gaskets, o-rings, sealants, and other valve components shall be constructed of
materials that are compatible with the clean agent. Valves shall be protected against mechanical,
chemical, or other damage.
2-2.4.3 Special corrosion-resistant materials or coatings shall be used in severely corrosive
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atmospheres.
2-2.5 Discharge Nozzles.
2-2.5.1 Discharge nozzles shall be listed for the intended use. Listing criteria shall include flow
characteristics, area coverage, height limits, and minimum pressures. Discharge orifices, and
discharge orifice plates and inserts, shall be of a material that is corrosion resistant to the agent
used and the atmosphere in the intended application.
2-2.5.2 Special corrosion-resistant materials or coatings shall be required in severely corrosive
atmospheres.
2-2.5.3 Discharge nozzles shall be permanently marked to identify the manufacturer as well as
the type and size of the orifice.
2-2.5.4 Where clogging by external foreign materials is likely, discharge nozzles shall be
provided with frangible discs, blowoff caps, or other suitable devices. These devices shall
provide an unobstructed opening upon system operation and shall be located so they will not
injure personnel.
2-3 Detection, Actuation, and Control Systems.
2-3.1 General.
2-3.1.1 Detection, actuation, alarm, and control systems shall be installed, tested, and maintained
in accordance with appropriate NFPA protective signaling systems standards (see NFPA 70,
National Electrical Code, and NFPA 72, National Fire Alarm Code. In Canada refer to
CAN/ULC S524-M86, Standard for the Installation of Fire Alarm Systems, and CAN/ULC
S529-M87, Smoke Detectors for Fire Alarm Systems).
2-3.1.2 Automatic detection and automatic actuation shall be used.
Exception: Manual-only actuation shall be permitted if acceptable to the authority having
jurisdiction.
2-3.1.3 Initiating and releasing circuits shall be installed in raceways. AC and dc wiring shall not
be combined in a common conduit or raceway.
Exception: AC and dc wiring shall be permitted to be combined in a common conduit or raceway
where shielded and grounded.
2-3.2 Automatic Detection.
2-3.2.1* Automatic detection shall be by any listed method or device capable of detecting and
indicating heat, flame, smoke, combustible vapors, or an abnormal condition in the hazard, such
as process trouble, that is likely to produce fire.
NOTE: Detectors installed at the maximum spacing as listed or approved for fire alarm use may result in
excessive delay in agent release, especially where more than one detection device is required to be in alarm
before automatic actuation results.

2.3.2.2 Adequate and reliable primary and 24-hour minimum standby sources of energy shall be
used to provide for operation of the detection, signaling, control, and actuation requirements of
the system.
2-3.2.3 When a new clean agent system is being installed in a space that has an existing
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detection system, an analysis shall be made of the detection devices to assure that the detection
system is in good operating condition and will respond promptly to a fire situation. This shall be
done to assist in limiting the decomposition products from a suppression event.
2-3.3 Operating Devices.
2-3.3.1 Operating devices shall include agent releasing devices or valves, discharge controls, and
shutdown equipment necessary for successful performance of the system.
2-3.3.2 Operation shall be by listed mechanical, electrical, or pneumatic means. An adequate and
reliable source of energy shall be used.
2-3.3.3 All devices shall be designed for the service they will encounter and shall not readily be
rendered inoperative or susceptible to accidental operation. Devices normally shall be designed
to function properly from –20°F to 130°F (–29°C to 54°C) or marked to indicate temperature
limitations.
2-3.3.4 All devices shall be located, installed, or suitably protected so that they are not subject to
mechanical, chemical, or other damage that would render them inoperative.
2-3.3.5 A means of manual release of the system shall be provided. This shall be accomplished
by a mechanical manual release, or by an electrical manual release when the control equipment
monitors the battery voltage level of the standby battery supply and will provide a low battery
signal. The release shall cause simultaneous operation of automatically operated valves
controlling agent release and distribution.
2-3.3.6 The normal manual control(s) for actuation shall be located for easy accessibility at all
times, including at the time of a fire. The manual control(s) shall be of distinct appearance and
clearly recognizable for the purpose intended. Operation of any control shall cause the complete
system to operate in its normal fashion.
2-3.3.7 Manual controls shall not require a pull of more than 40 lb (178 N) nor a movement of
more than 14 in. (356 mm) to secure operation. At least one manual control for activation shall
be located not more than 4 ft (1.2 m) above the floor.
2-3.3.8 Where gas pressure from the system or pilot containers is used as a means for releasing
the remaining containers, the supply and discharge rate shall be designed for releasing all of the
remaining containers.
2-3.3.9 All devices for shutting down supplementary equipment shall be considered integral
parts of the system and shall function with the system operation.
2-3.3.10 All manual operating devices shall be identified as to the hazard they protect.
2-3.4 Control Equipment.
2-3.4.1 Electric Control Equipment. The control equipment shall supervise the actuating
devices and associated wiring and, as required, cause actuation. The control equipment shall be
specifically listed for the number and type of actuating devices utilized, and their compatibility
shall have been listed.
2-3.4.2 Pneumatic Control Equipment. Where pneumatic control equipment is used, the lines
shall be protected against crimping and mechanical damage. Where installations could be
exposed to conditions that could lead to loss of integrity of the pneumatic lines, special
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precautions shall be taken to ensure that no loss of integrity will occur. The control equipment
shall be specifically listed for the number and type of actuating devices utilized, and their
compatibility shall have been listed.
2-3.5 Operating Alarms and Indicators.
2-3.5.1 Alarms or indicators or both shall be used to indicate the operation of the system, hazards
to personnel, or failure of any supervised device. The type (audible, visual, or olfactory),
number, and location of the devices shall be such that their purpose is satisfactorily
accomplished. The extent and type of alarms or indicator equipment or both shall be approved.
2-3.5.2 Audible and visual predischarge alarms shall be provided within the protected area to
give positive warning of impending discharge. The operation of the warning devices shall be
continued after agent discharge until positive action has been taken to acknowledge the alarm
and proceed with appropriate action.
2-3.5.3* Abort switches generally are not recommended. However, where provided, the abort
switches shall be located within the protected area and shall be located near the means of egress
for the area. An abort switch shall not be operated unless the cause for the condition is known
and corrective action can be taken. The abort switch shall be of a type that requires constant
manual pressure to cause abort. The abort switch shall not be of a type that would allow the
system to be left in an aborted mode without someone present. In all cases the normal and
manual emergency control shall override the abort function. Operation of the abort function shall
result in both audible and distinct visual indication of system impairment. The abort switch shall
be clearly recognizable for the purpose intended.
2-3.5.4 Alarms indicating failure of supervised devices or equipment shall give prompt and
positive indication of any failure and shall be distinctive from alarms indicating operation or
hazardous conditions.
2-3.5.5 Warning and instruction signs at entrances to and inside protected areas shall be
provided.
2-3.5.6 Time Delays.
2-3.5.6.1 Where systems are designed to concentrations above NOAEL and up to LOAEL, a
predischarge alarm and time delay shall be provided. For systems designed to the NOAEL,
where a discharge delay does not significantly increase the threat to life or property, clean agent
extinguishing systems shall incorporate a predischarge alarm with a time delay sufficient to
allow personnel evacuation prior to discharge.
Where inert gas clean agent systems are designed to concentrations between 43 percent and 53
percent, a predischarge alarm and time delay shall be provided. For inert gas clean agent systems
designed to a concentration up to 42 percent, where a discharge delay does not significantly
increase the threat to life or property, inert gas clean agent extinguishing systems shall
incorporate a predischarge alarm with a time delay sufficient to allow personnel evacuation prior
to discharge.
2-3.5.6.2 Time delays shall be used only for personnel evacuation or to prepare the hazard area
for discharge.
2-3.5.6.3 Time delays shall not be used as a means of confirming operation of a detection device
before automatic actuation occurs.
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2-3.6* Unwanted System Operation.
Care shall be taken to thoroughly evaluate and correct any factors that could result in
unwanted discharges.
Chapter 3 System Design
3-1 Specifications, Plans, and Approvals.
3-1.1 Specifications.
Specifications for clean agent fire extinguishing systems shall be prepared under the
supervision of a person fully experienced and qualified in the design of clean agent extinguishing
systems and with the advice of the authority having jurisdiction. The specifications shall include
all pertinent items necessary for the proper design of the system such as the designation of the
authority having jurisdiction, variances from the standard to be permitted by the authority having
jurisdiction, design criteria, system sequence of operations, the type and extent of the approval
testing to be performed after installation of the system, and owner training requirements.
3-1.2 Working Plans.
3-1.2.1 Working plans and calculations shall be submitted for approval to the authority having
jurisdiction before installation or remodeling begins. These documents shall be prepared only by
persons fully experienced and qualified in the design of clean agent extinguishing systems.
Deviation from these documents shall require permission of the authority having jurisdiction.
3-1.2.2 Working plans shall be drawn to an indicated scale, and shall show the following items
that pertain to the design of the system:
(a) Name of owner and occupant;
(b) Location, including street address;
(c) Point of compass and symbol legend;
(d) Location and construction of protected enclosure walls and partitions;
(e) Location of fire walls;
(f) Enclosure cross section, full height or schematic diagram, including location and
construction of building floor/ceiling assemblies above and below, raised access floor and
suspended ceiling;
(g) Type of clean agent being used;
(h) Design extinguishing or inerting concentration;
(i) Description of occupancies and hazards being protected, designating whether or not the
enclosure is normally occupied;
(j) Description of exposures surrounding the enclosure;
(k) Description of the agent storage containers used including internal volume, storage
pressure, and nominal capacity expressed in units of agent mass, or volume at standard
Copyright 1996 NFPA

conditions of temperature and pressure;
(l) Description of nozzle(s) used including size, orifice port configuration, and equivalent
orifice area;
(m) Description of pipe and fittings used including material specifications, grade, and pressure
rating;
(n) Description of wire or cable used including classification, gauge (AWG), shielding,
number of strands in conductor, conductor material, and color coding schedule. Segregation
requirements of various system conductors shall be clearly indicated. The required method of
making wire terminations shall be detailed;
(o) Description of the method of detector mounting;
(p) Equipment schedule or bill of materials for each piece of equipment or device showing
device name, manufacturer, model or part number, quantity, and description;
(q) Plan view of protected area showing enclosure partitions (full and partial height); agent
distribution system including agent storage containers, piping, and nozzles; type of pipe hangers
and rigid pipe supports; detection, alarm, and control system including all devices and schematic
of wiring interconnection between them; end-of-line device locations; location of controlled
devices such as dampers and shutters; location of instructional signage;
(r) Isometric view of agent distribution system showing the length and diameter of each pipe
segment; node reference numbers relating to the flow calculations; fittings including reducers
and strainers; orientation of tees, nozzles including size, orifice port configuration, flow rate, and
equivalent orifice area;
(s) Scale drawing showing the layout of the annunciator panel graphics if required by the
authority having jurisdiction;
(t) Details of each unique rigid pipe support configuration showing method of securement to
the pipe and to the building structure;
(u) Details of the method of container securement showing method of securement to the
container and to the building structure;
(v) Complete step-by-step description of the system sequence of operations including
functioning of abort and maintenance switches, delay timers, and emergency power shutdown;
(w) Point-to-point wiring schematic diagrams showing all circuit connections to the system
control panel and graphic annunciator panel;
(x) Point-to-point wiring schematic diagrams showing all circuit connections to external or
add-on relays;
(y) Complete calculations to determine enclosure volume, quantity of clean agent, and size of
backup batteries. Method used to determine number and location of audible and visual indicating
devices, and number and location of detectors; and
(z) Details of any special features.
3-1.2.3 The detail on the system shall include information and calculations on the amount of
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agent; container storage pressure; internal volume of the container; the location, type, and flow
rate of each nozzle including equivalent orifice area; the location, size, and equivalent lengths of
pipe, fittings, and hose; and the location and size of the storage facility. Pipe size reduction and
orientation of tees shall be clearly indicated. Information shall be submitted pertaining to the
location and function of the detection devices, operating devices, auxiliary equipment, and
electrical circuitry, if used. Apparatus and devices used shall be identified. Any special features
shall be adequately explained.
Exception: Pre-engineered systems do not require specifying internal volume of the container,
nozzle flow rates, equivalent lengths of pipe and fitting and hose, or flow calculations, when
used within their listed limitations. The information required by the listed system design manual,
however, shall be made available to the authority having jurisdiction for verification that the
system is within its listed limitations.
3-1.2.4 An as-built instruction and maintenance manual that includes a full sequence of
operations and a full set of drawings and calculations shall be maintained on site.
3-1.2.5 Flow Calculations.
3-1.2.5.1 Flow calculations along with the working plans shall be submitted to the authority
having jurisdiction for approval. The version of the flow calculation program shall be identified
on the computer calculation printout.
3-1.2.5.2 Where field conditions necessitate any material change from approved plans, the
change shall be submitted for approval.
3-1.2.5.3 When such material changes from approved plans are made, corrected “as installed”
plans shall be provided.
3-1.3 Approval of Plans.
3-1.3.1 Plans and calculations shall be approved prior to installation.
3-1.3.2 Where field conditions necessitate any significant change from approved plans, the
change shall be approved prior to implementation.
3-1.3.3 When such significant changes from approved plans are made, the working plans shall be
updated to accurately represent the system as installed.
3-2 System Flow Calculations.
3-2.1*
System flow calculations shall be performed using a calculation method listed or approved by
the authority having jurisdiction for the agent. The system design shall be within the
manufacturer’s listed limitations.
Exception: Pre-engineered systems do not require a flow calculation where used within their
listed limitations.
3-2.2
Valves and fittings shall be rated for equivalent length in terms of pipe or tubing sizes with
which they will be used. The equivalent length of the container valves shall be listed and shall
include siphon tube, valve, discharge head, and flexible connector.
3-2.3
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The piping lengths, nozzle, and fitting orientation shall be in accordance with the
manufacturer’s listed limitations to ensure proper system performance.
3-2.4
If the final installation varies from the prepared drawings and calculations, new drawings and
calculations representing the “as built” installation shall be prepared.
3-3 Enclosure.
3-3.1
In the design of total flooding systems, the characteristics of the enclosure shall be considered
as part of Section 3-3.
3-3.2
The area of unclosable openings shall be kept to a minimum. The authority having jurisdiction
can require pressurization/depressurization or other tests to assure proper performance as defined
by this standard.
3-3.3
To prevent loss of agent through openings to adjacent hazards or work areas, openings shall be
permanently sealed or equipped with automatic closures. Where reasonable confinement of agent
is not practicable, protection shall be extended to include the adjacent connected hazards or work
areas.
3-3.4*
Forced-air ventilating systems shall be shut down or closed automatically where their
continued operation would adversely affect the performance of the fire extinguishment agent
system or result in propagation of the fire. Completely self-contained recirculating ventilation
systems are not required to shut down. The volume of the system and associated ductwork shall
be considered as part of the total hazard volume when determining agent quantities.
Exception: Ventilation systems necessary to ensure safety are not required to be shut down upon
system activation. An extended agent discharge shall be provided to maintain the design
concentration for the required duration of protection.
3-4 Design Concentration Requirements.
3-4.1
For combinations of fuels, the flame extinguishment or inerting value for the fuel requiring the
greatest concentration shall be used unless tests are made on the actual mixture.
3-4.2
For a particular fuel, either flame extinguishment or inerting concentrations shall be used.
3-4.2.1* Inerting.
3-4.2.1.1 The inerting concentrations shall be used where conditions for subsequent reflash or
explosion could exist. These conditions are when both:
(a) The quantity of fuel permitted in the enclosure is sufficient to develop a concentration
equal to or greater than one-half of the lower flammable limit throughout the enclosure; and
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(b) The volatility of the fuel before the fire is sufficient to reach the lower flammable limit in
air (maximum ambient temperature or fuel temperature exceeds the close cup flash point
temperature) or the system response is not rapid enough to detect and extinguish the fire before
the volatility of the fuel is increased to a dangerous level as a result of the fire.
CAUTION: Under certain conditions, it may be dangerous to extinguish a burning gas
jet. As a first measure, the gas supply should be shut off.
3-4.2.1.2 The minimum design concentrations used to inert atmospheres involving flammable
liquids and gases shall be determined by test plus a 10 percent safety factor.
3-4.2.2* Flame Extinguishment.
3-4.2.2.1 The minimum design concentration for Class B flammable and combustible liquids and
flammable gases shall be a demonstrated cup burner extinguishing concentration value for each
Class B fuel, plus a 20 percent safety factor. For hazards involving multiple fuels, the value for
the fuel requiring the greatest design concentration shall be used.
3-4.2.2.2* The minimum design concentration for Class A surface fires shall be an extinguishing
concentration determined by test, as part of a listing program, plus a 20 percent safety factor.
3-4.2.2.3* As a minimum, the listing program shall conform to UL 1058, Standard for
Halogenated Agent Extinguishing System Units, and UL procedure titled “Fire
Extinguishment/Area Coverage Fire Test Procedure for Engineered and Preengineered Clean
Agent Extinguishing System Units,” or equivalent.
3-5 Total Flooding Quantity.
3-5.1*
The amount of halocarbon clean agent required to achieve the design concentration shall be
calculated from the following formula:

Where:
W
T
k1 and k2
C
V
S

= weight of clean agent.
= minimum anticipated temperature of the protected volume.
= constants specific to the clean agent being used. See Table 3-5.1 for values of
k1 and k2.
= clean agent design concentration, % byvolume.
= net volume of hazard, ft3 (m3) (enclosed volume minus fixed structures
impervious to clean agent).
= k1 + k2 (T) is a linear equation determined by least squares curve fit techniques
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from data supplied by the clean agent manufacturers. The zero intercept is k1
and the slope is k2.
NOTE: This calculation includes an allowance for the normal leakage from a “tight” enclosure due to agent
expansion.

Table 3-5.1(a) Specific Volume Constants k1 and k2
°F
Agents

°C

k1

k2

k1

k2

FC-3-1-10

1.409

0.0031

0.0941

0.0003

HCFC Blend A

3.612

0.0079

0.2413

0.00088

HCFC-124

2.3395

0.0058

0.1575

0.0006

HFC-125

2.7200

0.0064

0.1825

0.0007

HFC-227ea

1.885

0.0046

0.1269

0.0005

HFC-23

4.7250

0.0107

0.3164

0.0012

FIC-13I1

1.683

0.0044

0.1138

0.0005

IG-01

8.514

0.0185

0.5685

0.00208

IG-541

9.8579

0.2143

0.65799

0.00239

IG-55

9.8809

0.0215

0.6598

0.00242

HFC-236fa

2.098

0.0051

0.1413

0.0006

Table 3-5.1(b) FC-3-1-10 Total Flooding Quantity [1]
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Table 3-5.1(c) FC-3-1-10 Total Flooding Quantity [1]
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Table 3-5.1(d) HCFC Blend A Total Flooding Quantity [1]
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Table 3-5.1(e) HCFC Blend A Total Flooding Quantity [1]
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Table 3-5.1(f) HCFC-124 Total Flooding Quantity [1]
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Table 3-5.1(g) HCFC-124 Total Flooding Quantity [1]
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Table 3-5.1(h) HFC-125 Total Flooding Quantity [1]
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Table 3-5.1(i) HFC-125 Total Flooding Quantity [1]
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Table 3-5.1(j) HFC-227ea Total Flooding Quantity [1]
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Table 3-5.1(k) HFC-227ea Total Flooding Quantity [1]
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Table 3-5.1(l) HFC-23 Total Flooding Quantity [1]
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Table 3-5.1(m) HFC-23 Total Flooding Quantity [1]
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Table 3-5.1(n) FIC-13I1 Total Flooding Quantity [1]
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Table 3-5.1(o) FIC-13I1 Total Flooding Quantity [1]
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Table 3-5.1(p) IG-01 Total Flooding Quantity [1]
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Table 3-5.1(q) IG-01 Total Flooding Quantity [1]
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Table 3-5.1(r) IG-541 Total Flooding Quantity [1]
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Table 3-5.1(s) IG-541 Total Flooding Quantity [1]
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Table 3-5.1(t) IG-55 Total Flooding Quantity [1]
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Table 3-5.1(u) IG-55 Total Flooding Quantity [1]
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Table 3-5.1(v) HFC-236fa Total Flooding Quantity [1]
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Table 3-5.1(w) HFC-236fa Total Flooding Quantity [1]
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3-5.2*
The amount of inert gas clean agent required to achieve the design concentration shall be
calculated from the following formula:

Where:
X
k1 and k2
S

= Volume of inert gas added (at STP) per volume of space, ft3/ft3
= Constants specific to the inert gas being used. See Table 3-5.1(a) for values of
k1 and k2.
= k1 and k2 (T), is a linear equation determined by least squares curve fit
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techniques from data supplied by inert gas manufacturer. The zero intercept is
k1 and the slope is k2.
T
C
VS

= Minimum anticipated temperature of the protected volume.
= Inert gas design concentration, % by volume.
= Specific volume of inert gas agent at 70°F (21°C).

NOTE: This calculation includes an allowance for the leakage of agent from a “tight” enclosure.

An alternative equation for calculating the inert gas clean agent concentrations is shown
below:
X = 2.303 [530/(460 + t)] Log10 [100/(100-C)]
3-5.3
In addition to the concentration requirements, additional quantities of agent are required to
compensate for any special conditions that would affect the extinguishing efficiency.
3-6* Pressure Adjustment.
The design quantity of the clean agent shall be adjusted to compensate for ambient pressures
that vary more than 11 percent [equivalent to approximately 3000 ft (915 m) of elevation
change] from standard sea level pressures [29.92 in. Hg at 70°F (760 mm Hg at 0°C)]. The
ambient pressure is affected by changes in altitude, pressurization or depressurization of the
protected enclosure, and weather-related barometric pressure changes. The agent quantity is
determined by multiplying the quantity determined in 3-5.1 or 3-5.2 by the ratio of average
ambient enclosure pressure to standard sea level pressure.
Table 3-6 Atmospheric Correction Factors
Atmospheric
Correction Factor
Equivalent Altitude

Enclosure Pressure

-3000 ft (-0.92 km)

16.25 psia (84.0 cm Hg)

1.11

-2000 ft (-0.61 km)

15.71 psia (81.2 cm Hg)

1.07

-1000 ft (-0.30 km)

15.23 psia (78.7 cm Hg)

1.04

0 ft (0.00 km)

14.71 psia (76.0 cm Hg)

1.00

1000 ft (0.30 km)

14.18 psia (73.3 cm Hg)

0.96

2000 ft (0.61 km)

13.64 psia (70.5 cm Hg)

0.93

3000 ft (0.91 km)

13.12 psia (67.89 cm Hg)

0.89

4000 ft (1.22 km)

12.58 psia (65.0 cm Hg)

0.86

5000 ft (1.52 km)

12.04 psia (62.2 cm Hg)

0.82

6000 ft (1.83 km)

11.53 psia (59.6 cm Hg)

0.78

7000 ft (2.13 km)

11.03 psia (57.0 cm Hg)

0.75

8000 ft (2.45 km)

10.64 psia (55.0 cm Hg)

0.72
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9000 ft (2.74 km)

10.22 psia (52.8 cm Hg)

0.69

10,000 ft (3.05 km)

9.77 psia (50.5 cm Hg)

0.66

3-7* Duration of Protection.
It is important that the agent design concentration not only shall be achieved, but also shall be
maintained for a sufficient period of time to allow effective emergency action by trained
personnel. This is equally important in all classes of fires since a persistent ignition source (e.g.,
an arc, heat source, oxyacetylene torch, or “deep-seated” fire) can lead to resurgence of the
initial event once the clean agent has dissipated.
3-8 Distribution System.
3-8.1 Rate of Application.
3-8.1.1 The minimum design rate of application shall be based on the quantity of agent required
for the desired concentration and the time allotted to achieve the desired concentration.
3-8.1.2* Discharge Time.
3-8.1.2.1 The discharge time for halocarbon agents shall not exceed 10 sec, or as otherwise
required by the authority having jurisdiction.
3-8.1.2.2 The discharge time for inert gas agents shall not exceed 60 seconds to achieve 95
percent of the design concentration or as otherwise required by the authority having jurisdiction.
3-8.1.2.3 For halocarbon agents, the discharge time period is defined as the time required to
discharge from the nozzles 95 percent of the agent mass [at 70°F (21°C)] necessary to achieve
the minimum design concentration.
3-8.1.2.4 Flow calculations performed in accordance with Section 3-2, or in accordance with the
listed pre-engineered systems instruction manuals, shall be used to demonstrate compliance with
3-8.1.2.
3-8.2* Extended Discharge.
When an extended discharge is necessary, the rate shall be sufficient to maintain the desired
concentration for the required hold time.
3-9 Nozzle Choice and Location.
3-9.1
Nozzles shall be of the type listed for the intended purpose and shall be placed within the
protected enclosure in compliance with listed limitations with regard to spacing, floor coverage,
and alignment.
3-9.2
The type of nozzles selected, their number, and their placement shall be such that the design
concentration will be established in all parts of the hazard enclosure and such that the discharge
will not unduly splash flammable liquids or create dust clouds that might extend the fire, create
an explosion, or otherwise adversely affect the contents or integrity of the enclosure.
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Chapter 4 Inspection, Maintenance, Testing, and Training
4-1 Inspection and Tests.
4-1.1
At least annually, all systems shall be thoroughly inspected and tested for proper operation by
competent personnel. Discharge tests are not required.
4-1.2
The inspection report with recommendations shall be filed with the owner.
4-1.3
At least semiannually, the agent quantity and pressure of refillable containers shall be checked.
4-1.3.1 For halocarbon clean agents, if a container shows a loss in agent quantity of more than 5
percent or a loss in pressure (adjusted for temperature) of more than 10 percent, it shall be
refilled or replaced.
4-1.3.2 For inert gas clean agents that are not liquefied, pressure is an indication of agent
quantity. If an inert gas clean agent container shows a loss in pressure (adjusted for temperature)
of more than 5 percent, it shall be refilled or replaced. Where container pressure gauges are used
for this purpose, they shall be compared to a separate calibrated device at least annually.
4-1.3.3 Where the amount of agent in the container is determined by special measuring devices,
these devices shall be listed.
4-1.4
All halocarbon clean agent removed from refillable containers during service or maintenance
procedures shall be collected and recycled or disposed of in an environmentally sound manner
and in accordance with existing laws and regulations. All inert gas clean agents based on those
gases normally found in the earth’s atmosphere need not be recycled.
4-1.5
Factory-charged, nonrefillable containers that do not have a means of pressure indication shall
have the agent quantity checked at least semiannually. If a container shows a loss in agent
quantity of more than 5 percent, it shall be replaced. All factory-charged, nonrefillable containers
removed from useful service shall be returned for recycling of the agent or disposed of in an
environmentally sound manner and in accordance with existing laws and regulations.
4-1.6
For halocarbon clean agents, the date of inspection, gross weight of cylinder plus agent or net
weight of agent, type of agent, person performing the inspection, and, where applicable, the
pressure at a recorded temperature shall be recorded on a tag attached to the container. For inert
gas clean agents, the date of inspection, type of agent, person performing the inspection, and the
pressure at a recorded temperature shall be recorded on a tag attached to the container.
4-2 Container Test.
4-2.1
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Department of Transportation (D.O.T.), Canadian Transport Commission (C.T.C.), or similar
design clean agent containers shall not be recharged without retest if more than 5 years have
elapsed since the date of the last test and inspection. For halocarbon agent storage containers, the
retest shall be permitted to consist of a complete visual inspection as described in the Code of
Federal Regulations, Title 49, Section 173.34 (e) (10).
NOTE: Transporting charged containers that have not been tested within 5 years might be illegal. Federal and
local regulations should be consulted.

4-2.2* Visual Inspection.
Cylinders continuously in service without discharging shall be given a complete external
visual inspection every 5 years or more frequently if required. The visual inspection shall be in
accordance with Compressed Gas Association pamphlet C-6, Standard for Visual Inspection of
Compressed Gas Cylinders (Steel), Section 3, except that the cylinders need not be emptied or
stamped while under pressure. Inspections shall be made only by competent personnel and the
results recorded on:
(a) A record tag permanently attached to each cylinder; and
(b) A suitable inspection report. A completed copy of the inspection report shall be furnished
to the owner of the system or an authorized representative. These records shall be retained by the
owner for the life of the system.
4-2.3
Where external visual inspection indicates that the container has been damaged, additional
strength tests shall be required.
4-3 Hose Test.
4-3.1 General.
All system hose shall be examined annually for damage. If visual examination shows any
deficiency, the hose shall be immediately replaced or tested as specified in 4-3.3.
4-3.2 Testing.
All hose shall be tested every 5 years.
4-3.3
All hose shall be tested at 11/2 times the maximum container pressure at 130°F (54.4°C) as
follows:
(a) The hose shall be removed from any attachment;
(b) The hose assembly is then to be placed in a protective enclosure designed to permit visual
observation of the test;
(c) The hose must be completely filled with water before testing;
(d) Pressure then is applied at a rate-of-pressure rise to reach the test pressure within a
minimum of 1 minute. The test pressure is to be maintained for 1 full minute. Observations are
then made to note any distortion or leakage;
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(e) If the test pressure has not dropped or if the couplings have not moved, the pressure is
released. The hose assembly is then considered to have passed the hydrostatic test if no
permanent distortion has taken place;
(f) Hose assembly passing the test must be completely dried internally. If heat is used for
drying, the temperature must not exceed the manufacturer’s specifications;
(g) Hose assemblies failing a hydrostatic test must be marked and destroyed. They shall be
replaced with new assemblies; and
(h) Each hose assembly passing the hydrostatic test shall be marked to show the date of test.
4-4 Enclosure Inspection.
At least every 12 months, the enclosure protected by the clean agent shall be thoroughly
inspected to determine if penetrations or other changes have occurred that could adversely affect
agent leakage or change volume of hazard or both. Where the inspection indicates conditions
that could result in inability to maintain the clean agent concentration, they shall be corrected. If
uncertainty still exists, the enclosures shall be retested for integrity in accordance with 4-7.2.3.
Exception: An enclosure inspection is not required every 12 months if a documented
administrative control program exists that addresses barrier integrity.
4-5 Maintenance.
4-5.1
These systems shall be maintained in full operating condition at all times. Actuation,
impairment, and restoration of this protection shall be reported promptly to the authority having
jurisdiction.
4-5.2
Any troubles or impairments shall be corrected in a timely manner consistent with the hazard
protected.
4-5.3*
Any penetrations made through the enclosure protected by the clean agent shall be sealed
immediately. The method of sealing shall restore the original fire resistance rating of the
enclosure.
4-6 Training.
4-6.1
All persons who might be expected to inspect, test, maintain, or operate fire extinguishing
systems shall be thoroughly trained and kept thoroughly trained in the functions they are
expected to perform.
4-6.2*
Personnel working in an enclosure protected by a clean agent shall receive training regarding
agent safety issues.
4-7 Approval of Installations.
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4-7.1
The completed system shall be reviewed and tested by qualified personnel to meet the
approval of the authority having jurisdiction. Only listed equipment and devices shall be used in
the systems. To determine that the system has been properly installed and will function as
specified, the following tests shall be performed.
4-7.2 Installation Acceptance.
4-7.2.1 It shall be determined that the protected enclosure is in general conformance with the
construction documents.
4-7.2.2 Review Mechanical Components.
4-7.2.2.1 The piping distribution system shall be inspected to determine that it is in compliance
with the design and installation documents.
4-7.2.2.2 Nozzles and pipe size shall be in accordance with system drawings. Means of pipe size
reduction and attitudes of tees shall be checked for conformance to the design.
4-7.2.2.3 Piping joints, discharge nozzles, and piping supports shall be securely fastened to
prevent unacceptable vertical or lateral movement during discharge. Discharge nozzles shall be
installed in such a manner that piping cannot become detached during discharge.
4-7.2.2.4 During assembly, the piping distribution system shall be inspected internally to detect
the possibility of any oil or particulate matter soiling the hazard area or affecting the agent
distribution due to a reduction in the effective nozzle orifice area.
4-7.2.2.5 The discharge nozzle shall be oriented in such a manner that optimum agent dispersal
can be effected.
4-7.2.2.6 If nozzle deflectors are installed, they shall be positioned to obtain maximum benefit.
4-7.2.2.7 The discharge nozzles, piping, and mounting brackets shall be installed in such a
manner that they will not potentially cause injury to personnel. Agent shall not directly impinge
on areas where personnel might be found in the normal work area. Agent shall not directly
impinge on any loose objects or shelves, cabinet tops, or similar surfaces where loose objects
could be present and become missiles.
4-7.2.2.8 All agent storage containers shall be properly located in accordance with an approved
set of system drawings.
4-7.2.2.9 All containers and mounting brackets shall be fastened securely in accordance with the
manufacturer’s requirements.
4-7.2.2.10 A discharge test is generally not recommended; however, if a discharge test is to be
conducted, containers for the agent to be used shall be weighed before and after discharge. Fill
weight of container shall be verified by weighing or other approved methods. For inert gas clean
agents, container pressure shall be recorded before and after discharge.
4-7.2.2.11 Adequate quantity of agent to produce the desired specified concentration shall be
provided. The actual room volumes shall be checked against those indicated on the system
drawings to ensure the proper quantity of agent. Fan coastdown and damper closure time shall be
taken into consideration.
4-7.2.2.12 The piping shall be pneumatically tested in a closed circuit for a period of 10 min at
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40 psig (276 kPa). At the end of 10 min, the pressure drop shall not exceed 20 percent of the test
pressure.
Exception: The pressure test shall be permitted to be omitted if the total piping contains no more
than one change in direction fitting between the storage container and the discharge nozzle, and
where all piping is physically checked for tightness.
4-7.2.2.13* A flow test using nitrogen or an inert gas shall be performed on the piping network
to verify that flow is continuous, and that the piping and nozzles are unobstructed.
4-7.2.3* Review Enclosure Integrity. All total flooding systems shall have the enclosure
examined and tested to locate and then effectively seal any significant air leaks that could result
in a failure of the enclosure to hold the specified agent concentration level for the specified
holding period. The currently preferred method is using a blower door fan unit and smoke pencil.
If quantitative results are recorded, these could be useful for comparison at future tests. (For
guidance, refer to Appendix B of this standard.)
4-7.2.4 Review Electrical Components.
4-7.2.4.1 All wiring systems shall be properly installed in compliance with local codes and the
system drawings. AC and dc wiring shall not be combined in a common conduit or raceway
unless properly shielded and grounded.
4-7.2.4.2 All field circuits shall be free of ground faults and short circuits. Where field circuitry
is being measured, all electronic components (such as smoke and flame detectors or special
electronic equipment for other detectors or their mounting bases) shall be removed and jumpers
shall be properly installed to prevent the possibility of damage within these devices. Components
shall be replaced after measuring.
4-7.2.4.3 Power shall be supplied to the control unit from a separate dedicated source that will
not be shut down on system operation.
4-7.2.4.4 Adequate and reliable primary and 24-hour minimum standby sources of energy shall
be used to provide for operation of the detection, signaling, control, and actuation requirements
of the system.
4-7.2.4.5 All auxiliary functions such as alarm-sounding or displaying devices, remote
annunciators, air-handling shutdown, power shutdown, and so on shall be checked for proper
operation in accordance with system requirements and design specifications. If possible, all
air-handling and power-cutoff controls shall be of the type that, once interrupted, require manual
restart to restore power.
4-7.2.4.6 Silencing of alarms (if desirable) shall not affect other auxiliary functions such as air
handling or power cutoff if required in the design specification.
4-7.2.4.7 The detection devices shall be checked for proper type and location as specified on the
system drawings.
4-7.2.4.8 Detectors shall not be located near obstructions or air ventilation and cooling
equipment that would appreciably affect their response characteristics. Where applicable, air
changes for the protected area shall be taken into consideration.
NOTE: Refer to NFPA 72, National Fire Alarm Code, and the manufacturer’s recommended guidelines.

4-7.2.4.9 The detectors shall be installed in a professional manner and in accordance with
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technical data regarding their installation.
4-7.2.4.10 Manual pull stations shall be properly installed, readily accessible, accurately
identified, and properly protected to prevent damage.
4-7.2.4.11 All manual stations used to release agents shall require two separate and distinct
actions for operation. They shall be properly identified. Particular care shall be taken where
manual release devices for more than one system are in close proximity and could be confused or
the wrong system actuated. Manual stations in this instance shall be clearly identified as to
which zone or suppression area they affect.
4-7.2.4.12 For systems with a main/reserve capability, the main/reserve switch shall be properly
installed, readily accessible, and clearly identified.
4-7.2.4.13 For systems using abort switches, the switches shall be of the deadman type requiring
constant manual pressure, properly installed, readily accessible within the hazard area, and
clearly identified. Switches that remain in the abort position when released shall not be used for
this purpose. Manual pull stations shall always override abort switches.
4-7.2.4.14 The control unit shall be properly installed and readily accessible.
4-7.2.5 Functional Testing.
4-7.2.5.1 Preliminary Functional Tests. The following preliminary functional tests shall be
provided:
(a) If the system is connected to an alarm receiving office, the alarm receiving office shall be
notified that the fire system test is to be conducted and that an emergency response by the fire
department or alarm station personnel is not desired. All concerned personnel at the end-user’s
facility shall be notified that a test is to be conducted and shall be instructed as to the sequence of
operation.
(b) Disable each agent storage container release mechanism so that activation of the release
circuit will not release agent. Reconnect the release circuit with a functional device in lieu of
each agent storage container release mechanism. For electrically actuated release mechanisms,
these devices can include 24-volt lamps, flash bulbs, or circuit breakers. Pneumatically actuated
release mechanisms can include pressure gauges. Refer to the manufacturer’s recommendations
in all cases.
(c) Check each detector for proper response.
(d) Check that polarity has been observed on all polarized alarm devices and auxiliary relays.
(e) Check that all end-of-line resistors have been installed across the detection and alarm bell
circuits where required.
(f) Check all supervised circuits for proper trouble response.
4-7.2.5.2 System Functional Operational Test. The following system functional operational
tests shall be performed:
(a) Operate detection initiating circuit(s). All alarm functions shall occur according to the
design specification.
(b) Operate the necessary circuit to initiate a second alarm circuit if present. Verify that all
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second alarm functions occur according to design specifications.
(c) Operate manual release. Verify that manual release functions occur according to design
specifications.
(d) If supplied, operate abort switch circuit. Verify that abort functions occur according to
design specifications. Confirm that visual and audible supervisory signals are received at the
control panel.
(e) Test all automatic valves unless testing the valve will release agent or damage the valve
(destructive testing).
(f) Where required, check pneumatic equipment for integrity to ensure proper operation.
4-7.2.5.3 Remote Monitoring Operations. The following testing of remote monitoring
operations, if applicable, shall be performed:
(a) Operate one of each type of input device while on standby power. Verify that an alarm
signal is received at remote panel after device is operated. Reconnect primary power supply.
(b) Operate each type of alarm condition on each signal circuit and verify receipt of trouble
condition at the remote station.
4-7.2.5.4 Control Panel Primary Power Source. The following testing of the control panel
primary power source shall be performed:
(a) Verify that the control panel is connected to a dedicated circuit and labeled properly. This
panel shall be readily accessible, yet restricted from unauthorized personnel.
(b) Test a primary power failure in accordance with the manufacturer’s specification with the
system fully operated on standby power.
4-7.2.5.5 When all predischarge work is completed, reconnect each agent storage container so
that activation of the release circuit will release the agent. The system shall be returned to its
fully operational design condition. The alarm-receiving office and all concerned personnel at the
end-user’s facility shall be notified that the fire system test is complete and that the system has
been returned to full service condition.
Chapter 5 Referenced Publications
5-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
5-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 70, National Electrical Code, 1996 edition.
5-1.2 Other Publications.
5-1.2.1 ANSI Publications. American National Standards Institute, Inc., 1430 Broadway, New
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York, NY 10018.
ANSI B1.20.1, Standard for Pipe Threads, General Purpose, 1983.
ANSI C2, National Electrical Safety Code, 1993.
5-1.2.2 ASME Publications. American Society of Mechanical Engineers, 345 East 47th Street,
New York, NY 10017.
ASME Boiler and Pressure Vessel Code, 1992.
ASME B31.1, Power Piping Code, 1992.
5-1.2.3 ASTM Publications. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM A 53, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated
Welded and Seamless, 1994.
ASTM A 106, Standard Specification for Seamless Carbon Steel Pipe for High-Temperature
Service, 1994.
ASTM A 120, Specifications for Welded and Seamless Steel Pipe, 1984.
5-1.2.4 CGA Publication. Compressed Gas Association, 1235 Jefferson Davis Highway,
Arlington, VA 22202.
CGA C-6, Standard for Visual Inspection of Steel Compressed Gas Cylinders, 1993.
5-1.2.5 ISO Publication. International Organization for Standardization, Case Postale 56,
CH-1211, Genéve Ave 20, Switzerland.
ISO/IEC Guide 7, Requirements for Standards Suitable for Use for Conformity Assessment,
1994 edition.
5-1.2.6 UL Publication. Underwriters Laboratories Inc., 333 Pfingsten Road, Northbrook, IL
60062.
UL 1058, Standard for Halogenated Agent Extinguishing System Units, 1989 edition.
5-1.2.7 ULC Publications. Underwriters Laboratories of Canada, 7 Crouse Road, Scarborough,
Ontario, Canada M1R 3A9.
ULC S524-M91, Standard for the Installation of Fire Alarm Systems.
ULC S529-M87, Smoke Detectors for Fire Alarm Systems.
5-1.2.8 U.S. Government Publication. Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20401.
Code of Federal Regulations, Title 29, Part 1910, Subpart S.
Code of Federal Regulations, Title 49 Transportation, Parts 170-190.
Federal Register, Volume 59, Page 13044, EPA SNAP Program.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
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A-1-3.1 Approved.
The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In
determining the acceptability of installations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with NFPA or other appropriate
standards. In the absence of such standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdiction may also refer to the listings or
labeling practices of an organization concerned with product evaluations that is in a position to
determine compliance with appropriate standards for the current production of listed items.
A-1-3.1 Authority Having Jurisdiction.
The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner,
since jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is
primary, the authority having jurisdiction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official; electrical inspector; or others having
statutory authority. For insurance purposes, an insurance inspection department, rating bureau, or
other insurance company representative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or
departmental official may be the authority having jurisdiction.
A-1-3.1 Listed.
The means for identifying listed equipment may vary for each organization concerned with
product evaluation, some of which do not recognize equipment as listed unless it is also labeled.
The authority having jurisdiction should utilize the system employed by the listing organization
to identify a listed product.
A-1-3.1 Normally Occupied Areas.
Spaces occasionally visited by personnel, such as transformer bays, switch-houses, pump
rooms, vaults, engine test stands, cable trays, tunnels, microwave relay stations, flammable
liquid storage areas, enclosed energy systems, etc., are examples of areas considered not
normally occupied.
A-1-4.1
The clean halocarbon agents currently listed possess the physical properties as detailed in
Tables A-1-4.1(a) and A-1-4.1(b). This data will be revised from time to time as new
information becomes available. Additional background information and data on these agents can
be found in several references: Fernandez, R. (1991); Hanauska, C. (1991); Robin, M.L. (1991);
Sheinson, R.S. (1991).
A-1-4.1.2 The designations for perfluorocarbons (FCs), hydrochlorofluorocarbons (HCFCs),
hydrofluorocarbons (HFCs), and fluoroiodocarbons (FICs) are an extension of halocarbon
designations in a standard prepared by the American National Standards Institute (ANSI) and the
American Society of Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE):
ANSI/ASHRAE Standard 34, Number Designation and Safety Classification of Refrigerants.
HCFC Blend A is a designation for a blend of HCFCs and a hydrocarbon. The designation
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IG-541 is used in this standard for a blend of three inert gases: nitrogen, argon, and carbon
dioxide (52 percent, 40 percent, and 8 percent, respectively). The designation IG-01 is used in
this standard for an unblended inert gas: argon. The designation IG-55 is used in this standard for
a blend of two inert gases: nitrogen and argon (50 percent and 50 percent, respectively).
Table A-1-4.1(a) Physical Properties of Clean Halocarbon Agents (SI Units)
HCFC
Units

FC-3-1-10

Blend A

HCFC-124

HFC-125

HFC-227ea

HFC-23

N/A

238.03

92.90

136.5

120.02

170.03

70.01

Boiling point
@ 760 mm Hg

°C

-2.0

-38.3

-11.0

-48.5

-16.4

-82.1

Freezing point

°C

-128.2

<-107.2

198.9

-102.8

-131

-155.2

Critical temperature

°C

113.2

124.4

122.2

66.0

101.7

25.9

Critical pressure

kPa

2323

6647

3614

3595

2912

4836

Critical volume

cc/mole

371

162

241.6

210

274

133

Critical density

kg/m3

629

577

565

571

621

525

Specific heat, liquid @
25°C

kJ/kg°C

1.047

1.256

1.13

1.260

1.184

1.549

Specific heat, vapor @

kJ/kg°C

0.804

0.67

0.741

0.800

0.808

0.737

Heat of vaporization at
boiling point @ 25°C

kJ/kg

96.3

225.6

194

164.7

132.6

239.6

Thermal conductivity
of liquid
@ 25°C

W/m°C

0.0537

0.0900

0.0722

0.0651

0.069

0.0779

centipoise

0.324

0.21

0.299

0.145

0.184

0.083

Relative dielectric
strength @ 1
atm. @ 734 mm Hg,
25°C
(N2=1.0)

N/A

5.25

1.32

1.55

0.955 @21°C

2.00

1.04

Solubility of
water in agent
@ 21°C

N/A

0.001%
by weight

0.12%
by weight

0.07%
by weight @
25°C

0.07%
by weight @
25°C

0.06%
by weight

Vapor Pressure
@ 25°C

kPa

289.6

948

386

1371

457.7

Molecular weight

constant pressure (1 atm.) &
25°C

Viscosity, liquid
@ 25°C
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500 ppm
50°F
(10°C)
TBD

*DuPont estimated values.

Table A-1-4.1(a) Physical Properties of Inert Gas Agents (SI Units)
Units

IG-01

IG-541

IG-55

N/A

39.9

34.0

33.95

Boiling point @ 760 mm Hg

°C

-189.85

-196

-190.1

Freezing point

°C

-189.35

-78.5

-199.7

Critical temperature

°C

-122.3

N/A

-134.7

Critical pressure

kPa

48.7

N/A

41.5

Critical volume

cc/mole

N/A

N/A

N/A

Critical density

kg/m3

N/A

N/A

N/A

Specific heat, liquid @ 25°C

kJ/kg°C

N/A

N/A

N/A

Specific heat, vapor @ constant pressure
(1 atm.) & 25°C

kJ/kg°C

0.519

0.574

0.782

kJ/kg

163

220

181

W/m°C

N/A

N/A

N/A

centipoise

N/A

N/A

N/A

Relative dielectric strength @ 1 atm.
@ 734 mm Hg, 25°C (N2=1.0)

N/A

1.01

1.03

1.01

Solubility of water in agent @ 21°C

N/A

0.006%

0.015%

0.006%

Vapor Pressure @ 25°C

kPa

N/A

15200

N/A

Molecular weight

Heat of vaporization at boiling point @ 25°C
Thermal conductivity of liquid @ 25°C
Viscosity, liquid @ 25°C

Table A-1-4.1(b) Physical Properties of Clean Halocarbon Agents (English Units)
Units
Molecular weight

FC-3-1-10 HCFC Blend A

HCFC-124

HFC-125

HFC-227ea

HFC-23

N/A

238.03

92.90

136.5

120.02

170.03

70.01

Boiling point
@ 760 mm Hg

°F

28.4

-37.0

12.2

-55.3

2.6

-115.7

Freezing point

°F

-198.8

<-161.0

-326.0

-153

-204

-247.4

Critical temperature

°F

235.8

256.0

252.0

150.8

215.0

78.6

Critical pressure

psia

337

964

524.5

521

422

701

Critical volume

ft3/lbm

0.0250

0.0280

0.0283

0.0281

0.0258

0.0305

Critical density

lbm/ft3

39.30

36.00

35.28

35.68

38.76

32.78
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Specific heat, liquid @
77°F

BTU/
lb-°F

0.25

0.30

0.270

0.301

0.2831

0.370

Specific heat, vapor @

BTU/
lb-°F

0.192

0.16

0.177

0.191

0.1932

0.176

Heat of vaporization at
boiling point

BTU/lb

41.4

97

83.2

70.8

57.0

103.0

Thermal conductivity of
liquid @ 77°F

BTU/ h
ft°F

0.0310

0.052

0.0417

0.0376

0.040

0.0450

Viscosity, liquid
@ 77°F

lb/ft hr

0.783

0.508

0.723

0.351

0.443

0.201

Relative dielectric
strength @ 1 atm. @
734 mm Hg 77°F
(N2=1.0)

N/A

5.25

1.32

1.55

0.955 @ 70°F

2.00

1.04

Solubility of
water in
agent @ 70°F

N/A

0.001%
by weight

0.12%
by weight

0.07%
by weight @
77F

0.07%
by weight @
77F

0.06%
by weight

500 ppm
@ 50°F
(10°C)

Vapor pressure
@ 77°F

psi

42.0

137

56

199

66.4

686.0

constant pressure (1
atm.) & 77°F

*DuPont estimated values.

Table A-1-4.1(b) Physical Properties of Inert Gases (English Units)
Units

IG-01

IG-541

IG-55

N/A

39.9

34.0

33.95

Boiling point @ 760 mm Hg

°F

-302.6

-320

-310.2

Freezing point

°F

-308.9

-109

-327.5

Critical temperature

°F

-188.1

N/A

-210.5

Critical pressure

psia

711

N/A

602

Critical volume

ft3/lbm

N/A

N/A

N/A

Critical density

lbm/ft3

N/A

N/A

N/A

Specific heat, liquid @ 77°F

BTU/lb-°F

N/A

N/A

N/A

Specific heat, vapor @ constant pressure (1
atm.) & 77°F

BTU/lb-°F

0.125

0.195

0.187

BTU/lb

70.1

94.7

77.8

BTU/h ft°F

N/A

N/A

N/A

lb/ft hr

N/A

N/A

N/A

N/A

1.01

1.03

1.01

Molecular weight

Heat of vaporization at boiling point
Thermal conductivity of liquid @ 77°F
Viscosity, liquid @ 77°F
Relative dielectric strength @ 1 atm.

Copyright 1996 NFPA

@ 734 mm Hg 77°F (N2=1.0)
Solubility of water in agent @ 70°F

N/A

0.006%

0.015%

0.006%

Vapor pressure @ 77°F

psi

N/A

2207

N/A

A-1-4.2.3 While an attractive feature of these agents is their suitability for use in environments
containing energized electrical equipment without damaging that equipment, in some instances
the electrical equipment might be the source of ignition. In such cases, the energized equipment
should be de-energized prior to or during agent discharge.
A-1-4.2.4 The provision of an enclosure can create an unnecessary explosion hazard where
otherwise only a fire hazard exists. A hazard analysis should be conducted to determine the
relative merits of differing design concepts (i.e., with and without enclosures) and the most
relevant means of fire protection.
A-1-4.2.8 This provides consideration for using a clean agent in an environment that might result
in an inordinate amount of products of decomposition (i.e., within an oven).
A-1-5.1
Potential hazards to be considered for individual systems are the following:
(a) Noise. Discharge of a system can cause noise loud enough to be startling but ordinarily
insufficient to cause traumatic injury.
(b) Turbulence. High-velocity discharge from nozzles might be sufficient to dislodge
substantial objects directly in the path. System discharge can cause enough general turbulence in
the enclosures to move unsecured paper and light objects.
(c) Cold Temperature. Direct contact with the vaporizing liquid being discharged from a
system will have a strong chilling effect on objects and can cause frostbite burns to the skin. The
liquid phase vaporizes rapidly when mixed with air and thus limits the hazard to the immediate
vicinity of the discharge point. In humid atmospheres, minor reduction in visibility can occur for
a brief period due to the condensation of water vapor.
A-1-5.1.1 The discharge of clean agent systems to extinguish a fire might create a hazard to
personnel from the natural form of the clean agent or from the products of decomposition that
result from exposure of the agent to the fire or hot surfaces. Unnecessary exposure of personnel
either to the natural agent or to the decomposition products should be avoided.
A-1-5.1.2 Table A-1-5.1.2 provides information on the toxicological and physiological effects of
halocarbon agents covered by this standard. The No Observed Adverse Effect Level (NOAEL) is
the highest concentration at which no adverse physiological or toxicological effect has been
observed. The Lowest Observed Adverse Effect Level (LOAEL) is the lowest concentration at
which an adverse physiological or toxicological effect has been observed.
Restrictions on the use of certain halocarbon agents covered in this standard for use in
normally occupied areas are based on a comparison of the actual agent concentration to the
NOAEL. Where the actual concentration will be higher than the NOAEL or where the needed
data are unavailable, the agents are restricted to use only in areas that are not normally occupied.
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To keep oxygen concentrations above 16 percent (sea level equivalent), the point at which onset
of impaired personnel function occurs, no halogenated fire extinguishing agents addressed in this
standard should be used at a concentration greater than 24 percent in a normally occupied area.
Although most of the clean agents have a low level of toxicity, the decomposition products
generated by the clean agent breaking down in the presence of very high amounts of heat can be
hazardous. All of the present halocarbon agents contain fluorine. In the presence of available
hydrogen (from water vapor, or the combustion process itself), the main decomposition product
is hydrogen fluoride (HF).
These decomposition products have a sharp, acrid odor, even in minute concentrations of only
a few parts per million. This characteristic provides a built-in warning system for the agent, but
at the same time creates a noxious, irritating atmosphere for those who must enter the hazard
following a fire.
The amount of agent that can be expected to decompose in extinguishing a fire depends to a
large extent on the size of the fire, the particular clean agent, the concentration of the agent, and
the length of time the agent is in contact with the flame or heated surface. If there is a very rapid
buildup of concentration to the critical value, then the fire will be extinguished quickly and the
decomposing will be limited to the minimum possible with that agent. Should that agent’s
specific composition be such that it could generate large quantities of decomposition products,
and the time to achieve the critical value is lengthy, then the quantity of decomposition products
can be quite great. The actual concentration of the decomposition products must then depend on
the volume of the room in which the fire was burning and on the degree of mixing and
ventilation.
Clearly, longer exposure of the agent to high temperatures would produce greater
concentrations of these gases. The type and sensitivity of detection, coupled with the rate of
discharge, should be selected to minimize the exposure time of the agent to the elevated
temperature if the concentration of the breakdown products must be minimized. In most cases
the area would be untenable for human occupancy due to the heat and breakdown products of the
fire itself.
Table A-1-5.1.2 Toxicity Information for Halocarbon Clean Agents
No Observable
Adverse Effect
Level

Lowest Observable
Adverse Effect Level

LC50 or ALC

(NOAEL)

(LOAEL)

FC-3-1-10

>80%

40%

>40%

HCFC Blend A

64%

10.0%

>10.0%

23% - 29%

1.0%

2.5%

HFC-125

>70%

7.5%

10.0%

HFC-227ea

>80%

9.0%

>10.5%

HFC-23

>65%

50%

>50%

Agent

HCFC-124
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HFC-236fa

>18.9%

10%

15%

Halon 1301

>80%

5%

7.5%

NOTE 1: LC50 is the concentration lethal to 50% of a rat population during a 4-hour
exposure. The ALC is the approximate lethal concentration.
NOTE 2: The cardiac sensitization levels are based on the observance or nonobservance of
serious heart arrhythmias in a dog. The usual protocol is a 5-minute exposure followed by a
challenge with epinephrine.
NOTE 3: High concentration values are determined with the addition of oxygen to prevent
asphyxiation.
NOTE 4: Values for Halon 1301 are included in this table for sake of comparison.

A-1-5.1.3 Table A-1-5.1.3 provides information on physiological effects of inert gas agents
covered by this standard. The health concern for inert gas clean agents is asphyxiation due to the
lowered oxygen levels. With inert gas agents, an oxygen concentration of no less than 12 percent
(sea level equivalent) is required for normally occupied areas. This corresponds to an agent
concentration of no more than 43 percent.
IG-541 uses carbon dioxide to promote breathing characteristics intended to sustain life in the
oxygen-deficient environment for protection of personnel. Care should be used not to design
inert gas-type systems for normally occupied areas using design concentrations higher than that
specified in the system manufacturer’s listed design manual for the hazard being protected.
Inert gas clean agents do not decompose measurably in extinguishing a fire. As such, toxic or
corrosive decomposition products are not found. However, heat and breakdown products of the
fire itself can still be substantial and could make the area untenable for human occupancy.
Table A-1-5.1.3 Physiological Effects for Inert Gas Agents
Agent

No Effect
Level*

Low Effect
Level*

IG-01

43%

52%

IG-55

43%

52%

IG-541

43%

52%

* Based on physiological effects in humans in hypoxic atmospheres. These
values are the functional equivalents of NOAEL and LOAEL values, and
correspond to 12 percent minimum oxygen for the No Effect Level and 10
percent minimum oxygen for the Low Effect Level.

A-1-5.1.4.1 The steps and safeguards necessary to prevent injury or death to personnel in areas
whose atmospheres will be made hazardous by the discharge or thermal decomposition of clean
agents can include the following:
(a) Provision of adequate aisleways and routes of exit, and procedures to keep them clear at all
times.
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(b) Provision of emergency lighting and directional signs as necessary to ensure quick, safe
evacuation.
(c) Provision of alarms within such areas that will operate immediately upon detection of the
fire.
(d) Provision of only outward-swinging, self-closing doors at exits from hazardous areas and,
where such doors are latched, provision of panic hardware.
(e) Provision of continuous alarms at entrances to such areas until the atmosphere has been
restored to normal.
(f) Provision of warning and instruction signs at entrances to and inside such areas. These
signs should inform persons in or entering the protected area that a clean agent system is
installed, and should contain additional instructions pertinent to the conditions of the hazard.
(g) Provision for the prompt discovery and rescue of persons rendered unconscious in such
areas. This should be accomplished by having such areas searched immediately by trained
personnel equipped with proper breathing equipment. Self-contained breathing equipment and
personnel trained in its use and in rescue practices, including artificial respiration, should be
readily available.
(h) Provision of instruction and drills for all personnel within or in the vicinity of such areas,
including maintenance or construction people who might be brought into the area, to ensure their
correct action when a clean agent system operates.
(i) Provision of means for prompt ventilation of such areas. Forced ventilation will often be
necessary. Care should be taken to readily dissipate hazardous atmospheres and not merely move
them to another location.
(j) Prohibition against smoking by persons until the atmosphere has been determined to be free
of the clean agent.
(k) Provision of such other steps and safeguards that a careful study of each particular situation
indicates is necessary to prevent injury or death.
A-1-5.1.4.2 A certain amount of leakage from a protected space to adjacent areas is anticipated
during and following agent discharge. Consideration should be given to agent concentration
[when above (NOAEL)], decomposition products, products of combustion, and relative size of
adjacent spaces. Additional consideration should be given to exhaust paths when opening or
venting the enclosure after a discharge.
A-1-6
Many factors impact the environmental acceptability of a fire suppression agent. Uncontrolled
fires pose significant impact by themselves. All extinguishing agents should be used in ways that
eliminate or minimize the potential environmental impact. General guidelines to be followed to
minimize this impact include the following:
(a) Do not perform unnecessary discharge testing;
(b) Consider the ozone depletion and global warming impact of the agent under consideration
and weigh these impacts against the fire safety concerns;
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(c) Recycle all agents where possible; and
(d) Consult the most recent environmental regulations on each agent.
The unnecessary emission of clean extinguishing agents with either the potential of ozone
depletion, the potential of global warming, or the potential of both, should be avoided. All
phases of design, installation, testing, and maintenance of systems using these agents should be
performed with the goal of no emission to the environment.
A-1-8.1
It is generally believed that, because of the highly stable nature of the compounds that are
derived from the families including halogenated hydrocarbons and inert gases, incompatibility
will not be a problem. These materials tend to behave in a similar fashion and, as far as is
known, the reactions that might occur as the result of mixing of these materials within the
container is not thought to be a real consideration with regard to their application to a fire
protection hazard.
It is clearly not the intent of this section to deal with compatibility of the agents with
components of the extinguishing hardware. This particular consideration is addressed elsewhere
in this document. It is also clearly not the intent of this section to deal with the subject of
storability or storage life of individual agents or mixtures of those agents. This also is addressed
in another section of this standard.
A-2-1.1.2 An extra full complement of charged cylinders (connected reserve) manifolded and
piped to feed into the automatic system should be considered on all installations. The reserve
supply is normally actuated by manual operation of the main/reserve switch on either electrically
operated or pneumatically operated systems. A connected reserve is desirable for the following
reasons:
(a) Provides protection should a reflash occur.
(b) Provides reliability should the main bank malfunction.
(c) Provides protection during impaired protection when main tanks are being replaced.
(d) Provides protection of other hazards if selector valves are involved and multiple hazards
are protected by the same set of cylinders.
If a full complement of charged cylinders cannot be obtained, or the empty cylinder recharged,
delivered, and reinstalled within 24 hours, a third complement of fully charged nonconnected
spare cylinders should be considered and made available on the premises for emergency use. The
need for spare cylinders might depend on whether or not the hazard is under the protection of
automatic sprinklers.
A-2-1.2
The normal and accepted procedures for making these quality measurements will be provided
by the chemical manufacturers in a future submittal. As each clean agent varies in its quality
characteristics, a more comprehensive table than the one currently in the standard will be
developed. It will be submitted through the public proposal process. Recovered or recycled
agents are currently not available, and thus quality standards do not exist at this time. As data
becomes available, this criteria will be developed.
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A-2-1.3.2 Storage containers should not be exposed to a fire in a manner likely to impair system
performance.
A-2-1.4.1 Containers used for agent storage should be fit for the purpose. Materials of
construction of the container, closures, gaskets, and other components should be compatible with
the agent and designed for the anticipated pressures. Each container is equipped with a pressure
relief device to protect against excessive pressure conditions.
The variations in vapor pressure with temperature for the various clean agents are shown in
Figures A-2-1.4.1(a) through A-2-1.4.1(k).
With the exception of inert gas-type systems, all of the other clean agents are classified as
liquefied compressed gases at 70°F (21°C). For these agents, the pressure in the container is
significantly affected by fill density and temperature. At elevated temperatures the rate of
increase in pressure is very sensitive to fill density. If the maximum fill density is exceeded, the
pressure will increase rapidly with temperature increase so as to present a hazard to personnel
and property. Therefore, it is very important that the maximum fill density limit specified for
each liquefied clean agent not be exceeded. Adherence to the limits for fill density and
pressurization levels specified in Table A-2-1.4.1 should prevent excessively high pressures
from occurring if the agent container is exposed to elevated temperatures, and will minimize the
possibility of an inadvertent discharge of agent through the pressure relief device. The
manufacturer should be consulted for superpressurization levels other than those shown in Table
A-2-1.4.1.
Table A-2-1.4.1 Storage Container Characteristics
FC-3-1-10

HCFC Blend A HCFC- 124 HFC- 125 HFC-227ea

HFC-23

FIC- 13I1

IG-01

IG-541

Maximum fill
density for
conditions listed
below (lb/ft3)
80.0

56.2

71.0

58.0

72.0

54.0

104.7

N/A

N/A

500

500

240.0

320.0

500

1800

500

2120

2015+

360

360

195.0

166.4*

360

608.9*

360

2370

2175

Minimum
Container Design
Level Working
Pressure (psig)

Total Pressure
Level at 70°F (psig)

NOTE: The maximum fill density requirement is not applicable for IG-541. Cylinders for IG-541 shall be
DOT 3A or 3AA, 2015+ stamped, or greater.
* Vapor pressure for HFC-23 and HFC-125.
** Cylinders for IG-55 shall be stamped 2060+.
*** Cylinders for IG-55 shall be stamped 2750+ or greater DOT 3A or 3AA.
**** Cylinders for IG-55 shall be stamped 4120+ or greater DOT 3A or 3AA.
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For SI units: 1 lb/ft3 = 16.018 kg/m3; 1 psig = 6895 Pa; T(F) = [T(C)]9/5 + 32.
NOTE: Total pressure level at 70°F is calculated from filling conditions:
IG-55 (2222): 2175 psig (15 MPa) and 59°F (15°C).
IG-55 (2962): 2901 psig (20 MPa) and 59°F (15°C).
IG-55 (4443): 4352 psig (30 MPa) and 59°F (15°C).

Figure A-2-1.4.1(a) Isometric diagram of FC-3-1-10 (for 360 psig containers).
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Figure A-2-1.4.1(b) Isometric diagram of FC-3-1-10 (for 2.5 MPa containers).
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Figure A-2-1.4.1(c) Isometric diagram of HCFC Blend A, English.
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Figure A-2-1.4.1(d) Isometric diagram of HCFC Blend A, metric.

Figure A-2-1.4.1(e) Isometric diagram of HCFC-124 pressurized with nitrogen to 195 psig at 70°F and a
loading density of 71.17 lb/ft3.
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Figure A-2-1.4.1(f) Isometric diagram of HCFC-124 pressurized with nitrogen to 1340 kPa at 21°C and a
loading density of 1140 kg/m3.

Figure A-2-1.4.1(g) Isometric diagram of HFC-227ea (pressurized with nitrogen to 360 psig at 70°F).
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Figure A-2-1.4.1(h) Isometric diagram of HFC-227ea (pressurized with nitrogen at 2.5 MPa at 21°C).
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Figure A-2-1.4.1(i) Isometric diagram of HFC-227ea (pressurized with nitrogen to 600 psig at 70°F).

Figure A-2-1.4.1(j) Isometric diagram of HFC-227ea (pressurized with nitrogen at 4.1 MPa at 21°C).
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Figure A-2-1.4.1(k) Isometric diagram of HFC-23, English.
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Figure A-2-1-4.1(l) Isometric diagram of HFC-23, metric.

Figure A-2-1.4.1(m) Isometric diagram of IG-01 (2370 psi at 70°F).
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Figure A-2-1.4.1(n) Isometric diagram of IG-01 (160 bar at 15°C).
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Figure A-2-1.4.1(o) Isometric diagram of IG-541 (2175 psig at 70°F).

Figure A-2-1.4.1(p) Isometric diagram of IG-541 (2900 psig at 59°F).

Figure A-2-1.4.1(q) Isometric diagram of IG-541 (15 MPa at 21°C).
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Figure A-2-1.4.1(r) Isometric diagram of IG-541 (20 MPa at 15°C).
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Figure A-2-1.4.1(s) Isometric diagram of IG-55, English.
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Figure A-2-1.4.1(t) Isometric diagram of IG-55, metric.

Figure A-2-1.4.1(u) Isometric diagram of FIC-13I1, English. (°F)

Figure A-2-1.4.1(v) Isometric diagram of FIC-13I1, metric. (°C)

A-2-1.4.2
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Although it is not a requirement of this particular paragraph, all new and existing halocarbon
agent storage containers should be affixed with a label advising the user that the product in
question may be returned for recovery and recycling to a qualified recycler when the halocarbon
agent is no longer needed. The qualified recycler may be a halocarbon agent manufacturer, a fire
equipment manufacturer, a fire equipment distributor or installer, or an independent commercial
venture. It is not the intent to set down specific requirements but to indicate the factors that need
to be taken into consideration with regard to recycling and reclamation of the halocarbon agent
products, once facilities are available. As more information becomes available, more definitive
requirements can be set forth in this section regarding quality, efficiency, recovery, and
qualifications and certifications of facilities recycling halocarbon agents. At this point, no such
facilities exist that would apply to the halocarbon agents covered by this document.
Inert gas agents need not be collected or recycled.
A-2-2.1
Piping should be installed in accordance with good commercial practice. Care should be taken
to avoid possible restrictions due to foreign matter, faulty fabrication, or improper installation.
The piping system should be securely supported with due allowance for agent thrust forces and
thermal expansion and contraction and should not be subjected to mechanical, chemical,
vibration, or other damage. ASME B31.1, Power Piping Code, should be consulted for guidance
on this matter. Where explosions are likely, the piping should be attached to supports that are
least likely to be displaced.
Although clean agent systems are not subjected to continuous pressurization, some provisions
should be made to ensure that the type of piping installed can withstand the maximum stress at
maximum storage temperatures. Maximum allowable stress levels for this condition should be
established at values of 67 percent of the minimum yield strength or 25 percent of the minimum
tensile strength, whichever is less. All joint factors should be applied after this value is
determined.
Minimum Piping Requirements
The following table provides data on the maximum allowable pressure for which the most
common types of steel pipe can be used. The pressures have been calculated using the formula
and SE values shown in A-2-2.1.1(4) and A-2-2.1.1(7).
Tables A-2-2.1(a) and (b) provide pressure ratings for pipe sizes 1/2 in. through 8 in. NPS, in
Schedule 40, Schedule 80, Schedule 120, and Schedule 160 wall thickness.
Halocarbon agent systems: For halocarbon agent systems, choose the proper piping where the
pressure rating is equal to or greater than the pressure in the container at 130°F (55°C).
Inert gas agent system: For piping upstream of the pressure reducer, choose the proper piping
where the pressure rating is equal to or greater than the pressure in the container at 130°F
(55°C).
For piping downstream of the pressure reducer, choose the proper piping where the pressure
rating is equal to or greater than the anticipated pressure in the piping at 130°F (55°C).
Table A-2-2.1(a) Piping with Threaded Connections Maximum Allowable Pressure (psig)
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Table A-2-2.1(b) Piping with Rolled Groove or Welded Connections Maximum Allowable
Pressure
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Table A-2-2.1(c) Minimum Piping Requirements
Clean Agent Systems — with Charging Pressures up to and Including 360 psi (2482 kPa)
Steel Pipe—Threaded Connections
ASTM A-106 Seamless, Grade C

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-106/A-53 Seamless, Grade B

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-106/A-53 Seamless, Grade A

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-53 ERW Grade B

Schedule 40-1/8 in. through 8 in. NPS

Copyright 1996 NFPA

ASTM A-53 ERW Grade A

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-53 Furnace Weld Class F

Schedule 40-1/8 in. through 11/2 in. NPS
Schedule 80-2 in. through 8 in. NPS

Steel Pipe—Welded or Rolled Groove Connections
ASTM A-106 Seamless, Grade C

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-106/A-53 Seamless, Grade B

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-106/A-53 Seamless, Grade A

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-53 ERW Grade B

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-53 ERW Grade A

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-53 Furnace Weld Class F

Schedule 40-1/8 in. through 6 in. NPS
Schedule 80-8 in. NPS

Steel Pipe—Cut Groove Connections
ASTM A-106 Seamless, Grade C

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-106/A-53 Seamless, Grade B

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-106/A-53 Seamless, Grade A

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-53 ERW Grade B

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-53 ERW Grade A

Schedule 40-1/8 in. through 5 in. NPS
Schedule 80-6 in. through 8 in. NPS

ASTM A-53 Furnace Weld Class F

Schedule 40-1/8 in. through 3 in. NPS
Schedule 80-4 in. through 8 in. NPS

Copper Tubing—Compression Fittings
ASTM B-88 Seamless, Drawn

Type K 1/4 in. through 8 in.

ASTM B-88 Seamless, Drawn

Type L 1/4 in. through 3 in.
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ASTM B-88 Seamless, Drawn

Type M 1/4 in. through 11/2 in.

ASTM B-88 Seamless, Annealed

Type K 1/4 in. through 1 in.

ASTM B-88 Seamless, Annealed

Type L 1/4 in. through 3/4 in.

ASTM B-88 Seamless, Annealed

Type M 1/4 in. ONLY

Table A-2-2.1(d) Minimum Piping Requirements
Clean Agent Systems — 600 psi Charging Pressure
Steel Pipe—Threaded Connections
ASTM A-106 Seamless, Grade C

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-106/A-53 Seamless, Grade B

Schedule 40-1/8 in. through 5 in. NPS
Schedule 80-6 in. through 8 in. NPS

ASTM A-106/A-53 Seamless, Grade A

Schedule 40-1/8 in. through 21/2 in. NPS
Schedule 80-3 in. through 8 in. NPS

ASTM A-53 ERW Grade B

Schedule 40-1/8 in. through 3 in. NPS
Schedule 80-4 in. through 8 in. NPS

ASTM A-53 ERW Grade A

Schedule 40-1/8 in. through 11/4 in. NPS
Schedule 80-11/2 in. through 8 in. NPS

ASTM A-53 Furnace Weld Class F

Schedule 40-1/8 in. through 1/2 in. NPS
Schedule 80-3/4 in. through 21/2 in. NPS
Schedule 120-3 in. through 8 in. NPS

Steel Pipe—Welded Connections
ASTM A-106 Seamless, Grade C

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-106/A-53 Seamless, Grade B

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-106/A-53 Seamless, Grade A

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-53 ERW Grade B

Schedule 40-1/8 in. through 8 in. NPS
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Schedule 40-1/8 in. through 6 in. NPS

ASTM A-53 ERW Grade A

Schedule 80-8 in. NPS
ASTM A-53 Furnace Weld Class F

Schedule 40-1/8 in. through 3 in. NPS
Schedule 80-4 in. through 6 in. NPS
Schedule 120-8 in. NPS

Copper Tubing—Compression Fittings
ASTM B-88 Seamless, Drawn

Type K 1/4 in. through 11/4 in.

ASTM B-88 Seamless, Drawn

Type L 1/4 in. through 3/4 in.

ASTM B-88 Seamless, Drawn

Type M 1/4 in. through 3/8 in.

ASTM B-88 Seamless, Annealed

Type K 1/4 in. through 3/8 in.

ASTM B-88 Seamless, Annealed

Type L DO NOT USE

ASTM B-88 Seamless, Annealed

Type M DO NOT USE

Table A-2-2.1(e) Minimum Piping Requirements
IG-541 Systems — Upstream of Pressure Reducer
Steel Pipe—Threaded Connections
ASTM A-106 Seamless, Grade C

Schedule 40-1/8 in. through 1/2 in. NPS
Schedule 80-3/4 in. through 21/2 in. NPS

ASTM A-106/A-53 Seamless Grade B

Schedule 40-DO NOT USE
Schedule 80-1/8 through 11/4 NPS

ASTM A-106/A-53 Seamless Grade A

Schedule 40-DO NOT USE
Schedule 80-1/8 through 3/4 in. NPS

ASTM A-53 ERW Grade B

Schedule 40-DO NOT USE
Schedule 80-1/8 through 1 in. NPS

ASTM A-53 ERW Grade A

Schedule 40-DO NOT USE
Schedule 80-1/8 in. through 1/2 in. NPS
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ASTM A-53 Furnace Weld Class F

DO NOT USE

Steel Pipe—Welded
ASTM A-106 Seamless, Grade C

Schedule 40-1/8 in. through 3 in. NPS
Schedule 80-4 in. through 6 in. NPS

ASTM A-106/A-53 Seamless, Grade B

Schedule 40-1/8 through 11/2 in. NPS
Schedule 80-2 in. through 4 in. NPS

ASTM A-106/A-53 Seamless, Grade A

Schedule 40-1/8 through 1 in. NPS
Schedule 80-11/4 through 21/2 NPS
Schedule 40-1/8 in. through 11/4 in. NPS

ASTM A-53 ERW Grade B

Schedule 80-11/2 in. through 3 in. NPS
Schedule 40-1/8 in. through 3/4 NPS

ASTM A-53 ERW Grade A

Schedule 80-1 in. through 11/2 NPS
ASTM A-53 Furnace Weld Class F

Schedule 40-DO NOT USE
Schedule 80-1/8 in. through 1/2 in.

Copper Tubing—Compression Fittings
ASTM B-88 Seamless, Drawn

Type K, L, M—DO NOT USE

ASTM B-88 Seamless, Annealed

Type K, L, M—DO NOT USE

Table A-2-2.1(f) Minimum Piping Requirements
IG-541 Systems — Downstream of Pressure Reducer
Steel Pipe—Threaded Connections
ASTM A-106 Seamless, Grade C

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-106/A-53 Seamless, Grade B

Schedule 40-1/8 in. through 5 in. NPS
Schedule 80-6 in. through 8 in. NPS

ASTM A-106/A-53 Seamless, Grade A

Schedule 40-1/8 in. through 21/2 in. NPS
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Schedule 80-3 in. through 8 in. NPS
ASTM A-53 ERW Grade B

Schedule 40-1/2 in. through 3 in. NPS
Schedule 80-4 in. through 8 in. NPS

ASTM A-53 ERW Grade A

Schedule 40-1/8 in. through 11/4 in. NPS
Schedule 80-11/2 in. through 8 in. NPS

ASTM A-53 Furnace Weld Class F

Schedule 40-1/8 in. through 1/2 in. NPS
Schedule 80-3/4 in. through 21/2 in. NPS
Schedule 120-3 in. through 8 in. NPS

Steel Pipe—Welded
ASTM A-106 Seamless, Grade C

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-106/A-53 Seamless, Grade B

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-106/A-53 Seamless, Grade A

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-53 ERW Grade B

Schedule 40-1/8 in. through 8 in. NPS

ASTM A-53 ERW Grade A

Schedule 40-1/8 in. through 6 in. NPS
Schedule 80—8 in. NPS

ASTM A-53 Furnace Weld Class F

Schedule 40-1/8 in. through 3 in. NPS
Schedule 80-4 in. through 6 in. NPS
Schedule 120-8 in. NPS

Copper Tubing—Compression Fittings
ASTM B-88 Seamless, Drawn

Type K 1/4 in. through 11/4 in.

ASTM B-88 Seamless, Drawn

Type L 1/4 in. through 3/4 in.

ASTM B-88 Seamless, Drawn

Type M 1/4 in. through 3/8 in.

ASTM B-88 Seamless, Annealed

Type K 1/4 in. through 3/8 in.

ASTM B-88 Seamless, Annealed

Type L—DO NOT USE

ASTM B-88 Seamless, Annealed

Type M—DO NOT USE
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A-2-2.1.1 The following presents calculations to provide minimum pipe schedules (wall
thickness) for use with clean agent fire extinguishing systems in accordance with this standard.
Paragraph 2-2.1.1 requires that “the piping wall shall be calculated in accordance with ASME
B31.1, Power Piping Code.”
Minimum Piping Requirements for Clean Agent Systems
1. Limitations on piping to be used for clean agent systems (or any pressurized fluid) are set
by:
(a) Maximum pressure expected within the pipe;
(b) Material of construction of the pipe,tensile strength of the material, yield strength of the
material, and temperature limitations of the material;
(c) Joining methods, e.g., threaded, welded, grooved, etc.;
(d) Pipe construction method, e.g., seamless, ERW (electric resistance welded), furnace
welded, etc.;
(e) Pipe diameter; and
(f) Wall thickness of the pipe.
2. The calculations are based on the following:
(a) The calculations contained herein apply only to steel pipe conforming to ASTM A 53 or
ASTM A 106, and copper tubing conforming to ASTM B 88;
(b) The calculations cover threaded, welded, and grooved joints for steel pipe; and
compression fittings for copper tubing; and
(c) Other materials, such as stainless steel pipe or tubings, can be used provided that the
appropriate SE values, wall thicknesses, and end connection factors are substituted.
3. The basic equation to determine the minimum wall thickness for piping under internal
pressure is:
t = [PD/2SE] + A
where:
t = required wall thickness (inches)
D = outside pipe diameter (inches)
P = maximum allowable pressure (psi)
SE = maximum allowable stress [including joint efficiency] (psi)
A = allowance for threading, grooving, etc. (inches).
NOTE: For these calculations:

A = depth of thread for threaded connections
A = depth of groove for cut groove connections
A = zero for welded or rolled groove connections
A = zero for joints in copper tubing using compression fittings.
The term SE is defined as 1/4 of the tensile strength of the piping material or 2/3 of the yield
strength (whichever is lower) multiplied by a joint efficiency factor.
Joint efficiency factors are:
1.0 for seamless
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0.85 for ERW (electric resistance welded)
0.60 for furnace butt weld (continuous weld) (Class F).
4. The basic equation can be rewritten to solve for P so as to determine the maximum
allowable pressure for which a pipe having a nominal wall thickness, t, can be used:
P = 2SE (t - A)/D
as required by 2-2.1.1 of this standard.
The maximum allowable pressure P must exceed the minimum calculated pressure provided in
the following table:

Initial Charging Pressure

Minimum Calculated
Pressure (up to and
Including)

Clean Agent
All

360 psig (2482 kPa)

620 psig (4275 kPa)

600 psig (4137 kPa)

1000 psig (6895 kPa)

HFC-23
IG-541

2250 psig (15514 kPa)
2175 psig (14,997 kPa)
Upstream of the pressure
reducer

2575 psig (17,755 kPa)

Downstream of the pressure
reducer

1000 psig (6895 kPa)

2900 psig (19,996 kPa)

IG-01

IG-55

Upstream of the pressure
reducer

3433 psig (23,671 kPa)

Downstream of the pressure
reducer

1000 psig (6895 kPa)

2370 psig (16,341 kPa)
Upstream of the pressure
reducer

2650 psig (18,972 kPa)

Downstream of the pressure
reducer

975 psig (6723 kPa)

2222 psig (15,521 kPa)
Upstream of the pressure
reducer

2475 psig (15,318 kPa)

Downstream of the pressure
reducer

950 psig (6550 kPa)

2962 psig (20,424 kPa)
Upstream of the pressure
reducer

3300 psig (22,754 kPa)

Downstream of the pressure

950 psig (6,550 kPa)
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reducer
4443 psig (30,636 kPa)
Upstream of the pressure
reducer

4950 psig (34,130 kPa)

Downstream of the pressure
reducer

950 psig (6550 kPa)

NOTE: The calculated pressure values, P, are based on a maximum agent storage
temperature of 130°F (55°C).

5. If higher storage temperatures are approved for a given system, the internal pressure should
be adjusted to the maximum internal pressure at maximum temperature. In performing this
calculation, all joint factors and threading, grooving, or welding allowances should be taken into
account.
6. The following list gives values for SE as taken from Appendix A of ASME B31, Code for
Pressure Piping. Identical values are given in ASME B31.1, Power Piping Code, and ASME
B31.9, Building Services Piping Code.
SE Value
Grade C Seamless Pipe

ASTM A 106

17500 psi

Grade B Seamless Pipe

ASTM A 53

15000 psi

Grade B Seamless Pipe

ASTM A 106

15000 psi

Grade A Seamless Pipe

ASTM A 53

12000 psi

Grade A Seamless Pipe

ASTM A 106

12000 psi

Grade B ERW Pipe

ASTM A 53

12800 psi

Grade A ERW Pipe

ASTM A 53

10200 psi

Grade F Furnace Welded Pipe

ASTM A 53

6800 psi

Seamless Copper Tubing (Annealed)

ASTM B 88

5100 psi

Seamless Copper Tubing (Drawn)

ASTM B 88

9000 psi

For SI units: 1 psi = 6.895 kPa.

7. Paragraph 102.2.4(B) of ASME B31.1, Power Piping Code, allows the maximum allowable
stress (SE) to be exceeded by 20 percent if the duration of the pressure (or temperature) increase
is limited to less than 1 percent of any 24-hr period. Since the clean agent piping is normally
unpressurized, the system discharge period satisfies this criteria. Therefore, the piping
calculations set out in this paragraph are based on values of SE that are 20 percent greater than
those outlined above in Paragraph 6 (per Appendix A of ASME B31.1, Power Piping Code). The
specific values for maximum allowable stress used in these calculations are as follows:
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SE Value
Grade C Seamless Pipe

ASTM A 106

21000 psi

Grade B Seamless Pipe

ASTM A 53

18000 psi

Grade B Seamless Pipe

ASTM A 106

18000 psi

Grade A Seamless Pipe

ASTM A 53

14400 psi

Grade A Seamless Pipe

ASTM A 106

14400 psi

Grade B Seamless Pipe

ASTM A 53

15360 psi

Grade A ERW Pipe

ASTM A 53

12240 psi

Grade F Furnace Welded Pipe

ASTM A 53

8160 psi

Seamless Copper Tubing (Annealed)

ASTM B 88

6120 psi

Seamless Copper Tubing (Drawn)

ASTM B 88

10800 psi

For SI units: 1 psi = 6.895 kPa.
NOTE 1: When using rolled groove connections or welded connections with internal projections (backup
rings, etc.), the hydraulic calculations should consider these factors.
NOTE 2: Pipe supplied as dual stenciled A 120/A 53 Class F meets the requirements of Class F furnace
welded pipe ASTM A 53 as listed above. Ordinary cast-iron pipe, steel pipe conforming to ASTM A 120, or
nonmetallic pipe should not be used.
NOTE 3: All grooved couplings/fittings should be listed/approved for use with clean agent extinguishing
systems.
NOTE 4: The above calculations do not apply to extended discharge exceeding 14.4 min.
NOTE 5: For compression or flare-type tubing fittings, the maximum allowable working pressure specified by
the fitting manufacturer should be used.

Table A-2-2.1.1(a) Maximum Pressure Schedule 120, Threaded
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Table A-2-2.1.1(b) Maximum Pressure Schedule 120, Welded

Table A-2-2.1.1(c) Maximum Pressure Schedule 160, Threaded

Table A-2-2.1.1(d) Maximum Pressure Schedule 160, Welded
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Table A-2-2.1.1(e) Piping Requirements for IG-541 @ 2900 psig (3433 psig)
Threaded

Sch. 40

Sch. 80

Sch. 120

Sch. 160

A-106C, SMLS

Do Not Use

1/ in - 1 in., NPS
2

Do Not Use

1/ in. - 8 in., NPS
2

A-53B/A-106B, SMLS

Do Not Use

1/ in., NPS
2

Do Not Use

1/ in. - 4 in., NPS
2

A-53B, ERW

Do Not Use

Do Not Use

Do Not Use

1/ in. - 2 in., NPS
2

A-53A/A-106A, SMLS

Do Not Use

Do Not Use

Do Not Use

1/ in. - 1 in., NPS
2

A-53A, ERW

Do Not Use

Do Not Use

Do Not Use

1/ in. - 3/ in., NPS
2
4

A-53F, FW

Do Not Use

Do Not Use

Do Not Use

Do Not Use

A-106C, SMLS

Do Not Use

1/ in., NPS
2

4 in. - 8 in., NPS

1/ in. - 8 in., NPS
2

A-53B/A-106B, SMLS

Do Not Use

1/ in., NPS
2

4 in., NPS

1/ in. - 8 in., NPS
2

A-53B, ERW

Do Not Use

Do Not Use

Do Not Use

1/ in. - 5 in., NPS
2

A-53A/A-106A, SMLS

Do Not Use

Do Not Use

Do Not Use

1/ in. - 3 in., NPS
2

A-53A, ERW

Do Not Use

Do Not Use

Do Not Use

1/ in. - 2 in., NPS
2

Welded
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A-53F, FW

Do Not Use

Do Not Use

Do Not Use

1/ in., NPS
2

Table A-2-2.1.1(f) Piping Requirements for IG-01 @ 2370 psig (2650 psig)
Threaded

Sch. 40

Sch. 80

Sch. 120

Sch. 160

A-106C, SMLS

Do Not Use

1/2 in. - 11/2 in., NPS

4 in. - 8 in., NPS

1/2 in. - 8 in., NPS

A-53B/A-106B, SMLS

Do Not Use

1/ in. - 1 in., NPS
2

4 in., NPS

1/ in. - 8 in., NPS
2

A-53B, ERW

Do Not Use

1/ in. - 3/ in., NPS
2
4

Do Not Use

1/ in. - 8 in., NPS
2

A-53A/A-106A, SMLS

Do Not Use

1/ in. - 3/ in., NPS
2
4

Do Not Use

1/ in. - 8 in., NPS
2

A-53A, ERW

Do Not Use

Do Not Use

Do Not Use

1/ in. - 2 in., NPS
2

A-53F, FW

Do Not Use

Do Not Use

Do Not Use

Do Not Use

A-106C, SMLS

Do Not Use

1/ in. - 11/ in., NPS
2
2

4 in. - 8 in., NPS

1/ in. - 8 in., NPS
2

A-53B/A-106B, SMLS

Do Not Use

1/ in. - 1 in., NPS
2

4 in. - 8 in., NPS

1/ in. - 8 in., NPS
2

A-53B, ERW

Do Not Use

1/ in. - 3/ in., NPS
2
4

4 in. - 5 in., NPS

1/ in. - 8 in., NPS
2

A-53A/A-106A, SMLS

Do Not Use

1/ in. - 3/ in., NPS
2
4

4 in., NPS

1/ in. - 8 in., NPS
2

A-53A, ERW

Do Not Use

Do Not Use

Do Not Use

1/ in. - 6 in., NPS
2

A-53F, FW

Do Not Use

Do Not Use

Do Not Use

1/ in. - 1 in., NPS
2

Welded

Table A-2-2.1.1(g) Piping Requirements for IG-55 @ 2222 psig (2475 psig)
Threaded

Sch. 40

Sch. 80

Sch. 120

Sch. 160

A-106C, SMLS

1/ in., NPS
2

1/ in. - 21/ in., NPS
2
2

4 in. - 8 in., NPS

1/ in. - 8 in., NPS
2

A-53B/A-106B, SMLS

Do Not Use

1/ in. - 11/ in., NPS
2
4

4 in. - 8 in., NPS

1/ in. - 8 in., NPS
2

A-53B, ERW

Do Not Use

1/ in. - 1 in., NPS
2

Do Not Use

1/ in. - 8 in., NPS
2

A-53A/A-106A, SMLS

Do Not Use

1/ in. - 3/ in., NPS
2
4

Do Not Use

1/ in. - 8 in., NPS
2
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A-53A, ERW

Do Not Use

1/ in., NPS
2

Do Not Use

1/ in. - 8 in., NPS
2

A-53F, FW

Do Not Use

Do Not Use

Do Not Use

1/ in., NPS
2

1/ in. - 3 in., NPS
2

1/ in. - 6 in., NPS
2

4 in. - 8 in., NPS

1/ in. - 8 in., NPS
2

A-53B/A-106B, SMLS

1/ in. - 11/ in., NPS
2
2

1/ in. - 4 in., NPS
2

4 in. - 8 in., NPS

1/ in. - 8 in., NPS
2

A-53B, ERW

1/ in. - 11/ in., NPS
2
4

1/ in. - 3 in., NPS
2

4 in. - 8 in., NPS

1/ in. - 8 in., NPS
2

A-53A/A-106A, SMLS

1/ in. - 1 in., NPS
2

1/ in. - 21/ in., NPS
2
2

4 in. - 5 in., NPS

1/ in. - 8 in., NPS
2

A-53A, ERW

1/ in. - 1 in., NPS
2

1/ in. - 11/ in., NPS
2
2

Do Not Use

1/ in. - 2 in., NPS
2

Do Not Use

1/ in., NPS
2

Do Not Use

1/ in. - 3/ in., NPS
2
4

Welded
A-106C, SMLS

A-53F, FW

Table A-2-2.1.1(h) Piping Requirements for IG-55 @ 2962 psig (3300 psig)
Threaded

Sch. 40

Sch. 80

Sch. 120

Sch. 160

A-106C, SMLS

Do Not Use

1/2 in. - 1 in., NPS

Do Not Use

1/2 in. - 8 in., NPS

A-53B/A-106B, SMLS

Do Not Use

1/ in. - 3/ in., NPS
2
4

Do Not Use

1/ in. - 8 in., NPS
2

A-53B, ERW

Do Not Use

Do Not Use

Do Not Use

1/ in. - 6 in., NPS
2

A-53A/A-106A, SMLS

Do Not Use

Do Not Use

Do Not Use

1/ in. - 4 in., NPS
2

A-53A, ERW

Do Not Use

Do Not Use

Do Not Use

1/ in. - 2 in., NPS
2

A-53F, FW

Do Not Use

Do Not Use

Do Not Use

1/ in. - 1 in., NPS
2

1/ in. - 11/ in., NPS
2
4

1/ in. - 3 in., NPS
2

4 in. - 8 in., NPS

1/ in. - 8 in., NPS
2

1/ in. - 1 in., NPS
2

1/ in. - 21/ in., NPS
2
2

4 in., NPS

1/ in. - 8 in., NPS
2

1/ in. - 3/ in., NPS
2
4

1/ in. - 11/ in., NPS
2
4

Do Not Use

1/ in. - 8 in., NPS
2

1/ in., NPS
2

1/ in. - 11/ in., NPS
2
4

Do Not Use

1/ in. - 8 in., NPS
2

Welded
A-106C, SMLS
A-53B/A-106B, SMLS
A-53B, ERW
A-53A/A-106A, SMLS
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A-53A, ERW

Do Not Use

1/ in. - 1 in., NPS
2

Do Not Use

1/ in. - 8 in., NPS
2

A-53F, FW

Do Not Use

1/ in. - 1 in., NPS
2

Do Not Use

1/ in. - 1 in., NPS
2

Table A-2-2.1.1(i) Piping Requirements for IG-55 @ 4443 psig (4950 psig)
Threaded

Sch. 40

Sch. 80

Sch. 120

Sch. 160

A-106C, SMLS

Do Not Use

1/ in., NPS
2

Do Not Use

1/ in. - 11/ in., NP
2
2

A-53B/A-106B, SMLS

Do Not Use

Do Not Use

Do Not Use

1/ in. - 1 in., NPS
2

A-53B, ERW

Do Not Use

Do Not Use

Do Not Use

Do Not Use

A-53A/A-106A, SMLS

Do Not Use

Do Not Use

Do Not Use

Do Not Use

A-53A, ERW

Do Not Use

Do Not Use

Do Not Use

Do Not Use

A-53F, FW

Do Not Use

Do Not Use

Do Not Use

Do Not Use

1/ in. - 1 in., NPS
2

1/ in. - 1 in., NPS
2

Do Not Use

1/ in. - 4 in., NPS
2

1/ in. - 3/ in., NPS
2
4

1/ in. - 3/ in., NPS
2
4

Do Not Use

1/ in. - 2 in., NPS
2

A-53B, ERW

1/ in., NPS
2

1/ in., NPS
2

Do Not Use

1/ in. - 1 in., NPS
2

A-53A/A-106A, SMLS

1/ in., NPS
2

1/ in., NPS
2

Do Not Use

1/ in. - 1 in., NPS
2

A-53A, ERW

Do Not Use

Do Not Use

Do Not Use

1/ in. - 3/ in., NPS
2
4

A-53F, FW

Do Not Use

Do Not Use

Do Not Use

Do Not Use

Welded
A-106C, SMLS
A-53B/A-106B, SMLS

A-2-2.3.1 Fittings that are acceptable for use in clean agent systems can be found in Table
A-2-2.3.1.
Table A-2-2.3.1 Piping System Fittings
Clean Agent
All
Halocarbon
Agents

Initial Charging Pressure
(up to and Including)
360 psig (2482 kPa)

Acceptable Fittings

Maximum P

Class 300 malleable or ductile iron fittings

3 in

1000-lb rated ductile iron or forged steel fittings
Class 300 flanged joints

>3 i
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HFC-23

600 psig (4137 kPa)

Class 300 malleable or ductile iron fittings 1000-lb
1000-lb rated ductile iron or forged steel fittings
Class 600 flanged joints

3 in
>3 i

609 psig (4199 kPa)

Class 300 malleable or ductile iron fittings 1000-lb
rated ductile iron or forged steel fittings
Class 300 flanged joints

2 in
>3 i
All - Downst
valve or in s
stop
All - Upstre
v

Class 600 flanged joints
IG-541

IG-01

IG-55

2175 psig (14,997 kPa)
Upstream of the pressure reducer
Downstream of the pressure reducer

2000-lb forged steel
Class 300 malleable iron or ductile iron
1000-lb rated ductile iron or forged steel
Class 600 flanged joints

3 in
>3 i

2900 psig (19,996 Pa)
Upstream of the pressure reducer
Downstream of the pressure reducer

3000-lb forged steel
Class 300 malleable iron or ductile iron
1000-lb rated ductile iron or forged steel
Class 600 flanged joints

3 in
>3 i

2370 psig (16,341 kPa)
Upstream of the pressure reducer
Downstream of the pressure reducer

3000-lb forged steel
Class 300 malleable iron or ductile iron
1000-lb rated ductile iron or forged steel
Class 600 flanged joints

3 in
>3

2222 psig (15,521 kPa)
Upstream of the pressure reducer
Downstream of the pressure reducer

3000-lb forged steel
Class 300 malleable iron or ductile iron
1000-lb rated ductile iron or forged steel
Class 600 flanged joints

3 in
>3 i

2962 psig (20,424 kPa)
Upstream of the pressure reducer
Downstream of the pressure reducer

3000-lb forged steel
Class 300 malleable iron or ductile iron
1000-lb rated ductile iron or forged steel
Class 600 flanged joints

3 in
>3 i

4443 psig (30,636 kPa)
Upstream of the pressure reducer
Downstream of the pressure reducer

3000-lb forged steel
6000-lb forged steel
Class 300 malleable iron or ductile iron 1000-lb rated
ductile iron or forged steel Class 600 flanged joints

1 in
>1 i
3 in
>3 i

NOTE: The materials itemized above do not preclude the use of other materials and type and/or style of
fittings that satisfy the requirements of 2-2.3.1.

Pressure-temperature ratings have been established for certain types of fittings. A list of ANSI
standards covering the different types of fittings is given in Table 126.1 of ASME B31.1, Power
Piping Code. Where fittings not covered by one of these standards are used, the design
recommendations of the manufacturer of the fittings should not be exceeded.
A-2-2.4.2 Some of the new clean agents might not be compatible with the elastomers used in
Halon 1301 system valves. Before charging a system container with some of the clean agents, it
might be necessary to disassemble the discharge valve and completely replace the o-rings and
other sealing surfaces with components that will not react to that agent. Make certain that this
evaluation has been completed. Also make certain that the change results in the valve, container,
and system complying with the appropriate listings or approvals.
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A-2-3.2.1 The detection system selection process should evaluate the ambient environmental
condition in determining the appropriate device and sensitivity in order to prevent unwanted
discharges while still providing the necessary earliest actuation. In high air flow environments,
air sampling detection devices should be considered.
A-2-3.5.3 A telephone should be located near the abort switch.
A-2-3.6
Accidental discharge can be a significant factor in unwanted clean agent emissions. Equipment
lockout or service disconnects can be instrumental in preventing false discharges when the clean
agent system is being tested or serviced. In addition, servicing of air conditioning systems with
the release of refrigerant aerosols, soldering, or turning electric plenum heaters on for the first
time after a long period of idleness might trip the clean agent system. Where used, an equipment
service disconnect switch should be of the keyed-access type if external of the control panel or
can be of the toggle type if within the locked control panel. Either type should annunciate at the
panel when in the out-of-service mode. Written procedures should be established for taking the
clean agent system out of service.
A-3-2.1
A listed or approved calculation method should predict nozzle pressure, agent discharged per
nozzle, and discharge time within the following minimum limits of accuracy:
(a) The weight of agent predicted by flow calculation to discharge from the nozzle should
agree with the total weight of agent actually discharged from each nozzle in the system within a
range of -5 percent to +10 percent (predicted to actual).
(b) The discharge time predicted by the flow calculation method should agree with the actual
discharge time from each nozzle in the system within a range of ±10 percent or ±1 second,
whichever is greater (predicted to actual).
(c) The accuracy of calculated nozzle pressures versus actual pressures at each nozzle should
be such that actual nozzle pressures in an installation will not fall outside the range required for
acceptable nozzle performance.
(d) The nozzle pressure should not fall below the minimum or above the maximum nozzle
pressure required for the nozzle to uniformly distribute the agent throughout the volume which
that nozzle’s discharge is to protect.
A-3-3.4
Examples of ventilation systems necessary to ensure safety include cooling of vital equipment
required for process safety and ventilation systems required for containment of hazardous
materials.
A-3-4.2.1 This appendix section provides a summary of a method of evaluating inerting
concentration of a fire extinguishing vapor.
One characteristic of halons and replacement agents is frequently referred to as the inerting, or
inhibiting, concentration. Related to this, flammability diagram data (Dalzell, W., 1975 and
Coll., J.P., 1976) on ternary systems was published in NFPA 12A, Standard on Halon 1301 Fire
Extinguishing Systems. The procedures used previously have been used more recently to
evaluate inerting concentrations of halons and replacement chemicals against various fuel-air
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systems. Differences between the earlier studies and the recent work are that the test vessel
volume used was 7.9 L (2.1 gal) vs 5.6 L (1.5 gal) previously; the igniter type was the same, i.e.
carbon rod corona discharge spark, but the capacitor stored energy levels were higher,
approximately 68 J (16.2 cal) vs 6 or 11 J (1.4 or 2.6 cal) on the earlier work. The basic
procedure, employing a gap spark, has been adopted to develop additional data.
Ternary fuel-air agent mixtures were prepared at a test pressure of 1 atmosphere and at room
temperature in a 7.9-L (2.1-gal) spherical test vessel by the partial pressure method. The vessel
was fitted with inlet and vent ports, a thermocouple, and a pressure transducer. The test vessel
was first evacuated. Agent was then admitted, and if a liquid, sufficient time was allowed for
evaporation to occur. Fuel vapor and finally air were admitted, raising the vessel pressure to 1
atmosphere. An internal flapper allowed the mixtures to be agitated by rocking the vessel back
and forth. The pressure transducer was connected to a suitable recording device to measure
pressure rise that might occur on actuation of the igniter.
The igniter employed consisted of a bundle of four graphite rods (“H” pencil leads) held
together by two wire or metal brand wraps on either end of the bundle leaving a gap between the
wraps of about 3 mm (0.12 in.). The igniter was wired in series with two 525 mF 450-volt
capacitors. The capacitors were charged to a potential of 720 to 730 VDC. The stored energy
was, therefore, 68 to 70 J (16.2 to 16.7 cal). The nominal resistance of the rod assemble was
about 1 ohm. On switch closure the capacitor discharge current resulted in ionization at the
graphite rod surface. A corona spark jumped across the connector gap. The spark energy content
was taken as the stored capacitor energy though, in principle, it must be somewhat less than this
amount due to line resistance losses.
The pressure rise, if any, resulting from ignition of the test mixture was recorded. The interior
of the test vessel was wiped clean with a cloth damp with either water or a solvent between tests
to avoid buildup of decomposition residues that might influence the results.
The definition of the flammable boundary was taken as that composition that just produces a
pressure rise of 0.07 times the initial pressure, or 1 psi (6.9 kPa) when the initial pressure is 1
atmosphere. Tests were conducted at fixed fuel-air ratios and varying amounts of agent vapor
until conditions were found to give rise to pressure increases that bracket 0.07 times the initial
pressure. Tests were conducted at several fuel-air ratios to establish that condition requiring the
highest agent vapor concentration to inert.
Data obtained on several chemicals that can serve as fire protection agents are given below.
Table A-3-4.2.1 Inerting Concentrations for Various Agents
Fuel

Vol %
Inerting
Concentration

Reference

H-1301

6.7

Senecal

HFC-227ea

11.3

Robin

1-Chloro-1,
1-difluoroethane
(HCFC-142b)

HFC-227ea

2.6

Robin

1,1-Difluoroethane

HFC-227ea

8.6

Robin

i-Butane

Agent
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(HFC-152a)
Difluoromethane
(HFC-32)

HFC-227ea

3.5

Robin

Ethylene Oxide

HFC-227ea

13.6

Robin

Methane

HFC-227ea

8.0

Robin

HFC-23

20.2

Senecal

HFC-125

14.7

Senecal

IG-541

43.0

Tamanini

Halon 1301

4.9

Skaggs

Pentane

HFC-227ea

11.6

Robin

Propane

H-1301

7.7

Senecal

H-1301

6.0

Senecal

H-1301

6.2

Moore

HFC-227ea

11.6

Robin

HFC-227ea

11.7

Moore

HFC-23

20.2

Senecal

HFC-23

20.2

Moore

HFC-23

20.4

Skaggs

HFC-125

15.7

Senecal

IG-541

49.0

Tamanini

FC-3-1-10

10.3

Senecal

FC-3-1-10

9.9

Skaggs

FC-3-1-10

9.6

Moore

FC-5114

7.3

Senecal

HCFC Blend A

18.5

Moore

FIC-13I1

6.5

Moore

Halon 1301

6.2

Skaggs

HFC-227ea

11.7

Skaggs

Propane*
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Figure A-3-4.2.1 Spherical test vessel.

A-3-4.2.2 This appendix section provides a summary of the cup burner method for determining
extinguishing concentrations.
One apparatus, shown schematically in Figure A-3-4.2.2, consists of an 8.5-cm (3.35-in.) I.D.
by 53-cm (20.87-in.) tall outer chimney through which air is passed at 40 L/min (10.6 gal/min)
from a glass bead distributor at its base, and an inner fuel cup burner with a 3.1-cm (1.22-in.)
O.D. and a 2.15-cm (0.84-in.) I.D. positioned 30.5 cm (12.01 in.) below the top edge of the outer
chimney. Extinguishing agent is added to the air stream prior to entering the glass bead
distributor. The air flow rate is maintained at 40 L/min (10.6 gal/min) for all trials. Air and agent
flow rates are measured using calibrated rotameters.
Each trial is conducted by adjusting the extended fuel reservoir (see Figure A-3-4.2.2) to bring
the liquid level in the cup burner to just even with the base of a ground glass lip on the burner
cup. With the air flow maintained at 40 L/min (10.6 gal/min), the fuel in the cup burner is
ignited. Agent is gradually added to the air stream until the flame is extinguished. The agent
rotameter reading is then recorded.
Several extinguishing trials are conducted with each agent-fuel combination to ensure that
repeatability is obtained.
The extinguishment concentration is computed as follows:

where F1 = Agent flow rate, L/min
F2 = Air flow rate, L/min.
The average of the several values of agent flow rate at extinguishment is used in the above
calculation.
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A number of investigators using different test methods and procedures have published flame
extinguishing data. Reported cup burner flame extinguishing concentrations often vary between
investigators, and variations in equipment and techniques exist. Despite this, however,
agreement between different laboratories is relatively good. Table A-3-4.2.2 presents cup burner
flame extinguishing concentrations for halocarbon agents in this standard from various
investigators.
Table A-3-4.2.2 Cup-Burner Heptane Flame Extinguishing Data
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Figure A-3-4.2.2 Cup burner apparatus.

A-3-4.2.2.2 Deep-seated fires involving Class A fuels may require substantially higher
design concentrations and extended holding times than the design concentrations and
holding times required for surface-type fires involving Class A fuels. Hazards containing
both Class A and Class B fuels should be evaluated on the basis of the fuel requiring the
highest design concentration.
A-3-4.2.2.3 Fire Extinguishment/Area Coverage Fire Test Procedure for Engineered and
Preengineered Clean Agent Extinguishing System Units.
(a) General Requirements.
1. An engineered or preengineered extinguishing system should mix and distribute its
extinguishing agent and should totally flood an enclosure when tested in accordance with the
recommendations of 3. through 17. under the maximum design limitations and most severe
installation instructions. See also 2.
2. When tested as described in 4. through 11., an extinguishing system unit should
extinguish all fires within 30 sec after the end of system discharge. When tested as described in
4. through 8. and 12. through 17., an extinguishing system should prevent reignition of the wood
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crib after a 10-minute soak period.
3. The tests described in 4. through 17. consider the intended use and limitations of the
extinguishing system, with specific reference to (1) the area coverage for each type of nozzle; (2)
the operating temperature range of the system; (3) location of the nozzles in the protected area;
(4) either maximum length and size of piping and number of fittings to each nozzle, or minimum
nozzle pressure; (5) maximum discharge time; and (6) maximum fill density.
(b) Test Enclosure.
4. The enclosure for the test should be constructed of either indoor or outdoor grade
minimum 3/8 in. (9.5 mm) thick plywood or equivalent material.
5. An enclosure(s) is to be constructed having (1) the maximum area coverage for the
extinguishing system unit or nozzle being tested, and (2) the minimum and maximum protected
area height limitations.
Exception: The test enclosure(s) for the maximum height, flammable liquid and wood crib fire
extinguishment tests need not have the maximum coverage area but should be at least 10 ft (3.0
m) wide by 10 ft (3.0 m) long.
(c) Extinguishing System.
6. A preengineered-type extinguishing system unit is to be assembled using its maximum
piping limitations with respect to number of fittings and length of pipe to the discharge nozzles
and nozzle configuration(s) as specified in the manufacturer’s design and installation
instructions.
7. An engineered-type extinguishing system unit is to be assembled using a piping
arrangement that results in the minimum nozzle design pressure at 70°F (21°C).
8. Except for the flammable liquid fire test using the 21/2-ft2 (0.23-m2) square pan and the
wood crib extinguishment test, the cylinders are to be conditioned to the minimum operating
temperature specified in the manufacturer’s installation instructions.
(d) Extinguishing Concentration.
9. The extinguishing agent concentration for each test is to be 83.34 percent of the intended
end use design concentration specified in the manufacturer’s design and installation instructions
at the ambient temperature of approximately 70°F (21°C) within the enclosure. The
concentration for inert gas clean agents may be adjusted to take into consideration actual leakage
measured from the test enclosure. The concentration within the enclosure for halocarbon clean
agents should be calculated using the following formula unless it is demonstrated that the test
enclosure exhibits significant leakage. If significant test enclosure leakage does exist, the
formula used to determine the test enclosure concentration of halocarbon clean agents can be
modified to account for the leakage measured.
Halocarbon Clean Agents
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Where:
W = Weight of clean agents, lb
V = Volume of test enclosure, ft3
s = Specific volume of clean agent at test temperature (ft3/lb)
C = Concentration, percent.
(e) Flammable Liquid Extinguishment Tests.
10. Test cans, 3.0 to 3.5 in. (76.2 mm to 88.9 mm) in diameter and at least 4 in. (102 mm)
high, containing either heptane or heptane and water, are to be placed within 2 in. (50.8 mm) of
the corners of the test enclosure(s) and directly behind the baffle (see below), and located
vertically within 12 in. (305 mm) of the top or bottom of the enclosure, or both top and bottom if
the enclosure permits such placement. If the cans contain heptane and water, the heptane is to be
at least 2 in. (50.8 mm) deep. The level of heptane in the cans should be at least 2 in. (50.8 mm)
below the top of the can. For the minimum room height area coverage test, closeable openings
shall be provided directly above the cans to allow for venting prior to system installation. In
addition, for the minimum height limitation area coverage test, a baffle is to be installed between
the floor and ceiling in the center of the enclosure. The baffle is to be perpendicular to the
direction of nozzle discharge, and to be 20 percent of the length or width of the enclosure,
whichever is applicable with respect to nozzle location. For the maximum room height
extinguishment test, an additional test shall be conducted using a 21/2-ft2 (0.23-m2) square pan
located in the center of the room and the storage cylinder conditioned to 70°F (21°C). The test
pan is to contain at least 2 in. (50.8 mm) of heptane with the heptane level at least 2 in. (50.8
mm) below the top of the pan. For all tests the heptane is to be ignited and allowed to burn for 30
sec, upon which time all openings are to be closed and the extinguishing system is to be
manually actuated. At the time of actuation, the percent of oxygen within the enclosure should
be at least 20.0 percent.
11. The heptane is to be commercial grade having the following characteristics:
Distillation Initial boiling point
90°C (194°F)
50 percent
93°C (199°F)
Dry point
96.5°C (208°F)
Specific gravity (60°F/60°F)
0.719
(15.6°C/15.6°C)
Reid vapor pressure
2.0 psi
Research octane rating
60
Motor octane rating
50
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(f) Wood Crib Extinguishment Tests.
12. The storage cylinder is to be conditioned to 70°F (21°C). The test enclosure is to have
the maximum ceiling height as specified in the manufacturer’s installation instructions.
13. The wood crib is to consist of four layers of six, trade size 2 by 2 (11/2 by 11/2 in.) by 18
in. long, kiln spruce or fir lumber having a moisture content between 9 and 13 percent. The
alternate layers of the wood members are to be placed at right angles to one another. The
individual wood members in each layer are to be evenly spaced, forming a square determined by
the specified length of the wood members. The wood members forming the outside edges of the
crib are to be stapled or nailed together.
14. Ignition of the crib is to be achieved by the burning of commercial grade heptane in a
square steel pan 21/2 ft2 (0.23 m2) in area and not less than 4 in. (101.6 mm) in height. The crib
is to be centered with the bottom of the crib 12 to 24 in. (304 to 609.6 mm) above the top of the
pan and the test stand constructed so as to allow for the bottom of the crib to be exposed to the
atmosphere.
15. The heptane is to be ignited and the crib is to be allowed to burn freely for
approximately 6 minutes outside the test enclosure. The heptane fire is to burn for 3 to 31/2
minutes. Approximately 1/4 gal (0.95 L) of heptane will provide a 3 to 31/2 minutes burn time.
Just prior to the end of the preburn period, the crib is to be moved into the test enclosure and
placed on a stand such that the bottom of the crib is between 20 and 28 in. (508 and 711 mm)
above the floor. The closure is then to be sealed.
16. After the crib is allowed to burn for a period of 6 minutes, the system is to be actuated.
At the time of actuation, the percent of oxygen within the enclosure at the level of the crib shall
be at least 20.0 percent.
17. After the end of system discharge, the enclosure is to remain sealed for a total of 10
minutes. After the 10-minute soak period, the crib is to be removed from the enclosure and
observed to determine whether sufficient fuel remains to sustain combustion and to detect signs
of reignition.
A-3-5.1
The amount of clean agent required to develop a given concentration will be greater than the
final amount of agent in the same enclosure.
In most cases, the clean agent must be applied in a manner that promotes progressive mixing
of the atmosphere. As the clean agent is injected, the displaced atmosphere is exhausted freely
from the enclosure through small openings or through special vents. Some clean agent is
therefore lost with the vented atmosphere, and the higher the concentration, the greater the loss
of clean agent.
For the purposes of this standard, it is assumed that the clean agent/air mixture lost in this
manner contains the final design concentration of the clean agent. This represents the worst case
from a theoretical standpoint and provides a built-in safety factor to compensate for non-ideal
discharge arrangements.
A-3-5.2
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The volume of inert gas clean agent required to develop a given concentration will be greater
than the final volume remaining in the same enclosure.
In most cases the inert gas clean agent must be applied in a manner that promotes progressive
mixing of the atmosphere. As the clean agent is injected, the displaced atmosphere is exhausted
freely from the enclosure through small openings or through special vents. Some inert gas clean
agent is therefore lost with the vented atmosphere. This loss becomes greater at high
concentrations. This method of application is called “free efflux” flooding.
Under the above conditions the volume of inert gas clean agent required to develop a given
concentration in the atmosphere is expressed by the following equations:

Where: % IG
= Volume % of inert gas
X
= Volume of inert gas added per volume of space.
A-3-6
Some areas affected by pressures other than sea level include hyperbaric enclosures, facilities
where ventilation fans are used to create artificially higher or lower pressures such as test
chambers, and facilities at altitudes above or below sea level. Although mines are usually below
normal ground levels, they occasionally have to be ventilated so that personnel can work in that
environment. Ambient pressures in that situation can be considerably different from those
expected by a pure altitude correction.
Although adjustments are required for barometric pressures equivalent to 3000 ft (915 m) or
more above or below sea level, adjustments can be made for any ambient pressure condition.
The atmospheric correction factor is not linear. However, in the moderate range discussed it
can be closely approximated with two lines:
For -3000 ft to 5500 ft of equivalent altitude:
Y = (-0.000036 * X) + 1
For 5501 ft to 10000 ft of equivalent altitude:
Y = (-0.00003 * X) + 0.96
Where:
Y = Correction Factor
X = Altitude (ft).
For SI units: 1 ft = 0.305 m.

A-3-7
Energized electrical equipment that might provide a prolonged ignition source should be
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de-energized prior to or during agent discharge. If electrical equipment cannot be de-energized,
consideration should be given to the use of extended discharge, the use of higher initial
concentration, and the possibility of the formation of combustion and decomposition products.
A-3-8.1.2 The optimum discharge time is a function of many variables. Five variables are very
important:
(a) Limitation of decomposition products;
(b) Limitation of fire damage and its effects;
(c) Enhanced agent mixing;
(d) Limitation of compartment overpressure; and
(e) Secondary nozzle flow effects.
The halogenated hydrocarbon fire extinguishing agents described in this standard will break
down into their decomposition products as they are exposed to a fire. It is essential that the end
user understand this process as the selection of the discharge time, and other design factors, will
be impacted by the amount of decomposition products the protected hazard can tolerate.
The quantity of decomposition products generated for a particular agent is proportional to the
size of the fire, the actual agent concentration, and the speed at which the extinguishing
concentration is applied to the fire. The larger the flame size, the greater the quantity of
decomposition products that would be expected. Likewise, the decomposition products will be
greater if the agent discharges slowly. This is due to the fact that it takes longer for the minimum
extinguishing concentration to be achieved. Until it is achieved, the flame will continue to
decompose agent rather than be suppressed. Additionally, studies by Ferreira, et. al. (1992)
demonstrated a 50 percent reduction in decomposition products when cup burner plus 20 percent
concentrations of FC-3-1-10 were used in a comparison to cup burner concentrations only.
This decomposition issue is not unique to these agents. Halon 1301 decomposed into limited
quantities of HBr and HF. In a properly designed Halon 1301 system, the quantity of these
products would be very small and of little consequence to the end user. After decades of
experience, the quantity of decomposition products generated as Halon 1301 suppressed a fire
was not known to have caused any damage.
The agents described in this standard also will decompose into various chemicals. The most
common decomposition product is HF. HF can be a very hazardous substance. Therefore, the
system designer should make every effort to limit the generation of HF to the least possible
amount. This is especially critical in areas where people or sensitive equipment might be present.
People would be aware of excessive HF in an area as it generates a very objectionable odor.
Excessive HF can be damaging to sensitive equipment as it can mix with the water vapor in the
air to form diluted hydrofluoric acids that can cause corrosion and accelerated aging of contact
points.
Limited data on decomposition product formation indicate that the quantity of decomposition
products formed is driven by the size of the fire at the time of discharge and, to a lesser extent,
the discharge time. There is insufficient data to quantify the relationship between discharge time
or fire size and the quantity of decomposition products produced. HFC, HCFC, and PFC clean
agents produce more HF than Halon 1301. Data available on FIC-13I1 indicates that its
production of HF is comparable to that of Halon 1301.
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Ferreira, et. al. (1992) report that doubling the discharge time from 5 to 10 sec resulted in a 30
to 50 percent increase in the quantity of decomposition products formed for FC-3-1-10;
increasing the fire size by a factor of 13 (from 0.087 to 1.17 ft2 of fuel surface area per 1000 ft3
of enclosure volume) resulted in an 11-fold increase in decomposition products. Robin (1992)
reported similar results for decomposition products as a function of fire size; increasing the fire
size by a factor of 10 (from 0.06 to 0.60 ft2 of fuel surface area per 1000 ft3 of enclosure volume)
resulted in a 20-fold increase in decomposition products for HFC-227ea, a 16-fold increase for
Halon 1301, and a 5-fold increase for HBFC-22B1. More recently, Ferreira, et. al. (1992b) report
comparable levels of decomposition products for FC-3-1-10 and HFC-227ea under various test
conditions.
HF formation can be limited by using the shortest discharge time feasible and employing
detection means that allow sensing the fire event in its earliest stages. Where damage from
potential HF formation might be an issue, the installation of more sensitive detection systems
should be considered. Utilizing detection devices at spacing closer than their maximum rating
might be necessary.
Once the determination has been made that there is a fire and it is time to discharge, a faster
discharge will produce less decomposition products. A balance must be struck between
discharge time and the pressure rise in the protected area. The overpressure can be reduced by
utilizing more nozzles or through the use of devices that protect the area from the force of the
discharge. Increasing the number of nozzles can reduce the degree of turbulence and local
overpressure effects. The designer should balance the requirements for quick discharge, limiting
the disruption of protected area, with the manufacturer’s recommendations on flow rates.
Some agents, such as inert gases, will not form decomposition products and hence do not
require discharge time limitations on this basis. However, the increased combustion products and
oxygen level reduction associated with longer discharge times should be considered.
Agent mass flow rates must be sufficiently high to cause adequate agent mixing and
distribution in the compartment. In general, this parameter is determined by the listing of system
hardware.
Overpressurization of the protected compartment should also be considered in determining
minimum discharge time.
Other secondary flow effects on personnel and equipment include formation of missiles caused
by very high discharge velocities, higher noise levels, lifting ceiling panels, etc. These increase if
the maximum discharge time is set too low.
The maximum 10-sec discharge time given in this standard reflects a reasonable value based
on experience with Halon 1301 systems. The maximum and minimum discharge time should
reflect consideration of the factors described above.
For inert gases, the measured discharge time is considered to be the time when the measuring
device starts to record reduction of oxygen until the design oxygen reduction level is achieved.
A-3-8.2
Special consideration should be given to safety and health issues when considering extended
discharge systems.
A-4-2.2 Visual Inspection.
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CAUTION: These guidelines apply only to the external inspection of containers
continuously in service in the fire extinguishing system, and should not be confused with
the DOT retest requirements for visual inspection described in CFR 49, Section 173.34
(e) (10).
Containers continuously in service without discharging should be given a complete external
inspection every five years, or more frequently if required. The external visual inspection should
be performed in accordance with guidelines described in Section 3 of the Compressed Gas
Association, Inc. (CGA) pamphlet C-6 titled Standard for Visual Inspection of Compressed Gas
Cylinders (Steel).
For this external inspection the containers should not be emptied or stamped while under
pressure. Some of the inspection requirements specified in Section 3 of CGA pamphlet C-6 may
not apply where it requires internal inspection, emptying the cylinder, or measuring tare weight.
Proper record keeping is an important part of every inspection. The inspector should be guided
by the following outline to ensure that the minimum information is recorded:
(a) Record Tag. A record tag should be attached to every container being inspected for future
reference. The record tag should be marked with date of inspection (month/year), name of
individual(s) and company performing the inspection, container serial number, condition of the
container (e.g., paint, corrosion, dents, gouges, etc.), and disposition.
(b) Inspection Report. A suitable inspection form should be provided on which at least the
following information should be recorded: date of inspection (month/year), name of individual(s)
and company performing the inspection, DOT specification number, container serial number,
date of manufacture, date of previous inspection and/or test, type of protective coating, surface
condition (corrosion, dents, gouges, fire damage, etc.), disposition (satisfactory, repaint, repair,
scrap, etc.).
A sample of a suitable Inspection Report Form is shown in Appendix A of CGA pamphlet C-6.
A copy of the completed inspection report should be given to the owner or the owner’s
authorized representative with instructions to retain as a permanent record.
A-4-5.3
The method of sealing should not introduce any new hazards.
A-4-6.2
Training should cover the following:
(a) Health and safety hazards associated with exposure to extinguishing agent caused by
inadvertent system discharge.
(b) Difficulty in escaping spaces with inward swinging doors that are overpressurized due to
an inadvertent system discharge.
(c) Possible obscuration of vision during system discharge.
(d) Need to block open doors at all times during maintenance activities.
(e) Need to verify a clear escape path exists to compartment access.
(f) A review of how the system could be accidentally discharged during maintenance,
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including actions required by rescue personnel should accidental discharge occur.
A-4-7.2.2.13 The purpose is to conduct a flow test of short duration (also known as a “puff test”)
through the piping network to determine that (1) the flow is continuous, (2) check valves are
properly oriented, and (3) the piping and nozzles are unobstructed.
The flow test should be performed using gaseous nitrogen or an inert gas at a pressure not to
exceed the normal operating pressure of the clean agent system.
The nitrogen or an inert gas pressure should be introduced into the piping network at the clean
agent cylinder connection. The quantity of nitrogen or an inert gas used for this test should be
sufficient to verify that each and every nozzle is unobstructed.
Visual indicators should be used to verify that nitrogen or an inert gas has discharged out of
each and every nozzle in the system.
A-4-7.2.3 If the authority having jurisdiction wants to quantify the enclosure’s leakage and
predicted retention time, Appendix B of NFPA 12A, Standard on Halon 1301 Fire Extinguishing
Systems, may be used. Adjustment to the existing formulas must be made to account for
differences in gas density between Halon 1301 and the proposed alternate extinguishing agent.
Specifically, Equation 8 in paragraph B-2.7.1.4 of NFPA 12A must be modified by substituting
the alternate agent’s gas density (in kg/m3) for the existing value of 6283, which is the value for
Halon 1301. See Appendix B of this standard.
Appendix B Enclosure Integrity Procedure
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
B-1 Procedure Fundamentals.
B-1.1 Scope.
B-1.1.1 This procedure outlines a method to equate enclosure leakage as determined by a door
fan test procedure to worst case halon leakage. The calculation method provided makes it
possible to predict the time it will take for a descending interface to fall to a given height or, for
the continually mixed cases, the time for the concentration to fall to a given percentage
concentration.
B-1.1.2 Enclosure integrity testing is not intended to verify other aspects of clean agent system
reliability, i.e., hardware operability, agent mixing, hydraulic calculations, and piping integrity.
B-1.1.3 This procedure is limited to door fan technology. This is not intended to preclude
alternative technology such as acoustic sensors.
B-1.1.4 This procedure should not be considered to be an exact model of a discharge test. The
complexity of this procedure should not obscure the fact that most failures to hold concentration
are due to the leaks in the lower surfaces of the enclosure, but the door fan does not differentiate
between upper and lower leaks. The door fan provides a worst case leakage estimate that is very
useful for enclosures with complex hidden leaks, but it will generally require more sealing than
is necessary to pass a discharge test.
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B-1.2 Limitations and Assumptions.
B-1.2.1 Clean Agent System Enclosure. The following should be considered regarding the
clean agent system and the enclosure:
B-1.2.1.1 Clean Agent System Design. This test procedure concerns only halon total flooding
fire suppression systems using clean agent and designed, installed, and maintained in accordance
with this standard.
B-1.2.1.2 Enclosure Construction. Clean agent protected enclosures, absent of any containing
barriers above the false ceiling, are not within the scope of this document.
B-1.2.1.3 Clean Agent Concentration. Special consideration should be given to clean agent
systems with concentrations greater than 10 percent where the concern exists that high
concentrations may result in significant overpressures from the discharge event in an enclosure
with minimal leakage.
B-1.2.1.4 Enclosure Height. Special consideration should be given to high enclosures where the
static pressure due to the clean agent column is higher than the pressure possible to attain by
means of the door fan.
B-1.2.1.5 Static Pressures. Where at all possible, static pressure differentials (HVAC system,
elevator connections, etc.) across the enclosure envelope should be minimized during the door
fan test. The test can only be relied on for enclosures having a range of static pressures outlined
in B-2.5.2.3.
B-1.2.2 Door Fan Measurements. The following should be considered regarding the door fan
and its associated measurements:
B-1.2.2.1 Door Fan Standards. Guidance regarding fan pressurization apparatus design,
maintenance, and operation is provided by ASTM E 779, Standard Test Method for Determining
Air Leakage Rate by Fan Pressurization, and CAN/CGSB-149.10-M86, Determination of the
Airtightness of Building Envelopes by the Fan Depressurization Method.
B-1.2.2.2 Attached Volumes. There can be no significant attached volumes within or adjoining
the enclosure envelope that will allow detrimental halon leakage that would not be measured by
the door fan. Such an attached volume would be significant if it is absent of any leakage except
into the design envelope and is large enough to adversely affect the design concentration.
B-1.2.2.3 Return Path. All significant leaks must have an unrestricted return path to the door
fan.
B-1.2.2.4 Leak Location. The difficulty in determining the specific leak location on the
enclosure envelope boundaries using the door fan is accounted for by assuming halon leakage
occurs through leaks at the worst location. This is when one-half of the total equivalent leakage
area is assumed to be at the maximum enclosure height and the other half is at the lowest point in
the enclosure. In cases where the below false ceiling leakage area (BCLA) is measured using
B-2.6.2, the value attained for BCLA is assumed to exist entirely at the lowest point in the
enclosure.
B-1.2.2.5 Technical Judgment. Enclosures with large overhead leaks but no significant leaks in
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the floor slab and walls will yield unrealistically short retention time predictions. Experience has
shown that enclosures of this type can be capable of retaining clean agent for prolonged periods.
However, in such cases the authority having jurisdiction might waive the quantitative results in
favor of a detailed witnessed leak inspection of all floors and walls with a door fan and smoke
pencil.
B-1.2.3 Retention Calculations. The following information in B-1.2.3.1 through B-1.2.3.10
should be considered regarding the retention calculations and its associated theory.
B-1.2.3.1 Dynamic Discharge Pressures. Losses due to the dynamic discharge pressures
resulting from halon system actuation are not specifically addressed.
B-1.2.3.2 Static Pressure. Variable external static pressure differences (wind, etc.) are additive
and should be considered.
B-1.2.3.3 Temperature Differences. When temperature differences exceeding 18°F (10°C)
exist between the enclosure under test and the other side of the door fan, special considerations
outlined in this document should be considered.
B-1.2.3.4 Floor Area. The floor area is assumed to be the volume divided by the maximum
height of the protected enclosure.
B-1.2.3.5 Descending Interface. The enclosure integrity procedure assumes a sharp interface.
When a clean agent is discharged, a uniform mixture occurs. As leakage takes place, air enters
the room. This procedure assumes that the incoming air rides on top of the remaining mixture. In
reality, the interface usually spreads because of diffusion and convection. These effects are not
modeled because of their complexity. Where a wide interface is present, the descending interface
is assumed to be the mid-point of a wide interface zone. Because of the conservatism built into
the procedure, the effects of interface spreading can be ignored. If continual mechanical mixing
occurs, a descending interface might not be formed (see B-2.7.1.6).
B-1.2.3.6 Leak Flow Characteristics. All leak flow is one-dimensional and does not take into
account stream functions.
B-1.2.3.7 Leak Flow Direction. A particular leak area does not have bidirectional flow at any
point in time. Flow through a leak area is either into or out of the enclosure.
B-1.2.3.8 Leak Discharge. The outflow from the leak discharges into an infinitely large space.
B-1.2.3.9 Leak Locations. Calculations are based on worst case clean agent leak locations.
B-1.2.3.10 Clean Agent Delivery. The calculations assume that the design concentration of
clean agent will be achieved. If a suspended ceiling exists, it is assumed that the clean agent
discharge will not result in displacement of the ceiling tiles. Increased confidence may be
obtained if ceiling tiles are clipped within 4 ft (1.2 m) of the nozzles and all perimeter tiles.
B-1.3 Definitions.
For the purposes of Appendix B, the following definitions are to apply.
Attached Volumes. A space within or adjoining the enclosure envelope that is not protected
by halon and cannot be provided with a clearly defined return path.
Blower. The component of the door fan used to move air.
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Ceiling Slab. The boundary of the enclosure envelope at the highest elevation.
Column Pressure. The theoretical maximum positive pressure created at the floor slab by the
column of the halon/air mixture.
Descending Interface. The enclosure integrity procedure assumes a sharp interface. When
clean agent is discharged, a uniform mixture occurs. As leakage takes place, air enters the room.
This procedure assumes that the incoming air rides on top of the remaining mixture. In reality,
the interface usually spreads because of diffusion and convection. These effects are not modeled
because of their complexity. Where a wide interface is present, the descending interface is
assumed to be the mid-point of a wide interface zone. Because of the conservatism built into the
procedure, the effects of interface spreading can be ignored. If continual mechanical mixing
occurs, a descending interface might not be formed. (See B-2.7.1.6.)
Door Fan. The device used to pressurize or depressurize an enclosure envelope to determine
its leakage characteristics. Also called the fan pressurization apparatus.
Effective Floor Area. The volume divided by the maximum halon protected height.
Effective Flow Area. The area that results in the same flow area as the existing system of flow
areas when it is subjected to the same pressure difference over the total system of flow paths.
Enclosure. The volume being tested by the door fan. This includes the halon protected
enclosure and any attached volumes.
Enclosure Envelope. The floor, walls, ceiling, or roof that together constitute the enclosure.
Equivalent Leakage Area (ELA). The total combined area of all leaks, cracks, joints, and
porous surfaces that act as leakage paths through the enclosure envelope. This is represented as
the theoretical area of a sharp edged orifice that would exist if the flow into or out of the entire
enclosure at a given pressure were to pass solely through it. For the purposes of this document,
the ELA is calculated at the column pressure.
Fan Pressurization Apparatus. The device used to pressurize or depressurize an enclosure
envelope to determine its leakage characteristics. Also called the door fan.
Floor Slab. The boundary of the enclosure envelope at the lowest elevation.
Flow Pressure Gauge. The component of the door fan used to measure the pressure difference
across the blower to give a value used in calculating the flow into or out of the enclosure
envelope.
Maximum Protected Height. The design height of the clean agent column from the floor
slab. This does not include the height of unprotected ceiling spaces.
Minimum Protected Height. The minimum acceptable height from the floor slab to which the
descending interface is allowed to fall during the retention time as specified by the authority
having jurisdiction.
Protected Enclosure. The volume protected by the clean agent extinguishing system.
Return Path. The path outside the enclosure envelope that allows air to travel to/from the leak
to/from the door fan.
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Return Path Area. The effective flow area that the air being moved by the door fan must
travel through to complete a return path back to the leak.
Room Pressure Gauge. The component of the door fan used to measure the pressure
differential across the enclosure envelope.
Static Pressure Difference. The pressure differential across the enclosure envelope not caused
by the discharge process or by the weight of the clean agent. A positive static pressure difference
indicates that the pressure inside the enclosure is greater than on the outside, i.e., smoke would
leave the enclosure at the enclosure boundary.
B-2 Test Procedure.
B-2.1 Preliminary Preparations.
Contact the individual(s) responsible for the protected enclosure and establish, obtain, and
provide the following preliminary information:
(a) Provide a description of the test,
(b) Advise the time required,
(c) Determine the staff needed (to control traffic flow, set HVAC, etc.),
(d) Determine the equipment required (e.g., ladders),
(e) Obtain a description of the HVAC system,
(f) Establish the existence of a false ceiling space and the size of ceiling tiles,
(g) Visually determine the readiness of the room with respect to the completion of obvious
sealing,
(h) Determine if conflict with other building trades will occur,
(i) Determine the size of doorways,
(j) Determine the existence of adequate return path area outside the enclosure envelope used to
accept or supply the door fan air,
(k) Evaluate other conflicting activities in and around space (e.g., interruption to the facility
being tested),
(l) Obtain appropriate architectural HVAC and halon system design documents.
B-2.2 Equipment Required.
The following equipment is required to test an enclosure using fan pressurization technology.
B-2.2.1 Door Fan System.
B-2.2.1.1 The door fan(s) should have a total airflow capacity capable of producing a pressure
difference at least equal to the predicted column pressure or 10 Pa, whichever is greater.
B-2.2.1.2 The fan should have a variable speed control or a control damper in series with the fan.
B-2.2.1.3 The fan should be calibrated in airflow units or be connected to an airflow metering
system.
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B-2.2.1.4 The accuracy of airflow measurement should be +5 percent of the measured flow rate.
B-2.2.1.5 The room pressure gauge should be capable of measuring pressure differences from 0
Pa to at least 50 Pa. It should have an accuracy of +1 Pa and divisions of 2 Pa or less. Inclined
oil-filled manometers are considered to be traceable to a primary standard and need not be
calibrated. All other pressure-measurement apparatus (e.g., electronic transducer or magnehelic)
should be calibrated at least yearly.
B-2.2.1.6 Door fan systems should be checked for calibration every 5 years under controlled
conditions, and a certificate should be available for inspection at all integrity tests. The
calibration should be performed according to manufacturer’s specifications.
The certificate should include the following:
(a) Description of calibration facility and responsible technician.
(b) Date of calibration and serial number of door fan.
(c) Room pressure gauge error estimates at 8, 10, 12, 15, 20, and 40 Pa measured by both
ascending and descending pressures (minimum).
(d) Fan calibration at a minimum of 3 leakage areas (approximate): 0.5, 0.25, and 0.05 m2
measured at a pressure of 10 Pa.
B-2.2.1.7 A second blower or multiple blowers with flex duct and panel to flow to above-ceiling
spaces is optional.
B-2.2.2 Accessories. The following equipment is also useful:
(a) Smoke pencil, fully charged (see Caution),
CAUTION: Use of chemically generated smoke as a means of leak detection may result
in activation of building or halon system smoke detectors. Appropriate precautions
should be taken. Due to corrosive nature of the smoke, it should be used sparingly.
(b) Bright light source,
(c) Floor tile lifter,
(d) Measuring tape,
(e) Masking or duct tape,
(f) Test forms,
(g) Multi-tip screwdrivers,
(h) Shop knife or utility knife,
(i) Several sheets of thin plastic and cardboard,
(j) Door stops,
(k) Signs to post on doors that say “DO NOT SHUT DOOR—FAN TEST IN PROGRESS” or
“DO NOT OPEN DOOR—FAN TEST IN PROGRESS,”
(l) Thermometer.
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B-2.2.3 Field Calibration Check.
B-2.2.3.1 This procedure enables the authority having jurisdiction to obtain an indication of the
door fan and system calibration accuracy upon request.
B-2.2.3.2 The field calibration check should be done in a separate enclosure. Seal off any HVAC
registers and grilles if present. Install the door fan per manufacturer’s instructions and B-2.4.
Determine if a static pressure exists using B-2.5.2. Check openings across the enclosure
envelope for airflow with chemical smoke. If any appreciable flow or pressure exists, choose
another room or eliminate the source.
B-2.2.3.3 Install a piece of rigid material less than 1/8 in. thickness (free of any penetrations) in
an unused blower port or other convenient enclosure opening large enough to accept an
approximately 0.01-m2 sharp edge round or square opening.
B-2.2.3.4 Ensure that the door fan flow measurement system is turned to properly measure
pressurization or depressurization and operate the blower to achieve a convenient pressure
differential, preferably 10 Pa.
B-2.2.3.5 At the pressure achieved, measure the flow and calibrate an initial ELA value using
B-2.6.3. Repeat the ELA measurement under positive pressure and average the two results.
B-2.2.3.6 Create a sharp-edged, round, or square opening in the rigid material. The area of this
opening should be at least 33 percent of the initial ELA measured. Typical opening sizes are
approximately 0.05, 0.1, and 0.2 m2, depending on the initial leakage of the enclosure. Adjust the
blower to the previously used positive or negative pressure differential. Measure the flows and
calculate an average ELA value using B-2.6.3.
B-2.2.3.7 Field calibration is acceptable if the difference between the first and second ELA value
is within +15 percent of the hole area cut in the rigid material. If the difference in ELA values is
greater than +15 percent, the door fan apparatus should be re-calibrated according to the
manufacturer’s recommendations and either ASTM E 779-81 or CAN/CGSB-149.10-M86.
B-2.3 Initial Enclosure Evaluation.
B-2.3.1 Inspection.
B-2.3.1.1 Note the areas outside the enclosure envelope that will be used to supply or accept the
door fan air.
B-2.3.1.2 Inspect all openable doors, hatches, and movable partitions for their ability to remain
shut during the test.
B-2.3.1.3 Obtain or generate a sketch of the floor plan showing walls, doorways, and the rooms
connected to the test space. Number or name each doorway.
B-2.3.1.4 Look for large attached volumes open to the test space via the floor or walls of the test
space. Note volumes and apparent open connecting areas.
B-2.3.1.5 Check floor drains and sink drains for traps with liquid.
B-2.3.2 Measurement of Enclosure.
B-2.3.2.1 Measure the clean agent protected enclosure volume. Record all dimensions. Deduct
the volume of large solid objects to obtain the net volume.
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B-2.3.2.2 Measure the highest point in the clean agent protected enclosure.
B-2.3.2.3 Calculate the effective floor area by dividing the net halon protected volume by the
maximum clean agent protected enclosure height.
B-2.3.3 Preparation.
B-2.3.3.1 Advise supervisory personnel in the area about the details of the test.
B-2.3.3.2 Remove papers and objects likely to be affected by the air currents from the discharge
of the door fan.
B-2.3.3.3 Secure all doorways and openings as for a halon discharge. Post personnel to ensure
they stay shut/open. Open doorways inside the protected enclosure even though they might be
closed upon discharge.
B-2.3.3.4 Get the user’s personnel and/or the halon contractor to set up the room in the same
state as when a discharge would occur, i.e., HVAC shut down, dampers closed, etc. Confirm that
all dampers and closeable openings are in the discharge mode position.
B-2.4 Door Fan Installation.
B-2.4.1 The door fan apparatus generally consists of a single door fan. A double or multiple door
fan for larger spaces or for neutralizing leakage through a suspended ceiling may be used for
certain applications.
B-2.4.2 Set up one blower unit in the most convenient doorway leading into the space. Choose
the doorway that opens into the largest return path area. Consideration should be given to
individuals requiring access into or out of the facility.
B-2.4.3 Follow the manufacturer’s instructions regarding setup.
B-2.4.4 Examine the sealing around the door (before door fan installation) that the door fan will
be mounted in to determine if significant leakage exists. If significant leaks are found they
should be corrected. If the manufacturer’s stated door fan sealing system leakage is less than the
apparent remaining leakage of the doorway, the difference must be added to the leakage
calculated in B-2.6 (see B-2.6.3.5).
B-2.4.5 Ensure all pressure gauges are leveled and zeroed prior to connecting them to the fan
apparatus. This should be done by first gently blowing into or drawing from the tubes leading to
the pressure gauges so the needle fluid or readout moves through its entire span and stays at the
maximum gauge reading for 10 seconds. This confirms proper gauge operation. If using a
magnehelic gauge, gently tap the gauge face for 10 seconds. With both ports of each gauge on
the same side of the doorway (using tubes if necessary), zero the gauges with their particular
adjusting method.
B-2.4.6 Connect the tubing for the room pressure gauge. Ensure the tube is at the floor slab
elevation and extends at least 10 ft away from the outlet side of the door fan blower, away from
its air stream path and away from all significant air streams (i.e., HVAC airflows or openings
where airflow could impinge on the tube).
B-2.4.7 The door fan should be arranged to alternately blow out of (depressurize) and blow into
the space (pressurize). Both measurements should be taken as described in B-2.6.
B-2.5 Door Fan Enclosure Evaluation.
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B-2.5.1 Pressure Runup Inspection.
B-2.5.1.1 Activate the blower and adjust the enclosure pressure to negative 15 Pa or maximum
negative achievable (up to 15 Pa).
B-2.5.1.2 Inspect all dampers with smoke to ensure they are closing properly. Record problems
and notify individuals responsible for the enclosure of the problems.
B-2.5.1.3 Inspect doors and hatches to ensure correct closure. Record problems and notify
individuals responsible for the enclosure of the problems.
B-2.5.1.4 Inspect the wall perimeter (above and below the false floor) and the floor slab for
major leaks. Note location and size of major leaks. Track down major airflow currents.
B-2.5.2 Static Pressure Measurement.
B-2.5.2.1 Seal the blower opening with the door fan properly installed but without the blower
operating. Observe the room pressure gauge for at least 30 seconds. Look for minor fluctuations
in pressure.
B-2.5.2.2 Under discharge conditions, measure the worst case (greatest) pressure differential
(PSH) across a section of envelope containing the largest quantity of leaks expected to leak
halon. If the subfloor is pressurized at discharge, measure the differential between the subfloor
and outside the envelope. Call this value PSH (for static at discharge). Determine the flow
direction with smoke or other indicating method.
B-2.5.2.3 If the static pressure (PSH) has an absolute value greater than 25 percent of the column
pressure calculated in B-2.6.1.3 it must be permanently reduced. Large static pressures decrease
the level of certainty inherent in this procedure. The most common causes of excessive static
pressure are leaky dampers, ducts, and failure to shut down air-handling equipment serving the
enclosure.
B-2.5.2.4 Record the position of all doorways, whether open or shut, when the static pressure
(PSH) was measured.
B-2.6 Door Fan Measurement.
B-2.6.1 Total Enclosure Leakage Method.
B-2.6.1.1 This method determines the equivalent leakage area of the entire enclosure envelope. It
is determined by measuring the enclosure leakage under both positive and negative pressures and
averaging the readings. This approach is used in order to minimize the influence of static
pressures on the ELA calculation.
B-2.6.1.2
(a) Block open all doorways around the enclosure and post personnel to ensure they stay open.
(b) Ensure adequate return path area is provided to allow an unrestricted return airflow path
back to the door fan from enclosure leaks.
(c) Remove 1 percent of the floor tiles (for false floors) if an equivalent area is not already
open.
(d) If agent is designed to discharge above the false ceiling, remove 1 percent of the ceiling
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tiles.
(e) Remeasure the static pressure (PST) at the time of the door fan test, between the room (not
below the false floor) and the return path space.
(f) Make every effort to reduce the static pressure (PST) by shutting down air-handling
equipment even though it may operate during discharge.
(g) Record PST and determine its direction using smoke or other means.
(h) Record the position of each doorway, open/shut.
(i) If the static pressure fluctuates due to wind, use a wind damping system incorporating 4
averaging tubes on each side of the building to eliminate its effects. The
CAN/CGSB-149.10-M86 standard may be used.
(j) If a subfloor pressurization airhandler cannot be shut down for the test and leaks exist in the
subfloor, these leaks may not be accurately measured. Every attempt should be made to reduce
subfloor leaks to insignificance. During the test as many floor tiles as possible should be lifted to
reduce the amount of subfloor pressurization. Note that under such conditions the Suspended
Ceiling Leakage Neutralization Method will be difficult to conduct due to massive air turbulence
in the room.
CAUTION: The removal of raised floor tiles creates a serious safety hazard. Appropriate
precautions should be taken.
B-2.6.1.3 Calculate the column pressure in the clean agent protected enclosure using the
following equation:
Pc = g Ho (rm - ra)
(1)
Where:
Pc = Pressure due to the halon column (Pa)
g
Ho

= Acceleration due to gravity (9.81 m/sec2)
= Height of protected enclosure (m)

rm

= Clean agent/air mixture density (kg/m3, see equation 9)

ra

= Air density (1.202 kg/m3).

If the calculated column pressure is less than 10 Pa, use 10 Pa as the column pressure.
B-2.6.1.4 Depressurize the enclosure with a door fan blower(s) until the measured pressure
differential reading on the gauge (Pm) goes through a total pressure reduction (dPm) equal to the
column pressure (Pc). As an example, if the static pressure (PST) measured in B-2.6.1.2 was +1
Pa, and the calculated column pressure is 10 Pa, blow air out of the room until a Pm of +11 Pa is
obtained. If the static pressure (PST) was +1 Pa, and the calculated column pressure is 10 Pa,
blow air out of the room until a Pm of +9 Pa is obtained. If using magnehelic gauges, tap both the
room pressure and flow pressure gauges for 10 sec each. Wait a further 30 sec before taking the
readings.
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B-2.6.1.5 Measure the airflow (Qu) required to obtain the pressure reduction (dPm) required. It is
important to ensure that manufacturer instructions are followed to ensure that airflow is
accurately measured with respect to direction of flow.
B-2.6.1.6 The pressure reduction generated dPm may be up to 30 percent greater, but not lower
in absolute value than the calculated column pressure.
B-2.6.1.7 Repeat the procedure in B-2.6.1.4 through B-2.6.1.6 while pressurizing the enclosure.
As an example, if the static pressure (PST) measured in B-2.6.1.2 is ±1 Pa, and the calculated
column pressure is 10 Pa, blow air into the room until +9 Pa is obtained. If the static pressure is
+1 Pa, and the calculated column pressure is 10 Pa, blow air into the room until +11 Pa is
obtained.
B-2.6.1.8 Ensure that the door fan flow measurement system is actually turned around between
tests to properly measure pressurization or depressurization and that the motor rotation is not
simply reversed. Ensure that the airflow entering the room is not deflected upward, which may
cause lifting of any existing ceiling tiles.
B-2.6.1.9 Measure the air temperature within the enclosure (TI) and outside the enclosure (TO).
B-2.6.2 Suspended Ceiling Leakage Neutralization Method (Optional).
B-2.6.2.1 Where an unobstructed suspended ceiling exists, the leakage area below the ceiling can
optionally be measured by neutralizing ceiling leaks. This method provides a more accurate
estimate of leakage rates. This method should not be used if the walls between rooms within the
zone are sealed at the ceiling slab. This method cannot be used when the system is designed to
protect above this suspended ceiling. This test method does not imply that leakage above the
suspended ceiling is acceptable. This technique can be difficult or impossible to perform under
the following conditions:
(a) Air movement within the room might make it difficult to observe neutralization,
particularly in small rooms.
(b) Obstructions above the suspended ceiling, i.e., beams, ducts, and partitions, might make it
difficult to obtain uniform neutralization.
(c) Limited clearance above the suspended ceiling, e.g., less than 1 ft, might make it difficult
to obtain neutralization.
B-2.6.2.2 If not already done, obtain the Equivalent Leakage Area of the protected enclosure
using the total enclosure leakage method in B-2.6.1.
B-2.6.2.3 Ceiling level supply registers and return grilles can be temporarily sealed off to
increase the accuracy of this method. If sealed, PST should be remeasured.
NOTE: Temporary sealing of such openings is not permitted when conducting a Total Enclosure Leakage
Test.

B-2.6.2.4 Install two separate door fans or a multiple blower door fan with one blower ducted to
the above suspended ceiling space and the other into the room space below the suspended
ceiling. It is not necessary to measure airflow through the upper fan.
B-2.6.2.5 Depressurize above and below the suspended ceiling by adjusting two separate
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blowers until the required pressure reduction and suspended ceiling leak neutralization (i.e., no
airflow through the suspended ceiling) is achieved.
Leaks are neutralized when, at opened locations in the suspended ceiling, smoke does not
move up or down when emitted within 1/4 in. of the openings. If neutralization is not possible at
all locations, ensure that either smoke does not move or moves down (but not up). Choose
undisturbed locations away from flex duct flows, airstreams, and lighting fixtures because local
air velocities make neutralization difficult to detect.
B-2.6.2.6 Measure the airflow (Qu) through the fan that is depressurizing the volume below the
false ceiling to obtain the pressure reduction (dPm) required.
B-2.6.2.7 The pressure reduction generated in the volume below the false ceiling may be up to
30 percent greater, but not lower in absolute value, than the calculated column pressure.
B-2.6.2.8 Repeat the procedure in B-2.6.2.5 through B-2.6.2.7 while pressurizing the enclosure,
except ensure that smoke either does not move or moves up but not down.
B-2.6.2.9 An alternate method for measuring the below-ceiling leaks consists of temporarily
sealing identifiable ceiling level leaks using a flexible membrane, such as polyethylene sheet and
tape, and then measuring the below-ceiling leakage solely using door fans drawing from the
lower part of the room. No flex duct is needed. Examples of sealable leaks are undampered
ceiling level supply registers or return grills or an entire suspended ceiling lower surface.
B-2.6.3 Equivalent Leakage Area Calculation.
B-2.6.3.1 Subsection B-2.6.3 outlines the door fan calculation to be used in conjunction with
B-2.6.1 and B-2.6.2.
B-2.6.3.2 The leakage area is generally derived per CAN/CGSB-149.10-M86. The CGSB
document calculates area at 10 Pa only, whereas this procedure calculates area at a minimum of
10 Pa but allows for calculation at the Halon Column Pressure, which could be greater than 10
Pa.
B-2.6.3.3 The airflow should be corrected for temperature if the difference between the
temperature of the air being blown through the door fan and the temperature of the air going into
or out of the leaks during the door fan test exceeds 10°C (18°F). If this condition exists, correct
the flows as follows:

Where:
Qc = Corrected flow (m3/sec)
Qu = Uncorrected flow (m3/sec)
TL = Temperature of air going through room leaks (°C)
TF = Temperature of air going through door fan (°C).
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NOTE:
When depressurizing:
TL = TO
TF = TI.
When pressurizing:
TL = TI
TF = TO.
B-2.6.3.4 For equation 2, corrections for barometric pressure are not necessary since they cancel
out, and corrections for humidity are too small to be of concern. No other corrections apply. If
equation 2 is not used, then
Qc = Qu.
B-2.6.3.5 After measurements are taken from pressurizing and depressurizing the enclosure, the
leakage area in each direction should be calculated, and the results should be averaged. Each
leakage area is calculated assuming the density of air is 1.202 kg/m3 and the discharge
coefficient for a hole in a flat plate (door fan) is 0.61. The equation is:

The final value for A is determined by averaging the areas obtained under both a positive and
negative pressure.
B-2.6.3.6 Equation 3 should be used for both the total enclosure leakage method (B-2.6.1) and
the optional suspended ceiling leakage neutralization method (B-2.6.2). For B-2.6.1, the area of
leaks (A) equals the equivalent leakage area (ELA). For B-2.6.2, the area of leaks (A) equals the
below-ceiling leakage area (BCLA).
B-2.7 Retention Calculation.
B-2.7.1 Calculation.
B-2.7.1.1 Total Leakage Area. Calculate the total leakage area (AT) using the equivalent
leakage area (ELA) determined from the door fan measurements as per B-2.6.3. This should be
based on a discharge coefficient of 0.61 that is used with the door fan apparatus. The following
equations apply:
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Where:
Ad = Leakage area (depressurization)
Ap = Leakage area (pressurization)
AT = 0.61 (ELA).
AT = Total leakage area (m2)
ELA = Equivalent leakage area (m2)
B-2.7.1.2 Lower Leakage Area. If the leakage area is measured using only B-2.6.1, Total
Enclosure Leakage Method, then equation 6 should be used to calculate the lower leakage area
(ALL). If the below-ceiling leakage area (BCLA) is measured using B-2.6.2, Suspended Ceiling
Neutralization Method, then equation 7 applies instead. These equations are:

Where:
ALL = Lower leakage area (m2)
BCLA = Below ceiling leakage area (m2).
B-2.7.1.3 Leak Fraction. Determine the lower leak fraction (FA) using the following equation:

B-2.7.1.4 Agent Mixture Density. Calculate the density of the agent/air mixture (rm) using the
following equation:
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Where:
rm = Clean agent/air mixture density (kg/m3)
ra = Air density (1.202 kg/m3)
c = Clean agent concentration (%)
Vd = Agent vapor density at 21°C (kg/m3).
FC-3-1-10:9.85 kg/m3

(0.615 lb/ft3)

HCFC Blend A: 3.84 kg/m3

(0.240 lb/ft3)

HFC-124: 5.83 kg/m3

(0.364 lb/ft3)

HFC-125: 5.06 kg/m3

(0.316 lb/ft3)

HFC-227ea: 7.26 kg/m3

(0.453 lb/ft3)

HFC-23: 2.915 kg/m3

(0.182 lb/ft3)

FIC-13I1:8.051 kg/m3

(0.503 lb/ft3)

IG-01:1.70 kg/m3

(0.106 lb/ft3)

IG-541: 1.43 kg/m3

(0.089 lb/ft3)

IG-55:1.41 kg/m3

(0.088 lb/ft3)

B-2.7.1.5 Static Pressure. Determine the correct value for (PSH) to be used in equation 12; if the
(PSH) recorded is negative, let it equal zero (0); if it is positive, use the recorded value.
B-2.7.1.6 Minimum Height. Determine from the authority having jurisdiction the minimum
height from the floor slab (H) that is not to be affected by the descending interface during the
holding period.
If continuous mechanical mixing occurs during the retention time such that a descending
interface does not form and the halon concentration is constant throughout the protected
enclosure, calculate an assumed value for H based on the initial and final specified
concentrations using the following equation:

Where:
H = Assumed value for H for mixing calculation
c = Actual agent concentration (%)
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CF = Final agent concentration per authority having jurisdiction requirement
Ho = Maximum protection height.
Example: Ho = 4 m, initial concentration = 7%, final = 5%, H = 5/7 × 4 m = 2.86 m. Ensure
mixing is not created by ductwork that leaks excessively to zones outside the enclosure.
B-2.7.1.7 Time. Calculate the minimum time (t) that the enclosure is expected to maintain the
descending interface above (H), using the following equations:

Where:
t = Time (seconds)
C3 = Constant for equation simplification
C4 = Constant for equation simplification
AR = Room floor area (m2)
g = Acceleration due to gravity (9.81 m/sec2)
PSH = Static pressure during discharge (Pa)
Ho = Height of ceiling (m)
H = Height of interface from floor (m).
B-2.7.2 Acceptance Criteria. The time (t) that was calculated in B-2.7.1.7 must equal or exceed
the holding time period specified by the authority having jurisdiction.
B-2.8 Leakage Control.
B-2.8.1 Leakage Identification.
B-2.8.1.1 While the enclosure envelope is being pressurized or depressurized, a smoke pencil or
other smoke source should be used to locate and identify leaks.
The smoke source should not be produced by an open flame or any other source that is a
potential source of fire ignition. Chemical smoke should be used only in small quantities and
consideration should be given to the corrosive nature of certain chemical smokes and their
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effects on the facility being tested.
B-2.8.1.2 Leakage identification should focus on obvious points of leakage including wall joints,
penetrations of all kinds, HVAC ductwork, doors, and windows.
B-2.8.1.3 Alternate methods for leakage identification are available and should be considered.
One method is the use of a directional acoustic sensor that can be selectively aimed at different
sound sources. Highly sensitive acoustic sensors are available that can detect air as it flows
through an opening. Openings can be effectively detected by placing an acoustic source on the
other side of the barrier and searching for acoustic transmission independent of fan
pressurization or depressurization. Another alternative is to use an infrared scanning device if
temperature differences across the boundary are sufficient.
B-2.8.2 Leakage Alteration.
B-2.8.2.1 Procedure.
B-2.8.2.1.1 Protected areas should be enclosed with wall partitions that extend from the floor
slab to ceiling slab or floor slab to roof.
B-2.8.2.1.2 If a raised floor continues out of the protected area into adjoining rooms, partitions
should be installed under the floor directly under above-floor border partitions. These partitions
should be caulked top and bottom. If the adjoining rooms share the same under-floor air
handlers, then the partitions should have dampers installed the same as required for ductwork.
B-2.8.2.1.3 Any holes, cracks, or penetrations leading into or out of the protected area should be
sealed. This includes pipe chases and wire troughs. All walls should be caulked around the inside
perimeter of the room where the walls rest on the floor slab and where the walls intersect with
the ceiling slab or roof above.
B-2.8.2.1.4 Porous block walls should be sealed slab-to-slab to prevent gas from passing through
the block. Multiple coats of paint might be required.
B-2.8.2.1.5 All doors should have door sweeps or drop seals on the bottoms, and weather
stripping around the jambs, latching mechanisms, and door closer hardware. In addition, double
doors should have a weather-stripped astragal to prevent leakage between doors and a
coordinator to ensure proper sequence of closure.
B-2.8.2.1.6 Windows should have solid weather stripping around all joints.
B-2.8.2.1.7 All unused and out-of-service ductwork leading into or from a protected area should
be permanently sealed off (airtight) with metal plates caulked and screwed in place. Ductwork
still in service with the building air-handling unit should have butterfly blade-type dampers
installed with neoprene seals. Dampers should be spring-loaded or motor-operated to provide
100 percent air shutoff. Alterations to air conditioning, heating, ventilating ductwork, and related
equipment should be in accordance with NFPA 90A, Standard for the Installation of Air
Conditioning and Ventilating Systems, or NFPA 90B, Standard for the Installation of Warm Air
Heating and Air Conditioning Systems, as applicable.
B-2.8.2.1.8 All floor drains should have traps and the traps should be designed to have water or
other compatible liquid in them at all times.
B-2.8.2.2 Materials.
B-2.8.2.2.1 All materials used in altering leaks on enclosure envelope boundaries, including
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walls, floors, partitions, finish, acoustical treatment, raised floors, suspended ceilings, and other
construction, should have a flame spread rating that is compatible with the flame spread
requirements of the enclosure.
B-2.8.2.2.2 Exposed cellular plastics should not be used for altering leakage unless considered
acceptable by the authority having jurisdiction.
B-2.8.2.2.3 Cable openings or other penetrations into the enclosure envelope should be
firestopped with material that is compatible with the fire rating of the barrier.
B-2.9 Test Report.
B-2.9.1 Upon completion of a door fan test, a written test report should be prepared for the
authority having jurisdiction and made part of the permanent record. The test report should
include:
(a) Date, time, and location of test;
(b) Names of witnesses to the test;
(c) Room dimensions and volume;
(d) All data generated during test, including computer printouts;
(e) Descriptions of any special techniques utilized by test technician (i.e., use of optional
ceiling neutralization, and temporary sealing of suspended ceiling);
(f) In case of technical judgment, a full explanation and documentation of the judgment;
(g) Test equipment make, model, and serial number;
(h) Copy of current calibration certificate of test equipment; and
(i) Name and affiliation of testing technician, and signature.
Appendix C Referenced Publications
C-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
C-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems, 1992 edition.
NFPA 70, National Electrical Code, 1996 edition.
NFPA 72, National Fire Alarm Code, 1993 edition.
NFPA 77, Recommended Practice on Static Electricity, 1993 edition.
NFPA 90A, Standard for the Installation of Air Conditioning and Ventilating Systems, 1993
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edition.
NFPA 90B, Standard for the Installation of Warm Air Heating and Air Conditioning Systems,
1993 edition.
C-1.2 Other Publications.
C-1.2.1 ASHRAE Publication. American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Inc., 1791 Tullie Circle, NE, Atlanta, GA 30329.
ANSI/ASHRAE, Standard 34-1992, Number Designation and Safety Classification of
Refrigerants.
C-1.2.2 ASME Publications. American Society of Mechanical Engineers, United Engineering
Center, 345 East 47th Street, New York, NY 10017.
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Foreword
Technological advances in recent years, and in particular the pervasiveness of
microprocessor-based hardware, make it even more important that only highly qualified
individuals be employed in the translation of these guidelines into operating systems. Each type
of hardware has its own unique features and operational modes. It is vital that the designer of the
safety system be completely familiar with the features and foibles of the specific hardware, as
well as possess a thorough understanding of these standards and their intent.
It is not possible for these standards to encompass specific hardware applications, nor should
these be considered a “cookbook” for the design of a safety system.
When applying any type of equipment to a safety system, the designer must carefully consider
all of the possible failure modes and the effect that each might have on the integrity of the
system and the safety of the unit and personnel. In particular, no single point failure should result
in an unsafe or uncontrollable condition or a masked failure of a microprocessor-based system
that could result in the operator unwittingly taking action that could lead to an unsafe condition.
This document is to be used for the design, installation, operation, and maintenance of single
burner firetube and watertube boiler-furnaces and their burner management and combustion
control systems. The standard is organized as follows:
(a) Introduction and common sections that apply to all fired fuels covered in this standard
(Chapters 1 through 4).
(b) Detailed sections that are specific to the particular operation described. Chapter 5 applies to
starting up a cold boiler. Chapter 6 applies to operating systems including automatic recycling
and automatic nonrecycling systems for both watertube and firetube boilers and supervised
manual systems for oil- or gas-fired watertube boilers. Chapter 7 applies to simultaneous firing
of fuels. Chapter 8 applies to fuel transferring. Chapter 9 applies to dual atomizers in a single
burner. Chapter 10 applies to inspection and maintenance.
When using this standard, the common sections should be used in conjunction with the
sections covering the specific operation described. Appendix A contains useful information but
is not mandatory.
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Chapter 1 Introduction
1-1 Scope.
1-1.1
This standard applies to boilers with a fuel input rating of 12,500,000 Btu/hr (3663 kW) or
greater. This standard applies only to boiler-furnaces using single burners firing:
(a) Natural gas only as defined in Chapter 3.
(b) Other gas with a Btu value and characteristics similar to natural gas.
(c) Fuel oil only of No. 2, 4, 5 or 6 grade.
(d) Simultaneous firing of gas and oil for fuel transfer.
(e) Simultaneous firing of gas and oil continuously.
1-1.2
The standard is not retroactive. This standard is applicable to new installations and to major
alterations or extensions of existing equipment for the preparation and burning of fuel contracted
for use subsequent to June 15, 1992.
1-1.3
Furnaces such as those of process heaters used in chemical and petroleum manufacture,
wherein steam generation is incidental to the operation of a processing system, are not covered
by this standard.
1-1.4
Since this standard is based on the present state of the art, its application to existing
installations is not mandatory. Nevertheless, operating companies are encouraged to adopt those
features of this standard that are considered applicable and reasonable for existing installations.
1-1.5
Revisions to this document reflect the current state of knowledge and do not imply that
previous editions were inadequate.
1-2 Purpose.
1-2.1
The purpose of this standard is to establish minimum standards for the design, installation,
operation, and maintenance of single burner boiler-furnaces, their fuel-burning systems, and
related systems, to contribute to operating safety, and, in particular, to prevent furnace
explosions.
1-2.2
No standard can be promulgated that will guarantee the elimination of boiler-furnace
explosions. Technology in this area is under constant development, reflected in part by revisions
to this standard. The user of this standard must recognize the complexity of fuel firing as to the
type of equipment and the characteristics of the fuel. Therefore, the designer is cautioned that the
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standard is not a design handbook and does not do away with the need for competent engineering
judgment. It is intended that a designer capable of applying more complete and rigorous analysis
to special or unusual problems shall have latitude in the development of such designs. In such
cases, the designer is responsible for the validity of the approach.
1-2.3
Emphasis is placed on the importance of operation and maintenance procedures, combustion
control equipment, safety interlocks, alarms, trips, and other related controls that are essential to
safe boiler operation.
1-2.4
The effect of gas cleanup systems located downstream of the post-combustion gas passes of
the boiler-furnace is known to be significant. Coordination of the operating procedures and
designs of the boiler-furnace and air quality system’s air/flue gas path is required. Such
coordination shall include requirements for ensuring a continuous flow path from the forced draft
fan inlet through the stack. This standard offers only the general requirements of these systems
because of the many variations of the designs.
Chapter 2 General
2-1 Furnace Explosions.
2-1.1
The basic cause of furnace explosions is the ignition of an accumulated combustible mixture
within the confined space of the furnace or the associated boiler passes, ducts, and fans that
convey the gases of combustion to the stack.
2-1.2
A dangerous combustible mixture within the boiler-furnace enclosure consists of the
accumulation of an excessive quantity of combustibles mixed with air in proportions that will
result in rapid or uncontrolled combustion when an ignition source is supplied. A furnace
explosion may result from ignition of this accumulation if the quantity of combustible mixture
and the proportion of air to fuel are such that an explosive force is created within the
boiler-furnace enclosure. The magnitude and intensity of the explosion will depend on both the
relative quantity of combustibles that has accumulated and the proportion of air that is mixed
therewith at the moment of ignition. Explosions, including “furnace puffs,” are the result of
improper procedures by operating personnel, improper design of equipment or control system, or
equipment or control system malfunction.
2-1.3
Numerous situations can arise in connection with the operation of a boiler-furnace that will
produce explosive conditions; the most common experiences are:
(a) An interruption of the fuel or air supply or ignition energy to the burners, sufficient to
result in momentary loss of flames, followed by restoration and delayed reignition of an
accumulation.
(b) Fuel leakage into an idle furnace and the ignition of the accumulation by a spark or other
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source of ignition.
(c) Repeated unsuccessful attempts to light off without appropriate purging resulting in the
accumulation of an explosive mixture.
(d) The accumulation of an explosive mixture of fuel and air as a result of a complete furnace
flameout and the ignition of the accumulation by a spark or other ignition source, such as that
from attempting to light burner.
2-1.4
The conditions favorable to a boiler-furnace explosion described in 2-1.3 are typical examples,
and an examination of numerous reports of boiler-furnace explosions suggests that the
occurrence of small explosions, furnace puffs, or near misses has been far more frequent than is
usually recognized. It is believed that improved instrumentation, safety interlocks and protective
devices, proper operating sequences, and a clearer understanding of the problem by both
designers and operators can greatly reduce the risks and actual incidence of furnace explosions.
2-1.5
In a boiler-furnace, upset conditions or control malfunction may lead to an air/fuel mixture that
may result in a flameout followed by reignition after a combustible air/fuel ratio has been
reestablished. Dead pockets may exist in the boiler-furnace enclosure, or other parts of the unit,
where combustible mixtures can accumulate under upset furnace conditions. These
accumulations may ignite with explosive force in the presence of an ignition source.
2-2 Manufacture, Design, and Engineering.
2-2.1
The purchaser or the purchaser’s agent shall, in cooperation with the manufacturer, assure that
the unit is not deficient in apparatus that is required for proper operation, so far as practical, with
respect to pressure parts, fuel burning equipment, air and fuel metering, and safe lighting and
maintenance of stable flame.
2-2.2
All fuel systems shall include provisions to prevent foreign substances interfering with the fuel
supply to the burner.
2-2.3
An evaluation shall be made to determine the optimum integration of manual and automatic
safety features considering the advantages and disadvantages of each trip function.
NOTE: The maximum number of automatic trip features does not necessarily provide for maximum overall
safety. Some trip actions result in additional operations that increase exposure to hazards.

2-2.4
This standard requires a minimum degree of automation. The trend toward more complex
plants or increased automation requires added provisions for:
(a) Information about significant operating events permitting the operator to make a rapid
evaluation of the operating situation. Usable displays of variables shall be provided that will
allow the operator to avoid unsafe conditions.
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(b) In-service maintenance and checking of system functions without impairing the reliability
of the overall control system.
(c) An environment conducive to proper decisions and actions.
2-2.5
The burner front piping and equipment shall be designed and constructed to prevent the
formation of hazardous concentrations of combustible gases that may exist under normal
operating conditions.
2-3 Installation.
2-3.1
The boiler shall not be released for operation before the installation and checkout of the
required safeguards and instrumentation system.
2-3.2
The constructor responsible for the erection and installation of the equipment shall see that all
pertinent apparatus is properly installed and connected.
2-3.3
The purchaser, the engineering consultant, the equipment manufacturer, and the operating
company shall avoid boiler operation until such safeguards have been tested to operate properly
as a system. In some instances it may be necessary to install temporary interlocks and
instrumentation to meet these requirements. Any such temporary system shall be reviewed by the
purchaser, the engineering consultant, the equipment manufacturer, and the operating company,
and agreement shall be reached on its suitability in advance of start-up.
2-3.4
The safety interlock system and protective devices shall be jointly tested by the organization
with the system design responsibility and those who operate and maintain such systems and
devices during the normal operating life of the plant. These tests and checks shall be
accomplished before initial operation.
2-4 Coordination of Design, Construction, and Operation.
2-4.1
Statistics indicate that human error is a contributing factor in the majority of furnace
explosions. It is important to consider whether the error was a result of:
(a) Lack of understanding of, or failure to use, proper operating procedures, safeguards, and
equipment.
(b) Unfavorable operating characteristics of the equipment or its control.
(c) Lack of functional coordination of the various components of the steam generating system
and its controls.
2-4.2
Furnace explosions have occurred as a result of unfavorable functional design. Frequently the
investigation has revealed human error and has completely overlooked the chain of causes that
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triggered the operating error. Therefore, the design, installation, and functional objectives of the
overall system of components and their controls shall be integrated. Consideration shall be given
to the ergonomics that will exist during the operating life of the system.
2-4.3
In the planning and engineering phases of plant construction, design shall be coordinated with
operating personnel.
2-4.4
The proper integration of the various components consisting of boiler, burner, fuel and air
supply equipment, controls, interlocks and safety devices, operator and maintenance functions,
and communication and training shall be the responsibility of the operating company and shall
be accomplished by:
(a) Providing design and operating personnel who possess a high degree of competence in this
field and who are required to bring about these objectives.
(b) Periodic analysis to compare the plant to evolving technology so that improvements can be
made to make the plant safer and more reliable.
(c) Maintaining documentation of plant equipment, system, and maintenance.
2-5 Maintenance Organization.
A program shall be provided for maintenance of equipment at intervals consistent with type of
equipment, service requirements, and the manufacturer’s recommendations. (See Chapter 10.)
2-6 Basic Operating Objectives.
2-6.1
Basic operating objectives shall include the following:
(a) Establish operating procedures that will result in the minimum number of manual
operations.
(b) Standardize all operating procedures. The use of interlocks is essential to minimize
improper operating sequences and to stop sequences when conditions are not proper for
continuation. It is particularly important that purge and start-up procedures with necessary
interlocks be established and rigidly enforced. Chapters 5 and 6 describe operating sequences
that have proven effective in boiler-furnace operation.
2-6.2
Written operating procedures and detailed checklists for operator guidance shall be provided
for achieving these basic operating objectives. All manual and automatic functions shall be
described.
2-7* Gas and Oil Firing — Special Problems.
Common hazards are involved in the combustion of solid, liquid, or gaseous fuels. Each of
these fuels has special hazards related to its physical characteristics. Refer to A-2-7 for further
information.
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Chapter 3 Definitions
Air Change. A quantity of air, provided through the burner, equal to the volume of furnace and
boiler gas passes.
Air/Fuel Ratio.
Air-Rich. A ratio of air to fuel supplied to a furnace that provides more air than that required
for an optimum air/fuel ratio.
Excess Air. Air supplied for combustion in excess of theoretical air.
NOTE: This is not “Air-Rich” as previously defined.

Fuel-Rich. A ratio of air to fuel supplied to a furnace that provides less air than that required
for an optimum air/fuel ratio.
Theoretical Air (Stoichiometric Air). The chemically correct amount of air required for
complete combustion of a given quantity of a specific fuel.
Alarm. An audible or visible signal indicating an off-standard or abnormal condition.
Annunciator. A device indicating an off-standard or abnormal condition by both visual and
audible signals.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Atomizer. That device in an oil burner that emits liquid fuel in a finely divided state.
Atomizer, Mechanical. That device in an oil burner that emits liquid fuel in a finely divided
state without using an atomizing medium.
Atomizing Medium. A supplementary fluid, such as steam or air, that assists in breaking down
oil into a finely divided state.
Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or departmental official
may be the “authority having jurisdiction.”
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Boiler. A closed vessel in which water is heated, steam is generated, steam is superheated, or
any combination thereof, by the application of heat from combustible fuels in a self-contained or
attached furnace.
Boiler Control System. The group of control systems that regulates the boiler process
including the combustion control system but not the burner management system.
Boiler-Furnace Enclosure. The physical boundry for all boiler pressure parts and the
combustion process.
Burner. A device or group of devices for the introduction of fuel and air into a furnace at the
required velocities, turbulence, and concentration to maintain ignition and combustion of fuel
within the furnace.
Burner Control Systems.
Automatic (Recycling). A system by which a furnace is purged and a burner is started, ignited,
and stopped automatically and that recycles on a preset pressure range.
Automatic (Nonrecycling). A system by which a furnace is purged and a burner is started,
ignited, and stopped automatically but does not recycle automatically.
Manual. A system by which a furnace is purged and a burner is started, ignited, and stopped
manually.
Supervised Manual. A system by which a furnace is purged and a burner is started, ignited,
and stopped manually, with interlocks to ensure that the operation follows established proper
procedures.
Burner Management System. The control system dedicated to boiler-furnace safety, operator
assistance in the starting and stopping of fuel preparation and burning equipment, and preventing
misoperation of and damage to fuel preparation and burning equipment.
Types of systems used in this document include:
Automatic (Recycling). A system by which a furnace is purged and a burner is started, ignited,
and stopped automatically and recycles on a preset pressure range.
Automatic (Nonrecycling). A system by which a furnace is purged and a burner is started,
ignited, and stopped automatically but does not recycle automatically.
Manual. A system by which a furnace is purged and a burner is started, ignited, and stopped
manually.
Supervised Manual. A system by which a furnace is purged and a burner is started, ignited,
and stopped manually, with interlocks to ensure that the operation follows established proper
procedures.
Combustion Control System. The control system that regulates the furnace fuel and air inputs
to maintain air/fuel ratio within the limits required for continuous combustion and stable flame
throughout the operating range of the boiler in accordance with demand. This control system
includes the furnace draft control where applicable.
Drip Leg. A chamber of ample volume, with suitable cleanout and drain connections, into
which gas is discharged so that liquids and solids are trapped.
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Excessive Steam Pressure Switch. A pressure-actuated device arranged to effect a safety
shutdown of the burner when the steam pressure exceeds a preset pressure.
Excessive Water Temperature Switch. A temperature-actuated device arranged to effect a
safety shutdown of the burner when the water temperature exceeds a preset temperature.
Flame. The visible or other physical evidence of the chemical process of rapidly converting
fuel and air into products of combustion.
Flame Detector. A device that senses the presence or absence of flame and provides a usable
signal.
Fuel Oil. Numbers 2, 4, 5, and 6 fuel oils as defined in ASTM D396, Standard Specifications
for Fuel Oils.
Fuel Trip. The automatic shutoff of a specific fuel as the result of an interlock or operator
action.
Furnace. An enclosure designed for the combustion of fuel.
Furnace Purge. (See definition of Purge.)
Gas. (See definitions of LP-Gas and Natural Gas.)
High Gas Pressure Switch. A pressure-actuated device arranged to effect a safety shutdown or
prevent starting when the gas pressure exceeds the preset value.
High Oil Temperature Switch. A temperature-actuated device that initiates a signal when oil
temperature rises above the limits required to maintain the viscosity range recommended by the
burner manufacturer.
High Steam Pressure Switch. A pressure-actuated device arranged to effect a normal burner
shutdown when the steam pressure exceeds a preset pressure.
High Water Temperature Switch. A temperature-actuated device arranged to effect a normal
burner shutdown when the water temperature exceeds a preset temperature.
Igniter. A device that provides proven ignition energy to immediately light-off the main
burner.
Class 1 (Continuous Igniter). An igniter applied to ignite the fuel input through the burner and
to support ignition under any burner light-off or operating conditions. Its location and capacity
are such that it will provide sufficient ignition energy, generally in excess of 10 percent of fuel
load burner input, at its associated burner to raise any credible combination of burner inputs of
both fuel and air above the minimum ignition temperature.
Class 2 (Intermittent Igniter). An igniter applied to ignite the fuel input through the burner
under prescribed light-off conditions. It is also used to support ignition under low load or certain
adverse operating conditions. The range of capacity of such igniters is generally 4 percent to 10
percent of full load burner fuel input. It shall not be used to ignite main fuel under uncontrolled
or abnormal conditions. The burner shall be operated under controlled conditions to limit the
potential for abnormal operation, as well as to limit the charge of fuel to the furnace in the event
that ignition does not occur during light-off. Class 2 igniters may be operated as Class 3 igniters.
Class 3 (Interrupted Igniter). An igniter applied particularly to gas and oil burners to ignite
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the fuel input to the burner under prescribed light-off conditions. The capacity of such igniters
generally does not exceed 4 percent of the full load burner fuel input. As a part of the burner
light-off procedure, the igniter is turned off when the time trial-for-ignition of the main burner
has expired. This is to ensure that the main flame is self-supporting, is stable, and is not
dependent upon ignition support from the igniter. The use of such igniters to support ignition or
to extend the burner control range shall be prohibited.
Class 3 Special (Direct Electric Igniter). A special Class 3 high energy electrical igniter
capable of directly igniting the main burner fuel. This type igniter shall not be used unless
supervision of the individual burner flame is provided.
Inerting. The dilution of the oxygen content of an air/fuel mixture to a point where it is no
longer explosive through the addition of an inert gas or vapor.
Interlock. A device or group of devices arranged to sense a limit or off-limit condition or
improper sequence of events and to shut down the offending or related piece of equipment or to
prevent proceeding in an improper sequence in order to avoid a hazardous condition.
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Light-Off. The establishment of the combustion of fuel entering the furnace.
Light-Off Time Limit Timer. A device used on supervised manual systems that limits the
allowable time between completion of purge and light-off. This time shall be no more than five
minutes.
Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The “authority having
jurisdiction” should utilize the system employed by the listing organization to identify a listed product.

Logic System. The decision making and translation elements of the burner management
system.
(a) Hard Wired Systems. Individual devices and interconnecting wiring.
(b) Microprocessor Based Systems.
1. Computer hardware, power supplies, I/O devices, and interconnections between these.
2. Operating systems and logic software.
Low Fire. The minimum fire rate resulting in stable combustion.
Low Gas Pressure Switch. A pressure-actuated device arranged to effect a safety shutdown or
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prevent starting when the gas pressure falls below the preset value.
Low Oil Pressure Switch. A pressure-actuated device arranged to effect a safety shutdown or
prevent starting when the oil pressure falls below the preset value.
Low Oil Temperature Switch. A temperature-actuated device that initiates a signal when the
oil temperature falls below the limits required to maintain the viscosity range recommended by
the burner manufacturer.
Low Water Cutout. A device arranged to effect a shutdown of the burner when water level in
the boiler falls to a predetermined low level.
Auxiliary Low Water Cutout. A device that is arranged to effect a safety shutdown (requires
manual reset, see: Shutdown, Safety) of the burner when the water level in the boiler falls to a
predetermined low level.
LP-Gas. A material composed predominantly of any of the following hydrocarbons, or
mixtures of them: propane, propylene, n-butane, isobutane, and butylenes.
Main Burner Establishing Period. (See definition of Trial-for-Ignition Period.)
Modulate. To gradually vary the fuel and air flows to the burner in accordance with load
demand.
Monitor. To sense and indicate a condition without initiating automatic corrective action.
Natural Gas. A gaseous fuel occurring in nature consisting mostly of a mixture of organic
compounds (normally methane, ethane, propane, and butane). The Btu value of natural gases
varies between about 700 and 1,500 Btu per cu ft (26.1 and 55.9 MJ/m3), the majority averaging
1,000 Btu per cu ft (37.3 MJ/m3).
Normal Fuel Supply Pressure. The pressure at the fuel service connection for which the fuel
burning system has been designed.
Oil. (See definition of Fuel Oil.)
Operating Range. The region between the maximum fuel input and minimum fuel input in
which the burner flame can be maintained, continuous and stable.
Outlet Draft. The flue gas pressure at the outlet of the last convection pass of the boiler.
Post Purge. A purge performed after a burner is shut down.
Prove. To establish by measurement or test the existence of a specified condition such as
flame, level, flow, pressure, or position.
Purge. A flow of air through the furnace, boiler gas passages, and associated flues and ducts
that will effectively remove any gaseous combustibles and replace them with air. Purging may
also be accomplished by an inert medium.
Recycle. A start-up initiated by steam pressure or water temperature following a normal
shutdown.
Repeatability. The ability of a device to maintain a constant set point characteristic.
Restart. A manually initiated start-up.
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Safety Shutdown Trip Relay. An electromechanical relay utilized to trip all required
equipment simultaneously.
Safety Shutoff Valve (Safety Trip Valve). A fast closing valve that automatically and
completely shuts off the fuel supply to main burner(s) or igniter(s) in response to a normal or a
safety shutdown signal.
Semiautomatic. The terms “automatic (nonrecycling)” and “supervised manual” are used in
this standard to describe the functions conventionally attributed to “semiautomatic.”
Service Connection. A point at which fuel, atomizing medium, or power is connected to the
boiler, firing equipment, or controlled devices.
Set Point. A predetermined value to which an instrument is adjusted and at which it shall
perform its intended function.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Shutdown.
Normal. Stopping burner operation by shutting off all fuel and ignition energy to the furnace.
Safety. Stopping burner operation by shutting off all fuel and ignition energy to the furnace by
means of a safety interlock or interlocks and requiring a manual restart.
Soot Blower. A mechanical device for introducing steam or air to clean heat-absorbing
surfaces.
Supervise. To sense and indicate a condition requiring attention and automatically initiate
corrective action.
Trial-for-Ignition Period (Igniter). That interval of time during light-off in which a safety
control circuit permits the igniter fuel safety shutoff valve(s) to be opened before the flame
detection system is required to supervise the igniter flame.
Trial-for-Ignition Period (Main Burner). That interval of time during light-off in which a safety
control circuit permits the main burner fuel safety shutoff valve(s) to be opened before the flame
detection system is required to supervise the main burner flame only.
Chapter 4 Equipment Requirements
4-1 Fuel Supply (Oil).
4-1.1
Fuel shall be properly stored, prepared, and delivered to the oil service connection under
anticipated operating conditions in accordance with the applicable portions of NFPA 31,
Standard for the Installation of Oil Burning Equipment.
4-1.2
Operation of the burner shall not be attempted until a satisfactory fuel supply is assured.
4-1.3
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Fuel shall be continuously delivered to the combustion chamber in a finely atomized form that
can be readily ignited and consumed.
4-1.4
All equipment associated with pumping, heating, and straining the fuel from storage to the
service connection shall be properly designed, sized, and interconnected so as to provide a
suitable fuel supply over a full range of conditions. Relief valves shall be installed after the
pump to prevent overpressure in the system.
4-1.5
Fuel being burned shall be delivered to the burner at proper temperature and pressure.
NOTE: Excessively heated oil may create vapor-lock, which can prevent continuous operation. Cold oil may
prevent satisfactory atomization.

4-1.6
Where the fuel must be heated, care shall be taken to ensure that the interlocks and instruments
reflect correct values of the variable being measured, particularly in dead-end lines where heavy
oil will tend to solidify.
4-1.7
The operation of a burner system that has the capability to burn heated and unheated oils shall
include a procedure to ensure that the proper type of oil, compatible with the selected mode of
operation, is being supplied to the burner. Precautions shall include the intended routing of
recirculated oil.
4-1.8*
Two safety shutoff valves in series, each with proof of closure, shall be provided in the oil line
to the main burner.
CAUTION: Means shall be provided to prevent or relieve excess pressure between these valves.

4-1.9
Oil piping materials and system design shall be in accordance with NFPA 31, Standard for the
Installation of Oil Burning Equipment.
4-2* Fuel Supply (Gas).
4-2.1
The gas supply at the gas service connection shall be controlled at the pressure for which the
fuel burning system has been designed.
4-2.2
Gas piping shall be of ample size to maintain the desired constant pressure for the maximum
burner flow.
4-2.3*
Two safety shutoff valves in series, each with proof of closure, shall be provided in the gas
line to the main burner. An automatic vent valve shall be provided between the two valves.
4-2.4
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Foreign matter such as welding beads, chips, scale, dust, and debris shall be removed from the
gas piping.
4-2.5
A drip leg shall be provided in the gas piping (see A-4-2.3 and A-4-4.1).
4-2.6
Gas piping materials and system design shall be in accordance with NFPA 54, National Fuel
Gas Code.
4-2.7
The discharge from atmospheric vents shall be located so that there is no possibility of the
discharged gas being drawn into the air intake, ventilating system, or windows of the boiler room
or adjacent buildings and shall be extended sufficiently above the boiler and adjacent structures
so that gaseous discharge does not present a fire hazard. There shall be no cross connection
between venting systems of different boilers.
4-3 Alternate Fuel Firing.
4-3.1 Manual Fuel Selection.
Where oil and gas are to be burned alternately, a manually positioned fuel selector switch shall
be provided to permit operation of the necessary interlocks, fuel safety shutoff valves, and
controls for the fuel to be fired.
4-3.2 Automatic Fuel Selection.
Where oil and gas are to be burned alternately, an automatic change from one fuel to the other
shall be accomplished only after a shutdown. Provision for manual changeover of the system
shall be provided in accordance with 4-3.1 and Chapter 8. For simultaneous firing of oil and gas
fuels, see Chapter 7.
4-4 Fuel Burning Equipment.
4-4.1* Ignition.
4-4.1.1 The main burner shall be equipped with a permanently installed igniter. If an intermittent
igniter (Class 2) is used and is not operated as an interrupted igniter, the main burner flame shall
be proven independently of the igniter.
4-4.1.2 The igniter flame or arc shall impinge on the main burner air/fuel mixture and supply
sufficient ignition energy to provide immediate ignition of all fuel discharge from the main
burner under light-off conditions.
4-4.1.3* Two safety shutoff valves in series shall be provided in the line to the gas igniter. An
automatic vent valve shall be provided between the two valves for gas igniters. One safety
shutoff valve shall be provided in the line to the oil igniter.
4-4.1.4 The igniter shall be designed for periodic removal, cleaning, and maintenance.
4-4.2 Main Burner.
4-4.2.1 The main burner shall direct the fuel and air into the furnace so as to provide a stable
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flame and efficient combustion over its entire operating range.
4-4.2.2 The burner shall be provided with at least one convenient observation port of a size to
permit visual inspection of the igniter and main burner flames.
4-4.2.3 The limits of stable flame for the burner shall be determined by test. These tests shall be
performed without the igniter in service and shall include the intended range and grade of fuel(s).
The tests shall verify that transients generated in the fuel and air systems do not adversely
affect burner operation. Such transients are generated by burner control valves, dampers, and
other equipment that operate at speeds faster than the speed of response of other components in
the system.
4-4.2.4 Each manual adjustment feature on the burner shall be provided with means for securing
it in its intended position.
4-4.2.5 The atomizing equipment for oil burners shall be designed for periodic removal,
cleaning, and maintenance.
4-4.2.6 Any procedure for clearing the atomizer and piping into the furnace prior to shutdown
shall be accomplished while the fan is operating and the igniter is reestablished or the main
flame is continuously proven during this operation.
4-4.2.7 Clearing of the oil passages of the atomizer into the furnace immediately after a
shutdown shall be prohibited.
4-4.3 Atomizing Medium for Oil Burners.
4-4.3.1 Where the fuel is to be atomized with the assistance of another medium, this atomizing
medium shall be supplied free of contaminants that could cause an interruption of service.
4-4.3.2 The atomizing medium shall be provided at the pressures required for proper operation.
4-4.3.3 Provisions shall be made to ensure that fuel cannot enter the atomizing medium line
during or after operation.
4-4.4 Combustion Air Supply.
4-4.4.1 The combustion air supply equipment shall be capable of supplying combustion air for
the optimum air/fuel ratio over the entire operating range of the burner.
4-4.4.2 Provision shall be made for periodic cleaning of the combustion air supply equipment.
4-4.5 Furnace.
4-4.5.1 The furnace shall be designed to promote main burner stability while minimizing zones
that cannot be purged.
4-4.5.2 At least one observation port in addition to the requirements of 4-4.2.2 shall be provided
to permit observation of the burner flame and furnace.
4-4.6 Combustion Products Removal.
4-4.6.1 The outlet draft equipment shall be capable of removing combustion products without
adversely affecting stable flame conditions.
CAUTION: Tall stacks can produce furnace draft conditions adversely affecting flame stability and may
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require special draft control provisions.

4-4.6.2 Where two or more boilers are connected to a common stack, each connection shall be
equipped with a damper system. All boiler outlet dampers shall be equipped with accessible
operating and locking devices. This equipment shall be compatible with the combustion control
system of the boiler. Interlocks shall be provided to prevent firing against a closed damper.
Provision shall be made to prevent rendering the interlock nonfunctional if the linkage becomes
disconnected. This can be accomplished by any of the following:
(a) Placing the interlock on the driven member,
(b) Utilizing a furnace pressure switch, or
(c) Other appropriate means.
Exception: Dampers are not required on the outlet of boilers of a type in which maintenance
operations are performed from outside of the boiler.
4-5 Burner Management System, Logic.
The intent of this section is to provide guidance in the use of logic systems in burner
management.
4-5.1 General Requirements.
A logic system provides outputs in a particular sequence in response to external inputs and
internal logic. The logic system for burner management shall be specifically designed so that a
single failure in that system shall not prevent an appropriate shutdown.
4-5.2 Specific Requirements.
As a minimum, the following shall be included in the design to ensure that a logic system for
burner management meets the intent of these standards.
NOTE: Some items are not applicable to specific types of logic systems, e.g., relay.

4-5.2.1 Failure Effects. The logic system designer shall recognize the failure modes of
components when considering the design application of the system. As a minimum the following
failure effects shall be evaluated and addressed:
(a) Interruptions, excursions, dips, recoveries, transients, and partial losses of power.
(b) Memory corruption and losses.
(c) Information transfer corruption and losses.
(d) Inputs and outputs “fail-on,” “fail-off.”
(e) Signals unreadable or not being read.
(f) Addressing errors.
(g) Processor faults.
4-5.2.2 Design.
(a) Diagnostics shall be included in the design to monitor processor logic functionability.
(b) Logic system failure shall not preclude proper operator intervention.
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(c) Logic shall be protected from unauthorized changes.
(d) Logic shall not be changed when the associated equipment is in operation.
(e) System response time (throughput) shall be sufficiently short to prevent negative effects on
the application.
(f) Noise immunity shall be adequate to prevent false operation.
(g) A single component failure within the logic system shall not prevent a mandatory safety
shutdown trip.
(h) The operator shall be provided with (a) dedicated manual switch(es) that shall
independently and directly actuate the safety shutdown trip relay.
4-5.2.3 Requirement for Independence. The logic system performing the safety functions for
burner management and boiler control systems shall not be combined with any other logic or
control system. These burner management safety functions shall include, but not be limited to,
proper purge interlocks and timing, mandatory safety shutdowns, trial timing for ignition, and
flame monitoring.
4-6 Combustion Control System.
4-6.1
The combustion control system shall maintain air/fuel mixtures at preestablished ratios
throughout the operating range of the burner and during changes in firing rate.
4-6.2
The system shall provide limits on fuel and air to prevent reducing furnace input below the
point of stable burner operation. The minimum and maximum points of stable burner operation
shall be defined by the burner manufacturer and verified by operational tests.
4-7 Interlock System.
4-7.1
The system shall be equipped with a method of determining the operating state of each
interlock without disassembling any of the interlock devices.
4-7.2
Each interlock shall be provided with a method of establishing the set point. The set point shall
be repeatable within prescribed limits.
4-7.3
Interlock devices shall be designed for anticipated environmental conditions, such as
temperature, humidity, vibration, and corrosive agents.
4-7.4
The interlocks on the low water cutouts may be bypassed for blowdown purposes only. This
bypass shall be of a type that is temporarily held during blowdown.
4-7.5
Interlocks shall not be manually bypassed at any time during normal operation.
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Exception: See 4-7.4 and Chapter 5.
4-7.6
Each safety control ac circuit shall be two wire, one side grounded, preferably not exceeding
nominal 120 volts, and shall be protected with a suitable fuse or circuit breaker in the hot side
only.
4-7.7
Safety control dc circuits shall be arranged as called for in 4-7.6 where grounding is possible.
Where grounding is not possible and the circuit voltage exceeds 50 volts, the circuit shall have
switching contacts in one side of the line and ground-fault circuit-interrupters provided.
4-8 Flame Safety Shutdown System.
4-8.1
The time interval between loss of flame and stopping the fuel flow to the burner shall be not
more than four seconds.
4-8.2
Permanent means shall be provided for making periodic tightness tests of the main burner gas
safety shutoff valves.
Chapter 5 Starting a Cold Boiler
5-1 General.
5-1.1
Starting of a cold boiler shall be accomplished in conformance with the manufacturer’s
recommendations. In no case shall a boiler that has been taken out of service for maintenance,
repair, or extended shutdown be started from a cold condition without a qualified operator
present.
5-1.2
Applicable start-up procedures for the burner control system provided shall be followed. Firing
rate shall be limited in accordance with the boiler manufacturer’s instructions.
5-2 Gas-Fired Boilers.
The procedures of Chapter 6 shall be followed for starting a cold gas-fired boiler.
5-3 Oil-Fired Burners.
When steam is not available for heating oil, or as an atomizing medium, or for driving
auxiliary equipment, one of the starting methods described in 5-3.1, 5-3.2 or 5-3.3 shall be used.
5-3.1 Auxiliary Air Atomizing of Oil.
5-3.1.1 Equipment Required.
(a) Forced draft (FD) fan.
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(b) Approved auxiliary oil heater for start-up fuel flow with a capacity not less than that
required for minimum fire with stable flame.
(c) Compressed air supply.
(d) Check valves in steam and air lines to the atomizer.
5-3.1.2 Facility Required.
(a) An atomizing air supply (see A-4-1.8).
5-3.1.3 Starting Procedure.
(a) Circulate and heat oil, using auxiliary heater and recirculating system, to satisfy all
interlocks, where included.
(b) Follow normal start-up procedure described in Chapter 6 using air as the atomizing
medium.
(c) Set combustion control at light-off firing rate.
(d) When steam pressure is raised to a point where it is adequate for heating and atomizing the
oil, shut down in accordance with the normal shutdown procedure described in Chapter 6.
(e) Close atomizing air supply and open atomizing steam supply, making certain that dry steam
is available.
(f) Change over from auxiliary oil heater to steam oil heater.
(g) Follow normal start-up procedure.
5-3.2 Auxiliary Mechanical Atomizing of Heavy Oil.
5-3.2.1 Equipment Required.
(a) FD fan.
(b) Approved auxiliary oil heater for start-up fuel flow with a capacity not less than that
required for minimum fire with stable flame.
(c) Mechanical atomizer.
(d) Means to bypass atomizing medium interlocks. The fact that these are bypassed shall be
made evident to the operator with adequate warning devices.
5-3.2.2 Starting Procedure.
(a) Circulate and heat oil using auxiliary heater and recirculating systems to satisfy oil
interlocks, where included.
(b) Bypass atomizing medium interlocks [See 5-3.2.1(d).]
(c) Insert mechanical atomizer.
(d) Follow normal start-up procedure described in Chapter 6.
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(e) Set combustion control at light-off firing rate.
(f) When steam pressure is raised to a point where it is adequate for heating and atomizing the
oil, shut down in accordance with the normal shutdown procedure described in Chapter 6.
(g) Remove mechanical atomizer.
(h) Insert steam atomizer.
(i) Make atomizing medium interlocks operable.
(j) Change over from auxiliary oil heater to steam oil heater.
(k) Follow normal start-up procedure.
5-3.3 Auxiliary Mechanical Atomizing of Light (Unheated) Oil.
5-3.3.1 Equipment Required.
(a) FD fan.
(b) Mechanical atomizer.
(c) Check valves in the heavy and light oil lines.
(d) Means to bypass oil and atomizing medium interlocks. The fact that these are bypassed
shall be made evident to the operator with adequate warning devices.
5-3.3.2 Facility Required.
(a) A light oil supply.
5-3.3.3 Starting Procedure.
(a) Shut off heavy oil to system.
(b) Insert mechanical atomizer.
(c) Bypass oil and atomizing medium interlocks.
(d) Open light oil supply into the system.
(e) Follow normal start-up procedure described in Chapter 6.
(f) Set combustion control at light-off rate.
(g) When steam pressure is raised to a point where it is adequate for heating and atomizing the
heavy oil, shut down in accordance with normal shutdown procedure described in Chapter 6.
(h) Shut off light oil supply to the system.
(i) Remove mechanical atomizer.
(j) Insert steam atomizer.
(k) Make oil and atomizing medium interlocks operable by removing bypasses.
(l) Open heavy oil supply to the system.
Copyright 1996 NFPA

(m) Follow normal start-up procedure.
Chapter 6 Operating Systems
6-1* General.
Chapter 6 and Figures A-4-1.8, A-4-2.3, and A-4-4.1 illustrate typical arrangements of
operating systems for automatic (recycling), automatic (nonrecycling), and supervised manual
systems to meet the intent of this standard. Manual systems (while not recommended) are
discussed in Appendix A. Different arrangements are permissible if they provide equivalent
protection and meet the intent of this standard.
6-2 Automatic (Recycling) Systems for Watertube Boilers.
6-2.1
An automatic (recycling) unit shall not be started from a cold condition unless a qualified
operator is present. In this section, it is assumed that the unit is hot and that steam pressure and
operating water level have been established.
6-2.2
It is further assumed that the fuel to be fired has been manually selected. The alternate fuel
system shall be placed in a nonfiring condition, and the manual burner valve(s) shall be closed.
6-2.3
An igniter as specified in 4-4.1.1 shall be provided.
6-2.4
An automatic (recycling) unit shall recycle on a preset pressure and perform four major
functions:
(a) Pre-firing cycle.
(b) Light-off cycle.
(c) Modulation, where provided.
(d) Shutdown cycle.
6-2.4.1 The pre-firing cycle shall accomplish the following in the order listed:
(a) Prove the main fuel safety shutoff valves closed.
(b) Prove no flame present at the burner.
(c) Start fan.
(d) Satisfy fan interlock.
(e) Where atomizing medium is used and if not already on, admit medium to main burner.
(f) Where atomizing medium is used, satisfy atomizing medium interlocks.
(g) Satisfy appropriate fuel interlocks.
NOTE: The order of items (e), (f), and (g) in the sequence is optional.
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(h) Prove purge airflow by satisfying: (1) air pressure and “open damper” interlocks for all
dampers in the flow path or (2) airflow interlock. Purge airflow shall reach no less than 70
percent of the airflow required at maximum continuous capacity of the unit.
(i) The purge shall be sufficient for at least eight air changes. Airflow during the time to open
the damper and return it to light-off position may be included in computing the time for eight air
changes.
(j) Set controls to light-off position.
(k) Prove dampers and fuel control valve in light-off position.
6-2.4.2 The light-off cycle for a burner with an interrupted igniter shall accomplish the following
in the order listed:
(a) Energize igniter.
(b) Prove igniter flame within 10 seconds (for direct electric igniter, proof of igniter operation
is not required).
1. If proven, admit fuel to main burner. For an oil burner other than return flow type,
simultaneously shut off oil recirculating flow.
2. If not proven, establish safety shutdown.
(c) After a maximum of 10 seconds for gas and Nos. 2 and 4 oils or 15 seconds for Nos. 5 and
6 oils, shut off igniter. For gas igniters vent the gas piping between igniter safety shutoff valves
to atmosphere.
(d) Prove main flame.
1. If proven, release to modulating control where provided.
2. If not proven, establish safety shutdown.
6-2.4.3 The light-off cycle for a burner with an intermittent igniter shall accomplish the
following in the order listed:
(a) Energize igniter.
(b) Prove igniter flame within 10 seconds.
1. If proven, admit fuel to main burner. For an oil burner other than return flow type,
simultaneously shut off recirculating flow.
2. If not proven, establish safety shutdown.
(c) After a maximum of 10 seconds for gas and Nos. 2 and 4 oils or 15 seconds for Nos. 5 and
6 oils, prove the main flame.
1. If proven, release to combustion control for modulation where provided.
2. If not proven, establish safety shutdown.
6-2.4.4 Modulation, where provided, shall be accomplished by a combustion control system.
6-2.4.5 The normal shutdown cycle shall accomplish the following in the order listed:
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(a) Shut off fuel supply to main burner.
(b) Interrupt spark and shut off fuel supply to igniter, if in operation.
(c) For oil:
1. Where used, open recirculating valve.
2. Shut off atomizing medium, if desired.
(d) For gas, vent piping between safety shutoff valves to atmosphere.
(e) Perform a post purge of the boiler furnace enclosure.
(f) Shut down fan, if desired.
6-2.4.6 For automatic (recycling) boilers, the high steam pressure, high water temperature, or
low water level (not determined by the auxiliary low water cutout) shall accomplish a normal
shutdown, and the burner shall be allowed to recycle when steam pressure, water temperature, or
water level has dropped to within the preset operating range.
6-2.4.7 The safety shutdown cycle shall accomplish the following in the order listed and activate
an alarm:
(a) Shut off fuel supply to main burner.
(b) Shut off fuel supply and interrupt spark to the igniter if in operation.
(c) For oil:
1. Where used, open recirculating valve.
2. Where used, shut off atomizing medium, if desired.
(d) For gas:
1. Vent gas piping between safety shutoff valves to atmosphere.
(e) Where used, the inerting system shall be simultaneously energized with 6-2.4.7(a) above.
(f) After post purge, shut down fan, if desired.
(g) Require manual reset.
6-2.4.8* Any of the following conditions shall accomplish a safety shutdown, and the burner
shall not be allowed to recycle until a qualified operator determines the cause of the shutdown
and takes the necessary corrective action to assure that safe operating conditions prevail before
restarting:
(a) For oil:
1. Low fuel pressure.
2. Low temperature of heated oils.
3. Loss of combustion air supply.
4. Loss of or failure to establish flame.
5. Loss of control system actuating energy.
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6. Power failure.
7. Low water level as determined by the auxiliary low water cutout.
8. Loss of atomizing medium, where used, as interlocked by flow or two pressure switches,
one located at the service connection and the other at the burner, either one of which shall
initiate a safety shutdown on low pressure.
9. Excessive steam pressure or water temperature.
(b) For gas:
1. High gas pressure.
2. Low gas pressure.
3. Loss of combustion air supply.
4. Loss of or failure to establish flame.
5. Loss of control system actuating energy.
6. Power failure.
7. Low water level as determined by the auxiliary low water cutout.
8. Excessive steam pressure or water temperature.
CAUTION: Excessive recycling to achieve a burner light-off can lead to accumulation of a hazardous amount
of fuel in the furnace and shall be avoided.

6-3 Automatic (Nonrecycling) Systems for Watertube Boilers.
6-3.1
The provisions of 6-2.1, 6-2.2, 6-2.3, and 6-2.4 shall apply except for 6-2.4.6 (see 6-3.1.1).
6-3.1.1 When high steam pressure or high water temperature establishes a normal shutdown, the
burner shall not be allowed to recycle. A qualified operator shall initiate the restart.
6-4 Automatic (Recycling) Systems for Firetube Boilers.
6-4.1
In this section, it is assumed that the equipment is in accordance with Chapter 4, the boiler has
been placed in service in accordance with Chapter 5, and the operating water level has been
established.
6-4.2
An automatic (recycling) unit shall recycle on a preset pressure or temperature and perform
four major functions:
(a) Pre-firing cycle.
(b) Light-off cycle.
(c) Modulation, where provided.
(d) Shutdown cycle.
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6-4.2.1 The pre-firing cycle shall accomplish the following in the order listed:
(a) Prove the fuel safety shutoff valves closed.
(b) Prove no flame present at burner.
(c) Start fan.
(d) Satisfy fan interlock.
(e) Where atomizing medium is used and if not already on, admit medium to main burner.
(f) Where atomizing medium is used, satisfy atomizing medium interlocks.
(g) Satisfy appropriate fuel interlocks.
NOTE: The order of items (e), (f), and (g) in the sequence is optional.

(h) Prove purge airflow by satisfying:
1. Air pressure and “open damper” interlocks for all dampers in the flow path, or
2. Airflow interlock.
(i) The purge of the furnace and boiler gas passes shall be sufficient for at least four air
changes. During the purge, the air damper shall be driven to the full open position. Airflow
during the time to open the damper and return it to light-off position may be included in
computing the time for four air changes.
(j) Prove control system in light-off position.
6-4.2.2 The light-off cycle shall accomplish the following in the order listed:
(a) Energize interrupted igniter.
(b) Prove igniter flame within 10 seconds (for direct electric igniter, proof of igniter operation
is not required).
1. If proven, admit fuel to main burner.
2. If not proven, establish safety shutdown.
(c) After a maximum of 10 seconds for gas and Nos. 2 and 4 oils, or 15 seconds for Nos. 5 and
6 oils, shut off igniter. For gas igniters, vent the gas piping between igniter safety shutoff valves
to atmosphere.
(d) Prove main flame.
1. If proven, release to modulating control where provided.
2. If not proven, establish safety shutdown.
6-4.2.3 Modulation, where provided, shall be accomplished by a combustion control system.
6-4.2.4 High steam pressure, high water temperature, or low water (not determined by the
auxiliary low water cutoff) shall accomplish a normal shutdown, and the burner shall be allowed
to recycle when steam pressure, water temperature, or water level has returned to within the
preset operating range.
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6-4.2.5 The normal shutdown cycle shall accomplish the following in the order listed:
(a) Shut off fuel supply to main burner.
(b) For oil:
1. Where used, open recirculating valve.
2. Where used, shut off atomizing medium, if desired.
(c) For gas:
1. Vent gas piping between safety shutoff valves to atmosphere.
(d) After post purge, shut down fan, if desired.
6-4.2.6 The safety shutdown cycle shall accomplish the following in the order listed:
(a) Shut off fuel supply to main burner.
(b) Shut off fuel supply and interrupt spark to the igniter if in operation.
(c) For oil:
1. Where used, open recirculating valve.
2. Where used, shut off atomizing medium, if desired.
(d) For gas:
1. Vent gas piping between safety shutoff valves to atmosphere.
(e) Where used, energize inerting system simultaneously with 6-4.2.6(a).
(f) After post purge, shut down fan, if desired.
(g) Require manual reset.
6-4.2.7 Any of the following conditions shall accomplish a safety shutdown, and the burner shall
not be allowed to recycle until a qualified operator determines the cause of the shutdown and
takes the necessary corrective action to assure that safe operating conditions prevail before
restarting:
(a) For oil:
1. Low oil pressure.
2. Low temperature of heated oils.
3. Loss of combustion air supply.
4. Loss of or failure to establish flame.
5. Loss of control system actuating energy.
6. Low water level as determined by the auxiliary low water cutout.
7. Loss of atomizing medium where used.
8. Excessive steam pressure or water temperature.
9. Power failure.
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(b) For gas:
1. High gas pressure.
2. Low gas pressure.
3. Loss of combustion air supply.
4. Loss of or failure to establish flame.
5. Loss of control system actuating energy.
6. Low water level as determined by the auxiliary low water cutout.
7. Excessive steam pressure or water temperature.
8. Power failure.
CAUTION: Excessive recycling to achieve a burner light-off can lead to accumulation of a hazardous amount
of fuel in the furnace and shall be avoided.

6-5 Automatic (Nonrecycling) Systems for Firetube Boilers.
6-5.1
The provisions of 6-4.1 and 6-4.2 shall apply, except for 6-4.2.4 (see 6-5.1.1).
6-5.1.1 When a high steam pressure or high water temperature operating control establishes a
normal shutdown, the burner shall not be allowed to recycle. A qualified operator shall initiate
the restart.
6-6 Supervised Manual Systems for Oil-Fired Watertube Boilers.
6-6.1
The following steps shall be taken by the operator when starting a supervised manual unit, and
the indicated interlocks shall be satisfied at each step. It is assumed that fuel pressure and
temperature, atomizing medium, control system energy, power, and water level have been
established. When interlocks have been satisfied, this fact shall be indicated to the operator.
6-6.2
Select the fuel to be fired. The alternate fuel system shall be placed in a nonfiring condition,
and the manual burner valve(s) shall be closed.
6-6.3
An igniter as specified in 4-4.1.1 shall be provided.
6-6.4 Pre-firing Cycle (in order listed).
Operator Functions

Interlock Functions

1. Check manual fuel shutoff
valve(s) closed.

1. Manual fuel shutoff valve(s) closed.

2. Start fan.

2. Fan on.
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3. Where used, open atomizing
medium valve.

3. Atomizing medium supply available.

4. Open damper(s) to purge
position.

4. (1) Air pressure and open damper(s),
or (2) Airflow. See 6-2.4.1(h) and (i).

5. Start purge timer.

5. Purge complete.

6. Place damper and fuel control
valve in light-off position.

6. Damper and fuel control valve in
light-off position. If light-off airflow is
less than purge airflow rate, start
light-off time limit timer.

7. None.

7. Spark and igniter and main safety
shutoff valves ready for operation.

6-6.5 Light-Off Cycle.
Operator Functions

Interlock Functions

1. Energize igniter.

1. Prove igniter flame within 10
seconds. (For direct electric ignition,
proof of igniter operation is not
required.)

2. Open fuel safety shutoff valve to
main burner.

2. None.

3. Close recirculating valve, where
used.

3. None.

4. Open manual fuel shutoff valve.

4. Prove main flame within 10
seconds for Nos. 2 and 4 oils or 15
seconds for Nos. 5 and 6 oils. Close
igniter safety shutoff valve(s). For gas
igniter, vent gas piping between
safety shutoff valves.

5. Bring unit to present operating

5. None.
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pressure at an acceptable rate,
maintaining an optimum air/fuel ratio.

6. On reaching preset pressure
range, change to automatic
combustion control.

6. None.

6-6.6 Normal Shutdown Cycle.
Operator Functions

Interlock Functions

1. Shut off fuel supply to the main
burner.

1. Fuel safety shutoff valve(s) to
main burner closed.

2. Open fuel recirculating valve,
where used.

2. None.

3. Where used, shut off atomizing
medium.

3. None.

4. Remove fuel atomizer.

4. None.

5. After post purge, shut down
fan, if desired.

5. None.

6-6.7 Safety Shutdown Cycle.
Operator Functions

Interlock Functions

1. None.

1. Shut off fuel supply to the main
burner and shut off fuel supply and
interrupt spark to the igniter if in
operation.

2. None.

2. With gas igniter, vent gas
piping between safety shutoff
valves to atmosphere.
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3. After post purge, shut down
fan, if desired.

3. None.

6-6.8
Any of the following conditions shall accomplish a safety shutdown.
(a) Low pressure in the fuel supply at the service connection.
(b) Loss of combustion air supply.
(c) Loss of or failure to establish flame.
(d) Loss of control system actuating energy.
(e) Power failure.
(f) Low water level as determined by the auxiliary low water cutout.
(g) Loss of atomizing medium.
(h) Excessive steam pressure or water temperature.
CAUTION: Excessive recycling to achieve a burner light-off can lead to accumulation of a hazardous amount
of fuel in the furnace and shall be avoided.

6-6.9
The following conditions, where oil heating is provided, shall sound alarms:
(a) Low oil temperature.
(b) High oil temperature.
6-7 Supervised Manual Systems for Gas-Fired Watertube Boilers.
6-7.1
The following steps shall be taken by the operator when starting a supervised manual unit, and
the indicated interlocks shall be satisfied at each step. It is assumed that control system energy,
power, and water level have been established. When interlocks have been satisfied, this fact shall
be indicated to the operator.
6-7.2
Select the fuel to be fired. The alternate fuel system shall be placed in a nonfiring condition,
and the manual burner valve(s) shall be closed.
6-7.3
An igniter as specified in 4-4.1.1 shall be provided.
6-7.4 Pre-firing Cycle.
Operator Functions

Interlock Functions

1. Check gas safety shutoff valves

1. Gas safety shutoff valves closed.
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closed.

2. Start fan.

2. Fan motor on.

3. Open damper(s) to purge
position.

3. (1) Air pressure and open
dampers(s), or (2) Airflow. See
6-2.4.1(h) and (i).

4. Start purge timer.

4. Purge complete.

5. Place damper and gas control
valve in light-off position.

5. Damper and fuel control valve
in light-off position. If light-off
airflow is less than purge airflow
rate, start light-off time limit timer.

6-7.5 Light-Off Cycle.
Operator Functions

Interlock Functions

1. Energize igniter.

1. Prove igniter flame within 10
seconds. (For direct electric
ignition, proof of igniter operation
is not required.)

2. Open gas safety shutoff valves
to main burner.

2. Prove main flame within 10
seconds.

3. Bring unit to preset operating
pressure at an acceptable rate,
maintaining an optimum air/fuel
ratio.

3. None.

4. On reaching preset range,
change to automatic combustion
control.

4. None.

6-7.6 Normal Shutdown Cycle.
Operator Functions

Interlock Functions
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1. Shut off gas supply to the main
burner and to the igniter, if in
operation, and interrupt spark.

1. Vent gas piping between safety
shutoff valves to atmosphere.

2. After post purge, shut down
fan, if desired.

2. None.

6-7.7
. Safety Shutdown Cycle
Operator Functions

Interlock Functions

1. None.

1. Shut off gas supply to the main
burner, shut off fuel supply, and
interrupt spark to the igniter if in
operation. Where used,
simultaneously energize inerting
system.

2. None.

2. Vent gas piping between safety
shutoff valves to atmosphere.

6-7.8
Any of the following conditions shall accomplish a safety shutdown:
(a) High gas pressure.
(b) Low gas pressure.
(c) Loss of combustion air supply.
(d) Loss of or failure to establish flame.
(e) Loss of control systems actuating energy.
(f) Power failure.
(g) Low water level as determined by the auxiliary low water cutout.
(h) Excessive steam pressure or water temperature.
CAUTION: Excessive recycling to achieve a burner light-off can lead to accumulation of a hazardous amount
of fuel in the furnace and shall be avoided.

6-8 Soot Blowing.
6-8.1
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Soot blowing is necessary to maintain high thermal efficiency in oil-fired boilers. However, if
this operation is not performed with optimum air/fuel ratio, explosions may occur from the
formation and ignition of air-soot dust clouds within the boiler.
6-8.1.1 Soot blowers shall be operated only while burners are firing at rates sufficiently high to
avoid extinguishing the burner flame.
6-8.1.2 Boilers equipped with automatic soot-blowing equipment shall have their controls
interlocked to prevent operation when the burner is shut down or in the pre- firing or light-off
cycles.
Chapter 7 Simultaneous Firing of Oil and Gas Fuels
7-1 General.
When it is necessary or desirable to fire both oil and gas simultaneously in a single burner
boiler on a continuous basis, the following equipment and procedure shall be used to avoid a
hazardous furnace condition.
7-1.1
Hazards related to gas firing alone and oil firing alone are included in Section 2-7 and A-2-7.
In addition, the simultaneous firing of gas and oil increases the potential for:
(a) A fuel-rich condition.
(b) Abrupt change in air/fuel ratio.
(c) Over-firing of a boiler.
7-2 Continuous Firing.
The following equipment shall be provided for continuous firing of both oil and gas:
(a) A burner capable of burning either oil or gas fuel individually or both fuels simultaneously.
(b) A combustion control system capable of performing the following functions:
1. Proportion total fuel input, each fuel individually or in any combination, to total airflow
in order to obtain a proper air/fuel ratio. A control system designed to accommodate a fixed
amount of secondary fuel without metering and totaling all fuels shall be acceptable provided it
maintains proper air/fuel ratios throughout the entire operating range of the burner.
2. Limit total fuel input to the maximum capacity of the boiler-furnace.
3. Control a minimum airflow rate.
4. Control minimum input rates of each fuel.
5. Provide a stable return to proper air/fuel ratio after the trip of either one of the two fuels.
(c) A safety interlock system with the following capabilities:
1. Meets the requirements of Section 4-7 for each fuel being fired.
2. Provides, on an interlock action peculiar to only one of the fuels being fired, that this
particular fuel shall automatically shut down, with operation continuing on the unaffected fuel in
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a stable manner.
NOTE: Shutdown of both fuels is acceptable.

3. Provides that both the first and second fuels be introduced with their flow control valves
in light-off positions.
4. Provides for the introduction of the second fuel without requiring a boiler prepurge.
5. Requires a manual reset following any interlock shutdown.
6. Prohibits the simultaneous light-off of both fuels.
7. Provides detector(s) to supervise any of the following conditions:
(i) Igniter flame.
(ii) Gas firing.
(iii) Oil firing.
(iv) Combined gas and oil firing.
7-3 Light-Off Cycles.
7-3.1
Pre-firing and light-off cycles for the initial fuel to be fired shall be in accordance with Section
6-6 for oil and Section 6-7 for gas.
7-3.2
When oil is introduced as the second fuel the procedure shall be as follows:
(a) Establish oil fuel system to satisfy interlocks.
(b) Install oil atomizer.
(c) Open atomizing medium shutoff valve.
(d) Place oil control valve in light-off position.
(e) Open oil safety shutoff valve and establish oil flow through the burner.
(f) Verify stable flame and proper air/fuel ratio.
(g) Place the combustion control system into the desired mode for controlling input rate of
each fuel.
7-3.3
When gas is introduced as the second fuel the procedure shall be as follows:
(a) Establish gas fuel system to satisfy interlocks.
(b) Place gas control valve in light-off position.
(c) Open safety shutoff valves, close vent valve, and establish gas flow through the burner.
(d) Verify stable flame and proper air/fuel ratio.
(e) Place the combustion control system into the desired mode for controlling input rate of
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each fuel.
7-4 Normal Shutdown Procedure.
7-4.1
The normal shutdown procedure for oil while continuing to fire gas shall be as follows:
(a) Reduce oil flow to light-off rate.
(b) Shut off oil supply to burner and open oil recirculating valve, where used.
(c) Verify stable flame and adjust air/fuel ratio in preparation for purging oil atomizer.
(d) Purge oil passages of oil atomizer.
(e) Shut off atomizing medium if required.
(f) Remove oil atomizer from burner if required.
(g) Verify stable flame and proper air/fuel ratio of the gas fire.
7-4.2
The normal shutdown procedure for gas while continuing to fire oil shall be as follows:
(a) Reduce gas flow to light-off rate.
(b) Shut off gas supply to the burner.
(c) Verify stable flame and proper air/fuel ratio of the oil fire.
7-4.3 Safety Shutdowns.
7-4.3.1 Any of the following operating conditions shall accomplish a safety shutdown of the oil
supply to the burner (fuel trip):
(a) Low oil pressure.
(b) Low temperature of heated oils.
(c) Loss of atomizing medium.
7-4.3.2 Either of the following conditions shall accomplish a safety shutdown of the gas supply
to the burner (fuel trip):
(a) High gas pressure.
(b) Low gas pressure.
7-4.3.3 Any of the following conditions shall accomplish a complete safety shutdown of the
boiler:
(a) Loss of combustion air supply.
(b) Loss of or failure to establish flame.
(c) Loss of control system actuating energy.
(d) Power failure.
(e) Excess steam pressure or water temperature.
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(f) Low water level.
(g) The occurrence of either the oil or the gas fuel trip when only that fuel is being fired.
7-4.3.4 Where oil heating is provided the following conditions shall be alarmed:
(a) Low oil temperature.
(b) High oil temperature.
Chapter 8 Simultaneous Firing of Oil and Gas for Fuel Transfer Only
8-1
When it is necessary or desirable to transfer from one fuel to another without stopping the flow
of fuel to the furnace, the changeover shall be accomplished in a manner to prevent a fuel-rich
condition. The following equipment and procedures shall be used to avoid a hazardous furnace
condition.
8-2
When a transfer combustion control system is designed for simultaneous firing of oil and gas
fuels on a continuous basis, Chapter 7 shall apply.
8-3
When a combustion control system is designed for firing only one fuel at a time and no
capability of biasing the airflow upward is provided, the following equipment and procedures
shall be used.
8-3.1 Equipment required.
(a) A burner capable of firing the two fuels simultaneously during the transfer period.
(b) A fuel transfer system that includes the following:
1. A gas-firing mode in which oil cannot be fired.
2. An oil-firing mode in which gas cannot be fired.
3. A gas/oil-firing mode that permits simultaneous firing of both fuels, provided all
interlocks for both fuels are satisfied, including light-off position for both fuel valves.
4. A control device, transfer timer, and an alarm for 8-3.1(b)3, above, to limit continuous
operation in this mode.
(c) A safety interlock system with the following capabilities:
1. Meets the requirements of Section 4-7 for each fuel being fired.
2. Provides, on an interlock action peculiar to only one of the fuels being fired, that this
particular fuel shall automatically shut down, with operation continuing on the unaffected fuel in
a stable manner.
NOTE: Shutdown of both fuels is acceptable.

3. Provides that both the first and second fuels be introduced with their flow control valves
in light-off positions.
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4. Provides an interlock action that will trip either fuel should its respective flow control
valve leave a predetermined low rate during fuel transfer.
5. Provides for the introduction of the second fuel without requiring a boiler purge.
6. Requires a manual reset following any interlock shutdown.
7. Prohibits the simultaneous light-off of both fuels.
8. Provides detector(s) to supervise any of the following conditions:
(i) Igniter flame.
(ii) Gas firing.
(iii) Oil firing.
(iv) Combined gas and oil firing.
(d) Manual shutoff valves at the burner, downstream of the safety shutoff valves in each fuel
line.
(e) A pressure gage in each fuel line downstream of the manual shutoff valve.
8-3.2
Procedure required for changing from gas to oil:
(a) Where a Class I or II igniter is available, place it in service.
(b) Check that the manual oil valve at the burner is closed.
(c) Establish oil fuel system to satisfy interlocks.
(d) Install oil atomizer.
(e) Open atomizing medium shutoff valve.
(f) Place combustion control system in manual position.
(g) Reduce gas firing rate to light-off flow.
(h) Place oil control valve in the normal light-off position.
(i) Place fuel transfer switching system into oil/gas position. If the oil safety interlocks are
satisfied, the oil safety shutoff valve will open. Fuel oil pressure now will be upstream of manual
oil valve at the burner.
(j) Observe the gas pressure downstream from the manual gas shutoff valve and slowly close
valve until the gas pressure starts to drop. At this point the gas flow rate is controlled by the
manual valve instead of by the normal control valve.
(k) Simultaneously and slowly close the manual gas valve while opening the manual oil valve
to light the oil flame from the gas flame. Continue to increase oil firing rate while cutting back
on gas firing rate to keep a constant heat input of the combined fuels to the burner until the
manual gas valve is closed and manual oil valve is fully open. Care must be taken to maintain an
adequate amount of excess air at all times by continuously observing the burner flame, or by
observing the air/fuel ratio or oxygen indicator, if provided. During this period, airflow is
Copyright 1996 NFPA

maintained at a constant rate, with only the manual fuel valves operated.
(l) Place the fuel transfer system in the oil position.
(m) Return the combustion control system and burner firing rate to automatic operation.
8-3.3
Procedure required for changing from oil to gas:
(a) Where a Class I or II igniter is available, place it in service.
(b) Check that the manual gas valve at the burner is closed.
(c) Establish gas fuel system to satisfy interlocks.
(d) Place combustion control system in manual position.
(e) Reduce oil firing rate to light-off flow.
(f) Place gas control valve in the normal light-off position.
(g) Place fuel transfer switching system in the gas/oil position. If the gas safety interlocks are
satisfied, the gas safety shutoff valves will open. Gas pressure now will be upstream of manual
gas valve at the burner.
(h) Observe the oil pressure downstream from the manual oil shutoff valve and slowly close
valve until the oil pressure starts to drop. At this point the oil flow is controlled by the manual
valve instead of by the normal control valve.
(i) Simultaneously and slowly close the manual oil valve while opening the manual gas valve
to light the gas flame from the oil flame. Continue to increase gas firing rate while cutting back
on oil firing rate to keep a constant heat input of the combined fuel to the burner until the oil
valve is closed and manual gas valve is fully open. Care must be taken to maintain an adequate
amount of excess air at all times by continuously observing the burner flame, or by observing the
air/fuel ratio or oxygen indicator, if provided. During this period, airflow is being maintained at a
constant rate, with only the manual fuel valves operated.
(j) Place the fuel transfer system in the gas position. The oil safety shutoff valve will now
close.
(k) Return the combustion control system and burner firing rate to automatic operation.
(l) Shut off atomizing medium, if required.
(m) Remove oil atomizer from burner, if required.
8-4
When a combustion control system is designed for firing only one fuel at a time and the
capabilities have been provided enabling the airflow to be automatically biased up a preset
amount when either fuel is fired at a predetermined low rate, the following equipment and
procedures shall be used.
8-4.1 Equipment required.
(a) A burner capable of firing the two fuels simultaneously during the transfer period.
(b) A fuel transfer system that includes the following:
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1. A gas-firing mode in which oil cannot be fired (except during fuel transfer).
2. An oil-firing mode in which gas cannot be fired (except during fuel transfer).
3. A momentary contact push button enabling fuel transfer.
(c) A safety interlock system with the following capabilities:
1. Meets the requirements of Section 4-7 for each fuel being fired.
2. Provides, on an interlock action peculiar to only one of the fuels being fired, that this
particular fuel shall automatically shut down, with operation continuing on the unaffected fuel in
a stable manner.
NOTE: Shutdown of both fuels is acceptable.

3. Provides that both the first and second fuels be introduced with their flow control valves
in light-off positions.
4. Provides an interlock action that will trip either fuel should its respective flow control
valve leave the predetermined low rate described in Section 8-4 during fuel transfer.
5. Provides for the introduction of the second fuel without requiring a boiler purge.
6. Requires a manual reset following any interlock shutdown.
7. Prohibits the simultaneous light-off of both fuels.
8. Provides detector(s) to supervise any of the following conditions:
(i) Igniter flame.
(ii) Gas firing.
(iii) Oil firing.
(iv) Combined gas and oil firing.
9. Provides a momentary contact fuel transfer push button [see 8-4.1(b)3] to simultaneously
bias the airflow by a preset value and opens the safety shutoff valve(s) of the fuel being
introduced.
8-4.2
Procedure required for changing from gas to oil:
(a) Establish oil fuel system to satisfy interlocks.
(b) Install oil atomizer.
(c) Open atomizing medium shutoff valve.
(d) Place combustion control system in manual position.
(e) Reduce gas firing rate to light-off flow.
(f) Place oil control valve in the normal light-off position.
(g) Depress fuel transfer push button.
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(h) Observe that oil firing has commenced.
(i) Move fuel selector switch to the oil firing position.
(j) Release fuel transfer push button, which automatically trips the gas safety shutoff valves.
(k) Return the combustion control system and burner firing rate to automatic operation.
8-4.3
Procedure required for changing from oil to gas:
(a) Establish gas fuel system to satisfy interlocks.
(b) Place combustion control system in manual position.
(c) Reduce oil firing rate to light-off flow.
(d) Place gas control valve in the normal light-off position.
(e) Depress fuel transfer push button.
(f) Observe that gas firing has commenced.
(g) Move fuel selector switch to the gas firing position.
(h) Release fuel transfer push button, which automatically trips the oil safety shutoff valves.
(i) Return the combustion control system and burner firing rate to automatic operation.
(j) Close atomizing medium shutoff valve, if required.
(k) Remove oil atomizer, if required.
Chapter 9 Dual Oil Atomizers in a Single Burner
9-1
When a burner is equipped with main and auxiliary oil atomizers for the purpose of changing
atomizers for maintenance without affecting the boiler load, the changeover of atomizers shall be
carried out under stable firing conditions by a qualified operator.
CAUTION: Care shall be taken to prevent a fuel-rich condition during the changeover period.

9-2
The following procedure for changing atomizers shall be followed:
(a) Where an intermittent igniter is available, place it in service.
(b) Install auxiliary atomizer.
(c) Slowly open atomizing medium valve to auxiliary atomizer until pressure reaches that
required for light-off.
(d) Slowly close manual fuel valve on main atomizer until it is in control of oil flow.
(e) Slowly open the manual valve admitting oil to the auxiliary atomizer until it ignites.
(f) Divert the atomizing medium and oil flow from the main atomizer to the auxiliary atomizer
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until the main atomizer is out of service.
(g) To place a main atomizer back into service and to remove auxiliary atomizer, repeat the
procedure outlined in Section 9-2(a) through (f) substituting the main atomizer for the auxiliary
atomizer.
Chapter 10* Inspection and Maintenance
10-1
Since the effective operation of all safety and control devices depends upon their ability to
respond quickly to their activating impulses, it is important that they be in proper operating
condition at all times. Systematic and thorough inspection and maintenance are required.
10-2
An inspection and maintenance schedule shall be established and performed on a periodic
basis.
10-2.1
Operability and set points on all devices, where applicable, shall be verified by periodic
testing, and the results shall be recorded in the log book.
10-2.2
Any defects found shall be corrected immediately.
10-2.3
During initial operation, more frequent inspection, adjustment, and cleaning are required.
10-3
It is essential that individuals making inspections and tests be thoroughly familiar with all
operating procedures and equipment functions and be capable of rendering sound judgement as
to when equipment is in reliable operating condition.
Chapter 11 Referenced Publications
11-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
11-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 31, Standard for the Installation of Oil Burning Equipment, 1992 edition
NFPA 54, National Fuel Gas Code, 1992 edition
11-1.2 Other Publication.
11-1.2.1 ASTM Publication. American Society for Testing and Materials, 1916 Race Street,
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Philadelphia, PA 19103.
ASTM D396-90, Standard Specifications for Fuel Oils
Appendix A
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-2-7 Gas and Oil Firing — Special Problems.
A. Hazards Peculiar to Gas Firing. Characteristics of gas and gas-firing that require special
consideration are as follows:
(a) Gas is colorless; therefore, a leak usually cannot be visually detected. Also, reliance cannot
be placed on detection of a gas leak by the presence of odor.
(b) Potentially hazardous conditions are most likely to occur within buildings, particularly
where the gas piping is routed through confined areas. In the latter instance, adequate ventilation
should be provided. Outdoor boilers tend to minimize confined area problems.
(c) The nature of gas fuel makes it possible to experience severe departures from safe air-fuel
ratios without any visible evidence at the burners, furnace, or stack and to cascade into a
progressively worse condition. Thus, combustion control systems that respond to reduced boiler
steam pressure or steam flow with an impulse for more fuel, unless protected or interlocked to
prevent a fuel-rich mixture, should be considered potentially hazardous. The same applies to
manual firing without the above-mentioned interlocks or alarms. (See Section 4-6 for
requirements to avoid such hazards.)
(d) Particularly with respect to natural gas systems, the gas may be either “wet” or “dry.” A
wet gas usually implies the presence of distillate, which may be characteristic of a particular
source. In the case of such a wet gas, the carryover of distillate into the burners could result in a
momentary flameout and possible reignition. Reignition could result in a furnace explosion.
Therefore, special precautions should be taken with wet gas supply systems. (For details, see
NFPA 54, National Fuel Gas Code.)
(e) Widely different characteristics of gas from either a single source or multiple sources may
result in a significant change in Btu (kJ) input rate to the burner(s) without an equivalent change
in airflow.
(f) Discharges from relief valves or any other form of atmospheric vents can become
hazardous unless special precautions are taken. (See A-4-4.1.3 and A-6-2.4.8.)
(g) Maintenance and repair of gas piping can be hazardous unless proper methods are used for
purging and recharging the line, respectively, before and after making the repairs. (See NFPA 54,
National Fuel Gas Code.)
B. Hazards Peculiar to Oil Firing.
1. Characteristics of fuel oil and fuel oil firing that require special considerations include:
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(a) Fuel oils have high volumetric heats of combustion; therefore, even small leaks can create
potential fire hazards.
(b) When firing oils that require preheating, the viscosity of oil flowing to the burners should
be held within limits to maintain proper atomization.
(c) Water or sludge in fuel oil storage tanks or improperly located suction takeoffs from the
storage tank may result in hazardous interruptions or pulsations of the fuel supply to the burners.
A flameout, either immediately or at a later time, may result because of plugged strainers or
burner tips.
(d) Widely different characteristics of fuel oil, from either a single source or multiple sources,
may result in a significant change in Btu (kJ) input rate to the burner(s) without an equivalent
change in airflow or without an appropriate change in fuel oil temperature to restore the flowing
viscosity to the proper value. Different shipments of fuel oil with dissimilar characteristics can
cause a precipitation of sludge that can lead to hazards as described in A-2-7B1(c).
(e) On installations designed to fire both heated and unheated fuel oils, consideration should be
given to the design of the burner control system to ensure proper interlocks are activated for the
selected fuel oil. Similar consideration should be given to the fuel oil piping supply to the burner
as well as oil recirculating piping to the fuel storage tanks, depending on the arrangement of the
equipment provided.
(f) There is the ever-present hazard of inserting an oil gun in the burner assembly without a tip,
new gaskets, or sprayer plate. This can result in an unsafe operating condition.
(g) Proper pumping and atomization of fuel oils are dependent upon control of viscosity.
Changes in viscosity in relation to temperature vary for different oils and blends of oils. Very
close attention to the design and operation of viscosity control systems shall be followed for each
fuel when the source or properties are variable.
(h) Clean distillate fuels have low conductivities and will generate static electrical charges in
the fuel stream that may be dangerous unless flowing velocities are limited. (See NFPA 77,
Recommended Practice on Static Electricity, and API-RP 2003, Protection Against Ignitions
Arising Out of Static Lighting and Stray Currents.)
(i) The incompressibility of fuel oil can create very rapid transients in oil flow through an
operating burner upon:
1. Rapid operation of oil supply valve.
2. Rapid operation of burner shutoff valves.
3. Rapid operation of regulating valve in the return oil line from the burner header (on
systems using this type of control).
2. The term fuel oil refers to liquid fuels with widely differing characteristics. A fuel oil burning
system is designed for a specific range of oil characteristics. Attempting to burn an oil whose
characteristics differ widely from those for which the system was designed can cause serious
operating difficulties and potential safety hazards. Hence, care must be exercised to ensure that
oils received at a plant are within the specific ranges of the fuel handling and burning equipment.
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3. The more important characteristics of fuel oils are defined in ASTM D396, Standard
Specifications for Fuel Oils. Thus it is relatively simple to identify oils that require special
provisions for storing, heating, pumping, atomizing, etc. Generally speaking, grades 1, 2, and 4
have lower viscosities and less water and sediment than grades 5 or 6; hence they require fewer
special provisions to ensure proper handling and burning. However, most power boiler fuel oil
systems are designed for the heavier grades 5 and 6; hence such systems include provisions for
preheating these usually viscous fuels. Furthermore, more care is required in design and
operation of fuel oil systems supplied with grade 6 oil than with the other ASTM grades, to
avoid flameouts attributed to interruptions or pulsation of the fuel supply, or plugging of
strainers, or burner tips.
4. All of the following characteristics may have a bearing on the problem of properly and safely
burning fuel oils:
(a) Fuel oil is a complex mixture of hydrocarbons of differing molecular weights and boiling
and freezing points. When fuel oil is subjected to sufficiently high temperature it will partially
decompose or vaporize, thus creating new liquid, gaseous, and solid fuels with unpredictable
properties.
(b) Fuel oil is introduced into the furnace as an extremely fine mist to intimately mix with the
combustion air in order to burn quickly and completely. In power boilers this is accomplished by
spraying through small orifices with high pressure drops (mechanical atomization) or by using
steam or air to break up small oil streams. Viscosity and volatility are characteristics of the oil
that indicate ease of atomization.
(c) Flash point is an indicator of volatility and, thus, of potential for flammable vapors. It is a
function of pressure and fuel composition.
(d) Some fuel oils contain constituents that, when overheated, may decompose, forming solids,
or may solidify when exposed to low ambient temperature. The presence of such solids in the
fuel may cause interruptions.
1. When storing, handling, or burning fuel oils that may have flash points below 100°F
(38°C) (Class I liquids as defined in NFPA 30, Flammable and Combustible Liquids Code) or
that may be heated above their flash point, consideration should be given to electrical
installations in areas where flammable vapors or gases may be present in the atmosphere.
Typical locations are burner areas, fuel handling equipment areas, fuel storage areas, pits, sumps,
and low spots where fuel leakage or vapors may accumulate. Article 500 of NFPA 70, National
Electrical Code®, provides for classifying such areas and defines requirements for electrical
installations in the areas so classified.
(e) Purging the burner atomizer before removal will minimize the probability for hazardous
concentrations of flammable vapors at the burner front during maintenance operations. With
such provisions, the burner front is not normally classified more restrictively than Class I,
Division 2.
(f) The operating company is responsible for classifying areas where fuel is stored, handled, or
burned and for revising the classification if conditions are changed. Installations should conform
to NFPA 30, Flammable and Combustible Liquids Code; NFPA 31, Standard for the Installation
of Oil Burning Equipment; and NFPA 70, National Electrical Code. Guidance can be obtained
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from API-RP 500, Recommended Practice for Classification of Areas for Electrical Installations
in Petroleum Refineries.
C. Low NOx Operation — Special Problems.
1. Air pollution control regulations require that new installations meet NOx emission limits
lower than emissions now obtained from many of the presently installed firing systems and
furnace designs using past operating procedures. In addition, air quality regulations in some local
areas require a reduction of NOx emissions from existing boilers.
2. In order to achieve these reductions, one or more of the following methods are used.
(a) Low excess air firing, i.e., less than the “normal” 10 percent to 25 percent excess air.
(b) Multistage air admission involving the introduction of combustion air in two or more
stages partly at the fuel nozzle (may be less than stoichiometric air) and partly by independent
admission through (1) special furnace ports, and (2) a second stage of air admission within the
same burner housing.
(c) Flue gas recirculation into all or a portion of the secondary air.
(d) Reduced secondary air temperature.
(e) Fuel staging.
(f) On new units, the equipment manufacturers may also introduce new burner and furnace
designs.
3. The effect of all of these methods is generally to produce lower flame temperatures and
longer, less turbulent flames, which result in lower NOx.
D. Hazards of Low NOx Firing Methods.
1. These methods may have important implications with regard to furnace safety, particularly for
existing units, and may introduce unacceptable risks if proper precautions are not taken.
(a) Fuel firing systems designed to reduce NOx emissions tend to reduce the margins formerly
available to prevent or minimize accumulations of unburned fuel in the furnace during
combustion upsets or flameouts. Thus, it is important to trip fuel on loss of flame.
(b) These methods may narrow the limits of stable flames produced by the burner system. The
tests specified in 4-4.2.3 should be repeated on existing units when any of these methods are
employed.
(c) When flue gas recirculation is used, equipment should be provided to assure proper mixing
and uniform distribution of recirculated gas and the combustion air. When flue gas recirculation
is introduced into the total combustion air stream, equipment should be provided to monitor
either the ratio of flue gas to air or the oxygen content of the mixture. When flue gas
recirculation is introduced so that only air and not the mixture is introduced at the burner, proper
provisions should be made to ensure the prescribed distribution of air and the recirculating flue
gas/air mixture.
(d) All of the methods tend to increase the possibility of an unstable flame and unburned
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combustibles throughout the unit and ducts; therefore, recommendations of the boiler, burner,
and instrument manufacturers should be followed, or tests to verify operating margins should be
conducted.
2. Any change in flame characteristics to reduce NOx emissions may require changing either or
both the type and location of flame detectors on existing units.
A-4-1.8
See Figure A-4-1.8.
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Figure A-4-1.8 Typical fuel and atomizing medium supply systems and safety controls for oil burner.

A-4-2
For additional information, see NFPA 54, National Fuel Gas Code, and NFPA 58, Standard
for the Storage and Handling of Liquefied Petroleum Gases.
A-4-2.3 Main Burner Gas Supply.
Most natural gas supplied to boilers typically is lighter than air and presents no special
problems in atmosphere over and above those addressed in this standard. Because of developing
energy cost considerations, many boilers are using a gas or a mixture of gases with
heavier-than-air characteristics. These heavier-than-air gases, such as propane/air mixtures,
refinery gases, etc., require special consideration in storing, handling, and venting to prevent
accumulations in depressions or in confined areas.
An alternative to the automatic venting of heavier-than-air gases is to eliminate the vent valve
from between the two main gas safety shutoff valves.
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Figure A-4-2.3 Typical fuel supply systems and safety controls for gas burner.

A-4-4.1
See Figure A-4-4.1.
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Figure A-4-4.1 Typical ignition systems for gas/oil-fired burner.

A-4-4.1.3 Heavier-than-Air Gases. Gas-Fired Igniters. Many oil-fired boilers are equipped
with propane or other liquefied petroleum gas (LPG) fired igniters. Special precautions are
required in locating the vent pipe from the automatic bleed valve so that heavier-than-air, vented
gases do not accumulate in depressions or in confined areas. An alternative to the automatic
venting of heavier-than-air gases is to eliminate the igniter vent valve from between the two
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igniter safety shutoff valves.
A-6-1 Manual Systems for Watertube Boilers.
The manual systems are not recommended; however, it is recognized that with adequate and
uninterrupted supplies of fuel and air, certain operating functions can be performed by a
qualified operator as well as by control devices.
A. Controls and Interlocks.
1. Interrupted or intermittent igniter.
2. Safety shutoff valves, as follows:
(a) Gas Firing. Two automatic safety shutoff valves, spring-closing, in gas line to the main
burner, with intermediate spring opening automatic vent valve.
(b) Oil Firing. Two automatic spring-closing safety shutoff valves in oil line to burner.
CAUTION: Means shall be provided to prevent or relieve excess pressure between these valves.

(c) Gas-Fired Igniter. Two spring-closing automatic safety shutoff valves in the gas line to the
igniter, with intermediate, spring-opening automatic vent valve.
3. Manual shutoff valve(s) in the fuel line(s) adjacent to the burner. For gas firing this shutoff
valve should be proved closed before the spark to the igniter can be energized and the igniter and
main gas safety shutoff valves can be opened.
4. Changes in firing rate are made by the simultaneous adjustment of fuel and air supplies at a
preestablished optimum air/fuel ratio by the manipulation of a single control device.
5. Limits on fuel and air to prevent reducing furnace input below the point of stable burner
operation are provided. The minimum and maximum points of stable burner operation are
defined by the burner manufacturer and verified by operating investigation.
6. Safety shutdown interlocks include the following:
(a) Low oil pressure.
(b) High gas pressure.
(c) Low gas pressure.
(d) Loss of combustion air supply.
CAUTION: Excessive recycling to achieve a burner light-off can lead to accumulation of a hazardous amount
of fuel in the furnace and should be avoided.

7. Where oil heating is provided the following conditions sound an alarm:
(a) Low oil temperature.
(b) High oil temperature.
A-6-2.4.8 Supplemental Recommendations and Precautions.
A. Excessive recycling to achieve a burner light-off can lead to accumulation of a hazardous
amount of fuel in the furnace and should be avoided.
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B. Recovering from a Fuel-Rich Furnace Condition. If an air deficiency should develop while
flame is maintained at the burners, reduce the fuel until the normal air/fuel ratio has been
restored. If fuel flow cannot be reduced, slowly increase air flow until normal air/fuel ratio has
been restored.
C. It should be recognized that fuels available today contain unexpected constituents. Therefore,
engineering systems and material designs must take into consideration these potential variables.
A-10 Inspection and Maintenance.
A. Maintenance, Inspection, Training, and Safety.
1. The objective of a maintenance program is to identify and correct conditions relating to the
safety, continued reliable operation, and efficient performance of equipment. A program should
be provided for maintenance of equipment at intervals consistent with the type of equipment,
service requirements, and manufacturer’s recommendations.
2. As a minimum, the maintenance program should include the following:
(a) In-service inspections to identify conditions requiring corrective action or further study.
(b) Detailed, knowledgeable planning to allow use of qualified personnel, procedures, and
equipment for an efficient safe repair or modification.
(c) Use of comprehensive equipment history that records conditions found, maintenance work
done, changes made, and date of each.
(d) Written comprehensive maintenance procedures incorporating manufacturer’s instructions
to define tasks and skills required. Any special techniques, such as non-destructive testing or
those tasks requiring special tools, should be defined. Special environmental factors should be
covered, such as temperature limitations, dusts, contaminated or oxygen-deficient atmosphere,
and limited access or confined space requirements.
(e) Shutdown maintenance inspections, comprehensive in scope, to cover all problem areas.
(f) Adequate spare parts available meeting manufacturer’s specifications to provide reliable
service without necessitating makeshift repairs.
3. In-service inspection of equipment should be established and followed.
4. Operation, set points, and adjustments should be verified by periodic testing and the results
documented.
5. Defects should be reported and corrected and repairs documented.
6. System configuration, including logic, set points, and sensing hardware, should not be
changed without the effect being evaluated and approved.
7. Inspections, adjustments, and repairs should be performed by trained personnel using tools
and instruments suitable for the work. Maintenance and repairs should be performed in
accordance with the manufacturer’s recommendations and applicable standards and codes.
8. It is not practical to preestablish a single schedule for all installations. Therefore, the
following typical schedule is a guide only, subject to adjustment according to specific plant
operation and equipment involved. (See 10-2.1 and 10-2.2.)
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(a) Daily.
(i) Flame failure detection system
(ii) Low water level cutoffs and associated alarms
(b) Weekly.
(i) Igniter and burner operation
(c) Monthly.
(i) Fan and airflow interlocks
(ii) Fuel safety shutoff valves for leakage
(iii) Low fire start interlock
(iv) High steam pressure interlock
(v) For oil:
1. fuel pressure and temperature interlocks
(vi) For gas:
1. Gas strainer and drip leg
2. High and low fuel pressure interlocks
(d) Semiannually or Annually as Required.
(i) Igniter and burner components
(ii) Combustion air supply system
(iii) Flame failure system components
(iv) Piping, wiring, and connections of all interlocks and shutoff valves
(v) Combustion control system
(vi) Calibration of indicating and recording instruments
(e) As Required for Oil Firing.
(i) Atomizers
(ii) Strainers
B. Training.
1. Operator Training.
(a) A formal training program should be established to prepare personnel to safely and
effectively operate equipment. This program can consist of review of operating manuals,
videotapes, programmed instruction, testing and field training, among others. The training
program should be consistent with the type of equipment and hazards involved.
(b) Operating procedures should be established that cover normal and emergency conditions.
Start-up and shutdown procedures, normal operating conditions, and lockout procedures should
be covered in detail.
(c) Operating procedures should be directly related to the equipment involved and consistent
with safety requirements and manufacturer’s recommendations.
(d) Procedures should be periodically reviewed to keep them current with changes in
equipment and personnel.
2. Maintenance Training.
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(a) A formal maintenance training program should be established to prepare personnel to
safely and effectively perform any required maintenance tasks. This program can consist of
review of maintenance manuals, videotapes, programmed instruction, testing, field training, and
equipment manufacturer training among others. The training program should be specific to the
equipment involved and to potential hazards.
(b) Maintenance procedures should be established to cover routine and special techniques. Any
potential environmental factors such as temperature, dust, contaminated or oxygen-deficient
atmosphere, internal pressure, and limited access or confined space requirements should be
included.
(c) Procedures should be consistent with safety requirements and manufacturer’s
recommendations.
(d) Procedures should be periodically reviewed to keep them current with changes in
equipment and personnel.
C. Housekeeping.
1. Good housekeeping is essential for safe operation and prevention of fires or explosions;
therefore, provision should be made for periodic cleaning of horizontal ledges or surfaces of
buildings and equipment to prevent the accumulation of appreciable dust deposits.
2. Creation of dust clouds should be minimized during cleaning. Compressed air should not be
used to dislodge soot or dust accumulations; water washing or vacuum cleaning methods are
preferred.
D. Safety.
1. General Safety Precautions. Protective clothing, including but not limited to hard hats and
safety glasses, should be used by personnel during maintenance operations.
2. Special Safety Precautions.
(a) Welding and flame cutting. (See also NFPA 51, Oxygen-Fuel Gas Systems for Welding,
Cutting and Allied Procedures, and NFPA 51B, Fire Prevention in Use of Cutting and Welding
Processes.)
(i) Fire-resistant blankets or other approved methods should be used in such a manner as to
confine weld spatter or cutting sparks.
(ii) A careful inspection of all areas near where welding or cutting has been done, including
the floors above and below, should be made when the job is finished or interrupted and such
areas patrolled for a period long enough to make certain that no smoldering fires have developed.
(b) Where flammable dusts or dust clouds are present, sparking electrical tools must not be
used. All lamps must be suitable for Class II, Division 1 locations as defined in NFPA 70,
National Electrical Code.
(c) Either ground fault protected or specially approved low voltage (6 or 12 volt) extension
cords and lighting should be used for all confined spaces and where moisture may be a hazard.
(d) Explosion-operated tools and forming techniques should not be used where flammable dust
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or dust clouds are present. When these operations become necessary, all equipment, floors, and
walls should be cleaned and all dust accumulation removed by an approved method. A careful
check should be made to be sure that no cartridges or charges are left in the work area.
3. Confined Space.
(a) A confined space is any work location or enclosure in which any of the following may
exist:
(i) The dimensions are such that a person 6 ft (1.8 m) tall cannot stand up in the middle of
the space or extend his or her arms in all directions without hitting the enclosure.
(ii) Access to or from the enclosure is by manhole, hatch, port, or other relatively small
opening that limits ingress and egress to one person at a time.
(iii) Confined spaces may include but are not limited to ducts, heaters, windboxes, cyclones,
dust collectors, furnaces, bunkers, or bins.
(b) Specific procedures should be developed and used for personnel entering confined space
that must:
(i) Positively prevent inadvertent introduction of fuel, hot air, steam, or gas.
(ii) Positively prevent inadvertent starting or moving of mechanical equipment or fans.
(iii) Prevent accidental closing of access doors or hatches.
(iv) Include tags, permits, or locks to cover confined space entry.
(v) Determine need for ventilation or self-contained breathing apparatus where the
atmosphere may be stagnant, depleted of oxygen, or contaminated with irritating or combustible
gases. Tests for an explosive or oxygen deficient atmosphere should be made.
(vi) Provide for a safety attendant. The safety attendant should remain outside of the
confined space with appropriate rescue equipment and should be in contact (preferably visual
contact) with those inside.
(vii) Provide for use of proper safety belts or harnesses, which should be properly tied off
when such use is practical.
Appendix B Referenced Publications
B-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
B-1-1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 30, Flammable and Combustible Liquids Code, 1990 edition
NFPA 31, Standard for the Installation of Oil-Burning Equipment, 1992 edition
NFPA 51, Standard for the Design and Installation of Oxygen-Fuel Gas Systems for Welding,
Cutting and Allied Processes, 1989 edition
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NFPA 51B, Standard for Fire Prevention in Use of Cutting and Welding Processes, 1989
edition
NFPA 54, National Fuel Gas Code, 1992 edition
NFPA 58, Standard for the Storage and Handling of Liquefied Petroleum Gases, 1992 edition
NFPA 70, National Electrical Code, 1993 edition
NFPA 77, Recommended Practice on Static Electricity, 1988 edition
B-1.2 Other Publications.
B-1.2.1 ASTM Publication. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM D396, Standard Specifications for Fuel Oils
B-1.2.2 API Publications. American Petroleum Institute, 2102 L. Street, NW, Washington, DC
20037.
API-RP 500, Recommended Practice for Classification of Areas for Electrical Installations in
Petroleum Refineries
API-RP 2003, Recommended Practice for Protection Against Ignitions Arising Out of Static
Lighting and Stray Currents
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1995 Edition
This edition of NFPA 8502, Standard for the Prevention of Furnace Explosions/Implosions in
Multiple Burner Boilers, was prepared by the Technical Committee on Multiple Burner Boilers,
released by the Technical Correlating Committee on Boiler Combustion System Hazards, and
acted on by the National Fire Protection Association, Inc., at its Annual Meeting held May
22-25, 1995, in Denver, CO. It was issued by the Standards Council on July 21, 1995, with an
effective date of August 11, 1995, and supersedes all previous editions.
This edition of NFPA 8502 was approved as an American National Standard on August 11,
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1995.
Changes other than editorial are indicated by a vertical rule in the margin of the pages on
which they appear. These lines are included as an aid to the user in identifying changes from the
previous edition.
Origin and Development of NFPA 8502
This document originated as a compilation of the following four standards:
NFPA 85B, Standard for the Prevention of Furnace Explosions in Natural Gas-Fired Multiple
Burner Boiler-Furnaces
NFPA 85D, Standard for the Prevention of Furnace Explosions in Fuel Oil-Fired Multiple
Burner Boiler-Furnaces
NFPA 85E, Standard for the Prevention of Furnace Explosions in Pulverized Coal-Fired
Multiple Burner Boiler-Furnaces
NFPA 85G, Standard for the Prevention of Furnace Implosions in Multiple Burner
Boiler-Furnaces.
In 1964, NFPA 85B was prepared by what was then the Sectional Committee on Public Utility
Units and was tentatively adopted. In the following year and a half, the tentative standard was
subjected to intensive study by the electric utility industry, boiler manufacturers, insurers,
consultants, and others. The first official edition of NFPA 85B, adopted in 1966, incorporated
the revisions that resulted from this study.
During this same period, NFPA 85D was prepared and was tentatively adopted in 1966.
Revisions were adopted in 1967, but the status of the standard remained tentative.
NFPA 85E was prepared and eventually adopted as a tentative standard in May 1968.
Amendments were adopted in 1969 to strengthen the standard and to provide more uniformity
among NFPA 85B, NFPA 85D, and NFPA 85E, but its status remained tentative. Amendments
also were made to NFPA 85B and NFPA 85D in 1969, and NFPA 85D was officially adopted
that year.
NFPA 85B and NFPA 85D were revised again in 1970. NFPA 85B, NFPA 85D, and NFPA
85E were amended in 1971, and NFPA 85E was officially adopted. In 1972, provisions were
added to NFPA 85D to cover crude oil firing, and amendments were made to all three documents
in 1973 and 1974. A new section covering boilers with a small number of burners and a new
Appendix B were added to NFPA 85B and NFPA 85D in 1976.
The increased size of furnaces in utility boilers, along with changes in technology, introduced
the problem of excessive negative pressure excursion development within the furnace setting. In
1976, a task group was appointed to investigate this problem. As a result of the task group
investigation, it was concluded that a new standard for the prevention of furnace implosions was
needed, and the development of NFPA 85G was initiated. NFPA 85G was published first in
1978. The official adoption of NFPA 85G in 1978 was accompanied by amendments to NFPA
85B, NFPA 85D, and NFPA 85E.
NFPA 85E and NFPA 85G were revised in 1980, followed by amendments to NFPA 85G in
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1982. NFPA 85B and NFPA 85D were both revised in 1984. The most current of these four
standards were the 1989 editions of NFPA 85B and NFPA 85D, the 1985 edition of NFPA 85E,
and the 1987 edition of NFPA 85G.
In late 1988, the subcommittee responsible for these four documents was assigned the task of
combining them into a single document for consistency and ease of management. The 1991
edition of NFPA 85C was the result of this effort.
In 1993, the technical committee responsible for NFPA 85C was assigned the task of revising
this document and for redesignating it as NFPA 8502, Standard for the Prevention of Furnace
Explosions/Implosions in Multiple Burner Boilers. The purpose of this redesignation is
consistency with other NFPA 8500 series documents on boilers, furnaces, and related equipment.
The 1995 edition of NFPA 8502 is the result of this effort.
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Foreword
Technological advances in recent years and, in particular, the pervasiveness of
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microprocessor-based hardware, make it even more important that only highly qualified
individuals be employed in applying the requirements of this standard to operating systems. Each
type of hardware has its own unique features and operational modes. It is vital that the designer
of the safety system be completely familiar with the features and weaknesses of the specific
hardware and possess a thorough understanding of this standard and its intent.
It is not possible for this standard to encompass all specific hardware applications, nor should
this standard be considered a “cookbook” for the design of a safety system.
Where applying any type of equipment to a safety system, the designer should consider
carefully all of the possible failure modes and the effect that each might have on the integrity of
the system and the safety of the unit and personnel. In particular, no single point failure should
result in an unsafe or uncontrollable condition or a masked failure of a microprocessor-based
system that could result in the operator unwittingly taking action that could lead to an unsafe
condition.
This document is to be used for the design, installation, operation, and maintenance of multiple
burner boilers and their burner management and combustion control systems. The standard is
organized as follows:
1. The introduction and those sections that apply to all fuels covered in this standard (Chapters
1-5 and Chapter 9).
2. Detailed sections that specifically apply to the particular fuel fired. Chapter 6 applies to fuel
gas systems. Chapter 7 applies to fuel oil systems. Chapter 8 applies to pulverized coal systems.
When using this standard, the sections that apply to all fuels covered should be used in
conjunction with those covering the specific fuel utilized. The appendices include additional
useful information but are not mandatory.
Chapter 1 Introduction
1-1 Scope.
1-1.1
This standard shall apply to boilers with a fuel input rating of 12,500,000 Btu/hr (3663 kW) or
greater. This standard applies only to boilers using multiple burners firing the following:
(a) Fuel gas only, as defined in Chapter 3
(b) Fuel oil only, as defined in Chapter 3
(c) Pulverized coal as defined in Chapter 3.
1-1.2
This standard does not cover simultaneous firing of more than one fuel. Where simultaneous
firing is planned, additional interlocks and other provisions shall be required but are not covered
by this standard.
1-1.3*
This standard is not retroactive. This standard shall apply to new installations and to major
alterations or extensions that are contracted subsequent to the effective date of this standard.
1-1.4
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Furnaces such as those of process heaters used in chemical and petroleum manufacture,
wherein steam generation is incidental to the operation of a processing system, are not covered
by this standard.
1-1.5
Since this standard is based on the current state of the art, its application to existing
installations is not mandatory. Nevertheless, operating companies are encouraged to adopt those
features of this standard that are considered applicable and reasonable for existing installations.
1-1.6
Chapter 5 prescribes methods for minimizing the risk of negative furnace draft in excess of
furnace structural capability.
1-1.7
Chapter 6 includes requirements for burner management, combustion control systems, and
operating procedures for boilers utilizing fuel gas as defined in Chapter 3.
1-1.8
Chapter 7 includes requirements for burner management, combustion control systems, and
operating procedures for boilers utilizing fuel oils as defined in Chapter 3.
1-1.9
Chapter 8 includes requirements for burner management, combustion control systems, and
operating procedures for boilers utilizing pulverized coal as defined in Chapter 3.
1-2 Purpose.
1-2.1
The purpose of this document is to contribute to operating safety and to prevent furnace
explosions and implosions. It establishes minimum standards for the design, installation,
operation, and maintenance of boilers and their fuel-burning, air supply, and combustion
products removal systems. The standard requires the coordination of operating procedures,
control systems, interlocks, and structural design.
1-2.2*
No standard can guarantee the elimination of furnace explosions and implosions in boilers.
Technology in this area is evolving constantly, and this is reflected in revisions to this standard.
The user of this standard needs to recognize the complexity of firing fuel with regard to the type
of equipment and the characteristics of the fuel. Therefore, the designer is cautioned that the
standard is not a design handbook. The standard does not eliminate the need for the engineer or
for competent engineering judgment. It is intended that a designer capable of applying more
complete and rigorous analysis to special or unusual problems is to be given latitude in the
development of such designs. In such cases, the designer is responsible for demonstrating the
validity of the proposed design.
1-2.3
Emphasis is placed on the importance of adequate strength of the structure, proper operation
and maintenance procedures, combustion and draft control equipment, safety interlocks, alarms,
trips, and other related controls that are essential to proper boiler operation.
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1-2.4
The effect of gas cleanup systems located downstream of the post-combustion gas passes of
the boiler furnace is known to be significant. Coordination of the operating procedures and
design of the boiler furnace system and air quality system air-flue gas path shall be required.
Such coordination shall include requirements for ensuring a continuous flow path from the
forced draft fan inlet through the stack. This standard provides only the general requirements for
these systems because of the multiplicity of their designs.
Chapter 2 General
2-1 Furnace Explosions.
2-1.1
The basic cause of furnace explosions is the ignition of an accumulated combustible mixture
within the confined space of the furnace or the associated boiler passes, ducts, and fans that
convey the gases of combustion to the stack.
2-1.2
A dangerous combustible mixture within the boiler enclosure consists of the accumulation of
an excessive quantity of combustibles mixed with air in proportions that result in rapid or
uncontrolled combustion where an ignition source is supplied. A furnace explosion can result
from ignition of this accumulation if the quantity of combustible mixture and the proportion of
air to fuel are such that an explosive force is created within the boiler enclosure. The magnitude
and intensity of the explosion depends on both the relative quantity of combustibles that has
accumulated and the proportion of air that mixes with the combustibles at the moment of
ignition. Explosions, including “furnace puffs,” are the result of improper operating procedures
by personnel, improper design of equipment or control systems, or malfunction of the equipment
or control system malfunction.
2-1.3
Numerous conditions can arise in connection with the operation of a boiler that produce
explosive conditions. The most common of these are as follows:
(a) An interruption of the fuel or air supply or ignition energy to the burners, sufficient to
result in momentary loss of flames, followed by restoration and delayed reignition of an
accumulation;
(b) Fuel leakage into an idle furnace and the ignition of the accumulation by a spark or other
source of ignition;
(c) Repeated unsuccessful attempts to light-off without appropriate purging, resulting in the
accumulation of an explosive mixture;
(d) The accumulation of an explosive mixture of fuel and air as a result of loss of flame or
incomplete combustion at one or more burners in the presence of other burners operating
normally or during lighting of additional burners;
(e) The accumulation of an explosive mixture of fuel and air as a result of a complete furnace
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flameout and the ignition of the accumulation by a spark or other ignition source, such as could
occur where attempting to light a burner(s);
(f) Purging with an airflow that is too high, which stirs up combustibles smoldering in hoppers.
2-1.4
The conditions favorable to a furnace explosion described in 2-1.3 are typical examples, and
an examination of numerous reports of furnace explosions suggests that the occurrence of small
explosions, furnace puffs, or near-misses has been far more frequent than usually is recognized.
It is believed that improved instrumentation, safety interlocks and protective devices, proper
operating sequences, and a clearer understanding of the problem by both designers and operators
can greatly reduce the risks and actual incidence of furnace explosions.
2-1.5
In a boiler, upset conditions or control malfunction can lead to an air/fuel mixture that could
result in a flameout followed by reignition after a combustible air/fuel ratio has been
reestablished. Dead pockets might exist in the boiler enclosure or other parts of the unit, where
combustible mixtures can accumulate under upset furnace conditions. These accumulations
could ignite with explosive force in the presence of an ignition source.
2-2 Furnace Implosions.
2-2.1
A furnace implosion is the result of the occurrence of excessively low gas side pressure, which
causes equipment damage.
2-2.2
Two conditions that have caused furnace implosions include:
(a) A maloperation of the equipment regulating the boiler gas flow, including air supply and
flue gas removal, resulting in furnace exposure to excessive induced draft fan head capability.
(b) The rapid decay of furnace gas temperatures and pressure resulting from either a rapid
reduction in fuel input or a master fuel trip.
2-2.3
A combination of the two conditions indicated in 2-2.2 has resulted in the most severe furnace
implosion incidents.
2-3 Manufacture, Design, and Engineering.
2-3.1
The purchaser or the purchaser’s agent shall, in cooperation with the manufacturer, ensure that
the unit is not deficient in apparatus that is necessary for proper operation, so far as practical,
with respect to pressure parts, fuel-burning equipment, air and fuel metering, and safe lighting
and maintenance of stable flame.
2-3.2
All fuel systems shall include provisions to prevent foreign substances from interfering with
the fuel supply to the burner.
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2-3.3*
An evaluation shall be made to determine the optimum integration of manual and automatic
safety features with consideration of the advantages and disadvantages of each trip function.
2-3.4
This standard necessitates a minimum degree of automation (see Section 5-4, 6-6.1.1, 7-6.1.1,
or 8-6.1.1). The trend toward more complex plants or increased automation shall require
additional provisions for:
(a) Information regarding significant operating events that allow the operator to make a rapid
evaluation of the operating situation. The operator shall be provided with continuous and usable
displays of variables that allow the operator to avoid unsafe conditions.
(b) In-service maintenance and checking of system functions without impairment of the
reliability of the overall control system.
(c) An environment conducive to proper decisions and actions.
2-3.5
The burner front piping and equipment shall be designed and constructed to prevent the
formation of hazardous concentrations of combustible gases that exist under normal operating
conditions.
2-3.6
On the basis of reported incidents and field tests, the maximum negative furnace pressure is
determined primarily by the maximum head characteristic of the induced draft fan; a major
objective of the final design shall be to limit the maximum head capacity of draft equipment to
that necessary for satisfactory operation. Special consideration shall be given to fan selection and
arrangement of duct work to limit the effect of negative head.
2-3.7
With scrubbers or other high draft loss equipment for removing flue gas contaminants, a
booster fan might be necessary. A bypass or other appropriate means shall be provided to
counteract the potentially excessive negative pressure conditions resulting from combining the
suction heads of both the induced draft fan and booster fan.
2-4 Installation.
2-4.1
The boiler shall not be permitted to be operated before the installation and check of the
required safeguards and instrumentation system.
2-4.2
The party responsible for the erection and installation of the equipment shall ensure that all
apparatus is installed and connected properly.
2-4.3
The purchaser, the engineering consultant, the equipment manufacturer, and the operating
company shall avoid boiler operation until such safeguards have been tested and operated
properly as a system. In some instances, it might be necessary to install temporary interlocks and
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instrumentation to meet these requirements. Any such temporary system shall be reviewed by the
purchaser, the engineering consultant, the equipment manufacturer, and the operating company,
and agreement shall be reached on its suitability in advance of start-up.
2-4.4
The safety interlock system and protective devices shall be tested jointly by the organization
responsible for the system design and those who operate and maintain such a system and devices
during the normal operating life of the plant. After installation, coordinated tests of all systems
shall be accomplished before initial operation.
2-5 Coordination of Design, Construction, and Operation.
2-5.1*
Statistics indicate that human error is a contributing factor in the majority of furnace
explosions. It is important to consider whether the error was a result of any of the following:
(a) Lack of understanding of, or failure to use, proper operating procedures, safeguards, and
equipment;
(b) Unfavorable operating characteristics of the equipment or its control;
(c) Lack of functional coordination of the various components of the steam-generating system
and its controls.
2-5.2
Furnace explosions have occurred as a result of unfavorable functional design. The
investigation frequently has revealed human error and has overlooked the chain of causes that
triggered the operating error completely. Therefore, the design, installation, and functional
objectives of the overall system of components and their controls shall be integrated.
Consideration shall be given to the existing ergonomics that can affect operation of the system.
2-5.3
In the planning and engineering phases of plant construction, the design shall be coordinated
with the operating personnel.
2-5.4
The proper integration of the various components consisting of boiler, burner, fuel and air
supply equipment, controls, interlocks and safety devices, operator and maintenance functions,
and communication and training shall be the responsibility of the operating company and shall
be accomplished by the following:
(a) Design and operating personnel who possess a high degree of competence in this field and
who are mandated to achieve these objectives;
(b) Periodic analysis of the plant with respect to evolving technology so that improvements can
be made to make the plants safer and more reliable;
(c) Documentation of the plant equipment, the system, and maintenance.
2-6 Maintenance Organization.
A program shall be provided for maintenance of equipment at intervals consistent with the
type of equipment, the service requirements, and the manufacturers’ recommendations.
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2-7* Basic Operating Objectives.
2-7.1
Basic operating objectives shall include the following:
(a) Establishment of operating procedures that result in a minimum number of manual
operations.
(b) Standardization of all operating procedures. The use of interlocks is essential to minimize
improper operating sequences and to interrupt sequences when conditions are not proper for
continuation. It is particularly important that purge and start-up procedures with necessary
interlocks be established and rigidly enforced. Sections 5-3, 6-5, 7-5, and 8-5 describe operating
sequences that have proven effective.
(c)* Maintenance of airflow at or above purge rate during all operations of the boiler using the
open register light-off procedure. (See 6-5.1.5, 7-5.1.5, or 8-5.1.5.)
2-7.2
Written operating procedures and detailed checklists for operator guidance shall be provided
for achieving these basic operating objectives. All manual and automatic functions shall be
included.
2-7.3
Proper procedures shall be established for taking appropriate and timely action, including
reducing load, tripping equipment, or calling for outside assistance in case of emergency.
Chapter 3 Definitions
3-1 Definitions.
The following definitions shall apply for the purposes of this standard.
Air, Excess.* Air supplied for combustion in excess of theoretical air.
Air, Furnace Purge. See Purge.
Air, Primary (Transport Air, Pulverizer Air). The air or flue gas introduced into the pulverizer
to dry the fuel and convey the pulverized fuel to the burners.
Air, Seal. Air supplied to any device at pressure for the specified purpose of minimizing
contamination.
Air, Secondary. The air for combustion supplied to the burners by the forced draft fan.
Air, Tempering. Air at a lower temperature added to the hot primary air or gas to modify its
temperature.
Air, Tertiary. The air supplied to certain types of burners for cooling the burner metal or to
improve the combustion process.
Air, Theoretical (Stoichiometric Air). The chemically correct quantity of air needed for
complete combustion of a given quantity of a specific fuel.
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Air/Fuel Ratio. A ratio of air to fuel supplied to a furnace.
Air-rich. Indicates a ratio of air to fuel supplied to a furnace that provides more than the
minimum excess air needed for optimum combustion of the fuel.
Alarm. An audible or visible signal indicating an off-standard or abnormal condition.
Alteration. A change or modification in a boiler system or subsystem that results in a deviation
from the original design specifications or criteria.
Annunciator. A device that indicates an off-standard or abnormal condition by both visual and
audible signals.
Approved. Acceptable to the authority having jurisdiction.
NOTE: The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations, procedures, equipment, or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure, or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations that is in a
position to determine compliance with appropriate standards for the current production of listed items.

Atomizer. A device in a burner that emits liquid fuel in a finely divided state.
Atomizer, Mechanical. A device in an oil burner that emits liquid fuel in a finely divided state
without using an atomizing medium.
Atomizing Medium. A supplementary fluid, such as steam or air, that assists in breaking down
liquid fuel into a finely divided state.
Authority Having Jurisdiction. The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner, since
jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is primary, the
authority having jurisdiction may be a federal, state, local, or other regional department or individual such as a
fire chief; fire marshal; chief of a fire prevention bureau, labor department, or health department; building
official; electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the authority having
jurisdiction. In many circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or departmental official may
be the authority having jurisdiction.

Bin System (Storage System). A system in which the fuel is pulverized and stored in bins from
which it is withdrawn through feeders, as needed, for burning.
Boiler. A closed vessel in which water is heated, steam is generated, or steam is superheated,
or in which any combination thereof takes place by the application of heat from combustible
fuels, in a self-contained or attached furnace.
Boiler Control System. The group of control systems that regulates the boiler process,
including the combustion control but not the burner management.
Boiler Enclosure. The physical boundary for all boiler pressure parts and the combustion
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process.
Burner. A device or group of devices for the introduction of fuel and air into a furnace at the
velocities, turbulence, and concentration necessary to maintain ignition and combustion of the
fuel within the furnace.
Burner Management System. The control system dedicated to boiler furnace safety and
operator assistance in the starting and stopping of fuel preparation and burning equipment and
for preventing misoperation of and damage to fuel preparation and burning equipment. The
burner management system includes the following functions specified in this standard: interlock
system, fuel trip system, master fuel trip system, master fuel trip relay, flame monitoring and
tripping systems, ignition subsystem, and main burner subsystem.
Burner, Warm-Up (Warm-Up Gun). A burner, usually smaller than the main burner, that is
ignited by another ignition source and is used to warm up the boiler. In cases where it is used as
an igniter, its classification shall be verified by test.
Coal. The general name for the natural, rock-like, brown-to-black derivative of forest-type
plant material. By subsequent underground geological processes, this organic material is
compressed and indurated over time, ultimately becoming graphite and graphite-like material.
Coal contains carbon, hydrogen, oxygen, nitrogen, and sulphur, as well as inorganic constituents
that form ash after burning. There is no fixed standard for coal, but there is an endless variety
with respect to character and composition. The basic classifications for coal are lignite,
subbituminous, bituminous, and anthracite. (See ASTM D388, Standard Classification of Coals
by Rank.)
Coal, Pulverized. Coal that is reduced to a size so that at least 50 percent can pass through a
200-mesh sieve (74 microns).
Combustion Control System. The control system that regulates the furnace fuel and air inputs
to maintain an air/fuel ratio within the limits necessary for continuous combustion and stable
flame throughout the operating range of the boiler in accordance with demand. This control
system includes the furnace draft control where applicable.
Damper, Primary Air Control. A controllable damper for regulating the flow of primary air or
pulverizer air.
Damper, Primary Air Shutoff. A tight-seating damper that usually is located upstream from the
primary air regulating damper to prevent flow.
Damper, Tempering Air (Cold Air Damper). A damper used to control tempering air.
Damper, Tight Shutoff. A close-fitting damper to minimize leakage of air or flue gas into any
system component.
Direct-Fired System (Unit System). A system in which the fuel is pulverized and delivered in
suspension directly to the burner(s).
Directional Blocking. An interlock that, upon detection of significant error in furnace pressure,
acts to inhibit the movement of all appropriate final control elements in the direction that
increases the error.
Drip Leg. A chamber of ample volume, with suitable clean-out and drain connections, into
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which gas is discharged so that liquids and solids are trapped.
Exhauster, Pulverizer. See Fan, Exhauster.
Explosive Mixture. A flammable or combustible mixture in a confined space.
Extension. An addition to the boiler system or additional subsystems such as, but not limited
to, air quality control.
Fan, Exhauster. A fan located at the pulverizer outlet used to draw the pulverizer air through
the pulverizer and to deliver the air/fuel mixture to the burner(s) or other apparatus.
Fan, Primary Air. A fan used to supply coal transport air to the pulverizer or to the burner lines
of a storage system.
Fan, Seal Air. A fan used to supply sealing air.
Fan Test Block Capability. The point on the curve of the head versus the flow characteristics at
which the fan is selected. This is the calculated operating point associated with the maximum
continuous rating of the boiler furnace plus the head and flow margins.
Feeder, Raw Fuel. A device for supplying a controllable amount of raw fuel to the pulverizer.
Feed-Forward Signal. A signal used to sense a change in the measured variable.
Flame. The visible or other physical evidence of the chemical process of rapid conversion of
fuel and air into products of combustion.
Flame Detector. A device that senses the presence or absence of flame and provides a usable
signal.
Flame Detector, Self-Checking. A flame detector that automatically, and at regular intervals,
tests the entire sensing and signal processing system of the flame detector. This ensures that the
failure of any single component cannot result in a false indication of flame.
Flame Envelope. The confines (not necessarily visible) of an independent process that converts
fuel and air into products of combustion.
Fuel Cutback. An action of the combustion control system that reduces fuel flow when the
air/fuel ratio is less than that of a prescribed value.
Fuel Gas. See LP-Gas and Natural Gas.
Fuel Oil. Grades 2, 4, 5, and 6 fuel oils as defined in ASTM D396, Standard Specification for
Fuel Oils.
Fuel Trip. The automatic shutoff of a specific fuel as the result of an interlock or operator
action.
Fuel-rich. Indicates a ratio of air to fuel supplied to a furnace that provides less than the
minimum excess air needed for optimum combustion of the fuel.
Furnace. The portion of the boiler enclosure within which the combustion process takes place
and wherein heat transfer occurs predominantly by radiation.
Furnace Purge. See Purge.
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Gas. See LP-Gas and Natural Gas.
Gate, Raw Fuel (Gate, Silo; Gate, Bunker). A shutoff gate between the raw-fuel bin and the
raw-fuel feeder.
Grindability. The characteristic of solid fuel that indicates its relative ease of pulverization (see
ASTM D409, Standard Test Method for Grindability of Coal by the Hardgrove-Machine
Method). On the Hardgrove grindability scale, larger values (e.g., 100) represent coals that are
easier to pulverize; smaller values (e.g., 40) represent coals that are more difficult to pulverize.
Header. A pipe or duct through which liquid or gas is conveyed and supplied to or received
from multiple branches.
High Gas Pressure Switch. A pressure-actuated device arranged to effect a safety shutdown or
prevent starting when the gas pressure exceeds the preset value.
High Oil Temperature Switch. A temperature-actuated device that initiates a signal when the
oil temperature rises above the limits required to maintain the viscosity range recommended by
the burner manufacturer.
Igniter. A permanently installed device that provides proven ignition energy to light-off the
main burner immediately.
Igniter, Class 1. An igniter applied to ignite the fuel input through the burner and to support
ignition under any burner light-off or operating conditions. Its location and capacity are such that
it provides sufficient ignition energy (generally in excess of 10 percent of full-load burner input)
at its associated burner to raise any credible combination of burner inputs of both fuel and air
above the minimum ignition temperature. Class 1 igniters also shall be permitted to operate as
Class 2 or Class 3 igniters.
Igniter, Class 2. An igniter applied to ignite the fuel input through the burner under prescribed
light-off conditions. The range of capacity of such igniters generally is 4 percent to 10 percent of
full-load burner fuel input.
Igniter, Class 3. A small igniter applied particularly to gas and oil burners to ignite the fuel
input to the burner under prescribed light-off conditions. The capacity of such igniters generally
does not exceed 4 percent of the full-load burner fuel input.
Igniter, Class 3 Special. A special Class 3 high energy electrical igniter capable of directly
igniting the main burner fuel.
Inerting. The dilution of the oxygen content of an air/fuel mixture through the addition of an
inert gas or vapor to a point where it is no longer explosive.
Interlock. A device or group of devices arranged to sense a limit or off-limit condition or
improper sequence of events and to shut down the related equipment or to prevent proceeding in
an improper sequence in order to avoid a hazardous condition.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
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appropriate standards or performance in a specified manner.
Listed. Equipment or materials included in a list published by an organization acceptable to the
authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The authority having
jurisdiction should utilize the system employed by the listing organization to identify a listed product.

Logic System. The decision-making and translation elements of the burner management
system.
(a) Hardwired Systems. Individual devices and interconnecting wiring.
(b) Microprocessor-based Systems.
1. Computer hardware, power supplies, I/O devices, and the interconnections among them.
2. Operating system and logic software.
Low Gas Pressure Switch. A pressure-actuated device arranged to effect a safety shutdown or
prevent starting when the gas pressure is below the preset value.
Low Oil Pressure Switch. A pressure-actuated device arranged to effect a safety shutdown or
prevent starting when the oil pressure is below the preset value.
Low Oil Temperature Switch. A temperature-actuated device that initiates a signal when the
oil temperature falls below the limits necessary to maintain the viscosity range recommended by
the burner manufacturer.
Low Water Cutout. A device arranged to effect a master fuel trip when the water level in the
steam drum falls to a predetermined low level.
LP-Gas. A material composed predominantly of any of the following hydrocarbons or their
mixtures: propane, propylene, normal butane, isobutane, and butylenes.
Master Fuel Trip. An event resulting in the rapid shutoff of all fuel, including igniters.
Master Fuel Trip Relay. An electromechanical relay(s) utilized to trip all required equipment
simultaneously.
Monitor. To sense and indicate a condition without initiating automatic corrective action.
Natural Gas. A gaseous fuel occurring in nature consisting mostly of a mixture of organic
compounds (normally methane, ethane, propane, and butane). The Btu value of natural gases
varies between 700 Btu/ft3 and 1500 Btu/ft3 (26.1 MJ/m3 and 55.9 MJ/m3), with the majority
averaging 1000 Btu/ft3 (37.3 MJ/m3).
Oil. See Fuel Oil.
Open Flow Path. A continuous path for movement of an airstream from the forced draft fan
inlet to the stack.
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Open Register. A procedure for purging and lighting-off a boiler under specified, controlled
conditions. (See 6-5.1.5, 7-5.1.5, or 8-5.1.5.)
Operating Range. The range between the maximum fuel input and the minimum fuel input
within which the burner flame can be maintained in a continuous and stable manner.
Outlet Draft. The flue gas pressure at the outlet of the last convection pass of the boiler.
Override Action, Fan. A control that, upon detection of significant error in furnace pressure,
acts to reposition the induced draft fan control device(s) in a direction to reduce the error.
Partial Loss of Flame. Loss of flame at any of the separate flame envelopes or burners while
flame is maintained at any of the other flame envelopes or burners.
Prove. To establish by measurement or test the existence of a specified condition, such as
flame, level, flow, pressure, or position.
Pulverizer. A machine for reducing the particle size of a solid fuel so that it burns in
suspension.
Purge. A flow of air through the furnace, boiler gas passages, and associated flues and ducts
that effectively removes any gaseous or suspended combustibles and replaces them with air.
Purging also can be accomplished using an inert medium.
Purge Rate, Coal. A constant flow of not less than 25 percent nor more than 40 percent of the
full-load mass airflow.
Purge Rate, Gas/Oil. A constant flow of not less than 25 percent of the full-load mass airflow.
Register. A set of dampers for a burner or air supply system to a particular burner used to
distribute the combustion air admitted to the furnace. It also might control the direction and
velocity of the airstream for efficient mixing with the incoming fuel.
Repair. A process that returns the boiler system or subsystem to its original design
specifications or criteria.
Repeatability. The ability of a device to maintain a constant set point characteristic.
Scavenging. The procedure by which liquid fuel left in a burner or igniter after a shutdown is
cleared by admitting steam or air through the burner passages, typically through a dedicated
scavenging medium valve.
Separator, Filter, Scrubber. A device incorporated in the main fuel supply line that effectively
separates foreign liquids or solids from the fuel.
Set Point. A predetermined value to which a device or system is adjusted and at which it shall
perform its intended function.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Stable Flame. A flame envelope that retains its continuity throughout the maximum rate of
change within the operating range of the boiler.
Standard. A document, the main text of which contains only mandatory provisions using the
Copyright 1996 NFPA

word “shall” to indicate requirements, which is in a form generally suitable for mandatory
reference by another standard or code or for adoption into law. Nonmandatory provisions shall
be located in an Appendix, footnote, or fine-print note and are not to be considered a part of the
requirements of a standard.
Start-Up Combustion Control System. A control system used to regulate and maintain proper
air/fuel ratio during the start-up period where the customary indexes, such as pressure,
temperature, load, or flow, that motivate the normal automatic combustion control system are not
available or suitable.
Supervise. To sense a condition needing attention and automatically initiate corrective action.
Supervised Manual System. A system in which a trained operator has primary responsibility
for the proper start-up, operation, and normal shutdown of a boiler with interlocks to ensure that
the operation follows established procedures.
Unit. The confined spaces of the furnace and the associated boiler passes, ducts, and fans that
convey the gases of combustion to the stack.
Unit Purge. Air at purge rate that is flowed through the unit from the forced draft (FD) fan
through the stack for (1) a period of not less than 5 minutes, or (2) five changes in volume of the
boiler enclosure, whichever is longer.
Valve, Barrier. A valve, not necessarily dusttight, used to inhibit furnace gases from traveling
back into any system component open for inspection or maintenance.
Valve, Charging. A small valve bypassing the main safety shutoff valve used for purging and
charging the fuel headers and piping and for testing for leaks.
Valve, Check. A valve used to prevent reverse flow.
Valve, Dusttight. A tight-seating valve installed in the fuel supply pipe to the burner to allow
or stop flow.
Valve, Flow Control. A valve capable of regulating quantity of through-put to a controlled
range.
Valve, Safety Shutoff (Fuel Trip Valve). A fast-closing valve that automatically and
completely shuts off the fuel supply to main burners or igniters in response to a fuel trip.
Valve, Supervisory Shutoff. A manually operated shutoff valve with a means to provide a
“valve closed” position signal.
Valve, Vent. A valve used to allow venting of air or gas from the system to the atmosphere.
Chapter 4 Equipment Requirements
4-1 Furnace Structural Design.
4-1.1*
The furnace shall be capable of withstanding a transient design pressure without permanent
deformation due to yield or buckling of any support member. (See Section 5-1.)
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4-1.1.1 The positive transient design pressure shall be at least, but shall not be required to
exceed, (+) 35 in. (+8.7 kPa) of water.
Exception: If the test block capability of the forced draft fan at ambient temperature is less
positive than (+) 35 in. (+8.7 kPa) of water, the positive transient design pressure shall be at
least, but shall not be required to exceed, the test block capability of the forced draft fan.
4-1.1.2 The negative transient design pressure shall be at least as negative as, but shall not be
required to be more negative than, (-) 35 in. (-8.7 kPa) of water.
Exception: If the test block capability of the induced draft fan at ambient temperature is less
negative than (-) 35 in. (-8.7 kPa) of water [e.g., (-) 27 in. (-6.72 kPa) of water], the negative
transient design pressure shall be at least as negative as, but shall not be required to be more
negative than, the test block capability of the induced draft fan.
4-1.2
The induced draft fan head capability increases due to significant draft losses beyond the air
heater or for other reasons such as excessive induced draft fan test block margins. Where the
induced draft fan test block capability is more negative than (-) 35 in. (-8.7 kPa) of water,
consideration shall be given to an increased negative design pressure.
4-1.3 Combustion Products Removal Subsystem.
The transient internal design pressure defined in 4-1.1 shall be taken into consideration in the
design of the air and gas flow path from the FD fan discharge through the stack.
4-2 Functional Requirements of Fuel-Burning System.
4-2.1
The fuel-burning system shall function to convert continuously any ignitable furnace input into
unreactive products of combustion at the same rate that the fuel and air reactants enter the
furnace.
4-2.2
The fuel-burning system shall be sized properly, adequate to meet the operating requirements
of the unit, compatible with other boiler component systems, and capable of being controlled for
the full operating range of the unit.
4-2.3 System Requirements.
4-2.3.1 The fuel-burning system shall provide means for proper start-up, operation, and
shutdown of the combustion process. This shall include appropriate openings and configurations
in the component assemblies to allow suitable observation, measurement, and control of the
combustion process.
4-2.3.2 The fuel-burning system consists of the boiler enclosure and the following subsystems:
air supply, raw coal, pulverizer, fuel supply, main burner, atomizing, ignition, and combustion
products removal. Each shall be sized and interconnected to satisfy the following requirements:
(a) Boiler Enclosure.
1. The boiler enclosure shall be sized and arranged with respect to the main burner
subsystem so that fuel can be fired to maintain stable flame.
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2. The boiler enclosure shall be free from “dead pockets” where prescribed purge
procedures are followed.
3. Observation ports shall be provided to allow inspection of the furnace and burners.
(b) Air Supply Subsystem.
1. The air supply equipment shall be sized and arranged to ensure a continuous airflow
adequate for all operating conditions on the unit.
2. The arrangement of air inlets, duct work, and air preheaters shall minimize contamination
of the air supply by such materials as flue gas, water, and fuel. Appropriate drain and access
openings shall be provided.
3. The air supply equipment shall be capable of continuing the proper airflow during
anticipated furnace pressure pulsations.
(c) Raw Coal, Pulverizer, Fuel Supply, Main Burner, and Atomizing Subsystems. See Sections
6-3, 7-3, and 8-3 for information on these subjects.
(d) Ignition Subsystem.
1. The ignition subsystem shall be sized and arranged to ignite the main burner input within
the limitation of the igniter classification. It shall be tested to verify that the igniters furnished
meet the requirements of the class specified in the design. Igniters shall be designated as Class 1,
Class 2, or Class 3 as defined in Chapter 3 and as verified by test. Many factors affect the
classification of the igniters, including the characteristics of the main fuel, the furnace and the
burner design, and the igniter capacity and location relative to the main fuel burner.
2. Class 1 igniters also shall be permitted to be used as Class 2 or Class 3 igniters. Class 2
igniters also shall be permitted to be used as Class 3 igniters.
3. Where Class 2 igniters are used, the burner shall be operated under controlled conditions
to limit the potential for abnormal operation, as well as to limit the charge of fuel to the furnace
in the event that ignition does not occur during light-off. They shall not be used to ignite the
main fuel under uncontrolled or abnormal conditions.
4. Where Class 3 igniters are used, the igniter turned off as a part of the burner light-off
procedure when the time trial for ignition of the main burner has expired. This practice ensures
that the main flame is not dependent on ignition support from the igniter.
5. Class 2 igniters shall not be used to extend the turndown range but shall be permitted to
be used to support ignition under low-load or adverse operating conditions.
6. Class 3 igniters shall not be used to support ignition or to extend the burner turndown
range.
7. Class 3 special igniters shall not be used unless supervision of the individual main burner
flame is provided.
Exception: Class 3 special igniters shall be permitted to be used without supervision of the
individual main burner flame while scavenging the main burner.
8. Where Class 1 and Class 2 igniters are used, the tests described in 6-3.2.2, 7-3.2.2, and
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8-3.3.2 also shall be performed with the ignition subsystem in service to verify that the igniters
furnished meet the requirements of the class specified in the design. The resulting extended
turndown range shall be available where Class 1 igniters are in service and flame is proved.
9. Tests shall be performed to determine transient limits in the ignition air and fuel supplies
or in the main air and fuel supplies that do not extinguish the igniter flame or reduce the igniter’s
ability to perform its intended function or adversely affect other burners and igniters in
operation. (See also 6-3.2.2, 7-3.2.2, and 8-3.3.2.)
10. Igniters shall be permanently installed. They shall be individually supervised to verify
that the requirements of 4-2.3.2(d)1 and 4-2.3.2(d)2 are met. This supervision shall include the
igniter flame and capacity.
11. The ignition equipment shall be located in an appropriate environment with convenient
access for maintenance.
12. All igniter safety shutoff valves shall be located as close as practicable to igniters to
minimize the volume of fuel that is downstream of the valve in the individual igniter fuel lines or
that could flow by gravity into the furnace after an emergency shutdown or burner shutdown.
(e) Combustion Products Removal Subsystem.
1. The flue gas ducts, fans, and stack shall be sized and arranged to remove the products of
combustion at the same rate at which they are generated by the fuel-burning process during
operation of the unit.
2. Convenient access and drain openings shall be provided.
3. The flue gas ducts shall be designed so that they do not contribute to furnace pulsations.
4. Components common to more than one boiler shall not limit the rate of removal of
products of combustion generated during the operation of all boilers.
4-3 Burner Management System Logic.
The intent of this section is to provide guidance in the use of logic systems in burner
management.
4-3.1 General Requirements.
A logic system provides outputs in a particular sequence in response to external inputs and
internal logic. The logic system for burner management shall be designed specifically so that a
single failure in that system does not prevent an appropriate shutdown.
4-3.2* Specific Requirements.
As a minimum, the requirements of 4-3.2.1 through 4-3.2.4 shall be included in the design to
ensure that a logic system for burner management meets the intent of these standards.
4-3.2.1 Failure Effects. The logic system designer shall evaluate the failure modes of
components where considering the design application of the system. As a minimum, the
following failures shall be evaluated and addressed:
(a) Interruptions, excursions, dips, recoveries, transients, and partial losses of power;
(b) Memory corruption and losses;
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(c) Information transfer corruption and losses;
(d) Inputs and outputs (fail-on, fail-off);
(e) Signals that are unreadable or not being read;
(f) Failure to address errors;
(g) Processor faults;
(h) Relay coil failure;
(i) Relay contact failure (fail-on, fail-off); and
(j) Timer failure.
4-3.2.2 Design.
(a) Diagnostics shall be included in the design to monitor processor logic function.
(b) Logic system failure shall not preclude proper operator intervention.
(c) Logic shall be protected from unauthorized changes.
(d) Logic shall not be changed while the associated equipment is in operation.
(e) System response time (throughput) shall be sufficiently short to prevent negative effects on
the application.
(f) Protection from the effects of noise shall be adequate to prevent false operation.
(g) Any single component failure within the logic system shall not prevent a mandatory master
fuel trip. (See also 6-5.2.5, 7-5.2.5, or 8-5.2.5.)
(h) The operator shall be provided with a dedicated manual switch(es) that shall actuate the
master fuel trip relay independently and directly.
4-3.2.3 Requirement for Independence.
4-3.2.3.1 The logic system performing the safety functions for burner management shall not be
combined with any other logic system.
4-3.2.3.2 These burner management safety functions shall include, but shall not be limited to,
proper purge interlocks and timing, mandatory safety shutdowns, trial timing for ignition, and
flame monitoring.
4-3.2.3.3 The logic system shall be limited to one boiler only.
4-3.2.3.4 The burner management system shall be provided with independent logic, independent
input/output systems, and independent power supplies and shall be functionally and physically
separate from other logic systems (e.g., boiler control system).
4-3.2.3.5 The same hardware type used for burner management systems shall be permitted to be
used for other logic systems.
4-3.2.3.6 Data highway communications between the burner management system and other
systems shall be permitted. Signals that initiate mandatory master fuel trips shall be hardwired.
4-3.2.4 Logic sequences or devices intended to cause a safety shutdown, once initiated, shall
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cause a burner or master fuel trip, as applicable, and shall require operator action prior to
resuming operation of the affected burner(s). No logic sequence or device shall be permitted that
allows momentary closing and subsequent inadvertent reopening of the main or ignition fuel
valves.
4-4 Flame Monitoring and Tripping Systems.
See Sections 6-4, 7-4, and 8-4 for additional requirements concerning flame detection
associated with a specific fuel.
4-4.1 Functional Requirements.
The basic requirements of any flame monitoring and tripping system shall be as follows:
(a) Combustion instability situations shall be brought to the attention of the operator for
remedial action.
(b) An emergency shutdown of the involved equipment shall be automatically initiated upon
detection of serious combustion problems likely to lead to the accumulation of unburned fuel.
4-4.2 Flame Detection.
4-4.2.1 Flame Detector Sighting. The use of flame detector sighting shall be considered in the
initial furnace design. Field tests shall be required to establish optimum sighting angles of
burners or nozzles and also to check the effective angular range of flame detectors in relation to
burners or nozzles.
4-4.2.2 Clean Air Supply. Clean air, where necessary, shall be supplied in order to minimize
problems with dirty detector lenses.
4-4.2.3 Self-Checking of Flame Detectors. Where flame-sensing detectors can fail in the
flame-proven mode, self-checking features shall be provided.
4-4.2.4 Reduced Emissions Control Effects. Methods and equipment used to reduce the
emission of air pollutants can affect the burner flame, selection of the flame detector, and
location/sighting of the flame detector. (See A-6-5.2.1.3.)
4-4.3 System Objectives.
System objectives shall be developed with due consideration given to those requirements that
are specifically related to the combustion conditions that are typical for particular furnace
configurations, burner systems, and fuel characteristics. Such objectives shall be consistent with
the individual manufacturer’s design philosophy.
4-5 Combustion Control System.
4-5.1 Functional Requirements.
4-5.1.1 The combustion control system shall maintain furnace fuel and air input in accordance
with demand.
4-5.1.2 Furnace inputs and their relative rates of change shall be controlled to maintain the
air/fuel ratio within the limits required for continuous combustion and stable flame for the full
operating range of the boiler.
4-5.2 System Requirements.
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(a) For start-up conditions, airflow shall be maintained at the purge rate while fuel is
controlled to satisfy start-up rates within the limits established as compatible with airflow at each
burner. Equipment shall be provided and operating procedures established to preclude the
possibility of an improper air/fuel ratio condition at each burner.
(b) Provisions shall be made for setting minimum and maximum limits on the fuel and air
control subsystems to prevent fuel and airflows beyond the stable flame limits of the
fuel-burning system. These minimum and maximum limits shall be defined by the burner
manufacturer and verified by operating tests. (See 6-3.2.2, 7-3.2.2, or 8-3.3.2.)
(c) Where changing the rate of furnace input, the airflow and fuel flow shall be changed
simultaneously to maintain proper air/fuel ratio during and after the changes. This shall not
eliminate the requirements for air lead and lag during changes in the fuel firing rate. Placing fuel
flow control on automatic without the airflow control on automatic shall be prohibited.
(d) The control system design shall prevent the need for a fuel-rich mixture. Control action to
increase fuel and decrease air shall be blocked when the air/fuel ratio falls below a preset value.
(e) When the air/fuel ratio falls below a preset value, control actions to decrease fuel or
increase air, or both, shall be taken. (See 6-5.3.2, 7-5.3.2, or 8-5.4.2.)
(f) On balanced draft furnaces, the furnace draft shall be maintained at the set point.
(g) Equipment shall be designed and procedures established to allow as much on-line
maintenance of combustion control equipment as practicable.
(h) Provisions for calibration and testing of combustion control and associated interlock
equipment shall be furnished.
(i) Consideration shall be given to providing oxygen and combustibles meters for use as
operating guides.
(j) Gas flow meters shall be operated at constant pressure conditions or shall be pressure
compensated where pressure variations introduce significant error.
(k) Oil flow meters shall be compensated where variations in temperature or viscosity
introduce significant error.
(l) Consideration shall be given to providing coal flow devices on each pulverizer as a part of
the combustion control and burner control systems to provide indices of total fuel flow versus
total airflow and for use as an operating guide.
(m) Means shall be provided to control the pulverizer coal-air temperature within the required
limits.
(n) Means shall be provided to ensure adequate primary air for transport of the required
pulverized coal input.
4-6 Power Supplies.
All reasonable precautions shall be taken to ensure the availability of a failure-free power
supply (electric or pneumatic) to all control and safety devices.
4-7 Operating Information.
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As a minimum, continuous trend display of boiler output, feed water flow rate, total fuel flow
rate, and total airflow rate as a percentage of the maximum unit load plus drum level, final steam
temperature, main steam pressure, and furnace draft shall be provided simultaneously at the
operating location. (See 2-3.4, 2-5.2, and 2-5.4.)
Chapter 5 Furnace Implosion Protection
5-1* General.
This chapter prescribes methods for minimizing the risks of negative furnace draft in excess of
furnace structural capability. Consideration shall be given to one or both of the following
methods:
(a) The furnace and flue gas removal system shall be designed so that the maximum head
capability of the induced draft fan system with ambient air does not exceed the design pressure
of furnace, ducts, and associated equipment. This design pressure shall be defined the same as
the wind and seismic stresses of the American Institute of Steel Construction Manual of Steel
Construction, Section A5.2.
(b) A furnace pressure control system shall be provided in accordance with Section 5-2, and
furnace design shall be in accordance with Section 4-1.
5-2 Furnace Pressure Control Systems (Implosion Protection).
5-2.1 Functional Requirements.
The furnace pressure control system shall control the furnace pressure at the desired set point
in the combustion chamber.
5-2.2 System Requirements.
See Figure 5-2.2.
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Figure 5-2.2 System requirements.

5.2.2.1 The furnace pressure control subsystem (A), as shown in Figure 5-2.2, shall position the
draft regulating equipment to maintain furnace pressure at the desired set point.
5-2.2.2 The control system, as shown in Figure 5-2.2, shall include the following features and
functions:
(a) Three furnace pressure transmitters (B) in an auctioneered median-select system, each on a
separate pressure-sensing tap and suitably monitored (C) to minimize the possibility of operating
with a faulty furnace pressure measurement.
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(b) A feed-forward signal (D), representative of boiler airflow demand. This shall be permitted
to be a fuel flow signal, a boiler-master signal, or other suitable index of demand but shall not be
a measured airflow signal.
(c) An override action or directional blocking (E) on large furnace draft errors introduced after
the auto/manual transfer station (P).
(d) A feed-forward action (G) initiated by a master fuel trip to minimize the pressure
excursions, introduced after the auto/manual transfer station (P).
(e) Axial fans, where used, shall be operated in such a manner as to avoid a stall condition in
order to prevent uncontrolled changes in airflow or flue gas flow.
5-2.3 Component Requirements.
The furnace pressure control element(s) (see H in Figure 5-2.2) (draft fan inlet damper drive,
blade pitch control, speed control) shall meet the following criteria:
(a) The operating speed shall not exceed the control system’s sensing and positioning
capabilities in order to avoid undesirable hunting and overshooting of automatic control.
Excessive speed can create damaging negative pressure transients downstream. Excessive speed
also might be unsuitable for manual control.
(b) The operating speed of the draft control equipment shall not be less than that of the airflow
control equipment.
(c) Special consideration shall be given to the design of the furnace draft control system to
ensure a satisfactory rate of response with variable speed and axial fans.
5-3 Sequence of Operations Requirements.
5-3.1
The purpose of sequencing requirements is to ensure that the operating events occur in the
proper order and is not to provide fan operating procedures. The proper fan start-up and
shutdown procedures as defined by manufacturers, engineering consultants, and operating
companies shall be coordinated with the operating procedures specified in this chapter and in the
related chapters applicable to the fuel being fired as follows:
(a) Gas-fired systems, Chapter 6
(b) Oil-fired systems, Chapter 7
(c) Pulverized coal-fired systems, Chapter 8.
5-3.2
An open flow path from the inlet of the forced draft fans through the stack shall be ensured
under all operating conditions. Where the system design does not permit the use of fully open air
paths, the minimum open area air paths shall be not less than that required for purge airflow
requirements with fans in operation.
(a) The following requirements shall apply:
1.* On installations with multiple induced draft or forced draft fans, all fan flow control
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devices and shutoff dampers shall be opened in preparation for starting the first induced draft
fan. In addition, sufficient isolating dampers, windbox dampers, air registers, and other control
dampers shall be opened to ensure an open flow path from the forced draft fan inlet through the
furnace, the induced draft fans, and the stack. Unless an open flow path is provided by other
means, provision of the open path shall be ensured while starting the first induced draft and
forced draft fan.
2. On installations with a single induced draft fan or forced draft fan, the induced draft fan’s
associated control devices and shutoff dampers shall be permitted to be closed as required during
the fan’s start-up. The forced draft fan’s associated flow control devices and shutoff dampers
shall be brought to the position that ensures acceptable starting current for the fan’s start-up and
then shall be brought to the position for purge airflow during fan operation.
(b)* Within the limitations of the fan manufacturers’ recommendations, all flow control
devices and shutoff dampers on idle fans shall remain open until the first induced draft fan and
first forced draft fans are in operation while maintaining furnace pressure conditions and
indication of an open flow path.
(c) The practice of operating with excess induced draft fan capability in relation to either
forced draft fan capability or boiler load shall be prohibited.
5-3.3
The sequence for starting and stopping fans under all conditions shall be as follows:
(a) An induced draft fan is started and followed by the start of a forced draft fan. Succeeding
induced draft and forced draft fans shall be started in accordance with 5-3.4.
(b) Shutdown procedures shall be the reverse of those specified in 5-3.3(a).
5-3.4
Where starting and stopping fans, the methods employed and the manipulation of the
associated control elements shall minimize furnace pressure and airflow excursions. The furnace
pressure control subsystem shall be placed and maintained on automatic control as soon as
practicable.
5-3.5
Following shutdown of the last fan due to any cause, the opening of fan dampers shall be
delayed or controlled to avoid excessive positive or negative furnace pressure transients during
fan coast-down.
5-4 Interlock System Functional Requirements.
The functional requirements for interlock systems specified in the chapter for the fuel being
fired shall be as follows:
(a) Gas-fired systems, Chapter 6
(b) Oil-fired systems, Chapter 7
(c) Pulverized coal-fired systems, Chapter 8.
5-4.1 System Requirements.
5-4.2
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It is possible to achieve conditions conducive to a furnace implosion that cannot be detected by
any of the mandatory automatic-trip devices, even though such devices are properly adjusted and
maintained; therefore, operating personnel shall be made aware of the limitations of the
automatic protection system.
5-4.3
The following interlocks shall be provided:
(a) High Furnace Pressure.
1. The master fuel trip shall be activated when the furnace pressure exceeds the normal
operating pressure by a value recommended by the manufacturer. If fans are operating after the
trip, they shall be continued in service. The airflow shall not be increased by deliberate manual
or automatic control actions.
2. Before main fuel firing and following a five-minute period after a master fuel trip
(furnace post purge), trip forced draft fans if the furnace pressure exceeds the normal operating
pressure by a value recommended by the manufacturer.
(b) High Furnace Draft (Balanced-Draft Units).
1.* The master fuel trip (not necessarily automatic) shall be activated when the furnace
negative pressure exceeds the normal operating pressure by a value recommended by the
manufacturer. If fans are operating after the trip, they shall be continued in service. The airflow
shall not be increased by deliberate manual or automatic control actions.
2. Before the main fuel firing and following a master fuel trip, all induced draft fans shall be
tripped if furnace negative pressure exceeds the normal operating pressure by a value
recommended by the manufacturer. A short time delay shall be permitted to allow for the
negative pressure transients due to loss of the main flame. The value of the negative pressure at
which this trip is activated shall be greater than that specified in 5-4.3(b)1.
(c) Loss of Forced Draft Fans.
1. An interlock to prove each forced draft fan is running and capable of providing the
required flow shall be provided. Loss of such proofs shall initiate appropriate loss of forced draft
fan interlocks. Variable speed and axial flow fans might require special provisions.
2. Associated damper(s) shall be closed on loss of an individual forced draft fan, unless it is
the last forced draft fan in service.
3. Where an interlock system is provided to start, stop, and trip induced draft fans and
forced draft fans in pairs, the associated induced draft fan shall be tripped on loss of an
individual forced draft fan, and the dampers associated with both fans shall be closed, provided
they are not the last fans in service. If they are the last fans in service, the induced draft fan shall
remain in controlled operation, and the dampers associated with the forced draft fan shall remain
open.
4. A master fuel trip shall be initiated on loss of all forced draft fans. All forced draft fan
dampers shall be opened after a time delay to avoid high duct pressure during fan coast-down.
Dampers shall remain open. Gas recirculation fan system dampers shall be closed.
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(d) Loss of Induced Draft Fans.
1. An interlock to prove each induced draft fan is running and capable of providing the
required flow shall be provided. Loss of such proofs shall initiate appropriate loss of induced
draft fan interlocks. Variable speed and axial flow fans might require special provisions.
2. Associated damper(s) shall be closed on loss of an individual induced draft fan, unless it
is the last induced draft fan in service.
3. Where an interlock system is provided to start, stop, and trip induced draft fans and
forced draft fans in pairs, the associated forced draft fan shall be tripped on loss of an individual
induced draft fan, and the dampers associated with both fans shall be closed, provided they are
not the last fans in service. If they are the last fans in service, the dampers associated with both
fans shall remain open.
4. A master fuel trip shall be initiated on loss of all induced draft fans. All forced draft fans
shall be tripped. All induced draft fan dampers shall be opened after a time delay to avoid high
draft during fan coast-down. Dampers shall remain open and fans shall be started in accordance
with 5-3.2 through 5-3.4. Gas recirculation fan system dampers shall be closed.
(e) Multiple and Variable Speed Fans. On start of the second fan and subsequent fan(s),
whether the forced draft or induced draft type, the fan shall be capable of delivering airflow
before opening its damper(s).
5-5 Alarm System.
5-5.1 Functional Requirements.
The functional requirements for alarm systems specified in the chapter for the fuel being fired
shall be as follows:
(a) Gas-fired systems, Chapter 6
(b) Oil-fired systems, Chapter 7
(c) Pulverized coal-fired systems, Chapter 8.
5-5.2 System Requirements.
In addition to the alarms required in 5-5.1, the following separately annunciated alarms shall
be provided:
(a) Initiation of directional blocking or override action;
(b) Redundant transmitter malfunctions within the furnace pressure control system;
(c) Axial flow fan, if used, nearing stall line.
Chapter 6 Fuel Gas Systems
6-1 General.
This chapter contains the additional requirements to be followed where burning fuel gas.
6-2 Gas Firing—Special Problems.
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Common hazards are involved in the combustion of solid, liquid, and gaseous fuels. Each of
these fuels has special hazards related to its physical characteristics. The following factors shall
be considered in the design of the firing systems:
(a) Gas is colorless; therefore, a leak usually cannot be detected visually. In addition, detection
of a gas leak by means of odor is unreliable.
(b) Potentially hazardous conditions are most likely to occur within buildings, particularly
where the gas piping is routed through confined areas. In the latter situation, adequate ventilation
shall be provided. Outdoor boilers tend to minimize confined area problems.
(c)* The nature of fuel gas makes it possible to experience severe departures from proper
air/fuel ratios without any visible evidence at the burners, furnace, or stack that could escalate
into a progressively worsening condition. Therefore, combustion control systems that respond to
reduced boiler steam pressure or steam flow with an impulse for more fuel, unless protected or
interlocked to prevent a fuel-rich mixture, shall be considered potentially hazardous. This also
shall apply to manual firing without the above-mentioned interlocks or alarms. (See Sections 6-3,
6-4, and 6-5 for requirements to avoid such hazards.)
(d) Natural gas can be either “wet” or “dry.” A wet gas usually implies the presence of
distillate, which can be characteristic of a particular source. In the case of such a wet gas, the
carryover of distillate into the burners could result in a momentary flameout and possible
reignition. Reignition could result in a furnace explosion. Therefore, special precautions shall be
taken with wet gas supply systems. (See NFPA 54, National Fuel Gas Code.)
(e) Widely different characteristics of gas from either a single source or multiple sources could
result in a significant change in Btu input rate to the burners without an equivalent change in
airflow.
(f) Discharges from relief valves or from any other form of atmospheric vents can become
hazardous unless special precautions are taken.
(g) Maintenance and repair of gas piping can be hazardous unless proper methods are used for
purging and recharging the line before and after making repairs. (See NFPA 54, National Fuel
Gas Code.)
(h) Where firing oil, the operation of air heater sootblowers shall be in accordance with the
recommendations of the air heater manufacturer. Initial firing of fuel oil in a cold boiler can
create a special hazard by causing fires in air heaters.
6-3 System Requirements.
6-3.1 Fuel Supply Subsystem, Fuel Gas.
See Figures A-6-5.1.2(a) and (b).
6-3.1.1 The fuel supply equipment shall be sized and arranged to ensure a continuous fuel flow
adequate for all operating requirements of the unit. This shall include coordination of the main
fuel control valve, burner safety shutoff valves, and associated piping volume to ensure against
fuel pressure transients that might result in exceeding burner limits for stable flame as a result of
placing burners in service or taking them out of service.
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6-3.1.2 The portion of the fuel supply system outside of the boiler room [see Figure
A-6-5.1.2(b)] shall be arranged to prevent excessive fuel gas pressure in the fuel-burning system,
even in the event of failure of the main supply constant fuel pressure regulator(s). This usually
can be accomplished by providing full relieving capacity that is vented to a safe location. Where
full relieving capacity is not installed, a high gas pressure trip shall be provided.
6-3.1.3 The fuel supply equipment shall be designed to inhibit contamination of the fuel.
Convenient access to important fuel system components shall be provided. Drains shall be
provided at low points in the piping.
6-3.1.4 The fuel supply equipment shall be capable of continuing the proper fuel flow during
anticipated furnace pressure pulsations.
6-3.1.5 The fuel supply equipment shall be designed with careful consideration of operating
environment and ambient conditions. The piping might be required to withstand severe external
conditions such as fire or mechanical damage.
6-3.1.6* Positive means to prevent leakage of gas into an idle furnace shall be provided. Any
line to a burner or igniter shall include provisions to vent the piping upstream of the last shutoff
valve.
6-3.1.7 Periodic tightness tests of the main safety shutoff valves, individual burner safety shutoff
valves, and associated vent valves shall be performed. Provisions shall be made in the gas piping
to allow for permanent and ready means for making easy, accurate leak tests and subsequent
repairs.
6-3.1.8 The discharge from atmospheric vents shall be located so that there is no possibility of
the discharged gas being drawn into the air intake, ventilating system, or windows of the boiler
room or adjacent buildings and shall be extended sufficiently above the boiler and adjacent
structures so that gaseous discharge does not present a fire hazard.
6-3.1.9* Manifolding of Vents. Manifolding of all vents shall be permitted.
Exception No. 1: Burner vents shall not be manifolded with igniter vents.
Exception No. 2: Header vents shall be manifolded only with other header vents.
Exception No. 3: Vents of headers being served from different pressure reducing stations shall
not be manifolded.
Exception No. 4: Vent systems of different boilers shall not be manifolded.
Exception No. 5: Vents of systems operating at different pressures shall not be manifolded.
Exception No. 6: Vents of systems using different fuel sources shall not be manifolded.
6-3.1.10 Gas piping materials and system design shall be in accordance with ANSI B31.1, Power
Piping.
6-3.2 Main Burner Subsystem.
6-3.2.1* The main burner subsystem shall be designed so that the burner inputs are supplied to
the furnace continuously and within their stable flame limits. Variations in the burning
characteristics of the fuel, and in the normal variations in fuel handling equipment and
fuel-burning equipment, introduce unreliability to the lower operating limits of the main fuel
subsystem in any given furnace design. In these circumstances, Class 1 or Class 2 igniters, as
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demonstrated by test, shall be permitted to be used to maintain stable flame. [See 4-2.3.2(d)1 and
6-3.2.2.]
6-3.2.2 The limits of stable flame for each burner subsystem producing a separate flame
envelope shall be determined by tests without the ignition subsystem in service. These tests shall
verify that transients generated in the fuel and air subsystems do not affect the burners adversely
during operation. Such transients are generated by means such as burner shutoff valves and
dampers that operate at speeds faster than the speed of response of other components in the
system. These tests shall include the expected range of available fuels.
6-3.2.3 Each main burner or burners in combination shall provide enough system resistance or
damping to the fuel and airflow to override anticipated furnace pulsations and maintain stable
combustion.
6-3.2.4 Provisions shall be made for visual observation of conditions at the burner ignition zone.
Additional provisions shall be made for flame detection equipment.
6-3.2.5 The burner equipment shall be located in an appropriate environment with convenient
access for maintenance. Special recognition shall be given to the fire hazards imposed by
leakage or rupture of piping near the burner. The requirements of good housekeeping shall be
followed.
6-3.2.6 All burner safety shutoff valves shall be located as close to the burner as practicable to
minimize the volume of fuel left downstream of the burner valves in the burner lines.
6-4 Flame Monitoring and Tripping System.
6-4.1
Each burner shall be supervised individually. Upon detection of loss of a burner flame, that
individual burner safety shutoff valve shall be automatically closed.
6-4.1.1 Where Class 1 igniters are provided, the main burner flame shall be proven either by the
flame scanner or by the igniter being proven. At least one flame detector shall be provided for
each burner to detect the burner flame or igniter flame where a Class 1 igniter is provided.
6-4.1.2 Burners with Class 2 igniters shall have at least two flame detectors. One detector shall
be positioned to detect the main burner flame and shall not detect the igniter flame. The second
detector shall be positioned to detect the igniter flame during prescribed light-off conditions.
6-4.1.3 Burners with Class 3 igniters shall have at least one flame detector. The detector shall be
positioned to detect the igniter flame. It also shall detect the main burner flame after the igniter is
removed from service at the completion of the main burner trial for ignition.
6-4.2
Upon detection of loss of all flame in the furnace or partial loss of flame to the extent that
hazardous conditions could develop, a master fuel trip shall be automatically initiated. [See
6-6.3.1.1(d)6.]
6-4.3
It is recognized that any fuel input that does not ignite and burn on a continuous basis creates a
hazard. Regardless of the number or pattern of flame loss indications used for tripping, loss of
flame indication on an operating burner or “flame envelope” shall initiate an alarm that warns
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the operator of potential hazard.
6-4.4
Field testing shall be required to validate basic flame tripping concepts. These tests shall be
performed on representative units. The results of these tests shall be permitted to be applied to
other units of similar size and arrangement, including burners/nozzles of substantially the same
capacity using similar fuels. These tests shall not be used to replace acceptance tests relating to
proof of design, function, and components.
6-5 Sequence of Operations.
For supervised manual systems, see Section 6-8.
6-5.1 General.
6-5.1.1 Sequencing shall be required to ensure that operating events occur in the proper order.
Sequencing shall provide procedures that allow properly prepared fuel to be admitted to the
burners only when there is sufficient ignition energy and proper airflow to ignite the fuel as it
enters the furnace. Sequencing also shall be utilized where removing burners from operation.
6-5.1.2* Sequences of operation are based on the typical fuel supply system shown in Figures
A-6-5.1.2(a) and (b). These sequences shall be followed whether the unit is operated manually or
certain functions are accomplished by interlocks or automatic controls. Different arrangements
shall be permitted if they provide equivalent protection and meet the intent of the operating
sequences specified in this chapter.
6-5.1.3 The starting and shutdown sequence outlined in this chapter shall be followed. It
provides the required practice of maintaining a continuous airflow through the unit at the rate
that is used during the purge operation. This rate shall be maintained throughout the start-up and
initial load-carrying period of operation until such time as more fuel and air are needed. This
means that the same number of burner registers or burner dampers needed for purging the boiler
shall be left open throughout the starting sequence as described in the following paragraphs. The
objective of this practice is to ensure an air-rich furnace atmosphere during start-up. It also
establishes minimum velocities through the furnace to prevent hazardous accumulations of
unburned fuel.
6-5.1.4 Burners shall not be placed in service or removed in a random pattern but in a sequence
defined by operating instructions and verified by actual experience with the unit in order to
minimize laning or stratification of fuel or combustion products. Burners shall be placed in
service as necessary, with fuel flows and individual register or damper settings that ensure
proper light-off.
6-5.1.4.1 The fuel pressure at the burner header shall be permitted to be used as a guide in
maintaining the necessary fuel flow for each burner and shall be maintained automatically within
prescribed limits as additional burners are placed in service. The total number of burners placed
in service shall be that number necessary to:
(a) Raise the boiler pressure or temperature.
(b) Carry the initial load on the unit.
6-5.1.4.2 If some registers have been maintained in the closed position, these shall not be opened
without either readjusting the total airflow to maintain the same burner airflow or closing an
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equal number of registers on idle burners to obtain the same effect. The total furnace air
throughput shall not be reduced below the purge flow rate.
6-5.1.5 The open register light-off and purge procedure shall be used to maintain airflow at or
above the purge rate during all operations of the boiler. The open register-purge procedure is
based upon the concept that the following basic operating conditions significantly improve the
margin of operating safety, particularly during start-up. These conditions include:
(a) Use of minimum number of required equipment manipulations, thereby minimizing
exposure to operating errors or equipment malfunction;
(b) The desired fuel-rich condition at individual burners during light-off;
(c) Creation of an air-rich furnace atmosphere during light-off and warm-up by maintaining
total furnace airflow at the same rate as that needed for the unit purge.
6-5.1.5.1 This procedure shall incorporate the following operating objectives:
(a) All or most of the registers shall be placed in a predetermined open position.
(b) A unit purge shall be completed with the burner air registers in the position specified in
6-5.1.5.1(a).
(c) Components (e.g., precipitators, fired reheaters) containing sources of ignition energy shall
be purged for either (1) a period of not less than 5 minutes or (2) five volume changes of that
component, prior to being placed into service, whichever is longer.
(d) Boilers that share a common component between the furnace outlet and the stack shall
have provisions to bypass the common component for unit purge.
(e) The first burner or group of burners shall be lighted without any change in the airflow
setting or in the burner air register position.
6-5.1.5.2 Each boiler shall be tested during initial start-up to determine whether any
modifications to the procedure specified in 6-5.1.5 are required in order to obtain satisfactory
ignition or to satisfy other design limitations during light-off and warm-up. For example, some
boilers are purged with the registers in the normal operating position. In this instance, it might be
necessary to close the registers of the burner being lighted momentarily to establish ignition.
However, unnecessary modifications in the basic procedure shall be avoided, particularly that of
6-5.1.5(a), thereby satisfying the basic objectives in 6-5.1.5.1.
6-5.1.6 Modification to the mode of operation resulting from improper water, steam, and flue gas
temperatures in the economizers and superheaters shall be made only after it has been
determined to be necessary by operating experience.
6-5.2 Functional Requirements.
6-5.2.1 Cold Start.
6-5.2.1.1 Preparation for starting shall include a thorough inspection that shall verify the
following:
(a) The furnace and gas passages are in good repair and free of foreign material.
(b) The bottom of the furnace is free of accumulations of solid or liquid fuel, gases, or vapors.
Such an inspection is particularly important for a cold start where the fuel burned prior to
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shutdown contained or could generate volatile vapors heavier than air. The possibility of such
accumulations shall be considered prior to each start-up.
(c) All personnel are evacuated from the unit and associated equipment and all access and
inspection doors are closed.
(d) All airflow and flue gas flow control dampers have been operated through their full range
to check the operating mechanism and then are set at a position that allows the fans to be started
at a minimum airflow and without overpressuring any part of the unit.
(e) All normally adjustable individual burner dampers or registers have been operated through
their full range to check the operating mechanism.
(f) All safety shutoff valves are closed. All sparks are deenergized.
(g) For oil ignition systems, see Chapter 7.
(h) The fuel system vents are open and venting to atmosphere outside the boiler room. Lines
are drained and cleared of materials such as condensate.
(i) The proper drum water level is established in drum-type boilers, and circulating flow is
established in forced circulation boilers, or minimum water flow is established in once-through
boilers.
(j) The burner elements and igniters are positioned in accordance with the manufacturer’s
specification.
(k) Energy is supplied to control systems and to safety interlocks.
(l) The meters or gauges indicate fuel header pressure to the unit.
(m) The oxygen and combustibles analyzer(s), if provided, are operating satisfactorily and a
sample has been obtained. Combustibles indication is at zero and oxygen indication is at
maximum.
(n) A complete functional check of the safety interlocks has been made after an overhaul or
other significant maintenance.
(o) A complete periodic operational test of each igniter has been made. The frequency of
testing depends on the design and operation history of each individual boiler and ignition system.
As a minimum, the test shall be made during each start-up following an overhaul or other
significant maintenance. The test shall be integrated into the starting sequence and shall follow
the purge and precede the admission of any main fuel.
(p) Individual igniters or groups of igniters also shall be permitted to be tested while the unit is
in service. Such tests shall be made with no main fuel present in the igniter’s associated burner,
and the burner air register shall be in its normal start-up or light-off position.
(q) Units with a history of igniter unreliability shall require additional test routines to verify
the continuing operating ability of igniters and ignition system components. The importance of
reliable igniters and ignition systems cannot be overstressed.
6-5.2.1.2 Where provided, regenerative air heaters and gas recirculation fans shall be operated
during all operations of the unit in a manner recommended by the boiler manufacturer.
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6-5.2.1.3* Starting Sequence. Operation of regenerative-type air heaters, precipitators, and gas
recirculation fans shall be included in the start-up sequence, where appropriate, in accordance
with the manufacturer’s recommendations. The starting sequence shall be performed in the
following order:
(a) An open flow path from the inlets of the forced draft fans through the stack shall be
verified.
(b) An induced draft fan, if provided, shall be started; a forced draft fan then shall be started.
Additional induced draft fans or forced draft fans shall be started in accordance with Section 5-3,
as necessary, to achieve purge flow rate.
(c) An operational leak test of the fuel header piping system shall be performed in accordance
with established procedures while maintaining purge rate airflow. Successful completion of the
leak test shall be part of a completed unit purge. [See Figure A-6-5.1.2(b).]
(d) Dampers and burner registers shall be opened to the purge position in accordance with the
open register purge method objectives outlined in 6-5.1.5.
(e) The airflow shall be adjusted to purge airflow rate and a unit purge shall be performed.
Special provisions might be necessary to prevent the hazardous accumulation of volatile vapors
that are heavier than air or to detect and purge accumulations in the furnace bottom.
(f) The main fuel control valve shall be closed and the main safety shutoff valve(s) shall be
opened. (See Section 6-6 for permissive conditions in the furnace purge system that shall be
satisfied before this can be accomplished.)
(g) It shall be determined that the main fuel control valve is closed, and the main fuel bypass
control valve, if provided, then shall be set to maintain the necessary burner header fuel pressure
for light-off. The burner headers shall be vented in order to be filled with gas and to provide a
flow (if necessary) so that the main fuel and bypass fuel control valves can function to regulate
and maintain the correct pressure for burner light-off. The main fuel control valve shall be
opened when necessary.
CAUTION: The time needed to vent for control of header pressure after header charging
shall be evaluated and minimized.
(h) The igniter safety shutoff valve shall be opened and it shall be determined that the igniter
fuel control valve is holding the recommended fuel pressure for proper igniter capacity. The
igniter headers shall be vented in order to be filled with gas and to provide a flow (if necessary)
so that the igniter fuel control valve can function to regulate and maintain the correct pressure for
lighting the igniters.
CAUTION: The time needed to vent for control of header pressure after header charging
shall be evaluated and minimized.
(i) The air register or damper on the burner selected for light-off shall be adjusted to the
position recommended by the manufacturer. (See 6-5.1.5.2.)
(j) The spark or other source of ignition for the igniter(s) on the burner(s) to be lit shall be
initiated. The individual igniter safety shutoff valve(s) shall be opened and all igniter system
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atmospheric vent valves shall be closed. If flame on the first igniter(s) is not established within
10 seconds, the individual igniter safety shutoff valve(s) shall be closed and the cause of failure
to ignite shall be determined and corrected. With airflow maintained at purge rate, repurge shall
not be required, but at least 1 minute shall elapse before attempting a retrial of any igniter.
Repeated retrials of igniters without investigating and correcting the cause of the malfunction
shall be prohibited.
(k) Where Class 3 special electric igniters are used, the procedures described in 6-5-2.1.3(a)
through (g), (i), and (l) through (o) shall be used, recognizing the requirements for individual
main burner flame supervision.
(l) After making certain that the igniter(s) is established and is providing appropriate ignition
energy for the main burner(s), the individual burner safety shutoff valve(s) shall be opened and
the individual burner atmospheric vent valves shall be closed. The master fuel trip shall be
initiated when satisfactory ignition has not been obtained within 5 seconds of the time the fuel
actually begins to enter the furnace. Purging shall be repeated, and the conditions that caused the
failure to ignite shall be corrected before another light-off attempt is made. For the following
burner and all subsequent burners placed in operation, failure to ignite or loss of ignition for any
reason on any burner(s) shall cause fuel flow to that burner(s) to stop. All conditions for proper
light-off shall exist before restarting the burner(s).
(m) After stable flame is established, the air register(s) or damper(s) shall be adjusted slowly to
its normal operating position, making certain that ignition is not lost in the process. With
automatic burner management systems, the air register shall be permitted to be opened
simultaneously with the burner safety shutoff valve.
(n) Class 3 igniters shall be shut off at the end of the time trial for proving the main flame [see
6-5.2.1.3(l)]. It shall be verified that the stable flame continues on the main burners after the
igniters are shut off. Systems that allow the igniters to remain in service on either an intermittent
or a continuous basis shall have been tested to meet all the requirements of Class 1 igniters or
Class 2 igniters with proper associated interlocks.
(o) After the main burner flame is established, the burner header atmospheric vent valve shall
be closed. If the charging valve is used, the burner header atmospheric vent valve will have been
closed in accordance with 6-5.2.1.3(c). The main fuel bypass control valve will automatically
control the burner header gas pressure.
(p) The same procedures in 6-5.2.1.3(i) through (n) shall be followed for placing additional
burners with open registers in service, as necessary, to raise steam pressure or to carry additional
load. Automatic control of burner fuel flow and burner airflow during the lighting and start-up
sequence is recommended [see 6-5.2.1.3(r)]. The fuel flow to each burner (as measured by the
burner fuel header pressure) shall be maintained at a controlled value that is compatible with the
established airflow through the corresponding burner. The established airflow through each open
register shall be permitted to be maintained by controlling the windbox-to-furnace differential.
CAUTION: Total furnace airflow shall not be reduced below purge rate airflow and
shall be at least that which is necessary for complete combustion in the furnace. It might
be necessary to vary fuel header pressure to avoid excessive lighting-off and shutting
down of burners. Such variations shall be limited to a predetermined range. This range is
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a function of the incremental fuel input that is added by the lighting of a single burner or
gang of burners.
(q) In accordance with the requirements of 6-5.1, it is preferable to commit the maximum
number of burners consistent with the anticipated continuous load and with the range of fuel
header pressures specified in 6-5.2.1.3(p).
(r) The normal on-line metering combustion control (unless designed specifically for start-up
procedures) shall not be placed into service until:
1. A predetermined minimum main fuel input has been attained;
2. All registers on nonoperating burners are closed unless compensation is provided for by
the control system;
3. The burner fuel and airflow are adjusted as necessary;
4. Stable flame and suitable furnace conditions have been established.
(s) It shall be permitted to place a multiple number of igniters in service that are served
simultaneously from a single igniter safety shutoff valve, provided that the igniters are reliably
supervised, so that failure of one of the group to light causes the fuel to all igniters in the group
to shut off.
(t) It also shall be permitted to place a multiple number of burners served by their
corresponding multiple igniters from a single burner safety shutoff valve in service
simultaneously, provided that the burners are reliably supervised, so that failure of one of the
group to light causes the fuel to all burners in the group to shut off.
6-5.2.2 Normal Operation.
6-5.2.2.1* The firing rate shall be regulated by increasing or decreasing the fuel and air supply
simultaneously to all operating burners, maintaining normal air/fuel ratio continuously at all
firing rates. This shall not eliminate the requirements for air lead and lag during changes in the
fuel firing rate.
Exception: This requirement shall not apply to systems provided with metering of air and fuel to
each burner and designed specifically for individual burner modulating control.
6-5.2.2.2 The firing rate shall not be regulated by varying the fuel to individual burners by means
of the individual burner safety shutoff valve(s). The individual burner safety shutoff valve(s)
shall be fully open or completely closed. Intermediate settings shall not be used.
6-5.2.2.3 Air registers shall be set at the firing positions as determined by tests.
Exception: This requirement shall not apply to systems provided with metering of air and fuel to
each burner and designed specifically for individual burner modulating control.
6-5.2.2.4 The burner fuel and airflow shall be maintained within a range between the maximum
and minimum limits specified by the boiler manufacturer or, preferably, as determined by trial.
These trials shall test for minimum load and for stable flame as follows:
(a) With all burners in service and combustion control on automatic; and
(b) With different combinations of burners in service and combustion control on automatic.
Where changes occur to the minimum and maximum limits because of various burner
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combinations and fuel conditions, retesting shall be required.
6-5.2.2.5 On loss of an individual burner flame, that individual burner’s safety shutoff valve
shall be automatically closed and the vent shall be opened immediately. The burner register shall
be closed if it interferes with the air/fuel ratio supplied to any other individual burner flame.
6-5.2.2.6 Total airflow shall not be reduced below the purge rate.
6-5.2.3 Normal Shutdown.
6-5.2.3.1 When taking the unit out of service, the boiler load shall be reduced to that
necessitating a purge rate airflow.
6-5.2.3.2 The metering combustion control shall be taken out of service and the start-up fuel
supply pressure, register settings, and airflows shall be established in accordance with start-up
practices.
Exception: Where designed for start-up and shutdown procedures, the metering combustion
control shall not be required to be taken out of service.
6-5.2.3.3 The reverse procedure of that used during start-up shall be followed for normal
shutdown. As the load is reduced, a sequential shutdown of the burners shall be accomplished by
closing the individual burner safety shutoff valves and opening the vent valves.
6-5.2.3.4 The last burner or group of burners shall be taken out of service by tripping the main
safety shutoff valve.
6-5.2.3.5 All atmospheric vent valves shall be opened to minimize the possibility of gas leaking
into the boiler enclosure.
6-5.2.3.6 When all burners and igniters have been removed from service, the purge rate airflow
shall be verified and a unit purge shall be performed.
6-5.2.3.7 After completion of the unit purge, closing the burner air registers and shutting down
the forced draft fans and induced draft fans shall be permitted to be optional. However,
consideration shall be given to maintaining airflow through the unit to prevent accumulation of
combustible gases. Leakage of main or igniter fuel into the furnace or windbox shall be
prevented.
6-5.2.4 Normal Hot Restart.
6-5.2.4.1 When restarting a hot unit, the requirements of 6-5.2.1.1(f) through (m) for a cold start
shall be met.
6-5.2.4.2 The starting sequence in 6-5.2.1.3 shall be followed.
6-5.2.5 Emergency Shutdown—Master Fuel Trip.
6-5.2.5.1 An emergency shutdown shall initiate a master fuel trip.
6-5.2.5.2 A master fuel trip that results from any of the emergency conditions tabulated in Tables
6-5.2.5.2(a) and (b) shall stop all fuel flow to the furnace from all burners by tripping the main
and individual burner safety shutoff valves. All vent valves shall be opened. The igniter safety
shutoff valve and individual igniter safety shutoff valves shall be tripped, and the igniter sparks
shall be deenergized. If a furnace inerting system is installed, the inerting system shall be
operated simultaneously with the master fuel trip. Master fuel trips shall operate to stop all fuel
flow into the furnace within a period that does not allow a dangerous accumulation of fuel in the
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furnace. A master fuel trip shall not initiate a forced draft fan or induced draft fan trip.
Electrostatic precipitators, fired reheaters, or other ignition sources shall be tripped.
Table 6-5.2.5.2(a) Mandatory Automatic Master Fuel Trips
(See Sections 5-4 and 6-6)
A master fuel trip shall result from any of the following conditions:
(a) Fuel pressure at the burner below the minimum established by the manufacturer or by trial; where fuel pressure at the
burner is not measurable, a low gas pressure trip shall be provided upstream of the control valve;
(b) Total airflow drops below the purge rate by 5 percent full-load airflow;
(c) Loss of either all induced draft fans or all forced draft fans;
(d) Loss of all flame;
(e) Partial loss of flame sufficient to introduce a hazardous accumulation of unburned fuel [see 6-6.3.1.1(d)6];
(f) Furnace pressure exceeds the normal operating pressure by a value specified by the manufacturer;
(g) Last individual burner safety shutoff valve closed;
(h) High fuel gas pressure.

Table 6-5.2.5.2(b) Mandatory Master Fuel Trips with
Alarms—Not Necessarily Automatically Initiated
A master fuel trip shall result from any of the following conditions:
(a) Loss of energy supply for boiler control, burner management, or interlock systems;
(b) Furnace negative pressure exceeds the value specified by the manufacturer. (See also Chapter 5.)

6-5.2.5.3 Procedure for Purging after an Emergency Shutdown. Fans that are operating after
the master fuel trip shall be continued in service. The airflow shall not be increased by deliberate
manual or automatic control action. If the airflow is above the purge rate, it shall be permitted to
be decreased gradually to the purge rate for a post-firing purge. If the airflow is below the purge
rate at the time of the trip, it shall be continued at the existing rate for 5 minutes and then
increased gradually to the purge rate airflow and held at this value for a post-firing unit purge.
6-5.2.5.4 Where the emergency trip was caused by loss of draft fans, or draft fans also have
tripped, all dampers in the air and flue gas passages of the unit shall be opened slowly to the
fully open position in order to create as much natural draft as possible to ventilate the unit.
Opening fan dampers shall be timed or controlled to avoid excessive positive or negative furnace
pressure transients during fan coast-down. This condition shall be maintained for at least 15
minutes. At the end of this period, the fan(s) shall be started in accordance with Chapter 5. The
airflow shall be increased gradually to the purge rate and a post-firing unit purge shall be
completed.
6-5.2.5.5 Action following the purge after an emergency shutdown (see 6-5.2.5.3 and 6-5.2.5.4)
shall be in accordance with the following:
(a) The unit shall be shut down in accordance with 6-5.2.3.7; or
(b) If the purge following an emergency shutdown is performed at the purge rate and the
Copyright 1996 NFPA

conditions of 6-5.2.1.1(f) through (m) and 6-5.2.1.3(c) and (d) are satisfied, a relight in
accordance with 6-5.2.1.3(f) through (t) shall be permitted.
6-5.3 Emergency Conditions Not Requiring Shutdown or Trip.
6-5.3.1 Many unit installations include multiple induced draft fans or forced draft fans, or both.
In the event of a loss of a fan or fans, the control system shall be capable of reducing the fuel
flow to match the available airflow; otherwise, tripping of the unit is mandatory.
6-5.3.2 If an air deficiency develops while flame is maintained at the burners, the fuel shall be
reduced until the proper air/fuel ratio has been restored; or, if fuel flow cannot be reduced, the
airflow shall be increased slowly until the proper air/fuel ratio has been restored.
NOTE: A trip of the fuel during a fuel-rich condition while flame is being maintained results in a sudden
increase in the air/fuel ratio, which can create a greater hazard.

6-5.4 General Operating Requirements—All Conditions.
6-5.4.1 Prior to starting a unit, action shall be taken to prevent fuel from entering the furnace.
6-5.4.2 The unit shall be purged prior to starting a fire in the furnace.
6-5.4.3 The igniter for the burner always shall be used. Burners shall not be lighted using a
previously lighted burner or from hot refractory.
6-5.4.4 Where operating at low capacity, the burner fuel pressure shall be maintained above
minimum by reducing the number of burners in service as necessary.
6-5.4.5 Sootblowers shall be operated only where heat input to the furnace is at a rate high
enough to prevent a flameout during the sootblower operation. Sootblowers shall not be operated
at low-load and high excess air conditions. This shall not preclude the use of wall sootblowers
and high temperature superheater and reheater sootblowers for cleaning during periods of power
outage if a unit purge has been completed and purge airflow is maintained, nor does it preclude
the use of air heater sootblowers during start-up.
6-5.4.6 Before maintenance is performed on the gas header, the header shall be purged. [See
Section 6-2(g ).]
6-6 Interlock System.
6-6.1 General.
The basic requirement of an interlock system for a unit is that it protect personnel from injury
and also protect the equipment from damage. The interlock system functions to protect against
improper boiler operation by limiting actions to a prescribed operating sequence or by initiating
trip devices when approaching an undesirable or unstable operating condition. The interlock
system shall comply with Section 4-3.
6-6.1.1 The mandatory automatic trips specified in 6-6.3.1 represent that portion of automatic
trips for which sufficient experience has been accumulated to demonstrate a high probability of
successful application for all units. The use of additional automatic trips, while not mandatory, is
recommended. (Also see 2-3.3 and A-2-3.3.)
6-6.1.2 It is possible to achieve conditions conducive to a furnace explosion without detection of
such conditions by any of the mandatory automatic trip devices, even though they are properly
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adjusted and maintained. Therefore, operating personnel shall be made aware of the limitations
of the interlock system.
6-6.2 Functional Requirements.
6-6.2.1 The operation of any interlock that causes a trip shall be annunciated.
6-6.2.2 An interlock system shall be of sound design and shall be properly installed, adjusted,
and tested to confirm design function and proper timing. Periodic testing and maintenance shall
be performed to keep the interlock system functioning properly.
6-6.2.3 The design of an interlock system shall be predicated on the following fundamentals:
(a) The starting procedure and operation shall be supervised to ensure proper operating
practices and sequences.
(b) The minimum amount of equipment shall be tripped in the proper sequence when the safety
of personnel or equipment is jeopardized.
(c) The initiating cause of the trip shall be indicated and no portion of the process shall be
started until proper conditions are established.
(d) The necessary trip devices shall be coordinated into an integrated system.
(e) Where automatic equipment is not available to accomplish the intended function, sufficient
instrumentation to enable the operator to complete the proper operating sequence shall be
provided.
(f) The design shall retain as much flexibility with respect to alternate modes of operation as is
consistent with good operating practice.
(g) Proper preventive maintenance shall be provided.
(h) The design shall not require any deliberate “defeating” of an interlock in order to start or
operate equipment. Whenever a safety interlock device is removed temporarily from service, it
shall be noted in the log and annunciated if practicable. Other means shall be substituted to
supervise this interlock function.
(i) The mandatory master fuel trip sensing elements and circuits shall be independent of all
other control elements and circuits.
Exception No. 1: Individual burner flame detectors also shall be permitted to be used for
initiating master fuel trip systems.
Exception No. 2: Airflow measurement and auctioneered furnace draft signals from the boiler
control system shall be permitted to be used for a master fuel trip, provided:
(a) These interlocks are hardwired into the burner management system;
(b) Tripping set points are protected from unauthorized changes; and
(c) Any single component failure of these sensing elements and circuits does not prevent a
mandatory master fuel trip.
(j) Misoperation of the interlock system due to an interruption or restoration of the interlock
energy supply shall be prevented.
6-6.2.4 The actuation values and time of action of the initiation devices shall be tuned to the
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furnace and equipment on which they are installed. After suitable adjustment, each path and the
complete system shall be tested to demonstrate the adequacy of adjustment for that furnace.
6-6.3 System Requirements.
6-6.3.1 Interlocks. See Figure 6-6.3.1.1.

Figure 6-6.3.1.1 Interlock system for natural gas-fired multiple burner boiler.

6-6.3.1.1 Figure 6-6.3.1.1 shows the required system of interlocks that provides the basic furnace
protection for a natural gas-fired multiple burner boiler operated in accordance with this
standard.
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(a) Block 1 shows loss of an individual igniter flame, which shall be interlocked to accomplish
the following:
1. Close the individual igniter safety shutoff valve(s) and deenergize the spark(s);
2. Open the vent valve;
3. Signal the main flame protection system that the igniter flame has been lost.
(b) Block 2 represents conditions caused by improper igniter fuel header pressure, which shall
be interlocked to initiate the tripping of the igniter header and individual igniter safety shutoff
valves and to deenergize sparks. Where gas is used for ignition fuel, both high and low pressure
shall be interlocked. Where oil is used, low pressure shall be interlocked.
(c) Where direct electric igniters are used, Blocks 1 and 2 shall not apply. However, the master
fuel trip system shall deenergize sparks and prevent reenergizing until all conditions for light-off
have been reestablished.
(d) Blocks 3 through 14 represent conditions that initiate the tripping of both the main and
ignition fuel supply through a master fuel trip relay. The master fuel trip relay shall be of the
type that stays tripped until the furnace purge system allows it to be reset, as shown at the bottom
of Figure 6-6.3.1.1. Whenever the fuel trip relay is operated, it trips all safety shutoff valves and
deenergizes sparks. The interlocks are as follows:
1. Blocks 3 through 7 represent protection against loss of large quantities of combustion air.
The loss of all induced draft fans or all forced draft fans shall operate the master fuel trip relay.
The loss of one induced draft fan or forced draft fan or other large loss of air shall reduce the fuel
in order to maintain the proper air/fuel ratio. This function shall be permitted to be interlocked or
made a part of the combustion control system. (See Chapter 5 and 6-5.3.)
2. Block 8 represents low combustion airflow below the permitted limits and is interlocked
to activate the master fuel trip relay.
3. Excess furnace pressure (Block 9) also is interlocked with the master fuel trip relay to
protect against abnormal furnace conditions, such as those resulting from a tube rupture or
damper failure.
4. When the main burner header fuel pressure (Blocks 10a and 10b) is above the maximum
or below the minimum for a stable flame, the master fuel trip relay shall be actuated. [See Table
6-5.2.5.2(a), items (a) and (h).]
5. Block 11 represents loss of all flame in the furnace and is interlocked to activate the
master fuel trip relay.
6. Block 12 represents a partial loss of flame to the extent that hazardous conditions could
develop irrespective of, or due to the failure of, other protective interlocks. It is potentially more
hazardous at lower load levels. The decision regarding specific requirements or implementation
of this trip shall be a design decision based on furnace configuration, total number of burners,
number of burners affected as a percentage of burners in service, arrangement of burners
affected, interlock system, and load level. This trip is interlocked through flame supervisory
equipment to activate the master fuel trip.
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7. Block 13 represents an interlock operation when all fuel inputs to the furnace are shut off
following a shutdown of the boiler for any reason. This necessitates the use of the purge
sequence before the fuel supply can be established. This is a trip function in addition to the
permissive function for verification that all individual burner safety shutoff valves are closed as
shown in the “Furnace Purge System.” (See Figure 6-6.3.1.1.)
8. Block 14 represents a manual switch that can be used by the operator in an emergency to
actuate the master fuel trip relay. The manual trip switch shall actuate the master fuel trip relay
directly.
(e) Block 15 represents loss of flame at an individual burner with one or more additional
burners operating with stable flames but does not introduce a serious enough condition to
warrant a master fuel trip as called for in 6-6.3.1.1(d)6 (Block 12). This trip is interlocked to
close the individual burner safety shutoff valve(s) and associated igniter safety shutoff valve(s)
and deenergize the associated igniter spark. [For gang-operated burner valves, see 6-5.2.1.3(s).]
6-6.3.1.2 Each source of operation of the master fuel trip relay shall actuate a “cause of trip”
indication, which informs the operator of the initiating cause of the tripping impulse.
6-6.3.1.3 The proper starting sequence shall be supervised by a series of permissive interlocks
shown in Figure 6-6.3.1.1 as the furnace purge system. All requirements of this system shall be
satisfied before the ignition system can be energized by resetting the master fuel trip relay. This
ensures that a unit purge has been completed with all required burner registers in purge position
and all safety shutoff valves closed before the master fuel trip relay can be reset and the light-off
sequence can be started. Completion of the purge shall be indicated.
6-6.3.1.4 Components (e.g., precipitators, fired reheaters) containing sources of ignition energy
shall be purged for either (1) a period of not less than 5 minutes or (2) five volume changes of
that component, prior to being placed in operation, whichever is longer. Completion of the purge
shall be indicated.
6-7 Alarm System.
6-7.1 Functional Requirements.
6-7.1.1 The functional requirement of any alarm system is to bring a specific condition to the
attention of the operator. Alarms shall be used to indicate equipment malfunction, hazardous
conditions, and misoperation. For the purpose of this standard, the primary concern is alarms that
indicate abnormal conditions that pose a threat of impending or immediate hazards.
6-7.1.2 Alarm systems shall be designed so that, for the required alarms in 6-7.2, the operator
receives audible and visual indication of the abnormal condition. Means shall be permitted to
silence the audible alarm after actuation, but the visual indication shall continue until the
condition has been returned to normal.
6-7.1.3 The design shall make it difficult to manually defeat the alarm, and, where equipment
malfunction makes defeat necessary, it shall be performed by authorized personnel and the alarm
shall be tagged as inoperative.
6-7.2* Required Alarms.
In addition to the trip alarms in the interlock system shown in Figure 6-6.3.1.1, the separately
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annunciated alarms in 6-7.2(a) through (n) shall be provided.
(a) Fuel Gas Supply Pressure (High and Low). The gas pressure supplied to the plant shall be
monitored at a point as far upstream of the final constant fuel pressure regulator, main fuel
control, and main safety shutoff valves as practicable. This shall warn the operator of unusual
pressure conditions that might result in damage to equipment or indicate a complete loss of gas
supply.
(b) Fuel Gas Burner Header Pressure (High and Low). The burner header gas pressure shall
be monitored as close to the burners as practicable in order to warn the operator of abnormal fuel
pressures in advance of trip conditions.
(c) Fuel Gas Meter Pressure (High and Low). The fuel gas meter pressure shall be monitored
at the upstream tap if the fuel gas flow meter is part of the combustion control system and is not
pressure compensated. This shall warn the operator that significant error is present in the flow
signal to the control system.
(d) Ignition Fuel Header Pressure (High and Low). The ignition fuel header pressure shall be
monitored as close to the burners as practicable in order to warn the operator of high or low
pressure in advance of conditions that lead to a trip.
(e) Furnace Pressure (High). This shall be measured near the normal furnace pressure tap
location. It shall warn the operator of a pressure in excess of normal operation and of an
approach to trip conditions.
(f) Furnace Draft (High). This applies to balanced draft furnace operation. It shall be measured
near the normal furnace draft tap location. It shall warn the operator of a draft in excess of
normal operation and of an approach to trip conditions.
(g) Loss of Operating FD Fan. This shall be sensed and alarmed only when the fan is not
operating when expected.
(h) Loss of Operating ID Fan. This applies to balanced draft furnace operation. It shall be
sensed and alarmed only when the fan is not operating when expected.
(i) Furnace Airflow (Low). This shall be sensed and alarmed when total airflow falls below
purge rate.
(j) Loss of Interlock Power. This shall be sensed and alarmed and shall include all sources of
power necessary to complete interlock functions. For example, if both a 125-volt DC electric
circuit and a compressed air circuit are needed for an interlock scheme, loss of either circuit shall
be annunciated separately.
(k) Loss of Control Power. This shall be sensed and alarmed to include any sources of power
for the control systems.
(l) Loss of Flame. A partial or total loss of flame envelope still receiving fuel shall be
monitored and alarmed so that it can be determined if a hazardous condition exists in the
furnace.
(m) Burner Valves Not Closed. The closed position of individual burner safety shutoff valves
shall be monitored, and failure of any valve to close following a trip shall be alarmed.
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(n) Drum Water Level (Low). The average water level in the boiler drum shall be monitored
and shall alarm when the level in the drum drops to the lowest safe operating point. (See A-6-7.2
for recommended alarms and monitors in addition to those that are required.)
6-8 Boiler Front Control (Supervised Manual).
6-8.1 General.
Section 6-8 shall not apply to new construction. Section 6-8 shall apply only to existing boilers
with boiler front control and to the alteration of manual boilers.
6-8.1.1* System Requirements. This section provides minimum requirements for the design,
installation, and operation of multiple burner, fuel-fired boilers operated from the boiler front
and describes functional requirements for proper operation. No specific degree of automation
beyond the minimum specified safeguards is defined or shall be required, as this is subject to
factors such as the physical size of units, use of central control rooms, degree of reliability
required, and availability of experienced operating personnel. All devices shown in Figures
A-6-8.1.1(a) and (b) and discussed in the text shall be required.
This section defines and specifies the requirements of the operating system that shall be used
under the following conditions:
(a) A trained operator shall be in constant attendance.
(b) The start-up or normal shutdown of any burner shall be accomplished by an operator at the
burner locations.
(c) The operator shall have direct visual access to view the furnace.
(d) Suitable equipment shall be provided to control furnace inputs and their relative rates of
change to maintain an air/fuel mixture within the limits necessary for continuous combustion and
stable flame throughout the controllable operating range of the unit. [See Figures A-6-8.1.1(a)
and (b) for minimum recommended equipment.]
6-8.1.2 System Description. This operating system is defined as “supervised manual system.” A
supervised manual system is one in which a trained operator has primary responsibility for the
proper start-up, operation, and normal shutdown of a boiler with interlocks to ensure that the
operation follows established proper procedures. This system includes certain interlocks for
preventing improper operator action, certain safety trips and flame supervisions, and an
indication of the status of the start-up sequence. The operator(s) of this type of system shall be
provided with and shall operate the system in accordance with a written set of operating
instructions for each boiler unit.
6-8.1.3 Fundamental Principles. The written instructions shall include, but shall not be limited
to, the following:
(a) The airflow rate shall be adjusted to purge the airflow and purge the unit.
(b) The purge airflow rate shall be maintained continuously from purge initiation through the
light-off cycle. If the airflow is not maintained, the prefiring cycle shall be repeated.
(c) If flame on the first igniter is not established within 10 seconds, the individual igniter
safety shutoff valve shall be closed and the cause of failure to ignite shall be determined and
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corrected. With airflow maintained at the purge rate, repurge shall not be required, but at least 1
minute shall elapse before attempting a retrial.
(d) The operator shall observe the igniter operation continuously while opening the first
individual burner supervisory shutoff valve. If the main burner flame is not proven within 10
seconds after the individual burner shutoff valve leaves the closed position, a master fuel trip
shall occur.
(e) After each stable main burner flame is established, the igniter shall be shut off unless
classified as Class 1 or Class 2. The stability of the main burner flame shall be verified.
(f) Burner(s) shall be lighted only from their associated igniter(s).
(g) The operator shall observe the main flame stability while making any register or burner
damper adjustments. (This is more critical in two-burner boilers.)
(h) After each successive burner light-off, the operator shall verify the flame stability of all
operating burners.
(i) If a second or succeeding burner igniter does not light off immediately after its individual
igniter safety shutoff valves have been opened, the operator shall close the individual igniter
safety shutoff valves and determine and correct the cause of its failure to light. In all cases, at
least 1 minute shall elapse before the next light-off is attempted.
(j) If a second or succeeding main burner flame is not established, the operator shall close the
individual burner supervisory shutoff valve and the individual igniter safety shutoff valves
immediately, open the burner register or damper to firing position, and determine and correct the
cause of its failure to ignite. At least 1 minute shall elapse before attempting to light this or any
other igniter.
(k) Operation at less than 25 percent of load shall be permitted, provided burners maintain
stable flame and airflow is maintained at purge rate regardless of the actual load or fuel input.
(l) Although water side control is not directly related to combustion safety, it shall be given
recognition, and low water level in the steam drum shall be monitored and alarmed.
Consideration shall be given to interlock tripping.
Exception: For direct electric (Class 3 Special) igniters, 6-8.1.3(c) and (i) shall not apply.
6-8.1.4 Interlocks, Master Fuel Trip. Any of the following conditions shall initiate a master
fuel trip with first-out annunciation (see 6-6.2.3):
(a) High fuel supply pressure;
(b) Fuel pressure at the burner below the minimum established by the burner manufacturer or
by trial, where measurable; where fuel pressure at the burner is not measurable, a low fuel
pressure trip shall be provided upstream of the control valve;
(c) Loss of all forced draft fans;
(d) Loss of all induced draft fans, if applicable;
(e) Operation of the emergency trip switch by the operator;
(f) Loss of all flame;
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(g) Loss of control energy if fuel flow to burners is affected in such an event.
6-8.1.5 Loss of Individual Burner or Igniter Flame.
(a) Loss of flame at an individual igniter shall cause the igniter individual safety shutoff valve
to close and the associated sparks to deenergize.
(b) Loss of flame at an individual burner shall cause the burner individual safety shutoff valve
to close.
(c) The conditions of 6-8.1.5(a) and (b) shall be indicated.
(See A-6-7.2 for recommended alarms in addition to those that are required.)
6-8.2 Operating Cycle.
The following operating sequences are based on a typical system. Certain provisions and
sequences shall not apply where other systems are used. However, the principles outlined in
these sequences shall be followed, and all applicable interlocks, trips, alarms, or their equivalents
shall be provided.
6-8.2.1 Prefiring Cycle. The following steps shall be taken by the operator when starting a
supervised manual unit, and the required interlocks shall be satisfied at each step. Control system
energy, power and water level, and fuel supply shall be established. Furnace and gas passages
shall be inspected to determine if in good repair. Prior to start-up, it shall be determined that the
unit and its associated systems are evacuated of all personnel and all access and inspection doors
are closed.
Operator Actions1

Interlock Functions

[See Figures A-6-5.1.2(a) and (b).]
(a) Confirm individual burner safety
shutoff valves closed;

(a) Proved closed;

(b) Confirm individual burner
supervisory shutoff valves closed;

(b) Proved closed;

(c) Confirm main safety shutoff valve
closed;

(c) Proved closed;

(d) Confirm main fuel control valve in
light-off position;

(d) Proved;

(e) Open all burner registers to purge
position;

(e) None;

(f) Start fan(s);

(f) Prove fan(s) operating;

(g) Open main damper(s) to purge
positions;

(g) Prove purge airflow rate [see
6-8.1.3 (a) and (b)];

(h) Start purge timer and perform a unit
purge;

(h) None;

(i) Immediately proceed with light- off
cycle after completion of purge.

(i) Repurge required if airflow
rate drops below purge rate prior to
initiation of light-off cycle.
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1 Certain actions are not necessarily performed in the order shown.

6-8.2.2 Light-Off Cycle—First Igniter. This cycle shall follow prefiring immediately, with all
required interlocks satisfied. The open register procedure purge shall be followed during the
light-off procedure. (See 6-5.1.3, 6-5.1.4, and 6-5.1.5.)
Operator Actions

Interlock Functions

[See Figures A-6-5.1.2(a) and (b).]
(a) Maintain purge airflow rate;

(a) Prove that airflow has not dropped
below purge rate;

(b) Adjust register of burner to be
lighted to light-off position, if
necessary;

(b) Prove purge airflow rate;

(c) Confirm manual main
atmospheric vent valve is open;

(c) None;

(d) Energize igniter for first burner.
For direct electric ignition, omit
6-8.2.2(e) and proceed directly to
6-8.2.4(d);

(d) Prove flame within 10 seconds. If
flame is not proved, safety shutoff
valves for this igniter shall close and
spark shall be deenergized;

(e) If ignition flame is not
established, determine cause and
make necessary corrections. Burner
register shall be opened to purge
position for at least 1 minute before
repeating light-off cycle.

(e) None.

6-8.2.3 Light-Off Cycle—Subsequent Igniters.
Operator Actions

Interlock Functions

(a) Adjust register of burner to be
lighted to light-off position, if
necessary;

(a) Prove that airflow has not dropped
below purge rate;

(b) Energize igniter. For direct
(b) Prove flame within 10 seconds. If
electric igniters, omit 6-8.2.3(c) and flame is not proved, safety shutoff valves
proceed directly to 6-8.2.4(d);
for this igniter shall close and spark shall
be deenergized;
(c) If igniter flame is not
established, determine cause and
make necessary corrections. Burner
register shall be opened to purge
position for at least 1 minute before
repeating light-off cycle.

(c) None.
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6-8.2.4 Light-Off Cycle—First Main Burner.
Operator Actions

Interlock Functions

[See Figures A-6-5.1.2(a) and (b).]
(a) Adjust register of burner to
be lighted to light-off position, if
necessary;

(a) Prove that airflow has not dropped
below purge rate;

(b) Verify that igniter flame is
present;

(b) Proved;

(c) Confirm main burner header
vent valve is open;

(c) None;

(d) Open main safety shutoff
valve. Main burner header vent
valve will close;

(d) Individual burner supervisory shutoff
valves closed;

(e) Confirm burner gas pressure
is being controlled by the main
fuel bypass control valve and is at
light-off pressure;

(e) None;

(f) Open individual burner safety
shutoff valve at burner being
lighted;

(f) Igniter flame proved on burner being
lighted and individual burner supervisory
shutoff valve proved closed;

(g) Slowly open individual
burner supervisory shutoff valve
until fully open to establish this
main burner flame;

(g) Starts main burner trial for ignition. If
main burner flame is not proved within 10
seconds after the valve leaves the closed
position, a master fuel trip is effected;

(h) If first main burner flame is
not established, determine cause
and correct conditions. Repeat
actions beginning with prefiring
cycle (see 6-8.2.1);

(h) Requires repeat of purge cycle;

(i) After main burner flame is
established, adjust burner register
to firing position, as necessary;

(i) None;

(j) Slowly close manual main
atmospheric vent valve while
observing header gas pressure;

(j) None;

(k) Unless classified as Class 1
or Class 2, igniter shall be
removed from service; visually
confirm main flame stability.

(k) None.

6-8.2.5 Light-Off Cycle for Subsequent Main Burners at Light-Off Fuel Pressure. This
cycle shall be performed after the igniter flame for the burner has been proved and fuel pressure
is controlled by the main fuel bypass control valve.
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Operator Actions

Interlock Functions

[See Figures A-6-5.1.2(a) and (b).]
(a) Adjust register of burner to be
lighted to light-off position, if
necessary;

(a) Prove that airflow has not dropped
below purge rate;

(b) If igniter is fuel fired, verify
igniter flame is present;

(b) Proved;

(c) Confirm burner fuel pressure is
being controlled by the main fuel
bypass control valve and is at
light-off pressure;

(c) None;

(d) Open individual burner safety
shutoff valve at burner being lighted;

(d) Igniter flame proved on burner being
lighted and individual burner supervisory
shutoff valve proved closed;

(e) Slowly open individual burner
supervisory shutoff valve until fully
open to establish this main burner
flame;

(e) If the main burner flame is not
proved within 10 seconds after the valve
leaves its closed position, all fuel to this
burner and its igniter is shut off;

(f) If this main burner flame is not
established, determine cause and
correct conditions. Open burner
register to firing position; wait 1
minute before attempting to light this
or any other burner. Repeat 6-8.2.3
and 6-8.2.5;

(f) None;

(g) After main burner flame is
established, adjust burner register to
firing position, as necessary;

(g) None;

(h) Unless classified as Class 1 or
(h) None.
Class 2, igniter shall be removed from
service; visually confirm main flame
stability.

6-8.2.6 Light-Off Cycle for Additional Burner(s) when Fuel Pressure of Operating
Burner(s) Is above Light-Off Pressure. Fuel pressure is controlled by the main fuel control
valve.
Operator Actions

Interlock Functions

[See Figures A-6-5.1.2(a) and (b).]
(a) Place combustion control system
on manual; note the value of
windbox-to-furnace pressure
differential;

(a) None;

(b) Slowly adjust register on burner
to be lighted to light-off position
while manually adjusting airflow to

(b) None;
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maintain the windbox-to- furnace
differential pressure at the value
noted in 6-8.2.6(a);
(c) Energize igniter; for direct
electric igniters, omit 6-8.2.6(d);

(c) Prove flame within 10 seconds. If
flame is not proved, safety shutoff valves
for this igniter shall close and spark shall
be deenergized;

(d) If igniter flame is not
established, determine cause and
correct;

(d) None;

(e) Open safety shutoff valve to
burner being lighted;

(e) Igniter flame proved and supervisory
shutoff valve proved closed;

(f) Slowly open individual
supervisory shutoff valve only
enough to light burner;

(f) If the main burner flame is not proved
within 10 seconds after the valve leaves its
closed position, all fuel to this burner and
its igniter is shut off;

(g) If the main burner flame is not
established, determine cause, correct,
wait at least 1 minute, then repeat
6-8.2.6(e) through (h);

(g) None;

(h) With main flame established,
(h) None;
open air register to the firing position;
(i) Slowly open supervisory shutoff
valve completely but without
suddenly dropping header fuel
pressure;

(i) None;

(j) Unless classified as Class 1 or
(j) None;
Class 2, igniter shall be removed from
service; visually confirm main flame
stability;
(k) Adjust airflow to restore correct
fuel/air ratio;

(k) None;

(l) Place combustion control system
on automatic, if desired.

(l) None.

6-8.2.7 Normal Shutdown Cycle.
Operator Actions

Interlock Functions

- [See Figures A-6-5.1.2(a) and (b).]
(a) Reduce boiler load until main
(a) None;
fuel control valve is closed. Main fuel
bypass control valve will assume
control at light-off gas pressure. Do
not reduce airflow below purge rate;
(b) Close individual supervisory
shutoff valve at each burner and

(b) As each burner supervisory shutoff
valve is closed, loss of flame will cause its
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associated igniter valve if in
operation. Leave burner register at
firing position;

associated safety shutoff valve to close.
After last burner supervisory shutoff valve
is closed, loss of all flame shall cause main
safety shutoff valve to close. Main
atmospheric vent valve shall open;

(c) Perform a unit purge;

(c) None;

(d) Shut down fan(s), if required.

(d) Loss of airflow interlock is actuated.

6-8.2.8 Emergency Shutdown.
(a) An emergency shutdown shall initiate a master fuel trip.
(b) For the conditions that shall initiate an emergency shutdown, see 6-8.1.4.
6-8.2.9 Operator Actions Following an Emergency Shutdown. [See Figures A-6-5.1.2(a) and
(b).]
(a) All individual burner supervisory shutoff valves shall be closed. Burner register positions
shall remain unchanged.
(b) The unit shall be purged in accordance with the following procedure:
1. Fans that are operating after the master fuel trip shall be continued in service.
2. Airflow shall not be increased immediately by deliberate manual or automatic control
action.
3. If the airflow is above purge rate, it shall be permitted to be decreased gradually to this
value and a post-firing unit purge shall be performed.
4. If the airflow is below purge rate at the time of the trip, it shall be continued at the
existing rate for 5 minutes and then increased gradually to purge rate and held at this value for a
post-firing unit purge.
(c) Where the master fuel trip is caused by loss of draft fans, or draft fans also have tripped, all
dampers in the air and flue gas passages of the unit shall be opened slowly to the fully open
position in order to create as much natural draft as possible to ventilate the unit. Opening fan
dampers shall be timed or controlled to avoid excessive positive or negative furnace pressure
transients during fan coast-down. This condition shall be maintained for not less than 15
minutes. At the end of this period, the flow control dampers shall be closed and the fan(s) shall
be started immediately. Airflow shall be increased gradually to at least purge rate.
(d) The cause of emergency shutdown shall be determined and corrected.
(e) The first igniter light-off cycle (see 6-8.2.2) shall be performed if restart of unit is required.
(f) If it is desired to remove the boiler from service for a period of time, fans shall be shut
down on completion of unit purge and manual shutoff valves shall be closed.
6-8.2.10 Where provided, regenerative air heaters and gas recirculation fans shall be operated
during all operations of the unit in a manner recommended by the boiler manufacturer.
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6-9 Two-Burner Systems—Single Fuel Flow Control.
6-9.1 Fundamental Principles.
6-9.1.1 This section provides special design and operating requirements for two-burner boilers
that are served by a single fuel flow control valve and a single airflow control damper and
provided with fuel safety shutoff valves for each burner. These boilers are subject to hazardous
air/fuel ratio upsets at either burner during light-off, fuel transfer, and when one of the two
burners automatically trips during operation.
6-9.1.2 This section shall not apply to two-burner boilers with separate air/fuel ratio controls that
consist of a fuel flow control valve and an airflow control damper for each burner and that
provide independent burner operation.
6-9.1.3 This section shall not apply to two burners that are lighted off, operated, and shut down
in unison as a single burner, with common fuel and airflow controls and fuel safety shutoff
valves. [See NFPA 8501, Standard for Single Burner Boiler Operation, and 6-5.2.1.3(s).]
6-9.2 System Requirements.
6-9.2.1 The following control system design options shall be provided in order to maintain a
proper air/fuel ratio on one burner in the event of an automatic trip of the other burner.
6-9.2.1.1 A flame failure signal at one of the two burners shall initiate one of the following
immediately and automatically:
(a) A master fuel trip.
(b) A trip of the individual fuel safety shutoff valve(s) for the failed burner and a reduction of
total boiler fuel flow by 50 percent of the flow prior to trip without reducing total boiler airflow
or individual burner airflow. This action shall be accomplished by correcting the burner header
fuel pressure to the value at which it had been operating prior to the trip of the first burner. The
result of this operation is that the remaining operating burner maintains the proper air/fuel ratio
after the fuel is shut off to the failed burner.
(c) A trip of the individual fuel safety shutoff valve(s) for the failed burner and simultaneous
shutoff of the air supply to that burner. The fuel input to the operating burner shall not exceed
the maximum firing rate or the air/fuel ratio limits of the burner.
6-9.2.1.2 The automatic recycling mode of operation shall be prohibited.
6-9.2.2 Burner Light-Off Procedures. The following operating procedures shall be followed to
prevent air/fuel ratio upsets during burner light-off:
(a) Prior to light-off of the first burner, the furnace shall be purged with airflow through both
burner registers at purge rate.
(b) When lighting the first burner, the registers in the second burner shall be left open to the
purge position.
(c) The operator shall observe main flame stability while making any register or burner damper
adjustments.
(d) During and after the light-off of the second burner, the operator shall observe the flame
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stability on the first burner.
(e) It might be necessary to operate a boiler on one burner with the air supply closed off to the
other burner. If it then becomes necessary to light the second burner, care shall be used to avoid
creating a hazardous air/fuel ratio at the first operating burner. The following general procedures
shall be followed to avoid air starvation of the operating burner when air is introduced to the idle
burner in preparation for its light-off:
1. Before admitting any air to the idle burner, the excess air on the operating burner shall be
increased by either increasing airflow while holding fuel flow constant or reducing fuel flow
while holding airflow constant.
2. The register or damper at the idle burner shall be opened slowly while continuously
observing the effect of the operating burner and making any adjustments to fuel flow or total
boiler airflow necessary to maintain a stable flame.
3. After lighting the second burner, proper flame stability shall be confirmed at both burners
before transferring the control to the combustion control system.
(f) Where the two burners are not equipped with individual burner air registers or dampers,
6-9.2.2(e) shall not apply. Total boiler airflow shall be maintained so that the operating burner
has the proper air/fuel ratio.
6-9.3 Fuel Transfer Procedure.
An operating procedure, either manual or automatic, shall be followed that prevents a
hazardous air/fuel ratio at either burner when making a fuel transfer. The following procedure
shall be followed:
Total fuel and airflow shall be reduced to within the capacity of one burner. Both fuel and air
to the burner on which fuels are to be transferred shall be shut off simultaneously. The burner
shall be restarted on the new fuel in accordance with the procedures in 6-9.2.2(e).
Chapter 7 Fuel Oil Systems
7-1* General.
This chapter contains additional requirements to be followed where burning fuel oil.
7-2* Oil Firing—Special Problems.
Common hazards are involved in the combustion of solid, liquid, and gaseous fuels. Each of
these fuels has special hazards related to its physical characteristics. The following factors shall
be considered in the design of the firing systems:
(a) Fuel oils have high volumetric heats of combustion; therefore, even small leaks can create
potential fire hazards.
(b) Where firing oils that need preheating, the viscosity of oil flowing to the burners shall be
held within limits to maintain proper atomization.
(c) Water or sludge in fuel oil storage tanks or improperly located suction takeoffs from the
storage tank could result in hazardous interruptions or pulsations of the fuel supply to the
burners. A flameout, either immediately or later, could result due to plugged strainers or burner
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tips.
(d) Widely different characteristics of fuel oil from either a single source or multiple sources
could result in a significant change in Btu input rate to the burner(s) without an equivalent
change in airflow or without an appropriate change in fuel oil temperature to restore the flowing
viscosity to the proper value. Different shipments of fuel oil with dissimilar characteristics can
cause a precipitation of sludge that can lead to hazards as described in A-7-1 and A-7-2.
(e) On installations designed to fire both heated and unheated fuel oils, consideration shall be
given to the design of the burner control system to ensure proper interlocks are activated for the
selected fuel oil. Similar consideration shall be given to the fuel oil piping supply to the burner
as well as the oil recirculating piping to the fuel storage tanks, depending on the arrangement of
the equipment provided.
(f) There is the ever-present hazard of inserting an oil gun in the burner assembly without a tip,
new gaskets, or sprayer plate. This can result in an unsafe operating condition.
(g) Proper pumping and atomization of fuel oils are dependent upon control of viscosity.
Changes in viscosity in relation to temperature vary for different oils and blends of oils. Very
close attention shall be given to the design and operation of viscosity control systems for each
fuel where the source or properties are variable.
(h) Clear distillate fuels have low conductivities and generate static electrical charges in the
fuel stream that can be dangerous unless flowing velocities are limited. (See NFPA 77,
Recommended Practice on Static Electricity, and API RP 2003, Recommended Practice for
Protection Against Ignitions Arising Out of Static, Lightning, and Stray Currents.)
(i) The incompressibility of fuel oil can create very rapid transients in oil flow through
operating burners under the following conditions:
1. The rapid operation of an oil supply valve;
2. The rapid operation of individual burner shutoff valves;
3. The rapid operation of a regulating valve in the return oil line from the burner header (on
systems using this type of control).
(j) Operation of air heater sootblowers shall be in accordance with the recommendations of the
air heater manufacturer. Initial firing of oil fuel in a cold boiler can create a special hazard by
causing fires in air heaters.
7-3 System Requirements.
7-3.1 Fuel Supply Subsystem, Fuel Oil.
See Figures A-7-5.1.2(a) and (d).
7-3.1.1 The fuel supply equipment shall be sized and arranged to ensure a continuous fuel flow
adequate for all operating requirements of the unit. This shall include coordination of the main
fuel control valve, burner safety shutoff valves, and associated piping volume to prevent fuel
pressure transients that might result in exceeding burner limits for stable flame as a result of
placing burners in or taking them out of service.
7-3.1.2 Unloading, storage, pumping, heating, and piping facilities shall be designed and
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arranged to inhibit contamination of the fuel. Where necessary, cleaning devices shall be
provided to ensure a clean fuel to valves and burners. Convenient access to important fuel
system components shall be provided. Adequate drains shall be provided.
7-3.1.3 Fill and recirculation lines to storage tanks shall discharge below the liquid level to avoid
free fall, which might generate static electrical charges as well as increase vaporization.
7-3.1.4 Adequate strainers, filters, traps, sumps, and other such items shall be provided to
remove harmful contaminants where practicable; compensation for those materials not removed
shall be provided by special operating and maintenance procedures. Contaminants in fuel can
include salt, sand, sludge, water, and other abrasive or corrosive constituents. Some fuels contain
waxy materials that precipitate out, clogging filters and other elements of the fuel system.
7-3.1.5* The fuel supply equipment shall be designed with careful consideration of operating
environment and ambient conditions including severe external conditions such as fire or
mechanical damage. Special attention shall be given to such factors as routes of piping and valve
locations to minimize exposure to possible explosion hazard or to high temperature or low
temperature sources.
7-3.1.6 As much of the fuel supply subsystem as practicable shall be located outside of the boiler
house. A manual emergency shutoff valve shall be provided that is accessible in the event of fire
in the boiler area.
7-3.1.7 Means shall be provided to prevent or relieve excess pressure from expansion of
entrapped oil in the fuel system. This is especially important for crude oil.
7-3.1.8 Relief valve discharge passages, vents, and telltales shall be provided with suitable
piping to allow safe discharge of oil, vapors, or toxic fumes. This piping might need to be heat
traced.
7-3.1.9 Oil piping materials and system design shall be in accordance with NFPA 31, Standard
for the Installation of Oil-Burning Equipment, and ANSI B31.1, Power Piping.
7-3.1.10 All instrument and control piping and other small lines containing oil shall be rugged,
capable of withstanding the expected range of external temperatures, suitably protected against
damage, and maintained at the proper temperature. The use of interface fluids or sealing
diaphragms might be necessary with this instrumentation.
7-3.1.11 Positive means to prevent leakage of oil into an idle furnace shall be provided.
7-3.1.12 Provisions shall be made in the oil supply system to allow testing for leakage and
subsequent repair. This shall include a permanent and ready means for making easy, accurate
periodic tightness tests of the main safety shutoff valves and individual burner safety shutoff
valves.
7-3.1.13 Fuel oil shall be delivered to the burners at the proper temperature and pressure as
recommended by the burner manufacturer to ensure that the oil is at the viscosity necessary for
proper atomization.
7-3.1.14 If heating of oil is necessary, it shall be accomplished without contamination or coking.
7-3.1.15 Adequate recirculation provisions shall be incorporated for controlling the viscosity of
the oil to the burners for initial light-off and for subsequent operation. These systems shall be
designed and operated to prevent excessively hot oil from entering fuel oil pumps that could
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cause them to vapor-bind with subsequent interruption to the fuel oil supply.
7-3.1.16 Positive means shall be provided to prevent fuel oil entering the burner header system
through recirculating valves, particularly from the fuel supply system of another boiler [see also
7-6.3.1.1(e)]. Check valves for this function have not proven dependable in heavy oil service.
7-3.1.17 Provisions shall be included for clearing (scavenging) the passages of an atomizer that
leads into the furnace. (See 7-5.2.3.3, 7-5.2.5.7, and 7-5.4.5.)
7-3.2 Main Burner Subsystem.
7-3.2.1 The main burner subsystem shall be designed so that the burner inputs are supplied to the
furnace continuously and within their stable flame limits. Variations in the burning
characteristics of the fuel, and in the normal variations in fuel handling equipment and
fuel-burning equipment, introduce unreliability to the lower operating limits of the main fuel
subsystem in any given furnace design. In these circumstances, Class 1 or Class 2 igniters, as
demonstrated by test, shall be permitted to be used to maintain stable flame. (See 7-3.2.2 and
7-3.2.3.)
7-3.2.2 The limits of stable flame for each burner subsystem producing a separate flame
envelope shall be determined by tests without the ignition subsystem in service. These tests shall
verify that transients generated in the fuel and air subsystems do not affect the burners adversely
during operation. Such transients are generated by means such as burner shutoff valves and
dampers that operate at speeds faster than the speed of response of other components in the
system. These tests shall include the expected range of available fuels.
7-3.2.3 Where Class 1 and Class 2 igniters are used, the tests described in 4-2.3.2(d)1,
4-2.3.2(d)2, and 7-3.2.2 shall be performed with the ignition subsystem in service to verify that
the igniters furnished meet the requirements of the class specified in the design. The resulting
extended turndown range shall be available where Class 1 igniters are in service and flames
proved.
7-3.2.4 Provisions shall be made for visual observation of conditions at the burner ignition zone.
Additional provisions shall be made for flame detection equipment.
7-3.2.5 Provisions shall be made for cleaning of the burner nozzle and tip.
7-3.2.6 The burner equipment shall be located in an appropriate environment with convenient
access for maintenance. Special recognition shall be given to the fire hazards imposed by
leakage or rupture of piping near the burner. Particular attention shall be given to the integrity of
flexible hoses or swivel joints. The requirements of good housekeeping shall be followed.
7-3.2.7 All burner safety shutoff valves shall be located as close to the burner as practicable to
minimize the volume of oil left downstream of the burner valves in the burner lines or that flow
by gravity into the furnace on an emergency trip or burner shutdown.
7-3.3 Atomizing Subsystem.
7-3.3.1 Where the fuel is to be atomized with the assistance of another medium, the atomizing
medium shall be supplied free of contaminants that could cause an interruption of service. For
steam atomizing, adequate insulation and traps shall be included to ensure dry atomizing steam
to the burners.
7-3.3.2 The atomizing medium shall be provided and maintained at the pressure necessary for
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proper operation.
7-3.3.3 Provisions shall be made to ensure that fuel cannot enter the atomizing medium line
during or after operation.
7-3.3.4 The atomizing subsystem shall be designed for convenient cleaning and maintenance.
7-4 Flame Monitoring and Tripping System.
7-4.1
Each burner shall be supervised individually. Upon detection of loss of a burner flame, that
individual burner safety shutoff valve shall be automatically closed.
7-4.1.1 Where Class 1 igniters are provided, the main burner flame shall be proven either by the
flame scanner or by the igniter being proven. At least one flame detector shall be provided for
each burner to detect the burner flame or igniter flame where a Class 1 igniter is provided.
7-4.1.2 Burners with Class 2 igniters shall have at least two flame detectors. One detector shall
be positioned to detect the main burner flame and shall not detect the igniter flame. The second
detector shall be positioned to detect the igniter flame during prescribed light-off conditions.
7-4.1.3 Burners with Class 3 igniters shall have at least one flame detector. The detector shall be
positioned to detect the igniter flame. It also shall detect the main burner flame after the igniter is
removed from service at the completion of the main burner trial for ignition.
7-4.2
Upon detection of loss of all flame in the furnace or partial loss of flame to the extent that
hazardous conditions could develop, a master fuel trip shall be automatically initiated. [See
7-6.3.1.1(e)9.]
7-4.3
It is recognized that any fuel input that does not ignite and burn on a continuous basis creates a
hazard. Regardless of the number or pattern of flame loss indications used for tripping, loss of
flame indication on an operating burner or “flame envelope” shall initiate an alarm that warns
the operator of potential hazard.
7-4.4
Field testing shall be required to validate basic flame tripping concepts. These tests shall be
performed on representative units. The results of these tests shall be permitted to be applied to
other units of similar size and arrangement, including burners/nozzles of substantially the same
capacity using similar fuels. These tests shall not be used to replace acceptance tests relating to
proof of design, function, and components.
7-5 Sequence of Operations.
For supervised manual systems, see Section 7-8.
7-5.1 General.
7-5.1.1 Sequencing shall be required to ensure that operating events occur in the proper order.
Sequencing shall provide procedures that allow properly prepared fuel to be admitted to the
burners only when there is sufficient ignition energy and proper airflow to ignite the fuel as it
enters the furnace. Sequencing also shall be utilized where removing burners from operation.
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7-5.1.2* Sequences of operation are based on the typical fuel supply system shown in Figures
A-7-5.1.2(a) through (d). These sequences shall be followed whether the unit is operated
manually or certain functions are accomplished by interlocks or automatic controls. Different
arrangements shall be permitted if they provide equivalent protection and meet the intent of the
operating sequences specified in this chapter.
7-5.1.3 The starting and shutdown sequence outlined in this chapter shall be followed. It
provides the required practice of maintaining a continuous airflow through the unit at the rate
that is used during the purge operation. This rate shall be maintained throughout the start-up and
initial load-carrying period of operation until such time as more fuel and air are needed. This
means that the same number of burner registers or burner dampers needed for purging the boiler
shall be left open throughout the starting sequence as described in the following paragraphs. The
objective of this practice is to ensure an air-rich furnace atmosphere during start-up. It also
establishes minimum velocities through the furnace to prevent hazardous accumulations of
unburned fuel.
7-5.1.4 Burners shall not be placed in service or removed in a random pattern but in a sequence
defined by operating instructions and verified by actual experience with the unit in order to
minimize laning or stratification of fuel or combustion products. Burners shall be placed in
service as necessary, with fuel flows and individual register or damper settings that ensure
proper light-off.
7-5.1.4.1 The fuel pressure at the burner header shall be permitted to be used as a guide in
maintaining the necessary fuel flow for each burner and shall be maintained automatically within
prescribed limits as additional burners are placed in service. The total number of burners placed
in service shall be that number necessary to:
(a) Raise the boiler pressure and temperature.
(b) Carry the initial load on the unit.
7-5.1.4.2 If some registers have been maintained in the closed position, these shall not be opened
without either readjusting the total airflow to maintain the same burner airflow or closing an
equal number of registers on idle burners to obtain the same effect. The total furnace air
throughput shall not be reduced below the purge flow rate.
7-5.1.5 The open register light-off and purge procedure shall be used to maintain airflow at or
above the purge rate during all operations of the boiler. The open register-purge procedure is
based upon the concept that the following basic operating conditions significantly improve the
margin of operating safety, particularly during start-up. These conditions include:
(a) Use of a minimum number of required equipment manipulations, thereby minimizing
exposure to operating errors or equipment malfunction;
(b) The desired fuel-rich condition at individual burners during light-off;
(c) Creation of an air-rich furnace atmosphere during light-off and warm-up by maintaining
total furnace airflow at the same rate as that needed for the unit purge.
7-5.1.5.1 This procedure shall incorporate the following operating objectives:
(a) All or most of the registers shall be placed in a predetermined open position.
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(b) A unit purge shall be completed with the burner air registers in the position specified in
7-5.1.5.1(a).
(c) Components (e.g., precipitators, fired reheaters) containing sources of ignition energy shall
be purged for either (1) a period of not less than 5 minutes or (2) five volume changes of that
component, prior to being placed into service, whichever is longer.
(d) Boilers that share a common component between the furnace outlet and the stack shall
have provisions to bypass the common component for unit purge.
(e) The first burner or group of burners shall be lighted without any change in the airflow
setting or in the burner air register position.
7-5.1.5.2 Each boiler shall be tested during initial start-up to determine whether any
modifications to the procedure specified in 7-5.1.5 are required in order to obtain satisfactory
ignition or to satisfy other design limitations during light-off and warm-up. For example, some
boilers are purged with the registers in the normal operating position. In this instance, it might be
necessary to close the registers of the burner being lighted momentarily to establish ignition.
However, unnecessary modifications in the basic procedure shall be avoided, particularly that of
7-5.1.5(a), thereby satisfying the basic objectives in 7-5.1.5.1.
7-5.1.6 Modification to the mode of operation resulting from improper water, steam, and flue gas
temperatures in the economizers and superheaters shall be made only after it has been
determined to be necessary by operating experience.
7-5.2 Functional Requirements.
7-5.2.1 Cold Start.
7-5.2.1.1 Preparation for starting shall include a thorough inspection that shall verify the
following:
(a) The furnace and gas passages are in good repair and free of foreign material.
(b) The bottom of the furnace, including ash hopper, is free of accumulations of liquid fuel,
gases, or vapors. Such an inspection is particularly important for a cold start where the fuel
burned prior to shutdown contained volatile vapors heavier than air. The possibility of such
accumulations shall be considered prior to each start-up.
(c) All personnel are evacuated from unit and associated equipment and all access and
inspection doors are closed.
(d) All airflow or flue gas flow control dampers have been operated through their full range to
check the operating mechanism and then are set at a position that allows the fans to be started at
a minimum airflow and without overpressuring any part of the unit.
(e) All normally adjustable individual burner dampers or registers have been operated through
their full range to check the operating mechanism.
(f) All safety shutoff valves are closed. All sparks are deenergized.
(g) For gas ignition systems, see Chapter 6.
(h) The circulating valves are open to provide and maintain hot oil in the burner headers.
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(i) The proper drum water level is established in drum-type boilers, and circulating flow is
established in forced circulation boilers or minimum water flow is established in once-through
boilers.
(j) The burner guns are checked for proper tips or sprayer plates. [See Section 7-2(f).]
(k) The burner elements and igniters are positioned in accordance with the manufacturer’s
specification.
(l) Energy is supplied to control system and to safety interlocks.
(m) The meters or gauges indicate fuel header pressure to the unit.
(n) The oxygen analyzer(s) and combustibles analyzer(s), if provided, are operating
satisfactorily and a sample has been obtained. Combustibles indication is at zero and oxygen
indication is at maximum.
(o) A complete functional check of the safety interlocks has been made after an overhaul or
other significant maintenance.
(p) A complete, periodic, operational test of each igniter has been made. The frequency of
testing depends on the design and operating history of each individual boiler and ignition system.
As a minimum, the test shall be made during each start-up following an overhaul or other
significant maintenance. The test shall be integrated into the starting sequence and shall follow
the purge and precede the admission of any main fuel.
(q) Individual igniters or groups of igniters also shall be permitted to be tested while the unit is
in service. Such tests shall be made with no main fuel present in the igniter’s associated burner,
and the burner air register shall be in its normal start-up or light-off position.
(r) Units with a history of igniter unreliability shall require additional test routines to verify the
continuing operating ability of igniters and ignition system components. The importance of
reliable igniters and ignition systems cannot be overemphasized.
7-5.2.1.2 Where provided, regenerative air heaters and gas recirculation fans shall be operated
during all operations of the unit in a manner recommended by the boiler manufacturer.
7-5.2.1.3 Starting Sequence. Operation of regenerative-type air heaters, precipitators, and gas
recirculation fans shall be included in the start-up sequence, where appropriate, in accordance
with the manufacturer’s recommendations. The starting sequence shall be performed in the
following order:
(a) An open flow path from the inlets of the forced draft fans through the stack shall be
verified.
(b) An induced draft fan, if provided, shall be started; a forced draft fan then shall be started.
Additional induced draft fans or forced draft fans shall be started in accordance with Section 5-3,
as necessary, to achieve purge flow rate.
(c) Dampers and burner registers shall be opened to purge position in accordance with the
open register purge method objectives outlined in 7-5.1.5.
(d) The airflow shall be adjusted to purge airflow rate and a unit purge shall be performed.
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Special provisions might be necessary to prevent the hazardous accumulation of volatile vapors
that are heavier than air or to detect and purge accumulations in the furnace ash pit.
(e) It shall be determined that the oil temperature or viscosity is proper for good atomization.
The circulating valve and throttle recirculating valve, if necessary, shall be closed to allow
establishment of proper burner header pressure as specified in 7-5.2.1.3(g).
(f) The main fuel control valve shall be closed and the main safety shutoff valve(s) shall be
opened. (See Section 7-6 for permissive conditions in the furnace purge system that shall be
satisfied before this can be accomplished.)
(g) It shall be determined that the main fuel control valve is closed, and the main fuel bypass
control valve, if provided, then shall be set to maintain the necessary burner header pressure for
light-off. The main fuel control valve shall be opened when necessary.
(h) For gas- or oil-fired igniters, the igniter safety shutoff valve(s) shall be opened, and it shall
be confirmed that the igniter fuel control valve is holding the recommended fuel pressure for
proper igniter capacity.
(i) The air register or damper on the burner selected for light-off shall be adjusted to the
position recommended by the manufacturer. (See 7-5.1.5.2.)
(j) The spark or other source of ignition for the igniter(s) on the burner(s) to be lit shall be
initiated. The individual igniter safety shutoff valve(s) shall be opened and all igniter system
atmospheric vent valves (gas igniters only) shall be closed. If flame on the first igniter(s) is not
established within 10 seconds, the individual igniter safety shutoff valve(s) shall be closed and
the cause of failure to ignite shall be determined and corrected. With airflow maintained at purge
rate, repurge shall not be required, but at least 1 minute shall elapse before attempting a retrial of
any igniter. Repeated retrials of igniters without investigating and correcting the cause of the
malfunction shall be prohibited.
(k) Where Class 3 special electric igniters are used, the procedures described in 7-5.2.1.3(a)
through (g), (i), and (l) through (n) shall be used, recognizing the requirements for individual
main burner flame supervision.
(l) After making certain that the igniter(s) is established and is providing appropriate ignition
energy for the main burner(s), the individual burner safety shutoff valve(s) shall be opened. The
master fuel trip shall be initiated when satisfactory ignition has not been obtained within 5
seconds of the time the fuel actually begins to enter the furnace. Purging shall be repeated, and
the conditions that caused the failure to ignite shall be corrected before another light-off attempt
is made. For the following burner and all subsequent burners placed in operation, failure to ignite
or loss of ignition for any reason on any burner(s) shall cause fuel flow to that burner(s) to stop.
All conditions for proper light-off shall exist before restarting the burner(s).
(m) After stable flame is established, the air register(s) or damper(s) shall be adjusted slowly to
its normal operating position, making certain that ignition is not lost in the process. With
automatic burner management systems, the air register shall be permitted to be opened
simultaneously with the burner safety shutoff valve.
(n) Class 3 igniters shall be shut off at the end of the time trial for proving the main flame [see
7-5.2.1.3(l)]. It shall be verified that the stable flame continues on the main burners after the
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igniters are shut off. Some systems that allow the igniters to remain in service on either an
intermittent or a continuous basis shall have been tested to meet all the requirements of Class 1
igniters or Class 2 igniters with proper associated interlocks.
(o) The procedures of 7-5.2.1.3(i) through (n) shall be followed where placing additional
burners with open registers into service, as necessary, to raise steam pressure or to carry
additional load. Automatic control of burner fuel flow and burner airflow during the lighting and
start-up sequence is recommended [see 7-5.2.1.3(r)]. The fuel flow to each burner shall be
maintained at a controlled value that is compatible with the established airflow through the
corresponding burner. The established airflow through each open register shall be permitted to
be maintained by controlling the windbox-to-furnace differential.
CAUTION: Total furnace airflow shall not be reduced below purge rate airflow and
shall be at least that which is necessary for complete combustion in the furnace. It might
be necessary to vary fuel header pressure to avoid excessive lighting-off and shutting
down of burners. Such variations shall be limited to a predetermined range. This range
shall be a function of the incremental fuel input that is added by the lighting of a single
burner or gang of burners.
(p) After a suitable number of burners that allow control of header fuel flow and temperature
have been placed in service, the recirculating valve shall be closed unless the system is designed
for continuous recirculation.
(q) In accordance with the requirements of 7-5.1, it is preferable to commit the maximum
number of burners consistent with the anticipated continuous load and with the range of fuel
header pressures specified in 7-5.2.1.3(o).
(r) The normal on-line metering combustion control (unless designed specifically for start-up
procedures) shall not be placed into service until:
1. A predetermined minimum main fuel input has been attained;
2. All registers on nonoperating burners are closed unless compensation is provided by the
control system;
3. The burner fuel and airflow are adjusted as necessary;
4. Stable flame and suitable furnace conditions have been established.
(s) It shall be permitted to place a multiple number of igniters in service that are served
simultaneously from a single igniter safety shutoff valve, provided that the igniters are reliably
supervised, so that failure of one of the group to light causes the fuel to all igniters in the group
to shut off.
(t) It also shall be permitted to place a multiple number of burners served by their
corresponding multiple igniters from a single burner safety shutoff valve in service
simultaneously, provided that the burners are reliably supervised, so that failure of one of the
group to light causes the fuel to all burners in the group to shut off.
7-5.2.2 Normal Operation.
7-5.2.2.1 The firing rate shall be regulated by increasing or decreasing the fuel and air supply
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simultaneously to all operating burners, maintaining normal air/fuel ratio continuously at all
firing rates. This shall not eliminate requirements for air lead and lag during changes in the fuel
firing rate.
Exception: This requirement shall not apply to systems provided with metering of air and fuel to
each burner and designed specifically for individual burner modulating control.
7-5.2.2.2 The firing rate shall not be regulated by varying the fuel to individual burners by means
of the individual burner safety shutoff valve(s). The individual burner safety shutoff valve(s)
shall be fully open or completely closed. Intermediate settings shall not be used.
7-5.2.2.3 Air registers shall be set at the firing positions as determined by tests.
Exception: This requirement shall not apply to systems provided with metering of air and fuel to
each burner and designed specifically for individual burner modulating control.
7-5.2.2.4 The burner fuel and airflow shall be maintained within a range between the maximum
and minimum limits specified by the boiler manufacturer or, preferably, as determined by trial.
These trials shall test for minimum load and for stable flame as follows:
(a) With all burners in service and combustion control on automatic; and
(b) With different combinations of burners in service and combustion control on automatic.
Where changes occur to the minimum and maximum limits because of various burner
combinations and fuel conditions, retesting shall be required.
7-5.2.2.5 On loss of an individual burner flame, that individual burner’s safety shutoff valve
shall be automatically closed. The burner register shall be closed if it interferes with the air/fuel
ratio supplied to any other individual burner flame.
7-5.2.2.6 Total airflow shall not be reduced below the purge rate.
7-5.2.3 Normal Shutdown.
7-5.2.3.1 When taking the unit out of service, the boiler load shall be reduced to that
necessitating a purge rate airflow.
7-5.2.3.2 The metering combustion control shall be taken out of service, and the start-up fuel
supply pressure, register settings, and airflows shall be established in accordance with start-up
practices.
Exception: Where designed for start-up and shutdown procedures, the metering combustion
control shall not be required to be taken out of service.
7-5.2.3.3 The shutdown procedures shall be the reverse of the start-up procedures and shall be
accomplished by shutting down the burners sequentially as load is reduced. Each burner shall be
shut down in the following sequence:
(a) The igniter shall be placed into service on the particular burner to be shut down.
(b) With the igniter in service, the burner safety shutoff valve shall be closed and the steam (or
air) clearing valves shall be opened.
(c) The clearing steam (or clearing air) shall be left in service a sufficient length of time to
remove all oil that could carbonize and plug the burner tip.
(d) The igniter shall be removed from service, and the oil gun shall be removed or retracted
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unless cooling is provided.
(e) If the oil passages of the igniter are to be cleared into the furnace, the spark or other
ignition source for the igniter shall be initiated before opening the steam (or air) clearing valve.
7-5.2.3.4 As the load is reduced, the remaining burners shall be shut down sequentially as
described in 7-5.2.3.3. The last burner shall not be scavenged.
Exception: Where associated Class I igniters are in use, the last burner shall be permitted to be
scavenged.
7-5.2.3.5 When the last individual burner safety shutoff valve is closed, the main safety shutoff
valve shall be checked to confirm that it has closed.
7-5.2.3.6 Where all burners and igniters have been removed from service, the purge rate airflow
shall be verified and a unit purge shall be performed.
7-5.2.3.7 After completion of the unit purge, closing the burner air registers and shutting down
the forced draft fans and induced draft fans shall be permitted to be optional. However,
consideration shall be given to maintaining airflow through the unit to prevent accumulation of
combustible gases. Leakage of main or igniter fuel into the furnace or windbox shall be
prevented.
7-5.2.3.8 If fuel recirculation in the burner header is to be established, the following shall be
completed:
(a) Confirmation that individual burner safety shutoff valves are closed and that flame is out
on each burner;
(b) Confirmation that main safety shutoff valve is closed;
(c) Opening of circulating valve and recirculating valve.
7-5.2.4 Normal Hot Restart.
7-5.2.4.1 When restarting a hot unit, the requirements of 7-5.2.1.1(f) through (n) for a cold start
shall be met.
7-5.2.4.2 The starting sequence in 7-5.2.1.3 shall be followed.
7-5.2.5 Emergency Shutdown—Master Fuel Trip.
7-5.2.5.1 An emergency shutdown shall initiate a master fuel trip.
7-5.2.5.2 A master fuel trip that results from any of the emergency conditions tabulated in Tables
7-5.2.5.2(a) and (b) shall stop all fuel flow to the furnace from all burners by tripping the main
and individual burner safety shutoff valves. All vent valves shall be opened. The igniter safety
shutoff valve and individual igniter safety shutoff valves shall be tripped, and the igniter sparks
shall be deenergized. If a furnace inerting system is installed, the inerting system shall be
operated simultaneously with the master fuel trip. Master fuel trips shall operate in a manner to
stop all fuel flow into the furnace within a period that does not allow a dangerous accumulation
of fuel in the furnace. A master fuel trip shall not initiate a forced draft or induced draft fan trip.
Electrostatic precipitators, fired reheaters, or other ignition sources shall be tripped.
Table 7-5.2.5.2(a) Mandatory Automatic Master Fuel Trips
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(see Sections 5-4 and 7-6)
A master fuel trip shall result from any of the following conditions:
(a) Fuel and atomizing medium (if provided) to the burners outside operating limits necessary to accomplish proper atomization
as established by trial or by the burner manufacturer.
(b) Total airflow drops below the purge rate by 5 percent full-load air-flow;
(c) Loss of either all induced draft; or all forced draft fans;
(d) Loss of all flame;
(e) Partial loss of flame sufficient to introduce a hazardous accumulation of unburned fuel; [see 7-6.3.1.1(e)9]
(f) Furnace pressure exceeds the normal operating pressure by a value specified by the manufacturer;
(g) Last individual burner safety shutoff valve closed.

Table 7-5.2.5.2(b) Mandatory Master Fuel Trips with Alarms
Not Necessarily Automatically Initiated
A master fuel trip shall result from any of the following conditions:
(a) Loss of energy supply for boiler control, burner management, or interlock systems;
(b) Furnace negative pressure exceeds the value specified by the manufacturer. (See also Chapter 5.)

7-5.2.5.3 Clearing of oil passages into the furnace immediately following an emergency trip shall
not be permitted.
7-5.2.5.4 Procedure for Purging after an Emergency Shutdown. Fans that are operating after
the master fuel trip shall be continued in service. The airflow shall not be increased by deliberate
manual or automatic control action. If the airflow is above the purge rate, it shall be permitted to
be decreased gradually to the purge rate for a post-firing purge. If the airflow is below the purge
rate at the time of the trip, it shall be continued at the existing rate for 5 minutes and then
increased gradually to the purge rate airflow and held at this value for a post-firing unit purge.
7-5.2.5.5 Where the emergency trip was caused by loss of draft fans, or draft fans also have
tripped, all dampers in the air and flue gas passages of the unit shall be opened slowly to the
fully open position in order to create as much natural draft as possible to ventilate the unit.
Opening fan dampers shall be timed or controlled to avoid excessive positive or negative furnace
pressure transients during fan coast-down. This condition shall be maintained for at least 15
minutes. At the end of this period, the fan(s) shall be started in accordance with Chapter 5. The
airflow shall be increased gradually to the purge rate and a post-firing unit purge shall be
completed.
7-5.2.5.6 Action following the purge after an emergency shutdown (see 7-5.2.5.4 and 7-5.2.5.5)
shall be in accordance with the following:
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(a) The unit shall be shut down in accordance with 7-5.2.3.7, 7-5.2.3.8, and 7-5.2.5.6; or
(b) If the purge following an emergency shutdown is performed at the purge rate and the
conditions of 7-5.2.1.1(f) through (n) and 7-5.2.1.3(c) and (e) are satisfied, a relight in
accordance with 7-5.2.1.3(f) through (s) shall be permitted.
7-5.2.5.7 One burner (or group of burners) at a time shall be placed in service in a manner
specified in 7-5.2.1.3. Oil passages then shall be cleared into the furnace from each burner when
the igniter has been established for that burner. After each burner is cleared, its igniter shall be
shut down.
7-5.3 Emergency Conditions Not Requiring Shutdown or Trip.
7-5.3.1 Many unit installations include multiple induced draft fans or forced draft fans, or both.
In the event of a loss of a fan or fans, the control system shall be capable of reducing the fuel
flow to match the available airflow; otherwise, tripping of the unit is mandatory.
7-5.3.2 If an air deficiency develops while flame is maintained at the burners, the fuel shall be
reduced until the proper air/fuel ratio has been restored; or, if fuel flow cannot be reduced, the
airflow shall be increased slowly until the proper air/fuel ratio has been restored.
NOTE: A trip of the fuel during a fuel-rich condition while flame is being maintained results in a sudden
increase in the air/fuel ratio, which can create a greater hazard.

7-5.3.3 Burners with poor atomization shall be shut down. If a sufficient number are so affected
as to introduce a hazardous condition, all fuel shall be tripped.
7-5.4 General Operating Requirements—All Conditions.
7-5.4.1 Prior to starting a unit, action shall be taken to prevent fuel from entering the furnace.
7-5.4.2 The unit shall be purged prior to starting a fire in the furnace.
7-5.4.3 The igniter for the burner always shall be used. Burners shall not be lighted using a
previously lighted burner or from hot refractory.
7-5.4.4 Where operating at low capacity, the burner fuel pressure shall be maintained above
minimum by reducing the number of burners in service as necessary.
7-5.4.5 Where clearing oil passages into the furnace, igniters shall be in service, with ignition
established.
7-5.4.6* Sootblowers shall be operated only where heat input to the furnace is at a rate high
enough to prevent a flameout during the sootblower operation. Sootblowers shall not be operated
at low-load and high excess air conditions. This shall not preclude the use of wall sootblowers
and high temperature superheater and reheater sootblowers for cleaning during periods of power
outage if a unit purge has been completed and purge airflow is maintained, nor does it preclude
the use of air heater sootblowers during start-up.
7-5.4.7 The following leak test shall be performed before the oil header is placed in service:
A nominal pressure on the oil header shall be established with the main and individual burner
safety shutoff valves and the recirculating valves closed. If this oil pressure remains within
defined limits, the individual burner safety valves shall be considered to be free of leaks. Leaks
can develop in the oil valves due to temperature changes.
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7-6 Interlock System.
7-6.1 General.
The basic requirement of an interlock system for a unit is that it protect the personnel from
injury and also protect the equipment from damage. The interlock system functions to protect
against boiler operation by limiting actions to a prescribed operating sequence or by initiating
trip devices when approaching an undesirable or unstable operating condition. The interlock
system shall comply with Section 4-3.
7-6.1.1 The mandatory automatic trips specified in 7-6.3.1 represent that portion of automatic
trips for which sufficient experience has been accumulated to demonstrate a high probability of
successful application for all units. The use of additional automatic trips, while not mandatory, is
recommended. (Also see 2-3.3 and A-2-3.3.)
7-6.1.2 It is possible to achieve conditions conducive to a furnace explosion without detection of
such conditions by any of the mandatory automatic trip devices, even though they are properly
adjusted and maintained. Therefore, operating personnel shall be made aware of the limitations
of the interlock system.
7-6.2 Functional Requirements.
7-6.2.1 The operation of any interlock that causes a trip shall be annunciated.
7-6.2.2 An interlock system shall be of sound design and shall be properly installed, adjusted,
and tested to confirm design function and proper timing. Periodic testing and maintenance shall
be performed to keep the interlock system functioning properly.
7-6.2.3 The design of an interlock system shall be predicated on the following fundamentals:
(a) The starting procedure and operation shall be supervised to ensure proper operating
practices and sequences.
(b) The minimum amount of equipment shall be tripped in the proper sequence when the safety
of personnel or equipment is jeopardized.
(c) The initiating cause of the trip shall be indicated and no portion of the process shall be
started until proper conditions are established.
(d) The necessary trip devices shall be coordinated into an integrated system.
(e) Where automatic equipment is not available to accomplish the intended function, sufficient
instrumentation to enable the operator to complete the proper operating sequence shall be
provided.
(f) The design shall retain as much flexibility with respect to alternate modes of operation as is
consistent with good operating practice.
(g) Proper preventive maintenance shall be provided.
(h) The design shall not require any deliberate “defeating” of an interlock in order to start or
operate equipment. Whenever a safety interlock device is removed temporarily from service, it
shall be noted in the log and annunciated if practicable. Other means shall be substituted to
supervise this interlock function.
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(i) The mandatory master fuel trip sensing elements and circuits shall be independent of all
other control elements and circuits.
Exception No. 1: Individual burner flame detectors also shall be permitted to be used for
initiating master fuel trip systems.
Exception No. 2: Airflow measurement and auctioneered furnace draft signals from the boiler
control system shall be permitted to be used for a master fuel trip, provided:
(a) These interlocks are hardwired into the burner management system;
(b) Tripping set points are protected from unauthorized changes; and
(c) Any single component failure of these sensing elements and circuits does not prevent a
mandatory master fuel trip.
(j) Misoperation of the interlock system due to an interruption or restoration of the interlock
energy supply shall be prevented.
7-6.2.4 The actuation values and time of action of the initiation devices shall be tuned to the
furnace and equipment on which they are installed. After suitable adjustment, each path and the
complete system shall be tested to demonstrate the adequacy of adjustment for that furnace.
7-6.3 System Requirements.
7-6.3.1 Interlocks. See Figure 7-6.3.1.1.
7-6.3.1.1 Figure 7-6.3.1.1 shows the required system of interlocks that provides the basic
furnace protection for an oil-fired multiple burner boiler operated in accordance with this
standard.
(a) Block 1 shows loss of an individual igniter flame, which shall be interlocked to accomplish
the following:
1. Close the individual igniter safety shutoff valve(s) and deenergize the spark(s).
2. Open the vent valve (gas ignition only).
3. Signal the main flame protection system that the igniter flame has been lost.
(b) Block 2 represents conditions caused by improper igniter fuel header pressure that shall be
interlocked to initiate the tripping of the igniter header and individual igniter safety shutoff
valves and to deenergize sparks. Where gas is used for ignition fuel, both high and low pressure
shall be interlocked. Where oil is used, low pressure shall be interlocked.
(c) Where oil is used for ignition fuel with air or steam atomization, improper atomization of
an igniter fuel is a condition that shall trip the igniter and individual igniter safety shutoff valves
and deenergize sparks as indicated by Block 3.
(d) Where direct electric igniters are used, Blocks 1 through 3 shall not apply. However, the
master fuel trip system shall deenergize sparks and prevent reenergizing until all conditions for
light-off have been reestablished.
(e) Blocks 4 through 16 represent conditions that initiate the tripping of both the main and
ignition fuel supply through a master fuel trip relay. The master fuel trip relay shall be of the
type that stays tripped until the furnace purge system allows it to be reset, as shown at the bottom
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of Figure 7-6.3.1.1. Whenever the fuel trip relay is operated, it trips all safety shutoff valves, the
circulating valve, and the recirculating valve and deenergizes sparks and all ignition devices
within the unit and flue gas path. If the design of the fuel oil supply system is such that backflow
of oil through the recirculating valve is inherently impossible or positively prevented, this valve
shall be permitted to be manually operated and shall not be required to be interlocked to close
automatically on a master fuel trip. The interlocks are as follows:
1. Blocks 4 through 8 represent protection against loss of large quantities of combustion air.
The loss of all induced draft fans or all forced draft fans shall operate the fuel trip relay. The loss
of one induced draft fan or forced draft fan or other large loss of air shall reduce the fuel in order
to maintain the proper air/fuel ratio. This function shall be permitted to be interlocked or made a
part of the combustion control system. (See Chapter 5 and 7-5.3.)
2. Block 9 represents low combustion airflow below the permitted limits and is interlocked
to activate the master fuel trip relay.
3. Excess furnace pressure (Block 10) also is interlocked with the master fuel trip relay to
protect against abnormal furnace conditions such as those resulting from a tube rupture or
damper failure.
4. Block 11 represents an interlock operation when all fuel inputs to the furnace are shut off
following a shutdown of the boiler for any reason. This necessitates the use of the purge
sequence before the fuel supply can be established. This is a trip function in addition to the
permissive function for verification that all individual burner safety shutoff valves are closed as
shown in the “Furnace Purge System.” (See Figure 7-6.3.1.1.)
5. When the main burner header fuel pressure (Block 12) is below the minimum for a stable
flame, the master fuel trip relay shall be actuated. [See Table 7-5.2.5.2(a), item (a).]
6. Block 13 represents operation of the master fuel trip relay to prevent an unsafe condition
developing from improper atomization of the oil.
7. Block 14 represents a manual switch that can be used by the operator in an emergency to
actuate the master fuel trip relay. The manual trip switch shall actuate the master fuel trip relay
directly.
8. Block 15 represents loss of all flame in the furnace and is interlocked to activate the
master fuel trip relay.
9. Block 16 represents a partial loss of flame to the extent that hazardous conditions could
develop irrespective of, or due to the failure of, other protective interlocks. It is potentially more
hazardous at lower load levels. The decision regarding specific requirements or the
implementation of this trip shall be a design decision based on furnace configuration, total
number of burners, number of burners affected as a percentage of burners in service,
arrangement of burners affected, interlock system, and load level.
(f) Block 17 represents loss of flame at an individual burner with one or more additional
burners operating with stable flames but does not introduce a serious enough condition to
warrant a master fuel trip as called for in 7-6.3.1.1(e)9 (Block 16). This trip is interlocked to
close the individual burner safety shutoff valve(s) and associated igniter safety shutoff valve(s)
and deenergize the associated igniter spark. [For gang-operated burner valves, see 7-5.2.1.3(s).]
Copyright 1996 NFPA

Figure 7-6.3.1.1 Interlock system for oil-fired multiple burner boiler.

7-6.3.1.2 Each source of operation of the master fuel trip relay shall actuate a “cause of trip”
indication that informs the operator of the initiating cause of the tripping impulse.
7-6.3.1.3 The recirculating valves shall be permitted to be reset separately and opened following
a trip of the master fuel trip relay only after all burner safety shutoff valves have been proven
closed.
7-6.3.1.4 The proper starting sequence shall be supervised by a series of permissive interlocks
shown in Figure 7-6.3.1.1 as the furnace purge system. All requirements of this system shall be
satisfied before the ignition system can be energized by resetting the master fuel trip relay. This
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ensures that a unit purge has been completed with all required burner registers in purge position
and all safety shutoff valves closed before the master fuel trip relay can be reset and the light-off
sequence can be started. Completion of the purge shall be indicated.
7-6.3.1.5 Components (e.g., precipitators, fired reheaters) containing sources of ignition energy
shall be purged for either (1) a period of not less than 5 minutes or (2) five volume changes of
that component, prior to being placed in operation, whichever is longer. Completion of the purge
shall be indicated.
7-7 Alarm System.
7-7.1 Functional Requirements.
7-7.1.1 The functional requirement of any alarm system is to bring a specific condition to the
attention of the operator. Alarms shall be used to indicate equipment malfunction, hazardous
conditions, and misoperation. For the purpose of this standard, the primary concern is alarms that
indicate abnormal conditions that pose a threat of impending or immediate hazards.
7-7.1.2 Alarm systems shall be designed so that, for the required alarms in 7-7.2, the operator
receives audible and visual indication of the abnormal condition. Means shall be permitted to
silence the audible alarm after actuation, but the visual indication shall continue until the
condition has been returned to normal.
7-7.1.3 The design shall make it difficult to manually defeat the alarm, and, where equipment
malfunction makes defeat necessary, it shall be performed by authorized personnel and the alarm
shall be tagged as inoperative.
7-7.2* Required Alarms.
In addition to the trip alarms in the interlock system shown in Figure 7-6.3.1.1, the separately
annunciated alarms in 7-7.2(a) through (p) shall be provided.
(a) Main Oil Supply Pressure (Low). The oil supply pressure shall be monitored at a point as
far upstream of the main fuel control and safety shutoff valves as practicable. The purpose is to
warn the operator of unusual pressure conditions that might result in damage to equipment or to
indicate a complete loss of supply.
(b) Fuel Oil Burner Header Pressure (Low). The burner header oil pressure shall be monitored
as close to the burners as practicable in order to warn the operator of low pressure in advance of
trip conditions.
(c) Main Oil Viscosity (High). The main oil temperature shall be monitored to warn that the
fuel oil temperature is dropping and that poor atomization of the oil could result. If the viscosity
of the fuel supply is variable, it is recommended that a viscosity meter be used to provide the
alarm. Interlocking to trip on high viscosity also shall be considered in such cases.
(d) Atomizing Steam or Air Pressure (Low). For steam or air-assisted burners, an alarm shall
be provided to warn that the steam or air pressure and oil pressure is outside of operating range
and that poor oil atomization could result.
(e) Igniter Atomizing Steam or Air Pressure (Low). For steam or air-assisted igniters, an alarm
shall be provided to warn that steam or air pressure is outside of operating range and that poor oil
atomization could result.
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(f) Ignition Fuel Header Pressure (High and Low). The ignition fuel header pressure shall be
monitored as close to the burners as practicable in order to warn the operator of high or low
pressure in advance of conditions that lead to a trip.
Exception: For oil-fired igniters, only low ignition fuel header pressure shall be required be
monitored.
(g) Furnace Pressure (High). This shall be measured near the normal furnace pressure tap
location. It shall warn the operator of a pressure in excess of normal operation and of an
approach to trip conditions.
(h) Furnace Draft (High). This shall apply to balanced draft furnace operation. It shall be
measured near the normal furnace draft tap location. It shall warn the operator of a draft in
excess of normal operation and of an approach to trip conditions.
(i) Loss of Operating FD Fan. This shall be sensed and alarmed only when the fan is not
operating when expected.
(j) Loss of Operating ID Fan. This shall apply to balanced draft furnace operation. It shall be
sensed and alarmed only when the fan is not operating when expected.
(k) Furnace Airflow (Low). This shall be sensed and alarmed when total airflow falls below
purge rate.
(l) Loss of Interlock Power. This shall be sensed and alarmed and shall include all sources of
power necessary to complete interlock functions. For example, if both a 125-volt DC electric
circuit and a compressed air circuit are needed for an interlock scheme, loss of either circuit shall
be annunciated separately.
(m) Loss of Control Power. This shall be sensed and alarmed to include any sources of power
for the control systems.
(n) Loss of Flame. A partial or total loss of flame envelope still receiving fuel shall be
monitored and alarmed so that it can be determined if a hazardous condition exists in the
furnace.
(o) Burner Valves Not Closed. The closed position of individual burner safety shutoff valves
shall be monitored, and failure of any valve to close following a trip shall be alarmed.
(p) Drum Water Level (Low). The average water level in the boiler drum shall be monitored
and shall alarm when the level in the drum drops to the lowest safe operating point. (See A-7-7.2
for recommended alarms and monitors in addition to those that are required.)
7-8* Boiler Front Control (Supervised Manual).
7-8.1 General.
Section 7-8 shall not apply to new construction. Section 7-8 shall apply only to existing boilers
with boiler front control and to the alteration of manual boilers.
7-8.1.1* System Requirements. This section provides minimum requirements for the design,
installation, and operation of multiple burner, fuel-fired boilers operated from the boiler front
and describes functional requirements for proper operation. No specific degree of automation
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beyond the minimum specified safeguards is defined or shall be required, as this is subject to
factors such as the physical size of units, use of central control rooms, degree of reliability
required, and availability of experienced operating personnel. All devices shown on the diagrams
and discussed in the text shall be required.
This section defines and specifies the requirements of the operating system that shall be used
under the following conditions:
(a) A trained operator shall be in constant attendance.
(b) The start-up or normal shutdown of any burner shall be accomplished by an operator at the
burner locations.
(c) The operator shall have direct visual access to view the furnace.
(d) Suitable equipment shall be provided to control furnace inputs and their relative rates of
change to maintain an air/fuel mixture within the limits necessary for continuous combustion and
stable flame throughout the controllable operating range of the unit. [See Figures A-7-5.1.2(a),
(b), and (c) for minimum recommended requirements.]
7-8.1.2 System Description. This operating system is defined as “supervised manual system.” A
supervised manual system is one in which a trained operator has primary responsibility for the
proper start-up, operation, and normal shutdown of a boiler with interlocks to ensure that the
operation follows established proper procedures. This system includes certain interlocks for
preventing improper operator action, certain safety trips and flame supervisions, and an
indication of the status of the start-up sequence. The operator(s) of this type of system shall be
provided with and shall operate the system in accordance with a written set of operating
instructions for each boiler unit.
7-8.1.3 Fundamental Principles. The written instructions shall include, but shall not be limited
to, the following:
(a) The airflow rate shall be adjusted to purge the airflow and purge the unit.
(b) The purge airflow rate shall be maintained continuously from purge initiation through the
light-off cycle. If the airflow is not maintained, the prefiring cycle shall be repeated.
(c) If flame on the first igniter is not established within 10 seconds, the individual igniter
safety shutoff valve shall be closed and the cause of failure to ignite shall be determined and
corrected. With airflow maintained at the purge rate, repurge shall not be required, but at least 1
minute shall elapse before attempting a retrial.
(d) The operator shall observe the igniter operation continuously while opening the first
individual burner supervisory shutoff valve. If the main burner flame is not proven within 10
seconds after the individual burner shutoff valve leaves the closed position, a master fuel trip
shall occur.
(e) After each stable main burner flame is established, the igniter shall be shut off unless
classified as Class 1 or Class 2. The stability of the main burner flame shall be verified.
(f) Burners shall be lighted only from their associated igniter(s).
(g) The operator shall observe the main flame stability while making any register or burner
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damper adjustments. (This is more critical in two-burner boilers.)
(h) After each successive burner light-off, the operator shall verify the flame stability of all
operating burners.
(i) If a second or succeeding burner igniter does not light-off immediately after its individual
igniter safety shutoff valves have been opened, the operator shall close the individual igniter
safety shutoff valves and determine and correct the cause of its failure to light. In all cases, at
least 1 minute shall elapse before the next light-off is attempted.
(j) If a second or succeeding main burner flame is not established, the operator shall close the
individual burner supervisory shutoff valve and the individual igniter safety shutoff valves
immediately, open the burner register or damper to firing position, and determine and correct the
cause of its failure to ignite. At least 1 minute shall elapse before attempting to light this or any
other igniter.
(k) Operation at less than 25 percent of load shall be permitted, provided burners maintain
stable flame and airflow is maintained at purge rate regardless of the actual load or fuel input.
(l) Although water side control is not directly related to combustion safety, it shall be given
recognition, and low water level in the steam drum shall be monitored and alarmed.
Consideration shall be given to interlock tripping.
Exception: For direct electric (Class 3 Special) igniters, 7-8.1.3 (c) and (i) shall not apply.
7-8.1.4 Interlocks, Master Fuel Trip. Any of the following conditions shall initiate a master
fuel trip with first-out annunciation (see 7-6.2.3):
(a) Fuel pressure at the burner below the minimum established by the burner manufacturer or
by trial;
(b) Loss of all forced draft fans;
(c) Loss of all induced draft fans, if applicable;
(d) Operation of the emergency trip switch by the operator;
(e) Loss of atomizing medium to boiler;
(f) Loss of all flame;
(g) Loss of control energy if fuel flow to burners is affected in such an event.
7-8.1.5 Loss of Individual Burner or Igniter Flame.
(a) Loss of flame at an individual igniter shall cause the igniter individual safety shutoff valve
to close and the associated sparks to deenergize.
(b) Loss of flame at an individual burner shall cause the burner individual safety shutoff valve
to close.
(c) The conditions of 7-8.1.5(a) and (b) shall be indicated.
(See A-7-7.2 for recommended alarms in addition to those that are required.)
7-8.2 Operating Cycle.
The following operating sequences are based on a typical system that includes steam-atomized
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main oil burners. Certain provisions and sequences shall not apply where other atomizing media
or systems are used. However, the principles outlined in these sequences shall be followed, and
all applicable interlocks, trips, alarms, or their equivalents shall be provided.
7-8.2.1 Prefiring Cycle. The following steps shall be taken by the operator when starting a
supervised manual unit, and the required interlocks shall be satisfied at each step. Control system
energy, power, water level, fuel supply, and atomizing medium, if used, shall be established.
Furnace and gas passages shall be inspected to determine if in good repair. Prior to start-up, it
shall be determined that the unit and its associated systems are evacuated of all personnel and all
access and inspection doors are closed.
Operator Actions1

Interlock Functions

[See Figures A-7-5.1.2(a) and (d).]
(a) Inspect furnace for unburned
oil accumulations

(a) None;

(b) Confirm burner guns have
proper tips and sprayer plates;

(b) None;

(c) Confirm individual burner
safety shutoff valve closed;

(c) Proved;

(d) Confirm supervisory shutoff
valves closed;

(d) Proved;

(e) Confirm burner gun in proper
position;

(e) None;

(f) Confirm main fuel control
valve in light-off position;

(f) Proved;

(g) Confirm that atomizing
medium header has been blown
free of condensate and header trap
is functioning;

(g) None;

(h) Start fan(s);

(h) Prove fans operating;

(i) Open main safety shutoff
valve and recirculation valve to
circulate heated oil through main
fuel bypass control valve and the
burner header;

(i) Prove all required interlocks
satisfied;

(j) Open main damper(s) to
purge position;

(j) Prove purge airflow rate [see
7-8.1.3(a) and (b)];

(k) Open all burner registers to
purge position;

(k) None;

(l) Start purge timer and purge;

(l) None;

(m) Open atomizing medium
individual burner shutoff valve to
the burner gun to be lighted. Blow
free of condensate. Confirm
atomizing pressure has been

(m) Prove atomizing medium
available;
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established;
(n) Immediately proceed with
light-off cycle after completion of
purge.

(n) Repurge required if airflow rate
drops below purge rate prior to
initiation of light-off cycle.

1 Certain actions are not necessarily performed in the order shown.

7-8.2.2 Light-Off Cycle—First Igniter. This cycle shall follow prefiring immediately with all
required interlocks satisfied. The open register purge airflow rate principle shall be followed
during the light-off procedure. (See 7-5.1.3, 7-5.1.4, and 7-5.1.5.)
Operator Actions

Interlock Functions

[See Figures A-7-5.1.2(a) and (d).]
(a) Maintain purge airflow rate;

(a) Prove that airflow has not dropped
below purge rate;

(b) Adjust register of burner to
be lighted to light-off position, if
necessary;

(b) Prove purge airflow rate;

(c) Energize igniter for first
burner. For direct electric
ignition, omit 7-8.2.2(d) and
proceed directly to 7-8.2.4(c);

(c) For fuel-fired igniters, prove
flame within 10 seconds. If flame not
proved, safety shutoff valves for this
igniter shall close and spark shall be
deenergized;

(d) If ignition flame is not
established, determine cause and
make necessary corrections.
Burner register shall be opened
to purge position for at least 1
minute before repeating light-off
cycle.

(d) None.

7-8.2.3 Light-Off Cycle—Subsequent Igniters.
Operator Actions

Interlock Functions

[See Figures A-7-5.1.2(a) and (d).]
(a) Adjust register of burner to
be lighted to light-off position, if
necessary;

(a) Prove that airflow has not dropped
below purge rate;

(b) Energize igniter. For direct
electric igniters, omit 7-8.2.2(c)
and proceed directly to
7-8.2.4(c);

(b) For fuel-fired igniters, prove
flame within 10 seconds. If flame is not
proven, safety shutoff valves for this
igniter shall close and spark shall be
deenergized;

(c) If ignition flame is not
established, determine cause and
make necessary corrections.

(c) None.
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Burner register shall be opened
to purge position for at least 1
minute before repeating light-off
cycle.

7-8.2.4 Light-Off Cycle—First Main Burner.
Operator Actions

Interlock Functions

[See Figures A-7-5.1.2(a) and (d).]
(a) Adjust register of burner to
be lighted to light-off position, if
necessary;

(a) Prove airflow has not dropped
below purge rate;

(b) If igniter is fuel fired,
verify igniter flame is present;

(b) Proved;

(c) Confirm that burner oil
pressure is being controlled by
main fuel bypass control valve
and is at light-off pressure. If
necessary, throttle recirculating
valve as needed to maintain
light-off oil pressure;

(c) None;

(d) Open individual burner
safety shutoff valve at burner
being lighted;

(d) Igniter flame proved on burner
being lighted and individual burner
supervisory shutoff valve proved
closed;

(e) Verify atomizing medium
flowing from burner gun about
to be lighted;

(e) None;

(f) Confirm clearing valve
closed;

(f) None;

(g) Slowly open individual
burner supervisory shutoff valve
until fully open to establish this
main burner flame;

(g) Starts main burner trial for
ignition. If main burner flame is not
proved within 15 seconds after the
valve leaves the closed position, a
master fuel trip is effected;

(h) If first main burner flame is
not established, determine cause
and correct conditions. Repeat
actions beginning with prefiring
cycle (see 7-8.2.1);

(h) Requires repeat of purge cycle;

(i) After main burner flame is
established, adjust burner
register to firing position, as
necessary;

(i) None;

(j) Close recirculating valve;

(j) None;

(k) Unless classified as Class 1
or Class 2, igniter shall be

(k) None.
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removed from service; visually
confirm main flame stability.

7-8.2.5 Light-Off Cycle for Subsequent Main Burners at Light-Off Fuel Pressure. This
cycle shall be performed after the igniter flame for the burner has been proved and fuel pressure
is controlled by the main fuel bypass control valve.
Operator Actions

Interlock Functions

[See Figures A-7-5.1.2(a) and (d).]
(a) Adjust register of burner to
be lighted to light-off position, if
necessary;

(a) Prove that airflow has not dropped
below purge rate;

(b) If igniter is fuel fired,
verify igniter flame is present;

(b) Proved;

(c) Confirm burner fuel
pressure is being controlled by
the main fuel bypass control
valve and is at light-off pressure;

(c) None;

(d) Open individual burner
safety shutoff valve at burner
being lighted;

(d) Igniter flame proved on burner
being lighted and individual burner
supervisory shutoff valve proved
closed;

(e) Verify atomizing medium
flowing from burner gun about
to be lighted;

(e) None;

(f) Confirm clearing valve
closed;

(f) None;

(g) Slowly open individual
burner supervisory shutoff valve
until fully open to establish this
main burner flame;

(g) If the main burner flame is not
proved within 15 seconds after the
valve leaves its closed position, all fuel
to this burner and its igniter is shut off;

(h) If the main burner flame is
not established, determine cause
and correct conditions. Open
burner register to firing position;
wait 1 minute before attempting
to light this or any other burner.
Repeat 7-8.2.3 and 7-8.2.5;

(h) None;

(i) After main burner flame is
established, adjust burner
register to firing position, as
necessary;
(j) Unless classified as Class 1
or Class 2, igniter shall be
removed from service; visually
confirm main flame stability.

(i) None;

(j) None.
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7-8.2.6 Light-Off Cycle for Additional Burner(s) when Fuel Pressure of Operating
Burner(s) Is above Light-Off Pressure. Fuel pressure is controlled by the main fuel control
valve.
Operator Actions

Interlock Functions

[See Figures A-7-5.1.2(a) and (d).]
(a) Place combustion control
system on manual; note the
windbox-to-furnace pressure
differential;

(a) None;

(b) Slowly adjust register on
burner to be lighted to light-off
position while manually
adjusting airflow to maintain the
windbox-to-furnace differential
pressure at the value noted in
7-8.2.6(a);

(b) None;

(c) Energize igniter; for direct
electric igniters, omit 7-8.2.6(d);

(c) Prove flame within 10 seconds. If
flame not proved, safety shutoff valves
for this igniter shall close and spark
shall be deenergized;

(d) If igniter flame is not
established, determine cause and
correct;

(d) None;

(e) Open safety shutoff valve
to burner being lighted;

(e) Igniter flame proven and
supervisory shutoff valve proven
closed;

(f) Verify atomizing medium
flowing from burner gun about
to be lighted;

(f) None;

(g) Confirm clearing valve
closed;

(g) None;

(h) Slowly open individual
supervisory shutoff valve only
enough to light burner;

(h) If the main burner flame is not
proved within 15 seconds after the
valve leaves its closed position, all fuel
to this burner and its igniter is shut off;

(i) If the main burner flame is
not established, determine cause,
correct, wait at least 1 minute,
then repeat 7-8.2.6(e) through (j);

(i) None;

(j) With main flame
established, open air register to
the firing position;

(j) None;

(k) Slowly open supervisory
shutoff valve completely but
without suddenly dropping

(k) None;
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header fuel pressure;
(l) Unless classified as Class 1
or Class 2, igniter shall be
removed from service; visually
confirm main flame stability;

(l) None;

(m) Adjust airflow to restore
correct fuel/air ratio;

(m) None;

(n) Place combustion control
system in automatic, if desired.

(n) None.

7-8.2.7 Normal Shutdown Cycle.
Operator Actions

Interlock Functions

[See Figures A-7-5.1.2(a) and (d).]
(a) Reduce boiler load until
main fuel control valve is closed.
Main fuel bypass control valve
will assume control at light-off
oil pressure. Do not reduce
airflow below purge rate;

(a) None;

(b) Each burner shall be shut
down in the following sequence
if the oil gun is to be cleared into
the furnace:

(b) None;

1. Establish igniter on the
burner to be shut down;

1. None;

2. Close individual burner
supervisory shutoff valve;

2. As each burner supervisory
shutoff valve is closed, loss of flame
will cause its associated safety shutoff
valve to close. After last burner
supervisory shutoff valve is closed, loss
of all flame shall cause main safety
shutoff valve to close;

3. Open clearing valve to
clear the burner;

3. None;

4. Shut off igniter;

4. Igniter safety shutoff valves
close, igniter atmospheric vent valve
opens (for gas igniters);

5. Leave burner register at
firing position;

5. None;

6. Shut off atomizing medium
to each burner;

6. None;

7. All burner guns shall be
removed;

7. None;

(c) If oil guns are not cleared

(c) None;
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into the furnace, eliminate steps
1, 3, and 4 above. Remove oil
guns and drain oil outside the
furnace;
(d) Perform a unit purge;

(d) None;

(e) Shut down fan(s), if
necessary.

(e) Loss of airflow interlock is
actuated.

7-8.2.8 Emergency Shutdown.
(a) An emergency shutdown shall initiate a master fuel trip.
(b) For the conditions that shall initiate an emergency shutdown, see 7-8.1.4.
7-8.2.9 Operator Actions Following an Emergency Shutdown. [See Figures A-7-5.1.2(a) and
(d).]
(a) All individual burner supervisory shutoff valves shall be closed. Burner register positions
shall remain unchanged.
(b) Atomizing steam flow to all burners shall be shut off.
(c) Oil guns external to the furnace shall be removed and drained.
(d) The unit shall be purged in accordance with the following procedure:
1. Fans that are operating after the master fuel trip shall be continued in service.
2. Airflow shall not be increased immediately by deliberate manual or automatic control
action.
3. If the airflow is above purge rate, it shall be permitted to be decreased gradually to this
value and a post-firing unit purge shall be performed.
4. If the airflow is below purge rate at the time of the trip, it shall be continued at the
existing rate for 5 minutes and then increased gradually to purge rate and held at this value for a
post-firing unit purge.
(e) Where the master fuel trip is caused by loss of draft fans, or draft fans also have tripped, all
dampers in the air and flue gas passages of the unit shall be opened slowly to the fully open
position in order to create as much natural draft as possible to ventilate the unit. Opening fan
dampers shall be timed or controlled to avoid excessive positive or negative furnace pressure
transients during fan coast-down. This condition shall be maintained for not less than 15
minutes. At the end of this period, the flow control dampers shall be closed and the fan(s) shall
be started immediately. Airflow shall be increased gradually to at least purge rate.
(f) The cause of emergency shutdown shall be determined and corrected.
(g) The first igniter light-off cycle (see 7-8.2.2) shall be performed if restart of unit is required.
(h) If it is desired to remove the boiler from service for a period of time, fans shall be shut
down on completion of unit purge and manual shutoff valves shall be closed.
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7-8.2.10 Where provided, regenerative air heaters and gas recirculation fans shall be operated
during all operations of the unit in a manner recommended by the boiler manufacturer.
7-9 Two-Burner Systems—Single Fuel Flow Control.
7-9.1 Fundamental Principles.
7-9.1.1 This section provides special design and operating requirements for two-burner boilers
that are served by a single fuel flow control valve and a single airflow control damper, and
provided with fuel safety shutoff valves for each burner. These boilers are subject to hazardous
air/fuel ratio upsets at either burner during light-off, fuel transfer, and when one of the two
burners automatically trips during operation.
7-9.1.2 This section shall not apply to two-burner boilers with separate air/fuel ratio controls that
consist of a fuel flow control valve and an airflow control damper for each burner that provide
independent burner operation.
7-9.1.3 This section shall not apply to two burners that are lighted off, operated, and shut down
in unison as a single burner, with common fuel and airflow controls and fuel safety shutoff
valves. [See NFPA 8501, Standard for Single Burner Boiler Operation, and 7-5.2.1.3(s).]
7-9.2 System Requirements.
7-9.2.1 The following control system design options shall be provided in order to maintain a
proper air/fuel ratio on one burner in the event of an automatic trip of the other burner.
7-9.2.1.1 A flame failure signal at one of the two burners shall initiate one of the following
immediately and automatically:
(a) A master fuel trip.
(b) A trip of the individual fuel safety shutoff valve(s) for the failed burner and a reduction of
total boiler fuel flow by 50 percent of the flow prior to trip without reducing total boiler airflow
or individual burner airflow. This action shall be accomplished by correcting the burner header
fuel pressure to the value at which it had been operating prior to the trip of the first burner. The
result of this operation is that the remaining operating burner maintains the proper air/fuel ratio
after the fuel is shut off to the other burner.
(c) A trip of the individual fuel safety shutoff valve(s) for the failed burner and simultaneous
shutoff of the air supply to that burner. The fuel input to the operating burner shall not exceed
the maximum firing rate or the air/fuel ratio limits of the burner.
7-9.2.1.2 The automatic recycling mode of operation shall be prohibited.
7-9.2.2 Burner Light-Off Procedures. The following operating procedures shall be followed to
prevent air/fuel ratio upsets during burner light-off:
(a) Prior to light-off of the first burner, the furnace shall be purged with airflow through both
burner registers at purge rate.
(b) When lighting the first burner, the registers in the second burner shall be left open to the
purge position.
(c) The operator shall observe main flame stability while making any register or burner damper
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adjustments.
(d) During and after the light-off of the second burner, the operator shall observe the flame
stability on the first burner.
(e) It might be necessary to operate a boiler on one burner with the air supply closed off to the
other burner. If it then becomes necessary to light the second burner, extreme care shall be used
to avoid creating a hazardous air/fuel ratio at the first operating burner. The following general
procedures shall be followed to avoid air starvation of the operating burner when air is
introduced to the idle burner in preparation for its light-off:
1. Before admitting any air to the idle burner, the excess air on the operating burner shall be
increased by either increasing airflow while holding fuel flow constant or reducing fuel flow
while holding airflow constant.
2. The register or damper at the idle burner shall be opened slowly while continuously
observing the effect on the operating burner and making any adjustments to fuel flow or total
boiler airflow necessary to maintain a stable flame.
3. After lighting the second burner, proper flame stability shall be confirmed at both burners
before transferring the control to the combustion control system.
(f) Where the two burners are not equipped with individual burner air registers or dampers,
7-9.2.2(e) shall not apply. Total boiler airflow shall be maintained so that the operating burner
has the proper air/fuel ratio.
7-9.3 Fuel Transfer Procedure.
An operating procedure, either manual or automatic, shall be followed that prevents a
hazardous air/fuel ratio at either burner when making a fuel transfer. The following procedure
shall be followed:
Total fuel and airflow shall be reduced to within the capacity of one burner. Both fuel and air
to the burner on which fuels are to be transferred shall be shut off simultaneously. The burner
shall be restarted on the new fuel in accordance with the procedures in 7-9.2.2(e).
Chapter 8 Pulverized Coal Systems
8-1 General.
8-1.1
This chapter contains additional requirements to be followed where burning pulverized coal.
8-1.2
Pulverized coal systems shall be in accordance with NFPA 8503, Standard for Pulverized Fuel
Systems.
8-1.3
Although the pulverized coal section of this standard emphasizes direct-fired systems, it also
generally is applicable to bin systems.
8-2* Coal Firing—Special Problems.
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8-2.1
Common hazards are involved in the combustion of solid, liquid, and gaseous fuels. Each of
these fuels has special hazards related to its physical characteristics. The following factors shall
be considered in the design of the firing systems:
(a) It can take as little as 3 lb (1.36 kg) of pulverized coal in 1000 ft3 (0.05 oz/ft3) (0.05 kg/m3)
of air to form an explosive mixture. Since a larger boiler burns 100lb (45.4 kg) or more of coal
per second, the safe burning of pulverized coal necessitates strict adherence to carefully planned
operating sequences. (See Section 8-5.)
(b) Coal undergoes considerable processing in several independent subsystems that need to
operate together. Failure to process the fuel properly in each subsystem increases the potential
explosion hazard.
(c) Methane gas released from freshly crushed or pulverized coal can accumulate in enclosed
spaces.
(d) The raw coal delivered to the plant can contain such foreign substances as scrap iron, wood
shoring, rags, excelsior, and rock. Much of this foreign material can interrupt coal feed, damage
or jam equipment, or become a source of ignition within a pulverizer. The presence of foreign
material could constitute a hazard by interrupting coal flow. This could cause a total or partial
flameout and possible reignition accompanied by a dangerous furnace puff or explosion. Wet
coal can cause a coal hangup in the raw coal supply system. Wide variations in the size of raw
coal can result in coal feeding that is erratic or uncontrollable.
(e) Pulverized coal is conveyed through pipes from the pulverizer to the burner by transport
air. Improper operation can introduce multiple hazards. For example, improper removal of a
burner from service can introduce:
1. The settling out of pulverized coal in the burner pipes to inoperative burners, which, on
restarting of the burner, can cause a furnace puff;
2. A leakage of pulverized coal from the operating pulverizer through the burner valve into
the idle burner pipe; and
3. Leakage of gas or air through a burner valve, thereby causing a fire in an idle pulverizer.
Section 8-5 provides precautions to minimize such hazards.
(f) Pulverizer system explosions have resulted from the accumulation of pulverized coal in the
hot air, tempering air, and coal pipe seal air supply system that are shared by a group of
pulverizers. Provisions shall be made in the design of the system to prevent these occurrences
and to allow periodic inspections.
(g) The burning of pulverized coal necessitates close integration of the pulverizer system.
Commonly, the pulverizer and the burner systems function as a unit so that start-up of the
pulverizer is integrated with the light-off of all its associated burners. Precautions shall be taken
to prevent ignition of the pulverized coal in the burner pipe. This is accomplished principally by
preventing the velocity of the transport air from falling below a predetermined value during
operation [transport air shall not be maintained during an emergency trip condition (see 8-5.3)]
and by purging the pipes with this minimum airflow during the shutdown procedure. In addition,
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by operating above these minimum velocities, settling of the fuel in the burner pipe is prevented.
The danger associated with this settling is that the accumulated coal could cause a furnace
explosion as the flow in the pipe is increased. Means shall be provided to prevent the reverse
flow of furnace gases into idle burners or pulverizers.
(h) The difficulty in equalizing transport air velocities in multiple coal/air pipes from the same
pulverizer also introduces the need to maintain minimum transport air velocity, as described in
8-2.1(g). Positive means shall be provided to ensure that all pipe velocities are equal to or above
the minimum velocity necessary for fuel transport. Testing during initial start-up and retesting as
appropriate shall be performed to verify that individual pipe velocities are adequate. A velocity
in a burner pipe that is too low could cause coking of coal at the burner tip, resulting in a pipe
fire.
(i) It is necessary to dry coal for proper pulverizer operation and combustion. This usually is
accomplished by supplying hot air to the pulverizer. Temperature control normally is maintained
by mixing tempering air with the hot air from the air heater. The coal-air mixture temperature
leaving the pulverizer shall be maintained within limits. An outlet temperature that is too low
impedes pulverization. An outlet temperature that is too high causes coking or overheating of
burner parts and increases the possibility of pulverizer fires. The pulverizer outlet temperature
shall be adjusted for the type of coal being burned. Maintaining a controlled outlet temperature
also aids in controlling the relationship between the fuel and the primary air.
(j) In order to minimize explosions in the pulverizer or burner pipes, provision shall be made
for cooling down and emptying the pulverizers as part of the process of shutting down the
associated burners (see 8-5.3.5). Where a pulverizer is shut down with a significant amount of
coal remaining in the pulverizer, this coal is subject to spontaneous combustion if it is not kept
below its critical temperature. If the pulverizer is tripped under load, the clearing procedure
outlined in 8-5.3 shall be followed to prevent spontaneous combustion and a possible explosion
in the pulverizer or burner pipes.
(k) Caution shall be exercised in the interpretation of combustibles meter indications. Most
meters and associated sampling systems measure only gaseous combustibles. Therefore, the lack
of meter indication of combustibles shall not be considered proof that unburned coal particles or
other combustibles are not present.
(l) Where firing oil, operation of air heater sootblowers shall be in accordance with the
recommendations of the air heater manufacturer. Initial firing of oil fuel in a cold boiler can
create a special hazard by causing fires in air heaters.
8-2.2 Coal Burner Turndown Ratio.
8-2.2.1 In addition to the criteria that determines the range of burner operation for stable flame
shown in 8-3.3.2, other factors involving proper burner operation are described in 8-2.2.2 and
8-2.2.3.
8-2.2.2 Coal is subject to wide variations in analysis and characteristics. The change in the
percent of volatile constituents affects the ignition characteristics of the coal and can affect the
permitted turndown ratio of a particular burner design. Coals having high volatile content (above
28 percent, as fired) are easier to ignite than coals having low volatile content (below 20 percent,
as fired). As the volatile content decreases, the minimum permitted firing rate can increase
Copyright 1996 NFPA

significantly. The fineness of pulverized coal also can affect the permitted turndown ratio.
Therefore, it is necessary to establish minimum firing rates for the range of volatility and
fineness expected. A firing rate that is too low could result in a gradual buildup of coke or slag
on the burner tip or on the furnace floor and shall be avoided.
8-2.2.3 Where operating with pulverized coal for an extended time at reduced loads, incomplete
combustion can cause large quantities of unburned combustible dust to settle in hoppers and on
horizontal surfaces. If this dust is disturbed by a rapid increase in airflow or by sootblowing, an
explosive mixture can result. This condition has been the cause of several explosions. To avoid
this condition, the turndown ratio for extended reduced load operation shall be determined for
the full range of coals to be fired.
8-2.3 Effect of Turndown Ratio on Open Register Light-Off.
8-2.3.1 The restrictions described in 8-2.2 might limit the turndown ratio significantly. This
might make it necessary to light-off the burner at higher loads than is necessary for either oil or
gas. As a result, the procedures of the open register/purge rate light-off system advocated in this
standard are somewhat different than for oil or gas.
8-2.3.2 Wide variation in coal quality (see 8-2.2.2) and spare pulverizer capability lead to large
burner throats; therefore, the turbulence necessary for good mixing of coal and air is
significantly restricted as the load is reduced. These factors can restrict the turndown ratio when
all pulverizers are in service.
8-2.3.3 With gas and fuel oil, it usually is possible to purge and light-off with the idle registers in
the normal firing position by momentarily closing the registers on burners to be lit in order to
establish initial ignition. Although, in the case of some coal-fired boilers, this identical procedure
is possible, there are other installations where the windbox-to-furnace differential necessary to
obtain the desired turbulence for purge and light-off is best obtained with all registers open to an
intermediate (light-off) position; the registers then are opened progressively to the normal firing
position immediately after each group of burners has been lit.
8-2.3.4 The low turndown ratio and other restrictions described in 8-2.3.1 through 8-2.3.3 might
require variations in light-off procedures. However, the basic objectives of an open register
light-off as set forth in 8-5.1.5 shall be met.
8-3 System Requirements.
8-3.1 Raw Coal Supply Subsystem.
8-3.1.1 The raw coal supply subsystem shall be sized properly and arranged to ensure a
continuous, steady fuel flow adequate for all operating requirements of the unit.
8-3.1.2 The unloading, storage, transfer, and preparation facilities for raw coal shall be designed
and arranged to size the coal, to remove foreign material, and to minimize interruption of the
coal supply to the coal feeders. This shall include, where necessary, the installation of breakers,
cleaning screens, and magnetic separators.
8-3.1.3 Raw coal feeders shall be designed with a capacity range to allow for variations in size,
quality, and moisture content of the coal as specified by the purchaser. Raw coal piping to and
from feeders shall be designed for free flow within the design range of coal size and moisture
content. Means shall be provided for observation and detection of the coal flow. Access shall be
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provided for clearing of obstructions and sampling of coal.
8-3.2 Pulverizer Subsystems.
Coal pulverizing equipment shall be designed to provide a range of capacity that minimizes
starting and stopping of pulverizers during boiler load changes. It shall produce satisfactory coal
fineness over a specified range of coal analyses and characteristics. Pulverizer systems shall be
designed and operated in accordance with NFPA 8503, Standard for Pulverized Fuel Systems.
8-3.3 Main Burner Subsystem.
8-3.3.1 The main burner subsystem shall be designed so that the burner inputs are supplied to the
furnace continuously and within their stable flame limits. Variations in the burning
characteristics of the fuel, and in the normal variations in fuel handling equipment and
fuel-burning equipment, introduce unreliability to the lower operating limits of the main fuel
subsystem in any given furnace design. In these circumstances, Class 1 or Class 2 igniters, as
demonstrated by test, shall be permitted to be used to maintain stable flame. (See 8-3.3.2 and
8-3.3.3.)
8-3.3.2 The limits of stable flame for each burner subsystem producing a separate flame
envelope shall be determined by tests without the ignition subsystem in service. These tests shall
verify that transients generated in the fuel and air subsystems do not affect the burners adversely
during operation. Such transients are generated by means such as burner shutoff valves and
dampers that operate at speeds faster than the speed of response of other components in the
system. These tests shall include the expected range of available fuels.
8-3.3.3 Where Class 1 and Class 2 igniters are used, the tests described in 4-2.3.2(d)1,
4-2.3.2(d)2, and 8-3.3.2 shall be performed to determine the limits of stable flame with the
igniters in service. The resulting extended turndown range shall be available where Class 1
igniters are in service and flame is proved.
8-3.3.4 Provisions shall be made for visual observation of conditions at the burner ignition zone.
Additional provisions shall be made for flame detection equipment.
8-3.3.5 Provisions shall be made for the cleaning of the burner nozzle and tip.
8-3.3.6 The burner equipment shall be located in an appropriate environment with convenient
access for maintenance. Special recognition shall be given to the fire hazards imposed by
leakage or rupture of piping near the burner. The requirements of good housekeeping shall be
followed.
8-4 Flame Monitoring and Tripping System.
8-4.1 Tripping Philosophy.
8-4.1.1 It is not always possible with coal firing to maintain consistently detectable flame at each
flame envelope (or burner), even where combustion is maintained. Several factors contribute to
the development of a realistic tripping philosophy.
8-4.1.2 The flame stability of each individual burner normally is comparable to that at all the
other burners associated with a single pulverizer. Where ignition energy and detection is proven
for a number of burners, there is less concern regarding random or intermittent indications of
loss of flame by individual detectors associated with that pulverizer.
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8-4.2
It is recognized that any fuel input that does not ignite and burn on a continuous basis creates a
hazard. Regardless of the number or pattern of flame loss indications used for tripping, loss of
flame indication on an operating burner or flame envelope shall initiate an alarm that warns the
operator of potential hazard.
8-4.3
Field testing shall be required to validate basic flame tripping concepts. These tests shall be
performed on representative units. The results of these tests shall be permitted to be applied to
other units of similar size and arrangement, including burner/nozzles of substantially the same
capacity using similar fuels. These tests shall not be used to replace acceptance tests relating to
proof of design, function, and components.
8-4.4 Basic Furnace Configurations.
8-4.4.1 The three principal furnace configurations are as follows:
(a) Wall-fired configuration;
(b) Angular downshot-fired configuration;
(c) Tangentially-fired configuration.
8-4.4.2 The applicability of the tripping philosophies described in 8-4.4.3(a) through (c)
generally is specific to only one or two of the three furnace configurations. No single philosophy
is necessarily applicable to all three furnace configurations.
8-4.4.3 Upon detection of loss of flame on a burner, a pulverizer/burner group, or the furnace as
a whole, an automatic trip of the appropriate equipment shall be initiated as follows:
(a) Monitoring with Automatic Tripping of Individual Burners or Burner Groups. Where
automatic selective tripping of individual burner nozzles or groups is provided, the related
feeder, or pulverizer and feeder, shall be tripped when a predetermined number or arrangement
of burners served by that pulverizer have tripped. The purpose of this interlock is to prevent
operating a pulverizer/burner system with an insufficient number of burners for each pulverizer
for stable pulverizer/burner operation.
(b) Monitoring with Automatic Tripping of Individual Feeder or Pulverizer and Feeder. Upon
detection of loss of flame on a predetermined number or arrangement of burners served by a
pulverizer, that feeder or pulverizer and feeder shall be automatically tripped. In addition, an
alarm shall sound upon detection of loss of flame on each burner involved, and the operator shall
inspect flame conditions visually to determine if burner or pulverizer operation can be continued
safely. The number and arrangement of burners for each pulverizer showing loss of flame that
are necessary to automatically initiate a feeder or pulverizer and feeder trip shall be determined
by the boiler manufacturer after considering the spatial arrangement of burners and unit load.
Under circumstances of operation where adequate support between the operating burners cannot
be shown, either from proven igniters or from proven adjacent burners, loss of flame on an
individual burner shall automatically initiate a trip of the feeder or pulverizer and feeder.
(c) Furnace Tripping. The following conditions shall apply in furnace configurations where
individual pulverizer/burner sets are not selectively tripped:
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1. Detectors shall be located and adjusted to monitor specific zones within the furnace.
2. Under all reasonable operating conditions, proper main fuel combustion in one zone shall
provide adequate sustaining energy to adjacent zones if each zone is not self-sustaining.
3. Under circumstances of operation where adequate support between each zone receiving
fuel cannot be shown, ignition support shall be provided, or, upon loss of flame in a zone or in
the entire furnace, the master fuel trip shall be automatically initiated.
8-5 Sequence of Operations.
8-5.1 General.
8-5.1.1 Sequencing shall be required to ensure that operating events occur in the proper order.
Sequencing shall provide procedures that allow properly prepared fuel to be admitted to the
burners only when there is sufficient ignition energy and proper airflow to ignite the fuel as it
enters the furnace. Sequencing also shall be utilized where removing burners from operation.
8-5.1.2* Sequences of operation are based on the typical fuel supply systems shown in Figures
A-8-5.1.2(a) through (c). These sequences shall be followed whether the unit is operated
manually or certain functions are accomplished by interlocks or automatic controls. Different
arrangements shall be permitted if they provide equivalent protection and meet the intent of the
operating sequences specified in this chapter.
8-5.1.3 The starting and shutdown sequence outlined in this chapter shall be followed. It
provides the required practice of maintaining a continuous airflow through the unit at the rate
that is used during the purge operation. This rate shall be maintained throughout the start-up and
initial load-carrying period of operation until such time as more fuel and air are needed. This
means that the same number of burner registers or burner dampers needed for purging the boiler
shall be left open throughout the starting sequence as described in the following paragraphs. The
objective of this practice is to ensure an air-rich furnace atmosphere during start-up. It also
establishes minimum velocities through the furnace to prevent hazardous accumulations of
unburned fuel.
8-5.1.4 Burners shall not be placed in service or removed in a random pattern but in a sequence
defined by operating instructions and verified by actual experience with the unit in order to
minimize laning or stratification of fuel or combustion products. Pulverizers and burners shall be
placed in service as necessary, with fuel flows and individual register or damper settings that
ensure proper light-off.
8-5.1.4.1 The pulverizer loading and primary airflow shall be permitted to be used as a guide in
maintaining the necessary fuel flow for each burner and shall be maintained within prescribed
limits.
(a) A minimum stop of either a mechanical or control setting type shall be provided so that the
primary air through the pulverizer and burner lines cannot be reduced below a minimum flow
that is found by test to prevent settling in the burner lines. This minimum setting shall not
prevent isolation of the pulverizing equipment.
(b) Because of the relatively high fuel input at the minimum permitted pulverizer load, it is a
practice in some plants to fire intermittently. This practice is not recommended. Every effort
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shall be made to establish a start-up procedure that permits continuous firing.
(c) While light-off of all burners associated with a pulverizer is recommended, it might be
necessary to operate or light-off with less than the total number of burners served by the
pulverizer. In this event, positive means shall be provided to prevent fuel leakage into idle
pulverized fuel piping and through idle burners into the furnace.
(d) The associated igniter shall be placed in service prior to admitting coal to any burner.
(e) When the burner(s) and furnace fuel input is sufficiently high to maintain stable flame
without the aid of igniters (as determined by test), the igniters shall be permitted to be removed
from service.
8-5.1.4.2 If some registers have been maintained in the closed position, these shall not be opened
without either readjusting the total airflow to maintain the same burner airflow or closing an
equal number of registers on idle burners to obtain the same effect. The total furnace air
throughput shall not be reduced below the purge flow rate.
8-5.1.5 The open register light-off and purge procedure shall be used to maintain airflow at or
above the purge rate during all operations of the boiler. The open register-purge procedure is
based upon the concept that the following basic operating conditions significantly improve the
margin of operating safety, particularly during start-up. These conditions include:
(a) Use of a minimum number of required equipment manipulations, thereby minimizing
exposure to operating errors or equipment malfunction.
(b) The desired fuel-rich condition at individual burners during light-off.
(c) Creation of an air-rich furnace atmosphere during the light-off and warm-up by maintaining
total furnace airflow at the same rate as that needed for the unit purge.
(d) Minimizing the hazard of dead pockets in the gas passes and the accumulation of
combustibles by continuously diluting the furnace with large quantities of air.
8-5.1.5.1 This procedure shall incorporate the following operating objectives:
(a) All or most of the registers shall be placed in a predetermined open position.
(b) A unit purge shall be completed with the burner air registers in the position specified in
8-5.1.5.1(a).
CAUTION: See 2-1.3(f) and definition of “purge rate, coal” for special hazards where
purging a coal-fired boiler.
(c) Components (e.g., precipitators, fired reheaters) containing sources of ignition energy shall
be purged for either (1) a period of not less than 5 minutes or (2) five volume changes of that
component, prior to being placed into service, whichever is longer.
(d) Boilers that share a common component between the furnace outlet and the stack shall
have provisions to bypass the common component for unit purge.
(e) The first burner or group of burners shall be lighted without any change in the airflow
setting or in the burner air register position.
8-5.1.5.2 Each boiler shall be tested during initial start-up to determine whether any
Copyright 1996 NFPA

modifications to the procedures specified in 8-5.1.5 are required in order to obtain satisfactory
ignition or to satisfy other design limitations during light-off and warm-up. For example, some
boilers are purged with the registers in the normal operating position. In this event, it might be
necessary to close the registers of the burner being lighted momentarily to establish ignition.
However, unnecessary modifications in the basic procedure shall be avoided, particularly that of
8-5.1.5(a), thereby satisfying the basic objectives in 8-5.1.5.1.
8-5.1.6 Modification to the mode of operation resulting from improper water, steam, and flue gas
temperatures in the economizers and superheaters shall be made only after it has been
determined to be necessary by operating experience.
8-5.2 Functional Requirements.
8-5.2.1 Cold Start.
8-5.2.1.1 Preparation for starting shall include a thorough inspection that shall verify the
following:
(a) The furnace and gas passages are in good repair and free of foreign material.
(b) The bottom of the furnace, including ash hopper, is free of accumulations of solid or liquid
fuel, gases, or vapors. Such an inspection is particularly important for a cold start where the fuel
burned prior to shutdown contained volatile vapors heavier than air. The possibility of such
accumulations shall be considered prior to each start-up.
(c) All personnel are evacuated from unit and associated equipment and all access and
inspection doors are closed.
(d) All airflow and flue gas flow control dampers have been operated through their full range
to check the operating mechanism and then are set at a position that allows the fans to be started
at a minimum airflow and without overpressuring any part of the unit.
(e) All normally adjustable individual burner dampers or registers have been operated through
their full range to check the operating mechanism.
(f) The igniter safety shutoff valves are closed and sparks are deenergized [see Figures
A-8-5.1.2(a) through (c)]. For gas ignition systems, see Chapter 6; for oil ignition systems, see
Chapter 7.
(g) The pulverizing equipment is isolated effectively to prevent inadvertent or uncontrolled
leakage of coal into the furnace.
(h) The proper drum water level is established in drum-type boilers, and circulating flow is
established in forced circulation boilers or minimum water flow is established in once-through
boilers.
(i) The pulverizers, feeders, and associated equipment are in good condition and adjusted
properly to be ready for service. All pulverizer and feeder sensor lines are clean prior to starting.
(j) Energy is supplied to control system and to safety interlocks.
(k) The oxygen analyzer(s) and combustibles analyzer(s), if provided, are operating
satisfactorily and a sample has been obtained. Combustibles indication is at zero and oxygen
indication is at maximum.
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(l) A complete functional check of the safety interlocks has been made after an overhaul or
other significant maintenance.
(m) A complete, periodic, operational test of each igniter has been made. The frequency of
testing depends on the design and operating history of each individual boiler and ignition system.
As a minimum, the test shall be made during each start-up following an overhaul or other
significant maintenance. The test shall be integrated into the starting sequence and shall follow
the purge and precede the admission of any main fuel.
(n) Individual igniters or groups of igniters also shall be permitted to be tested while the unit is
in service. Such tests shall be made with no main fuel present in the igniter’s associated burner,
and the burner air register shall be in its normal start-up or light-off position.
(o) Units with a history of igniter unreliability shall require additional test routines to verify
the continuing operating ability of igniters and ignition system components. The importance of
reliable igniters and ignition systems cannot be overemphasized.
8-5.2.1.2 Where provided, regenerative air heaters and gas recirculation fans shall be operated
during all operations of the unit in a manner recommended by the boiler manufacturer.
8-5.2.1.3 Starting Sequence. Operation of regenerative-type air heaters, precipitators, and gas
recirculation fans shall be included in the start-up sequence, where appropriate, in accordance
with the manufacturer’s recommendations. The starting sequence shall be performed in the
following order:
(a) An open flow path from the inlets of the forced draft fans through the stack shall be
verified.
(b) An induced draft fan, if provided, shall be started; a forced draft fan then shall be started.
Additional induced draft fans or forced draft fans shall be started in accordance with Chapter 5,
as necessary, to achieve purge flow rate.
(c) Dampers and burner registers shall be opened to purge position in accordance with the
open register purge method objectives outlined in 8-5.1.5.
(d) The airflow shall be adjusted to purge airflow rate and a unit purge shall be performed.
Special provisions might be necessary to prevent the hazardous accumulation of volatile vapors
that are heavier than air or to detect and purge accumulations in the furnace ash pit.
(e) For gas- or oil-fired igniters, the igniter safety shutoff valve(s) shall be opened and it shall
be confirmed that the igniter fuel control valve is holding the recommended fuel pressure for
proper igniter capacity.
(f) The air register or damper on the burners selected for light-off shall be adjusted to the
position recommended by the manufacturer. (See 8-5.1.5.2.)
(g) The spark or other source of ignition for the igniter(s) on the burner(s) to be lit shall be
initiated. The individual igniter safety shutoff valve(s) shall be opened. If flame on the first
igniter(s) is not established within 10 seconds, the individual igniter safety shutoff valve(s) shall
be closed and the cause of failure to ignite shall be determined and corrected. With airflow
maintained at purge rate, repurge shall not be required, but at least 1 minute shall elapse before
attempting a retrial of any igniter. Repeated retrials of igniters without investigating and
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correcting the cause of the malfunction shall be prohibited.
(h) With the coal feeder off, all gates between the coal bunker and pulverizer feeder shall be
opened and it shall be confirmed that coal is available to the feeder.
(i) The igniters shall be checked to ensure they are established and are providing adequate
ignition energy for the main burners. The pulverizing equipment shall be started in accordance
with the equipment manufacturer’s instruction.
(j) The furnace airflow shall be readjusted after conditions stabilize, as necessary. Airflow
shall not be reduced below the purge rate.
(k) The feeder shall be started at a predetermined setting with the feeder delivering coal to the
pulverizer. Pulverized coal shall be delivered to the burners after the specific time delay
necessary to build up storage in the pulverizer and transport the fuel to the burner. This time
delay, which is determined by test, can be as short as a few seconds with some types of
equipment or as long as several minutes with others.
(l) Ignition of the main burner fuel admitted to the furnace shall be confirmed. Satisfactory
ignition shall be obtained within 10 seconds following the specific time delay described in
8-5.2.1.3(k). The master fuel trip shall be initiated on failure to ignite or loss of ignition on
burners served by the first pulverizer placed in operation.
Exception: Where the cause of failure to ignite or loss of ignition is known to be due to loss of
coal in the pulverizer subsystem, initiation of the master fuel trip shall not be required, but all
conditions for proper light-off shall exist before restoring coal feed.
(m) For the following pulverizer and all subsequent pulverizers placed in operation, failure to
ignite or loss of ignition for any reason on any burner shall cause the fuel flow to that burner to
stop in accordance with the manufacturer’s recommendations. All conditions for proper light-off
shall exist before restarting the burner.
(n) After stable flame is established, the air register(s) or damper(s) shall be adjusted slowly to
its normal operating position, making certain that ignition is not lost in the process.
(o) The load for the operating pulverizer shall be at a level that prevents its load from being
reduced below operating limits when an additional pulverizer is placed in operation.
(p) If an operating pulverizer does not have all of its burners in service, it is desirable to start
another pulverizer with all burners in service and to shut down the pulverizer with idle burners
and empty it, rather than to start the idle burners. Idle burners shall be permitted to be started on
the first pulverizer without shutting it down if precautions are taken to prevent the following
conditions (see also 8-5.5.4):
1. Accumulation of coal in idle burner lines;
2. Hot burner nozzles and diffusers that could cause coking and fires when coal is
introduced; and
3. Excessive disturbance of the air-fuel ratio of the operating burners.
(q) The procedures of 8-5.2.1.3(f) through (p) shall be followed where placing an additional
pulverizer into service.
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CAUTION: When fuel is being admitted to the furnace, igniters shall never be placed
into service for any burner without proof that there is a normal fire in the furnace.
Furnace explosions commonly are caused by placing igniters into service where there has
been a flameout of an operating burner.
(r) Igniters shall be permitted to be shut off after exceeding a predetermined minimum main
fuel input (see 8-3.3.2). The burners then are supposed to be providing sustaining ignition energy
for the incoming fuel. Verification shall be made that the stable flame continues on the main
burners after the igniters are removed from service. Some systems allow the igniters to remain in
service on either an intermittent or a continuous basis. Furnace explosions have been attributed
to reignition of an accumulation of a fuel by igniters after an undetected flameout of main
burners.
(s) The normal on-line metering combustion control (unless designed specifically for start-up
procedures) shall not be placed into service until:
1. A predetermined minimum main fuel input has been attained;
2. All registers on nonoperating burners are closed unless compensation is provided by the
control system;
3. The burner fuel and airflow are adjusted as necessary;
4. Stable flame and suitable furnace conditions have been established.
(t) Additional pulverizers shall be placed into service as needed by the boiler load in
accordance with the procedures of 8-5.2.1.3(f) through (p).
8-5.2.2 Normal Operation.
8-5.2.2.1 The firing rate shall be regulated by increasing or decreasing the fuel and air supply
simultaneously to all operating burners, maintaining normal air/fuel ratio continuously at all
firing rates. This shall not eliminate requirements for air lead and lag during changes in the fuel
firing rate.
8-5.2.2.2 The firing rate shall not be regulated by varying the fuel to individual burners by means
of the individual burner safety shutoff valve(s). The individual burner safety shutoff valve(s)
shall be fully open or completely closed. Intermediate settings shall not be used.
8-5.2.2.3 Air registers shall be set at the firing positions as determined by tests.
Exception: This requirement shall not apply to systems provided with metering of air and fuel to
each burner and designed specifically for individual burner modulating control.
8-5.2.2.4 The burner fuel and airflow shall be maintained within a range of the maximum and
minimum limits specified by the boiler manufacturer or, preferably, as determined by trial. These
trials shall test for minimum load and for stable flame as follows:
(a) With all burners in service and combustion control on automatic; and
(b) With different combinations of burners in service and combustion control on automatic.
Where changes occur to the maximum and minimum limits because of various burner
combinations and fuel conditions, retesting shall be required.
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8-5.2.2.5 If lower minimum loads are required, the pulverizer(s) and associated burners shall be
removed from service and the remaining pulverizers shall be operated at a fuel rate above the
minimum rate needed for stable operation of the connected burners. The minimum fuel rate shall
be determined by tests with various combinations of burners in service and with various amounts
of excess air and shall reflect the most restrictive condition. These tests also shall take into
consideration the transient stability factors described in 8-3.3.2.
8-5.2.2.6 The ignition system shall be tested for stable operation at the various conditions
described in 8-5.2.2.5.
8-5.2.2.7 On loss of an individual burner flame, the flow of fuel to all burners of the pulverizer
subsystem shall be stopped unless furnace configuration and tests have determined that one of
the three automatic tripping philosophies described in 8-4.4.3 is applicable. Registers of
shutdown burners shall be closed if interference with the air/fuel ratio at other burner flame
envelopes occurs. (See 8-5.3 for hazards and NFPA 8503, Standard for Pulverized Fuel Systems,
for procedures for clearing pulverizers tripped while full of coal.)
8-5.2.2.8 Total airflow shall not be reduced below the purge rate.
8-5.2.3 Normal Shutdown.
8-5.2.3.1 When taking the unit out of service, the boiler load shall be reduced to that
necessitating a purge rate airflow using the reverse procedure of that used during start-up.
8-5.2.3.2 A pulverized fuel system shall be shut down in the following sequence:
(a) Combustion controls shall be switched from automatic to manual control unless controls
are designed and tuned to bring boiler down to shutdown conditions.
(b) Fuel input, airflow, and register positions shall be adjusted to values established for
start-up.
(c) The presence of flame at the burners of the pulverizer to be shut down shall be determined,
and the igniters then shall be placed into service at these burners.
(d) The hot primary air shall be shut off and the cold primary air shall be opened to cool down
the pulverizer. (See NFPA 8503, Standard for Pulverized Fuel Systems, for detailed information
on pulverizer cooling.)
(e) The feeder shall be stopped when the pulverizer has cooled. Operation of the pulverizer
shall be continued with sufficient airflow to empty out the pulverizer and associated burner lines.
(f) The inerting medium shall be introduced into the pulverizer as dictated by the coal
characteristics.
(g) The pulverizer subsystem shall be shut down when burner fires are out and the pulverizer is
empty and cool.
(h) All individual burner line shutoff valves shall be closed.
Exception: Where otherwise directed by the manufacturer’s instructions.
(i) Igniters shall be removed from service.
8-5.2.3.3 As the boiler load is reduced, the following procedures shall be followed:
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(a) The remaining pulverizers shall be shut down consecutively following the procedures of
8-5.2.3.2(c) through (i).
(b) In cases where the next pulverizer being removed could result in flame instability, igniters
shall be placed into service on burners that are still being fired.
8-5.2.3.4 When all pulverizers and igniters have been removed from service, the purge rate
airflow shall be verified and a unit purge shall be performed.
8-5.2.3.5 After completion of the unit purge, closing the burner air registers and shutdown of
forced draft fans and induced draft fans shall be permitted to be optional. However,
consideration shall be given to maintaining airflow through the unit to prevent accumulation of
combustible gases. Leakage of main or igniter fuels into the unit shall be prevented.
8-5.2.4 Normal Hot Restart.
8-5.2.4.1 When restarting a hot unit, the requirements of 8-5.2.1.1(f) through (k) for a cold start
shall be met.
8-5.2.4.2 The starting sequence in 8-5.2.1.3(a) through (q) shall be followed.
8-5.2.5 Emergency Shutdown—Master Fuel Trip.
8-5.2.5.1 An emergency shutdown shall initiate a master fuel trip.
8-5.2.5.2 A master fuel trip that results from any of the emergency conditions tabulated in Tables
8-5.2.5.2(a) and (b) shall stop all coal flow to the furnace from all pulverizer subsystems by
tripping the burner safety shutoff valves or equivalent. The igniter safety shutoff valve,
individual igniter safety shutoff valves, primary air fans or exhausters, recirculating fans, coal
feeders, and pulverizers shall be tripped, and the igniter sparks shall be deenergized. If a furnace
inerting system is installed, the inerting system shall be operated simultaneously with the master
fuel trip. Master fuel trips shall operate in a manner to stop all fuel flow into the furnace within a
period that does not allow a dangerous accumulation of fuel in the furnace. A master fuel trip
shall not initiate a forced draft or induced draft fan trip. Electrostatic precipitators, fired
reheaters, or other ignition sources shall be tripped.
Table 8-5.2.5.2(a) Mandatory Automatic Master Fuel Trips
(See Section 8-6 and Chapter 5)
A master fuel trip shall result from any of the following conditions:
(a) Loss of either all forced draft fans or all induced draft fans;
(b) Total airflow drops below the purge rate by 5 percent of full-load airflow;
(c) Furnace pressure exceeds the normal operating pressure by a value recommended by the
manufacturer;
(d) All fuel inputs are shut off [see 8-6.3.1.1(d)4]. (See 8-6.3.1 for required interlocks and trips for
individual pulverizer subsystems);
(e) Loss of all flame;
(f) Partial loss of flame sufficient to introduce a hazardous accumulation of unburned fuel. [See
8-6.3.1.1(d )].
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Table 8-5.2.5.2(b) Mandatory Master Fuel Trips with Alarms
Not Necessarily Automatically Initiated
A master fuel trip shall result from any of the following conditions:
(a) Failure of the first pulverizer subsystem to operate successfully under the conditions specified in
8-5.2.1.3(k) and 8-6.3;
(b) Loss of energy supply for combustion control, burner control, or interlock systems;
(c) Furnace negative pressure exceeds the value specified by the manufacturer. (See Chapter 5.)

8-5.2.5.3 Procedure for Purging after an Emergency Shutdown. Fans that are operating after
the master fuel trip shall be continued in service. The airflow shall not be increased by deliberate
manual or automatic control action. If the airflow is above the purge rate, it shall be permitted to
be decreased gradually to the purge rate for a post-firing purge. If the airflow is below the purge
rate at the time of the trip, it shall be continued at the existing rate for 5 minutes and then
increased gradually to the purge rate airflow and held at this value for a post-firing unit purge.
8-5.2.5.4 Where the emergency trip was caused by loss of draft fans, or draft fans also have
tripped, all dampers in the air and flue gas passages of the unit shall be opened slowly to the
fully open position in order to create as much natural draft as possible to ventilate the unit.
Opening fan dampers shall be timed or controlled to avoid excessive positive or negative furnace
pressure transients during fan coast-down. This condition shall be maintained for at least 15
minutes. At the end of this period, the fan(s) shall be started in accordance with Chapter 5. The
airflow shall be increased gradually to the purge rate and a post-firing unit purge shall be
completed.
8-5.2.5.5 Action following the purge after an emergency shutdown (see 8-5.2.5.3 and 8-5.2.5.4)
shall be in accordance with the following:
(a) The unit shall be shut down in accordance with 8-5.2.3.5; or
(b) If the purge following an emergency shutdown is performed at purge rate and the
conditions of 8-5.2.1.1(f) through (k) and 8-5.2.1.3(d), (e) and (f) are satisfied, a relight in
accordance with 8-5.2.1.3(g) through (t) shall be permitted.
8-5.2.5.6 If it is impossible to restart for an extended time, a flow of air through the unit shall be
maintained to prevent accumulations of combustible gases.
8-5.3 Hazards of Residual Coal Charges in Pulverizers and Clearing after Shutdown.
8-5.3.1 When tripped, a residual charge occurs, primarily in the pulverizer but also in the burner
piping and nozzles. This accumulation in a hot pulverizer generates volatiles that are
combustible and explosive. The charge is likely to be sufficient to change light-off conditions,
and the start-up procedure shall be in accordance with NFPA 8503, Standard for Pulverized Fuel
Systems. If there is doubt regarding whether a pulverizer is charged with coal, the procedure of
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NFPA 8503 shall be used.
8-5.3.2 If the boiler is to be restarted and brought up to load without delay, the pulverizers with a
charge and their feeders shall be started in sequence as dictated by the load in accordance with
the procedure described in NFPA 8503, Standard for Pulverized Fuel Systems.
8-5.3.3 If a delay in load demand is expected or undetermined but boiler conditions, including
completion of purge, allow firing, the pulverizers shall be started and cleared in sequence in
accordance with NFPA 8503, Standard for Pulverized Fuel Systems. If during this sequence it
becomes possible to fire at a rate greater than the capacity of one pulverizer operating within its
range of operation for stable flame, one of the pulverizers and its feeder shall be placed into
service to help burn the coal being injected from the remaining pulverizers that are being cleared.
8-5.3.4 If there is a significant delay before firing can be initiated for the purpose of clearing
pulverizers, the pulverizer subsystem shall be inerted. The time delay before inerting depends on
the coal characteristics, pulverizer temperature, and size and arrangement of the pulverizer
equipment. The inerting procedure shall be prescribed by the pulverizer equipment manufacturer
in accordance with NFPA 8503, Standard for Pulverized Fuel Systems.
8-5.3.5 If firing cannot be initiated for an extended time, the pulverizer shall be cleaned
manually or mechanically after having been cooled to ambient temperature and inerted before
opening. There is danger of an explosion where opening and cleaning any pulverizer, and
caution shall be used. (See NFPA 8503, Standard for Pulverized Fuel Systems.)
8-5.4 Emergency Conditions Not Requiring Shutdown or Trip.
8-5.4.1 Many unit installations include multiple induced draft fans or forced draft fans, or both.
In the event of a loss of a fan or fans, the control system shall be capable of reducing the fuel
flow to match the available airflow; otherwise, tripping of the unit is mandatory.
8-5.4.2 If an air deficiency develops while flame is maintained at the burners, the fuel shall be
reduced until the proper air/fuel ratio has been restored; or, if fuel flow cannot be reduced, the
airflow shall be increased slowly until the proper air/fuel ratio has been restored.
NOTE: A trip of the fuel during a fuel-rich condition while flame is being maintained results in a sudden
increase in the air/fuel ratio, which can create a greater hazard.

8-5.4.3* Where raw coal hangs up ahead of the feeder, or where wet coal or changing coal
quality is encountered, the igniters shall be placed into service on all operating burners. If the
malfunction can be restored or adequate ignition energy can be supplied before the burner flame
is lost, the pulverizer subsystem shall be permitted to operate, provided there is a stable flame. If
the flame becomes unstable or is extinguished, the burner and subsystem shall be shut down.
Start-up conditions shall be established before coal feed is restored. (See 8-4.4.3.)
8-5.5 General Operating Requirements—All Conditions.
8-5.5.1 Prior to starting a unit, action shall be taken to prevent fuel from entering the furnace.
8-5.5.2 The unit shall be purged prior to starting a fire in the furnace.
8-5.5.3 The igniter for the burner always shall be used. Burners shall not be lighted using a
previously lighted burner or from the hot refractory.
8-5.5.4 Where operating at low capacity, a reduced number of pulverizers shall be operated.
Operation with less than the full complement of burners associated with a pulverizer is not
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recommended, unless the pulverizer-burner subsystem is designed specifically for such
operation. Idle burners are subject to accumulations of unburned pulverized coal in burner lines,
leakage of coal into furnace or windboxes, and overheated burner nozzles or diffusers. With high
volatile coals there is a high probability that coking or serious fires can result from operation
under such conditions.
8-5.5.5 Sootblowers shall be operated only where heat input to the furnace is at a rate high
enough to prevent a flameout during the sootblower operation. Sootblowers shall not be operated
at low-load and high excess air conditions. This shall not preclude the use of wall sootblowers
and high temperature superheater and reheater sootblowers for cleaning during periods of power
outage if a unit purge has been completed and purge airflow is maintained, nor does it preclude
the use of air heater sootblowers during start-up.
Exception: Sootblowers shall not be operated at low-load and high excess air conditions. This
does not preclude use of wall sootblowers and high temperature superheater and reheater
sootblowers for cleaning during outage periods if a unit purge has been completed and purge
airflow maintained.
8-5.5.6 When pulverizer or burner line maintenance is being performed with the boiler in
service, positive means to isolate the pulverizer or burner line from the furnace shall be used.
8-5.5.7 Where the pulverizer and burner piping is being cleared into a furnace, the procedures of
8-5.3 shall apply.
8-5.5.8 The procedures of NFPA 8503, Standard for Pulverized Fuel Systems, shall apply where
dealing with pulverizer equipment fires.
8-6 Interlock System.
8-6.1 General.
The basic requirement of an interlock system for a unit is that it protect personnel from injury
and also protect the equipment from damage. The interlock system functions to protect against
improper boiler operation by limiting actions to a prescribed operating sequence or by initiating
trip devices when approaching an undesirable or unstable operating condition. The interlock
system shall comply with Section 4-3.
8-6.1.1 The mandatory automatic trips specified in 8-6.3.1 represent those automatic trips for
which sufficient experience has been accumulated to demonstrate a high probability of
successful application for all boilers. The use of additional automatic trips, while not mandatory,
is recommended. (Also see 2-3.3 and A-2-3.3.)
8-6.1.2 It is possible to achieve conditions conducive to a furnace explosion without detection of
such conditions by any of the mandatory automatic trip devices, even though they are properly
adjusted and maintained. Therefore, operating personnel shall be made aware of the limitations
of the burner interlock system.
8-6.2 Functional Requirements.
8-6.2.1 The operation of any interlock that causes a trip shall be annunciated.
8-6.2.2 An interlock system shall be of sound design and shall be properly installed, adjusted,
and tested to confirm design, function, and proper timing. Periodic testing and maintenance shall
be performed to keep the interlock system functioning properly.
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8-6.2.3 The design of an interlock system shall be predicated on the following fundamentals:
(a) The starting procedure and operation shall be supervised to ensure proper operating
practices and sequences.
(b) The minimum amount of equipment shall be tripped in the proper sequence when the safety
of personnel or equipment is jeopardized.
(c) The initiating cause of the trip shall be indicated and no portion of the process shall be
started until proper conditions are established.
(d) The necessary trip devices shall be coordinated into an integrated system.
(e) Where automatic equipment is not available to accomplish the intended function, sufficient
instrumentation to enable the operator to complete the proper operating sequence shall be
provided.
(f) The design shall be provided as much flexibility with respect to alternate modes of
operation as is consistent with good operating practice.
(g) Proper preventive maintenance shall be provided.
(h) The design shall not require any deliberate “defeating” of an interlock in order to start or
operate equipment. Whenever a safety interlock device is removed temporarily from service, it
shall be noted in the log and annunciated if practicable. Other means shall be substituted to
supervise this interlock function.
(i) The mandatory master fuel trip sensing elements and circuits shall be independent of all
other control elements and circuits.
Exception No. 1: Individual burner flame detectors also shall be permitted to be used for
initiating master fuel trip systems.
Exception No. 2: Airflow measurement and auctioneered furnace draft signals from the boiler
control system shall be permitted to be used for a master fuel trip, provided:
(a) These interlocks are hardwired into the burner management system;
(b) Tripping set points are protected from unauthorized changes; and
(c) Any single component failure of these sensing elements and circuits does not prevent a
mandatory master fuel trip.
(j) Misoperation of the interlock system due to interruption and restoration of the interlock
energy supply shall be prevented.
8-6.2.4 The actuation values and time of action of the initiating devices shall be tuned to the
furnace and equipment on which they are installed. After adjustment, each path and the complete
system shall be tested to demonstrate the adequacy of adjustment for that furnace.
8-6.3 System Requirements.
8-6.3.1 Interlocks. See Figure 8-6.3.1.1.
8-6.3.1.1 Figure 8-6.3.1.1 shows the required system of interlocks that provides the basic
furnace protection for a pulverized coal multiple burner boiler operated in accordance with this
standard.
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(a) Block 1 shows loss of an individual igniter flame, which shall be interlocked to accomplish
the following:
1. Close the individual igniter safety shutoff valve(s) and deenergize the spark(s).
2. With the main flame proven at individual burners, signal the main flame protection
system that the igniter flame has been lost. (See 8-4.3.)
(b) Block 2 represents conditions caused by improper igniter fuel header pressure, which shall
be interlocked to initiate the tripping of the igniter header and individual igniter safety shutoff
valves and deenergize sparks. Where gas is used for ignition fuel, both high and low pressure
shall be interlocked. Where oil is used, low pressure shall be interlocked.
(c) Where oil is used for ignition fuel with air or steam atomization, improper atomization of
an igniter fuel is a condition that shall trip the igniter and individual igniter safety shutoff valves
and deenergize sparks as indicated by Block 3.
(d) Blocks 4 through 14 represent conditions that initiate the tripping of both the main and
ignition fuel supplies through a master fuel trip relay. The master fuel trip relay shall be of the
type that stays tripped until the furnace purge system allows it to be reset, as shown at the bottom
of Figure 8-6.3.1.1. Whenever the master fuel trip relay is operated, it trips all coal burner line
shutoff valves or equivalent functional action to stop coal delivery to burners, primary air fans or
exhausters, and coal feeders and deenergizes all sparks and all ignition sources within the unit
and flue gas path. The interlocks are as follows:
1. Blocks 4 through 8 represent protection against loss of large quantities of combustion air.
The loss of all induced draft fans or all forced draft fans shall operate the master fuel trip relay.
The loss of one induced draft fan or forced draft fan or other large loss of air shall reduce the fuel
in order to maintain the proper air/fuel ratio. This function shall be permitted to be interlocked or
made a part of the combustion control system. (See Chapter 5 and 8-5.4.)
2. Block 9 represents low combustion airflow below the permitted limits and is interlocked
to activate the master fuel trip relay.
3. Excess furnace pressure (Block 10) also is interlocked with the master fuel trip relay to
protect against abnormal furnace conditions such as those resulting from a tube rupture or
damper failure.
4. Block 11 represents an interlock operation when all fuel inputs to the furnace are shut off
following a shutdown of the boiler for any reason. This necessitates the use of the purge
sequence before the fuel supply can be established. This is a trip function in addition to the
permissive function for verification that all individual safety shutoff valves are closed as shown
in the “Furnace Purge System.” (See Figure 8-6.3.1.1.)
5. Block 12 represents a manual switch that can be used by the operator in an emergency to
actuate the master fuel trip relay. The manual trip switch shall actuate the master fuel trip relay
directly.
6. Block 13 shows loss of all flame in the furnace and is interlocked to activate the master
fuel trip relay.
7. Block 14 represents a partial loss of flame to the extent that hazardous conditions could
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develop irrespective of, or due to the failure of, other protective interlocks. It is potentially more
hazardous at lower load levels. The decision regarding specific requirements or implementation
of this trip shall be a design decision based on furnace configuration, total number of burners,
number of burners affected as a percentage of burners in service, arrangement of burners
affected, interlock system, and load level.
(e) Block 15 indicates that, on loss of main burner flame, the tripping strategy of 8-4.4.2 shall
be followed.

Figure 8-6.3.1.1 Master fuel trip system. Block diagram for furnace interlocks for a pulverized coal-fired
multiple burner boiler (see 8-6.3.1).

8-6.3.1.2 Each source of operation of the master fuel trip relay shall actuate a “cause of trip”
indication that informs the operator of the initiating cause of the tripping impulse.
8-6.3.1.3 The proper starting sequence shall be supervised by a series of permissive interlocks
shown in Figure 8-6.3.1.1 as the purge system. All requirements of this system shall be satisfied
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before the ignition system can be energized by resetting the master fuel trip relay. This ensures
that the unit purge has been completed with all required burner registers in purge position and all
fuel and ignition input sources shut off before the master fuel trip relay can be reset and the
light-off sequence can be started. Completion of the purge shall be indicated.
8-6.3.1.4 Components (e.g., precipitators, fired reheaters) containing sources of ignition energy
shall be purged for either (1) a period of not less than 5 minutes or (2) five volume changes of
that component, prior to being placed into operation, whichever is longer. Completion of the
purge shall be indicated.
8-6.4 Trips and Interlocks for Individual Pulverizer Subsystem on Direct-Fired Furnaces.
8-6.4.1 Mandatory Automatic Pulverizer Subsystem Trips. A direct-fired pulverized coal
system shall be interlocked so that trips are initiated as follows:
(a) Failure of the primary air fan or exhauster shall trip the coal burner shutoff valve or
equivalent and feeder. The manufacturer’s requirements regarding pulverizer tripping shall
apply.
(b) Failure of the pulverizer shall trip the feeder and primary airflow.
(c) Failure of the feeder shall initiate an alarm, and restarting shall be blocked until feeder
start-up conditions are reestablished.
8-6.4.2 Mandatory Pulverizer Subsystem Trips—Not Necessarily Automatically Initiated.
(a) Loss of igniters or adequate ignition energy during the start-up of a pulverizer shall trip that
pulverizer subsystem.
(b) Loss of individual coal burner flame shall trip that burner or its pulverizer subsystem. (See
8-5.2.2.7.)
(c) Loss of coal feed to the burners of a pulverizer subsystem shall trip the feeder. Feeder
tripping shall not be required if the associated Class 1 igniters are in operation. Several means
are available to indicate loss of coal feed to the pulverizer, loss of coal stored within the
pulverizer, and loss of coal input to the burners. At least one of these means, but preferably a
combination, shall be used to indicate loss of coal.
NOTE: The conditions under which the igniters are to ignite the input should be established before restarting
the feeder. (See 8-5.4.3.)

8-6.4.3 Mandatory Sequential Starting Interlocks. Permissive sequential interlocking shall be
arranged so that the pulverizer subsystem can be started only in the following sequence:
(a) Igniters for all burners served by the pulverizer are in service and proven;
(b) Primary air fan or exhauster is started;
(c) Pulverizer is started;
(d) Raw coal feeder is started.
8-7 Alarm System.
8-7.1 Functional Requirements.
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8-7.1.1 The functional requirement of any alarm system is to bring a specific condition to the
attention of the operator. Alarms shall be used to indicate equipment malfunction, hazardous
conditions, and misoperation. For the purpose of this standard, the primary concern is alarms that
indicate conditions that pose a threat of impending or immediate hazards.
8-7.1.2 Alarm systems shall be designed so that for the required alarms in 8-7.2, the operator
receives audible and visual indication of the condition. Means shall be permitted to silence the
audible alarm after actuation, but the visual indication shall continue until the condition has been
returned to normal.
8-7.1.3 The design shall make it difficult to manually defeat the alarm, and, where equipment
malfunction makes defeat necessary, it shall be performed by authorized personnel and the alarm
shall be tagged as inoperative.
8-7.2* Required Alarms.
In addition to the trip alarms in the interlock system shown in Figure 8-6.3.1.1, the separately
annunciated alarms in 8-7.2(a) through (n) shall be provided.
(a) Igniter Atomizing Steam or Air Pressure (Low). For steam or air-assisted igniters, an alarm
shall be provided to warn that steam or air pressure is outside of operating range and that poor oil
atomization could result.
(b) Ignition Fuel Header Pressure (High and Low). The ignition fuel header pressure shall be
monitored as close to the burners as practicable in order to warn the operator of high or low
pressure in advance of conditions that lead to a trip.
Exception: For oil-fired igniters, only low ignition fuel header pressure shall be required to be
monitored.
(c) Pulverizer Tripped. An alarm shall indicate when the pulverizer is tripped (not normal
shutdown).
(d) Primary Air Fan Tripped. An alarm shall indicate when the primary air fan is tripped (not
normal shutdown).
(e) Coal Stoppage to Pulverizer. An alarm shall indicate when the feeder is running and the
coal detecting device indicates no coal is flowing or when the feeder trips (not normal
shutdown).
(f) Coal-Air High Temperature. An alarm shall indicate when coal-air temperature within or at
the pulverizer outlet exceeds normal operating limits. (See NFPA 8503, Standard for Pulverized
Fuel Systems.)
(g) Furnace Pressure (High). This shall be measured near the normal furnace pressure tap
location. It shall warn the operator of a pressure in excess of normal operation and an approach
to trip conditions.
(h) Furnace Draft (High). This shall apply to balanced draft furnace operation. It shall be
measured near the normal furnace draft tap location. It shall warn the operator of a draft in
excess of normal operation and of an approach to trip condition.
(i) Loss of Operating FD Fan. This shall be sensed and alarmed only when the fan is not
operating when expected.
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(j) Loss of Operating ID Fan. This shall apply to balanced draft furnace operation. It shall be
sensed and alarmed only when the fan is not operating when expected.
(k) Furnace Airflow (Low). This shall be sensed and alarmed when total airflow falls below
purge rate.
(l) Loss of Interlock Power. This shall be sensed and alarmed and shall include all sources of
power necessary to complete interlock functions. For example, if both a 125-volt DC electric
circuit and a compressed air circuit are needed for an interlock scheme, circuit loss of either shall
be annunciated separately.
(m) Loss of Control Power. This shall be sensed and alarmed to include all sources of power
for the control systems.
(n) Loss of Flame. A partial or total loss of a flame envelope still receiving fuel shall be
monitored and alarmed so that it can be determined if a hazardous condition exists in the
furnace.
(o) Drum Water Level (Low). The average water level in the boiler drum shall be monitored
and shall alarm when the level in the drum drops to the lowest safe operating point. (See A-8-7.2
for recommended alarms and monitors in addition to those that are required.)
Chapter 9 Maintenance, Inspection, Training, and Safety
9-1 Maintenance and Equipment Inspection.
9-1.1
The objective of a maintenance program is to identify and correct conditions that adversely
affect the safety, continued reliable operation, and efficient performance of equipment. A
program shall be provided for maintenance of equipment at intervals consistent with the type of
equipment used, service requirements, and manufacturers’ recommendations.
9-1.2
As a minimum, the maintenance program shall include the following:
(a) In-service inspections to identify conditions that need corrective action or further study.
(b) Detailed, knowledgeable planning for effecting repair or modifications using qualified
personnel, procedures, and equipment.
(c) Use of comprehensive equipment history that records conditions found, maintenance work
done, changes made, and date of each.
(d) Written comprehensive maintenance procedures incorporating the manufacturer’s
instructions to define the tasks and skills required shall be provided. Any special techniques,
such as nondestructive testing or those tasks necessitating special tools, shall be specified.
Special environmental factors such as temperature limitations, dusts, contaminated or
oxygen-deficient atmospheres, and limited access or confined space restrictions shall be
included.
(e) Shutdown maintenance inspections, comprehensive in scope, to cover all areas.
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(f) Sufficient available spare parts meeting specifications that provide reliable service without
necessitating makeshift repairs.
9-1.3*
An inspection and maintenance schedule shall be established and followed.
9-1.4
Operation, set points, and adjustments shall be verified by periodic testing, and the results shall
be documented.
9-1.5
Defects shall be reported and corrected, and the repairs shall be documented.
9-1.6
System configuration, including logic, set points, and sensing hardware, shall not be changed
without evaluation and approval of the effect.
9-1.7
Inspections, adjustments, and repairs shall be performed by trained personnel, using tools and
instruments suitable for the work. Maintenance and repairs shall be performed in accordance
with the manufacturer’s recommendations and applicable standards and codes.
9-2 Training.
9-2.1 Operator Training.
9-2.1.1 A formal training program shall be established to prepare personnel to operate equipment
safely and effectively. This program can consist of a review of operating manuals and
videotapes, programmed instruction, testing, use of simulators, and field training, among others.
The training program shall be consistent with the type of equipment and hazards involved.
9-2.1.2 Operating procedures shall be established that cover normal and emergency conditions.
Start-up and shutdown procedures, normal operating conditions, and lockout procedures shall be
covered in detail.
9-2.1.3 Operating procedures shall be directly applicable to the equipment involved and
consistent with safety requirements and the manufacturer’s recommendations.
9-2.1.4 Operating procedures shall be reviewed periodically to keep them current with changes
in equipment and personnel.
9-2.2 Maintenance Training.
9-2.2.1 A formal maintenance training program shall be established to prepare personnel to
perform any required maintenance tasks safely and effectively. This program can consist of a
review of maintenance manuals and videotapes, programmed instruction, testing, field training,
and equipment manufacturer training, among others. The training program shall be specific to
the equipment and potential hazards involved.
9-2.2.2 Maintenance procedures shall be established to cover routine and special techniques.
Any potential environmental factors such as temperature limitations, dusts, contaminated or
oxygen-deficient atmospheres, internal pressures, and limited access or confined space
restrictions shall be included.
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9-2.2.3 Procedures shall be consistent with safety requirements and the manufacturer’s
recommendations.
9-2.2.4 Procedures shall be reviewed periodically to keep them current with changes in
equipment and personnel.
Chapter 10 Referenced Publications
10-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
10-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 31, Standard for the Installation of Oil-Burning Equipment, 1992 edition.
NFPA 8503, Standard for Pulverized Fuel Systems, 1992 edition.
10-1.2 Other Publications.
10-1.2.1 AISC Publication. American Institute of Steel Construction, 400 N. Michigan Avenue,
Chicago, IL 60611.
AISC Manual of Steel Construction.
10-1.2.2 ANSI Publication. American National Standards Institute, 1430 Broadway, New York,
NY 10018.
ANSI B31.1, Power Piping, 1992.
10-1.2.3 ASTM Publication. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM D396, Standard Specification for Fuel Oils, 1992.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1.3
In existing units, it is not always practical to apply the provisions of this standard strictly.
Physical limitations could cause disproportionate effort or expense with little increase in
protection. In such cases, the authority having jurisdiction should be satisfied that reasonable
protection is provided.
In existing units, any condition that represents a serious boiler combustion system hazard
should be mitigated by application of appropriate safeguards. Modification of conditions that do
not represent a significant threat, even if such conditions are not in strict conformance with the
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requirements of this standard, are not required.
A-1-2.2
Although NOx and other emissions during start-up and extremely low-load operation are low,
they might not comply with increasingly stringent emission limits. Deviation from the open
register light-off procedure, continuous purge, and minimum airflow requirements defined in this
standard to meet these limits is not recommended. There are insufficient data and operating
experience to justify changes to this standard.
A-2-3.3
The maximum number of automatic trip features does not necessarily provide for maximum
overall safety. Some trip actions result in additional operations that increase exposure to hazards.
A-2-5.1 Safety.
I. General Safety Precautions.
Protective clothing, including, but not limited to, hard hats and safety glasses should be used
by personnel during maintenance operations.
II. Special Safety Precautions.
A. Severe injury and property damage can result from careless handling of unconfined
pulverized fuel; therefore, extreme caution should be used in cleaning out plugged burners,
burner piping, pulverized fuel bins, feeders, or other parts of the system.
B. Welding and Flame Cutting. (See also NFPA 51, Standard for the Design and Installation
of Oxygen-Fuel Gas Systems for Welding, Cutting, and Allied Processes, and NFPA 51B,
Standard for Fire Prevention in Use of Cutting and Welding Processes. For work on
pulverized fuel systems, see NFPA 8503, Standard for Pulverized Fuel Systems.)
(a) Fire-resistant blankets or other approved methods should be used in a manner to confine
weld spatter or cutting sparks.
(b) A careful inspection of all areas near welding or cutting areas, including the floors
above and below, should be made when the job is finished or interrupted, and such areas
should be patrolled for a period sufficient to make certain that no smoldering fires have
developed.
C. Where flammable dusts or dust clouds are present, sparking electrical tools should not be
used. All lamps should be suitable for Class II, Division 1 locations as defined in NFPA 70,
National Electrical Code®.
D. Either ground-fault protected or specially approved low voltage (6-volt or 12-volt)
extension cords and lighting should be used for all confined spaces and where moisture might
be a hazard.
E. Explosion-operated tools and forming techniques should not be used where flammable dust
or dust clouds are present. Where such operations are necessary, all equipment, floors, and
walls should be cleaned, and all dust accumulation should be removed by an approved
method. A careful check should be made to ensure that no cartridges or charges are left in the
work area.
III. Confined Space.
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A. A confined space is any work location or enclosure in which any of the following could
possibly exist:
(a) The dimensions are such that a person 6 ft (1.8 m) tall cannot fully stand up in the
middle of the space, or that person’s arms cannot be extended in all directions without
hitting the enclosure.
(b) Access to or from the enclosure is by manhole, hatch, port, or other relatively small
opening that limits ingress and egress to one person at a time.
(c) Confined spaces include, but are not limited to, ducts, heaters, windboxes, cyclones,
dust collectors, furnaces, bunkers, or bins.
B. Specific procedures that provide the following should be developed for and used by
personnel entering a confined space:
(a) Positive prevention of inadvertent introduction of fuel, hot air, steam, or gas;
(b) Positive prevention of inadvertent starting or moving of mechanical equipment or fans;
(c) Prevention of the accidental closing of access doors or hatches;
(d) Inclusion of tags, permits, or locks to cover confined space entry;
(e) Determination of the need for ventilation or self-contained breathing apparatus where
the atmosphere might be stagnant, depleted of oxygen, or contaminated with irritating or
combustible gases. Tests for an explosive or oxygen-deficient atmosphere should be made.
(f) Provision of a safety attendant. The safety attendant should remain outside of the
confined space with appropriate rescue equipment and should be in contact (preferably
visual contact) with those inside.
(g) Provision of proper safety belts or harnesses, which should be tied off properly where
such use is practical.
A-2-7 Housekeeping.
I. Good housekeeping is essential for safe operation and prevention of fires or explosions;
therefore, provision should be made for periodic cleaning of horizontal ledges or surfaces of
buildings and equipment to prevent the appreciable accumulation of dust deposits.
II. Creation of dust clouds should be minimized during cleaning. Compressed air should not be
used to dislodge coal dust accumulations; washing with water or vacuum cleaning methods are
recommended.
A-2-7.1
(c) The minimum airflow value (25 percent) is based on historical experience in reducing the
occurrence of furnace explosions. This value is based on safety considerations and could be in
conflict with economic considerations or emission limits. Factors considered in establishing the
minimum airflow include:
(a) Removal of combustibles and products of combustion;
(b) Cooling requirements for burners out of service;
(c) Accuracy of total burner airflow, individual burner airflow, and other airflow
measurements;
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(d) Accuracy of burner air and fuel distribution;
(e) Effect of thermal and pressure transients within the furnace on the air and fuel flows;
(f) Impact of air leakage;
(g) Wear and deterioration of the unit and equipment; and
(h) Operational and control margins.
A-3-1 Air, Excess.
This is not equivalent to “Air-rich” as defined in Section 1-3.
A-4-1.1
Examples: If the test block capability of the forced draft fan at ambient temperature is +25 in.
(+6.2 kPa) of water, then the minimum positive design pressure is +25 in. (+6.2 kPa) of water.
If the test block capability of the induced draft fan at ambient temperature is -15 in. (-3.7 kPa)
of water, then the minimum negative design pressure is -15 in. (-3.7 kPa) of water.
If the test block capability of the forced draft fan at ambient temperature is +40 in. (+9.9 kPa)
of water, then the minimum positive design pressure is +35 in. (+8.7 kPa) of water.
If the test block capability of the induced draft fan at ambient temperature is -40 in. (-9.9 kPa)
of water, then the minimum negative design pressure is -35 in. (-8.7 kPa) of water.
A-4-3.2
Some items are not applicable to specific types of logic systems (e.g., relay).
A-5-1 Furnace Implosion Protection.
No standard can guarantee the elimination of furnace implosions. Chapter 5 provides a balance
between the complications of reinforcement of equipment and the limitations and reliability of
operating procedures, control systems, and interlocks in order to minimize the occurrence of the
conditions leading to furnace implosions.
If worst case conditions are assumed (e.g., cold air, high head induced draft fan, forced draft
fan flow shutoff, induced draft control dampers open with induced draft fan operating), the
furnace cannot be protected by reasonable structural design.
Using the provisions outlined in Chapter 5, the likelihood of furnace damage is remote,
provided the induced draft fan has reasonable head capability. If the induced draft fan head
capability is increased significantly, special consideration should be given to induced draft fan
characteristics or special duct arrangements or special instrumentation or control.
A-5-3.2(a)1 On installations with multiple induced draft fans and forced draft fans, during any
individual fan’s starting sequence, its associated flow control devices and shutoff dampers may
be permitted to be closed.
A-5-3.2
(b) After the first induced draft fan and forced draft fan are started and are delivering air
through the furnace, the shutoff damper(s) of the remaining idle fans may be permitted to be
closed.
A-5-4.3(b)1 For the trips specified in 5-4.3(a)1, (a)2, and (b)1, a short time delay might be
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necessary to prevent tripping on rapid transients that do not present a hazard.
A-6-2(c) Fundamental Principles of a Manual System.
I. Boiler Front Controls (Gas Firing).
A. Manual System. The manual system is not recommended; however, it is recognized that,
in some boiler applications and unusual process requirements, there could be a greater safety
hazard from boiler tripping. Under these conditions, the system described in this section
should be approved by the authority having local jurisdiction and should be considered as a
minimum standard. The requirements of 6-8.1.1 also should apply.
A manual system is one in which a trained operator has primary responsibility for the proper
start-up, operation, and shutdown of a boiler in accordance with the specific operating
instructions for each boiler. A key feature of this system is the provision for gas safety shutoff
valve assemblies in the main piping and igniter fuel piping supplying the boiler. The system
includes interlocks to actuate these assemblies in order to accomplish an emergency
shutdown.
B. Fundamental Principles. The operator is to follow written instructions for each specific
boiler. These instructions include, but are not limited to, purging of the boiler as accomplished
by the following procedure:
(a) Airflow is adjusted to purge rate and unit purge is performed.
(b) Purge airflow rate is maintained continuously from purge initiation through the light-off
cycle. If airflow is not maintained at purge rate, the prefiring cycle is to be repeated.
(c) If the first igniter is not lighted within 5 minutes after the igniter safety shutoff valves
have been opened, all fuel valves are to be closed and the prefiring cycle is to be repeated.
(d) If flame on the first igniter is not established after the igniter supervisory shutoff valve
has been opened, all fuel valves are to be closed and the prefiring cycle is to be repeated.
(e) The operator is to observe the igniter flame continuously while opening the first burner
supervisory shutoff valve. If main flame is not established or is lost during this operation,
all fuel valves are to be closed immediately and the prefiring cycle is to be repeated.
(f) After each stable main burner flame is established, the igniter is to be shut off unless
classified as Class 1 or Class 2. The stability of the main burner flame is to be verified.
(g) Burners are not to be lighted from a previously lighted burner.
(h) The operator is to observe main flame stability while making any register or burner
damper adjustments. (This is more critical in two-burner boilers.)
(i) After each successive burner light-off, the flame stability of all operating burners is to be
verified.
(j) If a second or succeeding burner igniter does not light immediately after its igniter
supervisory shutoff valve has been opened, the igniter supervisory shutoff valve(s) is to be
closed and cause for failure to light determined and corrected. At least 1 minute is to elapse
before the next light-off is attempted.
(k) If a second or succeeding burner flame is not established, the burner and igniter
supervisory shutoff valves are to be closed immediately, the burner register or damper is to
be opened to firing position, and cause for failure to ignite is to be determined and
corrected. At least 1 minute is to elapse before attempting to light this or any igniter.
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(l) Operation at less than 25 percent load may be permitted, provided burners maintain
stable flame and airflow is maintained at or above purge rate, regardless of the actual load.
(m) Low water level in the steam drum should be monitored and alarmed. Consideration
should be given to interlock tripping.
C. Equipment. The following equipment should be provided:
(a) Equipment to change the firing rate that simultaneously adjusts the fuel and air supplies
to a predetermined air/fuel ratio;
(b) A purge timer with proven airflow;
(c) Provisions for limiting fuel turndown to prevent reducing fuel input below the point of
stable burner operation;
(d) Permanently installed igniters;
(e) Main and igniter gas supply pressure regulation;
(f) Flame failure detection and alarm.
D. Interlocks and Emergency Shutdown (Boiler). An emergency shutdown is to be initiated
by the following conditions:
(a) High fuel gas pressure;
(b) Low igniter gas pressure;
(c) Low fuel gas supply pressure;
(d) Fuel gas pressure in the burner header below the minimum required for flame stability;
(e) Loss of all forced draft fans;
(f) Loss of all induced draft fans, if applicable;
(g) Operation of the emergency trip switch by the operator;
(h) Loss of control energy if fuel flow to burners is affected in such an event.
All individual manual burner and igniter supervisory shutoff valves are to be in the closed
position before the main and igniter safety shutoff valves can be opened.
II. Operating Cycle.
A. Prefiring Cycle—Gas. The following steps are to be taken by the operator when starting a
manual system, and the required interlocks are to be satisfied at each step. Control system
energy, power and water level, and fuel supply are to be established. Prior to start-up, furnace
and gas passages are to be inspected to determine if in good repair. It is to be determined that
the unit and its associated systems are evacuated of all personnel and all access and inspection
doors are closed.
Operator Actions1

Interlock Functions

[See Figures A-6-2(c)I and A-6-2(c)II.]
(a) Confirm individual burner and
igniter supervisory shutoff valves
closed;

(a) Prove burner and igniter
supervisory shutoff valves closed;

(b) Confirm main and igniter safety
shutoff valves closed;

(b) None;
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(c) Confirm main fuel control valve
closed;

(c) None;

(d) Open all burner registers to firing
position;

(d) None;

(e) Start fans;

(e) None;

(f) Open damper(s) to purge position;

(f) Prove purge airflow rate;

(g) Start purge timer and purge boiler
per operating instructions [see
A-6-2(c)IB];

(g) None;

(h) Immediately proceed with
light-off cycle after completion of
purge.

(h) None.

1 Certain actions are not necessarily performed in the order shown.

B. Light-Off Cycle. This cycle immediately follows prefiring. Burners are at light-off fuel
pressure. The open register purge principle is to be followed during the light-off procedure.
(See 6-5.1.3, 6-5.1.4, and 6-5.1.5.)
Operator Actions

Interlock Functions

[See Figures A-6-2(c)I and A-6-2(c)II.]
(a) Adjust register of burner to be
lighted to light-off position, if
necessary. Airflow at purge rate;

(a) None;

(b) Confirm burner header
atmospheric vent valve is open;

(b) None;

(c) Open igniter safety shutoff
valve(s);

(c) Prove all igniter supervisory
shutoff valves closed. Prove low
igniter header pressure interlocks
satisfied;

(d) Open main safety shutoff valves;

(d) Prove all required interlocks
satisfied except burner header low
pressure trip switch, which is
bypassed by a circuit completed only
when burner supervisory shutoff
valves are closed;

(e) Confirm that burner gas pressure
is being controlled by the main fuel
bypass control valve and is at
light-off pressure;

(e) None;

(f) Open individual igniter
supervisory shutoff valve and
establish flame while under visual
observation;

(f) Igniter header low fuel pressure
trip switch is in effect when igniter
safety shutoff valves are open [see (c)
above];

(g) While continuously observing
igniter flame, slowly open burner

(g) Burner header low fuel pressure
trip switch is in effect when main
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supervisory shutoff valve at burner
being lighted until fully open to
establish burner flame;

safety shutoff valve(s) are open [see
(d) above];

(h) Adjust the burner register to
firing position, as necessary;

(h) None;

(i) Slowly close manual burner
header atmospheric vent valve while
observing main fuel pressure gauge;

(i) None;

(j) Unless classified as Class 1 or
(j) None;
Class 2, igniter is to be removed from
service; visually confirm main flame
stability;
(k) Repeat steps (a), (e), (f), (g), (h), (k) None;
and (i) above for additional burners at
light-off pressure, as necessary. After
each additional burner is lighted,
visually reconfirm the stability of all
previously lighted burners;
(l) Above 25% load, close registers
(l) None;
of all burners not placed in operation;
(m) Adjust firing rate of boiler and
fuel/air ratio to meet demand.

(m) None.

C. Normal Shutdown Cycle.
Operator Actions

Interlock Functions

[See Figures A-6-2(c)I and A-6-2(c)II.]
(a) Reduce boiler load until main
fuel control valve is closed. Main
fuel bypass control valve will
assume control at light-off gas
pressure. Do not reduce total
airflow below purge rate;

(a) None;

(b) Close individual supervisory
shutoff valve at each burner and
associated igniter valve if in
operation. Leave burner register at
firing position;

(b) After last burner supervisory
shutoff valve is closed, burner
header low pressure trip switch is
deactivated;

(c) After last burner valve is
closed, close main and igniter
safety shutoff valves. Main
atmospheric valve opens;

(c) None;

(d) Immediately open burner
header manual vent valve;

(d) None;

(e) Purge unit;

(e) None;

(f) Shut down fan(s), if

(f) Combustion air interlocks
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necessary.

deactivated.

D. Emergency Shutdown. When an emergency shutdown occurs, the main safety shutoff
valve and igniter safety shutoff valves close; the main and igniter atmospheric vent valves
open. [See A-6-2(c)ID.]
E. Operator Actions Following an Emergency Shutdown.
(a) All burner and igniter supervisory shutoff valves are to be closed. Burner register
positions remain unchanged;
(b) Header manual vent valve is opened;
(c) Unit is purged in accordance with the following procedure:
If the fans are operating after the trip, they should be continued in service. Under no
circumstances should the airflow be increased immediately. If the airflow is above purge
rate, it may be permitted to be decreased gradually to this value for the post-firing purge for
a minimum of 5 minutes. If the airflow is below purge rate at the time of the trip, it should
be continued at the existing rate for 5 minutes and then increased gradually to purge rate
and held at this value for a post-firing purge of 5 minutes duration.
If the trip was caused by loss of draft fans, or if draft fans also have tripped, all dampers in
the air and flue gas passages of the unit are to be opened slowly to the fully open position in
order to create as much natural draft as possible to ventilate the unit. This condition is to be
maintained for not less than 15 minutes. At the end of this period, the flow control dampers
are to be closed and the fan(s) is to be started immediately. The airflow is to be increased
gradually to at least purge rate.
(d) The cause of safety shutdown is to be determined and corrected;
(e) The light-off cycle [see A-6-2(c)IIB] then is performed if relight of boiler is necessary;
(f) If it is desired to remove the boiler from service for a period of time, the fans are to be
shut down on completion of purge, and the manual shutoff valves are to be closed.
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Figure A-6-2(c)I Typical ignition system (diagram) manual.
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Figure A-6-2(c)II Typical fuel supply system for natural gas-fired multiple burner boiler (diagram) manual.

A-6-3.1.6 Atmospheric vent valves located between shutoff valves are intended to relieve any
gas pressure that builds up due to failure of the first (upstream) shutoff valve. This minimizes the
potential for leakage into an idle furnace. To perform properly, these valves should be large
enough to relieve gas to atmosphere at a rate equal to the potential leakage rate. In the absence of
other justification, vent pipe sizes and vent valve port diameters should conform to Table
A-6-3.1.6.
Table A-6-3.1.6 Vent Line Sizes
Shutoff System
Vent Port Size

Gas Supply Line Size
(in.)

(mm)

(in.)

(mm)

≤ 11/2

≤ 38

3/

19

2

50.8

1

25.4

21/2 to 3

64 to 76

11/4

31.8

4
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31/2

89

11/2

38

4 to 5

102 to 127

2

50.8

51/2 to 6

139.7 to 152.4

21/2

64

8

203

31/2

89

>8

> 203

15% of supply
line crosssectional area

A-6-3.1.9 When vents are manifolded from safety shutoff systems, the cross-sectional area of the
manifold pipe should be equal to, or greater than, the sum of the cross-sectional areas of the two
largest vents involved.
A-6-3.2.1 Small Number of Burners.
(a) Boilers with a small number of burners can be subject to hazardous air/fuel ratios,
particularly where placing a burner into service or taking it out of service, or where one burner is
tripped.
(b) The smaller the number of burners (e.g., only two burners) the greater the potential hazard.
(c) Specific recommendations for the design and operation of two-burner boilers are provided
in Sections 6-9 and 7-9. These same principles can be applied to boilers with more than two
burners, but generally less than six burners, that are subject to this hazard.
A-6-5.2.1.3 Low NOx Operation—Special Problems.
I. General Considerations.
A. Air pollution regulations require that new installations meet NOx emission limits that are
lower than emissions now obtained from many of the presently installed firing systems and
furnace designs using outdated operating procedures. In addition, air quality regulations in
some local areas require a reduction of NOx emissions from existing boilers.
B. In order to achieve these mandated NOx reductions at higher loads, a number of methods
may be permitted to be used singly or in combination. These methods could have an adverse
effect on flame stability. It is important that the designer recognize these potential hazards and
perform tests as specified in 6-3.2.2, 7-3.2.2, and 8-3.3.2 to determine the limits of flame
stability under these new operating conditions.
C. Methods to reduce NOx, which can affect flame stability, are designed to produce lower
flame temperatures and longer, less turbulent flames.
D. For all methods of NOx reduction, special considerations are necessary to ensure the
stability of the flame envelope. It is beyond the scope of this document to detail these
considerations. In general, the combustion control system is intended to provide tighter control
of fuel and airflows; the windbox design is to be reviewed carefully to ensure proper
distribution of flows to the burners; the type of flame detector, its location, and its sighting
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should be assessed and retested; and distribution, mixing, and injection of recirculated gas into
the process should be analyzed carefully.
II. Hazards of Low NOx Firing Methods.
A. The various methods of NOx reduction can have important implications with regard to
furnace safety, particularly for existing units, and can introduce unacceptable risks if
precautions are not taken.
(a) Methods to reduce NOx could reduce the margins formerly available to prevent or
minimize accumulations of unburned fuel in the furnace during combustion upsets.
(b) Where flue gas recirculation is used, special methods and devices are to be provided to
ensure adequate mixing and uniform distribution of recirculated gas and air to the
windboxes. Where flue gas recirculation is introduced into the total secondary air to the
windboxes, means are to be provided to monitor either the ratio of flue gas to air or the
oxygen content of the mixture. Where flue gas recirculation is introduced so that only air,
and not the mixture, is introduced at the fuel nozzles, adequate means are to be provided to
ensure the prescribed distribution of air and the recirculating flue gas/air mixture.
(c) All the methods described tend to increase the possibility of unburned combustibles
throughout the unit and ducts. Therefore, the use of flue gas CO analyzers is recommended.

Figure A-6-5.1.2(a) Typical gas igniter system (diagram).
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Figure A-6-5.1.2(b) Typical main burner fuel supply system for fuel gas-fired multiple burner boiler
(diagram).

B. Any change in flame characteristics to reduce NOx emissions could necessitate changing
the type of flame detector, or flame detectors might need to be relocated on existing units.
A-6-5.2.2.1 High Air Pressure Drop Burners. For burners having a high air side pressure drop
(generally greater than 4 in. [102 mm] water column at full boiler load) one way to indicate
proper air/fuel ratio is to compare burner airflow with burner fuel flow as determined by
windbox-to-furnace differential and burner header pressure. The ratio thus determined plus the
open register procedure provides a guide for proper operation of burners under start-up
conditions where flows might be out of the range of other meters. Windbox-to-furnace
differential taps, where provided, should be located at the burner level.
A-6-7.2 Recommended Additional Alarms (Fuel Gas).
I. All Systems Except Supervised Manual (Sections 6-5 through 6-7).
A. In addition to the required alarms, the following alarms are recommended to indicate
abnormal conditions and, where applicable, to alarm in advance of an emergency shutdown. It
is recommended that provisions be made in the design for possible future conversion to
automatic trips in the interlock system.
(a) Burner Register Closed. This provides control room indication or alarm for the
condition that all secondary air burner dampers are closed on an operating burner.
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(b) Combustibles or Carbon Monoxide (High). This warns the operator of a possible
hazardous condition by alarming when measurable combustibles are indicated and by
providing a second alarm when combustibles reach a dangerous level.
(c) Oxygen (Low). This warns the operator of a possible hazardous condition.
(d) Flue Gas Analyzer Failure. This warns the operator that some failure has occurred in the
detection or sampling system and that the associated reading or alarms cannot be trusted.
(e) Change in Btu Content of the Fuel Gas. In the event that the gas supply is subject to Btu
fluctuations in excess of 50 Btu/ft3 (1861 kJ/m3), a meter in the gas supply or an oxygen
meter on the flue gas should be provided.
(f) Air/Fuel Ratio (High and Low). If proper metering is installed, this may be permitted to
be used to indicate a potentially hazardous air/fuel ratio with an alarm indicating approach
to a fuel-rich condition and a second alarm indicating approach to a hazardous fuel-rich
condition.
(g) Flame Detector Trouble. This warns the operator of a flame detector malfunction.
B. Furnace Conditions (Television).
(a) Furnace Television. A properly designed and installed furnace television can be of
significant value as a supplementary indication of flame and other conditions in some
furnace designs. It is of particular value during start-up in viewing igniters and individual
burners for proper ignition. This is an aid to, but not a substitute for, visual inspection.
(b) Flame Detector Indication. This provides a means for operator observation of flame
detector output signal strength.
III. Supervised Manual System (Section 6-8).
A. In addition to the required alarms, the following alarms are recommended to indicate
abnormal conditions and, where applicable, to alarm in advance of an emergency shutdown:
(a) High fuel supply pressure;
(b) Low fuel supply pressure;
(c) High furnace pressure;
(d) High furnace draft;
(e) Low combustion airflow;
(f) Loss of interlock energy;
(g) Loss of control system energy;
(h) Failure of burner safety shutoff valve to close;
(i) Flame detector trouble.

Copyright 1996 NFPA

Figure A-6-8.1.1(a) Typical fuel gas ignition system (diagram) supervised manual.
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Figure A-6-8.1.1(b) Typical main burner fuel supply system for fuel gas-fired multiple burner boiler
(diagram) supervised manual.

A-7-1 Fuel Oil—General Considerations.
I. The term fuel oil refers to liquid fuels with widely differing characteristics. A fuel oil burning
system is designed for a specific range of oil characteristics. Attempting to burn an oil whose
characteristics differ widely from those for which the system was designed can cause serious
operating difficulties and potential safety hazards. Therefore, care should be exercised to ensure
that fuel oil received at a plant is within the specified range of the handling and burning
equipment.
II. The more important characteristics of fuel oils are defined in ASTM standards. It is relatively
simple to identify oils that need special provisions for such functions as storing, heating,
pumping, and atomizing. Generally, fuel oil grades 2 and 4 have lower viscosities and less water
and sediment than grades 5 or 6 and so necessitate fewer special provisions to ensure proper
handling and burning. However, most boiler fuel oil systems are designed for grades 5 and 6,
which are heavier; therefore, such systems include provisions for preheating these usually
viscous fuels. Furthermore, more care is needed in the design and operation of fuel oil systems
supplied with grade 6 oil than with other ASTM grades to avoid flameouts caused by
interruptions or pulsation of the fuel supply or plugging of strainers or burner tips.
III. The following characteristics could influence the proper and safe burning of fuel oils:
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(a) Fuel oil is a complex mixture of hydrocarbons of differing molecular weights and
boiling and freezing points. When subjected to sufficiently high temperature, accumulations
of fuel partially decompose and volatilize, thus creating new liquid, gaseous, and solid fuels
with unpredictable properties.
(b) Fuel oil should be introduced into the furnace as an extremely fine mist to mix
intimately with the combustion air in order to burn quickly and completely. In boilers, this
is accomplished by spray ing through small orifices with high pressure drops (mechanical
atomization) or by using steam or air to break up small oil streams. Viscosity and volatility
are the characteristics of the oil that indicate ease of atomization.
(c) Viscosity affects ease of pumping and atomization. Temperature significantly affects
viscosity.
(d) Flash point is an indicator of volatility and, thus, of the potential for combustible vapors.
(e) Some fuel oils contain constituents that, when overheated, might decompose to form
solids or might solidify when exposed to low ambient temperatures. The presence of such
solids in the fuel could cause interruptions.
A-7-2 Hazards Peculiar to Crude Oil Firing.
I. Nature of Crude Oils. Crude oil is petroleum that is withdrawn from the ground and treated
in separators, as necessary, to remove most of the dirt and water and sufficient gaseous
constituents to allow safe and convenient shipping.
With regard to safety, the basic difference between crude oils and the grades of fuels defined
in ASTM D396, Standard Specification for Fuel Oils, is that crude oils contain dissolved light
combustible hydrocarbons. These light, volatile materials are released during storage, handling,
or when heated. Because of this, appropriate and adequate provisions are to be made to handle,
store, and burn crude oils safely in steam boiler plants. Failure to observe the necessary design,
installation, operating, and maintenance procedures can result in disastrous fires or explosions or
personal injury, including possible inhalation of toxic (hydrogen sulfide) gas.
Crude oil properties vary considerably. Therefore, it is desirable that flexibility be built into
the facility to accommodate the expected range of properties.
Crude oil characteristics are classified according to the results of laboratory tests, and the seller
and buyer are to agree on all limitations. This is in contrast to fuel oils, whose properties are
controlled within limits by “refining” to meet internationally recognized standards.
The flash points of crude oils can range from below zero (0) to over 150°F (65.6°C). Most
crude oils contain volatile light ends not present in fuels meeting the requirements of ASTM
D396, Standard Specification for Fuel Oils. Some of these volatile hydrocarbons, such as
propane, butane, and pentane, can volatilize crude oil to the atmosphere; since it is heavier than
air, this vaporized material can travel for considerable distances and accumulate as a hazardous
concentration.
II. Storage and Handling of Crude Oils. Extensive treatment of storage and handling of crude
oils is beyond the scope of this standard. However, the safety aspects are so broad that some
clarification is essential. Additional general background information can be found in A-7-1.
A. Special attention is directed to the following considerations:
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(a) Adequate ventilation is essential in areas where oil leakage could occur, (e.g., at pumps,
heaters, strainers, and burner fronts, or where maintenance is performed). Confined
fuel-handling areas and burner fronts are to be ventilated adequately, and forced air
ventilation is to be used where necessary.
(b) Tanks for crude oil storage usually conform to one of the following documents:
API 620, Standard for Design and Construction of Large, Welded, Low-Pressure Storage
Tanks; or
API 650, Standard for Welded Steel Tanks for Oil Storage.
Open-top or covered floating-roof tanks are recommended to minimize possible fires and
explosions and to reduce combustible vapor losses, particularly where the flash point is
below 100°F (37.8°C).
In fixed-roof tanks, the internal space above the liquid might contain an explosive vapor
when in crude oil service. For protection, a fixed-roof tank can be provided with an internal
cover floating on the oil, and the space between the cover and the roof can be vented
adequately in accordance with API 650, Appendix H. Spacing and fire protection is based
on fixed-roof tank requirements (see also API RP 2003, Recommended Practice for
Protection Against Ignitions Arising Out of Static, Lightning, and Stray Currents, Section
3.5.1). Existing fixed-roof tanks without internal floating covers may be permitted to be
inert-gas blanketed if the flash point could be below 100°F (37.8°C).
Tanks should be spaced and storage areas graded, drained, and diked in accordance with
NFPA 30, Flammable and Combustible Liquids Code, to contain spills in the event of tank
rupture or overflow.
(c) Plant layout and tank location should include consideration of boilover hazards,
particularly with fixed-roof tanks. Diking is not a complete protection against the boilover
fire phenomenon. Therefore, adequate fire protection and provisions for emergency flow
paths should be included.
(d) Consideration should be given to agitation or other means to prevent settling of sludge
in crude oil storage tanks.
(e) Piping and valves for crude oil should be of steel. Items such as steel-cased pumps and
strainers are recommended to resist possible fire damage and release of fuel into the flames.
(f) Pump selection criteria should include consideration of oil vapor pressure, abrasive and
corrosive contaminants, mechanical shaft seals to minimize leakage, and lubricity of the
oils. In particular, pump suction pressures need to be high enough to preclude vaporization
and cavitation with the oils to be handled.
(g) Ignition sources should be minimized. All piping should be bonded and grounded in
accordance with NFPA 77, Recommended Practice on Static Electricity.
(h) Consideration should be given to detecting and monitoring combustible gases in areas
where they are likely to accumulate.
(i) Access to crude oil handling areas should be restricted; smoking should be prohibited in
designated locations. Work likely to involve flame or sparks, such as welding or burning,
should be performed only after the area is checked for safety. Cutting and welding
precautions should be in accordance with NFPA 51, Standard for the Design and
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Installation of Oxygen-Fuel Gas Systems for Welding, Cutting, and Allied Processes, and
NFPA 51B, Standard for Fire Prevention in Use of Cutting and Welding Processes. Each
area is to be checked with a portable combustible gas tester before starting work that could
involve possible flames or ignition sources.
(j) Where potential toxic gas hazards might exist, personnel protection is to be provided
where performing such tasks as cleaning strainers, replacing pumps, and gauging or
sampling tanks. Appropriate operating procedures and personnel training are essential.
A-7-3.1.5 Low temperature can increase viscosity, inhibit flow, or precipitate waxy materials.
High temperatures can cause carbonization or excessive pressures and leakage due to fluid
expansion in “trapped” sections of the system.

Figure A-7-5.1.2(a) Typical mechanical atomizing light oil igniter system (diagram).
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Figure A-7-5.1.2(b) Typical steam or air atomizing light oil igniter system (diagram).
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Figure A-7-5.1.2(c) Typical mechanical atomizing main oil burner system (diagram).
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Figure A-7-5.1.2(d) Typical steam or air atomizing main oil burner system (diagram).

A-7-5.4.6 Air Heater.
I. Operation of air heater sootblowers shall be in accordance with the recommendations of the air
heater manufacturer. The initial firing of oil fuel in a cold boiler can create a special hazard by
causing fires in air heaters.
A-7-7.2 Recommended Additional Alarms (Fuel Oil).
I. All Systems Except Supervised Manual (Sections 7-5 through 7-7).
A. In addition to the required alarms, the following alarms are recommended to indicate
abnormal conditions and, where applicable, to alarm in advance of a safety shutdown. It is
recommended that provisions be made in the design for possible future conversion to
automatic trips in the interlock system.
(a) Burner Register Closed. This provides control room indication or alarm for the
condition that all secondary air burner dampers are closed on an operating burner.
(b) Combustibles or Carbon Monoxide (High). This warns the operator of a possible
hazardous condition by alarming when measurable combustibles are indicated and by
providing a second alarm when combustibles reach a dangerous level.
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(c) Oxygen (Low). This also warns the operator of a possible hazardous condition.
(d) Flue Gas Analyzer Failure. This warns the operator that some failure has occurred in the
detection or sampling system and that the associated reading or alarms cannot be trusted.
(e) Air/Fuel Ratio (High and Low). If proper metering is installed, this may be permitted to
be used to indicate a potentially hazardous air/fuel ratio with an alarm indicating approach
to a fuel-rich condition and a second alarm indicating approach to a hazardous fuel-rich
condition.
(f) Ignition Fuel Supply Pressure (Low). Monitor the ignition fuel supply pressure at a point
as far upstream of the control and safety shutoff valves as practicable.
(g) Flame Detector Trouble. This warns the operator of a flame detector malfunction.
(h) Main Oil Temperature (High). This is used for heated oils only.
B. Furnace Conditions.
(a) Furnace Television. A properly designed and installed furnace television can be of
significant value as a supplementary indication of flame and other conditions in some
furnace designs. It is of particular value during start-up in viewing igniters and individual
burners for proper ignition. This is an aid to, but not a substitute for, visual inspection.
(b) Flame Detector Indication. This provides a means for operator observation of flame
detector output signal strength.
II. Supervised Manual Systems (Section 7-8).
A. In addition to the required alarms, the following alarms are recommended to indicate
abnormal conditions and, where applicable, to alarm in advance of a safety shutdown:
(a) Low fuel oil supply pressure;
(b) Low atomizing medium pressure or atomizing medium oil pressure differential;
(c) High furnace pressure;
(d) High furnace draft;
(e) Low combustion airflow;
(f) Loss of interlock energy;
(g) Loss of control system energy;
(h) Failure of burner safety shutoff valve to close;
(i) Low oil temperature;
(j) High oil temperature;
(k) Flame detector trouble.
A-7-8 Fundamental Principles of a Manual System.
I. Boiler Front Controls (Oil Firing).
A. Manual System. The manual system is not recommended; however, it is recognized that,
in some boiler applications and unusual process requirements, there could be a greater safety
hazard from boiler tripping. Under these conditions, the system described in this section
should be approved by the authority having local jurisdiction and should be considered as a
minimum standard. The requirements of 7-8.1.1 also should apply.
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A manual system is one in which a trained operator has primary responsibility for the proper
start-up, operation, and shutdown of a boiler in accordance with the specific operating
instructions for each boiler. A key feature of this system is the provision for oil safety shutoff
valve assemblies in the main piping and igniter fuel piping supplying the boiler. The system
includes interlocks to actuate these assemblies in order to accomplish an emergency
shutdown.
B. Fundamental Principles. The operator is to follow written instructions for each specific
boiler. These instructions include, but are not limited to, purging of the boiler as accomplished
by the following procedure:
(a) Airflow is adjusted to purge rate and unit purge is performed.
(b) Purge airflow rate is maintained continuously from purge initiation through the light-off
cycle. If airflow is not maintained at purge rate, the prefiring cycle is to be repeated.
(c) If the first igniter is not lighted within 5 minutes after the igniter safety shutoff valves
have been opened, all fuel valves are to be closed and the prefiring cycle is to be repeated.
(d) If flame on the first igniter is not established after igniter supervisory shutoff valve has
been opened, all fuel valves are to be closed and the prefiring cycle is to be repeated.
(e) The operator is to observe the igniter flame continuously while opening the first burner
supervisory shutoff valve. If main flame is not established or is lost during this operation,
all fuel valves are to be closed immediately and the prefiring cycle is to be repeated.
(f) After each stable main burner flame is established, the igniter is to be shut off unless
classified as Class 1 or Class 2. The stability of the main burner flame is to be verified.
(g) Burners are not to be lighted from a previously lighted burner.
(h) The operator is to observe main flame stability while making any register or burner
damper adjustments. (This is more critical in two-burner boilers.)
(i) After each successive burner light-off, the flame stability of all operating burners is to be
verified.
(j) If a second or succeeding burner igniter does not light immediately after its igniter
supervisory shutoff valve has been opened, the igniter supervisory shutoff valve(s) is to be
closed and cause for failure to light determined and corrected. At least 1 minute is to elapse
before the next light-off is attempted.
(k) If a second or succeeding main burner flame is not established, the individual burner
supervisory and igniter supervisory shutoff valve(s) are to be closed immediately, the
burner register or damper is to be opened to firing position, and cause for failure to ignite is
to be determined and corrected. At least 1 minute is to elapse before attempting to light this
or any igniter.
(l) Operation at less than 25 percent load may be permitted, provided burners maintain
stable flame and airflow is maintained at or above purge rate, regardless of the actual load.
(m) Low water level in the steam drum should be monitored and alarmed. Consideration
should be given to interlock tripping.
C. Equipment. The following equipment should be provided:
(a) Equipment to change the firing rate that simultaneously adjusts the fuel and air supplies
to a predetermined air/fuel ratio;
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(b) A purge timer with proven airflow;
(c) Provisions for limiting fuel turndown to prevent reducing fuel input below the point of
stable burner operation;
(d) Permanently installed igniters;
(e) Oil pressure regulation;
(f) Oil temperature regulation if heating is required;
(g) Flame failure detection and alarm.
D. Interlocks and Emergency Shutdown (Boiler). An emergency shutdown is to be initiated
by the following conditions:
(a) Low pressure in the oil supply to the control valve;
(b) Fuel pressure at the burner below the minimum established by the manufacturer or by
trial;
(c) Loss of all forced draft fans;
(d) Loss of all induced draft fans, if applicable;
(e) Operation of the emergency trip switch by the operator;
(f) Loss of control energy if fuel flow to burners is affected in such an event;
(g) Atomizing medium (if provided) at the burner below the minimum established by the
manufacturer or by trial.
All individual manual burner and igniter supervisory shutoff valves are to be in the closed
position before the main and igniter safety shutoff valves can be opened.
II. Operating Cycle.
A. Prefiring Cycle—Oil (Steam Atomized, Heated Oil). The following steps are to be taken
by the operator when starting a manual system, and the required interlocks are to be satisfied
at each step. Control system energy, power and water level, fuel supply, and atomizing
medium, if used, are to be established. Prior to start-up, furnace and gas passages are to be
inspected to determine if in good repair. It is to be determined that the unit and its associated
systems are evacuated by all personnel and all access and inspection doors are closed.
Operator Actions1

Interlock Functions

[See Figures A-7-8I through A-7-8III.]
(a) Inspect furnace for
unburned oil accumulations;

(a) None;

(b) Confirm burner gun for
proper tips or sprayer plates and
place gun in proper position;

(b) None;

(c) Confirm individual burner
and igniter supervisory shutoff
valves closed;

(c) Prove burner and igniter
supervisory shutoff valves
closed;

(d) Confirm main and igniter
safety shutoff valves closed;

(d) None;

(e) Confirm main fuel control

(e) None;
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valve closed;
(f) Confirm that atomizing
steam header has been blown
free of condensate and header
trap is functioning;

(f) None;

(g) Open all burner registers to
firing position;

(g) None;

(h) Start fans;

(h) None;

(i) Open main damper(s) to
purge position;

(i) Prove purge airflow rate;

(j) Open main fuel bypass
control valve, main safety
shutoff valve, and recirculating
valve to circulate heated oil
through the main fuel bypass
control valve and burner header;

(j) Prove all required interlocks
satisfied except burner header
low fuel pressure switch, which
is bypassed by a circuit
completed only when all
individual burner supervisory
valves are closed;

(k) Start purge timer and purge
boiler per operating instructions
[see A-7-8IB(a) and (b)];

(k) None;

(l) Open atomizing medium
(l) None;
valve to the burner gun to be
lighted. Blow free of condensate.
Confirm atomizing pressure has
been established;
(m) Immediately proceed with
light-off cycle after completion
of purge.

(m) None.

1Certain actions are not necessarily performed in the order shown.

B. Light-Off Cycle. This cycle immediately follows prefiring. Burners are at light-off fuel
pressure. The open register purge principle is to be followed during the light-off procedure.
(See 7-5.1.3, 7-5.1.4, and 7-5.1.5.)
Operator Actions

Interlock Functions

[See Figures A-7-8I through A-7-8III.]
(a) Adjust register of burner to
(a) None;
be lighted to light-off position, if
necessary. Airflow at purge rate;
(b) Confirm that burner oil
(b) None;
pressure is being controlled by
the main fuel bypass control
valve and is at light-off pressure.
If necessary, throttle oil
recirculating valve, as needed, to
maintain necessary light-off
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pressure;
(c) Open igniter header safety
shutoff valve(s);

(c) Prove all igniter supervisory
shutoff valves closed. Prove low
igniter header pressure interlocks
satisfied;

(d) Verify atomizing medium
flowing from burner gun about
to be lighted;

(d) None;

(e) Confirm clearing valve
closed;

(e) None;

(f) Open individual igniter
supervisory shutoff valve and
establish flame while under
visual observation;

(f) Igniter header low fuel
pressure trip switch is in effect
when igniter safety shutoff valves
are open [see (c) above];

(g) While continuously
observing igniter flame, slowly
open burner supervisory shutoff
valve at burner being lighted
until fully open to establish
burner flame [see A-7-8IIB(d)];

(g) Burner header low fuel
pressure trip switch is in effect
when main safety shutoff valve(s)
are open [see A-7-8IIA(j)];

(h) Adjust the burner register
to firing position, as necessary;

(h) None;

(i) Unless classified as Class 1
or Class 2, igniter is to be
removed from service; visually
confirm main flame stability;

(i) None;

(j) Repeat steps (a), (e), (f),
(j) None;
(g), (h), and (i) above for
additional burners at light-off
pressure, as necessary. After
each additional burner is lighted,
visually reconfirm the stability
of all previously lighted burners;
(k) Above 25% load, close
registers of all burners not
placed in operation;

(k) None;

(l) Adjust firing rate of boiler
(l) None;
and fuel/air ratio to meet demand;
(m) Close recirculating valve.

(m) None.

C. Normal Shutdown Cycle.
Operator Actions

Interlock Functions

[See Figures A-7-8I through A-7-8III.]
(a) Reduce boiler load until
(a) None;
main fuel control valve is closed.
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Main fuel bypass control valve
will assume control at light-off
oil pressure. Do not reduce total
airflow below purge rate;
(b) Each oil burner should be
shut down in the following
sequence if oil gun is to be
cleared into the furnace:

(b) None;

1. If igniter has been turned
off previously, establish igniter
flame on the burner to be shut
down;

1. None;

2. Close individual burner
supervisory shutoff valve;

2. None;

3. Open clearing valve. The
clearing valve should be left
open long enough to clear the
burner gun thoroughly;

3. None;

4. Shut off igniter;

4. None;

5. Leave burner register
open;

5. None;

6. Shut off atomizing
medium and remove gun;

6. After last burner supervisory
shutoff valve closed, burner
header low fuel pressure interlock
is deactivated;

NOTE: If oil gun is not cleared into furnace, omit steps 1, 3, and 4.

(c) After the last individual
(c) None;
burner supervisory shutoff valve
is closed, close main and igniter
safety shutoff valves. Igniter
atmospheric vent valve opens;
(d) Purge unit;

(d) None;

(e) Shut down fan(s), if
necessary.

(e) Combustion air interlocks
deactivated.

D. Emergency Shutdown. When an emergency shutdown occurs, the main safety shutoff
valve and igniter safety shutoff valves close; the atmospheric vent valves open. (See A-7-8ID.)
E. Operator Actions Following an Emergency Shutdown.
(a) All main burner and igniter supervisory valves are to be closed. Burner register positions
remain unchanged;
(b) Atomizing steam flow to all burners is to be shut off;
(c) Oil guns external to furnace are to be removed and drained;
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(d) Unit is purged in accordance with the following procedure:
If the fans are operating after the trip, they should be continued in service. Under no
circumstances should the airflow be increased immediately. If the airflow is above purge
rate, it may be permitted to be decreased gradually to this value for the post-firing purge for
a minimum of 5 minutes. If the airflow is below purge rate at the time of the trip, it should
be continued at the existing rate for 5 minutes and then increased gradually to purge rate
and held at this value for a post-firing purge of 5 minutes duration.
If the trip was caused by loss of draft fans, or draft fans also have tripped, all dampers in the
air and flue gas passages of the unit are to be opened slowly to the fully open position in
order to create as much natural draft as possible to ventilate the unit. This condition is to be
maintained for not less than 15 minutes. At the end of this period, the flow control dampers
are to be closed and the fan(s) is to be started immediately. The airflow is to be increased
gradually to at least purge rate.
(e) The cause of safety shutdown is to be determined and corrected;
(f) The light-off cycle (see A-7-8IIB) then is performed if relight of boiler is necessary;
(g) If it is desired to remove the boiler from service for a period of time, the fans are to be
shut down on completion of purge, and the manual shutoff valves are to be closed.
A-8-2 Coal Firing—Special Problems.
I. Coal Firing—Special Problems.
A. General Considerations. The term coal refers to solid fuels with widely differing
characteristics. A coal-burning fuel system is designed for a specific range of coal
characteristics. Coals that differ widely from the range of characteristics for which the system
is designed can cause serious operating difficulties and become a potential safety hazard. The
coal as mined, transported, and delivered to the plant can vary in size and impurities to a
degree that exceeds the capability of the plant equipment. Where coals are received from more
than one source, care should be exercised to make certain that all coals received are within the
specific range of the coal-handling and coal-burning equipment.
To ensure that the type of coal and its preparation are suitable for the equipment, a proper
definition is needed that is acceptable to the equipment designer, the purchasing agency
responsible for procuring the fuel, and the operating department that burns the fuel. Volatility,
moisture and ash content, size of raw coal, grindability, and other characteristics are to be
given close attention. The following factors influence the ultimate suitability of a particular
coal:
(a) Coal is an abrasive and corrosive substance. The level of necessary equipment
maintenance, therefore, could be several orders of magnitude greater than is needed for
liquid and gaseous fuels.
(b) Coal changes when it is exposed to the atmosphere. It is common practice to ship and
stockpile coal without protection from the weather. The properties of stored coal can
change. This might necessitate special consideration. Coal with high surface moisture can
freeze in shipment or in storage. This could necessitate special handling equipment.
Changes in moisture in the coal can affect the safety and performance of the pulverizers
and burners.
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(c) Changes in grindability of the coal affect the capacity of the pulverizers and could affect
the performance of the burners.
(d) Since coal has a high ash content, special attention should be given to problems
associated with slag and ash deposits.
(e) Coal is capable of spontaneous combustion and self-heating from normal ambient
temperature. This tendency increases radically when the temperature is increased. Blended
or mixed coals can heat more rapidly than any of the parent coals.
(f) Volatile matter is given off by the coal. This volatile matter is a gaseous fuel that causes
additional hazards.
B. Unburned or incompletely burned coal can settle out in low velocity areas of the boiler.
Often this hot material lies dormant and covered with a thin layer of fly ash. Personnel
stepping into or disturbing such deposits have experienced severe injuries. Prior to entry,
cleaning of all surfaces where such combustibles can accumulate is recommended.
C. Other personnel hazards are involved with coal-fired systems similar to those outlined in
NFPA 8503, Standard for Pulverized Fuel Systems.

Figure A-7-8I Typical ignition system (diagram) manual.

Copyright 1996 NFPA

Figure A-7-8II Typical mechanical atomizing light oil igniter system (diagram) manual.
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Figure A-7-8III Typical steam atomizing main oil burner system (diagram) manual.
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Figure A-7-8.1.1 Typical steam or air atomizing main oil burner system (diagram) supervised manual.
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Figure A-8-5.1.2(a) Typical direct-fired pulverizing subsystem, integral transport type.
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Figure A-8-5.1.2(b) Typical direct-fired pulverizing subsystem, individual external transport type.
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Figure A-8-5.1.2(c) Typical direct-fired pulverizing subsystem, common external transport type.

A-8-5.4.3 Raw coal hangups ahead of the feeder causing unstable or intermittent firing and wet
coal or changing coal quality causing flame instability are common emergencies that can arise
where firing pulverized coal. These emergencies can create hazardous conditions by allowing
unburned fuel to accumulate in the furnace.
A-8-7.2 Recommended Additional Alarms (Pulverized Coal).
I. Recommended Additional Alarms and Monitors.
A. In addition to the required alarms, the following alarms are recommended to indicate
abnormal conditions and, where applicable, to alarm in advance of a safety shutdown. It is
recommended that provisions be made in the design for possible future conversion to
automatic trips in the interlock system.
(a) Ignition Fuel Supply Pressure (Low). This monitors the ignition fuel supply pressure at a
point as far upstream of the control and safety trip valve as practicable.
(b) Combustibles or Carbon Monoxide (High). This warns the operator of a possible
hazardous condition by alarming when measurable combustibles are indicated and by
providing a second alarm when combustibles reach a dangerous level.
Copyright 1996 NFPA

(c) Oxygen (High and Low). This warns the operator of a possible hazardous condition.
(d) Flue Gas Analyzer Failed. This warns the operator that some failure has occurred in the
detection or sampling system and that the associated reading or alarms cannot be trusted.
(e) Air/Fuel Ratio (High and Low). If proper metering is installed, this may be permitted to
be used to indicate a potentially hazardous air/fuel ratio with an alarm indicating approach
to a fuel-rich condition and a second alarm indicating approach to a hazardous fuel-rich
condition.
(f) No Load on Pulverizer. This warns when the pulverizer-indicated coal load is
substantially below normal and the feeder is running.
(g) Pulverizer Overload. This warns when the pulverizer-indicated coal load is above the
normal range.
(h) Burner Register Closed. This provides control room indication or alarm for the
condition that all secondary air burner dampers are closed on an operating burner.
(i) Flame Detector Trouble. This warns the operator of a flame detector malfunction.
B. Furnace Conditions (Television).
(a) Furnace Television. A properly designed and installed furnace television can be of
significant value as a supplementary indication of flame or other conditions in some furnace
designs. It is of particular value during start-up in viewing igniters and individual burners
for proper ignition. This is an aid to, but not a substitute for, visual inspection.
(b) Flame Detector Indication. This provides a means for operator observation of flame
detector output signal strength.
A-9-1.3
An example of an inspection and maintenance schedule is as follows:
(a) Daily. Flame failure detection system, low water level cutout, and alarm;
(b) Weekly. Igniter and burner operation;
(c) Monthly. Fan and airflow interlocks, fuel safety shutoff valves for leakage, high steam
pressure interlock, fuel pressure and temperature interlocks for oil, high and low fuel pressure
interlock, and gas strainer and drip leg for gas;
(d) Semiannually. Burner components, flame failure system components, piping, wiring, and
connections of all interlocks and shutoff valves, calibration of instrumentation, and combustion
control system.
Appendix B Referenced Publications
B-1
The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.

Copyright 1996 NFPA

B-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 30, Flammable and Combustible Liquids Code, 1993 edition.
NFPA 51, Standard for the Design and Installation of Oxygen-Fuel Gas Systems for Welding,
Cutting, and Allied Processes, 1992 edition.
NFPA 51B, Standard for Fire Prevention in Use of Cutting and Welding Processes, 1994
edition.
NFPA 54, National Fuel Gas Code, 1992 edition.
NFPA 70, National Electrical Code, 1996 edition.
NFPA 77, Recommended Practice on Static Electricity, 1993 edition.
NFPA 8501, Standard for Single Burner Boiler Operation, 1992 edition.
NFPA 8503, Standard for Pulverized Fuel Systems, 1992 edition.
B-1.2 Other Publications.
B-1.2.1 API Publications. American Petroleum Institute, 2101 L Street NW, Washington, DC
20037.
API 620, Standard for Design and Construction of Large, Welded, Low-Pressure Storage
Tanks, 1990.
API 650, Standard for Welded Steel Tanks for Oil Storage, 1993.
API RP 2003, Recommended Practice for Protection Against Ignitions Arising out of Static,
Lightning, and Stray Currents, 1991.
B-1.2.2 ASTM Publications. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM D388, Standard Classification of Coals by Rank, 1992.
ASTM D396, Standard Specification for Fuel Oils, 1992.
ASTM D409, Standard Test Method for Grindability of Coal by the Hardgrove-Machine
Method, 1993.
Formal Interpretation
NFPA 8502
Prevention of Furnace Explosions/Implosions
in Multiple Burner Boilers
1995 Edition
Reference: Chapter 7
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F.I. 89-2
Background: On units for which NOx control at low loads is important, it is desirable to
maintain optimal low load burner air/fuel ratio. On some units, even with idle burner registers
open, air flows to the operating burners must be reduced to as low as the purge rate air flow in
order to reach the optimal ratio. On these units it is desired to drop the purge rate air flow below
25% of “design maximum air flow,” to a proposed value of 25% of “maximum operation air
flow.”
The maximum operating steam flow on these units (limited by turbine-generator rating) is less
than maximum boiler design steam flow. The fuel flow and air flow (as measured volumetrically
by airfoil differential in the air to the windbox) at this steam flow are optimized for opacity and
NOx control, resulting in an air flow proportionately below design maximum air flow.
Question: Is it the intent of NFPA 8502 to allow purge rate air flow to be 25% of maximum
operating air flow as opposed to 25% of design maximum air flow?
Answer: No.
Issue Edition: 1989 of NFPA 85D
Reference: Entire Document
Issue Date: July 16, 1990
Effective Date: August 4, 1990
Copyright © 1992 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
Prevention of Furnace Explosions/Implosions in Mutiple Burner Boilers
1995 Edition
Reference: 7-5.4.5
F.I. 89-1
Background: Consider the Chapter 3 definition:
“Class 3 Special (Direct Electric Igniter). A special Class 3 high energy electrical igniter capable
of directly igniting the main burner fuel. This type igniter shall not be used unless supervision of
the individual main burner flame is provided.
”and consider paragraph 7-5.4.5:
“ 7-5.4.5 Igniters shall be in service, with ignition established when clearing oil passages into the
furnace.
”The situation in question occurs when a Class 3 Special Igniter is monitored by a current
sensing relay. With at least one other oil gun in and proven by flame scanners, the subject oil gun
is stopped (i.e., its oil trip valve closes) either remotely or locally, by an operator. The normal
course of action would be to go into an oil gun purge. The igniter would be first placed in service
and proven, and then the purge air (or steam) valve opened for a specified time period until the
oil passages are cleared of oil. The length of purge would be proven by test to sufficiently clear
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the oil passages of oil. Assume that good design of the oil system has been practiced and the oil
trip valve is located very close to the burner, thus minimizing the length of oil piping to be
cleared.
The above excerpts from 85D have been interpreted by some to mean that the main flame
scanner must be proven at all times during the oil gun scavenging. This interpretation, in effect,
precludes any scavenging of an oil gun which utilizes a Class 3 special igniter. During the
scavenging operation the oil gun flame is unstable and will flame off and back on several times
before the oil passages are cleared.
Question: Can a high energy igniter (Class 3 special) be used when “clearing oil passages into
the furnace” without proving main flame on?
Answer: Yes.
Issue Edition: 1989 of NFPA 85D
Reference: 5-4.5
Issue Date: November 1, 1989
Effective Date: November 21, 1989
Copyright © 1992 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
Prevention of Furnace Explosions/Implosions in Multiple Burners
1995 Edition
Reference: Section 7-8
F.I.
Question: In accordance with Section 7-8, does “boiler front control” mean operator start-up
from the boiler front with no option for remote control room starting capability?
Answer: The requirement stated in 7-8.1.1(b) for the start-up or normal shutdown of any burner
to be accomplished by an operator at the burner location, is controlling. A remotely-controlled
light-off or normal shutdown, even with an operator standing by as a passive observer, does not
conform with the intent of this section.
It should be noted that this interpretation does not rule out the use of remote burner control
systems, but only states that these shall not be considered as conforming to a Boiler Front
Control system. Section 7-8, Boiler Front Control, is intended to be applied to smaller boilers
with a limited number of burners, and for which an operator performs the burner light-off
function at the boiler front, but with interlocks to prevent improper start-up. For larger units,
which are remotely operated, such as those cited in this inquiry, it is the intent of the Committee
that other portions of the standard shall apply. Provisions of the other portions of the standard
permit and even encourage the application of burner management control systems.
Issue Edition: 1974 of NFPA 85D
Reference: Chapter 8
Date: April 1976
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NFPA 8503
1992 Edition
Standard for Pulverized Fuel Systems

1992 Edition
This edition of NFPA 8503, Standard for Pulverized Fuel Systems, was prepared by the
Technical Committee on Boiler Combustion System Hazards and acted on by the National Fire
Protection Association, Inc. at its Annual Meeting held May 18-21, 1992 in New Orleans, LA. It
was issued by the Standards Council on July 17, 1992, with an effective date of August 14, 1992,
and supersedes all previous editions.
The 1992 edition of this document has been approved by the American National Standards
Institute. Changes other than editorial are indicated by a vertical rule in the margin of the pages
on which they appear. These lines are included as an aid to the user in identifying changes from
the previous edition.
Origin and Development of NFPA 8503
The initial Standard for the Installation of Pulverized Fuel Systems (NFPA 60) was adopted in
1924, during the early development of equipment for burning pulverized fuel in suspension. This
standard was continued until 1945, at which time it was superseded by a new code under the
separate title, Code for the Installation and Operation of Pulverized Coal Systems (NFPA 60A).
The earlier code was maintained in effect for equipment installed prior to 1945 until January
1957, at which time it was retired from active status by the Committee on Dust Explosion
Hazards.
The distinguishing feature of the 1945 standard that provided greater safety in operation and
was made practicable by the evolution and improvement of equipment design, is represented by
its requirements for strength of equipment capable of withstanding internal explosion pressure of
50 psi without dependence on venting facilities in equipment and buildings for relief of
explosions, as specified by the earlier code.
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Following 1973, the standard was transferred from the Committee on Dust Explosion Hazards
to the Committee on Boiler-Furnace Explosions and the number changed from NFPA 60 to
NFPA 85F. At the Annual Meeting in 1978, a complete revision to the former NFPA 60 was
accepted and the revision published as NFPA 85F.
Changes to the 1982 edition were made primarily to reorganize and relocate essential material
for increased clarity and to more nearly comply with the Manual of Style. Numerous other
changes were made to provide for proper sequential operation and control of boiler firing. The
1988 standard consists of a complete rewrite of the document. A variety of changes can be noted.
These range from a clarification of the retroactivity policy to limitations on the use of brittle
materials. Revised diagrams have also been included to clarify certain requirements of these
systems.
This latest edition is a partial revision and includes a variety of changes. Foremost is the
renumbering and retitling of the document to NFPA 8503, Standard for Pulverized Fuel Systems.
This is consistent with an initiative by the NFPA Boiler project to remove the letter designations
and use shorter document titles.
Technical Committee on Boiler Combustion System Hazards
James K. Lafontaine, Chairman
Pennsylvania Electric, PA
Courtney D. Alvey, Lutherville, MD
William H. Axtman, Manassas, VA
Herbert L. Berman, Caltex Services Corp., TX
Rep. American Petroleum Institute
James R. Bostick, Bailey Controls Co., OH
Paul L. Cioffi, Babcock & Wilcox, OH
William E. Cunningham, United Engineers & Constructors, MA
Dale E. Dressel, Monsanto Co., MO
Shelton Ehrlich, Electric Power Research Institute, CA
Robert S. Elek, Kemper Group, OH
Rep. The Alliance of American Insurers
Humphrey Fedorak, E. I. du Pont de Nemours & Co., DE
Ronald E. Fringeli, M&M Protection Consultants, OH
Thomas B. Hamilton, Hamilton Consulting Services, NC
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Warren G. Hudson, Union Carbide Corp., WV
Masaaki Kinoshita, Mitsubishi Heavy Industries, Ltd, Japan
Albert L. Lake, Int’l Union of Operating Engineers, DC
Kenneth N. Lawrence, Honeywell Inc., PA
Rep. Nat’l Electrical Manufacturers Assn.
Donald J. L. Lin, Qilin Inc., TX
Robert M. Lundberg, Los Altos, CA
Peter B. Matthews, Hartford Steam Boiler Insp & InsCo., CT
Russell N. Mosher, American Boiler ManufacturersAssn., VA
Jerry J. Moskal, Combustion Engineering Inc., CT
Michael C. Polagye, Factory Mutual Research Corp., MA
Robert P. Richmond, Baton Rouge, LA
James L. Sherman, Baltimore Gas & Electric Co., MD
Robert F. Tomczak, Tampa Electric Co., FL
Rep. Electric Light Power Group/Edison Electric Institute
Enno Toomsalu, Underwriters Laboratories Inc., IL
James O. Toutz, Forney Engineering, TX
Peter J. Gore Willse, Industrial Risk Insurers, CT
Henry K. Wong, Foster Wheeler Energy Corp., NJ
Alternates
John C. deRuyter, E. I. du Pont de Nemours & Co., DE
(Alternate to H. Fedorak)
John Jaresko, Industrial Risk Insurers, IL
(Alternate to P. J. G. Willse)
Dennis P. Jenkins, Kemper National Insurance Cos., NC
(Alternate to R. S. Elek)
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Paul Karadi, Combustion Engineering Inc., CT
(Alternate to J. J. Moskal)
Richard F. Murphy, Exxon Research & Engr Co., NJ
(Alternate to H. L. Berman)
Satoshi Nonaka, Mitsubishi Heavy-America, CT
(Alternate to M. Kinoshita)
S. Sam Pagadala, M&M Protection Consultants, IL
(Alternate to R. E. Fringeli)
J. C. Waung, Babcock & Wilcox Co., OH
(Alternate to P. L. Cioffi)
Subcommittee on Pulverized Fuel Systems
Thomas B. Hamilton, Chairman
Hamilton Consulting Services, NC
Courtney D. Alvey, Lutherville, MD
William H. Axtman, Manassas, VA
John N. Cannon, Brigham Young University, UT
Robert Christianson, Stone & Webster Engineering Corp., CO
Thomas C. Clayton, Black & Veatch, MO
Thomas A. Collette, Commonwealth Edison, IL
David A. Cowdrick, Tampa Electric Co., FL
John C. deRuyter, E. I. du Pont de Nemours & Co., DE
Mike Doherty, American Electric Power Service Corp., OH
Kenneth L. Gardner, Kennedy Van Saun Corp., PA
Paul Hunt, Stock Equipment Co., OH
Walter E. Keiser, Georgia Power Co., GA
Allan E. Kukoski, Foster Wheeler Energy Corp., NJ
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James K. Lafontaine, Pennsylvania Electric, PA
Daniel J. Lee, Bailey Controls Co., OH
Kiran R. Patel, Riley Stoker Corp., MA
Robert Piepho, Babcock & Wilcox Co., OH
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NFPA 8503
Standard for
Pulverized Fuel Systems
1992 Edition
NOTICE: Information on referenced publications can be found in Chapter 6.

Foreword
Technological advances in recent years, and in particular the pervasiveness of
microprocessor-based hardware, make it even more important that only highly qualified
individuals be employed in the translation of these guidelines into operating systems. Each type
of hardware has its own unique features and operational modes. It is vital that the designer of the
safety system be completely familiar with the features and foibles of the specific hardware as
well as possess a thorough understanding of these standards and their intent.
It is not possible for these standards to encompass the specific hardware applications, nor
should these be considered a “cookbook” for the design of a safety system.
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When applying any type of equipment to a safety system, the designer must carefully consider
all of the possible failure modes and the effect that each might have on the integrity of the
system and the safety of the unit and personnel. In particular, no single point failure should result
in an unsafe or uncontrollable condition, or a masked failure of a microprocessor-based system
that could result in the operator unwittingly taking action that could lead to an unsafe condition.
Chapter 1 Introduction
1-1 Scope.
1-1.1
This standard specifies requirements for pulverized fuel systems, beginning with the raw fuel
bunker ahead of the pulverizer and the point at which primary air enters the pulverizing system,
and terminating at the point where the transport air and fuel enter the furnace or other apparatus.
The pulverized fuel system is defined to include the primary air ducts upstream of the pulverizer
to a point where pressure can be relieved by application of a suitable vent or other means.
1-1.2
This standard covers only those fuels having reactivities greater than that of Pennsylvania
anthracite with a volatile content of eight percent on a dry basis. Reactivity of a fuel relative to
this base shall be determined by the pulverizer manufacturer utilizing his or her own technique,
and applicability of the standard shall be determined and agreed to by user.
1-1.3
In the case of pulverized fuel-fired boiler furnaces, a related work is NFPA 85C, Standard for
the Prevention of Furnace Explosions/Implosions in Multiple Burner Boiler-Furnaces. Users of
this type of equipment are therefore referred to both standards.
1-1.4
Those systems with an oxygen content greater than 21 percent are excluded from this standard
and require special attention.
1-1.5
Revisions to this document recognize the current state of knowledge and do not imply that
previous editions were inadequate.
1-2 Purpose.
1-2.1
The purpose of this standard is to establish minimum standards for design, installation,
operation, maintenance, and personnel safety in connection with pulverized fuel systems, to
contribute to operating safety, and to minimize the probability of pulverized fuel system
explosions and the effects of those explosions that do occur.
1-2.2
No standard can be promulgated that will guarantee the elimination of pulverized fuel system
explosions. Technology in this area is under constant development, which will be reflected in
revisions to this standard. The users of this standard must recognize the complexity of pulverized
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fuel systems as to the type of equipment and the characteristics of the fuel. Therefore, the
designer is cautioned that the standard is not a design handbook. The standard does not do away
with the need for the engineer or competent engineering judgment. It is intended that a designer
capable of applying more complete and rigorous analysis to special or unusual problems shall
have latitude in the development of such designs. In such cases, the designer is responsible for
the validity of the approach.
1-2.3
This standard is applicable to new installations and to major alterations or extensions of
existing equipment for the preparation and burning of fuel in pulverized form contracted for
subsequent to June 15, 1992. The standard is not retroactive.
1-2.4
The provisions of this standard are considered necessary to provide a reasonable level of
protection from loss of life and property from fire and explosion. They reflect conditions and the
state of the art at the time the standard was issued.
The standard will apply to any retrofit program that involves replacement of the entire
pulverized fuel system as defined in 2-6.1, 2-6.2, and 2-6.3. For less than total system
replacement, the user is encouraged to consider application of this standard.
1-3 Basic Principles.
1-3.1 Functional Requirements.
1-3.1.1 The various types of pulverized fuel systems convert a solid fuel to pulverized fuel and
deliver it continuously, and at controlled rates, to burners, storage bins, or other apparatus.
1-3.1.2 The principal requirement of pulverized fuel systems and their components is that they
be capable of long-term continuous and proper operation. It is essential that unwanted
interruptions be kept to an absolute minimum because of the general combustible and explosive
nature of the pulverized fuels. Experience shows that fires and explosions are most likely to
occur during start-up or shutdown or after an emergency shutdown.
1-3.1.3 Pulverized fuel systems shall incorporate all necessary equipment and controls to provide
for repeated safe cycles of start-up, operation, and shutdown, whether these cycles are of long or
short duration.
1-3.1.4 It is necessary that the pulverized fuel system be sized and arranged to meet the demands
of the system it serves over the required range of operation.
1-3.2 Hazards in Pulverized Fuel Systems.
It is important in the design, operation, and maintenance of a pulverized fuel system to
recognize certain inherent hazards, such as:
1-3.2.1 An uninterrupted controllable raw fuel supply is essential to minimize fires and
explosions within the system. These interruptions and control problems in the fuel supply may
be caused by worn equipment, excessive surface moisture, large or unusual fuel sizing, or
foreign substances including iron, wood, rags, excelsior, or rock. Compositions of certain clays
(Bentonitic or mixed layers) contained in some coal seams may cause coal flow interruptions in
coal flow, which shall be guarded against.
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1-3.2.2 To facilitate the discharge of fuel from the raw fuel bunker at a controlled rate, the
bunker shall be designed in accordance with principles stated in 2-6.5. These principles require a
bunker design that provides for mass flow and self-cleaning flow characteristics. Consideration
shall be given by the purchaser or the purchaser’s designated representative to be aware of the
wide range in material handling characteristics of fuel that are related to differences in moisture,
size distribution, and consolidation characteristics. The probable range in these characteristics
for the fuels to be used and a determination of time consolidation shear values over these ranges
are prerequisites for obtaining a bunker design that provides the desired flow characteristics over
the range of fuels to be used. If the fuel is of a nature that spontaneous combustion in the raw
fuel bunker is likely to occur even when equipment is in service, the bunker design shall be a
mass flow design.
1-3.2.3 A fire, ahead of or in the pulverizer, usually causes an abnormal increase in temperature
of the equipment or of the mixture leaving the pulverizer. Fires are caused by feeding burning
fuel from the raw fuel bin, by spontaneous combustion of an accumulation of fuel or foreign
material in the pulverizer, piping, or burners, or by operating at abnormally high temperatures.
1-3.2.4 Fires in burner pipes or other parts of pulverized fuel systems after the pulverizer will
generally not be detected by an abnormal increase in pulverizer outlet temperature. Temperature
sensors on pipes or in or on other components of the system can be used to detect these fires.
1-3.2.5 Abnormally hot, smoldering, or burning raw fuel ahead of the pulverizer shall be
considered serious and dealt with promptly. The procedures outlined in Section 3-5 shall be
followed.
1-3.2.6 Transport Air.
1-3.2.6.1 Transport velocities shall be adequate to prevent settling of the fuel particles in the
system or flashback from the burners.
1-3.2.6.2 Pulverized fuel is conveyed through pipes from the pulverizer in transport air.
Malfunction or maloperation may introduce several hazards. For example, improper removal of a
burner from service can introduce: (1) the settling out of pulverized fuel in the burner pipes, (2) a
leakage of pulverized fuel from the operating pulverizer through the burner valve into an idle
burner pipe, or (3) leakage of gas or air through a burner valve, thereby causing a fire in an idle
pulverizer. In Chapter 3, Operation, necessary precautions are established to avoid such hazards.
1-3.2.7 Pulverizers tripped under load will have fuel remaining in the hot pulverizer, burner
piping, and burners. These accumulations can cause spontaneous combustion of the fuel or an
explosion.
1-3.2.8 Fuel systems are hazardous when fuel escapes into the surrounding atmosphere or when
air enters an inerted system.
1-3.2.9 The characteristic of fuel to oxidize can raise its temperature to a point where auto- or
spontaneous combustion can occur. This characteristic can constitute a special hazard with
certain fuels and fuel mixtures.
1-3.2.10 Accumulations of fuel in the pulverizer can cause fires. This may be due to design,
conditions of wear, or insufficient drying, indicated by too low a pulverizer outlet mixture
temperature.
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1-3.2.11 Excessive pulverizer outlet mixture temperatures increase the possibility of pulverizer
fires and can cause accumulation of fuel on burner parts.
1-3.2.12 Gases can be released from freshly crushed fuel, and accumulations of flammable or
explosive mixtures can occur in bins or other enclosed areas.
1-3.2.13 Hot air flowing back into the fuel bunker constitutes a hazard.
1-3.2.14 To ensure compatibility of the equipment and the type of fuel to be pulverized, it is
desirable to have a quality definition of the fuel. This shall be acceptable to the equipment
designer, the agency responsible for procurement of the fuel, and the operating department.
Volatility, moisture, ash content, maximum size and distribution, grindability, corrosiveness,
abrasiveness, and other characteristics shall be given close attention.
1-3.2.15 A pulverized fuel system is designed for a specific range of fuel characteristics. Fuels
that differ widely from the design range can cause serious operating difficulties and produce a
potential safety hazard. Care shall be exercised to make sure that all fuels received are within the
specific range of the fuel handling and burning equipment.
1-3.2.16 Improperly trained personnel, inadequate maintenance programs, or operation of
abnormally worn equipment can cause fires and explosions.
1-3.2.17 Accumulation of pulverized fuel in air ducts or pipes, particularly those shared by a
group of pulverizers, is hazardous.
1-3.3 Pulverizing and Fuel System Component Functions.
1-3.3.1 Drying and Conveying of Fuel. Pulverizer air is used to continuously convey the
pulverized fuel from the pulverizer. Normally, heated pulverizer air evaporates some of the
moisture from the raw fuel while it is being pulverized and elevates the air/fuel mixture to the
desired temperature. The temperature and quantity of pulverizer air used is controlled to obtain
the degree of dryness and pulverizer outlet temperature desired, depending on the type of fuel
being burned.
1-3.3.2 Classifying the Pulverized Fuel. An essential characteristic of the pulverized product is
its fineness. It is desirable that the pulverized fuel system minimize variation in fineness as
pulverizer parts wear and as fuel properties change over the anticipated range. For this purpose
most pulverizers are equipped with adjustable classifiers or achieve some adjustment of fineness
by varying air flow or other means.
1-3.3.3 Transporting and Distributing the Pulverized Fuel. The pulverized fuel may be
transported directly to one or more burners or to one or more air/fuel separation devices or to one
or more bins or lock hoppers for intermediate storage.
1-3.3.4 Refuse Removal. It is desirable that foreign, hard-to-grind material be removed from the
fuel before it is fed to the pulverizers; however, it is advisable that the pulverizers reject or
tolerate reasonable amounts of such materials so that damage or interruption of service do not
result.
1-3.4 Manufacturing, Design, and Engineering.
1-3.4.1 The equipment manufacturer, the designer, and the purchaser or the purchaser’s agent
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shall cooperate in determining requirements for equipment design and operation.
1-3.4.2 An evaluation shall be made to determine the optimum integration of manual and
automatic safety features considering the advantages and disadvantages of each trip function.
The results of the evaluation shall be used in the system design.
NOTE: The maximum number of automatic trip features does not necessarily provide for maximum safety.
Some trip actions result in additional operations that increase exposure to hazards.

1-3.5 Coordination of Design, Installation, and Operations.
1-3.5.1 The pulverized fuel system shall not be released for operation before the installation and
checkout of the required safeguards and instrumentation system.
1-3.5.1.1 The constructor responsible for the erection and installation of the equipment shall
verify that all pertinent apparatus is installed and connected in accordance with the system
design.
1-3.5.1.2 The purchaser, the engineering consultant, the equipment manufacturer, and the
operating company shall prohibit pulverized fuel system operation until such safeguards have
been tested to proper operation as a system. In some instances it may be necessary to install
temporary interlocks and instrumentation to meet these requirements. Any such temporary
system shall be reviewed by the purchaser, the engineering consultant, the equipment
manufacturer, and the operating company, and agreement reached on its suitability, in advance
of start-up.
1-3.5.1.3 Testing and checkout of the safety interlock system and protective devices shall be
accomplished jointly by the organization with the system design responsibility and those who
operate and maintain such a system and devices. These tests shall be accomplished before initial
operation.
1-3.5.2 It is essential that proper coordination of design, installation, operation, maintenance, and
training be accomplished.
1-3.6 Operation, Maintenance, and Training.
1-3.6.1 The pulverized fuel system handles erosive materials that can cause rapid rates of wear
of system components, thus creating a potential explosion hazard. Special maintenance measures
are required to safeguard the system. A preventive maintenance program, using criteria such as
tonnage or hours of service based on plant experience, shall be put into effect. The
manufacturer’s recommendations shall be considered in establishing these maintenance criteria,
especially in those plants with little or no experience handling pulverized fuel.
1-3.6.2 For safe operation, proper coordination of the overall design and functional objectives is
important. It cannot be assumed that correctly designed equipment and the manufacturer’s
operating instructions can be wholly relied upon to ensure a safe operating system without the
benefit of a competent technical, operating, and maintenance plant organization.
1-3.6.3 Continued competence can only be achieved by maintenance of technical training and
operator proficiency as a continuing activity throughout the life of the plant after initial training.
1-3.6.4 Control equipment including interlocks and alarms shall be properly maintained at all
times to ensure the proper and reliable operating condition of the system. All control equipment
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shall operate over a period of time consistent with the equipment being controlled without
requiring maintenance.
1-4 Definitions.
For the purpose of this standard, the following definitions shall apply.
Air.
Auxiliary Air. Air or inert gas supplied from an auxiliary source to maintain a minimum fuel
mixture velocity in the burner piping.
Primary Air. The air or inert gas used to convey the pulverized fuel to the burners.
NOTE: In some direct-fired pulverized fuel systems, the primary air serves the same function as pulverizer air.

Pulverizer Air. Air or inert gas introduced into the pulverizer to convey the pulverized fuel
from the pulverizer and to dry the fuel if required.
Seal Air. Air or inert gas supplied to any device at an adequate pressure for the specific
purpose of preventing contamination.
Tempering Air. Air or inert gas at a lower temperature added to hot primary air or gas to
modify its temperature.
Transport Air. Air or inert gas used to convey pulverized fuel.
Annunciator. A device that indicates an off-standard or abnormal condition by both visual and
audible signals.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or departmental official
may be the “authority having jurisdiction.”

Bin. An enclosure to store pulverized fuel.
Bunker. An enclosure to store raw fuel.
Burner. A device or group of devices for the introduction of fuel and air into a furnace at the
required velocities, turbulence, and concentration to maintain ignition and combustion of the fuel
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within the furnace.
Classifier. A device to control pulverized fuel particle size distribution.
Confined Space. Any work location or enclosure in which any of the following may exist:
(a) The dimensions are such that a person 6 ft (1.8 m) tall cannot stand up in the middle of the
space or extend his or her arms in all directions without hitting the enclosure.
(b) Access to or from the enclosure is by manhole, hatch, port, or other relatively small
opening that limits ingress and egress to one person at a time.
(c) Confined spaces may include but are not limited to: pulverizers, ducts, heaters, windboxes,
cyclones, coal dust collectors, furnaces, bunkers or bins, etc.
Cyclone. A device that separates the pulverized fuel from air or inert gas by centrifugal action.
Damper.
Auxiliary Air Control Damper. A controllable damper for regulating the flow of auxiliary air.
Hot Air Control Damper. A controllable damper for regulating the flow of hot air as required
to control pulverizer outlet temperature.
Primary Air Control Damper. A controllable damper for regulating the flow of primary air or
pulverizer air.
Primary Air Shutoff Damper. A tight-seating damper usually located upstream from the
primary air control damper to prevent flow.
Shutoff Damper. A close-fitting damper to minimize air or flue gas passing into any system
component.
Tempering Air Control Damper (Cold Air Damper). A controllable damper used for
controlling the flow of tempering air.
Direct-Fired System (Unit System). One in which the fuel is pulverized and delivered
suspended in the primary air, directly to the burner(s).
Distributor/Divider. A device that splits a single fuel and primary air stream into two or more
streams.
Dust Collector. An auxiliary separator used to separate the fuel dust from the air or inert gas
prior to discharge of the latter from the system.
Exhauster. The fan used to draw the pulverizer air through the pulverizer and to deliver the
air/fuel mixture to the burner(s) or other apparatus.
Feeder, Fuel. A device for supplying a controlled amount of fuel to a system or subsystem.
Flame. The visible or other physical evidence of the chemical process of rapidly converting
fuel and air into products of combustion.
Gate, Fuel. A shutoff gate between the fuel bunker or bin and the fuel feeder.
Grindability. The characteristic of solid fuel representing its relative ease of pulverization. (See
ASTM D409, Grindability of Coal by the Hardgrove-Machine Method.)
Igniter. A device that provides adequate ignition energy to immediately light off the main
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burner. See NFPA 85C, Standard for the Prevention of Furnace Explosions/Implosions in
Multiple Burner Boiler-Furnaces.
Inerting. The dilution of the oxygen content of an air/fuel mixture to a point where it is no
longer explosive through the addition of an inert gas or vapor.
Interlock. A device or group of devices arranged to sense a limit or off-limit condition or
improper sequence of events and to shut down the offending or related piece of equipment, or to
prevent proceeding in an improper sequence to avoid a hazardous condition.
Labeled. Equipment or materials to which has been attached a label, symbol or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The “authority having
jurisdiction” should utilize the system employed by the listing organization to identify a listed product.

Lock Hopper. A vessel with valves and controls, used for transferring fuel from a low pressure
containment to a higher one.
Pressure/Air Lock. A device for transferring pulverized fuel between zones of different
pressure without permitting appreciable flow of air or gas in either direction.
Primary Air Fan (Pulverizer Air Fan). The fan used to supply the pulverizer air to the
pulverizer or to supply the air to the burner lines of a storage system.
Pulverized Fuel. Solid fuel reduced to a size such that more that 50 percent will pass through a
200 mesh sieve (74 microns).
Pulverized Fuel Pump. A device or system for transporting fuel mechanically or pneumatically
utilizing minimum air flow.
Pulverizer. A machine to convert solid fuel to pulverized fuel.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Valve.
Barrier Valve. A valve, not necessarily dusttight, to impede furnace gases traveling back into
any system component opened for inspection or maintenance.
Burner Shutoff Valve. A valve installed in the fuel line between the pulverizer and the burner.
Check Valve. A self-operating valve used to prevent reverse flow through any portion of the
system.
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Dusttight Valve. A tight-seating valve intended to stop flow.
Flow Control Valve. A device capable of regulating quantity of throughput to a controlled
range.
Vent Control Valve. A controllable valve for regulating the flow of vented air or gas from the
system.
Vent Valve. A valve used to permit venting of air or gas from the system.
Vent. An outlet through which air or gas can be discharged from the system or to relieve
explosion pressures.
Chapter 2 Design
2-1 Introduction.
General requirements for pulverized fuel systems are covered in this chapter. Specific
requirements for only the more commonly used direct-fired unit systems and storage systems are
covered in detail. For other types of systems, refer to Chapter 5 and Appendix A and B.
2-2 System Arrangement Requirements.
2-2.1
The system arrangement shall be such that it provides only one possible direction of flow, i.e.,
from the points of entrance of fuel and air to the point of discharge, which may be either a
furnace or a transport and collection system.
2-2.1.1 Means shall be provided to resist the passage of air or gas from the pulverizer through
the feeder into the bunker.
NOTE: A vertical and cylindrical column of fuel of sufficient height is one way to satisfy this requirement.

2-2.1.2 Primary air (or flue gas) supply shall be taken from a source with a pressure equal to or
higher than that against which fuel will be discharged from the system.
2-2.2
The system shall include indicators and annunciators that will provide the operator with
adequate information about significant operating conditions, both normal and abnormal,
throughout the system.
2-3 Piping Arrangement.
2-3.1
Piping shall be arranged to minimize hazardous accumulation of fuel.
2-3.2
Where the air/fuel stream is directed into multiple pipes, the system shall divide the air/fuel
mixture in the proper ratio among the various pipes.
2-3.3
Positive means shall be provided to ensure that all pipe velocities are equal to or above the
minimum velocity required for fuel transport. Testing during initial start-up and retesting as
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appropriate shall be performed to verify that individual pipe velocities are adequate.
2-3.4
All piping system components shall be capable of being cleared of pulverized fuel using
transport air.
2-4 Inerting Arrangement.
Where an inerting system is required in accordance with 2-6.8 it shall be permanently installed
and equipped with suitable connections, which shall be a minimum of 1 in. diameter. Injection
shall be controlled by readily operable valves or dampers. (See NFPA 69, Standard on Explosion
Prevention Systems.)
NOTE: It is preferable that operation of these valves be accomplished at a location remote from the pulverized
fuel system to reduce personnel hazard.

2-5 System Arrangements.
2-5.1 Direct-Fired Systems.
2-5.1.1 This system may have the fan located either following or ahead of the pulverizer. If
auxiliary air is used, a damper is required in this line. The usual direct-firing pulverized fuel
system is comprised of the following components [see Figures 2-5.1.1(a) through (f)]:
(a) Raw fuel bunker.
(b) Raw fuel gate.
(c) Raw fuel feeder.
(d) Flow control of raw fuel.
(e) Feeder discharge piping.
(f) Air-swept pulverizer.
(g) Classifier.
(h) Foreign material collecting hopper.
(i) Pulverizer air fan or exhauster.
(j) Source of hot air.
(k) Source of tempering air.
(l) Temperature control of air.
(m) Flow control of air.
(n) Piping and ducts.
(o) Valves.
(p) Dampers.
(q) Burners.
(r) Means of inerting.
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(s) Safety interlocks and alarms.

[
Figure 2-5.1.1(a) Direct-firing pulverized fuel exhauster system for suction furnace.
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Figure 2-5.1.1(b) Direct-firing pulverized fuel system for suction furnace.
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Figure 2-5.1.1(c) Direct-firing pulverized fuel exhauster system for positive pressure furnace.
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Figure 2-5.1.1(d) Direct-firing pulverized fuel hot primary air fan system for pressure furnace.
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Figure 2-5.1.1(e) Direct-firing pulverized fuel cold primary air fan system for pressure furnace.
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Figure 2-5.1.1(f) Direct-firing pulverized fuel cold primary air fan system for suction furnace.
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Figure 2-5.1.2 Direct-firing pulverized fuel system’s valve requirements in burner piping.

2-5.1.2 Valve Requirements.
2-5.1.2.1 For a suction furnace that can be fired by other main fuels or is connected to two or
more pulverizers or exhausters, valves shall be installed to isolate all burner lines [see Figures
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2-5.1.2, details (c), (d), (e), (f), (g), (h), and (i)]. This requirement can be met with one dusttight
and one barrier valve or two dusttight valves. A dusttight valve shall be installed in the burner
pipe as close to the furnace as practicable. The second valve shall be installed as close to the
pulverizer as practicable. The valves shall be closed prior to entering a pulverizer, exhauster, or
fuel piping. (See also 2-5.1.2.8.)
2-5.1.2.2 For a pressure furnace that can be fired by other main fuels or is connected to two or
more pulverizers or exhausters, a dusttight valve shall be installed to isolate all burner lines [see
Figure 2-5.1.2, details (j), (k), and (l)]. In addition, a second dusttight valve shall be installed as
close to the furnace as practicable. Both valves shall be closed prior to entering a pulverizer,
exhauster, or fuel piping.
NOTE: It is recommended that one or both valves described in 2-5.1.2.1 and 2-5.1.2.2 be quick closing.

2-5.1.2.3 If one valve is used to isolate more than one burner line, means shall be provided to
prevent circulation between those lines or burners.
2-5.1.2.4 Two dusttight valves or one dusttight valve and one barrier valve shall be provided in
each burner pipe if one or more pulverizers is connected to more than one suction furnace at a
time [see Figure 2-5.1.2, details (g) and (h)].
2-5.1.2.5 When one or more pulverizer(s) is connected to two or more pressure furnace(s) at the
same time, valve requirements of 2-5.1.2.2 shall apply [see Figure 2-5.1.2, detail (l)].
2-5.1.2.6 Two dusttight valves or one dusttight valve and one barrier valve shall be installed in
the burner piping when the discharge pipes from separate exhausters or pulverizers are
connected to the same burner nozzle of a suction furnace [see Figure 2-5.1.2, detail (i)].
2-5.1.2.7 Two dusttight valves shall be installed in the burner piping when the discharge pipes
from separate exhausters or pulverizers are connected to the same burner nozzle of a pressure
furnace [see Figure 2-5.1.2, detail (k)].
2-5.1.2.8 The valve located nearest to the pulverizer shall be so positioned that pulverized fuel
accumulations above the valve will drain into the exhauster or pulverizer when the valve is
opened. Other valves shall be located so as to prevent accumulation of pulverized fuel.
2-5.1.2.9 Figures 2-5.1.1(a) through (f), Figure 2-5.1.2, details (a) through (l), and the
accompanying text illustrate and specify requirements for the usual combinations of equipment;
if other combinations are used, they shall conform to the principles set forth in this standard.
NOTE: No valves are required between the pulverizer and the burners for a single pulverizer or exhauster
connected to one or more burners in a furnace that cannot be fired by any other main fuel, provided that the
combustion air to individual burners cannot be shut off [see Figure 2-5.1.2, details (a) and (b)]. If combustion
air can be shut off to individual burners, see 2-5.1.2.1 and 2-5.1.2.2.

2-5.1.3 Air Supply Isolation Requirements.
2-5.1.3.1 For pressurized pulverizers and suction pulverizers with pressurized air supply
installations, there shall be a means for tight shutoff of hot air supply and means for shutting off
the primary air supply to each pulverizer.
NOTE: This may be the total primary air control damper if tight seating.

2-5.1.3.2 For suction pulverizer installations with atmospheric tempering air supply, there shall
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be a means for shutting off the hot air supply.
NOTE: This may be the hot air control damper if tight seating.

2-5.2 Storage Firing Systems.
2-5.2.1 This system may be arranged for partial or complete venting of the pulverizer air and
water vapor after separating the pulverized fuel in cyclones or other types of dust collectors. The
separated fuel is usually transported to storage bins for subsequent supply to the burners. In
addition to the components of a direct-fired system as listed under 2-5.1, a typical storage system
includes some or all of the following special equipment [see Figures 2-5.2.1(a) through (f)].
(a) Cyclone separator.
(b) Dust collector (e.g., cyclone vent collector).
(c) Vent fan.
(d) Cyclone pressure lock.
(e) Transport system (e.g., pulverized fuel pump, piping, and valves).
(f) Pulverized fuel bins.
(g) Pulverized fuel feeders.
(h) Auxiliary air damper.
(i) Primary air fan.

Figure 2-5.2.1(a) Pulverized fuel storage firing system.
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Figure 2-5.2.1(b) Pulverized fuel storage firing system.

Figure 2-5.2.1(c) Pulverized fuel storage firing system (partial recirculation — vented air to stack).
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Figure 2-5.2.1(d) Storage firing system (partial recirculation — vented air to primary air fan).
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Figure 2-5.2.1(e) Storage firing system (partial recirculation — vented air to furnace).
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Figure 2-5.2.1(f) Storage firing system (partial recirculation).

2-5.2.2 Valve Requirements.
2-5.2.2.1 Barrier valves shall be provided in the piping between pulverized fuel feeders and
burners of a storage system connected to one or more burners of a suction furnace [see Figures
2-5.2.1(a) and (d) through (f)].
2-5.2.2.2 A check valve shall be installed in each vent pipe connecting the cyclone or dust
collector of a storage system to the primary air fan or to any portion of the furnace or stack of a
suction furnace [see Figures 2-5.2.1(c), (d), and (e)].
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2-5.2.2.3 A dusttight valve shall be installed in each burner pipe, between pulverized fuel feeder
and burner for a storage system connected to one or more burners of a pressure furnace [see
2-5.2.3 and Figure 2-5.2.1(b)]. These valves shall not be opened until the primary air pressure is
established.
2-5.2.2.4 A pressure lock shall be installed at each fuel outlet of a pulverized fuel bin (if
required) connected to a pressure furnace to permit feeding of fuel into the burner lines at higher
pressure and to prevent flow of primary air into the bin [see Figure 2-5.2.1(b)].
2-5.2.2.5 A pressure lock shall be installed at each cyclone outlet if more than one cyclone is
connected to a single pulverized fuel pump or if the cyclone is arranged for direct gravity
discharge into the pulverized fuel bin [see Figures 2-5.2.1(c) through (f)].
NOTE: A pressure lock is not required at the cyclone outlet if only one cyclone is connected to the pulverized
fuel pump.

2-5.2.3 Primary Air Connections of Pressure Furnace Firing. For pressure furnace firing, a
dusttight valve shall be installed between the forced draft system and the inlet for the primary air
fan [see Figure 2-5.2.1 (d)]. A minimum stop shall be provided on the primary air control
damper to prevent its being completely closed unless the shutoff dampers in the burner pipes are
closed.
2-5.2.4 Venting.
2-5.2.4.1 Partial venting shall be used to control humidity in the pulverized fuel system, to
minimize quantity of vented air or gas, or to conserve heat.
2-5.2.4.2 Total venting shall be used where there is no further use for the transport air or gas.
2-5.2.4.3 Both vent systems shall have these common requirements:
(a) There shall be no venting to a pressure furnace because of the probability of reverse flow of
furnace gases.
(b) Venting to a suction furnace shall be permitted when it is delivered to a zone where
combustion is active and injection line velocities are maintained at least 50 percent above the
maximum flame propagation rate of the fuel.
(c) Venting to a stack, flue, or breeching shall be permitted when it is done to a zone where the
temperature does not exceed two-thirds of the ignition temperature of the fuel in degrees
Fahrenheit and the design of the entire vent system is such that there will be no hazardous
accumulation of combustible fuel dust.
(d) Venting to the primary air fan shall be permitted when the primary air fan is operating if:
some means is provided to prevent reverse flow, the primary air system can handle the total
amount of air, and the primary air fan is discharging to a zone of active combustion.
(e) When venting to atmosphere, the vented air or gas shall be sufficiently clean of
combustible material as to create no fire or explosion hazard. The vented air or gas shall not
interfere with the proper operation of other systems within the area.
(f) Check valves (where required) shall be located as near as practicable to the source of
possible reverse flow into the system.
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2-5.2.4.4 When the vented air from the cyclone is discharged to the atmosphere as in Figure
2-5.2.1(a), the vent shall discharge at an adequate height above the building roof.
2-5.2.4.5 When the vented air is discharged into the stack, flue, or breeching, the connection
shall be made at a point where the pressure is less than that of the room in which the pulverizer is
located, and each vent line shall have a check valve opening in the direction of the flow.
2-5.2.4.6 Vent connections shall be located downstream of the recirculated gas inlet connection
in such a manner that any combustible dust carried by the vented air cannot be entrained in the
recirculated gas for possible introduction into a zone of high furnace temperature.
2-6 Pulverizer System Component Design Requirements.
2-6.1 Strength of Equipment.
2-6.1.1 All components of the pulverized fuel system as described below that are normally
operated at no more than 2 psig (13.8 kPa) pressure shall be designed to withstand an internal
explosion pressure of 50 psig (344 kPa) for containment of possible explosion pressures. For
operating pressures in excess of 2 psig (13.8 kPa), the equipment as described below shall be
designed to withstand an internal explosion pressure of 3.4 times the absolute operating pressure.
2-6.1.2 Equipment design strength shall incorporate the combined stresses from mechanical
loading, operating, and explosion pressures plus an allowance for wear, which shall be
determined by agreement between the manufacturer and purchaser. Implosion pressures shall
also be considered.
2-6.1.3 Some parts of the pulverized fuel system such as large flat areas, sharp corners, etc., may
be subjected to shock wave pressures, and special consideration shall be given to their design
based on their locations in the system.
2-6.1.4 The components falling within the requirements of 2-6.1.1, 2-6.1.2, and 2-6.1.3 for a
direct-fired system shall begin at a point 2 ft (0.61 m) above the inlet of the raw fuel feeder and
at the seal air connections to the pulverizer system and shall end at the discharge of the
pulverizer, external classifier, or exhauster. These shall include, but are not limited to, the
following:
(a) Raw fuel feeding devices, discharge hoppers, and feed pipes to the pulverizer.
(b) All parts of the pulverizer required for containment of internal pressure.
(c) Exhauster and connecting piping from the pulverizer.
(d) External classifiers and connecting piping from the pulverizer.
(e) Foreign material collecting hoppers connected to the pulverizer.
NOTE: Not included in the scope of these requirements are the raw fuel bunker or mechanical components
such as seals, gears, bearings, shafts, drives, etc.

2-6.1.5 Explosion vents shall not be used on any component of the system described in 2-6.1.4.
2-6.1.6 All ductwork from the hot and tempering air supply ducts to individual pulverizers,
including damper frames, expansion joints, supports, and hot primary air fans, shall be designed
to contain the test block capability of the pulverizer air supply fan. Consideration shall be given
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to the fact that this ductwork may be exposed to explosion pressures from the pulverizer.
2-6.1.7 If a pulverized fuel storage system is started and operated with an inert atmosphere in all
parts of the system in accordance with NFPA 69, Standard on Explosion Prevention Systems, the
strength requirements of 2-6.1.1 shall not apply. Any component of the system started and
operated with an inert atmosphere need not comply with the strength requirements of 2-6.1.1.
2-6.1.8 A pulverized fuel storage system that is not started and operated with an inert atmosphere
in accordance with NFPA 69, Standard on Explosion Prevention Systems, shall meet the
requirements of 2-6.1.1. The components falling within these requirements are those listed in
2-6.1.4 plus:
(a) Lock hoppers;
(b) Circulating fans;
(c) Transport systems;
(d) Pulverized fuel feeders;
(e) Primary air fans handling fuel-laden air; or
(f) Vent fans if not located downstream of a dust collector vented in accordance with 2-6.1.9.
2-6.1.9 In a pulverized fuel storage system that is not started and operated with an inert
atmosphere in accordance with NFPA 69, Standard on Explosion Prevention Systems, the
following equipment shall meet the requirements of 2-6.1.1 or shall be equipped with suitable
vents as described in NFPA 68, Guide for Venting of Deflagrations:
(a) Cyclone.
(b) Dust collectors.
(c) Pulverized fuel bins.
2-6.1.10 Explosion vents shall not be used on the feeder or pulverizer of any system.
2-6.2 Piping.
For systems normally operated at no more than 2 psig (13.8 kPa) the pulverized fuel piping
from the outlet of the equipment defined in 2-6.1.4 and 2-6.1.9 to the pulverized fuel burner or
storage bin shall comply with 2-6.1. Systems operated at greater than 2 psig (13.8 kPa) shall be
designed to withstand an internal explosion of 3.4 times the absolute operating pressure.
2-6.2.1 There shall be an allowance for wear in excess of the strength requirements of 2-6.2 that
shall be determined by agreement between the manufacturer and purchaser.
NOTE: Elbows are especially vulnerable to wear, but all parts of the system need consideration.

2-6.2.2 Pulverized fuel piping shall provide smooth flow and have bend radii of not less than one
pipe diameter. Wherever possible, radii in excess of one pipe diameter shall be used.
2-6.2.3 Flexible joints and split clamp couplings shall conform to 2-6.2 except that the junction
of two sections may be sealed with flexible material. There shall be no separation of the pipe
joint in case of failure of the flexible material. Positive mechanical connections shall be provided
between the two sections to prevent serious misalignment or separation.
2-6.2.4 Piping materials shall satisfy the strength requirements of 2-6.2 at temperatures normally
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encountered in the service of the equipment and shall comply with 2-6.6.2 for allowable stresses.
2-6.2.5 This requirement applies only to new installations. Brittle materials shall not be used for
piping except as abrasion-resistant linings and where no credit is taken for the structural strength
of the lining. Brittle materials are those having a plastic elongation of less than 8 percent prior to
tensile rupture.
2-6.2.6 Piping support systems shall be designed and installed in accordance with ANSI B31.1,
Power Piping Code, Chapter 2, Part 5, so that combined stresses will not be in excess of those
specified in 2-6.6.2.
2-6.2.7 Pipe that is lined with abrasion-resistant material shall have casing thickness and flange
size designed for the strength requirements in 2-6.2 with no allowance required for wear.
2-6.2.8 Prior to initial operation or after piping system renovation, an in-service leak test shall be
performed in accordance with the following procedure:
(a) The system shall be gradually brought up to normal operating pressure and temperature.
(b) The system shall be continuously held at the conditions described in (a) for 10 minutes.
(c) Examination for leakage shall be made of all joints and connections.
(d) The system shall show no visual evidence of weeping or leakage.
2-6.3 Valves.
All valves in the pulverized fuel system from a point within 2 ft (0.61 m) above the inlet of
raw fuel feeder to the point of consumption of the pulverized fuel shall have construction
capable of withstanding pressures as defined in 2-6.1.1, 2-6.2, or 2-6.4 depending on the
application. These shall include but not be limited to the following:
(a) Barrier valve.
(b) Dusttight valve.
(c) Check valve.
(d) Pressure/air lock.
(e) Raw fuel gate.
2-6.4 Interconnections.
Valves at points of interconnection between pulverized fuel system components requiring
different design pressures shall comply with the strength requirements of the lower pressure of
the two.
2-6.5 Bunker and Hopper Designs.
2-6.5.1 The raw fuel bunker structural material shall be made of noncombustible material. It
shall be designed to provide:
(a) An uninterrupted flow of fuel being handled at a controlled rate.
(b) A flow pattern in which arching and ratholing (piping) are avoided.
2-6.5.1.1 The bunker outlet feeder(s) shall be coordinated with the bunker to avoid the
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probability that improper feeder selection will result in altering the bunker flow characteristics
specified in 2-6.5.1(a) or (b).
2-6.5.1.2 Provision shall be made to prevent accumulation of flammable mixtures of air and fuel
dust and combustible gases within the bunker.
2-6.5.2 Pulverized fuel bins shall conform to strength requirements as specified in 2-6.1 (see
2-6.1.7 and 2-6.1.9). These bins shall be designed to permit fuel discharge at an uninterrupted,
controlled rate. Internal construction shall minimize static deposits. Open top bins shall not be
used.
2-6.5.2.1 Provision shall be made to prevent accumulation of flammable mixtures of air and fuel
dust and combustible gases within the bin.
2-6.5.2.2 Bins shall be equipped with high and low level fuel detectors (see 2-2.2).
2-6.5.3 Pulverized fuel lock hoppers shall be designed for 3.4 times the absolute operating
pressure. These hoppers shall be designed to permit fuel discharge at an uninterrupted controlled
rate. Internal construction shall minimize accumulations.
2-6.5.4 Lock hoppers shall be equipped with high and low level fuel detectors (see 2-2.2).
2-6.6 Materials of Construction.
2-6.6.1 Materials used to meet strength requirements shall be ferrous materials and shall satisfy
the strength requirements of 2-6.1 at temperatures normally encountered in the service of the
equipment.
2-6.6.2 If made of steel or other ductile metals, the allowable stress values shall be determined as
follows:
1/

(a) Tension. The maximum allowable direct (membrane) stress shall not exceed the lesser of
5
4 of the ultimate strength or /8 of the yield strength of the material.

(b) Combined Bending and Membrane Stress (where bending stresses are not self-limiting).
The maximum allowable value of combined bending and membrane stress shall not exceed the
lesser of the yield strength or 1/2 the ultimate strength of the material.
(c) Combined Bending and Membrane Stress (where bending stresses are self-limiting). The
maximum allowable values of combined self-limiting and non-self-limiting bending stresses plus
membrane stress shall not exceed the ultimate strength of the material.
(d) Compressive Stress. For components where compressive stresses occur, in addition to the
requirements of (a), (b), and (c) above, the critical buckling stress shall be taken into account.
(e) Fatigue Analysis. On components subject to cyclic loading, fatigue analysis shall be made
to guard against possible fatigue failures. Both mechanical and thermal loading shall be
considered.
2-6.6.3 If made of cast iron or other nonductile materials, the allowable stress shall not exceed
1/ of the ultimate strength of the material for all parts. When cast iron or other nonductile
4
materials are used for flat areas exceeding 1 sq ft (0.0929 m2), the surface shall be strengthened
by ribbing or other means. The possibility of buckling and fatigue failures shall also be
considered.
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2-6.6.4 To ensure casting quality, suitable nondestructive examination shall be made at locations
of high stress, at abrupt changes of section, and at sharp angles to detect significant defects. The
choice of such a quality assurance program shall be the responsibility of the designer.
2-6.6.5 The justification of new materials or improved analytical methods that may be developed
shall be the responsibility of the designer. If such materials and methods are used for the design
of pulverized fuel system components, they shall meet the requirements of 2-6.1 and 2-6.2.
2-6.7 Electrical Equipment.
2-6.7.1 All electrical equipment and wiring shall conform to NFPA 70, National Electrical
Code.®
2-6.7.2 Locations where completely dusttight pulverized fuel systems are installed in compliance
with this standard shall not be considered a hazardous location for electrical equipment as
defined in NFPA 70, National Electrical Code.
2-6.8 Inerting System.
2-6.8.1 Pulverizers and pulverized fuel storage systems shall be equipped with an inerting
system capable of maintaining an inert atmosphere as required to meet the provisions of 3-5.2.1
(see also NFPA 69, Standard on Explosion Prevention Systems).
2-6.8.2 Provision shall be made for verification of flow of inerting media when the system is
activated.
2-6.9 Fire Extinguishing System.
2-6.9.1 Pulverizers and pulverized fuel collecting systems shall be equipped with suitable
connections for fire extinguishing. These connections shall be at least 1 in. (25 mm) diameter
and shall be adequate to pass the amount of extinguishing material required.
2-6.9.2 Provision shall be made for verification of flow of fire extinguishing media when the
system is activated.
2-7 Safety Interlock Systems.
2-7.1
The safety interlocks required by the pulverizer system shall be coordinated with the boiler,
furnace, or other related devices.
2-7.1.1 Interlock devices shall be designed for anticipated environmental conditions such as
temperature, humidity, vibration, and corrosive agents.
2-7.1.2 These components shall be installed in a manner to facilitate testing and maintenance.
2-7.2
Interlocks for direct-fired pulverized fuel systems shall be arranged to trip in the following
sequence:
(a) Failure of primary air flow trips pulverizer and burner shutoff valve or equivalent and
feeder. Follow manufacturer’s requirements regarding the burner’s shutoff valve operation.
(b) Failure of pulverizer trips feeder and primary air flow.
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(c) Closure of all fuel line valves trips pulverizer, primary air flow, and raw fuel feed.
(d) Failure of feeder shall initiate an alarm; restarting is blocked until feeder start-up
conditions are reestablished.
NOTE: Several means are available to indicate loss of fuel feed through the pulverizer, loss of fuel feed to the
pulverizer, loss of fuel stored within the pulverizer, and loss of fuel input to the burners. At least one, but
preferably a combination of means, should be reliably established and used to actuate loss-of-fuel interlocks.

(e) Primary air flow below manufacturer’s recommended minimum trips the pulverizer.
2-7.3
Permissive sequential starting interlocks for direct-fired systems shall be arranged so that after
appropriate furnace interlocks have been satisfied in accordance with NFPA 85C, Standard for
the Prevention of Furnace Explosions/Implosions in Multiple Burner Boiler-Furnaces, the
pulverizer can be started only in the following sequence:
(a) Ignition system in service in accordance with NFPA 85C, Standard for the Prevention of
Furnace Explosions/Implosions in Multiple Burner Boiler-Furnaces.
(b) Start primary air fan or exhauster.
(c) Establish minimum air flow.
(d) Start pulverizer.
(e) Start raw fuel feeder.
Exception: Items (b) and (d) above can be simultaneous when dictated by system design.
2-7.4
Interlocks for pulverizers of storage systems shall be arranged to trip as follows:
(a) Full pulverized fuel bin trips fuel pump or conveyor and raw fuel feeder.
(b) Failure of fuel pump or conveyor trips vent fan on cyclone or dust collector and pressure
locks upstream of fuel pump or conveyor.
(c) Failure of vent fan trips pulverizer exhauster or air fan.
(d) Failure of pulverizer exhauster or air fan trips raw fuel feeder.
(e) Failure of pulverizer trips raw fuel feeder.
2-7.5
Permissive sequential starting interlocks for pulverized fuel storage systems shall be arranged
so that the system components can be started only in the following sequence:
(a) Start pulverized fuel pump or conveyor.
(b) Start cyclone and dust collector pressure locks.
(c) Start vent fan.
(d) Start pulverizer exhauster or air fan.
(e) Start pulverizer.
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(f) Start raw fuel feeder.
Exception: Items (d) and (e) above can be simultaneous when dictated by system design.
2-7.6
For pressure furnace firing from storage or semi-storage systems, the dusttight valve in the
burner pipe after the pulverized fuel feeder shall be interlocked so that it cannot be opened unless
the dusttight damper in the primary air supply is open.
Chapter 3 Operation
3-1 Introduction.
3-1.1
Operating principles and sequence applicable to all pulverized fuel systems are covered in
Section 3-2. Sequences for the most common systems are given in Sections 3-3 and 3-4. Other
arrangements require different sequences of operating events. Abnormal conditions are covered
in Section 3-5.
3-1.2
Since this chapter covers only the operation of the pulverized fuel system as indicated in 1-1.1,
the user is referred to the NFPA standard covering the particular application, e.g., NFPA 85C,
Standard for the Prevention of Furnace Explosions/Implosions in Multiple Burner
Boiler-Furnaces. If the particular application is not covered by NFPA standards, the user is
referred to the equipment manufacturer’s operating instructions.
3-2 Operation of All Pulverized Fuel Systems.
3-2.1 Functional Requirements.
3-2.1.1 The purchaser’s consultant or engineering staff or, preferably, the operating staff shall
prepare written operating instructions and check lists to coordinate the operation of the
pulverized fuel equipment with the other associated apparatus or systems.
3-2.1.2 Correct sequence of operating events shall be followed regardless of whether the unit is
operated manually or certain functions are accomplished by interlocks or automatic controls.
3-2.1.3 Normal practice shall be to operate all parts of the system within the established fuel, air,
pressure, and temperature limitations.
3-2.1.4 Every effort shall be made to establish operating procedures for the process or system in
which the fuel is consumed that will permit continuous operation of the pulverized fuel system.
3-2.1.5 Unless the pulverizer-burner system is specifically designed for operation with less than
the full complement of burners served by a pulverizer, such operation shall be prohibited.
3-2.2 Preparation for Starting.
3-2.2.1 Preparation for every start-up shall include checks for:
(a) Pulverizer system sealing air, if required, in service.
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(b) Energy supplied to control system and to safety interlocks.
(c) All pulverizer system gates, valves, and dampers in start-up positions.
3-2.2.2 After an overhaul or after significant maintenance or outage, the following inspections
and checks shall be made:
(a) Pulverizers, ducts, and fuel piping in good repair and free from foreign material.
(b) Pulverizers, ducts, and fuel piping evacuated by all personnel; all access and inspection
doors closed; all personnel protection devices reinstalled.
(c) All pulverizer air or flue gas dampers operated through full operating range.
(d) Pulverizers, feeders, controls, and associated equipment in good condition, adjusted
properly, and ready for service.
(e) A complete functional check of all safety interlocks.
3-3 Operation of Direct-Fired Systems.
3-3.1 Starting Sequence.
The starting sequence shall consist of the following steps. All steps shall be included. The
sequence of steps (b) through (i) can vary as recommended by the system designer.
(a) Start all necessary light-off equipment in proper sequence.
(b) Open tempering air damper.
(c) Start primary air fan or exhauster, if driven separately from the pulverizer.
(d) Open primary air flow control damper to a predetermined setting that is at least sufficient
to provide minimum burner line velocity.
(e) Open burner line valves, if any, on the pulverizer to be started.
(f) Start pulverizer.
(g) Open hot air damper and maintain pulverizer outlet temperature within the normal range.
(h) Start raw fuel feeder.
(i) Place pulverizer outlet temperature control, primary air flow control, and raw fuel feed
control on automatic.
3-3.2 Normal Operation.
3-3.2.1 The pulverizer output shall be regulated by increasing or decreasing its fuel and air
supplies in accordance with the manufacturer’s procedures or as determined by field tests.
3-3.2.2 The individual burner shutoff valves, if provided, shall be wide open or completely
closed (never at intermediate settings).
3-3.2.3 For operation at reduced pulverizer loads, the auxiliary air dampers, where provided,
shall be used to maintain minimum burner line velocities.
3-3.2.4 A pulverizer shall not be operated below its minimum air or fuel stop setting.
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3-3.3 Normal Shutdown.
The shutdown sequence shall consist of the following steps. All steps shall be included. The
sequence of steps can vary as recommended by the system designer:
(a) Reduce pulverizer output and establish required combustion system conditions for
shutdown (see NFPA 85C, Standard for the Prevention of Furnace Explosions/Implosions in
Multiple Burner Boiler-Furnaces).
(b) Shut off the hot air and open up the cold air to cool down the pulverizer.
(c) When the pulverizer is cooled, stop the feeder and continue operation of the pulverizer with
sufficient air flow to remove all fuel from the pulverizer and associated burner lines. Continue
cooling if required.
(d) Shut the pulverizer down after predetermined time as required to empty the pulverizer.
(e) Burner line shutoff valves shall be positioned in accordance with the manufacturer’s
instructions.
(f) Stop primary air flow when desired system conditions are reached.
3-4 Operation of Storage Systems.
3-4.1 Operation of Fuel Burning Equipment.
NOTE: Operation of the fuel burning and pulverizing sections of storage systems are virtually independent of
each other.

3-4.1.1 Starting Sequence. The starting sequence shall be as follows:
(a) The fuel burning portion shall be coordinated with the furnace (see NFPA 85C, Standard
for the Prevention of Furnace Explosions/Implosions in Multiple Burner-Boiler Furnaces).
(b) Start primary air fan(s).
(c) Open all burner line valves for the burners to be started.
(d) Open pulverized fuel gate, if not already open, and start pulverized fuel feeders for these
burners.
3-4.1.2 Normal Operation.
3-4.1.2.1 Individual burner valves shall be wide open or completely closed (never at intermediate
settings).
3-4.1.2.2 Fuel flow shall be controlled by adjusting the pulverized fuel feeder speed.
3-4.1.2.3 Primary air flow shall be sufficient at all times to prevent settling of coal dust in burner
pipes.
3-4.1.3 Normal Shutdown. The shutdown sequence shall be as follows (see also NFPA 85C,
Standard for the Prevention of Furnace Explosions/Implosions in Multiple Burner-Boiler
Furnaces):
(a) Establish required combustion system conditions for shutdown.
Copyright 1996 NFPA

(b) Stop pulverized fuel feeder.
(c) When burner flame is extinguished, close burner and primary air shutoff valves.
(d) Stop primary air fan after last burner served by that fan is shut down.
3-4.2 Operation of Pulverizing Equipment of Storage Systems.
3-4.2.1 Starting Sequence. The basic principle to be followed is that of starting equipment in
sequence from the storage bin “upstream” toward the point of pulverizer air supply and then
finally raw fuel supply. [See Figures 2-5.2.1(a) through (f).] The starting sequence shall be:
(a) Start pulverized fuel pump or conveyor, if provided.
(b) Start cyclone pressure lock, if provided.
(c) Start cyclone or dust collector vent fan or exhauster in accordance with 2-5.2.4.
(d) Start pulverizer exhauster or fan and adjust control dampers to obtain proper air flow and
temperature.
(e) Start pulverizer.
(f) Start raw fuel feeder.
(g) Readjust control damper(s) to obtain required pulverizer air/fuel outlet temperature and air
flow.
3-4.2.2 Normal Shutdown. The shutdown sequence shall be as follows:
(a) Close hot air damper and open cold air (or flue gas) damper to cool down pulverizer.
(b) Stop raw fuel feeder.
(c) After pulverizer is operated for predetermined time sufficient to be empty of fuel and is
cool, shut it down.
(d) Stop pulverizer exhauster or fan.
(e) Stop cyclone and dust collector vent fan or exhauster.
(f) Stop cyclone pressure lock.
(g) Stop pulverized fuel pump or conveyor.
3-5 Abnormal Pulverizer System Conditions.
3-5.1
When a fire is suspected in the pulverizer system and abnormal operating conditions are
encountered, all personnel shall be cleared from the area near the pulverizer, primary air duct,
burner pipes, burners and feeder or other pulverized fuel system components before the
operating conditions are changed.
3-5.2 Pulverizer Tripping.
3-5.2.1 Inerting.
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3-5.2.1.1 A pulverizer tripped under load shall be inerted and maintained under an inert
atmosphere until confirmation that no burning/smoldering fuel exists in the pulverizer or the fuel
is removed.
3-5.2.1.2 The inerting procedure shall be as prescribed by agreement between the pulverizer
equipment manufacturer and the purchaser. They shall consider fuel characteristics, pulverizer
temperature, size, and arrangement of the pulverizer.
3-5.2.1.3 Inerting media shall be selected from the following:
(a) Carbon dioxide.
(b) Steam.
(c) Nitrogen.
(d) Other inert media.
3-5.2.2 Fuel Clearing Procedures.
3-5.2.2.1 For pulverizers that are tripped and inerted while containing a charge of fuel in
accordance with 3-5.2.1.1, the following procedure shall be used to clear fuel from the pulverizer
and sweep the transport lines clean as soon as possible after it has been tripped and there is
confirmation that there is no burning or smoldering fuel.
(a) Isolate, from the furnace, all shutdown or tripped pulverizers.
(b) Start up one pulverizer in accordance with the principles and sequences listed in 3-3.1(a)
through (f).
(c) Continue to operate the pulverizer until empty and in normal condition for shutdown.
When the operating pulverizer is empty of fuel, proceed to another pulverizer and repeat the
procedure until all are cleared of fuel.
Exception: Furnace conditions permitting, rather than running the pulverizer until empty, restart
feeder and return pulverizer to normal operation.
3-5.2.2.2 In the event that there are indications of burning or smoldering fuel in an out-of-service
pulverizer, the pulverizer shall not be restarted under the normal procedure. Fire extinguishing
procedures shall be followed or removal of residual fuel shall be accomplished under inert
conditions by:
(a) Removing fuel through the pyrites removal system.
(b) Starting the pulverizer with inert primary air using the starting sequences in 3-3.1(a)
through (f).
Due to the danger of an explosion when opening and cleaning, pulverizers shall not be cleaned
manually until they and their contents have been cooled to ambient temperature (see 3-5.3).
3-5.3 Pulverized Fuel System Fires.
3-5.3.1 Fire in any part of a pulverized fuel system shall be considered serious and dealt with
promptly. Extinguishing media shall be in accordance with 3-5.2.1.3 or water or inert solids.
3-5.3.2 The following procedures for fighting fires shall be considered with modifications for
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specific systems, specific locations of fire, or requirements of the equipment manufacturer.
(a) If sufficient inertant flow capacity is provided (at least 50 percent by volume of the
minimum primary air flow for the system), inert the pulverizer air/fuel flow, shut off the fuel
feed, empty the pulverizer of fuel, shut down and isolate the pulverizer.
(b) Stop the primary air flow, trip the pulverizer and feeder, isolate the system, and inert.
Avoid disturbing any accumulation of dust within the pulverizing equipment. Do not open any
access doors to the pulverizer until the fire is extinguished and all temperatures have returned to
ambient. After isolation of the pulverizer is verified, follow procedures outlined in 3-5.3.5 and
3-5.3.6.
(c) A fire detected in an operating low-storage pulverizer may be extinguished by shutting off
the hot air, increasing the raw fuel feed as much as possible without overloading the pulverizer,
and continuing to operate with tempering air.
(d) Introduce water into the raw fuel or air tempering streams, or both. The water must be
added in such quantities and at such locations as not to cause hang-up or interruption of raw fuel
feed or to stir up any deposit of combustible material. When all evidence of fire has disappeared,
shut off the water, trip the pulverizer, isolate, and inert.
3-5.3.3 In the event of fires detected in other parts of a direct-fired system, such as burner lines,
the appropriate procedures as outlined in 3-5.3.2(a), (b), or (c) shall be followed.
3-5.3.4 In the event of fires detected in components such as cyclones, dust collectors, pulverized
fuel bins, etc., of pulverized fuel systems other than direct-fired systems, the affected
components shall be isolated and inerted.
3-5.3.5 If fire is found in a pulverizer that is out of service, it shall be kept out of service and
isolated. All air supply to the pulverizer shall be shut off. Access doors to a pulverizer shall not
be opened until the fire is extinguished by water or other extinguishing media and all
temperatures have returned to ambient.
3-5.3.6 Following fires in pulverizing systems, the pulverizing equipment shall be internally
inspected and all coke formations and other accumulations shall be removed to avoid future fires,
and if the pulverizer is wet it shall be dried. In no case shall a compressed air jet be used. All
components shall be inspected, and damaged items, such as gaskets, etc., shall be replaced.
Chapter 4 Personnel Safety
4-1 Confined Spaces.
Specific procedures shall be developed and used for personnel entering confined spaces that
shall:
(a) Positively prevent inadvertent introduction of fuel, hot air, steam, gas, or any inerting
medium.
(b) Positively prevent inadvertent starting or moving of mechanical equipment or fans.
(c) Prevent accidental closing of access doors or hatches.
(d) Include tags, permits, or locks to cover confined space entry.
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(e) Determine need for ventilation or self-contained breathing apparatus where the atmosphere
may be stagnant, depleted of oxygen, or contaminated with irritating or combustible gases. Test
for an explosive or oxygen deficient atmosphere shall be made.
(f) Provide for a safety attendant. The safety attendant shall remain outside of the confined
space with appropriate rescue equipment and shall be in contact, preferably visual contact, with
those inside.
(g) Provide for the use of proper safety belts or harnesses that shall be properly tied off when
such use is practical.
4-2 Raw Fuel Bunkers.
4-2.1
In addition to the general provisions of Section 4-1, additional specific provisions for entering
and working in fuel bunkers or bins listed in 4-2.2 through 4-2.11 shall be made that recognize
the high probability of the presence of combustible or explosive gases and the hazards associated
with shifting or sliding coal.
4-2.2
No one shall be permitted to enter fuel bunkers or bins without first notifying the responsible
supervisor and obtaining appropriate permits, tags, clearances, etc.
4-2.3
The responsible supervisor shall inspect the bunker, see that all necessary safety equipment is
on hand, and see that a safety attendant, who will have no other duties during the job, is also on
hand. The supervisor shall review with the safety attendant and the workers the scope of the job
and safety procedures to be followed.
4-2.4
No smoking, flames, or open lights shall be permitted. All lamps shall be suitable for Class II,
Division I location as defined in NFPA 70, National Electrical Code.
4-2.5
Tests shall be made for the presence of an explosive and oxygen-deficient atmosphere in a
bunker or bin. If such an atmosphere is found, positive ventilation shall be provided and entry
prohibited until the atmosphere returns to safe limits. Sufficient retests shall be made during the
course of the work to ensure a safe atmosphere, and, if it is not maintained, the bunker shall be
evacuated.
Exception: A nonexplosive, oxygen-deficient atmosphere may be entered with suitable breathing
apparatus.
4-2.6
No person shall enter a bunker containing burning fuel.
4-2.7
No person shall enter a bunker or walk on the fuel unless the safety attendant is present and the
person is equipped with a safety belt or harness and lifeline. The lifeline shall be secured to an
adequate support above the person and shall have only sufficient slack to permit limited
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movement necessary to performance on the job. The lifeline shall be manila rope at least 1/2 in.
(12.7 mm) in diameter, or equivalent, in good condition.
4-2.8
The safety attendant shall remain outside or above the bunker and shall keep the workers in
full view at all times. An adequate means of communication shall be provided to the safety
attendant in case additional help is needed.
4-2.9
Wherever practical, work shall be done from platforms, ladders, scaffolds, etc., rather than
from the surface of the fuel itself.
4-2.10
No one shall walk on or work on a fuel surface that is more than 3 ft (0.9 m) lower than the
highest point of the surrounding fuel, in order to avoid the possibility of being covered by sliding
fuel.
4-2.11
Full-face respirators or respirators and goggles shall be worn when dust conditions require
them, as directed by the responsible supervisor or the safety attendant.
4-3 Maintenance Rules.
4-3.1 Housekeeping.
4-3.1.1 Good housekeeping is essential for safe operation and prevention of fires or explosions;
therefore, provision shall be made for periodic cleaning of horizontal ledges or surfaces of
buildings and equipment to prevent the accumulation of appreciable dust deposits.
4-3.1.2 Creation of dust clouds shall be minimized during cleaning. Compressed air shall not be
used to dislodge coal dust accumulations; water washing or vacuum cleaning methods are
preferred.
4-3.2 Cleaning Plugged Equipment.
Severe injury and property damage can result from careless handling of unconfined pulverized
fuel; therefore, extreme caution shall be used in cleaning out plugged burners, burner piping,
pulverized fuel bins, feeders, or other parts of the system.
NOTE: Pulverized fuel that may flood out or spill from such places can be ignited by a random spark or hot
surfaces on which it falls or may already be smoldering and can produce an intensely hot fire or explosion
without warning. Since pulverized fuel drifts freely in air, ignition may take place at considerable distance
from the point of initial disturbance.

4-3.3 Welding and Flame Cutting
(see also NFPA 51, Standard for the Design and Installation of Oxygen-Fuel Gas Systems for
Welding, Cutting, and Allied Processes, and NFPA 51B, Standard for Fire Prevention in Use of
Cutting and Welding Processes).
4-3.3.1 Emphasis shall be placed on the hazard associated with welding or flame cutting on
pulverized fuel equipment; such operations shall be properly supervised with use of fire fighting
equipment and watches. Written procedures shall be established that specify the precautions and
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permits required for welding and cutting on or near the pulverized fuel system.
4-3.3.2 Prior to welding or flame cutting, all deposits of pulverized fuel shall be removed by
washing down or vacuuming, as far as practical and by approved methods, from exterior and
interior surfaces that could be affected. No work shall commence until the area has been
ventilated sufficiently to minimize the possibility of fire or explosion. Equipment shall not be
returned to service until any area that has been subjected to welding or cutting has been cooled.
4-3.3.3 Fire-resistive blankets or other approved methods shall be used in such manner as to
confine weld spatter or cutting sparks.
4-3.3.4 A careful inspection of all areas near where welding or cutting has been done, including
the floors above and below, shall be made when the job is finished or interrupted, and such area
patrolled for a period long enough to make certain that no smoldering fires have developed.
4-3.4 Explosion-Operated Tools and Forming Techniques.
These tools and techniques shall not be used where flammable dust or dust clouds are present.
Where these operations become necessary, all equipment, floors, and walls shall be cleaned and
all dust accumulation removed by an approved method. A careful check shall be made to be sure
that no cartridges or charges are left in the work area.
4-4 Electrical Tools and Lighting.
4-4.1
Where flammable dusts or dust clouds are present, sparking electrical tools shall not be used.
All lamps shall be suitable for Class II, Division 1 locations as defined in NFPA 70, National
Electrical Code.
4-4.2
Either ground-fault protected or specifically approved low voltage (6 to 12 volts) extension
cords or lights shall be used for all confined spaces where moisture may be a hazard.
Chapter 5 Special Systems
5-1 Introduction.
Specific requirements of some special systems, as well as operation of these special systems,
are covered in this chapter. For general design, operating, and safety requirements of these
systems, refer to Chapters 2, 3, and 4.
5-2 Semi-Direct Firing System.
5-2.1 Description.
This system is one in which the fuel is pulverized near the point of use in an air-swept
pulverizer. The fuel is separated from the air in a cyclone or other type dust collector. Fuel
discharges from the cyclone through a rotary valve and is picked up by air from a primary air fan
and blown into the furnace. The primary air fan may take its suction from the pulverizer air fan
or from other sources. If the primary air fan does not utilize all of the pulverizer air, a vent fan is
required. [See Figures 5-2(a) and (b).]
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Figure 5-2(a) Semi-direct firing pulverized fuel system.
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Figure 5-2(b) Semi-direct firing pulverized fuel system.

5-2.2 System Arrangement.
This system includes the following special equipment:
(a) Cyclone separator or other type dust collectors.
(b) Pressure lock.
(c) Primary air fan.
(d) Vent fan and dust collector (if required).
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(e) Pulverized fuel pickup.
5-2.3 Valve Requirements
(see 2-5.1.2).
5-2.3.1 A barrier valve and a dusttight valve shall be installed between each fuel pickup point
and the burner for a suction furnace that can be fired by other fuels (see 2-5.1.2.1).
5-2.3.2 Two dusttight valve(s) shall be installed between the fuel pickup point and the burner for
a pressurized furnace if the furnace can be fired by other fuels. (See 2-5.1.2.2.)
NOTE 1: It is recommended that one or both valve(s) described in 5-3.3.1 and 5-3.3.2 be quick closing.
NOTE 2: No valves are required between the pulverizer outlet and cyclone.

5-2.4 Isolation Requirements
(see 2-5.1.3).
5-2.5 Operation.
5-2.5.1 Starting Sequence. The starting sequence shall be as follows:
(a) Start up all necessary combustion system auxiliaries in the proper sequence. (See 3-3.1.)
(b) Start forced draft fan (for pressure furnace only).
(c) Start primary air fan.
(d) Open all valves in lines to burners to be started (includes barrier valves and dusttight
valves).
(e) Adjust primary air flow to desired value, at least sufficient to provide minimum burner line
velocity.
(f) Start pressure locks.
(g) Start pulverizer air fan.
(h) Start pulverizer.
(i) Start vent fan (if required).
(j) Start raw fuel feeder.
(k) Adjust dampers and controls as in 3-3.1(i).
5-2.5.2 Normal Operation (see 3-3.2).
5-2.5.3 Normal Shutdown. The normal shutdown procedure shall be as follows:
(a) Follow procedures of 3-3.3.
(b) When the pulverizer is empty and cool, stop the pulverizer and pulverizer air fan or
exhauster.
(c) Stop pressure locks.
(d) Stop vent fan.
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(e) Stop primary air fan.
5-2.5.4 Interlocking (see Section 2-7).
5-3 Pulverized Fuel System for Blast Furnace Injection.
5-3.1 Description.
This system is one in which the fuel is pulverized in an air-swept pulverizer, collected, stored,
and batch-pressurized to a pressure higher than the blast furnace pressure, transported, and
distributed to the furnace tuyeres (see Figure 5-3). This system has three major subsystems.
(a) A fuel grinding and collecting system.
(b) An inert gas pressurized fuel storage and feeding system.
(c) Pulverized fuel transportation and distribution system.
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Figure 5-3 Blast furnace pulverized fuel injection system.

5-3.2 System Arrangement.
The pulverizer and pulverized fuel collecting, pressurizing, and feeding equipment may be
remotely located from the blast furnace. It is recommended that the distribution system be
located close to the blast furnace. The pulverizer fan may be located ahead of the air heater and
pulverizer, between the air heater and pulverizer, at the pulverizer outlet, or at the cyclone or
dust collector vent.
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The special equipment includes:
(a) Pulverizer air heater.
(b) Cyclone separator or other type dust collector.
(c) Cyclone pressure lock.
(d) Pulverized fuel bin.
(e) Pulverized fuel feed tanks.
(f) Pressure-tight isolation valves.
(g) Injection air system.
(h) Inert gas system.
(i) Fuel injection lances.
(j) Flow control of air (or flue gas).
(k) Vent dust collector.
5-3.3 Valve Requirements.
5-3.3.1 Pressure locks shall be installed at the pulverized fuel discharge of the cyclone separator
or vent dust collector return lines.
5-3.3.2 Special dusttight valves shall be installed at each fuel outlet of the pulverized fuel bin, at
the fuel discharge outlet of each feed tank, and at each fuel outlet of the pulverized fuel
distributors. These valves shall be tight at a pressure 1.5 times that required in the feed tanks.
5-3.4 Isolation Requirements.
Isolation damper(s) shall be provided upstream of the pulverizer and at the discharge of the
cyclone separator to permit inerting in this system.
5-3.5 Operation.
NOTE: Pulverized fuel is injected into the blast furnace tuyeres where the blast air carries this fuel into a
furnace zone of extremely high temperature. The injection of fuel into an operating blast furnace presents no
explosion hazard, but precautions in handling pulverized fuel must be observed to avoid fires and explosions
in the pulverizer fuel injection system.

5-3.5.1 Operation of Fuel Pulverizing Equipment. This is a storage grinding system, and the
principles and procedures in 3-4.2 shall apply.
5-3.5.2 Operation of fuel injection equipment shall be as follows:
(a) Ascertain the blast furnace is in service before starting the pulverized fuel injection system.
(b) Start inert gas source.
(c) Start injection air system blower or compressor and pressurize injection line to distributor.
(d) Pressurize filled pulverized fuel feed tank with inert gas.
(e) Open dusttight valves in lines leaving distributors.
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(f) Establish transport air flow.
(g) Open discharge dusttight valves from pulverized fuel feed tank.
NOTE: This sequence will start pulverized fuel flow to the blast furnace. This system description uses
pulverized fuel feed tank sequencing to maintain the feed; however, other means for doing this may be used.
Because of the fire hazard, inert gas is used to fluidize and pressurize the feed tank system. In normal
operation, pulverized fuel flow to the furnace is controlled by regulating the pressure drop across the system.

5-3.6 Normal Shutdown.
5-3.6.1 The shutdown sequence shall be as follows:
(a) Empty fuel bin and feed tanks of pulverized fuel.
(b) Purge the injection and distribution system.
(c) Close the distributor dusttight valves.
5-3.6.2 If all pulverized fuel cannot be removed from the system, inert gas shall be provided for
the feed hoppers and pulverized fuel bin when the system is idle.
5-3.7 Interlocking.
In addition to the interlocking requirements of 2-7.4, the following shall be included:
(a) Failure of pulverizer air flow trips separately fired air heater.
(b) Failure of the cyclone separator or other type dust collector pressure lock trips raw coal
feeder.
(c) Power failure closes all valves required to isolate system.
5-4 Direct-Firing System for Rotary Kilns.
5-4.1 Description.
This system is a form of direct firing. [See 2-5.1 and Figures 5-4(a) and 5-4(b).] The only
special equipment is a dust collector with pressure lock for cleaning hot air or gas (optional).
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Figure 5-4(a) Direct-fired pulverized fuel systems for rotary kilns.
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Figure 5-4(b) Direct-fired pulverized fuel systems for rotary kilns.

5-4.1.1 Isolation Requirements.
5-4.1.1.1 When a bypass air system is used, a bypass control damper shall be installed.
5-4.1.1.2 Tempering damper shall be installed near the kiln hood to protect the hot gas duct.
5-4.2 Operation.
5-4.2.1 Starting Sequence. The starting sequence shall be as follows. (See 3-3.1.)
(a) Start pressure lock.
(b) Start the primary air fan or exhauster.
(c) Start air heaters, if furnished.
(d) Start the pulverizer.
(e) Start the raw fuel feeder.
(f) Adjust primary air and fuel to desired value.
5-4.2.2 Normal Operation (see 3-3.2).
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5-4.2.3 Normal Shutdown. Normal shutdown procedure shall be as follows.
(a) Shut off hot air.
(b) When pulverizer is cool, stop raw fuel feeder.
(c) When pulverizer is empty, stop pulverizer.
(d) Stop primary air fan or exhauster.
(e) Stop pressure lock.
5-4.3 Interlocking
(see 2-7.1 and 2-7.2).
Chapter 6 Referenced Publications
6-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
6-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 51, Standard for the Design and Installation of Oxygen-Fuel Gas Systems for Welding,
Cutting, and Allied Processes, 1992 edition
NFPA 51B, Standard for Fire Prevention in Use of Cutting and Welding Processes, 1989
edition
NFPA 68, Guide for Venting of Deflagrations, 1988 edition
NFPA 69, Standard on Explosion Prevention Systems, 1992 edition
NFPA 70, National Electrical Code, 1993 edition
NFPA 85C, Standard for the Prevention of Furnace Explosions/Implosions in Multiple Burner
Boiler-Furnaces, 1991 edition.
6-1.2 Other Publications.
6-1.2.1 ANSI Publication. American National Standards Institute, 1430 Broadway, New York,
NY 10081.
ANSI B31.1-1989, Power Piping Code.
6-1.2.2 ASTM Publication. American Society for Testing Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM D409-1991, Grindability of Coal by the Hardgrove-Machine Method.
Appendix A Direct-Firing Circulating System
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This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
A-1 Description.
This system, Figures A-1(a) and (b), is a form of direct firing. The pulverizer, raw fuel feeder,
and primary air fan (exhauster) maintain the required air/fuel mixture in a circulating loop, or
header, at sufficient pressure and velocity to cause the mixture to flow to the burners. Burners
are connected to the circulating loop where desired. One circulating system may fire one or more
pressure furnaces or suction furnaces, or multiple circulating systems may fire a single furnace.
Where more than one furnace is fired by one circulating system, the furnaces may be of different
types. The fuel supply to each burner is controlled independently of the other burners. Lighting
each burner is a separate function from operation of the pulverizer.

Figure A-1(a) Direct-fired circulating pulverized fuel system.
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Figure A-1(b) Direct-fired pulverized fuel circulating system.

A-2 System Arrangement.
A-2-1 Exhauster Requirements.
The exhauster should be at the outlet of the pulverizer.
A-2-2 Valve Requirements.
A-2-2.1
Two dusttight valves with seal air between them shall be installed between the circulating loop
and each burner it serves. One of these valves should be located as near to the loop as practical,
and some means should be provided to prevent accumulation of fuel above the valve.
A-2-2.2
A flow control valve should be installed between the circulating loop and each burner it
serves.
A-2-3 Damper Requirements.
For pressure furnace applications with multiple circulating systems, a primary air shutoff
damper should be provided ahead of the pulverizer.
A-3 Operation.
A-3.1 Starting Sequence.
The starting sequence should be as follows:
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(a) Start up all necessary combustion system components in the proper sequence (see 3-3.1).
(b) Start exhauster.
(c) Start pulverizer.
(d) Start raw fuel feeder and place on automatic control.
(e) Open dusttight valves in burner line.
(f) Open flow control valve in burner line.
A-3-2 Normal Operation.
A-3-2.1
Fuel rate to each burner in the system should be regulated by the flow control valves in the
burner lines.
A-3-2.2
The dusttight valves in the burner lines should be wide open or completely closed.
A-3-3 Normal Shutdown.
Normal shutdown sequence should be as follows:
(a) When taking burners out of service (except for the last burner on the system), close the
flow control valve and the dusttight valves in the burner lines and establish seal air between the
valves.
(b) When taking the last burner on the circulating system out of service along with the
pulverizing system, follow the procedure give in 3-3.3.
(c) Interlocking, refer to 2-7.
Appendix B Direct-Firing System For Firing Zinc-Fuming Furnace
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
B-1 Description.
This system is one in which the fuel is pulverized near the point of use in an air-swept
pulverizer. The entire system operates at a pressure of a few psi above atmosphere (see Figure
B-1). Because of the operation pressure, primary air is supplied by the furnace blower. This is a
direct-firing system similar to that used on boilers. This special equipment includes:
(a) Lock hoppers for the raw fuel bin.
(b) Burners.
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Figure B-1 Zinc-fuming furnace pulverized fuel system.

B-1-1
Because the raw fuel lock hoppers are pressurized due to the high operating pressure in the
pulverizer, they should be designed for operating pressure, but not for pulverized fuel explosion
pressure.
B-1-2
Separate controls should keep the lock hoppers filled and pressurized.
B-2 Valve Requirements.
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Special pressure tight valves should be installed at the inlet and outlet of each raw fuel lock
hopper.
NOTE: No valves are required between the pulverizer and burners as system cannot operate with idle
pulverizers or burners.

B-3 Isolation Requirements
(see 2-5.1.3).
B-4 Operation.
NOTE: As pulverized fuel is injected into a pool of molten slag, no ignition problems exist and operation is
merely a pulverizing and conveying system.

B-4.1 Starting Sequence.
The starting sequence should be as follows:
(a) Ascertain that there is a charge of molten slag in the furnace.
(b) Start the pulverizer.
(c) Open pulverizer air control damper to desired air flow.
(d) Start raw fuel feeder.
B-4.2 Normal Operation.
Pulverizer output should be regulated by varying pulverizer air and feeding fuel in proportion
to air flow to maintain the desired air/fuel ratio over the operating range or by varying feed rate
alone.
B-4.3 Normal Shutdown.
Normal shutdown procedure should be as follows:
(a) Shut off hot air supply.
(b) Stop raw fuel feeder.
(c) When pulverizer is empty, stop pulverizer.
(d) Close pulverizer air flow control damper.
B-5 Interlocking
(see 2-7.1 and 2-7.2).
Appendix C Maintenance, Inspection, and Training
This Appendix is not a part of the requirements of this NFPA document, but is included for
information purposes only.
C-1 Maintenance and Equipment Inspection.
C-1.1
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The objective of a maintenance program is to identify and correct conditions that adversely
effect the safety, continued reliable operation, and efficient performance of equipment. A
program should be provided for maintenance of equipment at intervals consistent with the type
of equipment, service requirements, and manufacturers recommendations.
C-1.2
As a minimum, the maintenance program should include the following:
(a) In-service inspections to identify conditions requiring corrective action or further study.
(b) Detailed, knowledgeable planning for effecting repair or modifications using qualified
personnel, procedures, and equipment.
(c) A detailed tag-out procedure. Any interlocks that are disabled when conducting
maintenance should be restored prior to returning unit to service.
(d) Use of comprehensive equipment history that records conditions found, maintenance work
done, changes made, and date of each.
(e) Written comprehensive maintenance procedures incorporating manufacturer’s instructions
to define tasks and skills required. Any special techniques, such as non-destructive testing or
those tasks requiring special tools, should be defined. Special environmental factors should be
covered, such as temperature limitations, dusts, contaminated or oxygen-deficient atmosphere,
and limited access or confined space requirements.
(f) Shutdown maintenance inspections, comprehensive in scope, to cover all areas.
(g) Adequate spare parts available meeting specifications that will provide reliable service
without necessitating makeshift repairs.
C-1.3
An inspection and maintenance schedule should be established and followed.
C-1.4
Operation, set-points, and adjustments should be verified by periodic testing and the results
documented.
C-1.5
Defects should be reported and corrected and the repairs documented.
C-1.6
System configuration, including logic, set-points, and sensing hardware, should not be
changed without the effect being evaluated and approved.
C-1.7
Inspections, adjustments, and repairs should be performed by trained personnel, using tools
and instruments suitable for the work. Maintenance and repairs should be performed in
accordance with the manufacturer’s recommendations and applicable standards and codes.
C-2 Training.
C-2.1 Operator Training.
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C-2.1.1 A formal training program should be established to prepare personnel to safely and
effectively operate equipment. This program can consist of review of operating manuals,
videotapes, programmed instruction, testing, and field training, among others. The training
program should be consistent with the type of equipment and hazards involved.
C-2.1.2 Operating procedures should be established that cover normal and emergency
conditions. Start-up and shutdown procedures, normal operating conditions, lockout procedures
should be covered in detail.
C-2.1.3 Operating procedures should be directly applicable to the equipment involved and
consistent with safety requirements and manufacturer’s recommendations.
C-2.1.4 Procedures should be periodically reviewed to keep them current with changes in
equipment and personnel.
C-2.2 Maintenance Training.
C-2.2.1 A formal maintenance training program should be established to prepare personnel to
safely and effectively perform any required maintenance tasks. This program may consist of
review of maintenance manuals, videotapes, programmed instruction, testing, field training, and
equipment manufacturer training, among others. The training program should be specific to the
equipment involved and to potential hazards.
C-2.2.2 Maintenance procedures should be established to cover routine and special techniques.
Any potential environmental factors such as temperature, dust, contaminated or oxygen-deficient
atmosphere, internal pressures, and limited access or confined space requirements should be
included.
C-2.2.3 Procedures should be consistent with safety requirements and manufacturer’s
recommendations.
C-2.2.4 Procedures should be periodically reviewed to keep them current with changes in
equipment and personnel.
Formal Interpretation
NFPA 8503
Pulverized Fuel Systems
1992 Edition
Reference: 2-6
F.I. 78-1
Question 1: Does bench testing to 50 psig steady state, static pressure and retaining pressure
integrity for a reasonable time (3 to 5 minutes) prove a component able “to withstand an
explosion pressure of 50 psig for containment of possible internal explosions”?
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Answer: No. The 50 psig statement is too low to meet the ultimate strength requirements. The
Committee believes the inquirer should go to a minimum of 200 psig to meet the intent of the
Code.
Question 2: Does this apply to components made of both ductile and non-ductile materials?
Answer: Yes.
Question 3: Does this preclude the need for analytical design justification?
Answer: Yes.
Issue Edition: 1978 of NFPA 85F
Reference:– 2-6
Date: January 1982
Copyright © 1988 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
Pulverized Fuel Systems
1992 Edition
Reference : 2-6.1, 2-6.2
F.I. 82-3
Question: What static steady state internal design pressure should be used in conunction with
the allowable stresses of 2-6.2 when designing equipment per NFPA 8503?
Answer: 50 psig.
Question: Does “Bench Testing” a component of a pulverizer system to 200 psig on the basis of
a factor of safety of 4 over the 50 psig required in 2-6.1.1 comply with the intent of the standard?
Answer: Yes.
Question: Does the standard require that components of a pulverizer system subjected to
combined bending and membrane stresses be tested to 200 psig, a safety factor of 4 over the 50
psig required in 2-6.1.1?
Answer: Yes.
Question: Could a component which was permanently deformed as a result of bench testing be
repaired and utilized in service?
Answer: No.
Question: Is a component of a pulverizer system which is permanently deformed but remains
intact in successfully passing a bench test considered acceptable?
Answer: Yes.
Question: Would a successful bench test conducted on one component qualify, as acceptable,
for all indentical components of the same design, material and construction as the component
successfully tested?
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Answer: Yes.
Question: Must the test requirements for pulverizer system components as specified in 2-6.1.1
and 2-6.2 be increased to make allowances for wear encountered in normal service?
Answer: No, but throughout the life of the component it should be capable of withstanding a
bench test of 200 psig.
Question: Does the standard allow for the use of standard pressure components such as flanges,
pipe fittings, valves, etc., which have non-shock capabilities but do have a static pressure rating
of 200 psig or greater?
Answer: Yes.
Question: Would the components such as flanges, pipe fittings, valves, etc., be selected on the
basis of a non-shock pressure rating or their hydrostatic test pressure?
Answer: The pressure rating of these components would be 200 psig provided the 200 psig did
not exceed the ultimate strength of the material.
Question: What value must be specified for non-shock pressure ratings and hydrostatic pressure
ratings for components such as flanges, pipe fittings, valves, etc., in keeping with the
requirements of the text?
Answer: 200 psig.
Question: What is the pressure rating of the flanges listed in Table 2-6.3? Are these flanges
capable of withstanding a 200 psig bench test?
Answer: Indeterminate.
Question: What is the dimension of the allowance for wear as mentioned in 2-6.3.1 which is
included in the thickness of pipe listed in Table 2-6.3?
Answer: The amount of wear resistance varies depending on the pipe size. Also localized wear
faces must be analyzed on a case-by-case basis. Analysis and specifications are determined by
the manufacturer.
Issue Edition: 1982 of NFPA 85F
Reference:– 2-6.1, 2-6.2
Date: January 1985
Copyright © 1988 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
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This edition of NFPA 8504, Standard on Atmospheric Fluidized-Bed Boiler Operation, was
prepared by the Technical Committee on Fluidized-Bed Boilers, released by the Technical
Correlating Committee on Boiler Combustion System Hazards, and acted on by the National Fire
Protection Association, Inc., at its Annual Meeting held May 20-23, 1996, in Boston, MA. It
was issued by the Standards Council on July 18, 1996, with an effective date of August 9, 1996,
and supersedes all previous editions.
Changes other than editorial are indicated by a vertical rule in the margin of the pages on
which they appear. These lines are included as an aid to the user in identifying changes from the
previous edition.
This edition of NFPA 8504 was approved as an American National Standard on July 26, 1996.
Origin and Development of NFPA 8504
In 1984, the Technical Committee on Boiler-Furnace Explosions began work on a document
for the relatively new technology of fluidized-bed combustion system boilers. A new document,
NFPA 85H, was issued in 1989. This was developed through numerous task force,
subcommittee, and technical committee meetings. The document was written to provide user
requirements in order to limit the hazards associated with these special systems and to broaden
the NFPA 85 series of standards, which deal with safe boiler operation.
The second edition of the document constituted a major rewrite to address numerous technical
issues. Foremost among the changes was the redesignation of the document from NFPA 85H,
Standard for the Prevention of Combustion Hazards in Atmospheric Fluidized Bed Combustion
System Boilers, to NFPA 8504, Standard on Atmospheric Fluidized-Bed Boiler Operation.
This edition of NFPA 8504 incorporates numerous changes, mostly for correlation with the
other documents in the series. However, there were several technical changes made to this
standard.
Technical Correlating Committee on Boiler Combustion System Hazards
Dale E. Dressel, Chair
Monsanto Co., MO
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Nat'l Fire Protection Assn., MA
(Nonvoting)
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Rep. Industrial Risk Insurers
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reduction of combustion system hazards in single- and multiple-burner boilers with a heat input
rate of 12,500,000 Btu/hr and above. This includes all fuels. This Committee is also responsible
for documents on the reduction of hazards in pulverized fuel systems, fluidized-bed boilers, heat
recovery steam generators, and stoker-fired boilers, at any heat input rate.
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NOTICE: An asterisk(*) following the number or letter designating a paragraph indicates explanatory material
on that paragraph in Appendix A.
Information on referenced publications can be found in Chapter 11 and Appendix C.

Chapter 1 Introduction
1-1 Scope.
1-1.1
This standard shall apply to boilers with a fuel input rating of 12,500,000 Btu/hr (3663 kW) or
greater. This standard applies only to boilers using atmospheric fluidized-bed combustion.
1-1.2
This standard covers firing of individual or blended fuels. Where multiple main fuels are fired,
additional interlocks and other provisions shall be required but are not covered by this standard.
1-1.3
This standard covers burners and lances associated with fluidized-bed boilers.
1-1.4*
This standard is not retroactive. This standard shall apply to new installations and to major
alterations or extensions that are contracted subsequent to the effective date of this standard.
1-1.5
Furnaces such as those of process heaters used in metallurgical, chemical, and petroleum
manufacture, wherein steam generation is incidental to the operation of a processing system, are
not covered by this standard.
1-1.6
Since this standard is based upon the current state of the art, its application to existing
installations is not mandatory. Nevertheless, operating companies are encouraged to adopt those
features of this standard that are considered applicable and reasonable for existing installations.
1-1.7
Revisions to this standard reflect the current level of knowledge and do not imply that previous
editions were inadequate.
1-1.8
The furnace pressure excursion prevention chapter of this standard (Chapter 5) provides
methods of minimizing the risk of furnace pressure excursions in excess of the furnace structural
capability.
1-2 Purpose.
1-2.1
The purpose of this standard is to contribute to operating safety and to prevent combustion
hazards. It establishes minimum standards for the design, installation, operation, and
maintenance of boilers and their fuel-burning, air supply, and combustion products removal
systems. The standard requires the coordination operating procedures, control systems, and
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interlocks.
1-2.2
No standard can guarantee the elimination of boiler combustion hazards. Technology in this
area is evolving constantly, and this is reflected in revisions to this standard. The user of this
standard needs to recognize the complexity of firing fuel with regard to the type of equipment
and the characteristics of the fuel. Therefore, the designer is cautioned that the standard is not a
design handbook. The standard does not eliminate the need for the engineer or for competent
engineering judgment. It is intended that a designer capable of applying more complete and
rigorous analysis to special or unusual problems is to be given latitude in the development of
such designs. In such cases, the designer is responsible for demonstrating the validity of the
proposed design.
1-2.3
Emphasis is placed on the importance of adequate strength of the structure, proper operation
and maintenance procedures, operator training, combustion and draft control equipment, safety
interlocks, alarms, trips, and other related controls that are essential to proper boiler operation.
1-2.4
The effect of gas cleanup systems located downstream of the post-combustion gas passes of
the boiler is known to be significant. Coordination of the operating procedures and design of the
boiler and the air quality control systems shall be required. Such coordination shall include
requirements for ensuring a continuous flow path from the forced draft fan inlet through the
stack. This standard provides only the general requirements for these systems because of the
multiplicity of their designs.
Chapter 2 General
2-1 Furnace Explosions.
2-1.1
The basic cause of furnace explosions is the ignition of an accumulated combustible mixture
within the confined space of the furnace or the associated boiler passes, ducts, and fans that
convey the products of combustion to the stack.
2-1.2
A dangerous combustible mixture within the boiler enclosure consists of the accumulation of
an excessive quantity of combustibles mixed with air in proportions that result in rapid or
uncontrolled combustion where an ignition source is supplied. A furnace explosion can result
from ignition of this accumulation if the quantity of combustible mixture and the proportion of
air to fuel are such that an explosive force is created within the boiler enclosure. The magnitude
and intensity of the explosion depends on both the relative quantity of combustibles that has
accumulated and the proportion of air that is mixed with the combustibles at the moment of
ignition. Explosions, including “furnace puffs,” are the result of improper operating procedures
by personnel, improper design of equipment or control systems, or malfunction of the equipment
or control system.
2-1.3
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Numerous conditions can arise in connection with the operation of a fluidized-bed system that
can produce explosive conditions. The most common of these are as follows:
(a) An interruption of the fuel or air supply or ignition energy to burners, sufficient to result in
momentary loss of flames, followed by restoration and delayed reignition of accumulated
combustibles;
(b) Auxiliary fuel leakage into an idle furnace and the ignition of the accumulation by a spark
or other source of ignition;
(c) Repeated unsuccessful attempts to light off auxiliary fuel without appropriate purging,
resulting in the accumulation of an explosive mixture;
(d) The accumulation of an explosive mixture of fuel and air as a result of the main fuel
entering a bed whose temperature is below the ignition temperature for the main fuel and the
ignition of the accumulation by a spark or other source of ignition;
(e) Purging with an airflow that is too high, which stirs up combustibles smoldering in
hoppers;
(f) Insufficient air to all or some bed compartments, causing incomplete combustion and
accumulation of combustible material;
(g) The possible accumulation of combustibles in the windbox and ductwork under certain
unusual operating, start-up, or shutdown conditions. Bed material retains heat long after a boiler
shutdown and can be an ignition source even if its exposed surfaces have cooled.
2-1.4
The conditions favorable to a boiler explosion described in 2-1.3 are typical examples, and an
examination of numerous reports of boiler explosions suggests that the occurrences of small
explosions, furnace puffs, or near-misses have been far more frequent than usually is recognized.
2-1.5
By virtue of the more consistent ignition source available from the mass of high temperature
bed material during normal operation, fluidized-bed combustion is less susceptible to furnace
puffs and flameouts than burner combustion.
NOTE: During unit warm-up or operation using a slumped or semifluidized bed, the unit does not benefit from
these mitigating factors.

2-1.6
Instrumentation, safety interlocks, protective devices, proper operating sequences, and a
clearer understanding of the explosion problem by both designers and operators can further
reduce the risks and incidence of furnace explosions, especially during start-up and light-off.
2-1.7
There can exist, in certain parts of the boiler enclosure or other parts of the unit, dead pockets
that are susceptible to the accumulation of combustibles. These accumulations can ignite with
explosive force in the presence of an ignition source.
2-2* Furnace Pressure Excursions.
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2-2.1
Furnace structural damage can result from the occurrence of excessively high or low gas side
pressure.
2-2.2
A condition that is likely to cause furnace pressure excursions in a fluidized-bed boiler is
maloperation of the equipment regulating the boiler gas flow, including the air supply and flue
gas removal systems. This can result in exposure of the furnace to excessive fan head capability.
NOTE: The rapid decrease in furnace gas temperatures and pressure resulting from either a rapid reduction in
fuel input or a master fuel trip, which is a cause of implosions in nonfluidized-bed boilers, is not likely to
occur in a fluidized-bed boiler because of the resistance to fast temperature changes provided by hot bed
material and refractory.

2-2.3
On the basis of reported incidents and field tests, the maximum negative furnace pressure is
determined primarily by the maximum head characteristic of the induced draft fan; a major
objective of the final design shall be to limit the maximum head capacity of draft equipment to
that necessary for satisfactory operation. Special consideration shall be given to fan selection and
arrangement of ductwork to limit the effect of negative head.
2-2.4
With scrubbers or other high draft loss equipment for removing flue gas contaminants, a
booster fan might be necessary. A bypass or other appropriate means shall be provided to
counteract the potentially excessive negative pressure conditions that result from combining the
suction heads of both the induced draft and booster fans.
2-3 Manufacture, Design, and Engineering.
2-3.1
The purchaser or the purchaser’s agent shall, in cooperation with the manufacturer, ensure that
the unit is not deficient in apparatus that is necessary for proper operation, so far as practical,
with respect to pressure parts, fuel-burning equipment, air and fuel metering, and safe lighting
and maintenance of stable fluidized-bed operation.
2-3.2
All fuel systems shall include provisions to prevent foreign substances from interfering with
the fuel supply to the bed.
2-3.3
An evaluation shall be made to determine the optimum integration of manual and automatic
safety features, with consideration of the advantages and disadvantages of each trip function.
NOTE: The maximum number of automatic trip features does not necessarily provide for maximum overall
safety. Some trip functions result in additional operations that increase exposure to hazards.

2-3.4
This standard necessitates a minimum degree of automation. The trend toward more complex
plants or increased automation shall require additional provisions for:
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(a) Information regarding significant operating events that allow the operator to make a rapid
evaluation of the operating situation. The operator shall be provided with continuous and usable
displays of variables that allow the operator to avoid unsafe conditions. (Also see Section 4-8.)
(b) In-service maintenance and checking of system functions without impairment of the
reliability of the overall control and safety systems.
(c) An environment conducive of proper decisions and actions.
2-3.5
Fuel feed piping and equipment shall be designed and constructed to prevent the formation of
hazardous concentrations of combustible gases that exist under normal operating conditions.
2-4 Installation.
2-4.1
The boiler shall not be permitted to be operated before the installation and check of the
required safeguards and instrumentation system.
2-4.2
The party responsible for the erection and installation of the equipment shall ensure that all
apparatus is installed and connected properly.
2-4.3
The purchaser, the engineering consultant, the equipment manufacturer, and the operating
company shall avoid boiler operation until the safeguards have been tested to verify their proper
operation as a system. In some instances, it might be necessary to install temporary interlocks
and instrumentation to meet these requirements. Any such temporary system shall be reviewed
by the purchaser, the engineering consultant, the equipment manufacturer, and the operating
company, and agreement shall be reached on its suitability in advance of start-up.
2-4.4
The safety interlock system and protective devices shall be tested jointly and checked by the
organization responsible for the system design and those who operate and maintain such system
and devices during the operating life of the plant. These tests shall be completed before initial
operation.
2-5 Coordination of Design, Construction, and Operation.
2-5.1
Statistics indicate that human error is a contributing factor in the majority of furnace
explosions. It is important to consider whether an error is the result of:
(a) Lack of proper understanding of, or failure to use, safe operating procedures;
(b) Lack of adequate operator training;
(c) Unfavorable operating characteristics of the equipment or its control;
(d) Lack of functional coordination of the various components of the steam-generating system
and its controls.
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2-5.2
Furnace explosions have occurred as a result of unfavorable functional design. Frequently, an
investigation has revealed human error and has completely overlooked the chain of causes that
triggered the operating error. Therefore, the design, installation, and functional objectives of the
overall system of components and their controls shall be integrated. Consideration shall be given
to the ergonomics that can affect operation of the system.
2-5.3
During the planning and engineering phases of plant construction, the design shall be
coordinated with the operating personnel where possible.
2-5.4
The proper integration of the various components consisting of the boiler, fuel and air supply
equipment, combustion products handling equipment, combustion controls, interlocks and safety
devices, operator functions, and operator communication and training shall be the responsibility
of the operating company and shall be accomplished by the following:
(a) Design and operating personnel who possess a high degree of competence in this field and
who are mandated to achieve these objectives;
(b) Periodic analysis of the plant’s status with respect to evolving technology so that
improvements for greater safety and reliability can be implemented;
(c) Documentation of plant equipment, systems, and maintenance.
2-6 Maintenance Organization.
2-6.1*
A program shall be provided for maintenance of equipment at intervals appropriate for the type
of equipment, the service requirements, and the manufacturers’ recommendations.
2-7 Basic Operating Objectives.
2-7.1
Basic operating objectives shall include the following:
(a) Establishment of operating procedures that result in the minimum number of manual
operations.
(b) Standardization of all operating procedures. The use of interlocks is essential to minimize
improper operating sequences and to interrupt sequences when conditions are not proper for
continuation. It is particularly important that purge and start-up procedures with necessary
interlocks be established and rigidly enforced. Chapters 5 and 6 describe operating sequences
that have proved to be effective in unit operation.
2-7.2
Written operating procedures and detailed checklists for operator guidance shall be provided
for achieving basic operating objectives. All manual and automatic functions shall be described.
2-8 Training.
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2-8.1 Operator Training.
2-8.1.1 The owner or the owner’s agent shall be responsible for establishing a formal and
ongoing program for training operating personnel. This program shall prepare personnel to
operate the equipment safely and effectively. The program shall consist of study or review of
operating manuals, videotapes, programmed instruction, examinations, computer simulation (if
available), and supervised hands-on field training. The training program shall be consistent with
the type of equipment and the hazard involved.
2-8.1.2 The owner or the owner’s agent shall certify that operators are trained and competent to
operate the equipment under all conditions prior to their operation of such equipment.
2-8.1.3 The owner or the owner’s agent shall be responsible for periodic retraining of operators,
including review of their competence.
2-8.1.4 The training program and manuals shall be reviewed periodically and kept current with
changes in equipment or operating procedures. The training program and manuals covering
operating and maintenance procedures shall be readily available for reference and use at all
times.
2-8.1.5 Operating procedures that cover both normal and emergency conditions shall be
established. Start-up and shutdown procedures, normal operating conditions, and lockout
procedures shall be covered in detail in operating manuals and the associated training program.
2-8.1.6 Operating procedures shall be directly applicable to the equipment involved and shall be
consistent with safety requirements and the manufacturers’ recommendations.
2-8.1.7 Operators shall be trained in the proper procedures for reducing load or tripping the
system wherever there is a potential for an unsafe condition that could lead to personnel danger
or property damage. Operators shall be authorized to call for outside assistance in case of
emergency.
2-8.2 Maintenance Training.
2-8.2.1 The owner or the owner’s agent shall be responsible for establishing a formal and
ongoing program for training maintenance personnel. This program shall prepare personnel to
perform any required maintenance tasks safely and effectively. The program shall consist of
study or review of maintenance manuals, videotapes, programmed instruction, examinations,
field training, training by the equipment manufacturers, and other modes of instruction. The
training program shall be appropriate to the equipment and potential hazards involved.
2-8.2.2 Maintenance procedures and their associated training programs shall be established to
cover routine and special techniques. Any possible environmental factors such as temperature,
dust, contaminated or oxygen-deficient atmosphere, internal pressures, and limited access or
confined space requirements shall be included.
2-8.2.3 Maintenance procedures shall be consistent with safety requirements and the
manufacturers’ recommendations. The procedures contained in the training programs shall be
reviewed periodically and kept current with changes in equipment. They shall be used in the
indoctrination and training of new maintenance personnel.
2-8.2.4 Maintenance personnel shall be trained to notify operating personnel in writing of any
changes in safety and control devices.
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2-8.2.5 Maintenance personnel shall be trained to be knowledgeable of and to adhere to all
Occupational Safety and Health Act (OSHA) safety procedures.
2-9 Fluidized-Bed Combustion — Special Problems.
2-9.1 Heating the Bed.
The bed material shall be heated to a temperature above the autoignition temperature of the
main fuel prior to admitting the main fuel to the bed. This normally is accomplished using
warm-up burners.
2-9.2 Char Carryover.
Elutriation of char from the bed is a characteristic of fluidized-bed combustion. Although most
boiler designs provide for reinjection of elutriated char into the bed, a certain amount of
unburned carbon is carried in the flue gas through the boiler’s heat transfer surfaces and
ductwork to the baghouse or other dust collection equipment. The system design shall include
provisions to minimize accumulations in the flue gas ductwork and dust collection equipment.
2-9.3 Coal Firing.
Common hazards are involved in the combustion of solid, liquid, and gaseous fuels. Each of
these fuels has special hazards related to its physical characteristics. The following shall be
considered in the design of the coal firing systems:
(a) Coal requires considerable processing in several independent subsystems that need to
operate in harmony. Failure to process the fuel properly in each subsystem increases the
potential explosion hazard.
(b) Methane gas released from freshly crushed or pulverized coal can accumulate in enclosed
spaces.
(c) The raw coal delivered to the plant can contain foreign substances (e.g., scrap iron, wood
shoring, rags, excelsior, rock). This foreign material can interrupt coal feed, damage or jam
equipment, or become a source of ignition within the fuel-feeding equipment. The presence of
foreign material can constitute a hazard by interrupting coal flow. Wet coal can cause a coal
hang-up in the raw coal supply system. Wide variations in the size of raw coal can cause erratic
or uncontrolled coal feeding or combustion.
(d) Explosions or fires can result from the back flow of hot flue gas or bed material into the
fuel-feeding equipment. Provisions shall be made in the design to prevent back flow.
(e) Caution shall be exercised where interpreting the meter indication for combustibles. Most
meters and associated sampling systems measure only gaseous combustibles. Therefore, the lack
of a meter indication of combustibles does not prove that unburned coal particles or other
combustibles are not present.
(f) Coal is subject to wide variations in analysis and characteristics. Changes in the percent of
volatile matter and moisture affect the ignition characteristics of the coal and can affect the
minimum required bed temperature prior to admission of coal into the bed. The amount of fines
in the coal also can affect its ignition and burning characteristics. The minimum bed temperature
that allows the admission of coal into the bed shall account for the range of ignition
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characteristics.
2-9.4 Waste Fuel Firing.
Common hazards involved in the combustion of waste fuels should be recognized as follows:
(a) The considerations described in 2-9.3 also apply to waste fuels.
(b) Waste fuels can contain volatile solvents or liquids; therefore, special consideration shall
be taken in the design of the fuel handling and storage system.
(c) Waste fuels are potentially more variable in analysis and burning characteristics than
conventional fuels, and, therefore, an evaluation of special fuel handling and burning safeguards
could be necessary.
2-9.5 Warm-up and Auxiliary Load-Carrying Burners.
The operating systems and requirements for warm-up and load-carrying burners are covered in
Section 4-6.
2-9.6 Hot Bed Material.
Hot bed material can be removed from the bed to maintain the desired inventory of bed
material. The temperature of the material is at or near the bed operating temperature [typically
1400°F to 1600°F (760°C to 870°C)] and shall be cooled prior to disposal.
2-9.7* Personnel Hazards.
A number of personnel hazards are peculiar to fluidized-bed combustion. Safety precautions
for dealing with such hazards shall be required for personnel safety. These hazards include:
(a) Hot solids;
(b) Lime;
(c) Hydrogen sulfide; and
(d) Calcium sulfide.
2-9.8 Additional Problems Requiring Consideration.
The following additional problems shall be given consideration:
(a) Thermal inertia of the bed, causing steam generation to continue after fuel trip;
(b) Requirements for continuity of the feed water supply for extended periods following a fuel
trip or the loss of all power supply to the plant;
(c) Potential for unintended accumulations of significant quantities of unburned fuel in the
bed;
(d) Potential for generation of explosive gases if the air supply to a bed is terminated before
the fuel in the bed is burned out;
(e) Potential risk of explosion when reestablishing the air supply to a hot bed;
(f) Bed solidification as a result of a tube leak; and
(g) Structural load requirements for abnormal accumulations of ash/bed material within the
boiler furnace enclosure and the solids return path.
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Chapter 3 Definitions
3-1 Definitions.
The following definitions shall apply for the purposes of this standard.
Air, Infiltration. The leakage of air into a setting, furnace, boiler, or duct.
Air, Primary. In a bubbling bed, that portion of total air used to transport or inject fuel or
sorbent and to recycle material to the bed. In a circulating bed, that portion of total air introduced
at the base of the combustor through the air distributor.
Air, Secondary. Air for combustion supplied to the boiler to supplement the primary air.
Typically, in a bubbling bed, that portion of the air introduced through the air distributor; and, in
a circulating bed, that air that enters the combustor at levels above the air distributor.
Air/Fuel Ratio. A ratio of air to fuel supplied to a furnace.
Air-Rich. Indicates a ratio of air to fuel supplied to a furnace that provides more air than that
needed for an optimum air/fuel ratio.
Excess Air. Air supplied for combustion in excess of theoretical air.
NOTE: This is not “air-rich” as previously defined.

Fuel-Rich. Indicates a ratio of air to fuel supplied to a furnace that provides less air than that
needed for an optimum air/fuel ratio.
Theoretical Air (Stoichiometric Air). The chemically correct quantity of air needed for
complete combustion of a given quantity of a specific fuel.
Alarm. An audible or visible signal indicating an off-standard or abnormal condition.
Alteration. A change or modification in a boiler system or subsystem that results in a deviation
from the original design specifications or criteria.
Alternate Fuel. A fuel, other than the main fuel, also used to carry load.
Annunciator. A device that indicates an off-standard or abnormal condition by both visual and
audible signals.
Approved. Acceptable to the authority having jurisdiction.
NOTE: The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations, procedures, equipment, or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure, or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations that is in a
position to determine compliance with appropriate standards for the current production of listed items.

As-Fired. Refers to fuel properties entering a boiler furnace enclosure.
Ash. As a constituent of fuel, noncombustible mineral matter that remains after the complete
burning of a fuel sample. (See also Char, Spent Bed Material.)
Ash, Fly. The fine particles of material that are carried outside the boiler enclosure by the
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gaseous products of combustion.
Ash, Fusion Temperature. The temperature at which a cone of coal or coke ash exhibits certain
melting characteristics. (See ASTM D 1857, Standard Test Method for Fusibility of Coal and
Coke Ash.)
Atmospheric Fluidized-Bed Combustion. A fuel-firing technique using a fluidized bed
operating at near-atmospheric pressure on the fire side.
Atomizer. A device in a burner that emits liquid fuel in a finely divided state.
Atomizer, Mechanical. A device in an oil burner that emits liquid fuel in a finely divided state
without using an atomizing medium.
Atomizing Medium. A supplementary fluid, such as steam or air, that assists in breaking down
liquid fuel into a finely divided state.
Authority Having Jurisdiction. The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
NOTE: The phrase "authority having jurisdiction" is used in NFPA documents in a broad manner, since
jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is primary, the
authority having jurisdiction may be a federal, state, local, or other regional department or individual such as a
fire chief; fire marshal; chief of a fire prevention bureau, labor department, or health department; building
official; electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the authority having
jurisdiction. In many circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or departmental official may
be the authority having jurisdiction.

Bed Compartment. Segments of a fluidized bed, which might be individually controlled with
respect to combustion airflow and fuel feed.
Bed Drain. An opening provided in the enclosure of a fluidized bed for the removal of spent
bed material and any tramp material.
Bed Material. Granular particles that compose the fluidized bed.
Bed Temperature. The average temperature of the fluidized bed.
Boiler. A closed vessel in which water is heated, steam is generated, or steam is superheated,
or in which any combination thereof takes place by the application of heat from combustible
fuels, in a self-contained or attached furnace.
Boiler Control System. The group of control systems that regulates the boiler process,
including the combustion control but not the burner management.
Boiler Enclosure. The physical boundary for all boiler pressure parts and the combustion
process.
Bubbling Fluidized Bed (BFB). A fluidized bed in which the fluidizing velocity is less than the
terminal velocity of individual bed particles and in which part of the fluidizing gas passes
through the bed as bubbles.
Burner. A device, or group of devices, for the introduction of fuel and air into a furnace at the
velocities, turbulence, and concentration necessary to maintain ignition and combustion of the
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fuel in a defined flame envelope within the furnace.
Auxiliary Load-Carrying Burner. A burner whose primary purpose is load carrying, located
over the bed and having its own air supply.
Duct Burner. A warm-up burner mounted in a duct used to heat air introduced directly into or
through the bed.
Over Bed Burner. A warm-up burner located above the bed and firing over or into the bed.
Warm-up Burner. A burner having its own air supply used to warm up the bed to the ignition
temperature of the main fuel. The warm-up burner also can be used for limited load carrying.
Burner Management System. The control system dedicated to boiler furnace safety, operator
assistance in the starting and stopping of fuel preparation and burning equipment, and for
preventing misoperation of and damage to fuel preparation and burning equipment. The burner
management system includes the following functions specified in this standard: interlock system,
fuel trip system, master fuel trip system, master fuel trip relay, flame monitoring and main fuel
monitoring, main fuel combustion monitoring, bed temperature monitoring, and warm-up burner
subsystems.
Calcination. The endothermic chemical reaction that takes place when converting calcium
carbonate or calcium hydroxide to calcium oxide.
Calcium to Sulfur Molar Ratio (Ca/S). The ratio of the total moles of calcium in the sorbent
fed to the boiler to the total moles of sulfur in the fuel fed to the boiler.
Capacity. The manufacturer’s stated output rate over a period of time for which the boiler is
designed to operate.
Capacity, Maximum. The highest rated capacity of a steam generator.
Char. The unburned combustibles in solid form combined with a portion of the fuel ash.
Circulating Fluidized Bed (CFB). A fluidized bed in which the fluidizing velocities exceed the
terminal velocity of individual bed particles.
Coal. The general name for the natural, rock-like, brown-to-black derivative of forest-type
plant material. By subsequent underground geological processes, this organic material is
progressively compressed and indurated over time, ultimately becoming graphite and
graphite-like material. Coal contains carbon, hydrogen, oxygen, nitrogen, and sulfur, as well as
inorganic constituents that form ash after burning. There is no fixed standard for coal, but there
is an almost endless variety with respect to character and composition. The basic classifications
for coal are lignite, subbituminous, bituminous, and anthracite. (See ASTM D 388, Standard
Classification of Coals by Rank.)
Combustion Chamber. The portion of the boiler enclosure into which the fuel is fed, ignited,
and burned.
Combustion Control System. The control system that regulates the furnace fuel input, furnace
air input, bed inventory, and other bed heater transfer mechanisms to maintain the bed
temperature and the air/fuel ratio within the limits necessary for continuous combustion and
stable bed operation throughout the operating range of the boiler in accordance with demand.
This control system includes the furnace draft control where applicable.
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Continuous Trend Display. A dedicated visual display of an operating trend(s) by any
instrument such as a cathode ray tube (CRT), chart recorder, or other device to quantify changes
in the measured variable(s).
Crusher. A device for reducing the size of solid fuels.
Directional Blocking. An interlock that, upon detection of significant error, acts to inhibit the
movement of all appropriate final control elements in the direction that increases the error.
Drip Leg. A chamber of ample volume, with suitable clean-out and drain connections, into
which gas is discharged so that liquids and solids are trapped.
Elutriation. The selective removal of fine solids from a fluidized bed by entrainment in the
upward flowing products of combustion.
Extension. An addition to the boiler system or additional subsystems.
Fans.
Forced Draft (FD) Fan. A device used to pressurize and supply ambient air to the boiler
mechanically to support combustion. In a fluidized-bed boiler, FD fans generally include both
primary air and secondary air fans.
Induced Draft (ID) Fan. A device used to remove the products of combustion from the boiler
mechanically by introducing a negative pressure differential.
Fan Test Block Capability. The point on the curve of the head versus the flow characteristics at
which the fan is selected. This is the calculated operating point associated with the maximum
continuous rating of the boiler furnace plus the head, flow, and temperature margins.
Flame Detector. A device that senses the presence or absence of flame and provides a usable
signal.
Flame Detector, Self-Checking. A flame detector that automatically, and at regular intervals,
tests the entire sensing and signal processing system of the flame detector. This ensures that the
failure of any single component cannot result in a false indication of flame.
Flame Envelope. The confines (not necessarily visible) of an independent process that converts
fuel and air into products of combustion.
Fluidize. To blow air or gas through a bed of finely divided solid particles at such a velocity
that the particles separate and behave much like a fluid.
Fluidized Bed. A bed of granular particles maintained in a mobile suspension by the velocity
of an upward flow of air or gas.
Freeboard. The space or volume above the upper surface of the bubbling bed and below the
entrance to the convective pass.
Fuel, Auxiliary. Fuel, generally gaseous or liquid, used to warm the bed material sufficiently to
allow ignition of the main fuel upon injection into the heated bed material; also can be used to
carry partial or full load as an alternate to the main fuel. Auxiliary fuels are fired in burners.
Fuel, Main. Gaseous, liquid, or solid fuel introduced into the bed after the bed temperature has
reached a value sufficient to support its combustion and that is used during the normal operation
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of the boiler. Main fuels necessitate the use of the fluidized hot bed as their ignition source.
Fuel Cutback. An action of the combustion control system that reduces fuel flow when the
air/fuel ratio is less than that of a prescribed value.
Fuel Gas. See LP-Gas and Natural Gas.
Fuel Oil. Grades 2, 4, 5, and 6 fuel oils as defined in ASTM D 396, Standard Specification for
Fuel Oils.
Fuel Trip. The automatic shutoff of a specific fuel as the result of an interlock or operator
action.
Furnace. The combustion chamber of a boiler.
High Gas Pressure Switch. A pressure-actuated device arranged to effect a safety shutdown or
prevent starting when the gas pressure exceeds the preset value.
High Oil Temperature Switch. A temperature-actuated device that initiates a signal when oil
temperature rises above the limits necessary to maintain the viscosity range recommended by the
burner manufacturer.
Igniter. A device that provides proven ignition energy to light off its associated burner
immediately.
Igniter, Class 1 (Continuous Igniter). An igniter applied to ignite the fuel input through the
burner and to support ignition under any burner light-off or operating conditions. Its location and
capacity are such that it provides sufficient ignition energy (generally in excess of 10 percent of
full-load burner input) at its associated burner to raise any credible combination of burner inputs
of both fuel and air above the minimum ignition temperature.
Igniter, Class 2 (Intermittent Igniter). An igniter applied to ignite the fuel input through the
burner under prescribed light-off conditions. It also is used to support ignition under low load or
certain adverse operating conditions. The range of capacity of such igniters generally is 4 percent
to 10 percent of the full-load burner fuel input. It shall not be used to ignite the main fuel under
uncontrolled or abnormal conditions. The burner shall be operated under controlled conditions to
limit the potential for abnormal operation, as well as to limit the charge of fuel to the furnace in
the event that ignition does not occur during light-off. Class 2 igniters shall be permitted to be
operated as Class 3 igniters.
Igniter, Class 3 (Interrupted Igniter). A small igniter applied particularly to gas and oil
burners to ignite the fuel input to the burner under prescribed light-off conditions. The capacity
of such igniters generally does not exceed 4 percent of the full-load burner fuel input. As part of
the burner light-off procedure, the igniter is turned off when the timed trial for ignition of its
associated burner has expired. This is to ensure that the main flame is self-supporting, is stable,
and is not dependent upon ignition support from the igniter. The use of such igniters to support
ignition or to extend the burner control range is prohibited.
Igniter, Class 3 Special (Direct Electric Igniter). A special Class 3 high-energy electrical
igniter capable of directly igniting the burner fuel. This type of igniter shall not be used unless
supervision of the individual burner flame is provided.
Exception: The igniter, Class 3 special, shall be permitted to be used without supervision of the
individual burner flame while scavenging (clearing) the burner.
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Interlock. A device or group of devices arranged to sense a limit or off-limit condition or
improper sequence of events and to shut down the offending or related piece of equipment, or to
prevent proceeding in an improper sequence in order to avoid a hazardous condition.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the authority having jurisdiction and
concerned with product evaluation that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Lance. A device, without its own air supply, that provides fuel input directly into the bed.
Listed. Equipment, materials, or services included in a list published by an organization
acceptable to the authority having jurisdiction and concerned with evaluation of products or
services that maintains periodic inspection of production of listed equipment or materials or
periodic evaluation of services and whose listing states either that the equipment, material, or
service meets identified standards or has been tested and found suitable for a specified purpose.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The authority having
jurisdiction should utilize the system employed by the listing organization to identify a listed product.

Lock Hopper. A feeding device that incorporates a double pressure seal, thus enabling solids to
be fed into a system with a higher pressure than that existing in the solids’ storage area. Also, a
letdown device that incorporates a double pressure seal that enables solids to be withdrawn from
a system with a higher pressure than that existing downstream of the lock hopper.
Logic System. The decision-making and translation elements of the burner management
system.
(a) Hardwired System. A logic system comprised of individual devices and interconnecting
wiring.
(b) Microprocessor-Based System. A logic system comprised of the following:
1. Computer hardware, power supplies, input/output (I/O) devices, and interconnections
between these systems; or
2. An operating system and logic software.
Low Gas Pressure Switch. A pressure-actuated device arranged to effect a safety shutdown or
prevent starting when the gas pressure is below the preset value.
Low Oil Pressure Switch. A pressure-actuated device arranged to effect a safety shutdown or
prevent starting when the oil pressure is below the preset value.
Low Oil Temperature Switch. A temperature-actuated device that initiates a signal when the
oil temperature falls below the limits necessary to maintain the viscosity range recommended by
the burner manufacturer.
Low Water Cutout. A device arranged to effect a master fuel trip when the water level in the
steam drum falls to a predetermined low level.
LP-Gas. A material composed predominantly of any of the following hydrocarbons or their
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mixtures: propane, propylene, normal butane, isobutane, and butylenes.
Main Fuel Temperature Permit. The minimum bed temperature at which the main fuel can be
introduced with resulting stable combustion.
Master Fuel Trip. An event resulting in the rapid shutoff of all fuel, including igniters.
Master Fuel Trip Relay. An electromechanical relay(s) utilized to trip all required equipment
simultaneously when a master fuel trip is initiated.
Minimum Fluidization Velocity. The lowest velocity sufficient to cause fluidization (incipient
fluidization).
Monitor. To sense and indicate a condition without initiating automatic corrective action.
Natural Gas. A gaseous fuel occurring in nature consisting mostly of a mixture of organic
compounds (normally methane, ethane, propane, and butane). The heating value of natural gases
varies from 700 Btu/ft3 to 1500 Btu/ft3 (26.1 MJ/m3 to 55.9 MJ/m3), with the majority averaging
1000 Btu/ft3 (37.3 MJ/m3).
Open Flow Path. A continuous path for movement of an airstream from the forced draft fan
inlet to the stack.
Override Action, Fan. A control that, upon detection of significant error in furnace pressure,
acts to reposition the induced draft fan control device(s) in a direction to reduce the error. (See
Directional Blocking.)
Positive Means. The physical methods of satisfying a requirement.
Prove. To establish by measurement or test the existence of a specified condition, such as
flame, level, flow, pressure, or position.
Purge. A flow of air through the boiler enclosure and associated flues and ducts that effectively
removes any gaseous combustibles and replaces them with air. Purging also can be accomplished
using an inert medium.
Purge Rate. A constant flow of not less than 25 percent of the full-load mass airflow with the
bed in a semifluidized or fluidized condition.
Recirculation (Solids or Recycle). The reintroduction of solid material extracted from the
products of combustion into a fluidized bed.
Recycle Rate. The rate at which a mass of material is reinjected into the fluidized bed. This
value is often expressed as the ratio of the amount being reinjected to the total amount being
elutriated from the fluidized bed.
Recycle Ratio. The mass of material being reinjected into the fluidized bed divided by the
mass of fuel being fed into the bed.
Reinjection. Refers to the return or recycling of material removed or carried from the furnace
back to the furnace. Also refers to fly ash collected and returned to the furnace or combustion
chamber; sometimes expressed as a percent of the total collected.
Repair. A process that returns the boiler system or subsystem to its original design
specifications or criteria.
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Scavenging. The procedure by which liquid fuel left in a burner or igniter after a shutdown is
cleared by admitting steam or air through the burner passages, typically through a dedicated
scavenging medium valve.
Semifluidized. A state in which a uniform flow of air that is less than that necessary to fluidize
the bed is admitted and is found to be sufficient to adequately remove gaseous combustibles as
agreed between the manufacturer and the authority having jurisdiction.
Set Point. A predetermined value to which an instrument is adjusted and at which it shall
perform its intended function.
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is advised but not required.
Sorbent. A constituent in a fluidized bed that reacts with and captures a pollutant or, more
generally, a constituent that reacts with and captures another constituent.
Spent Bed Material. Material removed from a fluidized bed generally comprised of reacted
sorbent, calcined limestone, ash, and solid, unburned combustibles. For some applications, the
spent bed material might also contain some inert material, such as sand.
Stable Bed. A fluidized bed of granular material that maintains sustained combustion at a
desired temperature.
Stable Flame. A flame envelope that retains its continuity throughout the maximum rate of
change within the operating range of the burner.
Standard. A document, the main text of which contains only mandatory provisions using the
word "shall" to indicate requirements, which is in a form generally suitable for mandatory
reference by another standard or code or for adoption into law. Nonmandatory provisions shall
be located in an Appendix, footnote, or fine-print note and are not to be considered a part of the
requirements of a standard.
Sulfation. The exothermic chemical reaction that takes place when calcium oxide unites with
oxygen and sulfur dioxide to form calcium sulfate.
Sulfur Capture. The molar fraction of sulfur in the fuel input that is “captured” by calcium
oxide to form calcium sulfate.
Sulfur Reacted. The fraction of the total sulfur in the fuel fed to the fluidized bed that is
converted to sulfur dioxide or calcium sulfate.
Sulfur Retention. The molar ratio of the total sulfur in the fuel minus the sulfur leaving the unit
as sulfur dioxide to the total sulfur in the fuel.
Supervise. To sense a condition needing attention and automatically initiate corrective action.
Supervised Manual System. A system in which a trained operator has primary responsibility
for the proper start-up, operation, and normal shutdown of a boiler with interlocks to ensure that
the operation follows established procedures.
Supplementary Fuel. Fuel burned to supply additional heat to the steam generator or to support
combustion.
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Transport Air. The air used to convey or inject solid fuel or sorbent or to recycle material. (See
also Air, Primary.)
Unburned Combustible. Combustible matter leaving the boiler furnace enclosure, either as a
gas or solid, without completing combustion.
Unit. The confined spaces of the furnace and the associated boiler passes, ducts, and fans that
convey the gases of combustion to the stack.
Unit Purge. Air at purge rate that is flowed through the unit from the forced draft (FD) fan to
the stack for either (1) a period of not less than 5 minutes, or (2) five changes in volume of the
boiler enclosure, whichever is greater.
Valve, Charging. A small valve bypassing the main safety shutoff valve used for purging and
charging the fuel headers and piping and for testing for leaks.
Valve, Flow Control. A valve capable of regulating quantity of throughput to a controlled
range.
Valve, Safety Shutoff (Fuel Trip Valve). A fast-closing valve that automatically and
completely shuts off the fuel supply to burners, lances, or igniters in response to a fuel trip or a
master fuel trip.
Valve, Supervisory Shutoff. A manually operated shutoff valve with a means to provide a
“valve closed” signal.
Valve, Vent. A valve used to allow venting of air or gas from the system to the atmosphere.
Volatile Matter. The portion of mass, except water vapor, that is driven off in a gaseous form
when solid fuels are heated.
Chapter 4 Equipment Requirements
4-1 Structural Design.
4-1.1 Boiler Enclosure.
4-1.1.1* The boiler enclosure shall be capable of withstanding a transient pressure without
permanent deformation due to yield or buckling of any support member. The minimum design
pressure (see Section 5-1) shall be:
(a) Whichever is greater, 1.67 times the predicted operating pressure of the component or +35
in. (+8.7 kPa) of water, but shall not be in excess of the maximum head capability of the air
supply fan at ambient temperature; and
(b) The maximum head capability of the induced draft fan at ambient temperature but not more
negative than −35 in. (−8.7 kPa) of water.
4-1.1.2 The induced draft fan head capability increases due to significant draft losses beyond the
boiler enclosure or for other reasons, such as excessive induced draft fan test block margins.
Where the induced draft fan test block capability is more negative than −35 in. (−8.7 kPa) of
water, consideration shall be given to an increased negative design pressure.
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4-1.2 Combustion Products Removal Subsystem.
The transient internal design pressure defined in 4-1.1.1 shall be taken into consideration in the
design of the air and gas flow path from the forced draft fan discharge through the stack.
4-2 Fuel-Burning System.
4-2.1 Functional Requirements.
4-2.1.1 The fuel-burning system shall function to convert continuously any ignitible fuel input
into unreactive products of combustion at the same rate that the fuel and air reactants enter the
furnace.
4-2.1.2 The fuel-burning system shall be sized properly, adequate to meet the operating
requirements of the unit, compatible with other boiler component systems, and capable of being
controlled over the full operating range of the unit.
4-2.2 System Requirements.
4-2.2.1 The fuel-burning system shall provide means for proper start-up, operation, and
shutdown of the combustion process. This shall include appropriate openings and configurations
in the component assemblies to allow suitable observation, measurement, and control of the
combustion process.
4-2.2.2 The fuel-burning system consists of the boiler enclosure and the following subsystems:
air supply, coal or other solid fuel supply or both, crusher (where utilized), bed feed, liquid or
gaseous fuel lances, burners, ash removal, ash reinjection, and combustion products removal.
Each shall be sized and interconnected to satisfy the following requirements:
(a) Boiler Enclosure.
1. The boiler enclosure shall be sized and arranged so that stable bed operations and stable
combustion can be maintained.
2. The boiler enclosure shall be free of dead pockets where prescribed purge procedures are
followed.
3. Observation ports shall be provided to allow inspection of the duct and warm-up burners.
4. Means shall be provided for adequate monitoring of conditions at the bed and its ignition
zone. Accessibility for maintenance shall be provided.
(b) Air Supply Subsystem.
1. The air supply equipment shall be sized and arranged to ensure a continuous airflow
adequate for all operating conditions of the unit.
2. The arrangement of air inlets, ductwork, and air preheaters shall minimize contamination
of the air supply by such materials as flue gas, water, fuel, and bed material. Appropriate drain
and access openings shall be provided.
(c) Bed Warm-up Burner Subsystem. (See Section 4-6.)
(d) Solid Fuel Supply.
1. The solid fuel supply subsystem shall be designed to ensure a steady fuel flow for all
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operating requirements of the unit.
2. The solid fuel unloading, storage, transfer, and preparation facilities shall be designed and
arranged to size the fuel, to remove foreign material, and to minimize interruption of the fuel
supply to the feeders. This design shall include the installation of breakers, cleaning screens, and
magnetic separators where necessary. Means for detection of flow interruption and correction
shall be provided to ensure a steady flow to the boiler.
3. Solid fuel feeders shall be designed with a capacity range to allow for variations in size,
quality, and moisture content of the fuel as specified by the purchaser. Fuel piping to and from
feeders shall be designed for free flow within the design range of solid fuel size, quality, and
moisture content. Means shall be provided for proving solid fuel flow. Means shall be provided
for clearing obstructions.
4. A bed feed that operates at a lower pressure than the boiler enclosure to which it is
connected shall have a lock hopper or other suitable means to prevent back flow of combustion
products.
5. If transport air is required, a means shall be provided to ensure a supply that is adequate
for the required fuel input.
(e) Crusher Subsystem (where utilized in the fuel feed system).
1. Fuel crushing equipment shall produce satisfactory fuel sizing over a specified range of
fuel analyses and characteristics. The crushing system shall be designed to minimize the
possibility of fires starting in the system, and means shall be provided to extinguish fires. For
further information, see NFPA 8503, Standard for Pulverized Fuel Systems.
2. The transport system shall be sized and arranged to transport the material properly
throughout the crusher’s operating range.
(f) Fuel Oil or Fuel Gas Lances. (See Section 4-6.)
(g) Solids Removal Subsystems.
1. The bed drain subsystem and flue gas cleaning subsystem shall be sized and arranged to
remove the bed material, fly ash, and spent sorbent at a rate that is at least equal to the rate at
which they are generated by the fuel-burning process during unit operation.
2. Convenient access and drain openings shall be provided.
3. The removal equipment handling hot ash from the boiler shall be designed to provide
material cooling before discharging material into ash handling and storage equipment. Safety
interlocks with a device to monitor cooling medium flow and material discharge temperature
shall be provided to prevent fires or equipment damage.
(h) Combustion Products Removal Subsystem.
1. The flue gas ducts, fans, and stack shall be sized and arranged to remove the products of
combustion at the same rate at which they are generated by the fuel-burning process during
operation of the unit.
2. Convenient access and drain openings shall be provided.
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3. The flue gas ducts shall be designed so that they do not contribute to furnace pulsations.
4. Components common to more than one boiler shall not limit the rate of removal of
products of combustion generated during operation of any or all boilers.
5. Boilers that share a common component between the furnace outlet and the stack shall
have provisions to bypass the common components for unit purge. Purge air shall not discharge
into or through a common component if the other boiler(s) is in operation.
4-3 Burner Management System, Logic.
The intent of this section is to provide guidance in the use of logic systems in burner
management.
4-3.1 General Requirements.
A logic system provides outputs in a particular sequence in response to external inputs and
internal logic. The logic system for burner management shall be specifically designed so that a
single failure in that system does not prevent an appropriate shutdown.
4-3.2 Specific Requirements.
As a minimum, the requirements of 4-3.2.1 through 4-3.2.3.3 shall be included in the design to
ensure that a logic system for burner management meets the intent of this standard.
NOTE: Some items are not applicable to specific types of logic systems (e.g., relay systems).

4-3.2.1 Failure Effects. The logic system designer shall evaluate the failure modes of
components where considering the design application of the system. As a minimum, the
following failures shall be evaluated and addressed:
(a) Interruptions, excursions, dips, recoveries, transients, and partial losses of power;
(b) Memory corruption and losses;
(c) Information transfer corruption and losses;
(d) Inputs and outputs (fail-on, fail-off);
(e) Signals that are unreadable or not being read;
(f) Failure to address errors;
(g) Processor faults;
(h) Relay coil failure;
(i) Relay contact failure; and
(j) Timer failure.
4-3.2.2 Design.
(a) Diagnostics shall be included in the design to monitor processor logic function.
(b) Logic system failure shall not preclude proper operator intervention.
(c) Logic shall be protected from unauthorized changes.
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(d) Logic shall not be changed while the associated equipment is in operation.
(e) System response time (throughput) shall be sufficiently short to prevent negative effects on
the application.
(f) Protection from the effects of noise immunity shall be adequate to prevent false operation.
(g) Any single component failure within the logic system shall not prevent a mandatory master
fuel trip. (See 6-2.5.)
(h) The operator shall be provided with a dedicated manual switch(es) that shall actuate the
master fuel trip relay independently and directly. (See also 9-3.1.4.)
4-3.2.3 Requirement for Independence. The logic system performing the safety functions for
burner management shall not be combined with any other logic system. These burner
management safety functions shall include, but shall not be limited to, proper purge interlocks
and timing, bed temperature monitoring, mandatory safety shutdowns, and burner flame
monitoring. [See A-9-2.3(i).]
4-3.2.3.1 The burner management system shall be provided with independent logic, independent
input/output systems, and independent power supplies and shall be functionally and physically
separate from other logic systems (e.g., boiler control system).
4-3.2.3.2 The same hardware type used for other logic systems shall be permitted to be used for
burner management systems.
4-3.2.3.3 Data highway communications between the burner management system and other
systems shall be permitted. However, signals that initiate mandatory master fuel trips shall be
hardwired.
4-3.2.4 Logic sequences or devices intended to cause a safety shutdown, once initiated, shall
cause a burner or master fuel trip, as applicable, and shall require operator action prior to
resuming operation of the affected burner(s). No logic sequence or device shall be permitted that
allows momentary closing and subsequent inadvertent reopening of main or ignition fuel valves.
4-4 Combustion Monitoring and Tripping Systems.
4-4.1 Functional Requirements.
The basic requirements of the combustion monitoring and tripping system shall be as follows:
(a) Combustion instability situations shall be brought to the attention of the operator for
remedial action.
(b) An emergency shutdown of the involved equipment shall be automatically initiated upon
detection of serious combustion problems likely to lead to the accumulation of unburned fuel or
other hazardous situations.
4-4.2* Bed Temperature Monitoring.
4-4.2.1 The bed temperature, monitored by taking a number of measurements physically located
in the bed, shall provide a representative bed temperature profile under all operating conditions.
If the bed is compartmented, the bed temperature of each individual compartment shall be
monitored. The bed temperature(s) shall be available to the operator.
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4-4.2.2 An indication of bed temperature outside the normal operating range shall be brought to
the attention of the operator in order to permit remedial action.
4-4.2.3 Upon detection of a bed temperature that falls below the minimum value established for
self-sustaining combustion of the fuel(s) being fired in the bed, that fuel supply shall be
automatically shut down.
4-5 Combustion Control System.
4-5.1 Functional Requirements.
4-5.1.1 The combustion control system shall maintain furnace fuel and air input in accordance
with demand.
4-5.1.2 The combustion control system shall maintain the bed temperature within the limits
required for continuous stable combustion for the full operating range of the boiler.
4-5.1.3 Furnace inputs and their relative rates of change shall be controlled to maintain the
air/fuel ratio within the limits required for continuous combustion and stable bed conditions for
the full operating range of the boiler.
NOTE: To maintain a proper air/fuel ratio, the use of gravimetric-type or calibrated volumetric-type feeders
with the use of combustion airflow measurement and monitoring of the flue gas percent oxygen and low range
combustibles is an acceptable method of controlling the air/fuel ratio.

4-5.2 System Requirements.
4-5.2.1 Equipment shall be provided and operating procedures established to heat the bed
material prior to admitting fuel to the bed. For bed start-up, the temperature of the bed material
shall be raised to the minimum value established for self-sustaining combustion of the fuel, and
the bed shall be fluidized before fuel is admitted. (See Appendix B.)
4-5.2.2 Provisions shall be made for setting minimum and maximum limits on the fuel and air
control subsystems to ensure stable bed operation and to prevent fuel and airflows beyond the
capacity of the furnace. These minimum and maximum limits shall be defined by the boiler
manufacturer and verified by operating tests.
4-5.2.3 Where changing the rate of furnace input, the airflow and fuel flow shall be changed
simultaneously to maintain proper air/fuel ratio during and after the changes. This shall not
eliminate the requirements for air lead and lag during changes in the fuel firing rate. Setting the
fuel flow control on automatic without setting the airflow control set on automatic shall be
prohibited, and this function shall be interlocked.
NOTE: Where fluidized-bed combustion boilers burn fuels of widely varying heat value and air demand per
unit of fuel, the required air/fuel ratio limits should include provision for the calibration of the air/fuel ratio.

4-5.2.4 The control system shall prevent the demand for a fuel-rich mixture while in the
automatic control mode.
4-5.2.5 Means shall be provided to limit fuel input to the air available while in the automatic
control mode.
4-5.2.6 On balanced draft furnaces, furnace draft shall be maintained at the set point.
4-5.2.7 Equipment shall be designed and procedures established to allow as much on-line
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maintenance of combustion control equipment as practicable.
4-5.2.8 Provisions for calibration and testing of combustion control and associated interlock
equipment shall be furnished.
4-5.2.9* Flue gas oxygen analyzers shall be provided for use as an operating guide.
Consideration also shall be given to providing a combustibles analyzer for use as an operating
guide.
4-5.2.10 Fuel gas flow meters shall be operated at constant pressure conditions or shall be
pressure compensated where pressure variations introduce a significant error.
4-5.2.11 Fuel oil flow meters shall be compensated where variations in temperature or viscosity
introduce a significant error.
4-5.2.12 Consideration shall be given to providing solid fuel flow measurement devices on each
feeder as a part of the combustion control and solid fuel feed control systems in order to provide
indexes of total fuel versus total airflow and for use as an operating guide.
4-5.2.13 Means shall be provided to maintain adequate transport/fluidizing air for transporting
the required fuel, sorbent, and recycled ash material, as applicable.
4-6 Warm-up Burners and Lances.
4-6.1 Fuel Supply Subsystem, Gas.
4-6.1.1 The fuel supply equipment shall be sized and arranged to ensure a continuous fuel flow
that is adequate for all operating requirements of the unit. These include coordination of the fuel
control valve, burner safety shutoff valves, and associated piping volume to prevent fuel pressure
transients that might result in exceeding burner limits for stable flame caused by placing burners
in service or taking them out of service.
4-6.1.2 The portion of the fuel supply system located outside the boiler room shall be arranged to
prevent excessive fuel gas pressure in the fuel-burning system, even in the event of a failure of
the gas supply constant fuel pressure regulator(s). Usually this can be accomplished by providing
full relieving capacity, vented to a safe location. Where full relieving capacity is not installed, a
high gas supply pressure trip shall be provided. (See also 7-5.3.)
4-6.1.3 The fuel supply equipment shall be designed to inhibit contamination of the fuel.
Convenient access to important fuel system components shall be provided. Drains shall be
provided at low points in the piping.
4-6.1.4 The fuel supply equipment shall be capable of continuing the proper fuel flow during
anticipated furnace pressure pulsations.
4-6.1.5 The fuel supply equipment shall be designed with careful consideration of the operating
environment and ambient conditions, including severe external conditions such as fire or
mechanical damage. Special attention shall be given to such factors as routes of piping and valve
locations to minimize exposure to explosion hazard or high temperature sources.
4-6.1.6 As much of the fuel subsystem as is practicable shall be located outside the boiler house.
A manual emergency shutoff valve shall be provided that is accessible in the event of fire in the
boiler area.
4-6.1.7 A positive means to prevent leakage of gas into a furnace or duct shall be provided.
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Provisions shall be included to vent the piping upstream of the last shutoff valve in any line to a
burner, igniter, or lance.
4-6.1.8 Provisions shall be made in the gas piping to allow testing for leakage and subsequent
repair. Such provisions shall include a permanent and ready means for making easy, accurate,
periodic tightness tests of the header safety shutoff valves and individual safety shutoff valves.
4-6.1.9* The discharge from atmospheric vents shall be located so that there is no possibility of
the discharged gas being drawn into the air intake, ventilating system, or windows of the boiler
room or adjacent buildings and shall be extended sufficiently above the boiler and adjacent
structures so that gaseous discharge does not present a fire hazard.
Vents shall be sized according to Table 4-6.1.9

Table 4-6.1.9 Vent Line Sizes
Fuel Line Diameter

Vent Line Diameter

(in.)

(mm)

(in.)

(mm)

≤11/2
2
1
2 /2 to 3
31/2
4 to 5
51/2 to 6
61/2 to 71/2
8
>8

≤38
50.8
64 to 76

3/

4
1
11/4
11/2
2
21/2

19
25.4
31.8

3
31/

76

89
102 to 127
140 to 152
165 to 191
203
203

38
50.8
64

89
2
15% of the cross-sectional
area of the pipe

4-6.1.10 The vent lines from the individual burners shall be permitted to be manifolded together.
The vent lines from the individual igniters shall be permitted to be manifolded together. The
cross-sectional area of the manifolded line shall not be less than the largest vent line plus 50
percent of the sum of the cross-sectional areas of the additional vent lines.
Exception No. 1: Burner vents shall not be manifolded with igniter vents or lance vents in any
combination.
Exception No. 2: Header vents shall be permitted to be manifolded with other header vents only
where they are operated and tripped in parallel.
Exception No. 3: Vents of headers served from different pressure reducing stations shall not be
manifolded.
Exception No. 4: Vent systems of different boilers shall not be manifolded.
Exception No. 5: Vents of systems operating at different pressures shall not be manifolded.
Exception No. 6: Vents of systems using different fuel sources shall not be manifolded.
4-6.1.11 Shutoff valves shall be located as close as practicable to the igniters, burners, or lances
to minimize the volume of fuel downstream of the valve.
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4-6.1.12 Gas piping materials and system design shall be in accordance with ANSI B31.1, Power
Piping.
4-6.2 Fuel Supply Subsystem, Fuel Oil.
4-6.2.1 The fuel supply equipment shall be sized and arranged to ensure a continuous fuel flow
that is adequate for all operating requirements of the unit. These include coordination of the fuel
control valve, burner safety shutoff valves, and associated piping volume to prevent fuel pressure
transients that might result in exceeding burner limits for stable flame caused by placing burners
in service or taking them out of service.
4-6.2.2 Unloading, storage, pumping, heating, and piping facilities shall be designed and
arranged to inhibit contamination of the fuel. Where necessary, cleaning devices shall be
provided to ensure a clean fuel to valves and burners. Convenient access to important fuel
system components shall be provided. Adequate drains shall be provided.
4-6.2.3 Fill and recirculation lines to storage tanks shall discharge below the liquid level to avoid
free fall, which might generate static electrical charges as well as increased vaporization.
4-6.2.4 Adequate strainers, filters, traps, sumps, and similar components shall be provided to
remove harmful contaminants where practicable; materials not removed shall be accommodated
by special operating and maintenance procedures. Contaminants in fuel include salt, sand,
sludge, water, and other abrasive or corrosive constituents. Some fuels contain waxy materials
that precipitate, clogging filters and other elements of the fuel system.
4-6.2.5 The fuel supply equipment shall be designed with careful consideration of the operating
environment and ambient conditions, including severe external conditions such as fire or
mechanical damage. Special attention shall be given to such factors as routes of piping and valve
locations to minimize exposure to explosion hazard or to high temperature or low temperature
sources. Low temperatures can increase viscosity, inhibit flow, or precipitate waxy materials.
High temperatures can cause carbonization or excessive pressures and leakage due to fluid
expansion in “trapped” sections of the system.
4-6.2.6 As much of the fuel supply subsystem as is practicable shall be located outside the boiler
house. A manual emergency shutoff valve shall be provided that is accessible in the event of fire
in the boiler area.
4-6.2.7 A means shall be provided to prevent or relieve excess pressure from expansion of
entrapped oil in the fuel system. This is especially important in the case of crude oil.
4-6.2.8 Relief valve discharge passages, vents, and telltales shall be provided with suitable
piping to allow the safe discharge of oil or vapors. This piping might need to be heat traced.
4-6.2.9 Shutoff valves shall be located as close as practicable to the igniters, burners, or lances to
minimize the volume of fuel downstream of the valve.
4-6.2.10 Oil piping materials and system design shall be in accordance with NFPA 31, Standard
for the Installation of Oil-Burning Equipment, and ANSI B31.1, Power Piping.
4-6.2.11 All instrument and control piping and other small lines containing oil shall be rugged,
capable of withstanding the expected range of external temperatures, suitably protected against
damage, and maintained at the proper temperature. The use of interface fluids or sealing
diaphragms might be necessary with this instrumentation.
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4-6.2.12 A positive means to prevent leakage of oil into a furnace or duct shall be provided.
4-6.2.13 Provisions shall be made in the oil supply system to allow testing for leakage and
subsequent repair. Such provisions shall include a permanent and ready means for making easy,
accurate, periodic tightness tests of all safety shutoff valves.
4-6.2.14 Fuel oil shall be delivered to the burners at the proper temperature and pressure as
recommended by the burner manufacturer to ensure proper atomization.
4-6.2.15 Where heating of oil is necessary, it shall be accomplished without contamination or
coking.
4-6.2.16 Adequate recirculation provisions shall be incorporated for controlling the viscosity of
the oil to the burners for initial light-off and for subsequent operation. Recirculation systems
shall be designed and operated to prevent excessively hot oil from entering fuel oil pumps that
could cause them to vapor-bind, and subsequently interrupt the fuel oil supply.
4-6.2.17 A positive means shall be provided to prevent fuel oil from entering the burner header
system through recirculating valves, particularly from the fuel supply system of another boiler.
NOTE: Check valves for this function have not proven dependable in heavy oil service.

4-6.2.18 Provisions, including an ignition source, shall be provided for clearing (scavenging) the
passages of an atomizer that lead into the furnace or duct.
4-6.3 Warm-up Burner Subsystem.
4-6.3.1 General.
4-6.3.1.1 The warm-up burner subsystem shall function to supply sufficient heat energy to bring
the bed to the fuel ignition temperature.
4-6.3.1.2 The warm-up burner shall meet the requirements of 4-2.1.
4-6.3.1.3 Provision shall be made for visual observation of conditions at the burner ignition zone.
Additional provisions shall be made for flame detection equipment. The burner equipment shall
be located in an appropriate environment with convenient access for maintenance. Special
attention shall be given to fire hazards imposed by leakage or rupture of piping near the burner.
The requirements of good housekeeping shall be practiced.
4-6.3.2 Subsystem Requirements.
4-6.3.2.1 Air Supply. A portion of the total air supply sufficient for light-off and flame
stabilization shall be supplied to the warm-up burner(s).
4-6.3.2.2 Ignition.
(a) The ignition subsystem shall be sized and arranged to ignite the warm-up burner fuel input
within the limits of the igniter classification. The subsystem shall be tested to verify that the
igniters furnished meet the requirements of the class specified for the subsystem design. Igniters
are designated according to use as Class 1, Class 2, or Class 3 as defined in Chapter 3 and
verified by test. Many factors affect the classification of igniters, including the characteristics of
the warm-up fuel, the furnace and burner design, and the igniter capacity and location relative to
the warm-up fuel burner.
(b) Where Class 1 and Class 2 igniters are used, the tests described in 4-6.5 also shall be
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performed with the ignition subsystem in service to verify that the igniters furnished meet the
requirements of the class specified in the design. The resulting extended turndown range shall be
available where Class 1 igniters are in service and flame is proven.
(c) Tests shall be performed to determine transient limits in the igniter air and fuel supplies, or
the warm-up burner air and fuel supplies, that do not extinguish the igniter flame or reduce the
igniter’s ability to perform its intended function or adversely affect other burners or igniters in
operation. (See also 4-6.5.)
(d) Permanently installed igniters shall be required. They shall be individually supervised to
verify that the requirements of 4-6.3.2.2(a), (b), and (c) have been met. This shall include
supervision of the igniter flame and capacity.
(e) The ignition equipment shall be located in an appropriate environment with convenient
access for maintenance.
4-6.3.2.3 Flame Monitoring and Tripping, Functional Requirements. The basic requirements
of any flame monitoring and tripping system shall be as follows:
(a) The warm-up burners shall meet the requirements of 4-4.1.
(b) Each burner shall provide enough system resistance or dampening to the fuel and airflow to
override anticipated furnace pulsations and maintain stable combustion.
(c) Each burner shall be individually supervised. Upon detection of loss of burner flame, the
safety shutoff valve for the burner experiencing the loss shall automatically close.
(d) It is recognized that any fuel input that does not ignite and burn on a continuous basis
creates a hazard. Regardless of the number or pattern of flame loss indications used for tripping,
loss of flame indication on an operating burner or flame envelope shall initiate an alarm to warn
the operator of potential hazard.
(e) Field testing shall be required to validate basic flame tripping concepts. These tests shall be
performed on representative units. The results of these tests shall be permitted to be applied to
other units of similar size and arrangement, including burners/nozzles of substantially the same
capacity that use similar fuels. These tests shall not replace acceptance tests relating to proof of
design, function, and components.
(f) Oil-fired warm-up burners, firing into the bed, shall be permitted to be scavenged
immediately after shutdown or trip if the bed is fluidized and the bed temperature is greater than
1400°F (760°C) or if associated igniters are in service.
4-6.3.2.4 Flame Detection.
(a) Flame Detector Sighting. The use of flame detector sighting shall be considered in the
initial burner design. Field tests shall be required to establish optimum sighting angles of burners
or nozzles and also to check the effective angular range of flame detectors in relation to burners
or nozzles. Methods and equipment used to reduce the emission of air pollutants can affect the
burner flame, selection of the flame detector, and location/sighting of the flame detector.
(b) Clean Air Supply. Clean air, where necessary, shall be supplied in order to minimize
problems with dirty detector lenses.
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(c) Self-Checking of Flame Detectors. Where flame-sensing detectors can fail in the
flame-proven mode, self-checking features shall be provided.
(d) System Objectives. System objectives shall be developed with due consideration given to
those requirements that are specifically related to the combustion conditions that are typical for
particular furnace configurations, burner systems, and fuel characteristics. Such objectives shall
be consistent with the particular manufacturer’s design philosophy.
4-6.3.2.5 Combustion Control System.
(a) The combustion control system shall be in accordance with Section 4-5.
(b) Equipment shall be provided and operating procedures established to ensure a stable flame
condition at each burner and to preclude the possibility of an air/fuel ratio condition that could
result in a fuel-rich condition within the furnace.
(c) Provision shall be made for setting minimum and maximum limits on the warm-up burner
fuel and air control subsystems to prevent fuel flow and airflow beyond the stable flame limits of
the burner(s). These minimum and maximum limits shall be specified by the burner
manufacturer and verified by operating tests. (See 7-3.2.)
(d) The control system shall prevent the demand for a fuel-rich mixture while in the automatic
control mode.
4-6.4 Lance Subsystem.
4-6.4.1 Functional Requirements.
4-6.4.1.1 The lance subsystem shall function to provide alternate or supplemental fuel input to
the bed.
4-6.4.1.2 The lances shall meet the requirements of 4-2.1.
4-6.4.2 Subsystem Requirements.
4-6.4.2.1 Fuel Supply System.
(a) The liquid or gaseous fuel lance subsystem shall be designed so that the fuel is supplied in
a continuous manner and within the confines of stable combustion limits. Minimum bed
temperature interlocks shall be furnished to ensure the combustion of fuel in the bed at all times.
(b) Provision shall be made for protecting the lance nozzles and tips.
(c) The lance equipment shall be located in an appropriate environment with access for
maintenance. Special attention shall be given to fire hazards posed by leakage or rupture of
piping near the lance. Good housekeeping practices shall be enforced.
4-6.4.2.2 Multiple Lances Under Common Control.
(a) A group of lances shall be permitted to be supplied from a common header whose input is
controlled by a single set of fuel safety shutoff and control valves.
(b) Flow to a group of lances that is controlled from a common source shall be treated as an
individual lance.
4-6.5 Burner Testing.
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The turn-down limits of stable flame for each burner subsystem producing a separate flame
envelope shall be determined by tests without the ignition system in service. These tests shall
verify that transients generated in the fuel and air subsystems do not adversely affect the burners
in operation. Such transients are generated by components such as burner shutoff valves or
dampers that operate at speeds faster than the speed of response of other components in the
system. These tests shall include the use of those fuels expected to be used.
4-7 Power Supplies.
All reasonable precautions shall be taken to ensure the availability of a failure-free power
supply (electric or pneumatic) to all devices.
4-8 Operating Information.
As a minimum, continuous, simultaneous trend displays of boiler steam flow, feed-water flow,
total fuel flow, and total airflow as a percentage of the maximum unit load shall be provided at
the operating location. Continuous, simultaneous trend displays also shall be provided at the
operating location for drum level, bed temperature(s), final steam temperature, main steam
pressure, and furnace draft.
Chapter 5 Furnace Pressure Excursion Prevention
5-1 General.
This chapter provides methods for minimizing the risks of furnace pressure excursions in
excess of furnace structural capability. This shall be accomplished by one of the following
methods:
(a) The boiler enclosure, the air supply system, and the flue gas removal system shall be
designed so that the maximum head capability of the forced draft and induced draft fans within
these systems, with ambient air, does not exceed the design pressure of the boiler enclosure,
associated ducts, and equipment. This design pressure is defined the same as, and shall be in
accordance with, the wind and seismic stresses of subsection 1-5.6 of Section 5 of AISC M016,
Manual of Steel Construction Allowable Stress Design.
(b) A furnace pressure control system shall be provided in accordance with Section 5-2 and a
furnace design as specified in 4-1.1.
NOTE: For the purpose of discussion within Chapter 5, the generic term “forced draft fan” is used to refer to a
number of combustion air sources commonly found on fluidized-bed boilers. Due to the diverse nature of the
air supply systems provided on fluidized-bed boilers, a careful study of the specific design is recommended in
order to apply the provisions of this chapter properly to a specific unit. Some special considerations include:
(a) Multiple air sources at different locations (e.g., primary air fans, secondary air fans).
(b) The isolating effect of a slumped bed.
(c) High-pressure blowers.

5-2 Furnace Pressure Control Systems.
5-2.1 Functional Requirements.
Copyright 1996 NFPA

The furnace pressure control system shall control the furnace pressure at the desired set point
in the combustion chamber.
5-2.2 System Requirements.
See Figure 5-2.2.

Figure 5-2.2 System requirements.

5.2.2.1 The furnace pressure control subsystem (A), as shown in Figure 5-2.2, shall position the
draft regulating equipment to maintain furnace pressure at the desired set point.
5-2.2.2 The control system, as shown in Figure 5-2.2, shall include:
(a) Three furnace pressure transmitters (B), each on a separate pressure-sensing tap and
suitably monitored (C) to minimize the possibility of operating with a faulty furnace pressure
measurement;
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(b) A feed-forward signal (D) to indicate boiler airflow demand. This shall be permitted to be a
fuel flow signal, a boiler-master signal, or other suitable index of demand but shall not be a
measured airflow signal;
(c) Override action or directional blocking (E) for large furnace draft errors introduced after
the auto/manual transfer station (P); and
(d) The prevention of uncontrolled changes in air or flue gas flow caused by axial fans, where
used, achieved by operating the fans in such a manner as to avoid a stall condition.
NOTE: Purge air might be necessary to keep the sensing lines open.

5-2.3 Component Requirements.
5-2.3.1 Power Supplies. All reasonable precautions shall be taken to ensure the availability of a
failure-free power source (electric or pneumatic) to all devices associated with the furnace
pressure control protection systems.
5-2.3.2 Furnace Pressure Control Final Control Elements. The furnace pressure control
element(s) [i.e., draft fan inlet damper, drive blade pitch control, speed control (see H in Figure
5-2.2)] shall meet the following criteria:
(a) The operating speed shall not exceed the control system’s sensing and positioning
capabilities in order to avoid undesirable hunting and overshooting of automatic control.
Excessive speed can create damaging negative pressure transients. Excessive speed also can be
unsuitable for manual control.
(b) The operating speed of the draft control equipment shall not be less than that of the airflow
control equipment.
(c) To ensure a satisfactory rate of response with variable speed and axial fans, special
consideration shall be given to the design of the furnace draft control system.
5-3 Sequence of Operations.
5-3.1 Functional Requirements.
5-3.1.1 The purpose of sequencing requirements is to ensure that operating events occur in the
proper order and is not to provide fan operating procedures. The proper fan start-up and
shutdown procedures shall be specified by manufacturers, engineering consultants, and operating
companies. These procedures shall be integrated with the operating procedures specified in this
chapter and in Chapter 6.
5-3.1.2 An open flow path from the inlet of the forced draft fans through the stack shall be
ensured under all operating conditions. Where the system design does not allow the use of fully
open air paths, the minimum width of open area air paths shall not be less than that required for
purge airflow with fans in operation. Those principles to be observed shall include the following:
(a) On installations with multiple induced draft or forced draft fans, all fan flow control
devices and shutoff dampers shall be opened in preparation for starting the first induced draft
fan. In addition, sufficient isolating dampers, windbox dampers, air registers, and other control
dampers shall be opened to ensure an open flow path from the forced draft fan inlet through the
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furnace, the induced draft fans, and the stack. Unless an open flow path is provided by other
means, the open path shall be ensured while starting the first induced draft and forced draft fan.
NOTE: On installations with multiple induced draft and forced draft fans, during any individual fan’s starting
sequence, its associated flow control devices and shutoff dampers may be permitted to be closed.

(b) On installations with a single induced or forced draft fan, the induced draft fan’s associated
control devices and shutoff dampers shall be permitted to be closed as required during the fan’s
start-up. Once the induced draft fan is operating and has stabilized, the forced draft fan’s
associated flow control devices and shutoff dampers shall be brought to the position that ensures
acceptable starting current for that fan’s start-up and then brought to the position for purge
airflow during fan operation.
(c) Within the limitations of the fan manufacturer’s recommendations, all flow control devices
and shutoff dampers on idle fans shall remain open until the first induced draft and first forced
draft fans are in operation while maintaining furnace pressure conditions and indication of an
open flow path. After the first induced draft and forced draft fans are started and are delivering
air through the furnace, the shutoff damper(s) of the remaining idle fan(s) shall be permitted to
be closed.
(d) The practice of operating with excess induced draft fan capability in relation to either
forced draft fan capability or boiler load shall be discouraged.
5-3.1.3 The sequence for starting and stopping fans under all conditions shall be as follows:
(a) An induced draft fan is started, and then a forced draft fan is started. Subsequent induced
draft and forced draft fans shall be started in accordance with 5-3.1.4.
(b) Shutdown procedures shall be the reverse of those required in 5-3.1.3(a).
5-3.1.4 Where starting and stopping fans, the methods employed and the manipulation of the
associated control elements shall minimize furnace pressure excursions. The furnace pressure
control subsystem shall be placed on and maintained on automatic control as soon as practicable.
5-3.1.5 Following shutdown of the last fan due to any cause, the opening of fan dampers shall be
delayed or controlled to avoid excessive positive or negative furnace pressure transients during
fan coast-down.
5-4 Interlock System.
5-4.1 Functional Requirements.
The functional requirements for interlock systems specified in Chapter 9 shall be followed.
5-4.2 System Requirements.
5-4.2.1 It is possible to achieve conditions conducive to a furnace pressure excursion that cannot
be detected by any of the mandatory automatic-trip devices, even though such devices are
properly adjusted and maintained; therefore, operating personnel shall be made aware of the
limitations of the automatic protection system.
5-4.2.2 The following interlocks shall be provided:
(a) High Furnace Pressure.

Copyright 1996 NFPA

1. A master fuel trip shall be initiated when the furnace pressure exceeds the normal
operating pressure by a value specified by the manufacturer. If fans are operating after the trip,
they shall be continued in service. The airflow shall not be increased by deliberate manual or
automatic control action.
2. Before the main fuel firing and following a master fuel trip, forced draft fans shall be
tripped if the furnace positive pressure exceeds the normal operating pressure by a value
specified by the manufacturer. The value of the positive pressure at which this trip is activated
shall be greater than that specified in 5-4.2.2(a)1.
(b) High Furnace Draft (Balanced-Draft Units).
1. A master fuel trip (not necessarily automatic) shall be initiated when the furnace negative
pressure exceeds the normal operating pressure by a value specified by the manufacturer. If fans
are operating after the trip, they shall be continued in service. The airflow shall not be increased
by deliberate manual or automatic control action.
NOTE: For the trips specified in 5-4.2.2(a)1, (a)2, and (b)1, a short time delay might be necessary to prevent
tripping on rapid transients that do not present a hazard.

2. Before the main fuel firing and following a master fuel trip, all induced draft fans shall be
tripped if furnace negative pressure exceeds the normal operating pressure by a value specified
by the manufacturer. The value of the negative pressure at which this trip is activated shall be
greater than that specified in 5-4.2.2(b)1.
(c) Loss of Forced Draft Fans.
1. An interlock to prove each forced draft fan is running and capable of providing the
required flow shall be provided. Loss of such proofs shall initiate appropriate loss of forced draft
fan interlocks. Variable speed and axial flow fans might necessitate special provisions.
2. Damper(s) shall be closed on loss of an individual forced draft fan, unless it is the last
forced draft fan in service.
3. Where an interlock system is provided to start, stop, and trip induced draft fans and
forced draft fans in pairs, the associated induced draft fan shall be tripped on loss of an
individual forced draft fan, and the dampers associated with both fans shall be closed, provided
they are not the last fans in service. If they are the last fans in service, the forced draft fan
dampers shall remain open, and the induced draft fan shall remain in operation with the control
damper positioned or the speed controlled to avoid excessive negative draft.
4. A master fuel trip shall be initiated on loss of all forced draft fans. All forced draft fan
dampers shall be opened after a time delay to avoid high duct pressure during fan coast-down.
Dampers shall remain open. Gas recirculation fan system dampers shall be closed.
(d) Loss of Induced Draft Fans.
1. An interlock to prove each induced draft fan is running and capable of providing the
required flow shall be provided. Loss of such proofs shall initiate appropriate loss of induced
draft fan interlocks. Variable speed and axial flow fans might necessitate special provisions.
2. Damper(s) shall be closed on loss of an individual induced draft fan, provided it is not the
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last induced draft fan in service.
3. Where an interlock system is provided to start, stop, and trip induced draft fans and
forced draft fans in pairs, the associated forced draft fan shall be tripped on loss of an individual
induced draft fan. The dampers associated with both fans shall be closed, provided they are not
the last fans in service.
4. A master fuel trip shall be initiated on loss of all induced draft fans. All forced draft fans
shall be tripped. All induced draft fan dampers shall be opened after a time delay to avoid high
draft during fan coast-down. Dampers shall remain open and fans shall be started in accordance
with 5-3.1.2 through 5-3.1.4. Gas recirculation fan system dampers shall be closed.
(e) Multiple and Variable Speed Fans. After the start of the first induced draft and forced draft
fans, any subsequent fan(s), whether of the forced draft or induced draft type, shall be capable of
delivering airflow before opening its damper(s).
5-5 Alarm System.
5-5.1 Functional Requirements.
The functional requirements for alarm systems specified in Chapter 10 shall be followed.
5-5.2 System Requirements.
In addition to the alarms required in 5-5.1, the following separately annunciated alarms shall
be provided:
(a) Initiation of directional blocking or runback action;
(b) Redundant transmitter deviations within the furnace pressure control system;
(c) Axial flow fan (if used) nearing stall line;
(d) Fan override action.
Chapter 6 Sequence of Operations
6-1 General.
6-1.1
The purpose of sequencing requirements is to ensure that operating events occur in the proper
order. This allows properly prepared fuel to be admitted to the fluidized-bed combustion zone
only when sufficient bed mass and temperature exist, and when there is proper airflow to ignite
the fuel as it enters the furnace and to burn it continuously and as completely as possible within
the confines of the combustion area.
6-1.2
Sequence of operations is based on the typical safety interlock system shown in Figure 9-3.1
(b). These sequences shall be followed where the unit is operated manually or where certain
functions are accomplished by interlocks or automatic controls. Different arrangements shall be
permitted where equivalent protection is provided and the intent of the operating sequences
specified in this chapter is met.
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6-1.3
The starting and shutdown sequences for fluidized-bed boilers are designed to preserve the
temperature of the bed material and refractory while providing proper operating conditions. As a
result, the warm-up cycle for cold start-up and hot restart, as well as the shutdown sequence, is
different from other coal, oil, or gas-fired boilers. For example, on a cold start-up, after the
normal purge period, airflow through the bed (depending on the process design) shall be
permitted to be reduced below the purge value to provide for the proper warm-up rate. However,
under no circumstances shall the total airflow through the unit be less than the unit purge rate.
Another difference occurs during a hot restart. If the bed material is above a predetermined
minimum ignition temperature, fuel shall be permitted to be admitted to the boiler, or warm-up
burners shall be permitted to be started to preserve bed temperature without the normal purge. A
third difference is that tripping the fans or diverting airflow from previously active bed sections
shall be permitted shortly after a master fuel trip without the normal post purge. Again, the
objective is to maintain bed temperature and protect the refractory against sudden temperature
change by reducing the cooling effect from high volumes of air. Provided that the average bed
temperature remains above the ignition point, sufficient ignition energy remains in the bed
material and refractory to ensure total burnout of combustible volatile matter after the master
fuel trip.
NOTE: The bed temperature measurement is not valid unless the bed is fluidized.

6-1.4
Fluidized-bed boilers that have multiple beds (sometimes called zones, sections, or
compartments) might necessitate a restrictive pattern of bed start-up and shutdown and prohibit
random bed operation. In such cases, bed sequencing shall be specified by the manufacturer’s
operating instructions and verified by actual experience with the unit.
6-1.4.1 The first bed section shall have reached a predetermined ignition temperature before fuel
is introduced.
6-1.4.2 Beds adjacent to an active bed shall have reached a predetermined ignition temperature
before fuel is introduced.
6-1.5
Purge and light-off shall be performed under the following basic operating conditions, which
significantly improve the margin of operating safety, particularly during start-up:
(a) The number of equipment manipulations necessary shall be minimized, thereby minimizing
exposure to operating errors or equipment malfunction.
(b) The hazard of dead pockets in the gas passes and the accumulation of combustibles shall be
minimized by continuously diluting the contents of the furnace with large quantities of air.
6-1.5.1 The basic start-up procedure shall incorporate the following requirements:
(a) All dampers and burner air registers shall be placed in a predetermined open position.
(b) A unit purge with the air registers and dampers in the position specified in 6-1.5.1(a) shall
be completed. The bed shall be purged while in the fluidized or semifluidized condition.
(c) Components (e.g., precipitators, fired reheaters) containing sources of ignition energy shall
Copyright 1996 NFPA

be purged for not less than 5 minutes or five volume changes of that component prior to being
placed into operation, whichever is greater. This purge can be done concurrently with the unit
purge.
(d) The bed warm-up cycle shall start after the purge is complete. Airflow through the bed
shall be permitted to be reduced below the purge requirements depending on the process
constraints. Multizone fluidized beds might necessitate slumping those beds that are not being
heated for start-up. Fluidized beds shall be permitted to be warmed up with the bed in a slumped
or fluidized mode.
(e) Fluidized-bed boilers shall be warmed following the procedures and the warm-up rates
specified by the manufacturer.
(f) Fuel input that necessitates ignition by the bed material shall not be fed into the bed until
the average bed temperature has reached 1400°F (760°C).
Exception: A lower fuel input temperature limit shall be permitted, provided the temperature has
been verified through test or actual experience as being capable of safely igniting the fuel (see
Appendix B). However, in no case shall the temperature be lower than 900°F (480°C) for coal or
1100°F (590°C) for oil and natural gas.
6-1.5.2 Each boiler shall be tested during initial start-up to determine whether any modifications
to the procedures specified in 6-1.5.1 are necessary in order to obtain satisfactory ignition or to
satisfy other design limitations during light-off and warm-up. However, unnecessary
modifications in the basic procedures shall be avoided, thereby satisfying the requirements of
6-1.5, particularly the requirement of 6-1.5(a).
6-2 Operational Requirements.
6-2.1 Cold Start.
6-2.1.1 Preparation for starting shall include a thorough inspection and shall verify the
following:
(a) The furnace and gas passages are in good repair and free of foreign material.
(b) All personnel are evacuated from the unit and associated equipment; all access and
inspection doors are closed; and all equipment and instrumentation are in proper operating
condition.
(c) All airflow and flue gas flow control dampers have been operated through their full range
to check the operating mechanism.
(d) All normally adjustable individual burner dampers or registers have been operated through
their full range to check the operating mechanism.
(e) All safety shutoff valves are operational and closed and ignition sparks are de-energized.
(f) The feeder equipment is effectively isolated to prevent the leakage of fuel or sorbent into
the furnace and to prevent hot air or flue gas from the fluidized bed from leaking back into the
feed system.
(g) The proper drum water level is established; circulating flow is established in forced
circulation boilers.
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(h) The feeders and associated equipment are in good condition and properly adjusted for
service.
(i) Energy is supplied to the control system and to the safety interlocks.
(j) The oxygen analyzer and carbon monoxide or combustibles analyzer, if provided, are
operating satisfactorily; the carbon monoxide or combustibles indication is at zero and oxygen
indication is at maximum.
(k) A complete functional check of the safety interlocks has been made, at minimum, after
overhaul or other significant maintenance.
(l) A complete periodic operational test of each igniter has been made; frequency of testing is
dependent on the design and operating history of each individual unit and ignition system; as a
minimum, a test shall be performed during every start-up following overhaul or other significant
maintenance; a test shall be integrated into the starting sequence and shall follow the purge of
and precede the admission of any warm-up burner fuel.
(m) The furnace contains the proper bed inventory and the bed is charged if necessary.
NOTE: If no bed inventory material is available at start-up, consideration should be given to the use of an inert
material such as sand to reduce the hazard of calcium oxide to maintenance personnel if it becomes necessary
to reenter the unit shortly after start-up. [See A-2-9.7(b).]

6-2.1.2 Starting Sequence. The starting sequence shall be performed in the following order:
Exception: The starting sequence order shall be permitted to be varied where specified by the
boiler manufacturer.
(a) The unit shall be prepared for operation. Adequate cooling water flow to critical
components shall be ensured. Verification that the plant air, instrument air, and service steam
systems are operational shall be made.
(b) Verification of the existence of an open flow path from the inlet(s) of the forced draft fans
through the furnace space and into the stack shall be made.
(c) The flue gas cleanup system, ash transportation system, and gas recirculation fans shall be
started as specified by the equipment manufacturers. Where provided, regenerative-type air
heaters shall be started as specified by the manufacturer. The air heater soot blower shall be
operated as specified by the air heater manufacturer.
(d) An induced draft fan shall be started, then a forced draft fan(s) shall be started in
accordance with the manufacturer’s instructions. Some systems might necessitate starting
additional equipment prior to starting the fans. (The manufacturer’s fan-start procedure shall be
followed.) Additional induced draft or forced draft fans shall be started in accordance with
Chapter 5.
(e) Dampers and air registers shall be opened to the purge position. For duct burners with an
inlet damper or blower (if provided), the inlet damper shall be opened to the purge position and
the blower shall be running to allow boiler airflow purge through the duct burner.
(f) The bed and boiler enclosure shall be purged with not less than five volumetric changes
but, in any event, for a continuous period of not less than 5 minutes. A freeboard purge without
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air specifically passing through the bed material shall not be considered sufficient. The purge
shall include the air and flue gas ducts, air heater(s), warm-up burners(s), windbox(es), and
bed(s).
(g) Gas recirculation systems present special problems with respect to ensuring a complete unit
purge. The boiler manufacturer’s specifications on gas recirculation fan operation during purge
and light-off shall be followed.
(h) Proper bed height shall be established at this time, if necessary, by adding sorbent or inert
solids or by draining excess bed material. Forced draft and induced draft fans shall remain in
operation; solid fuel feeders shall remain off, and all fuel valves shall be proved to be closed.
NOTE: At this point, the bubbling fluidized-bed and circulating fluidized-bed processes have different start-up
procedures. [See also 6-2.1.2(j).]

(i) The bubbling fluidized-bed starting procedure is as follows:
1. The bubbling fluidized-bed process might necessitate two types of devices for warming
the bed. One type is a duct burner that heats the combustion air, and the other type heats the bed
or portions of the bed. The bed warm-up rate shall not exceed the manufacturer’s specifications.
2. Combustion airflow through the bed can be reduced to the level necessary for warming
up the bed sections. However, in no event shall total air through the unit be reduced below purge
rate.
3. Dampers shall be permitted to be closed on bed sections that are not to be fired.
4. Burners shall be started in accordance with Chapters 7 and 8, as applicable.
NOTE: If the first burner fails to light within the established trial for ignition period after admission of fuel,
the unit should be repurged before a second trial.

5. The bed shall continue to be heated at a rate specified by the manufacturer. Proper bed
level shall be maintained by adding sorbent or inert solids as needed.
6. Fuel input that necessitates ignition by the bed material shall not be fed into the bed until
the average bed temperature for the section being started has reached 1400°F (760°C). Warm-up
burners shall remain in service until the stable ignition of this fuel has been established.
Exception: A lower fuel input temperature limit shall be permitted, provided the temperature has
been verified through test or actual experience as being capable of safely igniting the fuel (see
Appendix B). However, in no case shall the temperature be lower than 900°F (480°C) for coal or
1100°F (590°C) for oil and natural gas.
7. The duct temperature shall be maintained within the manufacturer’s specified limits.
8. Verification that the fuel is igniting shall be made by watching for a steady increase in
bed temperature and a decreasing oxygen level. Fuel flow shall be increased to maintain bed
temperature as necessary. Airflow shall be increased as necessary to maintain the desired oxygen
level. In the case of solid fuel, if the main fuel has been fed for more than 90 seconds or a period
established by the manufacturer without an increase in bed temperature, solid fuel feeding shall
be discontinued until the reason for ignition failure is determined.
9. The active bed area shall be expanded by activating idle bed sections according to steam
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load demands by following the manufacturer’s recommended sequence.
(j) The circulating fluidized-bed starting procedure is as follows:
1. The circulating fluidized-bed process initiates its warm-up cycle with the purge complete
permissive. In general, the light-off and warm-up specifications of the manufacturer shall be
followed.
2. After placing the first bed warm-up burner in service, the bed material and refractory
shall be heated at the manufacturer’s specified rate.
3. Warm-up burners shall be added, if necessary, to maintain the required bed heat-up rate.
Any fans and blowers that might have been shut down for the warm-up cycle shall be placed
back in service when the bed temperature reaches the required temperature. Preparation to admit
the main fuel shall be made.
4. Fuel input that necessitates ignition by the bed material shall not be fed into the bed until
the average bed temperature has reached 1400°F (760°C). Warm-up burners shall remain in
service until the stable ignition of this fuel has been established.
Exception: A lower fuel input temperature limit shall be permitted, provided the temperature has
been verified through test or actual experience as being capable of safely igniting the fuel (see
Appendix B). However, in no case shall the temperature be lower than 900°F (480°C) for coal or
1100°F (590°C) for oil and natural gas.
5. Verification that the fuel is igniting shall be made by watching for a steady increase in
bed temperature and a decrease in oxygen. Warm-up burners shall be removed and fuel flow
shall be increased to maintain bed temperature at the recommended level. Airflow shall be
increased as necessary to maintain the desired oxygen level. In the case of solid fuel, if fuel has
been fed for more than 90 seconds or a period established by the manufacturer without an
increase in bed temperature, solid fuel feeding shall be discontinued until the reason for ignition
failure is determined.
(k) The normal on-line metering combustion control (unless designed specifically for start-up
procedures) shall not be placed in automatic service until:
1. A predetermined minimum main fuel input has been exceeded.
2. Stable bed temperature conditions have been established.
3. All manual control loops are operating without a significant error signal between their set
point and process feedback.
4. Airflow control is on automatic.
6-2.2 Normal Operation.
6-2.2.1 The firing rate shall be regulated by increasing or decreasing the fuel and air supply
simultaneously to all fuel ports or bed sections, maintaining normal air/fuel ratio continuously at
all firing rates. This shall not eliminate the requirements for air lead and lag during changes in
the fuel firing rate.
6-2.2.2 For those applications where gas or oil is fired, the firing rate shall be regulated by flow
control or pressure control valves or by similar devices and shall not be regulated by modulating
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the shutoff valves. Shutoff valves shall be fully open or completely closed.
6-2.2.3 Fuel feed rates and transport airflow shall be maintained between the maximum and
minimum limits specified by the boiler manufacturer or, preferably, as determined by trial. These
trials shall test for minimum load under stable bed temperature, fluidization, and proper
combustion conditions as follows:
(a) With all feeders in service and combustion controls on automatic; and
(b) With different combinations of feeders in service and combustion controls on automatic.
(c) Where changes occur to the manufacturer’s maximum and minimum limits because of
various feeder combinations and different fuel conditions, additional testing shall be required to
establish the new limits.
6-2.2.4 If lower minimum loads are required than can be obtained with all feeders at minimum
speed, the feeder(s) (and associated bed sections if applicable) shall be removed from service.
The remaining feeder(s) shall be operated at a fuel rate above the minimum required for stable
operation. The minimum fuel rate shall be determined by tests with various combinations of fuel
distribution and excess air. These tests shall reflect the most restrictive conditions.
6-2.2.5* The stable operating philosophy of a fluidized bed shall be to maintain a bed
temperature greater than 1400°F (760°C) and to initiate a main fuel trip below this temperature if
the required warm-up burner(s) is not in service.
Exception: A lower trip temperature for fuels other than natural gas shall be permitted [but not
lower than 1200°F (650°C) for coal and fuel oil], provided the temperature has been verified
through test or actual experience to maintain stable combustion of the fuel.
6-2.2.6 Total airflow shall not be reduced below 25 percent of full-load airflow. Airflow shall
not be reduced below that required to maintain stable fluidization conditions within active beds
or bed compartments.
6-2.3 Normal Shutdown.
6-2.3.1 When taking the unit out of service, the boiler load shall be brought down to a minimum.
6-2.3.2 After the boiler load is reduced, there are two options for normal shutdown as follows:
(a) If the unit is scheduled to be out of operation for a significant period of time, the main fuel
shall be tripped and the forced draft and induced draft fans shall be allowed to remain in
operation. Following a 5-min post-purge, fans shall be allowed to operate until the unit is
sufficiently cooled for maintenance.
(b) If the unit is scheduled to be restarted soon, the fans shall be permitted to be tripped after
the minimum period needed to remove volatiles and burn the fuel remaining in the bed from the
furnace after the main fuel has been tripped. This typically is indicated by a drop in bed
temperature and an increase in oxygen reading. The fans shall not be tripped until there is
positive indication of fuel burnout. Fan tripping effectively reduces start-up time by conserving
the temperature of the bed and the refractory.
6-2.4 Normal Hot Restart.
6-2.4.1 When restarting a unit after it has been tripped or after the furnace has been bottled up,
the purge cycle outlined in 6-1.5.1(a) through (f) shall not be required prior to introduction of
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main fuel, provided the bed temperature is above the main fuel temperature specified in
6-1.5.1(f).
NOTE: The bed temperature measurement is only valid where the bed is fluidized.

6-2.4.2 If the bed temperature has dropped below the main fuel temperature permissive during
the shutdown, a unit purge shall be required as outlined in 6-1.5.1.
CAUTION: Under certain unusual operating, start-up, or shutdown conditions, it is possible to accumulate
combustibles in the windbox and ductwork.

6-2.5* Emergency Shutdown — Master Fuel Trip.
6-2.5.1 With the initiation of a master fuel trip (MFT), all fuel shall be stopped from entering the
boiler. Oil and gas safety shutoff valves shall be tripped and igniter sparks de-energized. The
fuel, sorbent, and bed feed system and the bed drain system shall be tripped. Electrostatic
precipitators, fired reheaters, or other ignition sources shall be tripped. Master fuel trips shall
operate in a manner to stop all fuel flow into the furnace within a period that does not allow a
dangerous accumulation of fuel in the furnace. The owner shall have the option of allowing a
master fuel trip to initiate a time delay forced draft fan and induced draft fan trip [see 6-2.3.2(b)].
Where the design allows, char recirculation shall be stopped.

Table 6-2.5.1(a) Mandatory Automatic Master Fuel Trips
(See Chapter 9 for more details.)
A master fuel trip shall result from any of the following conditions:
(a) Loss of any induced draft or forced draft fan required to sustain safe combustion (see Chapter 5);
(b) Furnace pressure exceeds the normal operating pressure by a value recommended by the manufacturer (see Chapter 5);
(c) Insufficient drum level (a short time delay as established by the manufacturer shall be permitted);
(d) Loss of boiler circulation pumps or flow, if applicable;
(e) Total airflow drops below the purge rate by 5 percent of the full-load airflow;
(f) Bed temperature falls below the value specified in 6-2.2.5 when the main fuel is being admitted to bed and no warm-up burner is
established;
(g) Sustained loss of energy supply to interlock systems.

Table 6-2.5.1(b) Mandatory Master Fuel Trips with Alarms — Not Necessarily
Automatically Initiated
A master fuel trip shall result from any of the following conditions:
(a) Sustained loss of energy supply for combustion control;
(b) Cooling water flow for fluidized-bed system components less than minimum;
(c) Plant air or instrument air pressure low (process requirement only);
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(d) Bed temperature high — trip to prevent unit damage resulting from excessive temperature;
(e) Furnace pressure falls below the normal operating pressure by a value recommended by the manufacturer.

6-2.5.2 The sorbent, bed material feed, and bed material drain system shall be permitted to be
restarted as necessary.
6-2.5.3 The owner shall have the option under conditions where there is low-low drum water
level and furnace outlet temperature is above 900°F (482°C) to stop the flow of fluidizing air
immediately. This might necessitate tripping a forced draft fan. The induced draft fan, however,
shall not be tripped.
6-2.5.4 If the option for tripping fans on a master fuel trip is not exercised, the fans that are
operating after the master fuel trip shall be continued in service. The airflow shall not be
increased immediately by deliberate manual or automatic control action.
6-2.6 Emergency Shutdown — Main Fuel Trip.
With the initiation of a main fuel trip due to any of the emergency conditions listed in Table
6-2.6(a) or 6-2.6(b), all main fuel shall be stopped from entering the boiler.
Table 6-2.6(a) Mandatory Automatic Main Fuel Trips
(See Chapter 9 for more details.)
A main fuel trip shall result from any of the following conditions:
(a) Master fuel trip;
(b) Inadequate bed temperature [see 6-2.1.2(i)4, 6-2.1.2(j)4, and 6-2.2.5];
(c) Inadequate airflow to fluidize the bed.

Table 6-2.6(b) Mandatory Main Fuel Trips — Not Necessarily Automatically Initiated

A main fuel trip shall result from inadequate solids inventory.

6-3 Emergency Conditions Not Requiring Shutdown or Trip.
6-3.1
Many unit installations include multiple induced draft fans or forced draft fans, or both. In the
event of a loss of a fan or fans, the control system shall be capable of reducing the fuel flow to
match the available airflow; otherwise, tripping of the unit is mandatory.
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6-3.2
If an air deficiency develops while firing the main fuel, the fuel shall be reduced until the
proper air/fuel ratio has been restored.
6-3.3
Momentary interruptions in the main fuel supply or changes in fuel quality shall not require a
unit trip, provided the bed temperature remains above the limits for safe operation (see 6-2.2.5).
Use of warm-up burners shall be permitted to maintain bed material temperature. Use of lances
also shall be permitted, provided the bed temperature is above the minimum safe value for that
fuel. Where fuel feed to a malfunctioning feeder subsystem can be restored before the bed
temperature falls below the main fuel temperature trip limit, the subsystem shall be permitted to
be returned to service.
6-4 General Operating Requirements — All Conditions.
6-4.1
Prior to allowing personnel to enter a unit, positive action shall be taken to prevent fuel from
entering the furnace.
6-4.2
Burners shall not be lighted one from another or from the hot refractory. The igniter for the
burner shall always be used.
6-4.3
When feeder or fuel transport line maintenance is being performed with the boiler in service,
positive means to isolate the feeder or fuel transport line from the boiler shall be used.
Chapter 7 Sequence of Operations for Gas-Fired Warm-up Burners
7-1 General.
This chapter contains additional mandatory requirements for burning fuel gas in warm-up
burners.
7-2 Gas Firing — Special Problems.
Common hazards are involved in the combustion of solid, liquid, and gaseous fuels. Each of
these fuels has special hazards related to its physical characteristics. The following shall be
considered in the design of the firing systems:
(a) Gas is colorless; therefore, a leak usually cannot be visually detected. Also, reliance cannot
be placed on detection of a gas leak by means of its odor.
(b) Potentially hazardous conditions are most likely to occur within buildings, particularly
where the gas piping is routed through confined areas. In the latter instance, adequate ventilation
shall be provided. Outdoor boilers tend to minimize confined area problems.
(c) The nature of gas fuel creates the possibility of severe departures from proper air/fuel ratios
that can progress to a hazardous condition without any visible evidence at the burners, furnace,
or stack. Therefore, combustion control systems that respond to reduced boiler steam pressure or
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steam flow with an impulse for more fuel, unless protected or interlocked to prevent a fuel-rich
mixture, shall be considered potentially hazardous. This also shall apply to manual firing without
the above-mentioned interlocks or alarms. See Sections 7-3, 7-4, and 7-5 for requirements to
avoid such hazards.
(d) Natural gas can be either “wet” or “dry.” A wet gas usually implies the presence of
distillate, which might be characteristic of a particular source. In the case of such a wet gas, the
carryover of distillate into the burners can result in a momentary flameout and possible
reignition. Reignition can result in a furnace explosion. Therefore, special precautions shall be
taken with wet gas supply systems.
(e) Widely different characteristics of gas from either single or multiple sources can result in a
significant change in Btu input rate to the burners without an equivalent change in airflow.
(f) Discharges from relief valves or from any other form of atmospheric vents can become
hazardous unless special precautions are taken.
(g) Maintenance and repair of gas piping can be hazardous unless proper methods are used for
purging and recharging the line before and after making the repairs.
7-3 Warm-up Burner Subsystem Requirements.
7-3.1
The warm-up burner subsystem shall be designed so that the burner inputs are supplied to the
furnace continuously and within their stable flame limits. Variations in the burning
characteristics of the fuel, and in the normal variations in fuel handling equipment and
fuel-burning equipment, introduce an uncertainty to the lower operating limits of the warm-up
fuel subsystem in any given furnace design. Under these circumstances, Class 1 or Class 2
igniters, as demonstrated by test, shall be permitted to be used to maintain stable flame. (See
4-6.5 and 7-3.2.)
7-3.2
The limits of stable flame for each burner subsystem producing a separate flame envelope shall
be determined by tests without the ignition subsystem in service. These tests shall verify that
transients generated in the fluidized bed and the fuel and air subsystems do not adversely affect
the burners in operation. Such transients are generated by components such as burner shutoff
valves or dampers that operate at speeds faster than the speed of response of other components in
the system. These tests shall include the expected range of available fuels.
7-3.3
Provision shall be made for visual observation of conditions at the burner ignition zone.
Additional provisions shall be made for flame detection equipment.
7-3.4
Where Class 1 and Class 2 igniters are used, the tests required in 4-6.3.2.2(b), 4-6.3.2.2(c), and
7-3.2 also shall be performed with the igniter subsystem in service to verify that the igniters
furnished meet the requirements of the class specified in the design. The resulting extended
turn-down range shall be available where Class 1 igniters are in service and flame is proven.
7-3.5
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The burner equipment shall be located in an appropriate environment with convenient access
for maintenance. Special attention shall be given to fire hazards imposed by leakage or rupture of
piping near the burner. The requirements of good housekeeping shall be practiced.
7-3.6
All burner safety shutoff valves shall be located as close as practicable to the burner to
minimize the volume of fuel left in the burner lines downstream of the valves.
7-4 Flame Monitoring and Tripping System.
7-4.1
Each burner shall be supervised individually. Upon detection of loss of burner flame, the
safety shutoff valve for the burner experiencing the loss shall automatically close.
7-4.2
Upon detection of loss of all warm-up burner flame or partial loss of flame to the extent that
hazardous conditions could develop, a trip of the warm-up burner system shall be automatically
initiated.
7-5 Sequence of Operations.
7-5.1 General.
7-5.1.1* The sequence of operations is based on the typical fuel supply system shown in Figures
A-7-5.1.1(a) through (i). Different arrangements shall be permitted where equivalent protection
is provided and the intent of the operating sequences specified in this chapter is met.
7-5.1.2 Burners shall be placed in service in a sequence specified by operating instructions and
verified by actual experience. Burners shall be placed in service as necessary, with fuel flows
and individual register or damper settings that ensure proper light-off.
7-5.1.3 The fuel pressure at the burner header for all burners served by a single control valve
shall be permitted to be used as a guide in maintaining the necessary fuel flow for each burner
and shall be maintained automatically within prescribed limits as additional burners are placed in
service. The total number of burners placed in service shall be the number necessary to
accomplish the following within the rate of rise limits specified by the boiler manufacturer:
(a) Raise boiler pressure or temperature; and
(b) Raise bed temperature.
7-5.1.4 Each burner shall be tested during initial start-up to determine whether any modifications
to the procedures specified in 7-5.2 are needed in order to obtain satisfactory ignition or to
satisfy other design limitations during light-off and warm-up. For example, some boilers are
purged with the registers in the normal operating position. In this case, it might be necessary to
momentarily close the registers of the burner being lighted to establish ignition. However,
unnecessary modifications in the basic procedures shall be avoided, thereby satisfying the
requirements of Section 6-1, particularly the requirement of 6-1.5(a).
7-5.2 Functional Requirements.
7-5.2.1 Cold Start.
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7-5.2.1.1 Preparation for starting shall include a thorough inspection and shall verify the
following:
(a) All safety shutoff valves are closed; all sparks are de-energized.
(b) Chapter 8 shall be referenced for oil ignition systems requirements.
(c) Fuel system vents are open and venting to atmosphere outside the boiler room; lines are
drained and cleared of condensate and similar materials.
(d) The proper drum water level is established in drum-type boilers, and circulating flow is
established in forced circulation boilers or minimum water flow is established in once-through
boilers.
(e) Burner elements and igniters are positioned in accordance with the manufacturer’s
specification.
(f) Energy is supplied to the control systems and to the safety interlocks.
(g) Meters or gauges are indicating fuel header pressure to the unit.
7-5.2.1.2 Starting Sequence. The starting sequence shall be performed in the following order:
(a)* An operational leak test of the fuel header piping system shall be performed in accordance
with established procedures while maintaining purge rate airflow. Successful completion of the
leak test shall be part of a completed unit purge.
(b) All fuel valve(s) shall be closed and the safety shutoff valve(s) shall be opened. The
permissive conditions in the furnace purge system specified in 9-3.2 shall be satisfied before this
can be accomplished.
(c) Verification that the burner fuel control valve(s) is set for light-off shall be made.
Depending on the system design, this shall be accomplished by closing the burner control valve
and opening a bypass valve to a light-off setting or setting the burner control valve to a light-off
position. The burner headers shall be vented to fill with gas and to provide a flow (if necessary),
so that the fuel control valve(s) regulates and maintains the correct fuel pressure or flow for
burner light-off.
(d) The igniter header safety shutoff valve shall be opened, and verification that the igniter fuel
control valve is holding the recommended fuel pressure for proper igniter capacity shall be
made. The igniter headers shall be vented to fill with gas and to provide a flow (if necessary), so
that the igniter fuel control valve(s) regulates and maintains the correct fuel pressure for igniter
light-off.
(e) The air register or damper on the burner selected for light-off shall be adjusted to the
position recommended by the manufacturer.
(f) The spark or other source of ignition for the igniter(s) on the burner(s) to be lit shall be
initiated. The individual igniter safety shutoff valve(s) shall be opened, and all igniter system
atmospheric vent valves shall be closed. If flame on the first igniter(s) is not established within
10 seconds, the individual igniter safety shutoff valve(s) shall be closed and the cause of failure
to ignite shall be determined and corrected. With airflow maintained at purge rate, repurge shall
not be required, but at least 1 minute shall elapse before attempting a retrial of any igniter.
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Repeated retrials of igniters without investigating and correcting the cause of the malfunction
shall be prohibited.
(g) Where Class 3 special electric igniters are used, the procedures described in 7-5-2.1.2(a)
through (c), (e), and (h) through (k) shall be used, recognizing the requirements for individual
burner flame supervision.
(h) After making certain that the igniter(s) is established and is providing appropriate ignition
energy for the warm-up burner(s), the individual burner safety shutoff valve(s) shall be opened,
and the individual burner atmospheric vent valves shall be closed. A master fuel trip shall be
initiated when the bed temperature falls below the main fuel ignition temperature as specified in
6-1.5.1(f) and when satisfactory ignition has not been obtained within 5 seconds following the
actual entry of fuel into the burner. Purging shall be repeated, and the condition that caused the
failure to ignite shall be corrected before another light-off attempt is made. For the following
burner and all subsequent burners placed in operation, failure to ignite or loss of ignition for any
reason on any burner(s) shall cause the fuel flow to that burner(s) to stop. All conditions for
proper light-off shall exist before restarting a burner.
(i) After stable flame is established, the air register(s) or damper(s) shall be returned to normal
operation, making certain that ignition is not lost in the process.
(j) Class 3 igniters shall be shut off at the end of the time trial for proving the main flame.
Verification that the stable flame continues on the main burners after the igniters are shut off
shall be made. Systems that allow the igniters to remain in service on either an intermittent or
continuous basis shall have been tested to meet all the requirements of Class 1 igniters or Class 2
igniters with the proper associated interlocks.
(k) After the burner flame is established, the burner header atmospheric vent valve shall be
closed if open. The main fuel bypass control valve shall automatically control burner header gas
pressure.
(l) The procedures of 7-5.2.1.2(e) through (j) for placing additional burners in service shall be
followed, as necessary, to increase bed temperature, raise steam pressure, or carry additional
load. Automatic control of burner fuel flow and burner airflow during the lighting and start-up
sequence is recommended. The fuel flow to each burner (as measured by burner fuel header
pressure, individual burner flows, or other equivalent means) shall be maintained at a controlled
value that is compatible with the established airflow through the corresponding burner.
CAUTION: Total furnace airflow shall not be reduced below purge rate airflow and shall be at least that
which is necessary for complete combustion in the furnace.

(m) The normal on-line burner combustion control shall not be placed in service until:
1. A predetermined minimum warm-up burner fuel input has been attained.
2. The burner fuel and airflow are adjusted as necessary.
3. Stable flame has been established.
NOTE: Paragraph 7-5.2.1.2(m) does not apply to burner fuel systems as shown in Figure A-7-5.1.1(e).
Each individual flow control burner should have an individual combustion control system that maintains the
correct air/fuel ratio, a stable flame, and a fire rate in accordance with the demand for the full operating range
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of the burner.

Exception: Where on-line burner combustion control is designed specifically for start-up
procedures.
(n) It shall be permitted to place a multiple number of igniters in service simultaneously from a
single igniter safety shutoff valve, provided that the igniters are supervised, so that failure of one
of the group to light causes the fuel to all igniters of the group to be shut off.
(o) It shall be permitted to place in service, simultaneously, a multiple number of burners
served by their corresponding multiple igniters from a single burner safety shutoff valve,
provided that the burners are supervised, so that failure of one of the group to light causes the
fuel to all burners of the group to be shut off.
7-5.2.2 Normal Operation.
7-5.2.2.1 The firing rate shall be regulated by increasing or decreasing the fuel and air supply to
all operating burners, maintaining normal air/fuel ratio continuously at all firing rates. This shall
not eliminate the requirements for air lead and lag during changes in the fuel firing rate.
Exception No. 1: This requirement shall not apply to systems provided with metering of air and
fuel to each burner and designed specifically for individual burner modulating control.
Exception No. 2: In the case of a duct burner, the firing rate shall be regulated by increasing or
decreasing the fuel flow. An interlock shall be provided to prevent airflow to the duct burner
from falling below the minimum required for combustion as recommended by the manufacturer.
7-5.2.2.2 The firing rate shall not be regulated by varying the fuel to individual burners by means
of the individual burner safety shutoff valve(s). The individual burner safety shutoff valve(s)
shall be fully open or completely closed. Intermediate settings shall not be used.
7-5.2.2.3 Air registers shall be set at firing positions determined by tests.
Exception: This shall not apply to systems provided with metering of air and fuel to each burner
and designed specifically for individual burner modulating control.
7-5.2.2.4 The burner fuel and airflow shall be maintained within a range between the maximum
and minimum limits specified by the boiler manufacturer or, preferably, as determined by trial.
These trials shall test for minimum load and for stable flame as follows:
(a) With all burners in service and combustion control on automatic; and
(b) With different combinations of burners in service and combustion control on automatic.
Where changes occur to the minimum and maximum limits because of various burner
combinations and fuel conditions, retesting shall be required.
7-5.2.2.5 On loss of an individual burner flame, that individual burner’s safety shutoff valve
shall be automatically closed and its vent opened immediately. The burner register shall be
closed where it interferes with the air/fuel ratio supplied to any other individual burner flame.
7-5.2.3 Normal Shutdown.
7-5.2.3.1 The reverse procedure of that used during start-up shall be followed during shutdown.
Burners shall be shutdown sequentially, as load is reduced by closing the individual burner
safety shutoff valves, leaving the registers on these burners in firing position.
7-5.2.3.2 Venting Procedure.
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(a) The last burner or group of burners shall be taken out of service by tripping the main
safety shutoff valves.
(b) The individual burner safety shutoff valves shall be closed.
(c) All atmospheric vent valves shall be opened to minimize the possibility of gas leaking into
the boiler-furnace enclosure.
7-5.3 Mandatory Automatic Fuel Trip for Gas-Fired Warm-up Burners.
A fuel trip shall result from any of the following conditions:
(a) Fuel pressure at the burner below the minimum established by the burner manufacturer or
by trial;
(b) Loss of air supply fan or inadequate airflow to the burner;
(c) Loss of all flame;
(d) Last individual burner safety shutoff valve closed;
(e) High fuel gas pressure at the burner;
(f) Master fuel trip; or
(g) High burner discharge temperature (for duct burner only).
7-5.4 Emergency Conditions Not Requiring Shutdown or Trip.
If an air deficiency develops while flame is maintained at the burners, the fuel shall be reduced
until the proper air/fuel ratio has been restored. Where fuel flow cannot be reduced, airflow shall
be increased slowly until the proper air/fuel ratio has been restored.
7-5.5 General Operating Requirements — All Conditions.
7-5.5.1 The igniter for the burner always shall be used. Burners shall not be lighted one from
another, from hot refractory, or from bed material.
7-5.5.2 Where operating at low capacity with multiple burners controlled by one master flow
control valve, the burner fuel pressure shall be maintained above minimum by reducing the
number of burners in service as necessary.
7-5.5.3 Before maintenance is performed on the gas header, the header shall be purged.
7-6 Interlock System.
See Chapter 9.
7-7 Alarm System.
7-7.1 Functional Requirements.
See Chapter 10.
7-7.2* Required Alarms.
In addition to the alarms in the interlock system specified in Chapter 9, the separately
annunciated alarms in 7-7.2(a) through (g) shall be provided.
(a) Fuel Gas Supply Pressure (High and Low). The gas pressure supplied to the plant shall be
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monitored at a point as far upstream of the final constant fuel pressure regulator(s) as practicable.
This warns the operator of unusual pressure conditions that might result in damage to equipment
or indicates a complete loss of gas supply.
(b) Fuel Gas Burner Header Pressure (High and Low). Each burner header served by a single
flow control valve shall monitor gas pressure as close to the burners as practicable in order to
warn the operator, in advance of trip conditions, of abnormal fuel pressures. Furnace pressure
fluctuations at the burner throat shall be considered in determining the location of and the setting
for low burner header pressure trip functions.
(c) Fuel Gas Meter Pressure (High and Low). The pressure at the fuel gas meter shall be
monitored at the upstream tap if the fuel gas flow meter is part of the combustion control system
and is not pressure compensated. This shall warn the operator that a significant error exists in the
flow signal to the control system.
(d) Ignition Fuel Header Pressure (High and Low). Each ignition fuel header served by a
single control valve shall monitor gas pressure as close to the igniters as practicable in order to
warn the operator of high or low pressure in advance of conditions that lead to a trip.
(e) Burner Valves Not Closed. The closed position of individual burner safety shutoff valves
shall be monitored, and failure of any valve to close following a trip shall be alarmed.
(f) Loss of Combustion Air to Burners. For individually controlled burners, the combustion air
to each burner shall be monitored and alarmed if the burner register is closed, the air supply fan
is tripped, or the airflow is low.
(g) Burner Discharge Temperature (High). The discharge temperature from a burner, such as a
duct burner, that is designed to maintain a desired discharge temperature shall be monitored and
shall alarm when the temperature exceeds the maximum operating temperature to warn the
operator in advance of the temperature that leads to a trip.
7-8 Boiler Front Control (Supervised Manual).
7-8.1 General.
7-8.1.1* System Requirements. This section provides minimum requirements for the design,
installation, and operation of individually controlled warm-up burners operated from the burner
location and specifies functional requirements for proper operation. No specific degree of
automation beyond the minimum specified safeguards is defined or shall be required, as this is
subject to many factors, such as the physical size of units, use of central control rooms, degree of
reliability required, and availability of experienced operating personnel.
This section defines and specifies the requirements of the operating system that shall be used
under the following conditions:
(a) A trained operator shall be in constant attendance.
(b) The start-up or normal shutdown of any burner shall be performed by an operator at the
burner locations.
(c) The operator shall have direct visual access to view the burner flame.
(d) Suitable equipment shall be provided to control burner inputs and their relative rates of
Copyright 1996 NFPA

change to maintain an air/fuel mixture within the limits necessary for continuous combustion and
stable flame throughout the controllable operating range of the burner. [See Figures A-7-5.1.1(a)
through (i) for minimum recommended equipment.]
7-8.1.2 System Description. This operating system is defined as a “supervised manual system.”
A supervised manual system is one in which a trained operator has primary responsibility for the
proper start-up, operation, and normal shutdown of a burner with interlocks to ensure that the
operation follows proper established procedures. This system includes certain interlocks for
preventing improper operator action, certain safety trips and flame supervisions, and an
indication of the status of the start-up sequence. The operator(s) of this type of system shall be
provided with and shall operate the system in accordance with a written set of operating
instructions for each burner.
7-8.1.3 Fundamental Principles. The written instructions shall include, but shall not be limited
to, the following:
(a) The unit shall be purged in accordance with 6-2.1.2(f).
(b) The burner, air damper, or register shall be adjusted to the light-off position. The total
airflow through the unit shall not be reduced below purge rate.
(c) If flame on the igniter is not established within 10 seconds, the individual igniter safety
shutoff valve shall be closed and the cause of failure to ignite shall be determined and corrected.
With airflow maintained at purge rate, repurge shall not be required, but at least 1 minute shall
elapse before attempting a retrial.
Exception: For direct electric (Class 3 Special) igniters, 7-8.1.3(c) shall not apply.
(d) The operator shall observe the igniter operation continuously while opening the individual
burner supervisory shutoff valve. If the burner flame is not proven within 10 seconds after the
individual burner shutoff valve leaves the closed position, a burner fuel trip shall occur. If no
other fuel is being fired, a master fuel trip shall occur.
(e) After each stable burner flame is established, the igniter shall be shut off unless classified
as Class 1 or Class 2. The stability of the burner flame shall be verified.
(f) The burner(s) shall be lighted only from its associated igniter(s).
(g) The operator shall observe flame stability while making any register or burner damper
adjustments.
(h) After each successive burner light-off, the operator shall verify the flame stability of all
operating burners.
(i) If the second or succeeding burner flame is not established, the operator shall close the
individual burner supervisory shutoff valve immediately, open the burner register or damper to
the firing position, and determine and correct the cause for failure to ignite. At least 1 minute
shall elapse before attempting to light this burner or any other igniter.
7-8.1.4 Interlocks, Warm-up Burner Fuel Trip. A burner fuel trip shall result from any of the
following conditions (see also Section 9-3):
(a) High fuel supply pressure;
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(b) Fuel pressure at the burner below the minimum established by the burner manufacturer or
by trial;
(c) Loss of all flame;
(d) Loss of control energy where fuel flow to burners is affected by such loss;
(e) Master fuel trip;
(f) Loss of or inadequate burner combustion air supply; or
(g) High burner discharge temperature (for duct burner only).
7-8.1.5 Loss of Individual Burner or Igniter Flame.
7-8.1.5.1 Loss of flame at an individual igniter shall cause the igniter individual safety shutoff
valve to close and the associated sparks to de-energize.
7-8.1.5.2 Loss of flame at an individual burner shall cause the burner individual safety shutoff
valve to close.
7-8.1.5.3 The conditions of 7-8.1.5.1 and 7-8.1.5.2 shall be indicated. (See A-7-7.2 for
recommended alarms in addition to those that are required.)
7-8.2 Operating Cycle.
The following operating sequences are based on a typical system. Certain provisions and
sequences shall not apply where other systems are used, and the sequence order might vary,
depending on the system installed. However, the principles outlined in these sequences shall be
followed, and all applicable interlocks, trips, alarms, or their equivalents shall be provided.
7-8.2.1 Prefiring Cycle. The following steps shall be taken by the operator when starting a
supervised manual burner, and the required interlocks shall be satisfied at each step.
Operator Actions
Interlock Functions

(a) Confirm individual burner safety
shutoff valves closed.

(a) Proved closed

(b) Confirm individual burner
supervisory shutoff valves closed.

(b) Proved closed

(c) Confirm burner header safety
shutoff valve closed.

(c) Proved closed

(d) Confirm burner header fuel control (d) Proved
valve in light-off position.
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(e) Open all burner registers to purge
position.

(e) None

(f) Complete unit purge in accordance (f) Prove purge airflow rate [see 7-8.1.3(a) and (b)].
with 6-2.1.2(f).

(g) Immediately proceed with light-off (g) None
cycle after completion of purge.

(h) Repurge required if airflow rate
drops below purge rate.

(h) Prove purge airflow rate.

7-8.2.2 Light-Off Cycle — First Burner. All required interlocks shall be satisfied. (See 7-8.1.4
and 7-8.1.5.)
Operator Actions
Interlock Functions

(a) Maintain purge airflow rate.

(a) Prove that airflow has not dropped below purge rate.

(b) Adjust register of burner to be
lighted to light-off position, if
necessary.

(b) Prove purge airflow rate.

(c) Confirm manual main atmospheric (c) None
vent valve is open.

(d) Energize igniter for first burner.
For direct electric ignition, omit
7-8.2.2(e).

(d) Prove flame within 10 seconds. If flame is not
proved, safety shutoff valves for this igniter shall close
and spark shall be de-energized.

(e) If ignition flame is not established, (e) None
determine cause and make necessary
corrections. Burner register shall be
opened to purge position for at least 1
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minute before repeating light-off
cycle.

(f) Open burner shutoff valve if
igniter flame is proven.

(f) Igniter flame proven.

(g) If main burner flame is not
(g) None
established within main flame trial for
ignition period (Class 2 and Class 3
igniters), a master fuel trip shall be
initiated.
7-8.2.3 Light-Off Cycle — Subsequent Burners.
Operator Actions

(a) Adjust register of burner to be
lighted to light-off position, if
necessary.

Interlock Functions

(a) Prove that airflow has not dropped below purge rate.

(b) Energize igniter. For direct electric (b) Prove flame within 10 seconds. If flame is not
igniters, omit 7-8.2.3(c).
proven, safety shutoff valves for this igniter shall close
and spark shall be de-energized.

(c) If ignition flame is not established, (c) None
determine cause and make necessary
corrections. Burner register shall be
opened to purge position for at least 1
minute before repeating light-off
cycle.
(d) Open burner shutoff valves if
igniter flame is proven.

(d) Igniter flame proven

(e) If main burner flame is not
(e) None
established within main flame trial for
ignition period, trip the safety shutoff
valves for that burner and its igniter.
Determine and correct cause of
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failure. Wait at least 1 minute before
attempting to relight this burner or
any other burner.
7-8.2.4 Normal Shutdown Cycle.
Operator Actions

Interlock Functions

(a) Reduce burner load to minimum. (a) None
Do not reduce airflow through burner
below its minimum operating rate.

(b) Close individual supervisory
shutoff valve at burner and associated
igniter valve if in operation. Leave
burner airflow at firing rate.

(b) As each burner supervisory shutoff valve is closed,
loss of flame shall cause its associated shutoff valve to
close. After last burner supervisory shutoff valve is
closed, loss of all burner flame shall cause header or
supply safety shutoff valve to close.

(c) Purge burner for at least 1 minute. (c) None
Adjust burner airflow per
manufacturer’s instructions.

(d) Repeat 7-8.2.4(a) through (c) for
subsequent burners.

(d) None

7-8.2.5 Emergency Shutdown.
(a) An emergency shutdown shall initiate a burner fuel trip.
(b) For the conditions that shall initiate an emergency shutdown, see 7-8.1.4.
7-8.2.6 Operator Actions Following an Emergency Shutdown.
(a) All individual burner supervisory shutoff valves shall be closed. Burner register positions
shall remain unchanged.
(b) The burners shall be purged in accordance with the following procedure:
1. Fans that are operating after the burner fuel trip shall be continued in service.
2. Airflow shall not be increased immediately by deliberate manual or automatic control
action.
3. If the airflow is above purge rate, it shall be permitted to be decreased gradually to this
value and a post-firing burner purge shall be performed.
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4. If the airflow is below purge rate at the time of the trip, it shall be continued at the
existing rate for 5 minutes and then increased gradually to purge rate and held at this value for a
post-firing unit purge.
(c) Where the burner fuel trip is caused by loss of draft fans, or draft fans also have tripped, all
dampers in the air and flue gas passages of the unit shall be slowly opened to the fully open
position in order to create as much natural draft as possible to ventilate the unit. Opening fan
dampers shall be timed or controlled to avoid excessive positive or negative furnace pressure
transients during fan coast-down. This condition shall be maintained for not less than 15
minutes. At the end of this period, the flow control dampers shall be closed and the fan(s) shall
be started immediately. Airflow shall be increased gradually to at least purge rate.
(d) The cause of emergency shutdown shall be determined and corrected.
(e) The first burner light-off cycle (see 7-8.2.2) shall be performed if restart of unit is required.
(f) If it is desired to remove the boiler from service for a period of time, fans shall be shut
down on completion of unit purge and manual shutoff valves shall be closed.
Chapter 8 Sequence of Operations for Oil-Fired Warm-up Burners
8-1 General.
This chapter contains additional mandatory requirements for burning fuel oil in warm-up
burners.
8-2 Oil Firing — Special Problems.
Common hazards are involved in the combustion of solid, liquid, and gaseous fuels. Each of
these fuels has special hazards related to its physical characteristics. The following items shall be
considered in the design of the firing systems:
(a) Fuel oils have high volumetric heats of combustion; therefore, even small leaks can create
potential fire hazards.
(b) Where firing oils that need preheating, the viscosity of oil flowing to the burners shall be
held within limits to maintain proper atomization.
(c) Water or sludge in fuel oil storage tanks or improperly located suction takeoffs from the
storage tank can result in hazardous interruptions or pulsations of the fuel supply to the burners.
A flameout can result because of plugged strainers or burner tips.
(d) Widely different characteristics of fuel oil from either a single source or multiple sources
can result in a significant change in Btu input rate to the burner(s) without an equivalent change
in airflow or without an appropriate change in fuel oil temperature to restore the flowing
viscosity to the proper value. Different shipments of fuel oil with dissimilar characteristics can
cause a precipitation of sludge that can lead to hazards as described in 8-2(c).
(e) On installations designed to fire both heated and unheated fuel oils, consideration shall be
given to the design of the burner control system to ensure proper interlocks are activated for the
selected fuel oil. Similar consideration shall be given to the fuel oil piping supply to the burner
as well as the oil recirculating piping to the fuel storage tanks, depending on the arrangement of
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the equipment provided.
(f) There is an ever-present hazard when inserting an oil gun in a burner assembly without a
tip, new gaskets, or sprayer plate. This results in an unsafe operating condition.
(g) Proper pumping and atomization of fuel oils are dependent upon control of viscosity.
Changes in viscosity in relation to temperature vary for different oils and blends of oils. Close
attention shall be given to the design and operation of viscosity control systems for each fuel
where its source or properties are variable.
(h) Clear distillate fuels have low conductivities and generate static electrical charges in the
fuel stream that can be dangerous unless flowing velocities are limited. (See NFPA 77,
Recommended Practice on Static Electricity, and API RP 2003, Recommended Practice for
Protection Against Ignitions Arising Out of Static, Lightning, and Stray Currents.)
(i) The incompressibility of fuel oil can create very rapid transients in oil flow through
operating burners under the following conditions:
1. The rapid operation of the oil supply valve;
2. The rapid operation of individual burner shutoff valves;
3. The rapid operation of the regulating valve in the return oil line from the burner header
(on systems using this type of control).
(j) The operation of air heater sootblowers shall be in accordance with the recommendations of
the air heater manufacturer. Initial firing of oil fuel in a cold boiler can create a special hazard by
causing fires in air heaters.
8-3 Warm-up Burner Subsystem Requirements.
8-3.1
The warm-up burner subsystem shall be designed so that the burner inputs are supplied to the
furnace continuously and within their stable flame limits. Variations in burning characteristics of
the fuel, and in the normal variations in fuel handling equipment and fuel-burning equipment,
introduce an uncertainty to the lower operating limits of the warm-up burner fuel subsystem in
any given furnace design. Under these circumstances, Class 1 or Class 2 igniters, as
demonstrated by test, shall be permitted to be used to maintain stable flame. (See 4-6.5 and
8-3.2.)
8-3.2
The limits of stable flame for each burner subsystem producing a separate flame envelope shall
be determined by tests without the ignition subsystem in service. These tests shall verify that
transients generated in the fluidized bed and the fuel and air subsystems do not affect the burners
adversely during operation. Such transients are generated by means such as burner shutoff valves
or dampers that operate at speeds faster than the speed of response of other components in the
system. These tests shall include the expected range of available fuels.
8-3.3
Where Class 1 and Class 2 igniters are used, the tests described in 4-6.3.2.2(b), 4-6.3.2.2(c),
and 8-3.2 also shall be performed with the ignition subsystem in service to verify that the igniters
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furnished meet the requirements of the class specified in the design. The resulting extended
turndown range shall be available where Class 1 igniters are in service and flame is proven.
8-3.4
Provisions shall be made for visual observation of conditions at the burner ignition zone.
Additional provisions shall be made for flame detection equipment.
8-3.5
Provisions shall be made for cleaning of the burner nozzle and tip.
8-3.6
The burner equipment shall be located in an appropriate environment with convenient access
for maintenance. Special attention shall be given to the fire hazards imposed by leakage or
rupture of piping near the burner. Particular attention shall be given to the integrity of flexible
hoses or swivel joints. The requirements of good housekeeping shall be practiced.
8-3.7
All burner safety shutoff valves shall be located as close to the burner as practicable to
minimize the volume of oil left downstream of the burner valves in the burner lines or that flows
by gravity into the furnace on an emergency trip or burner shutdown.
8-3.8 Atomizing Subsystem.
8-3.8.1 Where the fuel is to be atomized with the assistance of another medium, the atomizing
medium shall be free of contaminants that could cause an interruption of service. For steam
atomizing, adequate insulation and traps shall be included to ensure dry atomizing steam to the
burners.
8-3.8.2 The atomizing medium shall be provided and maintained at the pressure necessary for
proper operation.
8-3.8.3 Provisions shall be made to ensure that fuel cannot enter the atomizing medium line
during or after operation. Check valves for this function have not proven dependable in heavy oil
service.
8-3.8.4 The atomizing subsystem shall be designed for convenient cleaning and maintenance.
8-4 Flame Monitoring and Tripping System.
8-4.1
Each burner shall be supervised individually. Upon detection of loss of burner flame, the
safety shutoff valve for the burner experiencing the loss shall automatically close.
8-4.2
Upon detection of loss of all warm-up burner flame or partial loss of flame to the extent that
hazardous conditions could develop, a trip of the warm-up burner system shall be automatically
initiated.
8-5 Sequence of Operations.
8-5.1 General.
8-5.1.1* The sequence of operations is based on the typical fuel supply system shown in Figures
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A-8-5.1.1(a) through (p). Different arrangements shall be permitted where equivalent protection
is provided and the intent of the operating sequences specified in this chapter is met.
8-5.1.2 Burners shall be placed in service in a sequence specified by operating instructions and
verified by actual experience. Burners shall be placed in service as necessary, with fuel flows
and individual register or damper settings that ensure proper light-off.
8-5.1.3 The fuel pressure at the burner header for all burners served by a single control valve
shall be permitted to be used as a guide in maintaining the necessary fuel flow for each burner
and shall be maintained automatically within prescribed limits as additional burners are placed in
service. The total number of burners placed in service shall be the number necessary to
accomplish the following within the rate of rise limits specified by the boiler manufacturer:
(a) Raise boiler pressure and temperature; and
(b) Raise bed temperature.
8-5.1.4 Each burner shall be tested during initial start-up to determine whether any modifications
to the procedures specified in 8-5.2 are needed in order to obtain satisfactory ignition or to
satisfy other design limitations during light-off and warm-up. For example, some boilers are
purged with the registers in the normal operating position. In this case, it might be necessary to
momentarily close the registers of the burner being lighted to establish ignition. However,
unnecessary modifications in the basic procedures shall be avoided, thereby satisfying the
requirements of Section 6-1, particularly the requirement of 6-1.5(a).
8-5.2 Functional Requirements.
8-5.2.1 Cold Start.
8-5.2.1.1 Preparation for starting shall include a thorough inspection and shall verify the
following:
(a) Energy is supplied to the control system and to the safety interlocks.
(b) All safety shutoff valves are closed; all sparks are de-energized.
(c) Chapter 7 shall be referenced for gas ignition system requirements.
(d) Circulating valves are open to provide and maintain hot oil in the burner headers.
(e) The proper drum water level is established in drum-type boilers, and circulating flow is
established in forced circulation boilers or minimum water flow is established in once-through
boilers.
(f) Burner guns have been checked for proper tips and sprayer plates.
(g) Burner elements and igniters are positioned in accordance with the manufacturer’s
specification.
(h) Meters or gauges are indicating fuel header pressure to the unit.
8-5.2.1.2 Starting Sequence. The starting sequence shall be performed in the following order:
(a) Verification that oil temperature or viscosity is adequate for good atomization shall be
made. The circulating valve and throttle recirculating valve shall be closed, if necessary, to allow
establishment of proper burner header pressure in accordance with 8-5.2.1.2(c).
Copyright 1996 NFPA

(b) All fuel valve(s) shall be closed and the safety shutoff valve(s) shall be opened. The
permissive conditions in the furnace purge system specified in 9-3.2 shall be satisfied before this
can be accomplished.
(c) Verification that the burner fuel control valve(s) is set for light-off shall be made.
Depending on the system design, this shall be accomplished by closing the burner control valve
and opening a bypass valve to a light-off setting or setting the burner control valve to a light-off
position.
(d) The igniter header safety shutoff valve(s) shall be opened, and verification that the igniter
fuel control valve is holding the recommended fuel pressure for proper igniter capacity shall be
made.
(e) The air register or damper on the burner selected for light-off shall be adjusted to the
position recommended by the manufacturer.
(f) The spark or other source of ignition for the igniter(s) on the burner(s) to be lit shall be
initiated. The individual igniter safety shutoff valve(s), and all igniter system atmospheric vent
valves (gas igniters only) shall be closed. If flame on the first igniter(s) is not established within
10 seconds, the individual igniter safety shutoff valve(s) shall be closed and the cause of failure
to ignite shall be determined and corrected. With airflow maintained at purge rate, repurge shall
not be required, but at least 1 minute shall elapse before attempting a retrial of any igniter.
Repeated retrials of igniters without investigating and correcting the cause of the malfunction
shall be prohibited.
(g) Where Class 3 special electric igniters are used, the procedures described in 8-5.2.1.2(a)
through (c), (e), and (h) through (k) shall be used, recognizing the requirements for individual
burner flame supervision.
(h) After making certain that the igniter(s) is established and is providing appropriate ignition
energy for the warm-up burner(s), the individual burner safety shutoff valve(s) shall be opened.
A master fuel trip shall be initiated when the bed temperature falls below the main fuel ignition
temperature as specified in 6-1.5.1(f) and when satisfactory ignition has not been obtained within
5 seconds following the actual entry of fuel into the burner. Purging shall be repeated, and the
condition that caused the failure to ignite shall be corrected before another light-off attempt is
made. For the following burner and all subsequent burners placed in operation, failure to ignite
or loss of ignition for any reason on any burner(s) shall cause the fuel flow to that burner(s) to
stop. All conditions for proper light-off shall exist before restarting a burner.
(i) After stable flame is established, the air register(s) or damper(s) shall be returned to normal
operation, making certain that ignition is not lost in the process.
(j) Class 3 igniters shall be shut off at the end of the time trial for proving the main flame.
Verification that the stable flame continues on the main burners after the igniters are shut off
shall be made. Systems that allow the igniters to remain in service on either an intermittent or
continuous basis shall have been tested to meet all the requirements of Class 1 igniters or Class 2
igniters with the proper associated interlocks.
(k) The procedures of 8-5.2.1.2(e) through (j) for placing additional burners in service, as
necessary, to increase bed temperature, steam pressure, or carry additional load. Automatic
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control of burner fuel flow and burner airflow during the lighting and start-up sequence is
recommended. The fuel flow to each burner (as measured by burner fuel header pressure,
individual burner flows, or other equivalent means) shall be maintained at a controlled value that
is compatible with the established airflow through the corresponding burner.
CAUTION: Total furnace airflow shall not be reduced below purge rate airflow and shall be at least that
which is necessary for complete combustion in the furnace.

(l) After a suitable number of burners have been placed in service to allow control of the
header fuel flow and temperature, the recirculating valve shall be closed, unless the system is
designed for continuous recirculation.
(m) The normal on-line burner combustion control (unless designed specifically for start-up
procedures) shall not be placed in service until:
1. A predetermined minimum warm-up burner fuel input has been attained.
2. The burner fuel and airflow are adjusted as necessary.
3. Stable flame has been established.
NOTE: Paragraph 8-5.2.1.2(m) does not apply to the burner fuel systems as shown in Figures
A-8-5.1.1(f) through (i). Each control system should maintain the correct air/fuel ratio, a stable flame, and a
firing rate in accordance with the demand for the full operating range of the burner.

(n) It shall be permitted to place a multiple number of igniters in service simultaneously from a
single igniter safety shutoff valve, provided the igniters are supervised so that failure of one of
the group to light causes the fuel to all igniters of the group to be shut off.
(o) It shall be permitted to place in service, simultaneously, a multiple number of burners
served by their corresponding multiple igniters from a single burner safety shutoff valve,
provided the burners are supervised so that failure of one of the group to light causes the fuel to
all burners of the group to be shut off.
8-5.2.2 Normal Operation.
8-5.2.2.1 The firing rate shall be regulated by increasing or decreasing the fuel and air supply
simultaneously to all operating burners, maintaining normal air/fuel ratio continuously at all
firing rates. This shall not eliminate the requirements for air lead and lag during changes in the
fuel firing rate.
Exception No. 1: This requirement shall not apply to systems provided with metering of air and
fuel to each burner and designed specifically for individual burner modulating control.
Exception No. 2: In the case of a duct burner, the firing rate shall be regulated by increasing or
decreasing the fuel flow. An interlock shall be provided to prevent airflow to the duct burner
from falling below the minimum required for combustion as recommended by the manufacturer.
8-5.2.2.2 The firing rate shall not be regulated by varying the fuel to individual burners by means
of the individual burner safety shutoff valve(s). The individual burner safety shutoff valve(s)
shall be fully open or completely closed. Intermediate settings shall not be used.
8-5.2.2.3 Air registers shall be set at firing positions determined by tests.
Exception: This shall not apply to systems provided with metering of air and fuel to each burner
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and designed specifically for individual burner modulating control.
8-5.2.2.4 The burner fuel and airflow shall be maintained within a range between the maximum
and minimum limits specified by the boiler manufacturer or, preferably, as determined by trial.
These trials shall test for minimum load and for stable flame as follows:
(a) With all burners in service and combustion control on automatic; and
(b) With different combinations of burners in service and combustion control on automatic.
Where changes occur to the minimum and maximum limits because of various burner
combinations and fuel conditions, retesting shall be required.
8-5.2.2.5 On loss of an individual burner flame, that individual burner’s safety shutoff valve
shall be automatically closed. The burner register shall be closed where it interferes with the
air/fuel ratio supplied to any other individual burner flame.
8-5.2.3 Normal Shutdown.
8-5.2.3.1 The reverse procedure of that used during start-up shall be followed during shutdown.
Burners shall be shut down sequentially as load is reduced.
An oil burner shall be shut down in the following sequence:
(a) The igniter shall be placed into service on the particular burner to be shut down.
(b) With the igniter in service, the burner safety shutoff valve shall be closed, and the steam
(or air) clearing valves shall be opened.
(c) The clearing steam (or air) shall be left in service for a sufficient length of time to remove
all oil that could carbonize and plug the burner tip.
(d) The igniter shall be removed from service, and the oil gun shall be removed or retracted.
Exception: Where cooling is provided.
8-5.2.3.2 Where fuel recirculation in the burner header is to be established:
(a) Confirmation that individual burner safety shutoff valves are closed and that flame is out
on each burner shall be made.
(b) Confirmation that the main safety shutoff valve is closed shall be made.
(c) The circulating valve and recirculating valve shall be opened.
8-5.3 Mandatory Automatic Fuel Trip for Oil-Fired Warm-up Burners.
A fuel trip shall result from any of the following conditions:
(a) Fuel pressure and temperature (heated oil only) outside operating limits necessary to
accomplish proper atomization as established by trial or by the burner manufacturer;
(b) Atomizing medium (if provided) outside operating limits established by trial or by the
burner manufacturer;
(c) Loss of air supply fan or inadequate airflow to the burner;
(d) Loss of all flame;
(e) Last individual burner safety shutoff valve closed;
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(f) Master fuel trip;
(g) High burner discharge temperature (for duct burner only).
8-5.4 Emergency Conditions Not Requiring Shutdown or Trip.
8-5.4.1 If an air deficiency develops while flame is maintained at the burners, the fuel shall be
reduced until the proper air/fuel ratio has been restored. Where fuel flow cannot be reduced, the
airflow shall be increased slowly until the proper air/fuel ratio has been restored.
8-5.4.2 Burners with poor atomization shall be shut down.
8-5.5 General Operating Requirements — All Conditions.
8-5.5.1 The igniter for the burner always shall be used. Burners shall not be lighted one from
another, from hot refractory, or from bed material.
8-5.5.2 Where operating at low capacity with multiple burners controlled by one master flow
control valve, the burner fuel pressure shall be maintained above minimum by reducing the
number of burners in service as necessary.
8-5.5.3 Igniters shall be in service with ignition established where clearing oil passages into the
furnace.
8-5.5.4 A leak test shall be performed before the oil header is placed in service by establishing a
nominal pressure on the oil header while the main and individual burner safety shutoff valves
and the recirculating valves are closed. It shall be permitted to be concluded that the individual
burner safety valves do not leak, provided this oil pressure remains within specified limits. Leaks
can develop in the oil valves due to temperature changes.
8-6 Interlock System.
See Chapter 9.
8-7 Alarm System.
8-7.1 Functional Requirements.
See Chapter 10.
8-7.2* Required Alarms.
In addition to the trip alarms in the interlock system specified in Chapter 9, the separately
annunciated alarms in 8-7.2(a) through (i) shall be provided.
(a) Main Oil Supply Pressure (Low). The oil supply pressure shall be monitored at a point as
far upstream as practicable. This warns the operator of unusual pressure conditions that might
result in damage to equipment or indicates a complete loss of oil supply.
(b) Fuel Oil Burner Header Pressure (Low). Each burner header served by a single flow
control valve shall monitor oil pressure as close to the burners as practicable in order to warn the
operator of low pressure in advance of conditions that lead to a trip.
(c) Main Oil Viscosity (High). Each burner header served by a single flow control valve shall
monitor oil temperature to warn that the fuel oil temperature is dropping and that poor
atomization of the oil might occur. If the viscosity of the fuel supply is variable, a viscosity
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meter shall be permitted to provide the alarm. Interlocking to trip on high viscosity also shall be
considered in such cases.
(d) Atomizing Steam or Air Pressure (Low). For steam burners and air-assisted burners, an
alarm shall be provided on each burner atomizing media header served by a single control valve
to warn that the steam or air pressure and oil pressure are outside of operating range and that
poor oil atomization might result.
(e) Igniter Atomizing Steam or Air Pressure (Low). For steam igniters and air-assisted igniters,
an alarm shall be provided to warn that steam or air pressure is outside of operating range and
that poor oil atomization might result.
(f) Ignition Fuel Header Pressure (High and Low). Each igniter fuel header served by a single
control valve shall monitor pressure as close to the igniters as practicable in order to warn the
operator of high or low pressure in advance of conditions that lead to a trip.
(g) Burner Valves Not Closed. The closed position of individual burner safety shutoff valves
shall be monitored, and failure of any valve to close following a trip shall be alarmed.
(h) Loss of Combustion Air to Burners. For individually controlled burners, the combustion air
to each burner shall be monitored and alarmed if the burner register is closed, the air supply fan
is tripped, or the airflow is low.
(i) Burner Discharge Temperature (High). The discharge temperature from a burner, such as a
duct burner, that is designed to maintain a desired discharge temperature shall be monitored and
alarmed when the temperature exceeds the maximum operating temperature to warn the operator
in advance of the temperature that leads to a trip.
8-8 Boiler Front Control (Supervised Manual).
8-8.1 General.
8-8.1.1 System Requirements. This section provides minimum requirements for the design,
installation, and operation of individually controlled warm-up burners operated from the burner
location and specifies functional requirements for proper operation. No specific degree of
automation beyond the minimum specified safeguards is defined or shall be required, as this is
subject to many factors, such as the physical size of units, use of central control rooms, degree of
reliability required, and availability of experienced operating personnel.
This section defines and specifies the requirements of the operating system that shall be used
under the following conditions:
(a) A trained operator shall be in constant attendance.
(b) The start-up or normal shutdown of any burner shall be performed by an operator at the
burner locations per 7-8.1.1.
(c) The operator shall have direct visual access to view the burner flame.
(d) Suitable equipment shall be provided to control burner inputs and their relative rates of
change to maintain an air/fuel mixture within the limits necessary for continuous combustion and
stable flame throughout the controllable operating range of the unit. [See Figures A-8-5.1.1(a)
through (p) for minimum recommended equipment.]
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8-8.1.2 System Description. This operating system is defined as a “supervised manual system.”
A supervised manual system is one in which a trained operator has primary responsibility for the
proper start-up, operation, and normal shutdown of a boiler with interlocks to ensure that the
operation follows proper established procedures. This system includes certain interlocks for
preventing improper operator action, certain safety trips and flame supervisions, and an
indication of the status of the start-up sequence. The operator(s) of this type of system shall be
provided with and shall operate the system in accordance with a written set of operating
instructions for each burner.
8-8.1.3 Fundamental Principles. The written instructions shall include, but shall not be limited
to, the following:
(a) The unit shall be purged in accordance with 6-2.1.2(f).
(b) The burner, air damper, or register shall be adjusted to the light-off position. The total
airflow through the unit shall not be reduced below purge rate.
(c) If flame on the igniter is not established within 10 seconds, the individual igniter safety
shutoff valve shall be closed and the cause of failure to ignite shall be determined and corrected.
With airflow maintained at purge rate, repurge shall not be required, but at least 1 minute shall
elapse before attempting a retrial.
Exception: For direct electric (Class 3 Special) igniters, 8-8.1.3(c) shall not apply.
(d) The operator shall observe the igniter operation continuously while opening the individual
burner supervisory shutoff valve. If the burner flame is not proven within 10 seconds after the
individual burner shutoff valve leaves the closed position, a burner fuel trip shall occur. If no
other fuel is being fired, a master fuel trip shall occur.
(e) After each stable burner flame is established, the igniter shall be shut off unless classified
as Class 1 or Class 2. The stability of the burner flame shall be verified.
(f) The burner(s) shall be lighted only from its associated igniter(s).
(g) The operator shall observe flame stability while making any register or burner damper
adjustments.
(h) After each successive burner light-off, the operator shall verify the flame stability of all
operating burners.
(i) If the second or succeeding burner flame is not established, the operator shall close the
individual burner supervisory shutoff valve immediately, open the burner register or damper to
the firing position, and determine and correct the cause for failure to ignite. At least 1 minute
shall elapse before attempting to light this burner or any other igniter.
8-8.1.4 Interlocks, Warm-up Burner Fuel Trip. A fuel trip with first-out annunciation shall
result from any of the following conditions (see also Section 9-3):
(a) Fuel pressure at the burner below the minimum established by the burner manufacturer or
by trial;
(b) Loss of atomizing medium to boiler;
(c) Loss of burner flame;
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(d) Loss of control energy, where fuel flow to burners is affected by such loss;
(e) Master fuel trip;
(f) Loss of or inadequate burner combustion air supply; or
(g) High burner discharge temperature (for duct burner only).
8-8.1.5 Loss of Individual Burner or Igniter Flame.
8-8.1.5.1 Loss of flame at an individual igniter shall cause the igniter individual safety shutoff
valve to close and the associated sparks to de-energize.
8-8.1.5.2 Loss of flame at an individual burner shall cause the burner individual safety shutoff
valve to close.
8-8.1.5.3 The conditions of 8-8.1.5.1 and 8-8.1.5.2 shall be indicated.
8-8.2 Operating Cycle.
The following operating sequences are based on a typical system that includes steam-atomized
main oil burners. Certain provisions and sequences shall not apply where other atomizing media
or systems are used. The sequence also might vary depending on the system installed. However,
the principles outlined in these sequences shall be followed, and all applicable interlocks, trips,
alarms, or their equivalents shall be provided.
8-8.2.1 Prefiring Cycle. The following steps shall be taken by the operator when starting a
supervised manual burner, and the required interlocks shall be satisfied at each step.
Operator Actions
Interlock Functions

(a) Inspect furnace for unburned oil
accumulations, if feasible.

(a) None

(b) Confirm burner guns have proper
tips and sprayer plates.

(b) None

(c) Confirm individual burner safety
shutoff valve closed.

(c) Proved closed

(d) Confirm individual burner
supervisory shutoff valves closed.

(d) Proved closed

(e) Confirm burner gun in proper
position.

(e) None
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(f) Confirm burner header fuel control
valve in light-off position.

(f) Proved

(g) Confirm that atomizing medium
header has been blown free of
condensate and header trap is
functioning.

(g) None

(h) Open main safety shutoff valve and (h) Prove all required interlocks satisfied.
recirculation valve to circulate heated
oil through main fuel bypass control
valve and burner header.

(i) Complete unit purge in accordance
with 6-2.1.2(f).

(i) Prove purge airflow rate [see 8-8.1.3(a) and (b).]

(j) Open atomizing medium individual (j) Prove atomizing medium available.
burner shutoff valve to the burner gun
to be lighted. Blow free of condensate.
Confirm atomizing pressure has been
established.

(k) Immediately proceed with light-off (k) None
cycle after completion of purge.

(l) Repurge required if airflow rate
drops below purge rate.

(l) Prove purge airflow rate.

8-8.2.2 Light-Off Cycle — First Burner. All required interlocks shall be satisfied. (See 9-3.2.)
Operator Actions
Interlock Functions

(a) Maintain purge airflow rate.

(a) Prove that airflow has not dropped below purge
rate.
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(b) Adjust register of burner to be
lighted to light-off position, if
necessary.

(b) Prove purge airflow rate.

(c) Energize igniter for first burner. For (c) For fuel-fired igniters, prove flame within 10
direct electric ignition, omit 8-8.2.2(d). seconds. If flame is not proved, safety shutoff valves
for this igniter shall close and spark shall be
de-energized.

(d) If ignition flame is not established, (d) None
determine cause and make necessary
corrections. Burner register shall be
opened to purge position for at least 1
minute before repeating light-off cycle.

(e) Open burner shutoff valve if igniter (e) Igniter flame proven
flame is proven.

(f) If main burner flame is not
established within main flame trial for
ignition period (Class 2 and Class 3
igniters), a master fuel trip shall be
initiated.

(f) None

8-8.2.3 Light-Off Cycle — Subsequent Burners. [See Figures A-8-5.1.1(a) through
A-8-5.1.1(e).]
Operator Actions
Interlock Functions

(a) Adjust register of burner to be
lighted to light-off position, if
necessary.

(a) Prove that airflow has not dropped below purge
rate.

(b) Energize igniter. For direct electric
igniters, omit 8-8.2.3(c).

(b) For fuel-fired igniters, prove flame within 10
seconds. If flame is not proven, safety shutoff valves
for this igniter shall close and spark shall be
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de-energized.

(c) If ignition flame is not established, (c) None
determine cause and make necessary
corrections. Burner register shall be
opened to purge position for at least 1
minute before repeating light-off cycle.

(d) Open burner shutoff valves if
igniter flame is proven.

(d) Igniter flame proven

(e) If main burner flame is not
(e) None
established within main flame trial for
ignition period, trip the safety shutoff
valves for that burner and its igniter.
Determine and correct cause of failure.
Wait at least 1 minute before
attempting to relight this burner or any
other burner.
8-8.2.4 Normal Shutdown Cycle.
Operator Actions

Interlock Functions

(a) Reduce burner load to minimum.
Do not reduce airflow through burner
below its minimum operating rate.

(a) None

(b) Close individual supervisory
shutoff valve at burner. Leave burner
airflow at firing rate.

(b) As each burner supervisory shutoff valve is closed,
loss of flame shall cause its associated shutoff valve to
close. After last burner supervisory shutoff valve is
closed, loss of all burner flame shall cause header or
supply safety shutoff valve to close.

(c) Open clearing valve to clear burner. (c) None

(d) Shut off igniter.

(d) Igniter safety shutoff valves close; igniter
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atmospheric vent valve opens (for gas igniters).

(e) Leave burner register at firing rate.

(e) None

(f) Shut off atomizing medium to each
burner.

(f) None

(g) If oil guns are not cleared into the
furnace, eliminate 8-8.2.4(a), (c), and
(d). Remove oil guns and drain oil
outside the furnace.

(g) None

(h) Purge burner for at least 1 minute.
Adjust burner airflow per
manufacturer’s instructions.

(h) None

(i) Repeat 8-8.2.4(a) through (c) for
subsequent burners.

(i) None

Chapter 9 Interlock System
9-1 General.
9-1.1
The basic requirement of an interlock system for a unit is that it protect personnel from injury
and also protect the equipment from damage. The interlock system functions to protect against
improper unit operation by limiting actions to a prescribed operating sequence or by initiating
trip devices when approaching an undesirable or unstable operating condition.
9-1.2
The mandatory automatic master fuel trips (MFT) specified in Table 6-2.5.1(a), the main fuel
trips specified in 6-2.6, and the warm-up burner trips specified in 7-5.3 and 8-5.3 represent those
automatic trips for which sufficient experience has been accumulated to demonstrate a high
probability of successful application for all units. The use of additional automatic trips, while not
mandatory, is recommended.
9-1.3
It is possible to experience conditions conducive to a furnace explosion without detection of
such conditions by any of the mandatory automatic trip devices, even though they are properly
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adjusted and maintained. Therefore, operating personnel shall be made aware of the limitations
of the automatic protection system.
9-2 Functional Requirements.
9-2.1
The operation of any interlock that causes a trip shall be annunciated.
9-2.2
An interlock system shall be of sound design and shall be properly installed, adjusted, and
tested to confirm design, function and proper timing. Periodic testing and maintenance shall be
performed to keep the interlock system functioning properly.
9-2.3
The design of an interlock system shall be predicated on the following fundamentals:
(a) The starting procedure and operation shall be supervised to ensure proper operating
practices and sequences.
(b) The minimum amount of equipment shall be tripped in the proper sequence where the
safety of personnel or equipment is jeopardized.
(c) The cause of the trip shall be indicated and shall prevent restarting of any portion of the
affected equipment until proper conditions are established.
(d) The necessary trip devices shall be coordinated into an integrated system.
(e) Where automatic equipment is not available to accomplish the intended function, sufficient
instrumentation to enable the operator to complete the proper operating sequence shall be
provided.
(f) The design shall provide as much flexibility with respect to alternate modes of operation as
is consistent with good operating practice.
(g) Proper preventive maintenance shall be provided.
(h) The design shall not require any deliberate defeating of an interlock in order to start or
operate equipment. Whenever a safety interlock device is removed temporarily from service, it
shall be noted in the log and annunciated if practicable, and a manual or other means shall be
substituted to supervise this interlock function.
(i)* The mandatory automatic master fuel trip and mandatory automatic main fuel trip systems,
including sensing elements and circuits, shall be functionally independent from all other control
system functions. The warm-up burner fuel trip system, sensing elements, and circuits shall be
functionally independent from all other control system functions.
Exception: Individual burner flame failure devices also shall be permitted to be used for
initiating master fuel trip systems.
(j) Misoperation of the interlock system due to interruption and restoration of the interlock
power supply shall be prevented.
9-2.4
The actuation values and time of action of the initiating devices shall be adjusted to the furnace
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and equipment on which they are installed. After adjustment, each path and the complete system
shall be tested to demonstrate the adequacy of adjustment for that furnace.
9-3 System Requirements.
Figures 9-3.1(a), 9-3.1(b), 9-3.2, 9-3.3, 9-3.4, and 9-3.5 show the required system of interlocks
necessary to provide the basic furnace protection for fluidized-bed boilers designed and operated
in accordance with this standard. The logic flow paths shown in these figures reflect the
sequence of operations described in Chapters 6, 7, and 8 for either a cold start or a hot restart.
9-3.1
The master fuel trip logic that initiates the tripping of all fuel supplies through a master fuel
trip device is shown in Figure 9-3.1(b). This figure illustrates a representative sample of the
types of conditions that shall be required to initiate the tripping of both the main and burner fuel
supplies as outlined in Chapter 6. This standard requires use of the type of master fuel trip device
that remains tripped until reset by either the successful completion of the purge cycle or the main
fuel temperature permit from the fuel release logic (see Figure 9-3.2). Each source of operation
of the master fuel trip devices shall actuate a “cause of trip” indication that informs the operator
of the initiating cause of trip impulse.

Figure 9-3.1(a) Interlock system overview.
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Figure 9-3.1(b) Boiler trip logic.

9-3.1.1 Blocks 1 through 4 of Figure 9-3.1(b) represent protection against loss of large quantities
of combustion air. The loss of all induced draft fans or all forced draft fans shall operate the
master fuel trip device.
9-3.1.2 The loss of an individual induced draft fan or forced draft fan shall cause an immediate
runback in unit fuel input in order to maintain the proper air/fuel ratio. This shall be permitted to
be interlocked or made a part of the combustion control system.
9-3.1.3 Furnace pressure high (block 6) shall be interlocked with the master fuel trip device to
protect against abnormal furnace conditions, such as those resulting from a tube rupture or
damper failure.
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9-3.1.4 A manual trip switch (block 12) shall be provided for use by the operator in an
emergency. The manual trip switch shall actuate the master fuel trip relay directly.
9-3.1.5 Bed temperature low (block 10), as defined in 6-1.5.1(f), and warm-up burner flame
not proven (block 11) are the equivalent of a loss of all flame in a burner-fired boiler and are
interlocked with the master fuel trip device in order to prevent the further admission of fuel
into the furnace under “no-flame” conditions.
9-3.1.6 All Fuel Inputs Zero (Block 9). A mandatory master fuel trip shall occur once any fuel
has been admitted to the unit, all fuel sources are subsequently isolated, and bed temperature is
less than the main fuel operating permit. This trip shall be permitted to be reset and bypassed
once the bed temperature exceeds the temperature permit level for admitting fuel.
9-3.1.7 Other trips, as required by 6-2.5, and additional automatic master fuel trips required for a
particular boiler design shall actuate the master fuel trip relay.
9-3.1.8 In all cases following a master fuel trip, operator initiation of fuel input to the unit shall
be required.
9-3.1.9 The master fuel trip device shall be of the type that remains tripped until the boiler purge
system permits it to reset. When actuated, the master fuel trip device shall trip all sources of
solid fuel input directly, close all safety shutoff valves, de-energize all igniter sparks, and
de-energize all other ignition sources within the unit and flue gas path.
9-3.2 Unit Purge.
A proper purge of the unit shall be ensured by successfully completing a series of successive
purge permissive interlocks, which are functionally outlined in Figure 9-3.2. This series of
interlocks shall ensure that the unit purge has been completed with all sources of fuel admission
proven isolated, all required air sources proven in service, all air paths in purge position, and no
boiler trip conditions in existence prior to or during the purge cycle.
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Figure 9-3.2 Purge logic.

9-3.2.1 Interruption of the furnace purge by either the master fuel trip interlock logic, or through
the loss of any required purge interlocks, shall cause the purge sequence to reset, and a complete
and successful repurge of the unit shall be required prior to admitting fuel.
9-3.2.2 Cold Start. During initial start-up, or if the bed temperature is less than either the main
fuel or the auxiliary fuel permits (see 6-2.1), a complete purge of the unit as outlined in Figure
9-3.2 shall be required.
9-3.2.3 Hot Restart. If operating conditions at the time of reset are such that the bed temperature
permits for the main fuel are available (see 6-2.4), a purge reset and bypass shall be permitted.
NOTE: It is recommended that manual initiation be required before the purge reset of the master fuel trip
device is completed.

9-3.2.4 Upon the successful completion of the purge, or following the completion of the purge
bypass and reset, the master fuel trip device shall be reset.
9-3.3 Warm-up Burners.
The warm-up burners shall not be placed in service until the master fuel trip relay has been
reset. (See Figure 9-3.3.)
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CAUTION: Some fuel supply systems for warm-up burners are configured with sensors and interlock logic for
monitoring and tripping burners on a per burner basis. Others are configured with sensors and interlocks for
monitoring and tripping warm-up burners as a group. Care must be taken to ensure interlocks are designed for
use with the fuel supply piping arrangement used.
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Figure 9-3.3 Warm-up burner safety subsystem.

9-3.3.1 Loss of an individual warm-up burner flame shall initiate the tripping of the individual
burner safety shutoff valve(s) and its individual igniter safety shutoff valve(s) and shall
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de-energize associated sparks.
9-3.3.2 Improper warm-up burner fuel pressure shall be interlocked to initiate the tripping of the
individual warm-up burner safety shutoff valve(s) and de-energize the associated sparks. Where
gas is used for fuel, both high and low pressure shall be interlocked. Where oil is used, low
pressure shall be interlocked. Burner fuel pressure shall be monitored to ensure each warm-up
burner is being operated within its capacity and stability limits as designated by the burner
manufacturer and demonstrated by test.
NOTE: Monitoring of header pressure to multiple warm-up burners with individual flow control capability
does NOT satisfy this requirement. With low pressure gas burners, furnace pressure fluctuations might be
more influential on burner gas flow than burner pressure drop.

9-3.3.3 For gas-fired warm-up burners, improper gas supply (metering) pressure shall initiate
tripping of the burner header and individual warm-up burner safety shutoff valves and igniter
header and individual igniter safety shutoff valves and shall de-energize associated sparks. [See
Figure A-7-5.1.1(a).]
9-3.3.4 Where oil is used as an igniter fuel with air or steam for atomization, loss of atomizing
media shall trip the igniter header and individual igniter safety shutoff valves and shall
de-energize the associated sparks. The associated warm-up burners also shall be tripped if in
service and no other proof of flame exists.
9-3.3.5 Where oil is used as a warm-up burner fuel with air or steam for atomization, loss of
atomizing media shall trip the burner header and individual warm-up burner safety shutoff valves
and igniter header and individual igniter safety shutoff valves and shall de-energize associated
sparks.
9-3.3.6 A master fuel trip shall trip all warm-up burner header and all individual warm-up burner
safety shutoff valves and all igniter header and all individual igniter safety shutoff valves and
shall de-energize all associated sparks.
The master fuel trip relay shall trip all warm-up burner header and all individual warm-up
burner safety shutoff valves directly and all igniter header and all individual igniter safety
shutoff valves and shall de-energize all associated sparks.
9-3.3.7 If individually flow-controlled burners are used and the fuel flow or airflow falls below
the manufacturer’s recommended minimum flow, the burner shall be tripped immediately.
9-3.4 Lances.
Lances shall not be placed in service until the master fuel trip relay has been reset and the bed
temperature has reached the ignition temperature for the fuel being fired in the lance. [See
6-1.5.1(f), 6-2.1.2(i)6, 6-2.1.2(j)4, and Figure 9-3.4.]
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Figure 9-3.4 Lance safety subsystem.

9-3.4.1 Loss of the appropriate bed temperature permit shall cause the individual lance safety
shutoff valves to close. (See 6-2.2.5.)
9-3.4.2 For gas-fired lances, improper gas supply (metering) pressure shall initiate tripping of the
lance header and individual lance safety shutoff valves. [See Figure A-7-5.1.1(a).]
9-3.4.3 Improper lance fuel pressure shall be interlocked to ensure each lance is being operated
within its capacity as designated by the lance manufacturer and shall initiate a trip of the
individual lance safety shutoff valves.
Lance fuel pressure shall be monitored to ensure each lance is being operated within its
capacity as designated by the lance manufacturer.
NOTE: The monitoring of header pressure to multiple lances with individual flow control capability does NOT
satisfy this requirement.

9-3.4.4 Where oil is used as a lance fuel with air or steam for atomizati on, loss of atomizing
media shall trip the header and safety shutoff valve(s).
9-3.4.5 Loss of adequate airflow to fluidize the bed shall result in a trip of the lance header and
individual lance safety shutoff valves.
9-3.4.6 A master fuel trip shall trip all lance header and individual lance safety shutoff valves.
9-3.4.7 The master fuel trip relay shall trip all lance header and individual lance safety shutoff
valves directly.
9-3.5 Solid Fuel.
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The solid fuel feed system shall not be placed in service until the master fuel trip relay has
been reset and the bed temperature has reached the ignition temperature of the solid fuel being
fired. [See 6-1.5.1(f), 6-2.1.2(i)6, 6-2.1.2(j)4, and Figure 9-3.5.]

Figure 9-3.5 Solid fuel safety subsystem.

9-3.5.1 Loss of the appropriate bed temperature permit shall cause all solid fuel feed systems to
trip. (See 6-2.2.5.)
9-3.5.2 Solid fuel feed system operation shall be interlocked to trip upstream solid fuel feed train
components following a solid fuel system component malfunction.
9-3.5.3 A master fuel trip shall trip the solid fuel feed system.
9-3.5.4 The master fuel trip relay shall trip the solid fuel feed system directly.
9-3.5.5 Loss of adequate airflow to fluidize the bed shall result in a solid fuel trip.
Chapter 10 Alarm System
10-1 Functional Requirements.
10-1.1
The functional requirement of the alarm system is to bring a specific abnormal condition to the
attention of the operator. Alarms shall be used to indicate equipment malfunction, hazardous
conditions, and misoperation. For the purpose of this standard, the primary function of alarms is
to indicate abnormal conditions that might lead to impending or immediate hazards.
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10-1.2
Alarm systems shall be designed so that, for all required alarms, the operator receives an
audible as well as visual indication of the condition. The visual indication shall identify the
source or cause of the alarm. Means shall be permitted to silence the audible alarm after
actuation, but the visual indication shall continue until the condition has been returned to normal.
10-1.3
The design shall make it difficult to manually defeat the alarm, and, where equipment
malfunction makes this necessary, it shall be performed by authorized personnel, and the alarm
shall be tagged as inoperative.
10-1.4
The design shall eliminate all nuisance alarms to the extent possible.
10-1.5
Consideration shall be given to the use of an additional annunciator dedicated to high priority
critical alarms.
10-2 System Requirements.
10-2.1 Required Alarms.
In addition to the safety features of the interlock system (see 9-2.1), and the required alarms of
5-5.2, 7-7.2, and 8-7.2, the following alarms shall be provided:
(a) Lance Atomizing Steam or Air Pressure (Low). For steam or air-assisted lances, an alarm
shall be provided to warn that steam or air pressure and fuel pressure are outside of operating
range and that poor oil atomization might result.
(b) Lance Fuel Header Pressure (High and Low). The lance fuel header pressure shall be
monitored as close to the lances as practicable in order to warn the operator of abnormal pressure
in advance of conditions that lead to a trip.
(c) Solid Fuel Feeder Tripped. An alarm shall indicate when a feeder has tripped (not normal
shutdown).
(d) Solid Fuel Transport Air Fan Tripped. An alarm shall indicate when a transport air fan has
tripped (not normal shutdown).
(e) Solid Fuel Plugged. An alarm shall indicate when the feeder is running and the fuel flow
detecting device downstream of the feeder indicates no fuel flow.
(f) Furnace Pressure High or Low. An alarm shall warn the operator of furnace pressure
outside the region of normal operation and an approach to a trip condition.
(g) Loss of Operating Forced Draft Fan. This condition shall be sensed and alarmed only
when the fan is not operating at the times expected.
(h) Loss of Operating Induced Draft Fan. This condition shall be sensed and alarmed only
when the fan is not operating at the times expected.
(i) Boiler Airflow (Low). This condition shall be sensed and alarmed when total airflow nears
the minimum purge rate.
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(j) Loss of Interlock Power. This condition shall be sensed and alarmed and shall include all
sources of power necessary to complete interlock functions. For example, if both a 125-volt dc
electric circuit and a compressed air circuit are needed for an interlock scheme, then loss of
either circuit shall be annunciated separately.
(k) Loss of Control Power. This condition shall be sensed and alarmed to include all sources of
power for the combustion control or the fluidized-bed boiler safety interlocks.
(l) Bed Temperature Out of Limits. The bed temperature shall be monitored and alarmed when
it drifts out of the normal operating range and approaches a trip condition (not on shutdown).
(m) Ash Cooler Discharge Material Temperature High. An alarm shall indicate when the
material temperature about to be discharged from the ash cooler reaches a predetermined high
limit.
(n) Lance Valve Not Closed. The closed position of individual lance safety shutoff valves shall
be monitored, and failure of any valve to close following a trip shall be alarmed.
(o) Low Oxygen. An alarm shall warn the operator of a possible hazardous condition in the flue
gas.
10-2.2 Recommended Alarms.
In addition to the required alarms, the following alarms shall be permitted to indicate abnormal
conditions and, where applicable, to alarm in advance of a safety shutdown.
(a) Flame Detector Trouble. All burner or igniter flame detectors are monitored to warn the
operator of a flame detector malfunction.
(b) Combustible or Carbon Monoxide High. An alarm warns the operator of a possible
hazardous condition when measurable combustibles are indicated.
(c) Air/Fuel Ratio (High and Low). If proper metering is installed, an alarm indicates a
potentially hazardous air/fuel ratio.
(d) Oxygen Analyzer Trouble. An alarm warns the operator of a malfunctioning flue gas
oxygen analyzer.
Chapter 11 Referenced Publications
11-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
11-1.1 NFPA Publication.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 31, Standard for the Installation of Oil-Burning Equipment, 1992 edition.
11-1.2 Other Publications.
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11-1.2.1 AISC Publication. American Institute of Steel Construction, 1 East Wacker Drive,
Suite 3100, Chicago, IL 60601.
AISC M016, Manual of Steel Construction Allowable Stress Design, 1989.
11-1.2.2 ANSI Publication. American National Standards Institute, Inc., 1430 Broadway, New
York, NY 10018.
ANSI B31.1, Power Piping, 1995.
11-1.2.3 ASTM Publication. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19105.
ASTM D 396, Standard Specification for Fuel Oils, 1992.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-1-1.4 In existing units, it is not always practicable to apply the provisions of this standard
strictly. Physical limitations might necessitate disproportionate effort or expense with little
increase in protection. In such cases, the authority having jurisdiction must be satisfied that
reasonable protection is ensured.
In existing units, it is intended that any condition that represents a serious boiler combustion
system hazard should be mitigated by application of appropriate safeguards. It is not the intent
to require modification for conditions that do not represent a significant threat, even though such
conditions are not literally in conformance with the requirements of this standard.
A-2-2 Furnace Pressure Excursion Protection. No standard can guarantee the elimination of
furnace implosions. Chapter 5 provides a balance between the complications of reinforcement of
equipment, limitations and reliability of operating procedures, control systems, and interlocks to
minimize the occurrence of the conditions leading to furnace implosions.
If worst case conditions are assumed (e.g., cold air, high head induced draft fan, forced draft
fan flow shutoff, induced draft control dampers open with induced draft fan operating), the
furnace cannot be protected by reasonable structural design.
Using the provisions outlined in Chapter 5, the likelihood of furnace damage is believed to be
remote, provided the induced draft fan has reasonable head capability. If the induced draft fan
head capability is increased significantly, then special consideration of induced draft fan
characteristics or special duct arrangements or special instrumentation or control should be
investigated.
A-2-6.1 Maintenance and Equipment Inspection.
(a) The objective of a maintenance program is to identify and correct conditions that adversely
affect the safety, continued reliable operation, and efficient performance of equipment. A
program should be provided for the maintenance of equipment at intervals consistent with the
type of equipment, service requirements, and manufacturer’s recommendations.
1. As a minimum, the maintenance program should include:
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a. In-service inspections to identify conditions needing corrective action or further study.
b. Detailed, knowledgeable planning for effecting repair or modifications using qualified
personnel, procedures, and equipment.
c. Use of comprehensive equipment history that records conditions found, maintenance
work done, changes made, and the corresponding dates for each.
d. Written comprehensive maintenance procedures incorporating the manufacturer’s
instructions to define the necessary tasks and skills. Any special techniques, such as
nondestructive testing, or those tasks needing special tools, should be defined. Special
environmental factors should be covered, such as temperature limitations, dusts, contaminated or
oxygen-deficient atmospheres, and limited access or confined space requirements.
e. Shutdown maintenance inspections, comprehensive in scope, to cover all areas.
f. Availability of adequate spare parts meeting specifications will provide reliable service
without necessitating makeshift repairs.
2. An inspection and maintenance schedule should be established and followed.
3. Operation, set points, and adjustments should be verified by periodic testing and the
results documented.
4. Defects should be reported and corrected and the repairs documented.
5. System configuration, including logic, set points, and sensing hardware, should not be
changed without the effect being evaluated and approved.
6. Inspections, adjustments, and repairs should be performed by trained personnel, using
tools and instruments suitable for the work. Maintenance and repairs should be performed in
accordance with the manufacturer’s recommendations and applicable standards and codes.
(b) Training.
1. Operator Training.
a. A formal training program should be established to prepare personnel to operate
equipment safely and effectively. This program can consist of a review of operating manuals,
videotapes, programmed instruction, testing, field training, and other modes of instruction. The
training program should be appropriate to the type of equipment and hazards involved.
b. Operating procedures should be established that cover normal and emergency conditions.
Start-up and shutdown procedures, normal operating conditions, and lockout procedures should
be covered in detail.
c. Operating procedures should be directly applicable to the equipment involved and
consistent with safety requirements and manufacturer’s recommendations.
d. Procedures should be reviewed periodically and kept current with changes in equipment
and personnel.
2. Maintenance Training.
a. A formal maintenance training program should be established to prepare personnel to
perform any required maintenance tasks safely and effectively. This program can consist of a
review of maintenance manuals, videotapes, programmed instruction, testing, field training,
manufacturer equipment training, and other modes of instruction. The training program should
be specifically applicable to the equipment involved and to potential hazards.
b. Maintenance procedures should be established to cover routine and special techniques.
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Any potential environmental factors such as temperature, dust, contaminated or oxygen-deficient
atmosphere, internal pressures, and limited access or confined space requirements should be
included.
c. Procedures should be consistent with safety requirements and the manufacturer’s
recommendations.
d. Procedures should be reviewed periodically to keep them current with changes in
equipment and personnel.
(c) Housekeeping.
1. Good housekeeping is essential for safe operation and prevention of fires or explosions;
therefore, provision should be made for periodic cleaning of horizontal ledges or surfaces of
buildings and equipment to prevent the accumulation of appreciable dust deposits.
2. The creation of dust clouds should be minimized during cleaning. Compressed air should
not be used to dislodge coal dust accumulations; washing with water or vacuum cleaning
methods are recommended.
(d) Safety.
1. General Safety Precautions. Protective clothing including, but not limited to, hard hats
and safety glasses should be used by personnel during maintenance operations.
2. Special Safety Precautions.
a. Severe injury and property damage can result from careless handling of unconfined
pulverized fuel; therefore, extreme caution should be used in cleaning out plugged burners,
burner piping, pulverized fuel bins, feeders, or other parts of the system.
b. Welding and Flame Cutting. (See also NFPA 51, Standard for the Design and Installation
of Oxygen-Fuel Gas Systems for Welding, Cutting, and Allied Processes, and NFPA 51B,
Standard for Fire Prevention in Use of Cutting and Welding Processes. For work on pulverized
fuel systems, see NFPA 8503, Standard for Pulverized Fuel Systems.)
c. Fire-resistant blankets or other approved methods should be used in such a manner as to
confine weld spatter or cutting sparks.
d. A careful inspection of all areas near where welding or cutting has been performed,
including the floors above and below, should be made when the job is finished or interrupted,
and such areas should be patrolled for a period sufficient to make certain that no smoldering fires
have developed.
e. Where flammable dusts or dust clouds are present, sparking electrical tools should not be
used. All lamps should be suitable for Class II, Division 1, locations as defined in NFPA 70,
National Electrical Code®.
f. Either ground-fault protected or specially approved low voltage (6-volt or 12-volt)
extension cords and lighting should be used for all confined spaces and where moisture might be
a hazard.
g. Explosion-operated tools and forming techniques should not be used where flammable
dust or dust clouds are present. Where these operations are necessary, all equipment, floors, and
walls should be cleaned, and all dust accumulation removed, by an approved method. A careful
check should be made to ensure that no cartridges or charges are left in the work area.
3. Confined Space.
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a. A confined space is any work location or enclosure in which any of the following
conditions exist:
1. The dimensions are such that 6-ft (1.8-m) individuals cannot stand up in the middle of
the space or extend their arms in all directions without hitting the enclosure.
2. Access to or from the enclosure is by manhole, hatch, port, or other relatively small
opening that limits ingress and egress to one person at a time.
3. Confined spaces can include, but are not limited to, ducts, heaters, windboxes, cyclones,
dust collectors, furnaces, bunkers, or bins.
b. Specific procedures should be developed and used for personnel entering a confined
space to:
1. Positively prevent the inadvertent introduction of fuel, hot air, steam, or gas.
2. Positively prevent the inadvertent starting or moving of mechanical equipment or fans.
3. Prevent the accidental closing of access doors or hatches.
4. Include tags, permits, or locks to cover confined space entry.
5. Determine the need for ventilation or self-contained breathing apparatus where the
atmosphere is likely to be stagnant, depleted of oxygen, or contaminated with irritating or
combustible gases. Tests for an explosive or oxygen-deficient atmosphere should be made.
6. Provide for a safety attendant. The safety attendant should remain outside of the
confined space with appropriate rescue equipment and should be in contact (preferably visual
contact) with those inside.
7. Provide for the use of proper safety belts or harnesses, which should be properly tied off
where such use is practicable.
c. An operating fluidized-bed combustion (FBC) boiler, either bubbling or circulating,
contains as the bed a large quantity of hot, granular solids. In some designs, there is also
substantial hot refractory. Both the bed and refractory store large quantities of heat, which cause
the behavior of an FBC boiler to be different from that of other fuel combustion systems.
d. Because ignition energy is supplied by the hot bed, an FBC boiler can be operated at
fuel/air ratios much higher than can be sustained in a suspension burner. Consequently, an
inventory of unburned fuel can accumulate within the boiler enclosure.
e. An operating FBC boiler continues to produce steam after a fuel supply trip if the air
supply continues to operate. The source of heat might not be the fuel remaining in the bed after
the fuel supply trip but, rather, could come from the heat stored in the granular bed material and
refractory. Experience has demonstrated that, while steam production drops, it can continue at
above 50 percent of the full-load rating for several minutes after a fuel supply trip. However, if
the air supply is stopped and the bed defluidized, the heat removal from the bed becomes very
low because the bed material is a good insulator, and steam production drops to less than 10
percent of full-load production in a matter of seconds.
A-2-9.7 Special Hazards in Fluidized-Bed Combustion (FBC) Systems. FBC boilers differ
from conventional boilers in important features. Some of these differences can lead to special
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hazards, several of which are included in the following discussion. These hazards include large
quantities of hot, solid materials, significant concentrations of reactive compounds in the solids,
and hazardous gaseous species.
Extensive treatment of these special hazards is beyond the scope of this standard. Since FBC
technology is still relatively new, recognition of these hazards is warranted. The boiler
manufacturer, the plant designer, and the operator all have responsibility for mitigating these
hazards to the extent practicable.
(a) Hot Solids.
1. Description of Hazard. Fluidized-bed combustion systems contain large quantities of
granular solids. A typical 100-MW(e) FBC boiler can contain as much as 100 tons of
free-flowing solids at 1500°F (815°C) or higher. These hot solids can spill out of the furnace or
other components because of equipment failures, poor design, or misoperation. There have been
several such incidents in operating plants. In the event of uncontrolled hot-solid spills, personnel
can be injured or equipment damaged, or both.
2. Recommendations.
a. The designers of the boiler and related plant equipment should identify the potential
sources of hot solids and associated hazards and make recommendations for personnel safety.
b. The designer should give careful consideration to the selection of materials that come
into direct contact with hot solids.
c. Clean-out ports, fittings that might be used as clean-out ports, and spool pieces that
might be removed for rodding out blockages should be positioned so that a sudden rush of hot
solids does not lead to personnel injury. Components that are removable for maintenance when
the plant is out of service, but that should not be removed when the plant is in service because of
the risk of hot spills, should be marked clearly.
d. Instrumentation and wiring needed for the safe operation of the plant should not be
routed near potential sources of hot solids. If such routing is necessary, the wiring should be
protected from the direct flow of the solids.
e. Fuel lines should not be located near potential sources of hot solids. The fuel lines should
be protected from the direct flow of the solids.
f. Plant personnel should be trained in the potential sources of hot solids, associated
hazards, and the corresponding safety procedures.
g. Procedures should be developed for cleaning obstructions that provide safety to
personnel and equipment. Protective clothing and eye protection should be provided for
personnel who rod out obstructions.
h. Components that might contain hot solids should be inspected frequently.
i. Water-cooled screws have failed when suddenly flooded with hot bed material following
the removal of an upstream blockage. The sudden transfer of large amounts of heat has resulted
in overpressurizing the cooling water passages. The operators should be trained adequately and
the systems designed with appropriate instrumentation, interlocks, and pressure relief devices to
mitigate the risks associated with this type of event.
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(b) Lime.
1. Description of Hazard. Limestone is normally fed to fluidized-bed boilers to reduce the
emissions of sulfur dioxide. More limestone should be added to comply with emission limits
than is theoretically needed to react with all of the fuel’s sulfur. A significant amount of the
limestone is not converted to calcium sulfate and exists as calcium oxide, commonly referred to
as quicklime. Care should be used where calcium oxide (CaO) is present in the solids to prevent
equipment damage or injury to personnel. CaO reacts with water or water vapor to generate heat
and reacts with moisture on skin or eyes to cause chemical burns.
2. Recommendations.
a. Where limestone is used as an initial bed charge, it is quickly calcined to CaO
(quicklime) before a large fraction reacts to CaSO4. In some instances, where limestone has been
used for the initial charge, personnel have experienced chemical burns when entering the furnace
because the limestone had turned to quicklime. Because of the likelihood that, during initial plant
start-ups, a number of plant problems necessitate that personnel enter the FBC, the boiler
manufacturer should recommend that the initial charge of bed material be comprised of sand,
coal ash, or other chemically inert material rather than limestone.
b. Where three parts lime are wet with approximately one part water, the highest
temperature is reached due to a chemical reaction. Where the reaction of pure, reactive lime
occurs within a large volume (providing insulation), temperatures of about 600°F (315°C) can be
reached. This temperature is sufficiently high to ignite paper, for example, which, in turn, could
lead to a plant fire. Also, equipment designed for ambient temperature and pressure can fail
when heated by a large lime-water reaction. Therefore, relevant plant components should be
designed to perform safely at high temperatures, and means of avoiding pressure buildup should
be provided. Provisions should be made for detecting high temperatures within tanks and other
components.
c. Waste conditioning systems do mix FBC wastes with water. The designers of these
components should be made aware of the likelihood and effects of lime-water reactions by the
system integrator, normally an architect, an engineer, or the plant owner.
d. Lime-water reactions can occur while the plant is in service in “dead zones” due to the
humidity in air or flue gas. These reactions might or might not lead to particularly high
temperatures, but they often do lead to hard blockages. These blockages might disable safety
instrumentation, ash removal systems, or other components. Designers should anticipate this
problem and provide a means to detect the presence of blockages, especially in instrument lines,
as well as a means to remove blockages safely.
e. The safety equipment necessary for dealing with lime should be provided, including
breathing masks, protective clothing, and eye protection. First-aid facilities needed for chemical
burns, especially for eyes, should be provided. Operators should be trained to test for the
presence of quicklime before entering an enclosure filled with solids. One simple test can be
performed by sampling the solids. The sample is placed in a metal (not glass) container, wearing
gloves and eye protection. An approximately equal volume of water is added, the solution is
stirred, and approximately 15 minutes are allowed to pass in order to detect a temperature rise.
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(c) Hydrogen Sulfide.
1. Description of Hazard. Fluidized-bed boilers that operate substoichiometrically in the
lower combustion zone can produce hydrogen sulfide (H2S) as an intermediate product before
the sulfur is fully oxidized. Because of the positive pressure in the lower combustion zone, H2S
can leak out of the furnace and into an area where personnel are working. Hydrogen sulfide is
heavier than air and concentrates in poorly ventilated low points in the plant, creating the
potential for personnel injury.
2. Recommendations.
a. Adequate seals/gaskets on components that can be opened or disassembled that are
located in the dense bed region should be provided. Weld components that do not need to be
opened or disassembled should be sealed.
b. Written guidelines on H2S should be provided with the equipment manuals.
c. Operators should be trained to anticipate the presence of H2S.
d. Means for measuring the concentration of H2S in the boiler house and other plant
facilities should be provided.
(d) Calcium Sulfide.
1. Description of Hazard. The bottom ash (and under some modes of misoperation, fly ash)
from a fluidized-bed boiler might contain some calcium sulfide, which is a reaction product of
H2S with limestone in the absence of sufficient oxygen. Calcium sulfide can react with CO2 and
H2O, which are constituents of air, and release H2S. If this occurs, for example, in a waste
storage silo, the silo’s environment can reach a hazardous concentration of H2S.
2. Recommendations. Calcium sulfide in FBC waste products can lead to the release of H2S
in waste storage silos and piles. Operators should be trained in the proper procedures for entry of
enclosed spaces.
A-4-1.1.1 The following equations provide an example of boiler enclosure structural design as
shown in Figure A-4-1.1.1:
(a) Area A: Normal operating pressure = +4.0 in. w.g. (+1.0 kPa).
1. +4.0 in. w.g. (+1.0 kPa) × 1.67 = 6.7 in. w.g. (+1.7 kPa).
2. The higher of +35 in. w.g. (+8.7 kPa) or +6.7 in. w.g. (+1.7 kPa) is selected.
3. The lower of the result of item 2 or the forced draft maximum head capability at ambient
conditions is selected.
4. Area A of furnace is designed to +35 in. w.g. (+8.7 kPa) at yield.
(b) Area B: Normal operating pressure = +20 in. w.g. (+5.0 kPa).
1. +20 in. w.g. (+5.0 kPa) × 1.67 = +33.4 in. w.g. (+8.3 kPa).
2. The higher of +35 in. w.g. (+8.7 kPa) or +33.4 in. w.g. (+8.3 kPa) is selected.
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3. The lower of the result of item 2 or the forced draft maximum head capability at ambient
conditions is selected.
4. Area B of furnace is designed to +35 in. w.g. (+8.7 kPa) at yield.
(c) Area C: Normal operating pressure = +50 in. w.g. (+12.4 kPa).
1. +50 in. w.g. (+12.4 kPa) × 1.67 = +83.5 in. w.g. (+20.8 kPa).
2. The higher of +35 in. w.g. (+8.7 kPa) or +83.5 in. w.g. (+20.8 kPa) is selected.
3. The lower of the result of item 2 or the forced draft maximum head capability at ambient
conditions is selected.
4. Area C of furnace is designed to +83.5 in. w.g. (+20.8 kPa) at yield.
(d) Area D: Normal operating pressure = +70 in. w.g. (+17.4 kPa).
1. +70 in. w.g. (+17.4 kPa) × 1.67 = +116.9 in. w.g. (+29.1 kPa).
2. The higher of +35 in. w.g. (+8.7 kPa) or +116.9 in. w.g. (+29.1 kPa) is selected.
3. The lower of the result of item 2 or the forced draft maximum head capability at ambient
conditions is selected.
4. Area D of the furnace is designed to +110 in. w.g. (+27.4 kPa) at yield.

Figure A-4-1.1.1 Boiler enclosure structural design diagram.

A-4-4.2 Determination of Bed Temperature for Operational Permissives. "Bed temperature"
Copyright 1996 NFPA

refers to the average bed temperature of a fluidized-bed combustion (FBC) boiler at which
certain steps can be taken. This appendix provides general guidelines for the measurement of bed
temperatures.
The requirement is for the FBC designer to furnish a temperature measuring system and logic
to provide a reliable bed temperature value during the various conditions of operation, including
start-up, hot restart, low load, and normal operation.
A system that has been shown to satisfy the requirement consists of a number of thermowells,
roughly proportional to the capacity of the FBC, positioned in the nominally vertical walls
surrounding the bed at elevations below and above the level of the slumped bed. A penetration of
a well at a location 2 in. (5.1 cm) from the wall provides a reliable bed temperature measurement
without extensive erosion of the well. Materials are selected that are appropriate for temperature
elevation, erosion, and corrosion potentials.
Where the bed is fluidized, the measurements above and below the slumped bed level fall
within a narrow range. Rather than taking an average of these temperatures, a method is used in
which an established minimum percent of each of the upper and the lower bed temperature
elevations exceeds the established permissive in order to meet interlock requirements.
Because of the variations in FBC designs, each supplier is responsible for meeting the
requirements for a reliable bed temperature measurement and logic system.
A-4-5.2.9 Accumulated Fuel in Bed. Fluid bed combustors under certain abnormal operating
conditions can accumulate significant quantities of unburnt fuel without an obvious indication of
abnormality. Such conditions can occur where the fuel input exceeds the available air for
combustion over an extended period of time. This condition is of particular concern where
nonhomogeneous fuel of widely varying heating values is fired. The combustion control system
is currently required to include features to reduce the likelihood of this occurrence.
The continuous indication of critical process variables referred to in 2-3.4(a) and described
more thoroughly in Section 4-8 is a key aid to the operators in avoiding ongoing operation while
fuel input exceeds air input.
Oxygen analyzers are necessary for fluidized bed combustion in order to keep the fuel input
calibrated to true air demand for comparison to actual air input. Oxygen analyzers also advise the
operator when air input rate relative to fuel input falls below the acceptable range.
Combustibles analyzers are recommended in the note to 4-5.1.3 and in 4-5.2.9 as an aid in
avoiding excess fuel operation. Combustibles analyzers provide valuable data in addition to the
previously described measurements and information. The deficiency of air might not always
deplete flue gas oxygen before high levels of combustible products are observed. Particularly in
the event of inadequate bed mixing, flue gas oxygen and flue gas combustibles can coexist and
actually present a more difficult situation than a purely air-deficient circumstance.
A-4-6.1.9 Atmospheric vent valves located between shutoff valves are intended to relieve any
gas pressure that builds up due to failure leakage of the first (upstream) shutoff valve. This
minimizes the potential for leakage into an idle furnace. To perform properly, these valves
should be large enough to relieve gas to atmosphere at a rate equal to the potential leakage rate.
In the absence of other justification, vent pipe sizes and vent valve port diameters should
conform to Table 4-6.1.9.
A-6-2.2.5 The intent of 6-2.2.5 is to require tripping the main fuel if, during normal operation,
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the bed temperature drops below a predefined value. This trip temperature is higher than the
light-off permit because, during start-up, main fuel is being fed under carefully controlled
conditions and under the direct, constant attention of an operator [see 6-2.1.2(i)6 and
6-2.1.2(j)4]. This condition might not occur during normal operation.
A-6-2.5 If the forced draft fan(s) trips with fuel in the bed and an induced draft fan remains
running, a forced draft fan should be restarted at a low output sufficient to pressurize the
combustion air ducts or the furnace pressure should be decreased using the induced draft fan, or
both. If all forced draft and induced draft fans trip with fuel in the bed, an induced draft fan
should be restarted and a lower than normal furnace pressure should be established. These
actions are intended as immediate actions to prevent back flow of gaseous combustibles into the
combustion air ductwork. Long-term corrective actions should be taken after an assessment of
the boiler condition.

Figure A-7-5.1.1(a) Typical fuel gas supply to powerhouse.
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Figure A-7-5.1.1(b) Typical fuel gas ignition system — multiple igniters supplied from a common header
(automatic).

Figure A-7-5.1.1(c) Typical fuel gas ignition system — multiple igniters supplied from a common header
(supervised manual).
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Figure A-7-5.1.1(d) Typical fuel gas ignition system — individually controlled igniters (automatic).

Figure A-7-5.1.1(e) Typical fuel gas ignition system — individually controlled igniters (supervised manual).

Figure A-7-5.1.1(f) Typical fuel gas burner/lance system master flow control valve for multiple burners
(automatic).
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Figure A-7-5.1.1(g) Typical fuel gas burner/lance system master flow control valve for multiple burners
(supervised manual).

Figure A-7-5.1.1(h) Typical fuel gas burner/lance system individual fuel control valve (automatic).
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Figure A-7-5.1.1(i) Typical fuel gas burner/lance system individual fuel control valve (supervised manual).

A-7-5.2.1.2(a) If a charging valve (required to be self-closing) on the main gas supply is
furnished, this should be opened to bypass the main safety shutoff valve; otherwise the main
safety shutoff valve should be opened. The main fuel control valve should be opened as
required. The burner header should be vented until it is filled with gas. The burner header
atmospheric vent valve should be closed. The charging or main safety shutoff valve should be
left open to establish a nominal pressure on the burner header. The charging or main safety
shutoff valve then should be closed. It may be permitted to be concluded that the safety shutoff
valves do not leak if the nominal pressure remains within specified limits.
A-7-7.2 Recommended Additional Alarms for Automatic Systems (Fuel Gas). In addition to
the required alarms, the following alarms are recommended to indicate abnormal conditions and,
where applicable, to alarm in advance of an emergency shutdown. It is recommended that
provision be made in the design for possible future conversion to automatic trips in the interlock
system.
(a) Burner Register Closed. This provides control room indication or alarm for the condition
that all secondary air burner dampers are closed on an operating burner.
(b) Change in Btu Content of the Fuel Gas. In the event that the gas supply is subject to Btu
fluctuations in excess of 50 Btu/ft3 (1861 kJ/m3), a meter in the gas supply or an oxygen meter
on the flue gas should be provided.
(c) Air/Fuel Ratio (High and Low). If proper metering is installed, this may be permitted to
be used to indicate a potentially hazardous air/fuel ratio with an initial alarm indicating approach
to a fuel-rich condition and a second alarm indicating approach to a hazardous fuel-rich
condition.
(d) Flame Detector Trouble. This warns the operator of a flame detector malfunction.
A-7-8.1.1 Recommended Additional Alarms for Supervised Manual Systems (Fuel Gas). In
addition to the required alarms, the following alarms are recommended to indicate abnormal
conditions and, where applicable, to alarm in advance of an emergency shutdown:

Copyright 1996 NFPA

(a) High fuel supply pressure;
(b) Low fuel supply pressure;
(c) Low combustion airflow;
(d) Failure of burner safety shutoff valve to close;
(e) Flame detector trouble.

Figure A-8-5.1.1(a) Typical light oil ignition system — multiple mechanically atomized igniters supplied by a
common header (automatic).

Copyright 1996 NFPA

Figure A-8-5.1.1(b) Typical light oil ignition system — multiple mechanically atomized igniters supplied by a
common header (supervised manual).

Figure A-8-5.1.1(c) Typical light oil ignition system — individually controlled mechanically atomized igniters
(automatic).
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Figure A-8-5.1.1(d) Typical light oil ignition system — individually controlled mechanically atomized igniters
(supervised manual).

Figure A-8-5.1.1(e) Typical light oil system — steam/air atomized igniters supplied from a common header
(automatic).
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NOTE: Some designs require differential pressure control between the igniter fuel oil pressure and the atomizing
media. In this instance, a differential pressure control valve and differential pressure interlock are required in lieu of
the constant pressure regulating valve and static pressure interlock.
Figure A-8-5.1.1(f) Typical light oil ignition system — steam/air atomized igniters supplied from a common
header (supervised manual).

Figure A-8-5.1.1(g) Typical light oil ignition system — individually controlled steam/air atomized igniters
(automatic).
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Figure A-8-5.1.1(h) Typical light oil ignition system — individually controlled steam/air atomized igniters
(supervised manual).

Figure A-8-5.1.1(i) Typical oil burner/lance system — mechanically atomized master fuel control valve for
multiple burners (automatic).
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Figure A-8-5.1.1(j) Typical oil burner/lance system — mechanically atomized master fuel control valve for
multiple burners (supervised manual).

Figure A-8-5.1.1(k) Typical oil burner/lance system — mechanically atomized individual fuel control valve for
multiple burners (automatic).
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Figure A-8-5.1.1(l) Typical oil burner/lance system — mechanically atomized individual fuel control valve for
multiple burners (supervised manual).

Figure A-8-5.1.1(m) Typical oil burner/lance system — air/steam atomized master fuel control valve for
multiple burners (automatic).
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Figure A-8-5.1.1(n) Typical oil burner/lance system — air/steam atomized master fuel control valve for
multiple burners (supervised manual).
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Figure A-8-5.1.1(o) Typical oil burner/lance system — air/steam atomized individual fuel control valve
(automatic).

Figure A-8-5.1.1(p) Typical oil burner/lance system — air/steam atomized individual fuel control valve
(supervised manual).

A-8-7.2 Recommended Additional Alarms (Fuel Oil).
(a) Automatic Systems. In addition to the required alarms, the following alarms are
recommended to indicate abnormal conditions and, where applicable, to alarm in advance of a
safety shutdown. It is recommended that provisions be made in the design for possible future
conversion to automatic trips in the interlock system.
1. Burner Register Closed. This provides control room indication or alarm for the condition
that all secondary air burner dampers are closed on an operating burner.
2. Air/Fuel Ratio (High and Low). If proper metering is installed, this may be permitted to
be used to indicate a potentially hazardous air/fuel ratio with an initial alarm indicating approach
to a fuel-rich condition and a second alarm indicating approach to a hazardous fuel-rich
condition.
3. Ignition Fuel Supply Pressure (Low). This monitors the ignition fuel supply pressure at a
point as far upstream of the control and safety shutoff valves as practicable.
4. Flame Detector Trouble. This warns the operator of a flame detector malfunction.
5. Main Oil Temperature (High). This is used for heated oils only.
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(b) Supervised Manual Systems. In addition to the required alarms, the following alarms are
recommended to indicate abnormal conditions and, where applicable, to alarm in advance of a
safety shutdown:
1. Low fuel oil supply pressure;
2. Low atomizing medium pressure or atomizing medium oil pressure differential;
3. Low combustion airflow;
4. Failure of burner safety shutoff valve to close;
5. Low oil temperature;
6. High oil temperature;
7. Flame detector trouble.
A-9-2.3(i) The mandatory master fuel trip system and circuits should be functionally
independent and physically separated from all other control system operations. The intent of this
separation should be to ensure that any credible failure in the control system cannot prevent or
prohibit any necessary mandatory automatic trip. The intent is that the master fuel trip system
function should not be intermixed with other control system functions, although they may be
permitted to use the same type of hardware and software. Components such as operator
interfaces or annunciation may be permitted to be shared where it is desirable to do so. Input
status information should be dedicated to the mandatory master fuel trip and interlock system to
the greatest extent possible. Where signals are shared between the mandatory master fuel trip
and interlock systems and other control systems, the signal should be input to the master fuel trip
system and retransmitted to any other control system(s).
Appendix B Guidelines for Determining the
Minimum Permitted Temperature for Feeding a
Fuel into a Fluidized Bed
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
B-1 Scope. This method describes a procedure for establishing the minimum fluid bed
temperature at which a fuel ignites and sustains controllable combustion. The test approaches
described in Sections B-3 and B-4 are typical approaches followed by manufacturers to assist in
design activities for this equipment. The test method described in Section B-5 is an important
boiler commissioning activity performed on each new unit by the manufacturer and observed by
other interested parties.
B-2 General Consideration.
(a) The purpose of this recommended procedure is to establish an initial minimum temperature
permissive above which fuel can be fed into the fluidized bed. This initial temperature
permissive should be verified by tests in the full-scale plant.
(b) This procedure can be used by the fluidized-bed combustor (FBC) supplier to determine
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the minimum fluidized-bed temperature at which fuel can be fed into the furnace.
(c) The FBC supplier can use this temperature for defining the fuel permissive safety system
for both start-up and hot restart.
(d) The FBC supplier and operator should be aware of the following concerns and cautions:
1. Pilot test information can differ from full-scale unit operation. The supplier should be
aware of such differences and include a safety margin based on actual experience.
2. Typically, there is a time delay between fuel feed command and fuel entering the furnace.
This is reflected in a decrease in temperature of the fluidized-bed material during the period
between bed fluidization and the arrival of the fuel in the bed. Bed cooling during this delay
period could cause the temperature to fall below the fuel feed permissive.
3. The minimum bed temperature at which fuel ignites and causes the bed material and
freeboard temperature to increase is likely to be dependent on the air velocities, the air to fuel
ratio, and the heat extraction surfaces within the combustion zones. The FBC supplier should
consider the effect of these factors for both cold start-up and hot restart operation of the FBC.
4. During initial plant start-up, the temperature permissive for fuel flow is usually verified in
the installation. This test might show that a higher permissive fluidized-bed temperature is
necessary to ignite the fuel. The supplier should anticipate this possibility by providing the
means for heating the bed to a higher temperature than that indicated by the pilot combustion
tests.
B-3 Test Setup and Measurements.
B-3.1 Pilot Test Setup and Measurements. The test should use a pilot fluidized-bed
combustion system that simulates the supplier’s full-scale equipment. As a minimum, the test
should include:
(a) A fuel feed system with feed rate control and feed rate monitor.
(b) Air controls and measurements of the fluidizing air, fuel transport air, and secondary air as
applicable.
(c) Thermocouples to monitor the temperatures of the incoming airstreams, the bed
temperature and freeboard temperature, and the temperature of the combustion products
exhausting the freeboard.
(d) Recording instruments that provide a record of the fluidized-bed and freeboard
temperatures. The printout scale and speed should be adjustable to provide a clear history of time
and temperatures.
(e) Bed material that simulates the size distribution and material density projected for the
full-scale system.
(f) Solid fuel that is representative of samples of the design fuels. Control should be exercised
to ensure that fuel moisture content and size are properly simulated. If dictated by the pilot unit
restrictions for maximum fuel size, the oversized fraction of fuel can be removed from the test
feed stock, or the maximum fuel size can be reduced by means of additional processing.
(g) Equipment to allow heat extraction from the fluidized bed or furnace freeboard, as
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appropriate, to simulate the supplier’s equipment design.
(h) A pilot test device that is rated at a minimum throughput capacity of 1 × 106 Btu/hr (293
kW).
B-3.2 Bench-Scale Flammability Test Setup. An alternate means of establishing an initial
minimum ignition temperature by test is through the use of conventional ignition or flammability
tests. The intent of these tests is not so much to establish directly a minimum ignition
temperature, but rather to allow the manufacturer to extrapolate an ignition temperature based
upon the results of a given test and similar tests on fuels fired at other actual installations. The
correlation between the ignition temperature (flammability index) yielded by tests of various
fuels at an actual plant and the verified minimum ignition temperature established for that plant
and the results of the testing performed on the unknown fuel are sufficient to yield an initial set
point for the unknown fuel. As a minimum, the following should be used for the test:
(a) A furnace with a controllable heat source.
(b) Thermocouples to monitor the temperature of the furnace.
(c) Representative samples of the fuel to be fired. The samples should be prepared in
accordance with normal procedures for the test setup to be utilized.
(d) The intent is not to require any specific test, but rather to use the same test on multiple fuel
samples in order to establish a relationship between the unknown fuel and its appropriate
minimum ignition temperature based upon the relationship of other known fuels and their proven
ignition temperatures.
B-4 Test Procedure. The proposed test procedure is a repetitive process that incrementally
reduces the bed temperature until the system fails the success criteria for fuel ignition and
sustained combustion. A fuel might have a very low temperature for ignition and sustained
combustion, possibly one that is considerably lower than the operating bed temperature range of
interest. Where such fuel is used, the FBC equipment supplier may be permitted to terminate the
tests after they demonstrate successful operation at a temperature lower than the proposed
minimum ignition temperature.
B-4.1 Test Operation.
B-4.1.1 Pilot Test Operation.
(a) With fans operating, the FBC test unit should be stabilized at 100°F to 200°F (38°C to
93°C) above the minimum bed temperature at which the fuel is known to sustain combustion.
Verification of instrument operation and calibration should be made, and operating conditions
should be adjusted to the selected air velocity excess air and bed temperature. Fuel flow,
airflows, and temperatures should be monitored and recorded.
(b) The fuel should be shut off, and the bed temperature should be allowed to fall. The fuel
feed conveying and metering equipment should be kept primed to minimize the fuel delivery
delay time at fuel restart. At 50°F (10°C) below the previously demonstrated temperature for
sustaining combustion, the fuel flow should be resumed at the rate used in B-4.1.1(a) for a
maximum of 90 seconds.
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(c) In a successful test, the temperature response of the bed and freeboard are to be smooth and
are to indicate a reversal of the fluidized-bed and freeboard temperature gradients.
If the success criteria are met, B-4.1.1(a) through (c) should be repeated at successively lower
temperatures. If the success criteria are not met, the test should be terminated and a post-purge
completed.
B-4.1.2 Minimum Permitted Bed Temperature. The minimum permitted bed temperature for
admitting fuel flow into the fluidized bed should be not less than the minimum temperature at
which “success” was achieved in B-4.1.1(c).
B-4.2 Bench Scale Flammability Test.
B-4.2.1 Test Procedure.
(a) The test furnace should be stabilized at 100°F to 200°F (38°C to 93°C) above the
expected ignition temperature of the fuel.
(b) A fuel sample should be admitted.
(c) If the fuel ignites, the test should be repeated after reducing the temperature of the furnace.
(d) If the fuel fails to ignite, the test should be terminated. The ignition temperature of the fuel
is the last value that satisfies B-4.2.1(c).
B-4.2.2 Minimum Permitted Bed Temperature. The initial minimum fuel permissive is
determined by correlating the results of the tests of the unknown fuel sample with similar tests
performed for fuels used in other units of similar design and the corresponding minimum
ignition temperatures established for those fuels in the respective units. It should be noted that
this procedure, as in the procedure described in B-4.1.1, has a degree of uncertainty, and
appropriate safety margins should be implemented until the testing on the actual unit can be
completed.
B-5 Verifying Minimum Temperature at Actual Plant. The FBC supplier and the operator
should agree to a procedure similar to that described in B-4.1.1 for verifying a minimum bed
temperature for fuel flow start in the full-scale plant. A margin of safety should be added to any
value derived through test. Where fuel sources change the minimum temperature, the test should
be repeated.
Appendix C Referenced Publications
C-1 The following documents or portions thereof are referenced within this standard for
informational purposes only and thus are not considered part of the requirements of this
document. The edition indicated for each reference is the current edition as of the date of the
NFPA issuance of this document.
C-1.1 NFPA Publications. National Fire Protection Association, 1 Batterymarch Park, P.O. Box
9101, Quincy, MA 02269-9101.
NFPA 51, Standard for the Design and Installation of Oxygen-Fuel Gas Systems for Welding,
Cutting, and Allied Processes, 1992 edition.
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NFPA 51B, Standard for Fire Prevention in Use of Cutting and Welding Processes, 1994
edition.
NFPA 70, National Electrical Code, 1996 edition.
NFPA 77, Recommended Practice on Static Electricity, 1993 edition.
NFPA 8503, Standard for Pulverized Fuel Systems, 1992 edition.
C-1.2 Other Publications.
C-1.2.1 API Publication. American Petroleum Institute, 1220 L Street, NW, Washington, DC
20005.
API RP 2003, Recommended Practice for Protection Against Ignitions Arising Out of Static,
Lightning, and Stray Currents, 1991 edition.
C-1.2.2 ASTM Publications. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19105.
ASTM D 388, Standard Classification of Coals by Rank, 1995.
ASTM D 1857, Standard Test Method for Fusibility of Coal and Coke Ash, 1987.
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Chapter 1 Purpose and Scope
1-1 Scope.
1-1.1
The purpose of this recommended practice is to establish guidelines for the design, installation,
and operation of stoker fired boiler-furnaces, their fuel burning systems, and related control
equipment to contribute to operating safety.
1-1.2
This document applies specifically to firing coal, wood, municipal waste, and other solid fuels
in stoker-equipped units with a heat input rate greater than 400,000 Btu/hr (117 kW). When solid
fuel is fired simultaneously with other fuels, additional controls and interlocks may be necessary
but are not covered in this practice. When firing natural gas, fuel oil, or pulverized coal alone,
use the NFPA standard that applies to that fuel.
1-1.3
This document does not address specific requirements of multiple fuel firing (e.g., solid fuel
stoker fired in combination with gas, oil, or pulverized auxiliary fuel).
1-1.4
Requirements for auxiliary fuel firing equipment and interlocks should follow NFPA 8501,
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Standard for Single Burner Boiler Operation, and NFPA 85C, Standard for the Prevention of
Furnace Explosions/Implosions in Multiple Burner Boiler-Furnaces.
Exception No. 1: The purge requirements of NFPA 8501 and NFPA 85C are not required when
the stoker is firing and the boiler is on-line. In those cases, if no cooling air is being provided to
the auxiliary burners, a purge of their associated air supply ducts should be provided.
Exception No. 2: When firing oil or gas in a supervised manual system in accordance with
NFPA 8501, the excessive steam pressure interlock is not required.
1-2 Purpose.
1-2.1
While this document applies especially to units that have been placed in operation subsequent
to July 15, 1992, its use can be helpful with units placed in operation earlier.
1-2.2
No document can be promulgated that will guarantee the elimination of boiler combustion
hazards. Technology in this area is under constant development, which will be reflected in
revisions to this document. The user of this document must recognize the complexity of firing
fuel with regard to the type of equipment and the characteristics of the fuel. Therefore, the
designer is cautioned that the document is not a design handbook. The document does not do
away with the need for the engineer or for competent engineering judgment. It is intended that a
designer capable of applying more complete and rigorous analysis to special or unusual
problems should have latitude in the development of such designs. In such cases, the designer is
responsible for demonstrating the validity of the approach.
1-2.3
Revisions to this document reflect the current state of knowledge and do not imply that
previous editions were inadequate.
1-2.4
Because this document is based on the present state of the art, application to existing
installations, while not mandatory, is encouraged, especially for those features that are
considered applicable to and reasonable for existing installations.
1-2.5
Emphasis is placed on the importance of proper operation, maintenance, combustion control
equipment, safety interlocks, alarms, trips, and other related controls that are essential to safe
unit operation.
Chapter 2 General
2-1 Basic Cause of Furnace Explosions.
2-1.1
The basic cause of furnace explosions is the ignition of an accumulated combustible mixture
within the confined space of the furnace or the associated boiler passes, ducts, and fans that
convey the gases of combustion to the stack.
Copyright 1996 NFPA

2-1.2
A dangerous combustible mixture within the boiler-furnace enclosure consists of the
accumulation of an excessive quantity of combustibles mixed with air in proportions that will
result in rapid or uncontrolled combustion when an ignition source is supplied. A furnace
explosion may result from ignition of this accumulation if the quantity of combustible mixture
and the proportion of air to fuel are such that an explosive force is created within the
boiler-furnace enclosure. The magnitude and intensity of the explosion will depend on both the
relative quantity of combustibles that has accumulated and the proportion of air that is mixed
therewith at the moment of ignition. Explosions, including “furnace puffs,” may be the result of
improper procedures by operating personnel, improper design of equipment or control systems,
equipment or control system malfunction, consistency of fuel, or moisture content of fuel.
2-1.3
Numerous situations that will produce explosive conditions can arise in connection with the
operation of a boiler-furnace. The most common experiences are:
(a) An interruption of the fuel or air supply.
(b) Fuel leakage into an idle furnace and the ignition of the accumulation by a spark or other
source of ignition.
(c) Attempts to light off without appropriate purging when firing gaseous, liquid, or pulverized
fuels without stoker firing.
(d) Utilization of high volatile fuels such as gasoline for ignition purposes.
(e) The accumulation of an explosive mixture of fuel and air as a result of loss of flame or
incomplete combustion.
(f) The accumulation of an explosive mixture of fuel and air as a result of a flameout and the
ignition of the accumulation by a spark or other ignition source, such as attempting to light
burner(s).
(g) Purging with too high an airflow, which stirs up combustibles smoldering in hoppers.
(h) Improper fuel consistency, especially when firing high volatile refuse fuels.
2-1.4
The conditions favorable to a boiler-furnace explosion described in 2-1.3 are typical examples.
An examination of numerous reports of boiler-furnace explosions in stoker-fired units utilizing
solid fuels suggests that the occurrence of small explosions or furnace puffs has been far more
frequent than is usually recognized. It is believed that improved instrumentation, safety
interlocks and protective devices, proper operating sequences, and a clearer understanding of the
problem by both designers and operators can greatly reduce the risks and actual incidents of
furnace explosions.
2-1.5
In a boiler-furnace, upset conditions or control malfunction may lead to an air/fuel mixture that
may result in an unsafe condition. There may exist, in certain parts of the boiler-furnace
enclosures or other parts of the unit, dead pockets susceptible to the accumulation of
combustibles. These accumulations may ignite with explosive force in the presence of an
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ignition source.
2-2 Manufacture, Design, and Engineering.
2-2.1
The purchaser or the purchaser’s agent should, in cooperation with the manufacturer, assure
that the unit is not deficient in apparatus that is required for proper operation, so far as is
practical, with respect to pressure parts, fuel burning equipment, and safe lighting and
maintenance of stable conditions.
2-2.2
All fuel systems should include provisions to prevent foreign substances from interfering with
the fuel supply.
2-2.3
An evaluation should be made to determine the optimum integration of manual and automatic
safety features, considering the advantages and disadvantages of each trip function.
NOTE: The maximum number of automatic trip features does not necessarily provide for maximum overall
safety. Some trip actions result in additional operations that increase exposure to hazards.

2-2.4
This guideline suggests a minimum degree of automation. The trend toward more complex
plants or increased automation requires added provisions for:
(a) Information about significant operating events permitting the operator to make rapid
evaluation of the operating situation. The operator should have available a continuous and
useable display of critical trends, which will indicate conditions that may lead to unsafe
operation.
(b) In-service maintenance and checking of system functions without impairing the reliability
of the overall control system.
(c) An environment conducive to proper decisions and actions.
2-3 Installation.
The boiler should not be released for operation before the installation and checkout of the
safeguards and instrumentation system.
2-3.1
The constructor responsible for the erection and installation of the equipment should see that
all pertinent apparatus is properly installed and connected.
2-3.2
The purchaser, the engineering consultant, the equipment manufacturer, and the operating
company should avoid boiler operation until such safeguards have been tested to operate
properly as a system. In some instances it may be necessary to install temporary interlocks and
instrumentation. Any such temporary system should be reviewed by the purchaser, the
engineering consultant, the equipment manufacturer, and the operating company, and agreement
reached on its suitability in advance of start-up.
2-3.3
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Testing and checkout of the safety interlock system and protective devices should be
accomplished jointly by the organization with the system design responsibility and those who
operate and maintain such systems and devices during the normal operating life of the plant.
These tests should be accomplished before initial operation.
2-4 Coordination of Design, Construction, and Operation.
2-4.1
Statistics indicate that human error is a contributing factor in the majority of furnace
explosions. Therefore, it is important to consider whether the error was the result of:
(a) Lack of proper understanding of, or failure to use, safe operating procedures.
(b) Unfavorable operating characteristics of the equipment or its control.
(c) Lack of functional coordination of the various components of the steam generating system,
its controls, and the operator interaction.
2-4.2
In the planning and the engineering phases of plant construction, design should be coordinated
with the operating company.
2-4.3
The proper integration of the various components consisting of boiler, fuel and air supply
equipment, combustion controls, interlocks and safety devices, operator functions, operator
communication, and training should be the responsibility of the operating company.
2-5 Maintenance Organization.
A program should be provided for maintenance of equipment at intervals consistent with type
of equipment, service requirements, and the manufacturers’ recommendations. (See Chapter 7.)
2-6 Basic Operating Objectives.
2-6.1
Basic operating objectives should include the following:
(a) Establish operating procedures that will result in the minimum number of manual
operations.
(b) Standardize all operating procedures. Where applicable, the use of interlocks is
recommended to minimize improper operating sequences and to stop sequences when conditions
are not proper for continuation. It is particularly important that purge and start-up procedures
with necessary interlocks be established and rigidly enforced.
2-6.2
Written operating procedures and detailed check lists for operator guidance should be provided
for achieving these basic operating objectives. All manual and automatic functions should be
described.
Chapter 3 Definitions
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3-1
These definitions apply to this recommended practice.
Agglomerating. A characteristic of coal that causes coking on the fuel bed during
volatilization.
Air.
Cooling Air. Air supplied for cooling to tuyeres, feeders, or burners out of service.
Furnace Purge Air (Furnace Purge). See Purge.
Overfire Air. Air for combustion admitted into the furnace at a point above the fuel bed.
Seal Air. Air supplied to any device at pressure for the specified purpose of minimizing
contamination.
Total Air. The total quantity of air supplied to the fuel and products of combustion. Percent
total air is the ratio of total air to theoretical air expressed as percent.
Under Grate Air. Combustion air introduced below the grate.
Air/Fuel Ratio.
Air-Rich. A ratio of air to fuel supplied to a furnace that provides an amount of air appreciably
greater than normal excess air requirements.
Bottom Air Admission. A method of introducing air to a chain or traveling grate stoker under
the stoker.
Fuel-Rich. A ratio of air to fuel supplied to a furnace that provides an amount of air
appreciably less than normal excess air requirements.
Excess Air. Air supplied for combustion in excess of theoretical air. (This is not “air-rich” as
previously defined.)
Theoretical Air (Stoichiometric Air). The chemically correct amount of air required for
complete combustion of a given quantity of a specific fuel.
Alarm. An audible or visible signal indicating an off-standard or abnormal condition.
Annunciator. A device that indicates an off-standard or abnormal condition by both visual and
audible signals.
Approved. Acceptable to the “authority having jurisdiction.”
NOTE: The National Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment, or materials nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations or procedures, equipment or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations which is in
a position to determine compliance with appropriate standards for the current production of listed items.

Authority Having Jurisdiction. The “authority having jurisdiction” is the organization, office
or individual responsible for “approving” equipment, an installation or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner since
jurisdictions and “approval” agencies vary as do their responsibilities. Where public safety is primary, the
“authority having jurisdiction” may be a federal, state, local or other regional department or individual such as
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a fire chief, fire marshal, chief of a fire prevention bureau, labor department, health department, building
official, electrical inspector, or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the “authority having
jurisdiction.” In many circumstances the property owner or his designated agent assumes the role of the
“authority having jurisdiction”; at government installations, the commanding officer or departmental official
may be the “authority having jurisdiction.”

Banking. Burning solid fuels on a grate at low rates sufficient only to maintain ignition.
Banking (Live). Operating boilers at combustion rates just sufficient to maintain normal
operating pressure under conditions of no load demand.
Boiler. A closed vessel in which water is heated, steam is generated, steam is superheated, or
any combination thereof by the application of heat from combustible fuels in a self-contained or
attached combustion chamber.
Boiler Control System. The group of control systems that regulates the boiler process
including the combustion control.
Boiler-Furnace Enclosure. The physical boundary for all boiler pressure parts and the
combustion process.
Burner. A device or group of devices for the introduction of fuel and air into a furnace at the
required velocities, turbulence, and concentration to maintain ignition and combustion of the fuel
within the furnace.
Cinder Return. Apparatus for the return of collected cinders to the furnace, either directly or
with the fuel.
Coal. The general name for the natural, rock-like, brown to black derivative of forest-type
plant material. By subsequent underground geological processes, this organic material is
progressively compressed and indurated, finally altering into graphite and graphite-like material.
Coal contains carbon, hydrogen, oxygen, nitrogen, and sulfur, as well as inorganic constituents
that form ash after burning. There is no standard coal, but an almost endless variety as to
character and composition. Starting with lignite (brown coal) at one extreme, the other basic
classifications are sub-bituminous, bituminous, and anthracite. (For greater detail, see ASTM
D388, Specifications for Classification of Coal by Rank.)
Coking Plate. A plate adjacent to a grate through which no air passes and on which coal is
placed for distilling the coal volatiles before the coal is moved onto the grate.
Combustion Control System. The control system that regulates the furnace fuel and air inputs
to maintain air/fuel ratio within the limits required for continuous combustion throughout the
operating range of the boiler in accordance with demand. This control system includes the
furnace draft control where applicable.
Damper. A device for introducing a variable resistance for regulating the volumetric flow of
gas or air.
Butterfly Type. A single blade damper pivoted about its center.
Curtain Type. A damper, composed of flexible material, moving in a vertical plane as it is
rolled.
Flap Type. A damper consisting of one or more blades, each pivoted about one edge.
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Louvre Type. A damper consisting of several blades, each pivoted about its center and linked
together for simultaneous operation.
Slide Type. A damper consisting of a single blade that moves substantially normal to the flow.
Dead Plate. A grate or plate through which no air passes.
Drag Seal. In a chain grate stoker, the hinged plate resting against the returning chain and used
to seal the air compartments.
Dump Plate. An ash-supporting plate from which ashes may be discharged by rotation from
one side of the plate.
Feeder, Raw Fuel. A device for supplying a controlled amount of raw fuel.
Fixed Grate. A grate that does not have movement.
Flame. The visible or other physical evidence of the chemical process of rapidly converting
fuel and air into products of combustion.
Fly Carbon Reinjection. The process of removing the coarse carbon-bearing particles from the
particulate matter carried over from the furnace and returning the carbonaceous material to the
furnace to be combusted. (See also Cinder Return.)
Friability. The tendency of coal to crumble or break into small pieces.
Fuel Cutback. An action of the combustion control system to reduce fuel flow when the
air/fuel ratio is less than a prescribed value.
Furnace. An enclosure for the combustion of fuel.
Gate, Raw Fuel (Gate, Silo; Gate, Bunker). A shutoff gate between the raw fuel bin and the
raw fuel feed mechanism.
Grate. The surface on which fuel is supported and burned and through which air is passed for
combustion.
Grate Bars or Keys. Those parts of the fuel supporting surface arranged to admit air for
combustion.
Hand-Fired Grate. A grate on which fuel is placed manually, usually by means of a shovel.
Hogged Fuel. Wood refuse after being chipped or shredded by a machine known as a hog.
Interlock. A device or group of devices arranged to sense a limit or off-limit condition or
improper sequence of events and to shut down the offending or related piece of equipment, or to
prevent proceeding in an improper sequence in order to avoid a hazardous condition.
Labeled. Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.
Ledge Plate. A form of plate that is adjacent to, and overlaps, the edge of a stoker.
Link. An element of the chain of a chain grate stoker.
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Listed. Equipment or materials included in a list published by an organization acceptable to the
“authority having jurisdiction” and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The “authority having
jurisdiction” should utilize the system employed by the listing organization to identify a listed product.

Logic System. The decision making and translation elements of the stoker management
system.
(a) Hardwired Systems. Individual devices and interconnecting wiring.
(b) Microprocessor Based Systems.
1. Computer hardware, power supplies, I/O devices, and interconnections between these.
2. Operating system and logic software.
Monitor. A device that senses and alarms a condition requiring attention, without initiating
corrective action.
Natural Gas. A gaseous fuel occurring in nature consisting mostly of a mixture of organic
compounds (normally methane, butane, propane, and ethane). The Btu value of natural gases
varies between 700 and 1500 Btu per cu ft (26.1 and 55.9 MJ/m3), the majority averaging 1000
Btu per cu ft (37.3 MJ/m3).
Open Flow Path. A continuous path for movement of an air stream from the forced draft fan
inlet to the stack.
Purge. A flow of air through the furnace, boiler gas passages, and associated flues and ducts
that will effectively remove any gaseous combustibles and replace them with air. Purging may
also be accomplished by an inert medium.
Recommended Practice. A document similar in content and structure to a code or standard but
containing only nonmandatory provisions using the word “should” to indicate recommendations
in the body of the text.
Refuse-Derived Fuel (RDF). A solid fuel prepared from municipal solid waste. The waste
material is usually refined by shredding, air classification, magnetic separation, or other means.
The fuel may be packed, chopped, pelletized, pulverized, or subject to other mechanical
treatment.
Register (Burner Air). A set of dampers for a burner or air supply system used to distribute the
combustion air admitted to the furnace. It may also control the direction and velocity of the air
stream for efficient mixing with the incoming fuel.
Reinjection. (See definition of Fly Carbon Reinjection.)
Retort. A trough or channel in an underfeed stoker, extending within the furnace, through
which fuel is forced upward into the fuel bed.
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Should. Indicates a recommendation or that which is advised but not required.
Side Air Admission. Admission of air to the underside of a grate from the sides of a chain or
traveling grate stoker.
Stoker.
Chain Grate Stoker. A stoker that has a moving endless chain as a grate surface, onto which
coal is fed directly from a hopper.
Dump Grate Stoker. A stoker equipped with movable ashtrays, or grates, by means of which
the ash can be discharged at any desirable interval.
Forced Draft Stoker. A stoker in which the flow of air through the grate is caused by a
pressure produced by mechanical means.
Front Discharge Stoker. A stoker so arranged that refuse is discharged from the grate surface
at the same end as the coal feed.
Gate Stoker. An element of a stoker placed at the point of entrance of fuel into the furnace and
by means of which the depth of fuel on the stoker grate may be controlled. It is generally used in
connection with chain or traveling grate stokers and has the form of a guillotine.
Mass Burning Stoker. See Overfeed Stoker.
Mechanical Stoker. A device consisting of a mechanically operated fuel feeding mechanism
and a grate, used for the purpose of feeding solid fuel into a furnace, distributing it over a grate,
admitting air to the fuel for the purpose of combustion, and providing a means for removal or
discharge of refuse.
Multiple Retort Stoker. An underfeed stoker consisting of two or more retorts, parallel and
adjacent to each other, but separated by a line of tuyeres, and arranged so that the refuse is
discharged at the ends of the retorts.
Overfeed Stoker. A stoker in which fuel is fed onto grates above the point of air admission to
the fuel bed. Overfeed stoker grates include:
(a) Front Feed, Inclined Grate. Fuel is fed from the front onto a grate inclined downwards
toward the rear of the stoker.
(b) Chain or Traveling Grate. A moving endless grate that conveys fuel into and through the
furnace where it is burned, after which it discharges the refuse.
(c) Vibrating. An inclined vibrating grate in which fuel is conveyed into and through the
furnace where it is burned, after which it discharges the refuse.
Rear Discharge Stoker. A stoker so arranged that ash is discharged from the grate surface at
the end opposite the solid fuel.
Reciprocating Grate. A grate element that has reciprocating motion, usually for the purpose of
fuel agitation or ash removal.
Side Dump Stoker. A stoker so arranged that refuse is discharged from a dump plate at the
side of the stoker.
Single Retort Stoker. An underfeed stoker using one retort only in the assembly of a complete
stoker. A single furnace may contain one or more single retort stokers.
Spreader Stoker. A stoker that distributes fuel into the furnace from a location above the fuel
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bed with a portion of the fuel burned in suspension and a portion on the grates. Spreader stoker
grates include:
(a) Stationary Grate. A grate in which fuel is fed onto a fixed position grate.
(b) Dump Grate. A grate in which fuel is fed onto a nonmoving grate that is arranged to allow
intermittent discharge of refuse through tilting action of the grate bars.
(c) Continuous Discharge or Traveling Grate. A grate that continuously discharges the refuse
from the end after burning the fuel.
Traveling Grate Stoker. A stoker similar to a chain grate stoker with the exception that the
grate is separate from but is supported on and driven by chains.
Underfeed Stoker. A stoker in which fuel is introduced through retorts at a level below the
location of air admission to the fuel bed. Underfeed stokers are divided into three general
classes.
(a) Side Ash Discharge Underfeed Stoker. A stoker having one or more retorts that feed and
distribute fuel onto side tuyeres or a grate through which air is admitted for combustion and over
which the ash is discharged at the side parallel to the retorts.
(b) Rear Discharge Underfeed Stoker. A stoker having a grate composed of transversely
spaced underfeed retorts, which feed and distribute solid fuel to intermediate rows of tuyeres
through which air is admitted for combustion. The ash is discharged from the stoker across the
rear end.
(c) Continuous Ash Discharge Underfeed Stoker. A stoker in which the refuse is discharged
continuously from the normally stationary stoker ash tray to the ash pit, without the use of
mechanical means other than the normal action of the coal feeding and agitating mechanism.
Water Cooled Stoker. A stoker having tubes in or near the grate surface through which water
is passed for cooling the grates.
Start-up Combustion Control System. A control system used to regulate and maintain air/fuel
ratio during the start-up period when the customary indexes, such as pressure, temperature, load,
or flow, that motivate the normal automatic combustion control system are not available or
suitable.
Tuyeres. Forms of grates, located adjacent to a retort, feeders, or grate seals through which air
is introduced.
Chapter 4 Fuels
4-1 Coals.
4-1.1 General.
Depending on the method of stoker firing, all ASTM classifications of coals can be burned.
These include Class I “Anthracite,” Class II “Bituminous,” Class III “Sub-Bituminous,” and
Class IV “Lignite.” In choosing an appropriate stoker type, there are several properties of coal
that must be considered. These are, in part, the relationship between fixed carbon and volatile
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matter, the moisture content, the percent ash, the ash fusion temperature, and the free swelling
index.
4-1.2 Classification.
4-1.2.1 Class I, “Anthracite Coal,” is divided into three groups. These are Group 1,
“Meta-Anthracite,” in which the fixed carbon on a dry and mineral matter-free basis is equal to
or greater than 98 percent; Group 2, “Anthracite,” which has a range of fixed carbon limits on a
dry and mineral matter-free basis of greater than 92 percent and less than 98.2 percent; and
Group 3, “Semi-Anthracite,” which has a fixed carbon limit on a dry and mineral matter-free
basis equal to or greater than 86 percent and less than 92.8 percent.
4-1.2.2 Class II, “Bituminous Coal,” is subdivided into five groups. Group 1, “Low Volatile
Bituminous Coal,” has fixed carbon limits greater than 78 percent but less than 86 percent.
Group 2, “Medium Volatile Bituminous Coal,” has fixed carbon limits greater than 69 percent
but less than 78 percent. Group 3, “High Volatile ‘A’ Bituminous Coal,” has a fixed carbon
quantity of less than 69 percent and greater than 14,000 Btu/lb (32,564 kJ/kg) calorific value on
a moist mineral matter-free basis. Group 4, “High Volatile ‘B’ Bituminous Coal,” has a calorific
value equal to or greater than 13,000 Btu/lb (30,238 kJ/kg) and less than 14,000 Btu/lb (32,564
kJ/kg). All of the above bituminous coals are considered commonly agglomerating. Group 5,
“High Volatile ‘C’ Bituminous Coal,” has a calorific value equal to or greater than 11,500 Btu/lb
(26,749 kJ/kg) and less than 13,000 Btu/lb (30,238 kJ/kg) when it is commonly agglomerating
and a calorific value limit equal to or greater than 10,500 Btu/lb (24,423 kJ/kg) but less than
11,500 Btu/lb (26,749 kJ/kg) when it is always agglomerating.
4-1.2.3 Class III, “Sub-Bituminous Coal,” is divided into three groups. All three groups are
considered nonagglomerating. Group 1, “Sub-Bituminous ‘A’ Coal,” has a calorific value equal
to or greater than 10,500 Btu/lb (24,423 kJ/kg) but less than 11,500 Btu/lb (26,749 kJ/kg). Group
2, “Sub-Bituminous ‘B’ Coal,” has a calorific value limit equal to or greater than 9,500 Btu/lb
(22,097 kJ/kg) but less than 10,500 Btu/lb (24,423 kJ/kg). Group 3, “Sub-Bituminous ‘C’ Coal,”
has a calorific value equal to or greater than 8,300 Btu/lb (19,306 kJ/kg) but less than 9,500
Btu/lb (22,097 kJ/kg).
4-1.2.4 Class IV, “Lignite Coal,” is divided into two groups. Both are considered
nonagglomerating. Group 1, “Lignite A,” has a calorific value limit equal to or greater than
6,300 Btu/lb (14,654 kJ/kg) and less than 8,300 Btu/lb (19,306 kJ/kg). Group 2, “Lignite B,” has
a calorific value less than 6,300 Btu/lb (14,654 kJ/kg).
4-1.3 Sizing.
Sizing characteristics vary with stoker type as outlined in the ABMA Recommended Design
Guidelines for Stoker Firing of Bituminous Coal. Different coals have varying tendencies to
break down during mining processes and in handling. Western sub-bituminous coals are
considered friable and are generally delivered to the boiler with high percentages of particles less
than 1/4 in. (6.35 mm) in size. These can be burned satisfactorily using the correct equipment.
Each plant should carefully analyze the fuel characteristics and associated handling and
combustion problems for the best overall operation. Anthracite is generally burned in finer sizes,
generally less than 5/16 in. (7.94 mm), to expose more surface of the very high fixed carbon fuel
to the oxygen in the air.
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Sizing in the hopper should be within the two limits as set forth in the ABMA Recommended
Design Guidelines for Stoker Firing of Bituminous Coal. Means should be provided for the
delivery of coal to the stoker hopper without size segregation.
4-1.4 Coal Special Problems.
4-1.4.1 The term coal refers to solid fuels with widely differing characteristics. A coal-burning
fuel system is designed for a specific range of coal characteristics. Coals that differ widely from
the design range of characteristics can cause serious operating difficulties and become a potential
safety hazard. The coal, as mined, transported, and delivered to the plant, can vary in size and in
impurities to a degree that exceeds the capability of the plant equipment. When coals are
received from more than one source, care should be exercised to make sure that all coals
received are within the specific range of the coal-handling and coal-burning equipment.
4-1.4.2 To ensure that the type of coal and its preparation are suitable for the equipment, there
should be a coal specification that is acceptable to the equipment designer, the purchasing
agency responsible for procuring the fuel, and the operating department that burns the fuel.
Volatility, moisture and ash content, size of raw coal, and other characteristics should be given
close attention.
4-1.4.3 The following factors have a bearing on coal handling, storage, and preparation:
(a) Coal is an abrasive and corrosive substance. Equipment maintenance therefore may be
several orders of magnitude greater than with liquid and gaseous fuels.
(b) Coal changes when it is exposed to the atmosphere. It is common practice to ship and
stockpile coal without protection from the weather. The properties of stored coal may change.
This may require special considerations. Coal with high surface moisture may freeze in shipment
or in storage. This may require special handling equipment.
(c) Since coal has a high ash content, special attention should be given to problems associated
with slag and ash deposits.
(d) Coal is capable of spontaneous combustion and self-heating from normal ambient
temperature. This tendency increases radically when the temperature is increased. Blended or
mixed coals may heat more rapidly than any of the parent coals.
(e) Volatile matter is given off by the coal. This volatile matter is a gaseous fuel that causes
additional hazards.
4-2 Peat.
Peat is a high-moisture fuel characterized by high volatile matter typically 50 to 70 percent on
a dry, ash-free basis. The harvesting of peat bogs includes air drying to a moisture less than 50
percent, which allows it to be burned on stokers with preheated air.
4-3 Wood.
Wood is a fuel derived either from the forest products industries, such as lumbering or pulp
and paper mills, or from the direct harvesting of trees to be used as fuel. Wood is characterized
by a high percentage of volatile matter, from 75 percent to an excess of 80 percent on a dry and
ash-free basis. Wood releases its energy at a more rapid rate than coal.
Two characteristics of wood fuel vary greatly depending on the source of the fuel. One is the
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size consist and the other is moisture content. Size consist can vary from sander dust to coarse
chips or bark, the size of which will depend on sizing preparation equipment, and in the case of
bark, its tendency to remain in a long, stringy, fibrous form. Wood moisture can vary from less
than 10 percent to an excess of 60 percent. Wood chips, hogged fuel, or green lumber mill waste
will normally have moisture contents varying from 40 to 55 percent.
The source of wood fired on stokers can vary considerably. It is necessary for efficient and
safe operation that the fuel be completely mixed without side variations in sizing or moisture
content. These variations can cause rapid and severe furnace pulsations resulting in a dangerous
condition as well as inefficient operation. Normally, wood having a moisture content up to 55
percent can be burned stably without auxiliary fuel as long as proper attention has been given to
furnace design, preheated air temperature, stoker heat releases, and proper fuel handling and
metering. The vast majority of wood is burned on overfeed spreader stokers.
4-4 Municipal Waste.
Municipal waste is burned with stokers in two forms — one is known as municipal solid waste
(MSW), which is delivered without preparation. This is normally burned as a deep fuel bed on an
overfeed mass burning-type stoker specially constructed for this service. The other form of
municipal waste is known as RDF or “refuse-derived fuel,” in which the MSW is shredded and
classified for size and to remove tramp material such as metals and glass and then is normally
burned on an overfeed spreader stoker.
Municipal waste has a high volatile matter to fixed carbon ratio. Normally, it readily releases
its energy. The effects of large sizing in the case of MSW and RDF can lead to improper
burning. With the potential for high moisture content, the use of preheated air is generally
advocated.
In the case of an MSW-fired unit, furnace explosions may result from aerosol cans, propane
bottles, etc., contained in the fuel supply. Pulsations from concentrations of extremely volatile
wastes may also result.
4-5 Other Waste.
Other waste can include a multiplicity of discarded solids that could be considered stoker fuel.
Wood waste that has been impregnated with resins or additives for adhesions or other purpose
come into the category of other wastes. These additives, along with a consideration for size
consist, could greatly reduce the flash point of the wood waste and increase concern for attention
to stable furnace conditions. Other common waste might be bagasse from sugar cane processing,
furfural residue from the production of phenolic resins, coffee grounds from the production of
instant coffee, and peanut shells. All of these wastes, with proper attention to sizing, moisture,
and continuous metering, can be successfully burned on overfeed spreader stokers. The vast
majority of waste fuels are further characterized by a high volatile matter-to-fixed carbon ratio.
4-6 Solid Fuel Firing — Special Characteristics.
4-6.1 Solid Fuels.
4-6.1.1 Solid fuels can be burned in three ways: in suspension, partially in suspension with final
burnout on a grate, or in mass on a grate. Different types of grates can be used depending on
what kind of a system is applicable. There are also several types of feeders available. Feeders are
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specified according to fuel type and method of burning, e.g., suspension, in mass, etc.
4-6.1.2 Some solid fuels have a high moisture content. For instance, bark has a moisture content
of 35 to 50 percent; bagasse, 40 to 60 percent; and coffee grounds, 60 percent. As a result, these
fuels may be dried before burning with some of the final drying taking place as the fuel enters
the furnace and falls to the grate. Manufacturer’s recommendations should be followed.
4-6.1.3 The size consist of solid fuels should be in accordance with the stoker manufacturer’s
recommendations.
4-6.2 Specific Fuels.
4-6.2.1 Bagasse.
4-6.2.1.1 Bagasse is the portion of sugar cane left over after sugar is extracted. It consists of
cellulose fibers and fine particles.
4-6.2.1.2 Variations in refining and handling can lead to variations in fuel particle size. This can
create some firing problems. These variations can cause rapid and severe furnace pulsations,
resulting in a dangerous condition as well as inefficient operation.
4-6.2.2 Refuse-Derived Fuel.
4-6.2.2.1 Refuse-derived fuel (RDF) has many of the same characteristics as wood and bagasse
and receives its heating value from the cellulose contained in it. If given proper preparation,
RDF can have a heating value as high as lignite. RDF has a high ash but low sulfur content.
Heating value of RDF has increased in recent years because of the large amounts of cardboard,
plastics, and other synthetic materials used. Typical components of RDF are paper and paper
products, plastics, wood, rubber, solvents, oils, paints, and other organic materials.
4-6.2.2.2 Other conventional fuels can be burned in the same furnace along with RDF. Older
installations may also be converted to burn RDF.
4-6.2.2.3 A number of complex factors must be considered before attempting conversion to RDF
firing. Additional information can be obtained from the boiler manufacturer.
4-7 Special Considerations.
For special problems in handling refuse fuels, refer to NFPA 850, Recommended Practice for
Fire Protection for Electric Generating Plants.
Chapter 5 Equipment
5-1 Single or Multiple Retort Underfeed Stoker.
[See Figures 5-1(a) and (b).]
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Figure 5-1(a) Cross-sectional view of single retort underfeed stoker in operation. (Reprinted with permission of
Detroit Stoker Company)

Figure 5-1(b) Multiple retort underfeed stoker showing components. (Reprinted with permission of Detroit
Stoker Company)

5-1.1 Fuel Subsystem.
The fuel combusted with an underfeed stoker is typically coal or wood. The fuel system can be
as simple as a manual loading of a live hopper or automatic loading from a fuel storage facility.
Either way fuel must be delivered at proper sizing and quantity to the live hopper to maintain an
adequate fuel supply in the hopper. The live hopper has an open bottom that delivers fuel by
gravity to the feed screw. Fuel is conveyed to the grate area by means of the feed screw at a
variable speed, based on boiler demand. Some underfeed stokers use a reciprocating ram instead
of a feed screw. Fuel is forced upward and outward through the retort, onto the tuyeres, at which
point it is combusted.
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5-1.2 Air Subsystem.
Air is supplied under the grate (undergrate air plenum) by means of a forced draft fan
(undergrate air fan). Overfire air is optional and is supplied in any or all of the furnace walls.
Underfeed stokers must be balanced draft units.
5-1.2.1 At least 10 percent of the total air required for combustion at maximum continuous rating
should be provided as overfire air when used.
5-1.3 Ash Subsystem.
A dump grate is used to deposit ash into an ash pit. Ash is typically manually removed from
the ash pit through ash doors on the front of the unit.
5-2 Overfeed Mass Burning Stoker.
Overfeed mass burning stokers include not only chain and traveling grate stokers for coal
firing, but also the MSW stoker for mass burning of unprepared municipal waste.
5-2.1
Overfire air should be provided in a quantity not less than 15 percent of the total air required
for combustion (theoretical plus excess) at maximum continuous rating. This overfire air should
be arranged to effectively cover the active burning area of the grate.
5-2.2
The recommended grate heat release should not exceed 450,000 Btu/hr per ft2 (1420 kW per
2
m ) of effective air admitting grate area. Maximum grate heat release rates per foot of stoker
width should be 9.0 × 106 Btu/hr per linear foot (8660 kW/m2 per linear meter) of stoker width
without arches and 10.8 × 106 Btu/hr per linear foot (10,393 kW/m2 per linear meter) with
arches.
5-2.3
This stoker is sensitive to changes in fuel sizing and distribution.
5-2.4
Means should be provided for the delivery of fuel to the stoker hopper without size
segregation.
5-2.5
Ash softening temperature should be 2200°F (1204°C) or higher.
5-2.6
The as-fired total moisture in the coal should be a maximum of 20 percent by weight.
5-2.7
Means should be provided for tempering coals having free-swelling indices above 5 by adding
moisture to a maximum of 15 percent by weight.
5-2.8
The volatile matter on a dry basis should be not less than 22 percent without special arch
construction.
5-2.9
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Coal should have a minimum ash content of 4 percent and a maximum of 20 percent (dry
basis) to protect the grates from overheating and to maintain ignition.
5-2.10 Chain and Traveling Grate Stoker.
(See Figure 5-2.10.)
5-2.10.1 Chain and traveling grate stokers are normally used for coal firing and are similar
except for grate construction. The grate in these stokers resembles a wide belt conveyor, moving
slowly from the feed end of the furnace to the ash-discharge end. Coal feeds from a hopper under
control of a manually controlled gate, which establishes fuel bed thickness. Furnace heat ignites
the coal and distillation begins. As the fuel bed moves along slowly, the coke formed is burned
and the bed gets progressively thinner as the ash is automatically discharged at the rear of the
stoker. To control the combustion air requirements and fuel bed resistances along the grate
length, the stoker is zoned or sectionalized with a damper in each section that is manually
operated. Air for combustion can enter from the bottom through both grates or from the side
between the top and bottom grates. An automatic combustion control system is furnished with
this firing system. However, the coal feed gate and the distribution of undergrate air and overfire
air may be adjusted manually to meet the varying characteristics of the fuel.
5-2.10.2 These stokers are mainly used for medium-sized industrial boilers with heat inputs from
40,000,000 Btu/hr (11,720 kW) to 170,000,000 Btu/hr (49,800 kW). Coal sizing should be 1 in.
(25.4 mm) × 0 in. with approximately 20 to 50 percent passing through a 1/4 in. (6.35 mm) round
mesh screen. This stoker will handle such fuels as bituminous coals, anthracite coals, coke
breeze, sub-bituminous coals, and lignite. This stoker produces low particulate emission.
5-2.10.3 The coal requirements of this stoker, especially sizing and chemical composition, are
important for successful operation. The free-swelling index should not exceed 5 on a scale of 1
to 10 without coal tempering, or 7 with coal tempering.
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Figure 5-2.10 Side view of chain grate overfeed stoker. (Reprinted with permission of Detroit Stoker Company)

5-2.11 Vibrating Grate Stoker.
(See Figure 5-2.11.)
5-2.11.1 The vibrating grate stoker is water cooled with an inclined grate surface with
intermittent grate vibration for slowly moving the fuel bed down the inclined grate from the feed
end of the furnace to the ash discharge end. Coal is fed from a hopper onto the inclined grate
surface to form the fuel bed. The fuel bed thickness is established by a coal gate at the fuel
hopper outlet and adjustable ash dam at the ash discharge end.
5-2.11.2 Furnace heat ignites the coal and distillation begins. As the fuel bed moves along
slowly, the coke formed is burned and the bed gets progressively thinner as the ash is
automatically discharged at the rear of the stoker. To control the combustion air requirements in
relation to varying fuel bed resistances along the grate length, combustion air enters from the
bottom of the grates through zoned or sectionalized plenum chambers. Each zoned section is
furnished with a manually operated control damper. An automatic combustion control system is
furnished with this firing system. The vibration generator that conveys the fuel bed is controlled
automatically by cycle timers connected to the combustion control system. However, the coal
feed gate and the distribution of undergrate air and overfire air may be adjusted manually to meet
the varying characteristics of the fuel.
5-2.11.3 These stokers are mainly used for medium-sized industrial boilers with heat inputs from
70,000,000 Btu/hr (20,500 kW) to 140,000,000 Btu/hr (41,000 kW). They are designed to burn
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low-ranking coals. Coal sizing should be 1 in. (25.4 mm) × 0 in. with approximately 20 percent
to 50 percent through a 1/4 in. (6.35 mm) round mesh screen.
5-2.11.4 Response to load changes is slow, faster than the underfeed — but much slower than the
spreader stoker.

Figure 5-2.11 Side view of a water-cooled vibrating grate stoker. (Reprinted with permission of Detroit Stoker
Company)

5-2.12 MSW Stoker.
5-2.12.1 The grate of an inclined stoker resembles a staircase and is used to move refuse from
the feed end of the furnace to the ash discharge end. Refuse is fed from a charging hopper under
control of a mechanical system, which establishes fuel bed thickness. A mechanical system then
agitates and conveys the refuse down this incline by continuous agitation. This agitation is
required to expose all of the refuse to the air in order to increase the burning rate and complete
combustion. The individual plenums under the grates provide a means of distributing air to a
particular location. This undergrate air system, coupled with the overfire air, complete the air
requirements for combustion.
5-2.12.2 The constantly changing firing conditions associated with the variation in the density
and composition of the refuse requires constant operator attention and manual adjustments.
5-2.12.3 Since feed rate is directly proportional to the stoker grate speed, the feed rate must be
correlated very closely with the stoker burning rate and, in turn, with combustion air supply and
distribution. Since an automatic grate speed control to match actual burning rates is not always
practical, the operator’s duties consist of constant visual monitoring of the combustion process
and readjustments in combustion air distribution and grate speed with manually controlled
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systems.
5-2.12.4 This stoker is currently used for medium-sized boilers with heat inputs from 30,000,000
Btu/hr (8,800 kW) to 340,000,000 Btu/hr (99,600 kW).
5-2.12.5 Due to the nonuniform sizing of the refuse, the response to load change is slow. Due to
the nonhomogeneous nature of raw refuse, high excess air requirements can result in lower
thermal efficiency of the generating system.
5-2.12.6 This type of stoker is designed to burn unprepared raw municipal waste refuse with
most of the combustion occurring on or near the grate surface. Generally, the stoker is sized for
the highest anticipated refuse heat value. The heat values for refuse can vary from 3000 Btu/lb
(6,978 kJ/kg) to 6000 Btu/lb (13,956 kJ/kg).

Figure 5-2.12 Side view of a traveling grate overfeed stoker. (Reprinted with permission of Riley Stoker
Corporation)

5-3 Spreader Stoker.
(See Figure 5-3.)
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Figure 5-3 Side view of a spreader stoker with traveling grate. (Reprinted with permission of Detroit Stoker
Company)

5-3.1 General.
5-3.1.1 The spreader stoker distributes fuel into the furnace from a location above the fuel bed
with a portion of the fuel burned in suspension and a portion on the grates. Theoretically, equal
energy is released from each square foot of active grate area. To accomplish this equal energy
release, it is necessary to have even fuel distribution over the grate surface and even airflow
through the grates from the air plenum beneath.
5-3.1.2 There are five spreader stoker grate types in general use today. The first type is a
traveling grate with a continuous forward moving grate in which the return portion is on the
underside, within the air plenum chamber. Ashes are conveyed to the front end. The second type
is a reciprocating grate, which is a stepped grate having a slow reciprocating action to convey the
ashes to the front end. The third type is a vibrating grate, either air-cooled or water-cooled,
having an intermittent vibrating action to convey the ashes to the front end. The fourth type, the
dumping grate, manually intermittently discharges all of the ashes on the grate vertically
downward to the ash pit. The dumping grate is seldom supplied today. The fifth grate type is the
stationary grate, which is typically used for low-ash fuels.
5-3.1.3 The spreader stoker contains fuel feeders that are located in the front wall in sufficient
quantity to ensure even lateral distribution of the fuel across the width of the grate. The design of
the fuel feeder also incorporates methods to achieve even longitudinal distribution of fuel. These
feeders take on many different designs and shapes, depending on the fuel and the manufacturer.
5-3.1.4 A spreader stoker system may include a cinder return system. Its function is to return a
portion of cinders leaving the furnace and collected in various cinder hoppers to the furnace for
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reburning.
5-3.1.5 A spreader stoker includes an overfire air turbulence system. Its function is to provide
mixing of the fuel and oxygen. Overfire air nozzles are located in the area of the furnace of
highest temperature for highest efficiency and burnout of volatiles and carbon particles.
5-3.1.6 Spreader stokers are utilized on boilers having heat inputs from 30,000,000 Btu/hr (8,800
kW) to 820,000,000 Btu/hr (240,300 kW), depending on the fuel and type of spreader stoker
grate. Spreader stokers have a very thin, active fuel bed and thus can respond to load changes
quite rapidly.
5-3.2
Spreader stokers are not normally applied to coals having a volatile matter on a dry and
ash-free basis of less than 20 percent. Moisture content affects the burning of sub-bituminous
and lignitic coals on a spreader stoker. Preheated air is recommended with moisture contents
greater than 25 percent. Ash content in excess of that required for grate protection has little
effect on a selection of fuels for spreader stoker, as it only affects grate speed. Ash softening
temperature is a consideration only on reciprocating, vibrating, or dump grate spreader stokers.
5-3.3
All wood, municipal waste, and other wastes listed in Chapter 4 can be burned on spreader
stokers. Wood with moisture contents up to 55 percent can be burned without auxiliary fuel as
long as preheated air temperature is sufficiently high. Municipal waste can be burned on an
overfeed spreader stoker only as RDF. Of greatest importance in looking at refuse fuels is size
consist.
5-4 Fuel Burning System.
5-4.1 Functional Requirements.
5-4.1.1 The fuel burning system should function to continuously convert any ignitible furnace
input into unreactive products of combustion at the same rate the fuel and air reactants enter the
furnace.
5-4.1.2 The fuel burning system should be properly sized to meet the operating requirements of
the unit, should be compatible with other boiler component systems, and should be capable of
being controlled over the full operating range of the unit.
5-4.2 System Requirements.
5-4.2.1 The fuel burning system should consist of the following subsystems: air supply, fuel
supply, grate, furnace, combustion products removal, and ash removal. Each should be properly
sized and interconnected to satisfy the functional requirements and not interfere with the
combustion process.
5-4.2.2 The fuel burning system should provide means for safe start-up, operation, and shutdown
of the combustion process. This should include appropriate openings and configurations in the
components’ assemblies to permit suitable observation, measurement, and control of the
combustion process.
5-4.2.3 The fuel burning system should include the following:
Copyright 1996 NFPA

(a) Air Supply Subsystem.
1. The air supply equipment should be properly sized and arranged to ensure a continuous
steady airflow for all operating conditions of the unit.
2. The arrangement of air inlets and ductwork should minimize contamination of the air
supply by such materials as water and fuel. Appropriate drains and access openings should be
provided.
(b) Fuel Supply Subsystem.
1. The fuel supply equipment should be properly sized and arranged to ensure a continuous,
controlled fuel flow adequate for all operating requirements of the unit.
2. The fuel unloading, storage, transfer, and preparation facilities should be designed and
arranged to properly size the fuel, to remove foreign material, and to minimize interruption of
fuel supply. This includes fuel sizing equipment and magnetic separators where necessary.
3. Mass fired municipal solid waste fired systems should incorporate detection and fire
extinguishing systems into and over the feed system to extinguish and control the flashbacks of
fuel as it is being fed into the furnace. Extinguishing systems should be capable of being used
repeatedly without taking the unit out of service. See NFPA 850 for additional requirements.
(c) Furnace Subsystem.
1. The furnace should be properly sized and arranged with respect to the grate subsystem so
that the grate can be fired to maintain stable combustion and minimize furnace pressure
fluctuation.
2. Properly placed observation ports should be provided to permit inspection of the furnace
and grate. Refer to Section 9-9.
3. Observation ports and lancing doors for mass fired MSW units should be provided with
vision ports that will permit observation and operation of the unit while puffs are expected and
occurring. Glasses should be replaceable without taking the unit out of service. Lancing ports
should be equipped with aspirators or other devices to safely permit lancing of the fuel bed
without restricting operations.
4. The stoker fired boiler is inherently less prone to furnace implosions because of the
absence of the sudden “flame collapse” phenomenon that exists on fluid or pulverized fuel fired
boilers.
5. The relatively high ID fan head capabilities brought about by the requirements of flue gas
cleaning equipment may result in high negative pressures in the duct and furnace due to
improper ID fan start-up or malfunction of the furnace draft controlling equipment.
6. Although no specific values for the structural design of the furnace and ducts are given in
this recommended practice, the designer should give consideration to the high head capability of
the fans in the structural design and to the use of protective control loops similar to those shown
in Chapter 5 of NFPA 85C, modified or simplified to fit the application.
7. The use of protection control loops is encouraged. The provisions of Chapter 5 of NFPA
85C may be used for general guidance; however, they must be modified or simplified by the
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designer in accordance with the manufacturer’s recommendations to apply to stoker usage.
(d) Combustion Products Removal Subsystem.
1. The flue gas duct, fan(s), and stack should be properly sized and arranged to remove the
products of combustion at the same rate that they are generated by the fuel burning process.
2. Convenient, appropriate access and drain openings should be provided.
3. The flue gas duct system should be designed so that it will not contribute to furnace
pulsations.
(e) Ash Removal Subsystem.
1. The grate subsystem and flue gas cleaning subsystem should be sized and arranged to
remove the ash at least at the same rate it is generated by the fuel burning process during unit
operation.
2. Convenient access and drain openings should be provided.
5-5 Combustion Control System.
5-5.1 Functional Requirements.
5-5.1.1 The combustion control system should maintain furnace fuel and air input in accordance
with demand.
5-5.1.2 The combustion control system should control furnace inputs and their relative rates of
change so as to maintain the air/fuel mixture within the limits required for continuous
combustion and stable furnace pressure throughout the controllable operating range of the unit.
5-5.2 System Requirements.
5-5.2.1 Furnace input should be controlled to respond to the energy demand under all operating
conditions.
5-5.2.2 The air/fuel mixture should be maintained within safe limits as established by test under
any boiler output condition within the controllable operating range of the subsystem.
5-5.2.3 When changing the rate of furnace input, the airflow and fuel flow should be changed
simultaneously at the proper rates to maintain safe air/fuel ratio during and after the change. This
does not prohibit provisions for air lead and lag of fuel during changes in firing rate. The practice
of placing either fuel or airflow control on automatic without the other also being on automatic
should be discouraged.
5-5.2.4 Furnace draft should be maintained at the desired set point in the combustion chamber.
5-5.2.5 A means should be provided to prevent the control system from demanding a fuel-rich
mixture.
5-5.2.6 A means of permitting as much on-line maintenance of the combustion control
equipment as possible should be provided.
5-5.2.7 A means should be provided for calibration and check testing of combustion control and
associated safeguard equipment.
5-5.3
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If applicable, the high-pressure overfire air turbulence system should also be controlled in
either of two methods: (a) control the outlet pressure of the blower using a manual set point; or
(b) control overfire air in parallel with forced draft flow.
5-5.4
The flue gas analyzer may be used as an operating aid. Caution should be used in interpreting
the readings.
Chapter 6 Operation
6-1 General.
This chapter addresses typical stoker operation. In all cases, manufacturers’ recommendations
should be consulted and followed.
6-2 Start-Up, General.
After an overhaul or other maintenance, a complete functional check of the safety interlocks
should be made. Preparation for starting should include a thorough inspection and check, not
exclusively but particularly, for the following:
(a) Furnace and gas passages in good repair and free of foreign material.
(b) Boiler-furnace enclosure and associated ductwork evacuated by all personnel and all access
and inspection doors closed.
(c) Energy supplied to control system and to safety interlocks.
(d) Fuel feed and grate system.
(e) Feed mechanism variable speed control operational through full range.
(f) All air and flue gas control dampers operational through full range.
(g) Proper drum level established.
(h) Oxygen and combustible analyzers, if provided, operating satisfactorily. Check that
combustibles indication is zero and oxygen indication is at a maximum.
6-3 Start-Up Procedures (Cold Start).
The cold start procedure is as follows:
(a) Prior to starting induced draft (ID) fans, verify an open flow path from the inlet of the
forced draft (FD) fan to the stack. Unless there is sufficient natural draft for initial firing, the
induced draft fan should be started and normal furnace draft maintained.
(b) Verify that grate is clear of ash and debris.
(c) Fill feeder hopper with fuel, start feed mechanism, and establish a bed of fuel on the grate.
(d) Place kindling on fuel bed. Spray the kindling from outside the furnace with a light coat of
distillate oil.
CAUTION: Gasoline, alcohol, or other highly volatile material must not be used for light-off.

(e) Open furnace access door, light a torch, and ignite wood by passing torch through the door.
Copyright 1996 NFPA

(f) When wood on bed of fuel is burning, start ID fan, if not in operation, and place in
automatic mode of operation.
(g) The overfire air fan should be started immediately to prevent damage from gases passing
through the ductwork.
CAUTION: Undergrate air pressure should always be greater than furnace pressure to prevent reverse flow
and potential unit damage.

(h) When fuel bed is actively burning, start FD fan with dampers at minimum position.
(i) Start fuel feed. Observe operation and adjust fuel rate and air as required until boiler steam
pressure is at normal operating pressure.
(j) Place fuel and air in automatic mode of operation.
6-3.1
Operation of auxiliary fuel burners may be required when starting up and firing high moisture
fuel.
6-3.2
If a boiler is equipped with auxiliary gas or oil burners, it is possible to put the boiler on the
line using this auxiliary fuel and then feed the solid fuel up on the grate, where it will ignite from
radiant heat of the auxiliary burners. Care should be taken to protect the grate from overheating.
6-3.3
Start-up procedures for other wastes, as described in Chapter 4, would be dependent on the
characteristics of the particular waste. In all cases, manufacturer’s instructions should be
consulted and followed.
6-4 Normal Operation.
6-4.1
The firing rate should be regulated by increasing or decreasing the fuel and air supply
simultaneously to the grate(s), maintaining normal air/fuel ratio at all firing rates.
6-4.2
Each stoker has adjustments for the distribution of the fuel. Manual adjustments for
distribution of fuel are made from visual appearance of the fuel bed, furnace, and oxygen
analyzer and smoke monitor readings at the boiler outlet.
CAUTION: Visual observations of the fuel bed conditions through open doors should be made with extreme
care. (See Section 9-9.)

6-4.3
Manual adjustments to the individual rows of overfire turbulence air nozzles for maximum
furnace efficiency and minimum emission discharge may be required.
6-4.4
Fuel should be fed to maintain an even depth of ash. As the percent of ash in the fuel changes,
it may be necessary to make adjustments. It is necessary to observe the depth of ash at the
discharge end of the grates.
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6-5 Normal Shutdown.
Normal shutdown procedure is as follows:
(a) Manually reduce the boiler load to minimum normal load.
(b) Fuel shutoff gates, if furnished above the fuel feeders, should be closed.
(c) Remaining fuel in the system adjacent to the boiler should be burned out.
(d) Normal furnace draft should be maintained throughout this process and overfire air fan
should be left running.
(e) After fuel feed ceases and the fire is burned out, the overfire air and forced draft fan can be
shut off or left running depending on the desired rate of boiler cool-down. However, the overfire
air fan should be left running until the furnace and boiler are sufficiently cool to prevent damage
to the overfire system from a back flow of hot gases.
(f) If the forced draft fan is shut off, ensure that a natural draft flow of air through the grates is
provided.
(g) For spreader stokers, fuel feeders with rotating devices should be left running to maintain
even temperature until the furnace has cooled sufficiently to prevent damage to these rotating
devices.
6-6 Normal Hot Start.
When it is desired to restart the unit after it has been bottled up under pressure for a short time,
and grate burning has stopped, follow cold start procedure: 6-2(d) through (g) and 6-3(a)
through (j). If grate fire continues, follow the cold start procedure: 6-3(a) through (j), omitting
(b), (d), and (e).
6-7 Emergency Shutdown.
6-7.1
For emergency shutdown caused by an interruption of fuel when the fuel supply cannot be
restarted in a very short length of time, follow the same procedure as for a normal shutdown.
6-7.2
Loss of the induced draft fan would require that the uptake damper go into the full open
position, the fuel feed immediately shut off, the forced draft damper go into the closed position,
and a forced draft fan shut down. Overfire air fan should remain running, and overfire airflow
dampers placed in the closed position. The operator should manually open fire doors above the
grate only if there is sufficient furnace draft.
6-7.3
Loss of the forced draft fan would require immediate shutdown of the fuel feed and
maintenance of normal furnace draft.
6-7.4
An emergency shutdown caused by loss of feedwater would require immediate shutdown of
fuel feed, and forced draft fan. Normal furnace draft should be maintained. The overfire air fan
should be left running and associated dampers closed if overfire air fan suction is taken from the
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forced draft fan discharge. The operator should manually open all fire doors above the stoker
grate to assist in rapid cool-down of the furnace and boiler. This emergency shutdown procedure
may vary. See manufacturer’s recommendations.
6-7.5 Critical Emergency Situations.
Critical emergency situations requiring action are:
(a) Low Drum Level.
1. Stop all fuel feed(s).
2. Stop fan(s) that supply combustion air to the unit.
3. Continue running ID fan with combustion air damper at minimum setting. This is
recommended to limit continued combustion of the residual fuel bed.
(b) High Operating Steam Pressure.
1. Stop all fuel feed(s).
2. Decrease combustion air to minimum and maintain furnace draft.
3. When steam pressure is in normal operating range, start fuel feed and place combustion
air for normal air/fuel ratio.
6-7.6
In all of the above situations, manufacturer’s emergency procedures must be followed.
6-8 Multifuel Firing.
In all cases, only one fuel should follow steam demands or respond to pressure changes.
Secondary fuels should be base loaded at a constant air/fuel ratio basis.
6-9 Air/Fuel Ratio Control.
With multifuel arrangements, it is necessary to measure the airflow to the stoker as well as the
auxiliary fuel supply. When the auxiliary fuel is fired through burners and the auxiliary is
following boiler demand, the forced draft system should have a controller upstream from the
burner control damper that maintains a constant pressure to the supply duct. This will ensure a
repeatable supply of air to the stoker. Conversely, it will ensure a repeatable supply of air to the
auxiliary burners. Care must be taken to maintain an adequate amount of excess air at all times
by continuously observing the flame or the air/fuel ratio or the oxygen indicator, if provided.
When firing multiple fuels, care should be taken in interpreting the oxygen analyzer readings,
especially with systems having a single point measurement.
6-10 Purge Cycle.
Dual fuel fired boilers with stoker and auxiliary burners may require purge cycles under
certain conditions prior to lighting off the burner. If boiler load is being carried by the stoker
with an active fire and a satisfactory response from a combustible analyzer, then auxiliary fuel
burners can be lit without a furnace purge cycle. If no cooling air is supplied to the auxiliary
burner, a purge of its associate air supply ducts should be provided. However, upon loss of a
burner on an emergency trip in the absence of sufficient stoker luminescence, a burner purge
cycle should be required.
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Chapter 7 Maintenance
7-1 Maintenance Objective.
The objective of a maintenance program is to identify and correct conditions relating to the
safety, continued reliable operation, and efficient performance of equipment. A program should
be provided for maintenance of equipment at intervals consistent with the type of equipment,
service requirements, and manufacturer’s recommendations.
7-2 Maintenance Programs.
As a minimum, the maintenance program should include the following:
(a) In-service inspections to identify conditions requiring corrective action or further study.
(b) Detailed, knowledgeable planning to allow use of qualified personnel, procedures, and
equipment for an efficient safe repair or modification.
(c) Use of a comprehensive equipment history that records conditions found, maintenance
work done, changes made, and the date of each.
(d) Written comprehensive maintenance procedures incorporating manufacturer’s instructions
to define the tasks and skills required. Any special techniques, such as nondestructive testing or
those tasks requiring special tools, should be defined. Special environmental factors should be
covered, such as temperature limitations, dusts, contaminated or oxygen-deficient atmosphere,
and limited access or confined space requirements.
(e) Shutdown maintenance inspections, comprehensive in scope, to cover all problem areas.
(f) Adequate spare parts available meeting manufacturer’s specifications to provide reliable
service without necessitating unsafe makeshift repairs.
7-3 Equipment Inspections.
7-3.1 General.
7-3.1.1 An inspection and maintenance schedule should be established and followed.
7-3.1.2 Operation, set-points, and adjustments should be verified by periodic testing with the
results documented.
7-3.1.3 Defects should be reported and corrected and the repairs documented.
7-3.1.4 System configuration, including logic, set-points, and sensing hardware, should not be
changed without the effect being evaluated and approved.
7-3.1.5 Inspections, adjustments, and repairs should be performed by trained personnel, using
tools and instruments suitable for the work. Maintenance and repairs should be performed in
accordance with the manufacturer’s recommendations and applicable standards and codes.
7-3.2 In-Service Inspections.
In-service inspection of equipment should be done on a continual basis to evaluate operation
and abnormal conditions that need corrective action.
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7-3.3 Shutdown Inspection.
The frequency of thorough maintenance inspections of shutdown boilers should be based on
local and state law and recognized industrial practice.
7-4 Common Problem Areas.
Several areas of stoker fired boilers routinely require maintenance attention. These are listed
below:
7-4.1 Undergrate Air Distribution.
Air must be distributed evenly through the grate in order to come in contact with the fuel at the
desired location. Air distribution holes in the grates must be kept clear. Some grates are
sectioned into zones to allow control of burning and improve efficiency. Grate air seals and air
zone dampers must be in good repair to prevent air from bypassing around the fuel bed and to
distribute air properly between zones.
7-4.2 Fuel Feed Mechanism.
The fuel feed mechanism must be properly adjusted to provide an even fuel bed. Uneven fuel
beds lead to poor combustion, clinker formation, inefficient operation, and potential grate
damage.
7-4.3 Casing and Ductwork.
Air infiltration into the furnace can cause improper fuel combustion due to insufficient air
distribution to the fuel and erroneous oxygen analyzer readings. This can result in grate damage,
smoking conditions, and reduced efficiency. All potential leak areas should be periodically
checked. These areas include access doors, casing and brickwork, and expansion joints.
7-4.4 Grate.
Grate drive mechanisms require periodic maintenance to ensure proper lubrication and
operation. Grate alignment and tension must be checked to prevent binding and potential
hang-up. Grate drive shear pins should be replaced with identical pins. Substituting harder shear
pins may result in damage to other components. Air distribution holes in the grate should be kept
clear.
7-4.5 Tuyeres.
Air tuyeres must be checked for plugging and burnout. These are necessary for proper air
sealing and feeder cooling.
7-4.6 Nozzles.
Overfire air and cinder return nozzles must be checked for plugging and burnout.
7-4.7 Air Dampers.
Air dampers should be checked for proper stroke and position.
7-4.8 Combustion Control System.
Boiler controls should be kept in proper operating condition through regular operation and
calibration checks.

Copyright 1996 NFPA

Chapter 8 Training
8-1 Operator Training.
8-1.1
A formal training program should be established to prepare personnel to safely and effectively
operate equipment. This program can consist of review of operating manuals, videotapes,
programmed instruction, testing, and field training, among others. The training program should
be consistent with the type of equipment and hazards involved.
8-1.2
Operating procedures should be established that cover normal and emergency conditions.
Start-up and shutdown procedures, normal operating conditions, and lockout procedures should
be covered in detail.
8-1.3
Operating procedures should be directly applicable to the equipment involved and consistent
with safety requirements and manufacturer’s recommendations.
8-1.4
Procedures should be periodically reviewed to keep them current with changes in equipment
and personnel.
8-2 Maintenance Training.
8-2.1
A formal maintenance training program should be established to prepare personnel to safely
and effectively perform any required maintenance tasks. This program can consist of review of
maintenance manuals, videotapes, programmed instruction, testing, field training, and equipment
manufacturer training, among others. The training program should be specific to the equipment
involved, and to potential hazards.
8-2.2
Maintenance procedures should be established to cover routine and special techniques. Any
potential environmental factors such as temperature, dust, contaminated or oxygen-deficient
atmosphere, internal pressures, and limited access or confined space requirements should be
included.
8-2.3
Procedures should be consistent with safety requirements and manufacturer’s
recommendations.
8-2.4
Procedures should be periodically reviewed to keep them current with changes in equipment
and personnel.
Chapter 9 Additional Safety Requirements
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9-1 General.
Protective clothing, including but not limited to hard hats and safety glasses, should be used by
personnel during maintenance operations.
9-2 Confined Spaces.
9-2.1
A confined space is any work location or enclosure in which any of the following may exist:
(a) The dimensions are such that a person 6 ft (1.8 m) tall cannot stand up in the middle of the
space or extend his or her arms in all directions without hitting the enclosure.
(b) Access to or from the enclosure is by manhole, hatch, port, or other relatively small
opening that limits ingress and egress to one person at a time.
(c) Confined spaces may include but are not limited to ducts, heaters, windboxes, cyclones,
dust collectors, furnaces, bunkers or bins, etc.
9-2.2
Specific procedures should be developed and used for personnel entering confined spaces and
should:
(a) Positively prevent inadvertent introduction of fuel, hot air, steam, or gas.
(b) Positively prevent inadvertent starting or moving of mechanical equipment or fans.
(c) Prevent accidental closing of access doors or hatches.
(d) Include tags, permits, or locks to cover confined space entry.
(e) Determine need for ventilation or self-contained breathing apparatus where the atmosphere
may be stagnant, depleted of oxygen, or contaminated with irritating or combustible gases. Tests
for an explosive or oxygen-deficient atmosphere should be made.
(f) Provide for a safety attendant. The safety attendant should remain outside of the confined
space with appropriate rescue equipment and should be in contact (preferably visual contact)
with those inside.
(g) Provide for use of proper safety belts or harnesses, which should be properly tied off when
such use is practical.
9-3 Raw Fuel Bunkers.
9-3.1
In addition to the general provisions of Section 9-1, additional specific provisions for entering
and working in fuel bunkers or bins should be made, recognizing the high probability of the
presence of combustible or explosive gases and the hazards associated with shifting or sliding
fuel.
9-3.2
No one should be permitted to enter fuel bunkers or bins without first notifying the responsible
supervisor and obtaining appropriate permits, tags, clearances, etc.
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9-3.3
The responsible supervisor should inspect the bunker, see that all necessary safety equipment
is on hand, and see that a safety attendant, who will have no other duties during the job, is also
on hand. The supervisor should review with the safety attendant and the workers the scope of the
job and safety procedures to be followed.
9-3.4
No smoking, flames, or open lights should be permitted. All lamps should be suitable for Class
II, Division 1 locations as defined in NFPA 70, National Electrical Code.®
9-3.5
Tests should be made for the presence of an explosive and oxygen-deficient atmosphere in a
bunker or bin. If such an atmosphere is found, positive ventilation should be provided and entry
prohibited until the atmosphere returns to safe limits. Sufficient retests should be made during
the course of the work to ensure a safe atmosphere, and if it is not maintained, the bunker should
be evacuated.
9-3.6
No person should enter a bunker containing burning fuel.
9-3.7
No person should enter a bunker or walk on the fuel unless the safety attendant is present and
the person is equipped with a safety belt or harness and lifeline. The lifeline should be secured to
an adequate support above the person and should have only sufficient slack to permit limited
movement necessary to perform on the job. The lifeline should be manila rope at least 1/2 in.
(12.7 mm) in diameter, or equivalent, in good condition.
9-3.8
The safety attendant should remain outside and/or above the bunker and should keep the
workers in full view at all times. An adequate means of communication should be provided to
the safety attendant in case additional help is needed.
9-3.9
Whenever practical, work should be done from platforms, ladders, scaffolds, etc., rather than
from the surface of the fuel itself.
9-3.10
No one should walk on or work on a fuel surface that is more than 3 ft (0.9 m) lower than the
highest point of the surrounding fuel, in order to avoid the possibility of being covered by sliding
fuel.
9-3.11
Full-face respirators or respirators and goggles should be worn where dust conditions make
them necessary, as directed by the responsible supervisor or the safety attendant.
9-4 Housekeeping.
9-4.1
Good housekeeping is essential for safe operation and prevention of fires or explosions;
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therefore, provisions should be made for periodic cleaning of horizontal ledges or surfaces of
buildings and equipment to prevent the accumulation of appreciable dust deposits.
9-4.2
Creation of dust clouds should be minimized during cleaning. Compressed air should not be
used to dislodge fuel dust accumulations; water washing or vacuum cleaning methods are
preferred.
9-5 Welding and Flame Cutting.
(See also NFPA 51, Standard for the Design and Installation of Oxygen-Fuel Gas Systems for
Welding, Cutting, and Allied Processes, and NFPA 51B, Standard for Fire Prevention in Use of
Cutting and Welding Processes.)
9-5.1
Fire-resistant blankets or other approved methods should be used in such manner as to confine
weld spatter or cutting sparks.
9-5.2
A careful inspection of all areas near where welding or cutting has been done, including the
floors above and below, should be made when the job is finished or interrupted, and such areas
patrolled for a period long enough to make certain that no smoldering fires have developed.
9-6 Electrical Tools and Lighting.
9-6.1
Where flammable dust or dust clouds are present, sparking electrical tools should not be used.
All lamps should be suitable for Class II, Division 1 locations as defined in NFPA 70, National
Electrical Code.
9-6.2
Either ground fault protected or specially approved low voltage (6 or 12 volt) extension cords
and lighting should be used for all confined spaces and where moisture may be a hazard.
9-7 Explosion-Operated Tools.
Explosion-operated tools and forming techniques should not be used where combustible dust
or dust clouds are present. When these operations become necessary, all equipment, floors, and
walls should be cleaned and all dust accumulation removed by an approved method. A careful
check should be made to be sure that no cartridges or charges are left in the work area. (See
9-4.2.)
9-8 Furnace Inspection.
9-8.1
Personnel should be prevented from entering the furnace until slag deposits have been
removed. Care should be exercised to protect personnel from falling objects.
9-8.2
On overfeed mass burning stokers, the feed gate should be blocked open to prevent accidental
dropping of the gate.
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9-9 On-Line Maintenance.
Extreme care should be exercised and furnace draft should be increased and held while
performing any maintenance that requires personnel exposure to the furnace, such as grate and
feeder work. Appropriate protective clothing should be worn while performing such
maintenance. When possible, such repairs should be performed with the unit shut down. Any
work that would require the presence of personnel inside the undergrate plenum chamber while
the unit is in operation is prohibited.
9-10 Access Doors or Observation Ports.
9-10.1
Proper protective clothing and face shields should be used while viewing the furnace through
access doors or observation ports and while manipulating the fuel or ash bed.
9-10.2
The furnace draft should be increased before access doors or observation ports are opened, to
prevent any potential blowback.
9-11 Ash Hopper Access Doors.
9-11.1
Fly ash hopper access doors should not be opened while the boiler is operating. Hot or
smoldering fly ash that may have bridged over the ash removal connection could cascade out of
the door. Small capped clean-out connections should be used at the hopper bottom for
unplugging bridged fly ash.
9-11.2
Care should be taken when opening ash hopper access doors after shutdown. Hot or
smoldering fly ash that may have bridged over the ash removal connection could cascade out of
the door. Care should be taken to avoid stepping into accumulated ash while inspecting
equipment. Fly ash may be smoldering long after unit shutdown.
9-11.3
Vertical lifting ash pit doors should be securely blocked open prior to personnel entry.
9-12 Ash Handling.
Hazards associated with ash handling include high temperature materials and dust. Appropriate
protective equipment should be utilized.
9-13 Finely Divided Solid Fuels.
9-13.1
Characteristics of finely divided solid fuel approach those of pulverized fuel. Care should be
taken in the handling of these to prevent accumulations that could ignite spontaneously.
9-13.2
These fuels should be handled separately from other solid fuels, and, therefore, special care
should be taken to follow safe design and operating procedures. Recommendations of the
equipment manufacturer should be followed.
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Chapter 10 Referenced Publications
10-1
The following documents or portions thereof are referenced within this recommended practice
and should be considered part of the recommendations of this document. The edition indicated
for each reference is the current edition as of the date of the NFPA issuance of this document.
10-1.1 NFPA Publications.
National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 51, Standard for the Design and Installation of Oxygen-Fuel Gas Systems for Welding,
Cutting, and Allied Processes, 1992 edition
NFPA 51B, Standard for Fire Prevention in Use of Cutting and Welding Processes, 1989
edition
NFPA 70, National Electrical Code, 1993 edition
NFPA 85C, Standard for the Prevention of Furnace Explosions/Implosions in Multiple Burner
Boiler-Furnaces, 1991 edition
NFPA 850, Recommended Practice for Fire Protection for Electric Generating Plants, 1992
edition
NFPA 8501, Standard for Single Burner Boiler Operation, 1992 edition.
10-1.2 Other Publications.
10-1.2.1 ABMA Publication. American Boiler Manufacturers Association, 950 N. Glebe Road,
Arlington, VA 22203.
Recommended Design Guidelines for Stoker Firing of Bituminous Coal.
10-1.2.2 ASTM Publication. American Society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.
ASTM D388-91, Specifications for Classification of Coal by Rank.
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Foreword
Technological advances in recent years and, in particular, the pervasiveness of
microprocessor-based hardware make it important that only highly qualified individuals be
employed in the translation of these guidelines into operating systems. Each type of hardware
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has its own unique features and operational modes. It is vital that the designer of the safety
system be completely familiar with the features, characteristics, and limitations of the specific
hardware and also possess a thorough understanding of this standard and its intent.
It is not possible for this standard to encompass the specific hardware applications, nor should
it be considered a “cookbook” for the design of a safety system.
Where applying any type of equipment to a safety system, the designer should consider
carefully all of the possible failure modes and the effect that each might have on the integrity of
the system and the safety of the unit and personnel. In particular, no single point failure should
result in an unsafe or uncontrollable condition or a masked failure of a microprocessor-based
system that could result in the operator unwittingly taking action that could lead to an unsafe
condition.
This document is intended to be used for the design, installation, operation, and maintenance
of heat recovery steam generators and their burner management and combustion control systems.
Chapter 1 Introduction
1-1 Scope.
1-1.1
This standard shall apply to steam generators that recover heat from a combustion turbine
firing the following fuels either alone or in combination:
(a) Natural gas;
(b) No. 2 fuel oil;
(c) Kerosene;
(d) JP-4 jet fuel;
(e) Diesel fuel.
The steam generator shall be permitted to be unfired, or supplemental firing shall be permitted
to be provided from natural gas or fuel oil, as defined in this standard.
1-1.2
The intent of this standard is not to dictate the methods or details of the combustion turbine
manufacturer’s product or control system. Specific functional considerations are identified for
proper interfacing related to the safety aspects of the combined combustion turbine and the
HRSG.
1-1.3
This standard does not cover simultaneous firing of more than one fuel in the supplemental
firing of the steam generator. Simultaneous firing involves requirements that are not addressed
by this document.
1-1.4
This standard is not retroactive. This standard shall apply to new installations and to major
alterations or extensions of existing equipment for the preparation and burning of fuel contracted
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for six months subsequent to the date of issue of this document.
1-1.5
This standard does not specifically address the firing of fuels other than those specified in
1-1.1. This standard is intended to apply to other fuels not covered by 1-1.1 (see 1-2.2). Other
fuels can have unique characteristics requiring special design and operation considerations for
fuel handling, purging, and burning.
1-1.6
Since the standard is based on the present state of the art, its application to existing
installations shall not be required. Nevertheless, operating companies are encouraged to adopt
those features of the standard that are considered applicable and reasonable for existing
installations.
1-1.7
This standard does not address multiple combustion turbines exhausting into a single heat
recovery steam generator (HRSG). Any system applying this concept shall require special design
considerations that are not addressed in this standard.
1-1.8
The standard shall be applied with consideration of the document as a whole. Chapters 1 and 2
are introductory and provide general guidelines and focus. Where any real or perceived conflict
exists, the guidelines outlined in subsequent chapters shall be followed.
1-1.9
Chapters 1 through 8 address fired or unfired HRSGs directly coupled to combustion turbine
exhaust without intervening dampers or a bypass stack.
1-1.10
Chapter 9 (reserved) eventually will address HRSG systems with bypass dampers and systems
using supplementary sources of combustion air.
1-1.11
Chapter 10 (reserved) eventually will address fired HRSGs where the primary source of heat is
from burners rather than from the heat content of the combustion turbine exhaust.
1-2 Purpose.
1-2.1
The purpose of this document shall be to contribute to operating safety and to prevent
explosions, implosions, and uncontrolled fires in HRSG sections and exhaust ductwork. It shall
establish minimum standards for the design, installation, operation, and maintenance of heat
recovery steam generators and their fuel-burning, air supply, and combustion products removal
systems. The standard shall require the coordination of operating procedures and components,
control systems, interlocks, and structural design. The standard shall further require the
establishment of training programs in equipment operation and maintenance, for both new and
existing personnel, to ensure that minimum standards for operation and maintenance are
understood and followed.
1-2.2
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No standard can guarantee the elimination of HRSG explosions and implosions. Technology in
this area is under constant development and is reflected in revisions to this standard. The user of
this standard shall recognize the complexity of firing with regard to the type of equipment used
and the characteristics of the fuel. Therefore, the designer is cautioned that the standard is not a
design handbook. The standard does not eliminate the need for the engineer or for competent
engineering judgment. It is intended that a designer capable of applying more complete and
rigorous analysis to special or unusual problems shall have latitude in the development of such
designs. In such cases, the designer is responsible for demonstrating the validity of the approach.
1-2.3
Emphasis is placed on the importance of component coordination and on knowledge of
expected operating conditions, along with adequate structure strength, proper operation and
maintenance procedures, combustion and draft control equipment, safety interlocks, alarms,
trips, and other related controls that are essential to proper operation.
1-2.4
The effect of gas cleanup systems located within or downstream of the HRSG shall be
considered in the design and operation of the system.
Chapter 2 General
2-1 HRSG Fires and Explosions.
2-1.1
The basic cause of uncontrolled fires or explosions in an HRSG system is the ignition of an
accumulated combustible mixture within the HRSG enclosure.
2-1.2
A dangerous combustible mixture within the HRSG sections and ductwork consists of the
accumulation of combustibles mixed with air in proportions that result in uncontrolled
combustion when an ignition source is supplied. An explosion might result from ignition of this
accumulation if the quantity of combustible mixture and the proportion of air to fuel are such
that an explosive force is created within the HRSG enclosure. The magnitude and intensity of the
explosion depends on both the relative quantity of combustibles that has accumulated and the
proportion of air that mixes with them at the moment of ignition. Explosions, including “puffs,”
are the result of improper procedures used by operating personnel, improper design of equipment
or control systems, or equipment or control system malfunction.
2-1.3
Numerous situations can arise in connection with the operation of an HRSG that produce
uncontrolled combustion conditions. These situations include:
(a) An interruption of the fuel or combustion air supply or ignition energy to the burners,
sufficient to result in a momentary loss of flame, followed by the delayed reignition of an
accumulation of combustibles.
(b) Fuel leakage into the enclosure and the ignition of the accumulation by a spark or other
source of ignition.
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(c) Repeated unsuccessful attempts to light off the combustion turbine or supplementary fired
burners without appropriate purging, resulting in the accumulation of an explosive mixture.
(d) The accumulation of an explosive mixture of fuel and combustion air as a result of loss of
flame or incomplete combustion at one or more burners in the presence of other burners
operating normally or during light-off of additional burners.
(e) The accumulation of an explosive mixture of fuel and combustion air as a result of a
complete burner flameout and the ignition of the accumulation by a spark or other ignition
source, such as an attempt to light off burners without adequate purge.
2-1.4
An examination of reports of steam generator explosions suggests that the occurrence of small
explosions, puffs, or near-misses are far more frequent than usually is recognized. Improved
instrumentation, safety interlocks and protective devices, proper operating sequences, and a
clearer understanding of the problem by designers, operators, and maintenance personnel can
reduce greatly the risks and actual incidence of HRSG explosions.
2-1.5
In an HRSG with supplementary firing, upset conditions or control malfunction can lead to an
air/fuel mixture that could result in a flameout followed by reignition after a combustible mixture
has been reestablished. Dead pockets might exist in HRSG sections and ductwork or other parts
of the unit where combustible mixtures can accumulate under upset conditions. These
accumulations can ignite with explosive force in the presence of an ignition source.
2-1.6
Statistics indicate that human error is a contributing factor in the majority of explosions. It is
important to consider whether the error is the result of:
(a) Unfavorable operating characteristics of the equipment or its control;
(b) Lack of functional coordination of the various components of the steam-generating system
and its controls; or
(c) Lack of understanding of, or failure to follow, proper operating procedures, safeguards, and
equipment operation recommendations.
2-1.7 HRSG Enclosure, Fin-Tube Fires.
NOTE: Due to misoperation, there have been occurrences of fin-metal fires in HRSGs, and there is a need to
address this potential.

2-1.7.1 Consideration shall be given to detecting and alarming fin-metal fires.
2-1.7.2 A procedure shall be provided to contain (i.e., confine or seal-off) a fin-metal fire and to
protect the buildings and adjacent equipment.
2-1.7.3 The initial response shall include the removal of all fuel from the combustion turbine and
the HRSG.
2-2 HRSG Implosions.
For HRSGs that use an induced draft fan where the potential exists for excessively low HRSG
enclosure gas side pressures, the HRSG enclosure shall conform with the requirements of NFPA
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8502, Standard for the Prevention of Furnace Explosions/Implosions in Multiple Burner Boilers,
Chapter 5.
2-3 Manufacture, Design, and Engineering.
2-3.1
The owner or the owner’s agent shall, in cooperation with the manufacturer, ensure that the
unit is not deficient in apparatus that is necessary for proper operation with respect to pressure
parts, fuel-burning equipment, combustion air and fuel, and safe light-off and maintenance of
stable flame.
2-3.2
All fuel systems shall include provisions to prevent foreign substances from interfering with
the fuel supply to the duct burner.
2-3.3
An evaluation shall be made to determine the optimum integration of manual and automatic
safety features considering the advantages and disadvantages of each trip function.
NOTE: The maximum number of automatic trip features does not necessarily provide for maximum overall
safety. Some trip actions result in additional operations that increase exposure to hazards.

2-3.4
This standard shall require a minimum degree of automation. However, in the cases of more
complex plants, plants with increased automation, and plants designed for remote operation, the
following minimum provisions shall be required:
(a) Information on significant operating events that allow the operator to make rapid
evaluation of the operating situation;
(b) Continuous and usable displays of variables in the normal control location that allow the
operator to avoid unsafe operation;
(c) Additional automated control points that allow a remotely located operator to control the
unit safely;
(d) In-service maintenance and checking of system functions without impairment of the
reliability of the overall control system;
(e) Control areas environmentally designed to provide suitable conditions for personnel,
control equipment, or both; and
(f) Visual displays and alarms that are easily identifiable and readable.
2-3.5
The duct burner piping and equipment shall be designed and constructed to prevent the
formation of hazardous concentrations of combustible gases under any operating conditions.
2-4 Basic Operating Objectives.
2-4.1
Basic operating objectives shall include the requirements of this section.
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2-4.1.1 Standard operating procedures shall be established that result in well-defined and
controlled operations. All operating procedures shall be rigidly enforced at all times.
2-4.1.2 Interlocks shall be used to minimize improper operating sequences and to interrupt
sequences when conditions are unsafe for continuation.
2-4.1.3 No interlocks shall be bypassed during start-up or operation of the unit unless the bypass
is alarmed and is governed by operating procedures.
2-4.1.4 The mass flow of combustion air to the duct burner system shall be maintained at or
above its purge rate and within the duct burner design operating range during all operations of
the duct burner system.
2-4.2
Written operating procedures and detailed checklists for operator guidance shall be provided
for achieving these basic operating objectives. All manual and automatic functions shall be
included in these procedures and checklists.
Chapter 3 Definitions
3-1 Definitions.
The following definitions shall apply to this standard.
Air, Combustion. The air used to fuel the combustion process. For duct burners, this generally
is combustion turbine exhaust. (See “Air, Primary” and “Air, Vitiated.”)
Air, Excess. Air supplied for combustion in excess of theoretical air.
NOTE: This is not “Air-Rich” as defined in this section.

Air, Furnace Purge. See “Purge, Combustion Turbine,” “Purge, Duct Burner,” and “Purge
Rate.”
Air, Primary. The air that is contained in the combustion turbine exhaust.
Air, Seal. Air supplied to any device at pressure for the specified purpose of minimizing
contamination.
Air, Secondary. The air for combustion supplied to the burners by the forced draft fan.
Air, Stoichiometric. See “Air, Theoretical.”
Air, Tertiary. The air supplied to certain types of burners for cooling the burner metal or to
improve the combustion process.
Air, Theoretical. The chemically correct quantity of air needed for complete combustion of a
given quantity of a specific fuel.
Air/Fuel Ratio. A ratio of air to fuel supplied to a combustion process.
Air-Rich. Indicates a ratio of air to fuel supplied to a combustion process that provides more
than the minimum excess air needed for optimum combustion of the fuel.
Air, Vitiated. Air with an oxygen content below normal; for example, combustion turbine
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exhaust.
Alarm. An audible or visible signal indicating an off-standard or abnormal condition.
Approved. Acceptable to the authority having jurisdiction.
NOTE: The National Fire Protection Association does not approve, inspect, or certify any installations,
procedures, equipment, or materials; nor does it approve or evaluate testing laboratories. In determining the
acceptability of installations, procedures, equipment, or materials, the authority having jurisdiction may base
acceptance on compliance with NFPA or other appropriate standards. In the absence of such standards, said
authority may require evidence of proper installation, procedure, or use. The authority having jurisdiction may
also refer to the listings or labeling practices of an organization concerned with product evaluations that is in a
position to determine compliance with appropriate standards for the current production of listed items.

Atomizer. A device in a burner that emits liquid fuel in a finely divided state.
Atomizer, Mechanical. A device in an oil burner that emits liquid fuel in a finely divided state
without using an atomizing medium.
Atomizing Medium. A supplementary fluid, such as steam or air, that assists in breaking down
liquid fuel into a finely divided state.
Augmented Air Firing. Supplementary firing with the addition of air at the duct burners to
support and stabilize combustion.
Authority Having Jurisdiction. The organization, office, or individual responsible for
approving equipment, an installation, or a procedure.
NOTE: The phrase “authority having jurisdiction” is used in NFPA documents in a broad manner, since
jurisdictions and approval agencies vary, as do their responsibilities. Where public safety is primary, the
authority having jurisdiction may be a federal, state, local, or other regional department or individual such as a
fire chief; fire marshal; chief of a fire prevention bureau, labor department, or health department; building
official; electrical inspector; or others having statutory authority. For insurance purposes, an insurance
inspection department, rating bureau, or other insurance company representative may be the authority having
jurisdiction. In many circumstances, the property owner or his or her designated agent assumes the role of the
authority having jurisdiction; at government installations, the commanding officer or departmental official may
be the authority having jurisdiction.

Auxiliary Firing. See “Supplementary Firing.”
Availability. The percent of time during a fixed period that a generating unit is capable of
providing functional operating service.
Burner. A device or group of devices for the introduction of fuel and air at the velocities,
turbulence, and concentration necessary to maintain ignition and combustion of the fuel.
Burner Management System. The control system dedicated to combustion safety, operator
assistance in the starting and stopping of fuel-burning equipment, and prevention of
misoperation and damage. The burner management system includes the following functions
specified in this standard:
(a) Interlock system;
(b) Fuel trip system;
(c) Master fuel trip system;
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(d) Master fuel trip relay;
(e) Flame monitoring and tripping systems;
(f) Ignition subsystem; and
(g) Duct burner subsystem.
Combustion Control System. The control system that regulates the fuel input (and air, if
applicable) to maintain continuous combustion and stable flame. This control system might
include drum level, desuperheater spray, or draft control, where applicable.
Combustion Turbine. A turbine in which the rotating element is actuated by the pressure of
combustion gases on curved vanes.
Commercial Operation. The date that the full plant capacity is formally added to the power
grid.
Commissioning. The time period of plant testing and operation between initial operation and
commercial operation.
Damper, Tight Shutoff. A close-fitting damper to inhibit leakage of air or flue gas into any
system component.
Directional Blocking. An interlock that, upon detection of significant error in HRSG process
variables, acts to inhibit the movement of all appropriate final control elements in the direction
that increases the error.
Drip Leg. A chamber of ample volume, with suitable clean-out and drain connections, over
which fuel gas is passed so that liquids and solids are trapped.
Duct Burner. A burner located in a duct ahead of or within an HRSG section.
Explosive Mixture. A flammable or combustible mixture in a confined space.
Fan, Seal Air. A fan used to supply sealing air.
Fan Test Block Capability. The point on the head versus the flow characteristics curve at
which the fan is selected. This is the calculated operating point associated with the maximum
continuous rating of the steam generator furnace plus the head and flow margins.
Flame. The visible or other physical evidence of the chemical process of rapid conversion of
fuel and air into products of combustion.
Flame Detector. A device that senses the presence or absence of flame and provides a usable
signal.
Flame Detector, Self-Checking. A flame detector that automatically, and at regular intervals,
tests the entire sensing and signal processing system of the flame detector. This ensures that the
failure of any single component cannot result in a false indication of flame.
Flame Envelope. The confines (not necessarily visible) of an independent process that converts
fuel and air into products of combustion.
Fresh Air Mode. The operation of an HRSG with atmospheric instead of combustion turbine
exhaust.
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Fuel Cutback. An action of the combustion control system to reduce fuel flow.
Fuel Gas. See “LP-Gas” and “Natural Gas.”
Fuel, JP4. A light, volatile fuel with a boiling point between gasoline and light distillate. Its
properties are defined in MIL-T-5624, Turbine Fuel, Aviation, Grade JP4, JP5, and JP5/JP8 ST,
and are similar to ASTM D1655, Standard Specification for Aviation Turbine Fuels (Jet B), and
ASTM D2880, Standard Specification for Gas Turbine Fuel Oils (OGT).
Fuel, Kerosene. A light, highly refined fuel. It is slightly more volatile than No. 2 fuel oil. Its
properties are defined in ASTM D396, Standard Specification for Fuel Oils (No. 1); ASTM
D1655, Standard Specification for Aviation Turbine Fuels (Jet A); or ASTM D2880, Standard
Specification for Gas Turbine Fuel Oils (1GT).
Fuel Oil. Liquid fuels defined as Grades 2, 4, 5, and 6 in ASTM D396, Standard Specification
for Fuel Oils, or Grade 2GT in ASTM D2880, Standard Specification for Gas Turbine Fuel Oils.
Fuel Trip. The automatic shutoff of a specific fuel as the result of an interlock or operator
action.
Fuel-Rich. Indicates a ratio of air to fuel supplied to a burner that provides less than the
minimum excess air needed for optimum combustion of the fuel.
Gas. See “LP-Gas” and “Natural Gas.”
Heat Recovery Steam Generator (HRSG). A heat exchanger that uses a series of heat transfer
sections (e.g., superheater, evaporator, and economizer) positioned in the exhaust gas flow of a
combustion turbine to recover heat and supply a rated steam flow at a required temperature and
pressure.
HRSG. See “Heat Recovery Steam Generator.”
HRSG Control System. The group of control systems that regulates the HRSG process,
including the combustion control but not the burner management.
HRSG Enclosure. All ductwork from the combustion turbine exhaust through the steam
generator to the stack, including any bypass duct connection.
HRSG Purge. See “Purge, Combustion Turbine,” “Purge, Duct Burner,” and “Purge Rate.”
HRSG System. The unit assembly from the combustion turbine inlet to the flue gas outlet to
the atmosphere.
Igniter. A permanently installed device, removable for maintenance only, that provides proven
ignition energy for light-off of the main burner.
Igniter, Class 1. An igniter applied to ignite the fuel input through the burner and to support
ignition under any burner light-off or operating conditions. Its location and capacity are such that
it provides sufficient ignition energy (generally in excess of 10 percent of full-load burner fuel
input) at its associated burner to raise any credible combination of burner inputs of both fuel and
air above the minimum ignition temperature.
Igniter, Class 2. An igniter applied to ignite the fuel input through the burner under prescribed
light-off conditions. The range of capacity of such igniters generally is 4 percent to 10 percent of
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full-load burner fuel input.
Igniter, Class 3. A small igniter applied in particular to gas and oil burners to ignite the fuel
input to the burner under prescribed light-off conditions. The capacity of such igniters generally
does not exceed 4 percent of the full-load burner fuel input.
Igniter, Class 3 Special. A special Class 3 high energy electrical igniter capable of directly
igniting the main burner fuel.
Initial Operation. The first coordinated operation of the combustion turbine and HRSG.
Interlock. A device or group of devices arranged to sense a limit or off-limit condition or
improper sequence of events and to shut down the related equipment or to prevent proceeding in
an improper sequence in order to avoid a hazardous condition.
JP4. See “Fuel, JP4.”
Kerosene. See “Fuel, Kerosene.”
Listed. Equipment or materials included in a list published by an organization acceptable to the
authority having jurisdiction and concerned with product evaluation that maintains periodic
inspection of production of listed equipment or materials and whose listing states either that the
equipment or material meets appropriate standards or has been tested and found suitable for use
in a specified manner.
NOTE: The means for identifying listed equipment may vary for each organization concerned with product
evaluation, some of which do not recognize equipment as listed unless it is also labeled. The authority having
jurisdiction should utilize the system employed by the listing organization to identify a listed product.

Logic System. The decision-making and translation elements of the burner management
system. A logic system provides outputs in a particular sequence in response to external inputs
and internal logic.
(a) Hardwired Systems. Individual devices and interconnecting wiring.
(b) Microprocessor-Based Systems.
1. Computer hardware, power supplies, input/output devices, and the interconnections
between these.
2. Operating system and logic software.
Low Water Cutout. A device arranged to effect a master fuel trip when the water level in the
steam drum(s) falls to a predetermined low level.
LP-Gas. A liquefied gas composed of any of the following hydrocarbons or their mixtures:
propane, propylene, normal butane, isobutane, and butylenes.
Master Fuel Trip. An event resulting in the rapid shutoff of all fuel to the duct burners,
including igniters.
Master Fuel Trip Relay. An electromechanical relay(s) utilized to trip all required equipment
simultaneously.
Monitor. To sense and indicate a condition without initiating automatic corrective action.
Natural Gas. A gaseous fuel consisting mostly of a mixture of organic compounds (normally
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methane, ethane, propane, and butane). The Btu value of natural gases varies from 700 Btu/ft3 to
1500 Btu/ft3 (26.1 MJ/m3 to 55.9 MJ/m3), with the majority averaging 1000 Btu/ft3 (37.3
MJ/m3).
Oil. See “Fuel Oil.”
Open Flow Path. A continuous path for movement of an airstream through the exhaust to the
stack.
Operating Range, Burner. The range between the maximum fuel input and the minimum fuel
input within which the burner flame can be maintained in a continuous and stable manner.
Outlet Draft. The flue gas pressure at the outlet of the last convection pass of the steam
generator.
Partial Loss of Flame. Loss of flame at any of the separate flame envelopes or burners while
flame is maintained at any of the other flame envelopes or burners.
Prove. To establish by measurement or test the existence of a specified condition, such as
flame, level, flow, pressure, or position.
Purge, Combustion Turbine. A flow of air at purge rate through the combustion turbine and the
appropriate portion of the HRSG enclosure for a sufficient number of volume changes that
effectively removes any gaseous or suspended combustibles and replaces them with the purging
medium.
Purge, Duct Burner. A flow of combustion turbine exhaust gas or air at purge rate through the
HRSG enclosure for a sufficient number of volume changes that effectively removes any
gaseous or suspended combustibles and replaces them with the purging medium.
Purge Rate. A constant flow of purging medium at sufficient velocity to achieve a purge.
Reliability. The probability that a generating unit or system will perform for at least a given
period of time where used under specified conditions.
Remote Operation. Control from a location removed from the combustion turbine and HRSG.
Repeatability. The ability of a device to maintain a constant set point characteristic.
Runback, Combustion Turbine. The controlled unloading of a combustion turbine to a level
required by HRSG or other equipment control demands.
Scavenging. The procedure by which liquid fuel left in a burner or igniter after a shutdown is
cleared by admitting steam or air through the burner passages, typically through a dedicated
scavenging medium valve.
SCR (Selective Catalytic Reduction). A method of reducing NOx in flue gas.
Separator, Filter, Scrubber. A device incorporated in the main fuel supply line that effectively
separates foreign liquids or solids from the fuel.
Set Point. A predetermined value to which a device or system is adjusted and at which it shall
be required to perform its intended function.
Shall. Indicates a mandatory requirement.
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Should. Indicates a recommendation or that which is advised but not required.
Shutdown, Controlled. The normal unloading and shutdown sequence of plant components
based on the manufacturer’s criteria.
Shutdown, Emergency. An event resulting in the rapid shutoff of all fuel to the combustion
turbine along with a master fuel trip.
Stable Flame. A flame envelope that retains its continuity throughout the maximum rate of
change within the operating range of the HRSG.
Standard. A document, the main text of which contains only mandatory provisions using the
word “shall” to indicate requirements, which is in a form generally suitable for mandatory
reference by another standard or code or for adoption into law. Nonmandatory provisions shall
be located in an Appendix, footnote, or fine-print note and are not to be considered a part of the
requirements of a standard.
Start-Up Combustion Control System. A control system used to regulate and maintain proper
air/fuel ratio during the start-up period where the customary indexes, such as pressure,
temperature, load, or flow, that motivate the normal automatic combustion control system are not
available or suitable.
Steam Generator. A closed vessel in which water is converted to steam or steam is superheated
or in which any combination thereof takes place.
Steam Generator Enclosure. The physical boundary for all steam generator pressure parts and
the combustion process.
Supervise. To sense a condition needing attention and automatically initiate corrective action.
Supplementary Firing. The provision of duct burners in an HRSG to increase the temperature
of the combustion turbine exhaust gases.
Unit. The confined spaces of the combustion turbine, the HRSG, and the associated ducts that
convey the air and combustion gases from the air intake to the stack outlet.
Valve, Charging. A small valve bypassing the main safety shutoff valve used for charging the
fuel headers and piping and for testing for leaks.
Valve, Check. A valve used to prevent reverse flow.
Valve, Flow Control. A valve capable of regulating quantity of throughput to a controlled
range.
Valve, Safety Shutoff. A fast-closing valve that automatically and completely shuts off the fuel
supply to main burners or igniters in response to a fuel trip.
Valve, Supervisory Shutoff. A manually operated shutoff valve with a means to provide a
“valve closed” position signal.
Valve, Vent. A valve used to allow venting of air or gas from the system to the atmosphere.
Watch-Dog Timer, External. A timer external to a microprocessor-based control that is used to
compare the microprocessor cycle timing against itself and that fails safely if the microprocessor
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timing stops or exceeds the watch-dog time interval.
Chapter 4 Project Coordination
4-1 General.
4-1.1
Project coordination, including proper integration of the various system components, shall be
the responsibility of the owner or the owner’s designated representative from system inception
through commercial operation to enhance equipment reliability and personnel safety.
NOTE: An HRSG is a complex system, often involving numerous components, multiple steam pressure levels,
emission control systems, and auxiliary, augmented air, or supplementary firing.

4-1.1.1 The ability of the combustion turbine to satisfy the flow requirements through the HRSG
enclosure as required in Section 7-4 shall be considered in the basic design phase.
4-1.1.2 An HRSG system shall be designed to meet the user’s specified modes of operation.
4-1.1.3 System components and control loops shall be compatible and capable of stable
operation and control during both steady-state and transient conditions.
4-1.1.4 Control and protective systems and operating sequences shall prohibit the operators from
bypassing interlocks.
Exception: As permitted by 2-4.1.3.
4-1.1.5 Training shall ensure operator understanding of the relationships between components;
the proper start-up, operation, and shutdown procedures; and the significance of alarms and
proper action in response to those alarms.
4-1.2
Explosions and fires have occurred in fuel-fired steam-generating systems as a result of
incomplete functional designs. Investigations have revealed human error but often have
overlooked the chain of events contributing to the operating error. Therefore, the design,
installation, and functional objectives of the overall system components and their controls shall
be integrated. Ergonomics and an environment conducive to efficient operator actions and
decisions shall be provided.
4-1.3
The planning and engineering phases of plant design and construction shall be coordinated
with operating personnel to ensure that operations important to safety can be achieved by
qualified operators. Where this is not possible, the needs of operating personnel shall be
considered and anticipated.
4-1.4
The proper operator functions, maintenance activities, and training shall be the responsibility
of the operating company.
4-2 Project Inception.
In the project inception phase, the following shall be accomplished to ensure a plant design
that meets expected operating modes and reliability needs:
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(a) Establishment of plant operating parameters;
(b) Identification of site-related constraints;
(c) Review of steam cycle, including generating a family of heat balance diagrams for the
expected operating ranges and modes;
(d) Conceptualization of plant layout to provide for personnel safety, operability, and
maintenance needs;
(e) Definition and verification of requirements of worst case operating transients, including
start-ups;
(f) Definition of required test program;
(g) Definition of start-up criteria and goals; and
(h) Identification of the authority having jurisdiction. If multiple authorities having jurisdiction
are identified, the scope of each authority having jurisdiction shall be defined.
4-3 Design.
4-3.1*
The project approach shall include full evaluation of all systems and components to ensure
compatibility, interface requirements, system dynamics, and the ability to meet all plant
operating parameters.
NOTE: Safety in any plant is the direct result of an extensive up-front effort in the engineering, design, and
selection of equipment for each individual application.

4-3.2*
This evaluation shall consider the use of dynamic simulation or prior operating experience, or
both, before equipment is selected.
4-3.3
Electrical area classifications shall be established by the owner or the owner’s designated
representative in conjunction with the HRSG system designer prior to commencing detailed
design. (See 5-6.4.)
4-4 Construction and Installation.
The constructor and owner/operator responsible for the erection and installation of the
equipment shall verify that all equipment is properly installed and connected.
4-5 Initial Training.
The training program shall be specific to the equipment being installed and all applicable
design data shall be made available.
4-5.1 Operator Training.
See also 8-2.1.
4-5.1.1 Prior to commissioning, a formal training program shall be established to prepare
personnel to operate equipment safely and effectively.
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4-5.1.2 Operator training shall include:
(a) Start-up procedures;
(b) Normal operating procedures;
(c) Normal shutdown procedures;
(d) Emergency shutdown procedures; and
(e) Control and safety system check-out and test procedures.
4-5.1.3 Where different modes of operation are possible, the procedures identified in 4-5.1.2
shall be prepared for each operating mode. Procedures also shall be prepared for switching from
one mode to another.
4-5.2 Maintenance Training.
See also 8-2.2.
4-5.2.1 A formal maintenance training program shall prepare personnel to perform any required
maintenance tasks safely and effectively. This program shall consist of study or review of
maintenance manuals, videotapes, and programmed instruction and testing, field training, and
training by equipment manufacturers, among others.
4-5.2.2 Maintenance procedures shall be established to cover routine and special techniques.
Any potential safety factors, such as temperature, dust, contaminated or oxygen-deficient
atmosphere, internal pressures, and limited access or confined space conditions, shall be
included.
4-5.2.3 Procedures shall be consistent with safety requirements and the manufacturer’s
recommendations.
4-6 Commissioning.
4-6.1
The HRSG system shall not be operated until safeguards have been tested and demonstrated to
operate properly as a system. Any temporary procedures, interlocks, and instrumentation shall be
reviewed by the owner or owner’s agent, the engineering consultant, the equipment
manufacturer, and the operating company, and agreement shall be reached on their suitability in
advance of start-up. All temporary modifications shall be documented, and permanent
resolutions shall be accomplished prior to commercial operation.
4-6.2
The design and function of all safety interlock systems and protective devices shall be
reviewed by the organization having HRSG system design responsibility together with those
who are to operate and maintain the systems and devices. After installation, coordinated tests of
all systems shall be accomplished before initial operation.
4-6.3
The HRSG system shall not be released for commercial operation before the installation and
check of the required safeguards and instrumentation system have been confirmed by those
responsible for the design and commercial operation.
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4-6.4
Documentation of the plant equipment, the system, and maintenance activities shall be updated
to reflect changes in the status of equipment and operating procedures accurately.
Chapter 5 Equipment
5-1 General.
Equipment required by this standard for safe operation of the HRSG system shall be approved
(see definition of “Approved” in Section 3-1) or shall have a demonstrated history of satisfactory
and reliable operation for the intended service.
NOTE: The use of listed equipment, where available for the intended service, should be considered.

5-2 Combustion Turbine.
5-2.1 Fuel Supply.
5-2.1.1 For fuel oil, two stop valves or equivalent valves in series, with proof of closure, shall be
provided in the oil line to the combustion turbine.
CAUTION: Means shall be provided to prevent or relieve excess pressure between these
valves.
5-2.1.2 For fuel gas, two stop valves or equivalent valves in series, with proof of closure, shall be
provided in the gas line to the combustion turbine. An automatic vent valve shall be provided
between the two valves.
5-2.2 Purge.
5-2.2.1 The combustion turbine shall have means for purging in accordance with Section 7-4.
Exception: In the event the combustion turbine cannot provide purge in accordance with Section
7-4, other means shall be provided.
5-2.2.2 During the purge sequence, means shall be provided to ensure that fuel does not enter the
combustion turbine system downstream of the combustion turbine fuel stop valves.
NOTE: The volume between the combustion turbine stop valves should be minimized.

5-2.3 Interlocks.
5-2.3.1 Interlocks shall be provided to prevent starting the combustion turbine unless HRSG
safety conditions are satisfied. Additional interlocks might be required for unusual intended plant
operating scenarios. Typical permissives that shall be considered include:
(a) Water in drum(s) within defined start-up range;
(b) Feedwater supply system available to respond to demand;
(c) Pressure in steam or water spaces not high;
(d) Exit temperature of duct burner(s) not high;
(e) Position of stack closure (if provided) correct; and
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(f) Pressure in duct system not high.
5-2.3.2 Signals shall be provided to the combustion turbine control system to initiate a change in
combustion turbine operating mode if HRSG safety conditions deviate beyond preset acceptable
safety limits. Typical HRSG conditions that warrant a combustion turbine operational response
and their corresponding responses shall include the following:
Condition

Response

Water in drum(s) below minimum permitted level

Reduce load1

Gas pressure in combustion turbine exhaust plenum high

Trip combustion turbine

Position of stack closure (if provided) not correct

Trip combustion turbine

1Some steam drum and generating bank designs require a combustion turbine trip if water level falls below
specified levels.

CAUTION: A combustion turbine trip is very costly in terms of its effect on combustion
turbine life expectancy and shall be performed only under severe conditions that can
result in a safety hazard or significant equipment damage.
5-2.4 Operating Interfaces.
5-2.4.1 The necessity for gradual loading and low-load hold/soak periods for the HRSG shall be
evaluated for the following parameters:
(a) Tube and drum metal temperatures;
(b) Differential metal temperatures within a particular component (i.e., steam drum);
(c) Rate of change of critical temperatures;
(d) Drum water level.
5-2.4.2 In the event HRSG system conditions deviate beyond alarm set points to the interlock
limit, the control system shall alarm the condition and initiate a duct burner trip as well as a
combustion turbine runback to reduce thermal energy input to the HRSG to a safe level.
5-2.4.3 The control system or operator shall trip the combustion turbine in the case of an
emergency that would lead to a safety hazard or catastrophic failure after the actions of 5-2.4.2
have been accomplished. (See also 5-2.3.2.)
5-2.4.4 Consideration shall be given to taking pre-emergency action automatically in the event
tripping parameters deviate beyond alarm levels in order to minimize thermal stress duty cycles
on the combustion turbine. Runback parameters shall be permitted to initiate from the HRSG or
other plant subsystems.
5-3* HRSG Fuel-Burning System.
5-3.1 General.
5-3.1.1 The fuel-burning system shall contain the following subsystems, as applicable:
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(a) Fuel supply;
(b) Main burner;
(c) Igniter;
(d) Atomizing media supply (if included); and
(e) Combustion products removal.
5-3.1.2 The fuel-burning system shall provide means for proper start-up, operation, and
shutdown of the combustion process. This shall include appropriate openings and configurations
in the component assemblies to allow suitable observation, measurement, and control of the
combustion process.
5-3.1.3 Each igniter/burner element shall have a purged and cooled flame scanner port embodied
in the design.
5-3.1.4 An observation port(s) shall be provided and conveniently located to allow visual
inspection of the igniter and main burner flames.
5-3.2 Fuel Supply.
5-3.2.1 General.
5-3.2.1.1 The fuel supply equipment shall be sized and arranged to ensure a continuous fuel flow
adequate for all operating requirements of the unit. This includes coordination of the main fuel
control valve, burner safety shutoff valves, and associated piping volume to ensure against fuel
pressure transients that might result in exceeding burner limits for stable flame as a result of
placing burners in service or taking them out of service.
5-3.2.1.2 The fuel supply equipment shall be designed to inhibit contamination of the fuel.
Convenient access to important fuel system components shall be provided. Drains shall be
provided at low points in the piping.
5-3.2.1.3 The fuel supply equipment shall be capable of continuing the proper fuel flow during
anticipated exhaust gas pressure pulsations at the burner.
5-3.2.1.4 The fuel supply equipment shall be designed with careful consideration of operating
environment and ambient conditions, including severe external conditions such as fire or
mechanical damage.
5-3.2.1.5 The requirements of the design shall facilitate good housekeeping practices.
5-3.2.1.6 Particular attention shall be given to the integrity of flexible hoses or swivel joints.
5-3.2.1.7 The fuel piping materials and system design shall be in accordance with ASME B31.1,
Power Piping.
5-3.2.1.8 As much of the fuel supply subsystem as practical shall be located away from the
burner front. A manual emergency shutoff valve shall be provided that is accessible in the event
of fire in the HRSG area.
NOTE: Protection for burner front exposed equipment might justify installation of fire protection as indicated
in NFPA 850, Recommended Practice for Fire Protection for Electric Generating Plants.

5-3.2.2 Additional Requirements for Fuel Gas.
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5-3.2.2.1 The portion of the fuel supply system upstream of the fuel control valve shall be
arranged to prevent excessive fuel gas pressure in the fuel-burning system, even in the event of
failure of the main supply constant fuel pressure regulator(s). Where full relieving capacity is not
installed, the piping system shall be designed for the full supply pressure up to and including all
individual burner and igniter safety shutoff valves.
NOTE: Usually this can be accomplished by providing full relieving capacity vented to a safe location.

5-3.2.2.2* Positive means to prevent leakage of fuel gas into an idle HRSG shall be provided. An
atmospheric vent shall be installed between redundant shutoff valves in any header for main gas
or igniter fuel supply.
5-3.2.2.3 Provisions shall be made in the gas piping to allow testing for leakage and subsequent
repair. This shall include providing a permanent and ready means for making easy, accurate,
periodic tightness tests of the main safety shutoff valves and individual burner safety shutoff
valves.
5-3.2.2.4 The discharge from atmospheric vents shall be located so that there is no possibility of
the discharged gas being drawn into the combustion turbine air intake, ventilating system, or
windows of adjacent buildings and shall be extended sufficiently above the HRSG and adjacent
structures so that gaseous discharge does not present a fire hazard.
5-3.2.2.4.1 Each header vent line shall be run independently.
5-3.2.2.4.2 The igniter vent subsystem shall be run independently of the burner vent subsystem.
5-3.2.2.4.3 There shall be no cross connection between venting systems of different steam
generators.
5-3.2.2.5 All burner safety shutoff valves shall be located as close as practical to the burner to
minimize the volume of fuel left in the burner lines located downstream of the valves.
5-3.2.3 Additional Requirements for Fuel Oil.
5-3.2.3.1 Fill and recirculation lines to storage tanks shall discharge below the liquid level to
avoid free fall, which might generate static electrical charges as well as increase vaporization.
NOTE: See NFPA 77, Recommended Practice on Static Electricity, and API RP 2003, Protection Against
Ignitions Arising Out of Static, Lightning, and Stray Currents.

5-3.2.3.2 Adequate strainers, filters, traps, sumps, and other such items shall be provided to
remove harmful contaminants where practical; materials not removed shall be accommodated by
special operating and maintenance procedures.
NOTE: Contaminants in fuel oil might include salt, sand, sludge, water, and other abrasive or corrosive
constituents. Some fuel oils contain waxy materials that precipitate out, clogging filters and other elements of
the fuel system.

5-3.2.3.3 Special attention shall be given to the routes of piping, valve locations, and other such
components to minimize exposure to high-temperature or low-temperature sources. Low
temperature might increase viscosity, inhibit flow, or precipitate waxy materials. High
temperatures might cause carbonization or excessive pressures and leakage due to fluid
expansion in “trapped” sections of the system.
5-3.2.3.4 Means shall be provided to prevent or relieve excess pressure from expansion of
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entrapped oil in the fuel system.
5-3.2.3.5 Relief valve discharge passages, vents, and tell-tales shall be provided with suitable
piping to allow safe discharge of oil or vapors. This piping might need to be heat traced.
5-3.2.3.6 All instruments and control piping and other small lines containing oil shall be rugged,
capable of withstanding the expected range of external temperatures, suitably protected against
damage, and maintained at the proper temperature. Interface fluids or sealing diaphragms shall
be used where necessary.
5-3.2.3.7 Positive means to prevent leakage of oil into an idle HRSG shall be provided.
5-3.2.3.8* Provisions shall be made in the oil supply system to allow testing for leakage and
subsequent repair.
5-3.2.3.9 Fuel oil shall be delivered to the burners at proper temperature and pressure, as
recommended by the burner manufacturer, to ensure that the oil is at the viscosity necessary for
proper atomization.
5-3.2.3.10 If heating of oil is necessary, it shall be accomplished without contamination or
coking.
5-3.2.3.11 For heated systems, adequate recirculation provisions shall be incorporated for
controlling the viscosity of the oil to the burners for initial light-off and for subsequent
operation. These systems shall be designed and operated to prevent excessively hot oil from
entering fuel oil pumps that could cause them to vapor-bind with subsequent interruption to the
fuel oil supply.
5-3.2.3.12 Positive means shall be provided to prevent fuel oil from entering the burner header
system through recirculating valves, particularly from the fuel supply system of other equipment.
NOTE: Check valves used for this function have not proven dependable in heavy oil service.

5-3.2.3.13 Atomizing media, where required, shall be supplied free of contaminants that could
cause an interruption of service. In addition, adequate insulation and traps shall be included for
steam atomizing to ensure the supply of dry atomizing steam to the burners.
5-3.2.3.14 The atomizing medium shall be provided and maintained at the pressure necessary for
proper operation.
5-3.2.3.15 Provisions shall be made to ensure that fuel cannot enter the atomizing medium line at
any time.
5-3.2.3.16 The atomizing subsystem shall be designed for convenient cleaning and maintenance.
5-3.2.3.17 All burner safety shutoff valves shall be located as close to the burner as practical to
minimize the volume of oil that might be left downstream of the burner valve in the burner lines
or that might flow by gravity into the HRSG on an emergency trip or burner shutdown.
5-3.3 Ignition.
5-3.3.1 The ignition subsystem shall be sized and arranged to ignite the main burner fuel input
within the limitation of the igniter classification. Igniters are designated by use as Class 1, Class
2, or Class 3 as defined in Chapter 3. Igniters shall be tested to verify that they meet the
requirements of the class specified in the design.
5-3.3.1.1 Class 1 igniters shall be permitted to operate as Class 2 or Class 3 igniters.
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5-3.3.1.2 Class 2 Igniters.
5-3.3.1.2.1 Class 2 igniters shall be permitted to operate as Class 3 igniters.
5-3.3.1.2.2 Where Class 2 igniters are provided, the burner shall be operated under controlled
conditions to limit the potential for abnormal operation, as well as to limit the charge of fuel into
the duct in the event that ignition does not occur during light-off.
5-3.3.1.2.3 Class 2 igniters shall not be used to ignite the main fuel under uncontrolled or
abnormal conditions.
5-3.3.1.2.4 Class 2 igniters shall not be used to extend the turndown range but shall be permitted
to be used to support ignition under low-load or adverse operating conditions.
5-3.3.1.3 Class 3 Igniters.
5-3.3.1.3.1 Where Class 3 igniters are provided, the igniter shall be turned off when the trial for
ignition period has expired.
5-3.3.1.3.2 Class 3 igniters shall not be used to support ignition nor to extend the burner
turndown range.
5-3.3.1.3.3 Class 3 igniters shall not be used unless supervision of the individual main burner
flame is provided.
Exception: The Class 3 special igniter shall be permitted to be used without supervision of the
individual main burner flame while scavenging the main burner.
5-3.3.2 Permanently installed igniters shall be required, and they shall be supervised
individually.
5-3.3.3 The ignition equipment shall be located in an appropriate environment with convenient
access for maintenance.
5-3.3.4 All igniter safety shutoff valves shall be located close to igniters to minimize the volume
of fuel that is downstream of the valves.
5-3.3.5 Igniter parts exposed to combustion turbine exhaust gas, radiation, or flame shall be
designed and fabricated of materials to withstand the operating conditions.
5-3.3.6 Igniters shall be suitably shielded from the effects of the combustion turbine exhaust gas
to ensure a stable flame under all operating conditions.
5-3.3.7 Ignition devices shall be removable for maintenance while the HRSG is in service.
CAUTION: Precautions shall be taken for personnel protection when removing such
parts during operation, as they will be hot and hot gases will exit the opening left by the
removed part.
5-3.3.8 Ignition transformers shall be housed in an enclosure complying with the relevant
requirements of NFPA 70, National Electrical Code®, regarding electrical classification and
environment and shall be bolted to the duct burner frame and adjacent to the igniter, thereby
minimizing the length of high voltage cable.
5-3.3.9 The ignition transformer shall not be energized before the HRSG enclosure purge is
completed. The ignition transformer shall be deenergized at the end of the igniter trial for
ignition period.
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5-3.4 Main Burner.
5-3.4.1 General.
5-3.4.1.1 Burner Elements. The burner elements shall be designed for operation with the fuel(s)
specified. The burner shall be designed to produce a stable flame for its operating range.
5-3.4.1.2 Burner parts exposed to turbine exhaust gas, radiation, or flame shall be designed and
fabricated of materials to withstand the operating conditions.
5-3.4.1.3 Provision shall be made for visual observation of the burner flame, including the
ignition zone.
5-3.4.1.4 The burner equipment shall be located with convenient access to the burner
components and hardware.
5-3.4.1.5 The main burner subsystem shall be designed so that the burner fuel inputs are supplied
to the HRSG continuously and within their stable flame limits.
NOTE: Variations in burning characteristics of the fuel and the normal variations in fuel-handling and
fuel-burning equipment introduce an uncertainty to the lower operating limits of the main fuel subsystem in
any given HRSG design. In these circumstances, Class 1 or Class 2 igniters, as demonstrated by test, can be
used to maintain stable flame.

5-3.4.1.6 The limits of stable flame for each burner subsystem producing a separate flame
envelope shall be determined by tests without the ignition subsystem in service. These tests shall
verify that transients generated in the fuel and combustion turbine exhaust gas subsystems or
maldistribution of the combustion turbine exhaust gas do not adversely affect the burners in
operation. These tests shall include the expected range of available fuels.
NOTE: Such transients are generated by burner shutoff valves, dampers, and other components that operate at
speeds faster than the speed of response of other components in the system.

Exception: The requirement to test without the ignition subsystem in service shall not apply to
burner systems that require the igniter to be in service any time the burner is being operated.
5-3.4.1.7 Where Class 1 or Class 2 igniters are used, the tests in 5-3.4.1.6 also shall be performed
with the ignition subsystem in service to verify that the igniters furnished meet the requirements
of the class specified in the design. Any resulting extended turndown range shall be available
only when Class 1 igniters are in service and flame is proven.
5-3.4.2 Additional Burner Requirements for Fuel Oil.
5-3.4.2.1 Provisions shall be made for cleaning of the burner nozzle and tip.
5-3.4.2.2 Provisions shall be included for clearing (scavenging) the passages of an oil burner into
the HRSG with that burner’s igniter in service. If the igniter is not operational, the burner shall
be removed for clearing.
5-4* HRSG Enclosure.
5-4.1*
The HRSG, ducts, and stack shall be sized and arranged to maintain acceptable combustion
turbine exhaust gas backpressure and to remove the products of combustion at the same rate that
they are generated by the fuel-burning process during operation of the unit.
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5-4.2
The HRSG and ducts shall be capable of withstanding a transient pressure determined by the
HRSG system designer without permanent deformation due to yield or buckling of any support
member.
5-4.3*
Proper expansion provision shall be made for the movement of the turbine exhaust duct and
the HRSG ducts. Any expansion joints so provided shall withstand at least the highest design
pressure for which either duct is designed.
5-4.4*
Convenient access and drain openings shall be provided.
5-4.5
The HRSG ducts shall be designed so that they cannot contribute to flame pulsations.
5-4.6
Components common to more than one steam generator shall not limit the rate of removal of
products of combustion.
5-4.7
The HRSG ducting between the combustion turbine outlet and the duct burners shall be
designed to provide proper distribution of combustion turbine exhaust gas as required by the
burner manufacturer for stable burner operation.
5-4.8
All HRSG units that utilize liquid fuels shall have a duct design that meets the criteria of
5-4.8.1 through 5-4.8.3.
5-4.8.1* All low points shall have sufficient slopes to ensure that no dead pockets exist in the
bottom of the ducts at other than a designed low point.
5-4.8.2* Drains shall be installed, as appropriate, at the low points to facilitate clearing fuel from
the HRSG enclosure.
5-4.8.3 Provisions shall be included in the design and operation to prevent liquid fuels from
being absorbed into the insulation that could result in a fire or an explosion.
5-5* Selective Catalytic Reduction.
5-5.1
Where selective catalytic reduction (SCR) systems are selected for NOx emission control, they
shall be integrated into the HRSG design to operate in the flue gas temperature range required.
5-5.2
Areas in which either anhydrous or aqueous ammonia is stored or piped shall be ventilated
adequately to preclude toxic or flammable concentrations.
5-5.3
Anhydrous or aqueous ammonia vessels shall be designed to contain their contents at expected
elevated ambient temperatures. Overpressure relief valves vented to a safe location shall be
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provided.
CAUTION: Precautions shall be taken when selecting a storage area for ammonia, as the
pressure in storage vessels can rise significantly when exposed to elevated temperatures.
5-6 Electrical.
5-6.1
Electrical equipment shall be protected against transient voltages according to the
manufacturer’s specification. As a minimum, the system shall function at voltages up to 10
percent above the nominally rated voltage and down to 10 percent below the nominally rated
voltage.
5-6.2
All wiring shall comply with the requirements of NFPA 70, National Electrical Code.
5-6.3
All high voltage equipment shall be marked in accordance with the requirements of NFPA 70,
National Electrical Code.
5-6.4
Where an area is identified as a hazardous location under NFPA 70, National Electrical Code,
Article 500, the type of equipment enclosure and the wiring methods to be used are specified by
that code and shall be followed.
NOTE: For guidance in determining area classification, see NFPA 497A, Recommended Practice for
Classification of Class I Hazardous (Classified) Locations for Electrical Installations in Chemical Process
Areas; NFPA 497B, Recommended Practice for the Classification of Class II Hazardous (Classified)
Locations for Electrical Installations in Chemical Process Areas; NFPA 497M, Manual for Classification of
Gases, Vapors, and Dusts for Electrical Equipment in Hazardous (Classified) Locations; NFPA 70, National
Electrical Code, Article 500; and API RP 500A, Classification of Locations for Electrical Installations in
Petroleum Refineries.

5-6.5
The electrical supply to the burner management system and important subcircuits shall be
protected by circuit breakers or fuses.
5-6.6
Upon initiation of a master fuel trip, failure of an electrical power supply shall not impede the
orderly and rapid shutdown process.
Chapter 6* Controls, Monitoring, Alarms, and Interlocks
6-1 Control Functions.
6-1.1 General.
6-1.1.1 A single component failure shall not cause loss of the control system’s critical functions
identified in 6-4.3.
6-1.1.2 Equipment shall be designed and procedures established to permit on-line maintenance
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of the control equipment. Proper lockout or tagout procedures shall be followed.
6-1.1.3 Procedures for calibrating and testing of controls and interlocks shall be provided.
6-1.2 Fuel Control.
6-1.2.1 Fuel input shall be controlled to maintain stable firing conditions. Remote manual
operation shall be permitted.
6-1.2.2 Minimum and maximum limits on the fuel input shall be established to prevent fuel flow
beyond the stable limits of the fuel-burning system.
6-1.3 Feedwater/Drum Level Control.
The water level in each drum shall be maintained automatically. Remote manual operation of
the feedwater control device shall be available.
6-2 Monitoring.
6-2.1
Information about significant operating events shall be displayed to permit the operator to
make a rapid evaluation of the operating situation.
6-2.2
Recording or trend displays of critical parameters taken at intervals no greater than 5 seconds
shall be available to the operator at the operator location. (See 6-2.3.)
6-2.2.1 Where accessed through a CRT display in response to an alarm condition, the trend
displays shall appear in not more than 5 seconds.
6-2.2.2 Where CRT trend displays are used, the displays shall provide data that is current to
within the prior 30 minutes at minimum, and the data provided shall have been stored at intervals
of not more than 1 second.
6-2.3
The following HRSG parameters shall be continuously recorded on charts, or the data shall be
logged and trended in accordance with 6-2.2.1 and 6-2.2.2:
(a) Water level in each steam drum;
(b) Fuel pressure at the duct burner(s);
(c) Steam pressure at each pressure level;
(d) Duct burner exit temperature before the first tube bank;
(e) Atomizing medium pressure (for oil only);
(f) Gas temperature upstream of the emissions control catalyst(s); and
(g) HRSG flue gas exit temperature.
6-2.4
Consideration shall be given to monitoring the following additional HRSG parameters:
(a) Fuel flow;
(b) Fuel supply header pressure;
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(c) Feedwater pressure at each pressure level;
(d) Feedwater flow at each pressure level;
(e) Economizer inlet water temperature;
(f) Economizer outlet water temperature;
(g) Steam temperature at each level;
(h) Steam flow at each pressure level; and
(i) Oxygen in flue gas at HRSG outlet.
6-3 Alarms.
6-3.1 Functional Requirements.
6-3.1.1 The functional requirement of any alarm system is to bring a specific abnormal condition
to the attention of the operator.
6-3.1.2 Alarms shall be provided to indicate equipment malfunction, hazardous conditions,
misoperation, or abnormal conditions that might lead to impending or immediate hazards.
6-3.1.3 The design shall make it difficult to manually defeat the alarm.
6-3.1.4 Where equipment malfunction makes it necessary to defeat an alarm, it shall be done by
authorized personnel, and the alarm shall be tagged as inoperative.
6-3.1.5 Alarm systems shall be designed so that, for the alarms required by 6-3.2, the operator
receives audible as well as visual signals indicating an abnormal condition. The operator shall be
permitted to silence the audible signal.
6-3.2 Required Alarms.
6-3.2.1 General. The alarms indicated in 6-3.2.1.2 through 6-3.2.1.9 shall be required.
6-3.2.1.1 All interlock trips shall be alarmed individually.
6-3.2.1.2 HRSG Steam Pressure (High). High HRSG steam pressure shall be measured at each
steam pressure level. It shall warn the operator of a pressure in excess of normal operation.
6-3.2.1.3 Loss of Interlock Power. Loss of interlock power shall be sensed and alarmed and
shall include all sources of power required to complete interlock functions. For example, if both
a 125-V DC electric circuit and a compressed air circuit are required for an interlock scheme,
then loss of either shall be annunciated.
6-3.2.1.4 Loss of Control Power. Loss of control power shall be sensed and alarmed to include
any sources of power for the control systems. For example, if both a 125-V dc electric circuit and
a compressed air circuit are required for control, then loss of either shall be annunciated.
6-3.2.1.5 Burner Valves Not Closed. The closed position of individual burner safety shutoff
valves shall be monitored, and failure of any valve to close following a trip shall be alarmed.
6-3.2.1.6 Drum Water Level (Low). The water level in the steam generator drums shall be
monitored and alarmed when the level in any drum drops below the normal operating range.
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6-3.2.1.7 Loss of Electrical Generator.
6-3.2.1.8 Duct Firing Temperature (High).
6-3.2.1.9 Scanner Cooling Air Pressure (Low).
6-3.2.2 Additional Alarms for Fuel Gas.
6-3.2.2.1 Fuel Gas Supply Pressure (High and Low). The gas pressure supplied to the plant
shall be monitored at a point as far upstream of the final constant fuel pressure regulator, main
fuel control, and main safety shutoff valves as practicable. This is to warn the operator of
unusual pressure conditions that might result in damage to equipment or indicate a complete loss
of gas supply.
6-3.2.2.2 Fuel Gas Burner Header Pressure (High and Low). The burner header gas pressure
shall be monitored as close to the burners as possible in order to warn the operator of abnormal
fuel pressures in advance of duct burner trip conditions.
6-3.2.2.3 Fuel Gas Meter Pressure (High and Low). The pressure at the fuel gas meter shall be
monitored at the upstream tap if the fuel gas flow meter is part of the combustion control system
and is not pressure compensated. This shall warn the operator if significant error is present in the
flow signal to the control system.
6-3.2.2.4 Ignition Fuel Header Pressure (High and Low). The ignition fuel header pressure for
Class 1 and Class 2 igniters shall be monitored as close to the burners as possible in order to
warn the operator of high or low pressure in advance of conditions that lead to a trip.
6-3.2.3 Additional Alarms for Fuel Oil.
6-3.2.3.1 Main Oil Supply Pressure (Low). The oil supply pressure shall be monitored at a
point as far upstream of the main fuel control and safety shutoff valves as practicable. This is to
warn the operator of unusual pressure conditions that might result in damage to equipment or to
indicate a complete loss of supply.
6-3.2.3.2 Fuel Oil Burner Header Pressure (Low). The burner header oil pressure shall be
monitored as close to the burners as possible in order to warn the operator of low pressure in
advance of conditions that lead to a trip.
6-3.2.3.3 Atomizing Medium Pressure (Low). An alarm shall be provided to warn that the
atomizing medium pressure is outside of normal operating range and that poor oil atomization
might result.
6-3.2.3.4 Fuel Oil Temperature (Low) or Viscosity (High). For heated fuel oils, an alarm shall
be provided to warn that the fuel oil temperature is below, or the viscosity is above, that
necessary for proper atomization.
6-4 Interlocks.
6-4.1 Functional Requirements.
6-4.1.1 The basic requirements of an interlock system for an HRSG are that it protect personnel
from injury and protect the equipment from damage. The interlock system functions to protect
against improper HRSG operation by limiting action to a prescribed operating sequence or by
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initiating trip devices when approaching an unstable or undesirable operating condition.
CAUTION: It is possible to achieve conditions conducive to an explosion without their
detection by any of the mandatory automatic trip devices, even though such devices are
properly adjusted and maintained. Therefore, operating personnel shall be made aware of
the limitations of the interlock system.
6-4.1.2 Periodic testing and maintenance shall be performed to keep the interlock system
functioning properly.
6-4.1.3 Whenever a safety interlock device has been removed from service temporarily for
maintenance, testing, or repair, this action shall be noted in the log and annunciated, if practical.
Other means shall be substituted to supervise this interlock function.
6-4.1.4 The design of an interlock system shall include the following fundamentals:
(a) Supervision of the starting procedure and operation to ensure proper operating practices
and sequences;
(b) Tripping of the minimum amount of equipment in the proper sequence when the safety of
personnel or equipment is jeopardized;
(c) Indication of the initiating cause of the trip and prevention of the start of any portion of the
process until proper conditions are established;
(d) Coordination of the necessary trip devices into an integrated system;
(e) Provision of sufficient instrumentation to enable the operator to complete the proper
operating sequence in cases where automatic equipment is not available to accomplish the
intended function;
(f) The incorporation in the design of as much flexibility with respect to alternate modes of
operation as is consistent with good operating practice;
(g) Provision of proper preventive maintenance;
(h) Interlocks that shall not require any deliberate “defeating” in order to start or operate
equipment;
(i) The independence of mandatory master fuel trip sensing elements and circuits from all
other control elements and circuits; and
Exception: Individual burner flame detectors also shall be permitted to be used for initiating
duct burner master fuel trip systems.
(j) Prevention of the misoperation of the interlock system due to an interruption or restoration
of the interlock energy supply.
6-4.1.5 Interlock functions shall be initiated by one or more of the following:
(a) Switches independent of control functions and signals;
(b) An analog signal, provided two analog signals are available with a divergence alarm; or
(c) Three analog signals employing an auctioneering system and a divergence alarm, or other
appropriate fault diagnostic alarm.
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6-4.2 Flame Detection.
6-4.2.1 Each burner element or zone shall be supervised individually. Upon detection of loss of
flame, the associated individual burner safety shutoff valves shall close automatically.
6-4.2.1.1 Where two flame detectors are fitted to each firing element, the flame scanners shall be
arranged to alarm on loss of flame from one scanner and to trip the system on loss of flame from
two scanners. With one detector out of service, the remaining detector shall trip the system upon
loss of flame detection.
6-4.2.1.2 Where Class 1 igniters are provided, the main burner flame shall be proven either by
the flame scanner or by proving the igniter. At least one flame detector shall be provided for
each burner to detect the burner flame or igniter flame where a Class 1 igniter is provided.
6-4.2.1.3 Burners with Class 2 igniters shall have at least two flame detectors. One detector shall
detect the main burner flame and shall not detect the igniter flame. The second detector shall
detect the igniter flame during prescribed light-off conditions.
6-4.2.1.4 Burners with Class 3 igniters shall have at least one flame detector. The detector shall
detect the igniter flame. It also shall detect the main burner flame after the igniter is removed
from service at the end of the main burner trial for ignition.
6-4.2.1.5 Where a self-checking flame scanner is provided to each burner, a burner trip shall
occur if the scanner exhibits a self-check fault. Where two self-checking flame scanners are
fitted to each burner, the flame scanners shall alarm on loss of flame or the self-check failure of
one scanner and shall trip the burner on loss of flame or the self-check failure of two scanners.
With one detector out of service, the remaining detector shall trip the burner upon loss of flame
or self-check failure.
6-4.2.2 Where a hazardous condition results from loss of flame in more than one burner element
or zone, a master fuel trip shall be initiated.
6-4.2.3 It is recognized that any fuel input that does not ignite and burn creates a hazard.
Regardless of the number or pattern of flame loss indications used for tripping, flame loss
indication on a firing element shall initiate an alarm that warns the operator of a potential hazard.
6-4.2.4 Field testing shall be required to validate basic functions of flame tripping. These tests
shall be performed on representative units. The results of these tests might be applied to other
units of similar size and arrangements, including firing elements/nozzles of essentially the same
capacity that use similar fuels. These tests shall not be used to replace an acceptance test related
to proof of design, function, and components.
6-4.2.5 Flame detector sighting shall be considered in the initial duct burner design. Field tests
shall be performed to establish optimum sighting angles of firing elements or igniters and also to
check the angular range of the flame detector in relation to the firing elements or igniters.
6-4.3 Duct Burner Master Fuel Trip.
A duct burner master fuel trip shall be initiated by the following conditions:
(a) Low fuel pressure;
(b) Total combustion turbine exhaust flow that drops below the minimum required for safe
operation of the duct burner as specified by the burner manufacturer or as proven by trial; it shall
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be permitted to infer this flow from the operating status of the combustion turbine;
(c) Combustion turbine trip;
(d) Loss of all burner flame;
(e) Partial loss of flame sufficient to introduce a hazardous accumulation of unburned fuel;
(f) Closing of last individual burner safety shutoff valve;
(g) High fuel pressure, if a pressure above the operating limits of the burner(s) can occur;
(h) Low water level on high pressure section of HRSG;
(i) Loss of energy supply for boiler control, burner management, or interlock system;
(j) Atomizing media supply pressure low; or
(k) Burner management system malfunction detected.
6-5 Burner Management System Logic.
This section provides requirements for the use of logic systems in burner management.
6-5.1
A single failure in the burner management system shall not prevent a required shutdown.
NOTE: Some items are not applicable to specific types of logic systems (e.g., relay).

6-5.2
The logic system designer shall recognize the failure modes of components when considering
the design application of the system. As a minimum, the following failures shall be evaluated
and addressed:
(a) Interruptions, excursions, dips, recoveries, transients, and partial loss of power;
(b) Memory corruption and losses;
(c) Information transfer corruption and losses;
(d) Inputs and outputs that read “fail on” or “fail off”;
(e) Signals unreadable or not being read;
(f) Addressing errors;
(g) Processor faults; and
(h) Common mode failures.
6-5.3
Diagnostics shall be included in the design to monitor processor logic function.
6-5.4
Logic failure shall not preclude proper operator intervention.
6-5.5
Logic shall be protected from unauthorized changes. A written procedure shall be provided to
control and document authorized upgrades, additions, and deletions.
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6-5.6
Logic shall not be changed when the associated equipment is in operation.
6-5.7
System response time (throughput) shall be sufficiently short to prevent negative effects on the
application.
6-5.8
Noise immunity shall be adequate to prevent false operation.
6-5.9
No single component failure within the logic system shall prevent a mandatory duct burner
fuel trip.
6-5.10
The operator shall be provided with a dedicated manual switch(es) that shall activate the
master fuel trip relay independently and directly.
6-5.11
No momentary contact or automatic resetting device, control, or switch that can cause
chattering or cycling of the safety shutoff valves shall be installed in the wiring between the load
side (terminal) of the primary or programming control and the main or ignition fuel valves.
6-5.12 Requirements for Independence.
6-5.12.1 The logic system performing the safety functions for burner management shall not be
combined with any other logic system.
6-5.12.2 This logic system shall be physically separate and visually identifiable.
6-5.12.3 These burner management safety functions shall include purge interlocks and timing,
mandatory safety shutdowns, trial timing for ignition, and flame monitoring.
6-5.13
Software shall be maintained either in some form of nonvolatile storage or other memory that
retains information on the loss of system power.
6-5.14
Application software and input/output devices that support safety logic shall be physically
separate from all other software and input/output devices.
6-5.15
System operation shall be verified for compliance with the standard whenever a controller is
replaced, repaired, or updated.
6-5.16
Documentation shall be provided to the owner and operator verifying that all safety devices
and logic meet the requirements of the application. Functional testing (simulation) of the system
shall be performed before it is put into operation.
6-5.17
Programmable logic controllers, if used, shall be monitored by external watch-dog timers. If a
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timer trips, a duct burner trip then shall occur.
6-6 Operator Interface.
6-6.1
Alarms and indicators shall be grouped operationally and shall be visible to the operator to
allow rapid access to operational devices.
6-6.2
All emergency alarm indicators, push buttons, and selector switches shall be readily visible to
the operator and shall be labeled clearly. They shall be protected to avoid inadvertent actuation.
6-6.3
All control functions shall be grouped for easy access and in relatively close proximity to their
associated alarm and indication devices.
6-6.4*
Where CRT displays are used, data shall be displayed on monitor screens in a logical,
operational grouping to minimize the number of keystroke operations needed to respond to
system upsets. Alarm functions shall be prioritized to appear on the monitor screen upon being
sensed, regardless of any information already displayed.
6-6.5
Personnel shall be trained to understand and interact with the control systems.
Chapter 7 Fuel Gas or Fuel Oil Systems
7-1 General.
7-1.1*
This chapter contains requirements for burning fuel gas or fuel oil in duct burners. These
include certain interlocks for preventing improper action, certain safety trips and flame
supervisions, and an indication of the status of the start-up sequence.
7-1.2
This chapter provides minimum standards for design, installation, and operation of duct
burners in the exhaust ductwork of a combustion turbine coupled to an HRSG. No specific
degree of automation beyond the minimum specified safeguards is defined or required, as this is
subject to many factors such as, but not limited to, physical size of the unit, use of the central
control room, degree of reliability required, and availability of experienced operating personnel.
All devices required in the text shall be provided. The requirements of the operating system that
shall be used with these limitations are as follows:
(a) A trained operator shall be available at an appropriate location to take the required safety
actions;
(b) The start-up of the burner as a first-time function shall be accomplished by an operator at
the burner location who has a direct view of the burner. Recycling of the burner in response to
steam demand shall be permitted to be an automatic sequence, provided the combustion turbine
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has not tripped; and
(c) Suitable equipment shall be provided to control HRSG inputs and their rate of relative
change within the limits of stable flame throughout the full operating range.
7-2 General Operating Requirements.
7-2.1
Prior to starting a unit, action shall be taken to prevent fuel from entering the HRSG system.
7-2.2
The associated igniter for a burner always shall be used unless the burner is specifically
designed to be lit from an adjacent burner. Burners shall not be lit from any hot surface.
7-2.3
Where operating at low capacity, burner fuel pressure shall be maintained above the minimum
by reducing the number of burners in service as necessary.
7-2.4 Gas.
Before maintenance is performed on the gas header, it shall be purged. (See A-7-1.1.)
7-2.5 Oil.
Before maintenance is performed on the oil header, it shall be drained and purged as
necessary. (See A-7-1.1.)
7-2.6 Oil — Scavenging of Oil Burner Passages.
7-2.6.1 Oil burner passages shall not be scavenged into a nonoperating HRSG. Combustion
turbine exhaust flow shall be functioning and shall be maintained during the scavenging process.
7-2.6.2 Igniters, with ignition established, shall be in service when scavenging oil passages into
the HRSG.
7-2.7 Sequencing.
7-2.7.1 Sequencing shall be required to ensure that operating events occur in proper order.
Written procedures shall be provided to sequence the start-up and shutdown of the entire unit
(combustion turbine and HRSG) properly. Sequencing also shall be utilized when removing
burners from operation or adding burners to operation.
7-2.7.2 The starting and shutdown sequence outlined in this chapter shall be followed.
NOTE: This sequence provides a continuous airflow or flue gas flow through the HRSG at a rate that is at
least the rate that existed during the purge operation. The objective of this practice is to ensure minimum
velocities through the unit to prevent hazardous accumulations of unburned fuel.

7-2.7.3 Burners shall not be placed in service or removed in a random pattern but shall be placed
in service or removed in a sequence specified by operating instructions and verified by actual
experience with the unit in order to minimize laning or stratification of fuel or combustion
products. Burners shall be placed in service as required, with fuel flows that ensure proper
light-off.
NOTE: Automatic start systems may be permitted to establish igniter flame on multiple burner elements
simultaneously with proper supervision. Similarly, main burner elements may be permitted to be configured to
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operate as one with proper supervision.

7-2.7.4 If the fuel pressure at the burner header is used as a guide in maintaining the necessary
fuel flow per burner, it shall be maintained automatically within prescribed limits as additional
burners are placed in service.
7-2.7.5 Duct burners shall be operated in accordance with the manufacturer’s specifications and
operating procedures.
7-2.7.6 This procedure shall incorporate the following operating objectives:
(a) The purge shall be completed in accordance with Sections 7-4 and 7-5; and
(b) No light-off of the duct burner(s) shall occur until after the combustion turbine has
established stable operation with an exhaust gas flow not less than that necessary for duct burner
operation.
7-2.7.7 Each unit shall be tested during commissioning to determine whether any modifications
to the basic procedures are needed to obtain satisfactory ignition and system operation. However,
the number of equipment manipulations shall be minimized.
7-2.7.8 The unit shall be operated within the specified parameters. Any modifications or
deviations shall be made only after the need for such changes has been determined by operating
experience and system review.
7-3 Cold Start Preparation.
Preparation for starting shall include a thorough inspection, particularly for the following:
(a) Unit in good repair and free of foreign material;
(b) Oil. Unit inspected for accumulated fuel oil, with draining and cleaning performed, as
necessary;
(c) All personnel evacuated from the unit and associated equipment and all access and
inspection doors closed;
(d) All safety shutoff valves proved closed and all ignition sources deenergized;
(e) Gas. Fuel gas system vents open and venting to a safe outside location; fuel gas lines
drained of condensate;
(f) Oil. Circulating valves open to provide and maintain oil flow in the burner headers;
(g) Proper drum water levels established in natural and forced circulation HRSGs and flow
established in forced circulation HRSGs;
(h) Burner elements and igniters positioned in accordance with manufacturer’s specification;
(i) Energy supplied to control systems and to safety interlocks;
(j) Meters or gauges indicating fuel header pressure to the unit;
(k) Instrumentation tested and functional;
(l) A complete functional check of the safety interlocks performed after an overhaul or other
significant maintenance; and
(m) Verification of an open flow path from the inlet of the combustion turbine through the
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HRSG unit to the stack discharge.
7-4 Combustion Turbine Purge and Light-Off.
7-4.1
The purge of the combustion turbine shall be in accordance with the manufacturer’s
instructions and the requirements of 7-4.2 and 7-4.3.
NOTE: A complete purge of the combustion turbine and portions of the HRSG enclosure is necessary before
light-off of the combustion turbine. The objective of this practice is to remove potential accumulations of
hazardous unburned fuel from the volume defined in 7-4.2.1 that could be ignited by light-off of the
combustion turbine.

7-4.2 Initial Combustion Turbine Purge and Light-Off.
7-4.2.1 Purge prior to the light-off of the combustion turbine shall be accomplished by at least
five volume changes and for a duration of not less than 5 minutes. This volume shall be
calculated based on the following:
(a) The combustion turbine operating at full load with no supplementary HRSG firing; and
(b) The volume from the combustion turbine inlet to the portion of the HRSG where the
combustion turbine exhaust gas temperature is reduced to at least 100°F (56°C) below the lowest
autoignition temperature of the fuel(s) for which the system has been designed. However, in no
case shall this volume be less than the volume of the HRSG enclosure between the combustion
turbine outlet and the outlet of the first evaporator section in the HRSG.
7-4.2.2 During the purge of the combustion turbine, a flow rate as near as possible to 25 percent,
but not less than 15 percent, of full-load mass airflow shall be provided through the HRSG
enclosure.
7-4.2.3 In the event that the combustion turbine cannot meet the requirements of 7-4.2.2,
alternative or supplementary means to satisfy the flow requirements through the HRSG
enclosure shall be provided.
7-4.3 Failure to Start.
On failure to start, retrial of the combustion turbine start shall be permitted following a repurge
in accordance with 7-4.2. In the case of liquid fuel, verification also shall be made that the duct
low point(s) is cleared of combustibles. (See 5-4.8.)
CAUTION: Excessive retries shall be avoided. Where operating experience indicates
there are problems in combustion turbine light-off, the light-off attempts shall be
terminated and the cause investigated and corrected.
7-4.3.1 Where firing any liquid fuel or any gas that is heavier than air, verification shall be made
that the duct low point(s) is cleared of combustibles. This shall be accomplished by one of the
following methods:
(a) For a system firing any liquid fuel, the drains shall be checked to verify that they are clear
and that no fuel is present (see 5-4.8); or
(b) For a system firing any gas that is heavier than air, the vents shall be checked to verify that
no combustible gas is present. (See 5-4.8.)
Copyright 1996 NFPA

7-4.3.2 The second trial to start the combustion turbine with the same or alternate fuel shall be
permitted following a repurge in accordance with 7-4.2.
7-4.3.3 Subsequent trials to start the combustion turbine with the same or alternate fuel shall be
permitted following a repurge in accordance with 7-4.2 and after proving that combustibles have
been removed. This verification shall be accomplished using a combustibles analyzer.
CAUTION 1: Stratification of gases shall be considered where analyzing for
combustibles.
CAUTION 2: Excessive retries shall be avoided. Where operating experience indicates
there are problems in combustion turbine light-off, the light-off attempts shall be
terminated and the cause investigated and corrected.
7-4.4
After completing the purge, the airflow through the combustion turbine shall be permitted to
be dropped below the purge rate if required by the design to accomplish combustion turbine
ignition.
7-4.5
After successful light-off of the combustion turbine, the combustion turbine shall be brought to
speed and loaded as necessary to meet system demands.
NOTE: The loading of the combustion turbine might be restricted by HRSG parameters.

7-5 Duct Burner Purge and Light-Off.
7-5.1
The duct burner purge shall be accomplished with a flow utilizing air or combustion turbine
exhaust at not less than 25 percent of full-load mass flow rate or the minimum flow necessary for
operation of the duct burners, whichever is greater.
7-5.2
The duct burner purge shall accomplish at least eight volume changes of the HRSG enclosure
after combustion turbine exhaust flow in accordance with 7-5.1 has been achieved.
NOTE: Purge prior to light-off of the combustion turbine should not be considered a duct burner purge unless
the requirements of 7-5.1 and 7-5.2 have been satisfied.

7-5.3
A duct burner trip or failure to light off duct burners successfully shall require a repurge in
accordance with 7-5.1 and 7-5.2 prior to attempting a relight.
7-5.4 Duct Burner.
A duct burner purge shall be considered to have been achieved, provided the duct burner purge
rate is maintained and all duct burner purge requirements have been satisfied. The duct burner
shall be permitted to be lit, or a normal shutdown made, provided that credit for the purge is
maintained. Failure of the duct burner purge rate to be maintained or failure to meet any duct
burner purge requirement shall require a repurge in accordance with 7-5.1 and 7-5.2.
7-5.4.1 Testing igniters for duct burners shall be conducted in accordance with the following:
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(a) A complete, periodic, operational test of each igniter shall be made. The frequency of
testing depends on the design and operation history of each individual HRSG and ignition
system. As a minimum, the test shall be made during each start-up following an overhaul or
other significant maintenance.
NOTE: The importance of reliable igniters and ignition systems cannot be overemphasized.

(b) Individual igniters or groups of igniters also shall be permitted to be tested while the unit is
in service. Such tests shall be made with no main fuel present in the igniter’s associated burner.
7-5.4.2 Starting Sequence.
7-5.4.2.1* The operating sequences described in 7-5.4.2 assume the use of multiple element duct
burners operated independently of each other. For installations with a duct burner (single
element or multiple element) operated as a single unit, procedures similar to those outlined in
7-5.4.2 shall be followed.
Exception: The procedures of 7-5.4.2 shall not apply to sequences unique to multiple burner
operations.
NOTE: For typical fuel supply systems for duct burners that operate as a single unit, see Figures
A-7-5.4.2.1(a) through (d).

7-5.4.2.2* These starting sequences shall be performed in the following order, consistent with
the manufacturer’s instructions:
NOTE: The sequences are based on the typical fuel supply systems shown in Figures A-7-5.4.2.2(a) through
(f).

(a) All duct burner main fuel safety shutoff valves shall be proven to be closed. In addition, all
duct burner igniter fuel safety shutoff valves shall be proven to be closed.
(b) The main fuel header and the igniter fuel header shall be pressurized up to the individual
main burner and igniter safety shutoff valves in accordance with established operating
procedures.
(c) The first individual igniter safety shutoff valve shall be opened, and the ignition
transformer shall be energized. If flame on the first igniter is not established within 10 seconds,
the individual igniter safety shutoff valve shall be closed. The cause of failure to ignite shall be
determined and corrected. With turbine exhaust flow maintained, repurge shall not be required,
but at least 1 minute shall elapse before attempting a retrial of this or any other igniter.
(d) The main fuel control valve shall be set to the burner light-off position.
(e) The first individual main burner safety shutoff valve shall be opened. If the main burner
flame is not proven within 5 seconds after main fuel enters the duct, a duct burner master fuel
trip shall occur.
(f) After each stable main burner flame is established, the igniter shall be shut off unless
classified as Class 1 or Class 2. The stability of the main burner flame shall be verified.
(g) The associated igniter for a burner always shall be used to light the burner unless the
burner is specifically designed to be lit from an adjacent burner. Burners shall not be lit from any
hot surface.
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(h) Second or succeeding igniters shall be lit in accordance with 7-5.4.2.2(c). If the second or
succeeding burner igniter does not light off within 10 seconds after its individual igniter safety
shutoff valve has been opened, the individual igniter safety shutoff valve shall close. The cause
for failure to light shall be determined and corrected. At least 1 minute shall elapse before the
next light-off is attempted.
(i) Second or succeeding burners shall be lit in accordance with 7-5.4.2.2(e). If the second or
succeeding main burner flame is not established, the individual burner safety shutoff valve and
individual igniter safety shutoff valve shall close. The cause for failure to ignite shall be
determined and corrected. At least 1 minute shall elapse before the next light-off is attempted.
(j) After each successive burner light-off, the operator shall verify the flame stability of all
operating burners.
7-6 Normal Operation.
7-6.1
The HRSG steaming rate shall be regulated by combustion turbine loading and duct burner
exhaust temperature.
7-6.2
The firing rate shall be regulated by varying the fuel to individual burners by means of a fuel
control valve(s) or by staged firing where burners are brought in or taken out of service.
Individual burner safety shutoff valves shall not be used to vary the fuel rate of the burner
elements. All safety shutoff valves shall be fully open or completely closed; intermediate settings
shall not be used.
7-6.3
The burner fuel shall be maintained within a range that falls between the maximum and
minimum limits specified by the burner and HRSG manufacturers, or as determined by trial.
These trials shall test for minimum load and for stable flame as follows:
(a) With all burners in service and combustion control on automatic; and
(b) With different combinations of burners in service and combustion control on automatic.
Where changes occur to the minimum and maximum limits because of various burner
combinations and fuel conditions, retesting shall be required.
7-6.4
On loss of an individual burner flame, that burner’s individual safety shutoff valve and the
associated igniter safety shutoff valve shall close.
7-7 Normal Shutdown.
7-7.1
Burners shall be shut down sequentially as load is reduced by closing the individual burner
safety shutoff valves.
7-7.2
The duct burners shall be taken out of service with verification that the safety shutoff valves
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are secured in the closed position.
7-7.3
When taking the unit (combustion turbine and duct burner) out of service, the combustion
turbine load shall be reduced in accordance with the manufacturer’s shutdown procedures.
7-7.4
Steam flow shall be maintained through the superheater as necessary.
7-7.5
The normal coast-down of the combustion turbine shall be considered to provide a post purge
of the unit.
7-7.6
After completion of the post purge in 7-7.5, consideration shall be given to maintaining airflow
through the unit to prevent accumulation of combustible gases.
7-7.7
Leakage of fuel into the unit shall be prevented.
7-8 Normal Hot Restart.
7-8.1
When restarting a hot combustion turbine, the requirements for cold start preparation as
described in 7-3(d) through (j) shall be followed.
7-8.2
The starting sequences of Sections 7-4 and 7-5, if required, shall be followed.
7-9 Duct Burner Emergency Shutdown.
7-9.1
A duct burner master fuel trip shall be initiated by the conditions identified in Chapter 6.
7-9.2 Gas.
A duct burner master fuel trip shall stop all fuel flow to the HRSG from all burners by tripping
the main and individual burner safety shutoff valves. All vent valves shall be opened. The igniter
safety shutoff valve and individual igniter safety shutoff valves shall be tripped and igniter
sparks deenergized. Master fuel trips shall operate to stop all fuel flow to the burners within a
period of time that does not allow a dangerous accumulation of fuel in the HRSG. All igniters or
other ignition sources shall be tripped.
7-9.3 Oil.
A duct burner master fuel trip shall stop all fuel flow to the HRSG from all burners by tripping
the main and individual burner safety shutoff valves. The igniter safety shutoff valve and
individual igniter safety shutoff valves shall be tripped and igniter sparks deenergized. Master
fuel trips shall operate to stop all fuel flow to the burners within a period of time that does not
allow a dangerous accumulation of fuel in the HRSG. All igniters or other ignition sources shall
be tripped.
7-9.4
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The burners shall not be reignited until the initiating trip condition has been investigated and
corrected and a unit purge has been completed.
Chapter 8 Inspection, Maintenance, Training, and Safety
8-1 Equipment Inspection and Maintenance.
The owner or the owner’s representative shall be responsible for ensuring that there is a
comprehensive inspection and maintenance program for the equipment. The program shall
provide for the maintenance of equipment at intervals consistent with the type of equipment, its
service requirements, industry practice, and the manufacturers’ recommendations.
8-1.2
Documentation of the plant equipment, the system, and maintenance activities shall be updated
to reflect changes in the status of equipment and operating procedures accurately.
8-1.3
As a minimum, the maintenance program shall include the following:
(a) In-service inspections to identify conditions requiring corrective action or further study;
(b) Detailed, knowledgeable planning for effecting repairs or modifications using qualified
personnel, established procedures, and appropriate equipment;
(c) Use of detailed equipment history that records conditions found, maintenance work done,
changes made, and date of each;
(d) Written, comprehensive maintenance procedures incorporating manufacturers’ instructions
that specify tasks and skills required; specification of any special techniques, such as
nondestructive testing or tasks needing special tools; special environmental factors, such as
temperature limitations, dust, contaminated or oxygen-deficient atmosphere, internal pressures,
and limited access or confined space requirements;
(e) Shutdown maintenance inspections that are thorough in scope, to cover all areas that have
been identified during operation as needing attention, in addition to the routine checklist items;
and
(f) Maintenance of adequate spare parts meeting specifications that provide reliable service
without necessitating makeshift repairs.
8-1.4
An inspection and maintenance schedule shall be established and followed.
8-1.5
Inspections, adjustments, and repairs shall be performed by trained and qualified personnel,
using tools and instruments suitable for the work. Maintenance and repairs shall be accomplished
in accordance with the manufacturers’ recommendations and applicable standards, codes, and
safety regulations.
8-1.6
Operation set point and adjustments shall be verified periodically, and the results shall be
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documented.
8-1.7
Defects shall be reported and corrected, and the repairs shall be fully documented.
8-1.8
Inspection or maintenance personnel shall not make any changes to the system configuration,
including logic, set points, and sensing hardware, without evaluation of the effects on operation
and safety and the advance authorization of changes. All changes shall be documented.
8-1.9
In pressurized (positive pressure) installations, inspection or maintenance personnel shall
check for and report any combustion-gas leakage through casings, ductwork, expansion joints, or
dampers.
8-1.10
Where a unit that fires liquid fuel is out of service and available for inspection, personnel shall
check for any accumulation of unburned fuel in the HRSG enclosure, especially in the fin-tube
area.
8-1.11
During planned maintenance outages, stack dampers shall be inspected for proper operation
and position indication.
8-2 Training.
8-2.1 Operator Training.
8-2.1.1 The owner or the owner’s representative shall be responsible for establishing a formal
and ongoing program for training operating personnel. The training program shall prepare
personnel to operate the equipment safely and effectively. This program shall consist of study or
review of operating manuals, videotapes, and programmed instruction and examinations,
computer simulation (if available), and supervised hands-on field training. The training program
shall apply specifically to the type of equipment and the hazards involved.
8-2.1.2 Before operators shall be permitted to assume their responsibilities, the owner or the
owner’s representative shall certify that they are trained and competent to operate the equipment
under all possible conditions.
8-2.1.3 The owner or the owner’s representative shall be responsible for periodic retraining of
operators, including review of their compentency.
8-2.1.4 The training program and manuals shall be reviewed periodically to keep them current
with changes in equipment and operating procedures. The training program and manuals
covering operation and maintenance procedures shall be readily available for reference and use
at all times.
8-2.1.5 Operating procedures that cover both normal and emergency conditions shall be
established. Start-up and shutdown procedures, normal operating conditions, and lockout
procedures shall be covered in detail in operating manuals and in the associated training
programs.
8-2.1.6 Operating procedures shall be directly applicable to the equipment involved and shall be
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consistent with safety requirements and the manufacturer’s recommendations.
8-2.1.7 Operators shall be trained in the proper procedures for reducing load or tripping the
system whenever there is a potential for an unsafe condition that could lead to danger to
personnel or property damage. The operator shall be authorized to take appropriate action,
including reducing load, tripping equipment, or calling for outside assistance in case of
emergency.
8-2.2 Maintenance Training.
8-2.2.1 The owner or the owner’s representative shall be responsible for establishing a formal
and ongoing program for training maintenance personnel. The training program shall prepare
personnel to perform any required maintenance tasks safely and effectively. This program shall
consist of study or review of maintenance manuals, videotapes, and programmed instruction and
examinations, field training, and training by equipment manufacturers, among others. The
training program shall apply specifically to the type of equipment and the hazards involved.
8-2.2.2 Maintenance procedures and their associated training programs shall be established to
cover routine and special techniques. Any possible environmental factors such as temperature,
dust, contaminated or oxygen-deficient atmosphere, internal pressures, and limited access or
confined space requirements shall be included.
8-2.2.3 Maintenance procedures shall be consistent with safety requirements and manufacturers’
recommendations. The procedures contained in the training programs shall be reviewed
periodically to keep them current with changes in equipment and personnel. They shall be used
in the indoctrination and training of new maintenance personnel.
8-2.2.4 Maintenance personnel shall be trained to notify operating personnel in writing of any
changes made in safety and control devices.
8-2.2.5 Maintenance personnel shall be trained to be knowledgeable of and to adhere to all
Occupational Safety and Health Act (OSHA) safety procedures.
Chapter 9 Gas Bypass and Alternate Burner Systems
NOTE: This chapter is reserved for future use. It is anticipated that the information contained in Appendix C
will provide the basis for this chapter.

Chapter 10 Fully Fired Systems
(Reserved)
Chapter 11 Referenced Publications
11-1
The following documents or portions thereof are referenced within this standard and shall be
considered part of the requirements of this document. The edition indicated for each reference is
the current edition as of the date of the NFPA issuance of this document.
11-1.1 NFPA Publications.
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National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101.
NFPA 70, National Electrical Code, 1996 edition.
NFPA 8502, Standard for the Prevention of Furnace Explosions/Implosions in Multiple
Burner Boilers, 1995 edition.
11-1.2 Other Publications.
11-1.2.1 ASME Publication. American Society of Mechanical Engineers, 345 East 47th Street,
New York, NY 10017.
ASME B31.1, Power Piping, 1992.
11-1.2.2 ASTM Publications. American Society of Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103-1187.
ASTM D396, Standard Specification for Fuel Oils, 1992.
ASTM D1655, Standard Specification for Aviation Turbine Fuels, 1994.
ASTM D2880, Standard Specification for Gas Turbine Fuel Oils, 1994.
11-1.2.3 U.S. Department of Defense Publication. Naval Publications and Forms Center, 5801
Tabor Avenue, Philadelphia, PA 19120.
MIL-T-5624, Turbine Fuel, Aviation, Grade JP4, JP5, and JP5/JP8 ST, 1995.
Appendix A Explanatory Material
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
A-4-3.1
The following provides a list of factors that, at minimum, should be considered during the
design evaluation:
(a) Single vs multiple steam pressure levels;
(b) Allowable combustion turbine exhaust backpressure;
(c) Supplementary, auxiliary, or augmented firing;
(d) Combustion turbine exhaust bypass system;
(e) Corrosiveness and fouling of by-products of combustion (fin tube vs bare tube, metallurgy,
cold-end metal temperature);
(f) Single or multiple fuels;
(g) SCR or other environmental control systems;
(h) Heat transfer surface cleaning (during operation and shutdowns) and inspection;
(i) Freeze protection;
(j) Rapid start, operating transients, thermal shock;
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(k) Dry operation;
(l) Protective systems;
(m) Degree of automation and complexity of control systems;
(n) Operator interface;
(o) Overall system performance evaluation, feedback, and iteration (expert system database
consideration);
(p) Description of start-up validation test program (reference test cases and simulator data
library where available);
(q) Combustion turbine (purge exhaust);
(r) Bypass stack, damper;
(s) HRSG and interconnecting ducts;
(t) Forced draft fan, induced draft fan, or discharge stack, in any combination;
(u) Burner management system logic;
(v) Flame monitoring and tripping systems;
(w) Combustion control system;
(x) Power supplies configuration and codes;
(y) Piping system configuration and codes;
(z) Operating information;
(aa) Input/output selection;
(bb) Information displayed;
(cc) Data transmission (noise accuracy considerations);
(dd) Programmable logic controller software and hardware considerations;
(ee) Requirements for operation from a remote location; and
(ff) Initial control tuning.
A-4-3.2
Dynamic simulation, where utilized, should include development of the following:
(a) Configuration and data initialization;
(b) Plant behavior knowledge development;
(c) Preliminary control system design and tuning;
(d) Validation of operating requirements (system performance); and
(e) Transients and ramps for intended and unintended operation.
A-5-3 General.
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The operation of the HRSG combustion turbine system differs from a conventional multiple
burner boiler. Some of the differences include:
(a) The combustion turbine is an internal combustion engine. The engine burns a lean mixture
of fuel with compressed air. The hot, pressurized combustion gases expand from the combustion
chamber, through a series of rotating turbine wheel and blade assemblies, resulting in shaft
power output and hot turbine exhaust gas discharge to the HRSG. Turbine exhaust gas is hot and
has a reduced oxygen content relative to air.
(b) The design of the HRSG differs from that of a regular steam generator in that, in most
cases, the HRSG is designed to utilize the residual heat from the combustion turbine exhaust gas,
with some supplementary firing by the duct burner, if necessary.
(c) Because the combustion turbine is a volumetric machine, combustion turbine exhaust gas is
discharged within closely prescribed limits, with the oxygen content varying as a function of
load.
(d) Separate purge requirements exist prior to combustion turbine light-off and prior to duct
burner light-off.
(e) Air/fuel ratios controlled by duct burners are neither possible nor recommended. As vast
quantities of turbine exhaust gas that are far in excess of the stoichiometric requirements of the
fuel are utilized, fuel-rich conditions cannot inherently occur under normal controlled operating
conditions.
(f) Many types of burners are available for HRSG systems. The burner can consist of a number
of parallel tubes or runners placed in the duct to provide the required heat release. This
commonly is used for gaseous fuels and is referred to as a “grid” burner. Alternatively,
wall-mounted burner systems with parallel flame holders within the duct can be used for liquid
fuels. In-line register-type burners manufactured in Europe also have been used. Ignition systems
for these burner types can employ Class 1, Class 2, or Class 3 igniters.
A-5-3.2.2.2 Atmospheric vent valves located between shutoff valves are intended to relieve any
gas pressure that builds up due to failure of the first (upstream) shutoff valve. This minimizes the
potential for leakage into an idle HRSG. To perform properly, these valves should be large
enough to relieve gas to the atmosphere at a rate equal to the potential leakage rate. In the
absence of equivalent protection, vent pipe sizes and vent valve port diameters should conform
to Table A-5-3.2.2.2. Where vents are manifolded from safety shutoff systems, the
cross-sectional area of the manifold pipe should be equal to, or greater than, the sum of the
cross-sectional areas of the two largest vents involved.
Table A-5-3.2.2.2 Vent Line Sizes
Gas Supply Line Size

Shutoff System Vent Port Size

(in.)

(mm)

(in.)

(mm)

≤ 11/2

≤ 38

3/

19

2

50.8

1

4
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25.4

21/2 to 3

64 to 76

11/4

31.8

31/2

89

11/2

38

4 to 5

102 to 127

2

50.8

139.7 to 152.4

21/2

64

203

31/2

89

> 203

15% of supply line
cross-sectional area

51/2 to 6
8
>8

A-5-3.2.3.8 A permanent and ready means for making easy, accurate, periodic tightness tests of
the main safety shutoff valves and individual burner safety shutoff valves generally is not
feasible for fuel oil systems. However, a visual check of the burners and combustion area prior to
starting operation can determine if leakage has occurred. Also, pressurizing the oil supply header
with the individual burner safety shutoff valves and the recirculating valves closed indicates if
leakage is present. If oil pressure remains within defined limits, it can be concluded that the
individual burner safety shutoff valves are not leaking.
A-5-4
Proper design consideration should be given to internal insulation and cover plates so that the
following factors are properly addressed:
(a) Insulation thickness and external casing temperature calculations;
(b) Internal plate thickness and material;
(c) Pin pitch, diameter, and fixing methods; and
(d) Welding procedures.
A-5-4.1
The external skin temperature and acoustical design of the HRSG, HRSG ducts, and HRSG
stack should comply with the requirements of federal, state, and local regulations.
A-5-4.3
Any through-duct penetrations should have proper provision for expansion and sealing. Where
pipes, tubes, headers, or drums create a through-duct penetration, calculations should be
provided to demonstrate that the differential expansion and the sealing can properly
accommodate such expansion.
A-5-4.4
Access should be provided for proper maintenance and repair. This should include personnel
access where allowed by ducting. All pressure parts should have access for periodic inspection
and for mandatory hydraulic tests.
A-5-4.8.1 Consideration should be given in the design to minimizing pockets that could trap
combustible materials.
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A-5-4.8.2 Drains should be provided in all ducts or enclosures where fluid accumulation is
possible.
A-5-5
Some HRSG systems are required by some authorities to install selective catalytic reduction
systems to reduce the emissions of NOx. Because such a system has a narrow range of optimum
operating temperatures and is subject to maximum temperature limitations lower than many
combustion turbine full-load exhaust temperatures, it usually is installed between heat transfer
surfaces within the HRSG.
The chemical process of reduction necessitates the addition of ammonia to reduce NOx to
nitrogen and water in the presence of the catalyst. In addition, if the fuel contains sulfur, a
reaction that results in the formation of ammonium bisulfate can occur. This material tends to
deposit on both the catalyst and metallic surfaces downstream of the reactor section, primarily at
low temperatures. Although troublesome in terms of corrosion, fouling, and material life,
ammonium bisulfate does not directly affect flame safety.
It is common practice to use either anhydrous or aqueous ammonia as the reducing agent in a
selective catalytic reduction (SCR) system. These chemicals are not interchangeable, and a
specific system design is needed, depending on the form to be used at a particular installation.
Both forms, on release, are considered a potential health hazard. Ammonia gas is flammable in
air at concentrations between 16 percent to 25 percent by volume. Such concentrations usually
are not encountered. The system should provide the necessary features to ensure such
concentrations cannot occur during abnormal conditions.
Aqueous ammonia usually is stored in a closed vessel to prevent the release of vapor. Such
vessels are designed for low [less than a gauge pressure of 50 psi (344.7 kPa)] pressures and only
approach the design pressure under high ambient temperature conditions. Due to the corrosive
nature of ammonia, material selection is an important consideration.
Anhydrous ammonia is stored in a concentrated liquid/vapor form within closed vessels.
Under ambient temperature conditions, higher pressures than those observed with aqueous
ammonia can result. Vessels built in accordance with the ASME Boiler and Pressure Vessel
Code are required with design gauge pressures of 250 psi (1723.7 kPa) or higher. The following
sources provide additional information and requirements for storage and handling of anhydrous
ammonia: CGA G-2, Anhydrous Ammonia; Code of Federal Regulations, Title 29, Part
1910.111, “Storage and Handling of Anhydrous Ammonia”; and ANSI K61.1, Safety
Requirements for the Storage and Handling of Anhydrous Ammonia.
A-6 Guidelines for the Application of Distributed Control Systems.
NOTE: The user of NFPA 8506 is encouraged to use judgment in the application of these guidelines for all
process and safety functions contained in the distributed control system. This section is not intended to apply
specifically to burner management systems.

(a) Data Transmission.
1. Every input should be sampled at an interval no longer than 1 second. Every output
should be updated at an interval no longer than 1 second.
2. For protective actions, the system should be able to convert a changed input sensor value
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to a completed output control action in less than 250 milliseconds.
3. Changes in displayed data or status should be displayed within 5 seconds.
4. Data acquisition and transmission systems should be protected from noise pickup and
electrical interference.
5. In redundant systems, the data links should be protected from common mode failures.
Where practical, redundant data links should be routed on separate paths to protect against
physical damage that disables both data links.
(b) Hardware.
1. The hardware selected should have adequate processor capacity to perform all the
functions required for start-up sequencing, normal operation alarming, monitoring, and shutdown
of the controlled equipment. Capacity also should be available for data storage and sorting; this
may be permitted to be located in a separate processor.
2. Selection should take into consideration the requirements for reliability, maintainability,
and electrical classification.
3. The hardware should provide for automatic tracking between auto/manual functions to
allow for immediate seamless transfer.
4. The hardware should be capable of stable dynamic control.
5. The hardware should be capable of thorough self-diagnosis.
6. Consideration should be given to all levels and types of electrical interference that can be
tolerated by the hardware without compromising its reliability or effectiveness.
7. Fail-safe operation should be obtained through a thorough and complete analysis of each
control loop and by providing for a failure of that loop (i.e., valve/actuator) to cause a fail-safe
position.
(c) Software.
1. The software package should be designed to include all logic to provide a safe and
reliable control system. When the software calls for the operation of a field safety device, a
feedback signal should be provided to prove that the requested operation has taken place, and an
alarm should be actuated if the action is not confirmed in a specified time.
2. The software package should be checked to ensure that no unintended codes or
commands are present (e.g., viruses or test breaks). The software package should be tested and
exercised before being loaded into the plant site computers or processors.
3. The software system should be protected from inadvertent actions from operators and
also should be tamperproof.
4. Written procedures should specify the functions that can and cannot be accessed by the
operator and those functions that require additional authorization for access.
5. The software may be permitted to provide for authorized on-line changes of the timers
and set points, provided the safety of the operating equipment is not compromised.
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6. The software should implement and enhance the self-diagnostic hardware that has been
provided.
A-6-6.4
A sequence of events recorder, where provided, should time-tag events with a resolution of 10
milliseconds or less.
A-7-1.1 Special Problems.
Common hazards are involved in the combustion of liquid and gaseous fuels. In addition, each
of these fuels has special hazards related to its physical characteristics.
(a) Gas Firing. The following items should be considered in the design of the fuel gas firing
systems:
1. Gas is colorless; therefore, a leak usually cannot be detected visually. Also, reliance
cannot be placed on detection of a gas leak by means of the presence of odor.
2. Potentially hazardous conditions are most likely to occur within buildings, particularly
where the gas piping is routed through confined areas. In the latter instance, adequate ventilation
should be provided. Outdoor steam generators tend to minimize confined area problems.
3. Natural gas can be either “wet” or “dry.” A wet gas usually implies the presence of
distillate, which could be characteristic of a particular source. In the case of such a wet gas, the
carryover of distillate into the burners could result in a momentary flameout and possible
reignition. Reignition could result in an explosion. Therefore, special precautions should be
taken with wet gas supply systems. (See NFPA 54, National Fuel Gas Code.)
4. Discharges from relief valves or from any other form of atmospheric vents can become
hazardous unless special precautions are taken.
5. Maintenance and repair of gas piping can be hazardous unless proper methods are used
for purging and recharging the line before and after making the repairs. (See NFPA 54, National
Fuel Gas Code.)
(b) Oil Firing. The following items should be considered in the design of the fuel oil firing
systems:
1. Firing of oil fuel into an HRSG can create a special hazard by causing soot accumulations
in low-temperature sections.
2. Small oil leaks can result in serious fire damage.
3. Water or sludge in fuel oil storage tanks or improperly located suction takeoffs from the
storage tank can result in hazardous interruptions or pulsations of the fuel supply to the burners.
A flameout, either immediately or at a later time, can result because of plugged strainers or
burner tips.
4. Widely different characteristics of fuel oil from either a single source or multiple sources
can result in a significant change in Btu input rate to the burner(s). Different shipments of fuel
oil with dissimilar characteristics can cause a precipitation of sludge that can lead to hazards as
described in A-7-1.1(b)3.
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5. Inserting an oil gun in the burner assembly without a tip, new gaskets, or a sprayer plate
is a constant hazard. This can result in an unsafe operating condition.
6. Clear distillate fuels have low rates of conductivity and generate static electrical charges
in the fuel stream that can be dangerous unless flowing velocities are limited. (See NFPA 77,
Recommended Practice on Static Electricity, and API RP 2003, Protection Against Ignitions
Arising Out of Static, Lightning, and Stray Currents.)
7. Maintenance and repair of oil piping can be hazardous unless proper methods are used for
purging and recharging the line before and after making repairs. (See NFPA 31, Standard for the
Installation of Oil-Burning Equipment.)
8. The incompressibility of fuel oil can create very rapid transients in oil flow through
operating burners when the following occur:
a. Rapid operation of oil the supply valve;
b. Rapid operation of individual burner shutoff valves; and
c. Rapid operation of the regulating valve in the return oil line from the burner header (on
systems using this type of control).
(c) Fuel Oil—General Considerations.
1. The term fuel oil refers to liquid fuels with widely differing characteristics. A fuel oil
burning system is designed for a specific range of oil characteristics. Attempting to burn an oil
whose characteristics differ widely from those for which the system is designed can cause
serious operating difficulties and potential safety hazards. Therefore, care should be exercised to
ensure that fuel oil received at a plant is within the specified range of the handling and burning
equipment.
2. The more important characteristics of fuel oils are provided in ASTM specifications. It is
relatively simple to identify oils that require special provisions for storing and functions such as
heating, pumping, and atomizing. Generally speaking, grades 2 and 4 have lower viscosities and
less water and sediment than grades 5 or 6 and so require fewer special provisions to ensure
proper handling and burning. However, most boiler fuel oil systems are designed for grades 5
and 6, which are heavier; therefore, such systems include provisions for preheating these usually
viscous fuels. Furthermore, more care is necessary in the design and operation of fuel oil systems
supplied with grade 6 oil than with the other ASTM grades. Care should be taken to avoid
flameouts attributable to interruptions or pulsation of the fuel supply or plugging of strainers or
burner tips.
3. All of the following characteristics can have an affect on the proper and safe burning of
fuel oils:
a. Fuel oil is a complex mixture of hydrocarbons of differing molecular weights and boiling
and freezing points. When subjected to sufficiently high temperature, accumulations of the fuel
partially decompose and volatilize, thus creating new liquid, gaseous, and solid fuels with
unpredictable properties.
b. Fuel oil should be introduced into the furnace as an extremely fine mist in order to mix
intimately with the combustion air so that it can burn quickly and completely. In boilers, this is
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accomplished by spraying the fuel oil through small orifices with high pressure drops
(mechanical atomization) or by using steam or air to break up small oil streams. Viscosity and
volatility are characteristics of the oil that indicate ease of atomization.
c. Viscosity affects ease of pumping and atomization. Temperature significantly affects
viscosity.
d. Flash point is an indicator of the volatility and, thus, of potential for combustible vapors.
e. Some fuel oils contain constituents that, when overheated, can decompose and form
solids or can solidify when exposed to low ambient temperatures. The presence of such solids in
the fuel can cause interruptions.

Figure A-7-5.4.2.1(a) Typical duct burner gas ignition system of a single element or multiple elements fired
simultaneously (Class 3 igniter monitoring requirements shown).

Figure A-7-5.4.2.1(b) Typical duct burner oil ignition system of a single burner or multiple burners fired
simultaneously (Class 3 igniter monitoring requirements shown).
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Figure A-7-5.4.2.1(c) Typical main gas duct burner system of a single element or multiple elements fired
simultaneously.
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Figure A-7-5.4.2.1(d) Typical steam or air atomizing single main oil duct burner system.
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Figure A-7-5.4.2.2(a) Typical duct burner gas igniter system.
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Figure A-7-5.4.2.2(b) Typical main gas duct burner system.
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Figure A-7-5.4.2.2(c) Typical duct burner mechanical atomizing light oil igniter system.
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Figure A-7-5.4.2.2(d) Typical duct burner steam or air atomizing light oil igniter system.
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Figure A-7-5.4.2.2(e) Typical mechanical atomizing main oil duct burner system.
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Figure A-7-5.4.2.2(f) Typical steam or air atomizing main oil duct burner system.

Appendix B Industry Experience
(Reserved)
Appendix C Gas Bypass and Alternate Burner Systems
This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
C-1 General.
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The requirements in Chapters 1 through 8 apply to other combustion turbine and HRSG
configurations (see Figures C-2 through C-5) except as amended or supplemented in subsequent
sections of this chapter. There are additional safety considerations and requirements that apply
where these configurations are used.
NOTE: Chapters 1 through 8 of this standard have been written based on a directly coupled combustion
turbine and HRSG either with or without HRSG burners. Combustion turbine exhaust is the only source of
heat to the HRSG where no HRSG burners are supplied and is the only source of combustion air for the HRSG
burners where the HRSG system is so equipped. [See Figures C-1(a) and (b).]

Figure C-1(a) Combustion turbine with directly coupled unfired HRSG.

Figure C-1(b) Combustion turbine and directly coupled HRSG with burners.

C-2 Combustion Turbine and Unfired HRSG with Bypass Stack.
See Figure C-2.
NOTE: Figure C-2 shows separate devices for isolating gas flow to the HRSG and allowing gas flow to the
bypass stack. The recommendations of Section C-2 apply regardless of physical hardware [i.e., single-blade
directing damper, two separate dampers (single or multi-blade) for isolation or bypass service, or multiple
dampers in series with seal air provision].
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Figure C-2 Combustion turbine and unfired HRSG with bypass stack.

C-2.1 Gas Bypass Stack and Damper System.
C-2.1.1 The gas bypass stack and damper housing should be capable of withstanding a transient
design pressure without permanent deformation due to yield or buckling of any support member.
(See 5-4.2.)
C-2.1.2 Means should be provided for recognizing leakage of combustion turbine exhaust gas
past the closed damper and into the HRSG by gas analysis or some other means. Alternatively, a
sealing air fan and double damper system can be provided. If a double damper with seal air fan is
utilized, the fan is to be run continuously with closed dampers from the time of previous purge
described in C-2.5 until hot exhaust gas is admitted into the HRSG.
C-2.1.3 Convenient access to the inside of the ducts should be provided.
C-2.1.4 The damper system for the gas bypass stack normally should be either fully open to the
HRSG or fully open to the bypass stack. Intermediate damper positions normally should be used
only during the HRSG start-up or shutdown periods. If the application needs indefinite periods
of intermediate position operation, the combustion turbine exhaust or airflow should be
monitored for quantity and direction with appropriate alarms for conditions abnormal to the
design.
C-2.1.5 During planned maintenance outages the following should be accomplished:
(a) The damper system should be inspected for tightness while the damper(s) is fully closed;
(b) The damper operating devices should be checked for proper operation and positioning; and
(c) Correct damper system positioning during purge, start-up, and shutdown should be verified
by functional test.
C-2.2 Monitoring.
C-2.2.1 In addition to the requirements of 6-2.3, combustion turbine exhaust or airflow through
the HRSG should be monitored continuously if the bypass stack damper(s) can be maintained in
an intermediate position.
C-2.2.2 In addition to the requirements of 6-2.3, the position of the bypass stack damper(s)
should be monitored continuously.
C-2.3
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In addition to the alarms required in 6-3.2, reverse flow through an HRSG (airflow from
exhaust stack through HRSG to bypass stack) should be alarmed if the bypass damper system
can be maintained in an intermediate position. (See C-2.1.4.)
C-2.4 Interlocks.
C-2.4.1 As a supplement to the combustion turbine starting permissive interlock in 5-2.3.1(e)
[position of the stack closure damper (if provided) correct], the damper allowing gas flow into
the HRSG also should be proven open. As an alternative, the gas bypass stack damper(s) in the
bypass position should be interlocked to allow combustion turbine start-up regardless of stack
closure damper position.
C-2.4.2 As a supplement to the combustion turbine tripping interlock in 5-2.3.2(c) [position of
stack closure (if provided) not correct], it may be permitted to position the gas bypass damper(s)
in the bypass position as an alternative to tripping the combustion turbine.
C-2.5 Purge.
C-2.5.1 Following a combustion turbine shutdown, a unit purge should be completed as required
in Section 7-4 prior to admitting combustion turbine exhaust gas into the HRSG.
C-2.5.2 Following the purge as recommended in C-2.5.1, flow through the HRSG may be
interrupted using the gas bypass stack, provided there is no fuel source in the HRSG.
Combustion turbine exhaust flow may re-enter the HRSG at a later time without repurging,
provided the combustion turbine has been in continuous operation with no trips or misfires.
C-2.5.3 The combustion turbine may be permitted to purge and operate with combustion turbine
exhaust through the bypass stack without purging the HRSG. However, combustion turbine
exhaust gas should not be directed into the HRSG unless a purge as recommended in C-2.5.1 and
C-2.5.2 has been performed.
C-2.5.4 As an alternative to the purge recommendations, prior to HRSG start as specified in
C-2.5.3, a permanently installed combustible gas analyzer should be installed to verify the
absence of combustible gases in appropriate locations within the HRSG enclosure prior to
starting the HRSG from an operating combustion turbine in gas bypass configuration.
C-3 HRSG Burners with Augmented Combustion Air Supply.
See Figure C-3.

Figure C-3 HRSG burners with augmented combustion air supply.
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C-3.1
The fan(s) supplying augmented combustion air to the HRSG burners should be operated in
accordance with the manufacturer’s instructions.
C-3.2 Interlocks.
C-3.2.1 The fan(s) supplying augmented combustion air to the HRSG burners should be proven
to be operating prior to initiating and during a unit purge. (See Section 7-4.)
C-3.2.2 In addition to the master fuel trip requirements in 6-4.3, an HRSG burner master fuel trip
should be initiated by loss of air from fans supplying augmented combustion air to the HRSG
burners.
C-4 Combustion Turbine and Fired HRSG with Bypass Stack.
See Figure C-4.
NOTE: Figure C-4 shows separate devices for isolating gas flow to the HRSG and allowing gas flow to the
bypass stack. The recommendations of Section C-4 apply regardless of physical hardware [i.e., single-blade
directing damper, two separate dampers (single or multi-blade) for isolation or bypass service, or multiple
dampers in series with seal air provision].

Figure C-4 Combustion turbine and fired HRSG with bypass stack.

C-4.1 Gas Bypass Stack and Damper System.
The recommendations in C-2.1 should be satisfied.
C-4.2
In addition to the requirements of 6-2.3, combustion turbine exhaust or airflow through the
HRSG should be monitored continuously.
C-4.3
In addition to the alarms required in 6-3.2, low flow and reverse flow through an HRSG
(airflow from exhaust stack through HRSG to bypass stack) should be alarmed if the bypass
damper system can be positioned in an intermediate position. (See C-2.1.4.)
C-4.4 Interlocks.
C-4.4.1 As a supplement to the combustion turbine starting permissive interlock in 5-2.3.1(e)
[position of the stack closure damper (if provided) correct], the damper allowing gas flow into
the HRSG also should be proven open. As an alternative, the gas bypass stack damper(s) in the
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bypass position should be interlocked to allow combustion turbine start-up regardless of stack
closure damper position.
C-4.4.2 As a supplement to the combustion turbine tripping interlock in 5-2.3.2(c) [position of
stack closure (if provided) not correct], it may be permitted to position the gas bypass damper(s)
in the bypass position as an alternative to tripping the combustion turbine.
C-4.4.3 In addition to the required interlocks in 6-4.3, an HRSG burner master fuel trip should
be initiated if the bypass stack damper is not closed or other means has determined that
insufficient exhaust gas flow is entering the burner area.
NOTE: If the HRSG system is designed for maintaining the stack bypass damper(s) in an intermediate
position, the interlock in C-4.4.3 is not necessary. However, the damper intermediate position should be
interlocked or duct burner operation should be interlocked with turbine exhaust gas flow through the duct
burners.

C-4.5 Purge.
C-4.5.1 Following a combustion turbine shutdown, a unit purge should be completed as required
in Section 7-4 prior to admitting combustion turbine exhaust gas into the HRSG.
C-4.5.2 Following the purge as recommended in C-4.5.1, interruption of the flow through the
HRSG using the gas bypass stack should cause loss of purge of the HRSG. Combustion turbine
exhaust flow should not be permitted to re-enter the HRSG at a later time without repurging the
HRSG as specified in C-4.5.1.
C-4.5.3 The combustion turbine may be permitted to purge and operate with combustion turbine
exhaust through the bypass stack without purging the HRSG. However, combustion turbine
exhaust gas should not be directed into the HRSG unless a purge as recommended by C-4.5.1
and C-4.5.2 has been performed.
C-5 Combustion Turbine and HRSG with Fresh Air Firing Capability.
See Figure C-5.
NOTE: Figure C-5 shows separate devices for isolating gas flow to the HRSG and allowing gas flow to the
bypass stack. The recommendations of Section C-5 apply regardless of physical hardware [i.e., single-blade
directing damper, two separate dampers (single or multi-blade) for isolation or bypass service, or multiple
dampers in series with seal air provision].
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Figure C-5 Combustion turbine and HRSG with fresh air firing capability.

C-5.1 Gas Bypass Stack and Damper System.
The recommendations in C-2.1 should be satisfied.
C-5.2
In addition to the requirements in 6-2.3, combustion turbine exhaust or airflow through the
HRSG should be monitored continuously.
C-5.3
In addition to the alarms required in 6-3.2, low flow and reverse flow through an HRSG
(airflow from exhaust stack through HRSG to bypass stack) should be alarmed if the bypass
damper system can be positioned in an intermediate position. (See C-2.1.4.)
C-5.4 Interlocks.
C-5.4.1 As a supplement to the combustion turbine starting permissive interlock in 5-2.3.1(e)
[position of the stack closure damper (if provided) correct], the damper allowing gas flow into
the HRSG also should be proven open. As an alternative, the gas bypass stack damper(s) in the
bypass position should be interlocked to allow combustion turbine start-up regardless of stack
closure damper position.
C-5.4.2 As a supplement to the combustion turbine tripping interlock in 5-2.3.2(c) [position of
stack closure (if provided) not correct], it may be permitted to position the gas bypass damper(s)
in the bypass position as an alternative to tripping the combustion turbine.
C-5.4.3 A combustion turbine trip should cause a master fuel trip of the HRSG burners as
required in 6-4.3 unless adequate flow through the HRSG burners can be maintained
continuously by the fresh air supply.
C-5.5 Purge.
C-5.5.1 Following a combustion turbine shutdown, a combustion turbine purge should be
completed as required in Section 7-4 prior to admitting combustion turbine exhaust gas into the
HRSG. The fan for supplying combustion air for fresh air firing should be in operation prior to
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and during the this purge.
C-5.5.2 Following the purge as recommended in C-5.5.1, interrupting the flow through the
HRSG using the gas bypass stack should cause loss of purge of the HRSG. Combustion turbine
exhaust flow should not be permitted to re-enter the HRSG at a later time without repurging the
HRSG as recommended in C-5.5.1. It may be permitted to perform this purge with fresh air
supplied by the fan used for fresh air firing in accordance with C-5.6.2.
C-5.5.3 The combustion turbine may be permitted to purge and operate with combustion turbine
exhaust through the bypass stack without purging the HRSG. However, combustion turbine
exhaust gas should not be directed into the HRSG unless the recommendations of C-5.5.1,
C-5.5.2, or C-5.6.3 have been satisfied.
C-5.5.4 Purge of the HRSG burners and HRSG using fresh air may be permitted without
operation or purging of the combustion turbine, provided the gas bypass dampers are in the
bypass position.
C-5.6 Sequence of Operations for Fresh Air Firing.
C-5.6.1 The sequence of operations defined in Section 7-3 should be followed.
NOTE: A fresh air supply should be used rather than combustion turbine exhaust.

C-5.6.2 A unit purge as required in Section 7-5 should be performed with an airflow of not less
than 25 percent of the full-load fresh air mass flow. The unit purge should provide not less than
five volume changes of the HRSG enclosure and should be of not less than 5 minutes duration.
C-5.6.3 A later start-up of the combustion turbine may be permitted only by purge and start-up
of the combustion turbine with exhaust flow through the bypass stack. Once stable operation of
the combustion turbine is achieved, combustion turbine exhaust may be permitted to flow
through the operating HRSG with or without supplementary fresh air.
C-5.6.4 Normal shutdown using a fresh air supply should follow the reverse procedure of that
used during start-up. A unit post purge should be performed at an airflow not less than the purge
rate mass airflow for a period of not less than 5 minutes.
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This Appendix is not a part of the requirements of this NFPA document but is included for
informational purposes only.
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02269-9101.
NFPA 31, Standard for the Installation of Oil-Burning Equipment, 1992 edition.
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